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Executive Summary
The 1st Congress on Mangrove Research and Development in the ASEAN Region was held 
December 3-6, 2102 at the Century Park Hotel, Manila City, Philippines. It was attended 
by 81 participants distributed by country as follows: 14 Indonesia; 3 Malaysia; 1 Myanmar; 
59 Philippines: 1 Singapore; 1 Vietnam; and 2, United States. The Congress aimed to : (a) 
provide forum for exchange of research-based information on mangrove R&D among 
scientists, researchers, managers, and interest groups; (b) stimulate interest in mangrove 
R&D development; (c) identify research gaps and research priorities in the region, and (d) 
integrate science in mangrove restoration, conservation, preservation and management 
for each country represented in this meeting and the region in general. 

The opening program was highlighted by welcome remarks, keynote message,  overview 
of the congress, and exhibit featuring poster papers on results of several mangrove 
R&D eff orts in the region. Paving the way to the congress proper was a plenary paper 
on “Community-based Mangrove Rehabilitation Project: Paradigm Shifts in Mangrove 
Reforestation” by Dr. Jurgenne H. Primavera, Scientist Emerita of SEAFDEC Aquaculture 
Department and Chief Advisor of the Zoological Society of London. The paradigm shifts 
identifi ed are as follows: planting to consider correct species, site, and season; use of 
wildings, cluster planting, and barriers; inclusion of monitoring component; broadened 
networking; and tapping community/PO labor contribution as basis for their ownership of 
the project and commitment to care for the plants.  

A series of plenary sessions for paper presentations of selected mangrove researchers 
followed through during the next two days. Themes for each session were assigned as 
follows: Session 1 Silviculture, Forest, and Stand; Session 2 Socio-economic and Valuation; 
Session 3 Ecosystem Functions and Fisheries; and Session 4 Climate Change Adaptation 
and  Mitigation.  

Session 1 tackled papers on impact of sedimentation on growth of mangrove trees and 
soil surface elevation; soil profi le and health level of mangrove stands; assessment of 
mangrove forest and rehabilitation options; and applicability of radar and optical image in 
monitoring mangrove forest. Session 2 featured papers on community-based experience 
in mangrove rehabilitation; costs and benefi ts of carbon sequestration in mangrove forest; 
revegetation potential of brackish water ponds; socio-economic challenges on mangrove 
restoration; and gender participation in community-based mangrove management. Session 
3 covered some novel research on nekton communities as indicators for restoration and 
post-typhoon faunal recolonization in mangroves; reproductive biology and pollination of  
a particular bee species and its contribution to mangrove forest sustainability; structure 
community of gastropods and bivalves in post tsunami mangrove ecosystem rehabilitation 
areas; eutrophication of mangroves linked to depletion of foliar and soil base; and canopy 
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gap dynamics and the natural regeneration of mangroves. Papers in Session 4 focused on 
monitoring mangrove vulnerability and resilience to sea  level rise; carbon stock assessment 
of mangrove plantation; and soil properties and carbon pools of mangroves.                  

Issues and concerns surfaced during each session and they are summarized as follows:  

Silviculture and Forest Stand : consider a standard set of factors as basis for determining 
appropriate mangrove rehabilitation options (e.g. land use and cover, soil analysis, 
water level, soil and water salinity, etc); exert greater eff ort to consider site and species 
matching in mangrove rehabilitation; look into the cost implications of the use of radar 
and optical imaging methods for inventory; ensure more conclusive fi ndings on areas 
aff ected by sedimentation by supporting the studies with data on other factors such 
as circulation pattern of the water, variation in the seasonality, dynamics of the waves, 
among others; use radar and optic imagery more appropriately for wider areas and 
combine it with data on community structure, sand basal area, biomass, and density; 
determine fi rst if rehabilitation option is worth investing (e.g., geotube) before 
making the investment; use high-resolution satellite to help identify mangrove species; 
recommend the use wildlings for mangrove rehabilitation only when they are potted 
in the nursery prior to planting; conduct additional studies to determine relationship 
between sedimentation and species growth; establish/strengthen networks/links 
among the researchers;  document and share innovative techniques used in monitoring 
and evaluating mangrove forest rehabilitation eff orts.

Socio-economic Valuation: establish an entry point for mangrove development that 
can respond to basic needs of communities such as livelihood; livelihood should only 
be transitory and the myriad benefi ts from the mangrove should lead to community 
development; ensure that livelihoods consider appropriateness and readiness of 
communities; evaluate the impacts of livelihoods on communities; start research on 
productivity level of aquasilviculture; explore the application of aquasilviculture on 
abandoned water ponds; conduct baseline and mapping of brackish water ponds to 
determine appropriate interventions.

Ecosystem Functions and Fisheries : re-strategize and develop a more holistic view of 
mangrove rehabilitation by expanding one’s focus from the mangroves to the greater 
scope of the ecosystem where the mangrove is a part of; encourage collaboration 
among research teams and experts from diff erent fi elds to refi ne existing frameworks 
being adopted; establish the mangrove forests’ value not only for its carbon stock and 
its role as the initial line of defense for environmental calamities but also as a source of 
sustainable livelihood, e.g. bee cultivation; adopt a streamlined set of variables to be 
considered for diff erent mangrove studies and actively search for papers with possible 
link to studies conducted; solicit critique from fellow researchers; and contextualize 
fi ndings of cases cited to determine their implications in the local settings more 
accurately as in the case of the use of wildlings for mangrove rehabilitation.

Climate Change Adaptation and Mitigation: collaborate on future mangrove studies to 
answer queries and/or to validate hypotheses shared among researchers.
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Following the four established themes, research areas and policy gaps for 2013-2017. were 
identifi ed and prioritized as follows:   

Silviculture and Forest Stand: mychorriza diversity assessment, species genetic 
variation, morphological vis-a-vis ecogeographic variation; genetic centers; 
provenance trials/progeny testing; tree improvement; and aquasilviculture;  

Socio-economic Valuation: social impacts of sea level rise; economics of mangrove 
stakeholders’ adaptation strategies’ payment for environmental services; REDD and 
carbon credit systems; economic analysis of mangrove rehabilitation; ecotourism 
and recreation; human and environmental health/epidemiology; pharmaceuticals 
use; resource utilization; wood utilization/engineering; and policy reconciliation 
and management,   

Ecosystem Functions and Fisheries : fl ora succession and fauna dynamics; nutrient 
dynamics; coastal erosion and sediment dynamics; pollution and biotic and abiotic 
impacts; bioremediation/phytoremediation of domestic and industrial effl  uents ; 
herbivory assessment/pests and diseases; interconnectivity of ecosystems; nursery 
establishment; reversion and management of abandoned ponds; costal defense; 
site-species matching; IEC strategies; and sustainable ecotourism.        

Climate Change Adaptation and Mitigation: assessment of climate change impacts 
on mangroves; belowground biomass carbon and sequestration; sea level rise and 
mangrove ecosystems dynamics; eff ects of enforcement and implementation of 
policy use on land use; development of criteria and implementation of titling policies 
and mangrove area ownership; economic and fi nancial analysis of management 
and mitigation on mangroves. 

Capping the congress’ activities was the presentation and signing of the resolution  
by the. participants. The resolution highlights the hectarage, functions, values, 
and status as well as threats and needs that have to be addressed to rehabilitate 
and sustain the ASEAN mangroves. Seven resolutions which were adopted task 
the ASEAN to: promote and conduct rehabilitation, restoration, and expansion 
of their respective mangrove resources using science-based methods; establish 
cooperative projects on mangrove research and development and share 
information, knowledge, and technologies on mangroves;  promote mangrove 
conservation that links up with community livelihood improvement and other 
socio-cultural aspects; establish a common database, e-network, and mangrove 
information center; support the institutionalization of a mechanism for deliberately 
linking mangrove science, policy, and action; create working groups to plan and 
work for greater research and development collaboration including the conduct of 
succeeding congresses; and continue to undertake a similar Congress on Mangrove 
every three years on rotation basis.
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Opening Programme

 very warm good morning to our guests and participants to this 1st ASEAN 
Congress on Mangrove Research and Development!

 To welcome this group of ASEAN offi  cials, scientists, researchers and 
mangrove managers, is no doubt a rare opportunity and a great honor for our 
country. Welcome to the Philippines and to this venue in the heart of Manila City!

 On behalf of my co-offi  cials in  the Ecosystems Research and Development 
Bureau, the research sector  of the Department of Environment and Natural 
Resources, and the Department of Foreign Aff airs through its ASEAN Desk, it is an 
honor to have you in this milestone gathering for the holding of the 1st Congress 
on Mangrove Research and Development (R&D) in the ASEAN Region. Thank you 
for your participation and high interest in joining the Congress. 

 The Congress aims to: (a)  provide forum for exchange of research-based 
information on mangrove R&D among scientists, researchers managers and 
interest groups; (b) stimulate interest in mangrove R&D development; (c) 
identify research gaps and research priorities in the region, and (d) integrate 
science in mangrove restoration, conservation, preservation and management 
for each country represented in this meeting and the region in general. 

Dr. Honorato G. Palis
Division Chief, Coastal Zone and Freshwater
Ecosystems Research Division and
Overall Coordinator 
1st ASEAN Congress on Mangrove R&D
Ecosystems Research and Development Bureau 
Department of Environment and Natural Resources

Welcome Remarks

A
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 We therefore affi  rm once more, through this important scientifi c gathering, 
that as we pursue ASEAN regional cooperation activities, we will ensure that:

- sustainable mangrove forest management and conservation are  formulated 
and implemented through science-based information;  and  

- that ASEAN cooperation and joint approaches in addressing regional mangrove 
research and management initiatives  are strengthened. 

 In this signifi cant occasion, we come together as one body, one region, 
recognizing the importance of mangrove R&D and sharing  a common vision in 
resolving mangrove management issues.

 I wish us all a productive meeting with a paramount interest to contribute to 
the success of this event. I also  hope to bring unity and harmony in the region and 
possibly resonate the mangrove R&D issues identifi ed worldwide. 

 May all the ASEAN and other countries represented here make use of this time 
to contribute their best share in making this a fruitful endeavor notwithstanding 
the very limited time that they bond together as a group. 

 May you grasp the tasks with both hands and translate all inputs into tangible 
outcomes towards the achievements and success of the fi rst ever ASEAN Congress 
on Mangrove Research and Development.

 On behalf of the Filipino people, my warm welcome to our distinguished friends 
and ASEAN partners. We are grateful to  your coming!

 Thank you very much!
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Keynote Message
For. Marcial C. Amaro, Jr.
Director
Ecosystems Research and Development Bureau
Department of Environment and Natural Resources

am  honored to stand before you and represent 
the Hon. Ramon J.P. Paje, Secretary of the 
Department of Environment and Natural 

Resources (DENR),  who unfortunately could not join 
us today. Secretary Paje and the other members of the 
Cabinet were called to an urgent meeting by his Excellency, 
President Benigno Simeon Aquino III. 

 As concurrent director of the Ecosystems Research 
and Development Bureau, I  am a credible witness to the unfolding of events that led to 
the realization of the 1st  ASEAN Congress on Mangrove Research and Development in this 
historic city of Manila. I am, therefore, pleased to acknowledge this feat and commend 
the ERDB for organizing this pioneering event on mangrove research and development, on 
behalf of the Department of Foreign Aff airs (DFA) and the DENR. 

 ASEAN is one of the most ecologically diverse regions in the world. Although it occupies 
only 3% of the world’s total land area, it is renowned for its rich biological diversity. 
Attesting to this is the recognition of three megabiodiversity countries located in the 
region, namely: Indonesia, Malaysia, and the Philippines. Altogether, they  represent around 
80%  of the global biological diversity. 

 Mangroves constitute an important segment of the tropical and subtropical coastlines 
that off er a wide array of ecosystem services. As confl uence of terrestrial and marine 
habitats, mangroves  contribute signifi cantly to the health of adjacent ecosystems such as 
seagrass beds and corals by providing nutrients and acting as a natural barrier to coastal 
erosion.

 The importance of restoring mangrove forest as a strong natural defense against 
disasters such as storms and fl ooding in Southeast Asia has been repeatedly emphasized by 
scientists  and policy makers. The 2004 tsunami that sent 10-meter waves to coastlines in a 
number of  Asian countries have caused massive loss of lives and properties except in areas 
where mangrove forests have been conserved. Mangroves also host a number of animal 
species, including endangered mammals, reptiles, amphibians and birds; provide nutrients 
to the marine food web; and serve as spawning grounds for a variety of fi sh and shellfi sh, 
including commercial species. Mangroves are also a source of a vast range of wood and 
non-wood forest products including timber, fuelwood, charcoal, fodder, thatch, honey and 
medicine, to name a few.

I
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 The Food and Agriculture Organization (FAO,2008) estimates the world’s mangrove 
resources at 15.2 million hectares (ha) as of 2005. This is down by approximately 20% from 
18.8 million ha in 1980. The most extensive mangrove area at 38.5% is found in Asia. This is 
followed by Africa, then by North and Central America. Indonesia tops all countries with 19% 
and 49% of the world’s and of the Asian region’s mangrove areas, respectively. However, 
there has been a reduction in the rate of mangrove loss from approximately 187,000 
ha destroyed annually in the 1980s to 102,000 ha per year between 2000 and 2005. This 
indicates that awareness of the services and benefi ts provided by mangroves is somehow 
growing.Even though much remains to be done, conservation and restoration are being 
undertaken in many countries.

 Asia suff ers the largest net loss of mangroves since 1980, with more than 1.9 million ha 
destroyed. FAO cites high population pressure, large-scale conversion of mangrove areas 
for shrimp and fi sh farming,  agriculture, infrastructure and tourism as well as pollution and 
natural disasters as the major causes of mangrove destruction.  

 Since 1977, ASEAN has worked closely in promoting environmental cooperation among 
its member states. Currently, ASEAN environmental cooperation focuses on 10 priority 
areas of regional importance. These are refl ected in the blueprint for the ASEAN socio-
cultural community (ASCC BLUEPRINT) for 2009-2015. Included among the priorities is the 
promotion of sustainable use of the coastal and marine environment; mangroves are part of 
the coastal system.

 In all of these endeavors, a science-based foundation is viewed as the most logical 
approach to sustain the development  and conservation of the mangrove ecosystem. 
Amidst the threats posed by climate change, among others, mangroves are expected to 
continuously serve their functions as natural buff ers and providers of ecosystem services. 
More technologies may have to be generated and shared among ourselves to continue 
enjoying the benefi ts that these important resources provide. 

 This congress is a good forum for stock taking and refl ection on the challenges that lie 
ahead. These may include the development of a R&D  agenda that would refl ect regional 
priorities with corresponding options. Another challenge is the holding of this event on a 
regular basis to ensure a continuing exchange of information and experiences on mangrove 
R&D. Perhaps, other challenges may be identifi ed in the course of discussion during  this 
congress. It is  up to us to discuss these further and come to an agreement.

  I look forward to this congress being able to meet its objectives and living up to the 
expectations. I wish everyone,  particularly our guests from our ASEAN neighbors, a 
pleasant and memorable stay in Manila and the Philippines. 

 Thank you and Mabuhay! 
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Overview of the 1st ASEAN  
Mangrove R&D Congress 

Dr. Honorato G. Palis
Division Chief, Coastal Zone and Freshwater
Ecosystems Research Division and
Overall Coordinator 
1st ASEAN Congress on Mangrove R&D
Ecosystems Research and Development Bureau 
Department of Environment and Natural Resources

A. Evolution of Mangroves 

       1.  Era and years 

Era Years (Million)
Cenozoic 63
Mesozoic 63-230
Paleozoic 230- 600

2.  Lifeforms during each era

Era Age (million years) Life forms
Cenozoic 

- Pleistocene
- Miocene
- Oligocene
- Eocene

10-2
10-25
25-40
40-60

Human grass
Human grass
Mangroves

Mesozoic
     -      Cretaceaus
     -      Jurassic

63-130
130-180

Nypa 
Gymnosperms

Paleozoic
-     Permian
-     Devonia
-     Cambrian

230-270
345-400
500-600

Conifers
Land plants
Marine plants
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B.   Mangrove Areas in Asia

Southeast Asia accounts for 33.5% of the world’s total hectarage of mangroves.
Indonesia has the largest mangrove area (49% of regional total) in Asia. 

C.   Values of Mangroves  
                  
 1.  Ecological
  Primary  
  - 0.2-1.6  kg/sq.m./year (litterfall)
  - 400 t/ha aboveground biomass (AGB) (Komiya,1988) 
 Natural barrier 
  - 70% energy defl ection   
  - Carbon sequestration: 22.8 metric tons of carbon/year       
    - Nutrient retention: fl occulated clays (Pailles)
    - Enhanced water quality: as anaerobic  digestion systems (Saenger, 2004)
    - Local microclimate: higher RH inside canopy ( Saenger, 2004) 

      2.  Economic                               
  - 93000-152000 tons/year wood use (Saenger, 2004)
             - USD 2000- 9000 per ha/year (fi sheries, wood)
             - USD 1700 per/ha/year (Matang mangrove)
             - Pharmaceuticals ( E.agallocha ) e.g.  aphrodisiac, skin infection
             - Cattle production (fodder crops): Avicennia, Rhizophora 

D.   Some Issues In Mangrove Management

1.  Overuse for forestry and fi sheries (FAO, 2007)
  Global average annual rate of 2.1% mangrove loss exceeds the rate of loss  of 

tropical rainforests (0.8%) (Valiela et al., 2001; Wells et al., 2006; Gilman et al., 
2006). 

   
  Asia suff ered the largest net loss: more than 1.9 million hectares from 1980 to 

1990  mainly due to changes in land use. 

  Over-extraction and conversion for aquaculture development remains the most 
prevalent cause of mangrove degradation.

2.   Aquaculture 
  In Indonesia, mangrove swamps were developed for milkfish  cultivation. 

  In Vietnam, a total of 102,000 ha of mangroves were cleared for shrimp  farming 
from 1983 to 1987 (Tuan, 1997; Primavera, 2005).
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   In Thailand, shrimp farms accounted for 32% or 65,150 ha of the total 203,600 ha  
destroyed between 1961 and 1993 (Menasveta,1997).

3.  Pollution
   Solid wastes,  toxic chemicals,  hydrocarbons,  persistent organic   pollutants, 

nutrients and particulate matter aff ect mangrove communities.

  Dredging, effl  uent from industrial plants, agricultural and urban runoff  can 
damage    mangroves.

4.   Hydrological modifi cations
Damming, water extraction (including groundwater), land-use changes and                                                                                                 
deforestation cause hydrological changes that are damaging to the mangroves. 

5.   Sustainable management
  Sustainably managed mangroves are those of the Sundarbans mangrove forest in 

Bangladesh  (1759) and Matang Mangroves in Malaysia ( 1902) 

6.   Lack of appropriate legislation and enforcement
  Eff ective enforcement is hampered by lack of manpower and resources, 

overlapping  jurisdiction and bureaucratic corruption at various levels of the 
government (Primavera, 2000)

7.   Shortage of capacity, mangrove specialists, managers and technicians
   Lack of exchange of knowledge and experience between professionals and 

coastal dwellers 

D.  Some Issues on Mangrove  R&D 

1.  Research fund
  -  UNESCO allots at least 1.0% of GNP
       -  Developed Countries, 2.0% 
  -   Thailand, 0.26%; Malaysia, 0.69%
  -   Philippines, only 0.12% (or about USD 52,000.00)

2.  Unavailability of baseline information
3.  Instrumentation (e.g. SET-surface elevation table, GHG measurements)
4.  Crafting of policies that are science based (e.g. buff er, seedtree ) 
5. Absence of long-term monitoring data (P-plot) to monitor stand dynamics/

temporal and spatial dimensions  
6.  Genetic diversity  - 85% hermaphrodite (hence, narrow genetic base) 



16 1st ASEAN Congress on Mangrove Research & Development 

E.    Objectives of the Congress

1. Provide a venue for the exchange of research information and update researchers 
and managers on the status of mangrove resources management in ASEAN 
Region; 

2. Stimulate interest on mangrove research and development; 
3. Identify research and development gaps on mangrove resources management; 

and 
4. Integrate science in the formulation and implementation of a mangrove 

conservation and management plan.

F.   Themes of the Conference
1. Ecosystem Functions and Fisheries 
2. Silviculture, Forest and Stand 
3. Climate Change 
4. Socio-Economic and Valuation 

G.   Way Forward
1. Institutionalize periodic holding of the congress
2. Springboard for future research collaboration
3. Drumbeat increase research fund allocation
4. Sustain exchange of research information
5. Entice individuals interest on mangrove research 
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Conference Proper

Abstract
 

Mangrove rehabilitation has a long history in the Philippines dating back to the 
1930s. The standard practice is the planting of bakhaw Rhizophora propagules 
by paid community members (or volunteers) in seafront sites selected during 
spring low tides. In 2009, the Community-based Mangrove Rehabilitation Project 
(CMRP) of the Zoological Society of London was established to: (a) rehabilitate 
abandoned government-leased fi shponds into healthy mangroves; (b) increase 
coastal protection, food resources, and livelihood income through sustainable 
management of mangroves; and (c) re-establish the legally mandated mangrove 
‘greenbelt’ along the coast. 

Over four years, the CMRP has planted the following in various partner sites in 
Panay and Guimaras: (a) 58,000 seeds or wildings bagged in nurseries by 3,000 
participants, and (b) 99,000 seedlings/wildings outplanted by 4,000 planters in 
~20 ha of greenbelts and abandoned ponds. The species are mainly bungalon/
piapi Avicennia marina, pagatpat Sonneratia alba, and to a lesser extent, bakhaw 
Rhizophora. The planters include high school/college students and teachers, 
members of people’s organizations, barangay and municipal government 
employees, BFAR and DENR staff , and civil society organizations. The extensive 

Paradigm Shifts in Mangrove Rehabilitation 
in Southeast Asia: Focus on the Philippines

J.H. Primavera1, A.M.T. Guzman2, J.D. Coching2, 
R.J.A. Loma2, D. Curnick3 and H.J. Koldewey3
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CMRP trials have yielded signifi cant learnings, many of them paradigm shifts from 
present protocols, as included in the 20 Golden Rules of Mangrove Rehabilitation. 
A manual that documents these learnings with concrete examples based on CMRP 
monitoring of fi xed quadrats and other standardized protocols, is currently in press. 
Some of these protocols are the following: (a) planting site: shift from seafront sites 
to abandoned ponds (whenever possible); (b) time of site selection: during (low 
tide of) Neap Tide rather than Spring Tide; (c) species selection for seafront sites: 
the ecologically correct bungalon/piapi and pagatpat, rather than the easy-to-plant 
but unsuitable bakhaw; (d) sources of planting materials: use of available wildings is 
harvesting nature’s excess (equivalent to withdrawing from ‘seedling banks’), which 
also saves time; (e) labor: “No Pay” planting is based on the premise that labor 
contributed by the community provides the basis for ownership, thereby obligating 
them to nurture the plants to maturity and validating their role as de facto managers 
of mangrove resources.

Similar mangrove initiatives have been observed elsewhere in Southeast Asia, as 
follows: (a) barriers/breakwater in MaIaysia, Vietnam, and Thailand; (b) use of 
wildings in Malaysia; and (c) mangrove ecoparks/reserves in Singapore, Thailand, 
Vietnam and Brunei.

Key words:  mangrove rehabilitation, community-based, marine habitats, valuation, 
aquaculture     

___________________________________________________________________

Importance and Values of Mangroves

Marine habitats include coral reefs, seagrass beds, and mangrove forests. Most marine 
protected areas and sanctuaries in the Philippines, however, focus on coral reefs and 
sometimes seagrasses, but do not include mangroves. There are only very few mangrove 
areas in the Philippines. In other countries, mangroves can be seen right next to seagrass 
beds, but not in our country, where they are so degraded. 

Mangroves are important ecosystems as they provide invaluable benefi ts of local, national 
and global interest. These benefi ts are summarized in Table 1. 

Estimates of total valuation of mangrove goods and services converge at around 
USD10,000/ha/yr mostly for coastal protection (Table 2). A more recent study (Barbier et 
al, 2011) gives a value of ~USD15,000/ha/yr, of which 55-67% is for coastal protection, which 
becomes particularly important considering the 20 typhoons on the average that hit the 
Philippines yearly (Table 3).
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Sources Value of Total Goods and Services
Php Peso/ha/year USD/ha/year

Costanza et al., 1997 495,000/ha/year 9,900
Spurgeon and Roxburgh, 2005 

          American Samoa

520,000 10,400

(104,000/sq km/year)
Sathirathai and Barbier, 2001

          Thailand  

1.8-17.5 million 27,000-35,000

(2.7-3.5 million/sq km/year)
Wells et al., 2006 20-45 million 200,000- 900,000

Value of Individual Goods and Services
Ronnback, 1999, 2000 

   - Fisheries

   - Wood products (Malaysia)  

45,000-620,000 900- 12,400

11,561
Ruitenbeek, 1992

   - Erosion control 3,000 household/year 600/household/year
Lal, 1990

   - Fiji 264,000 5,280
Cabrera et al., 1998 

   - Mexico 59,500 1,190
Costanza et al., 1997 420,750 8,414

Table 2.  Valuation of mangrove goods and services 

Table 1.  Benefits from mangroves (Field, 1995)

Local Communities National Interests Global Interests

Shelter

Construction timber

Firewood

Food

Income from fi shing, shrimp 

culture, and wood gathering

Income from cottage

  industries  

Medicine

Fodder for animals

Protection from storm

  damage and river bank

  erosion  

Timber production

Charcoal production

Fishing industry 

Shrimp and crab industries

Water quality management 

Mangrove silviculture 

Mixed shrimp farms-mangrove

   forestry enterprises

Wetland habitat creation

Recreation

Tourism

Education

Coastal and estuary protection

Conservation

Education

Indication of climate

   change

Preservation of

  biodiversity
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Services Value (USD/ha/year)
Raw materials and food 484-585
Coastal protection 8,966-10,821
Erosion control 3,679
Maintenance and fi sheries 708-987
Carbon sequestration 30-50
                                           Total 14,166-16,142

Table 3.  Valuation of mangrove services (Barbier et al., 2011)

Global Distribution of Mangroves

Total global mangrove area is 14-15 million ha in 118 to 123 countries and territories (Giri 
et al., 2010, Spalding et al., 2010), with less than 7% being protected. Southeast Asia has 
one-third of the world’s total mangroves but also the highest rates of mangrove loss, 
reported at 26.5% (Table 4). The losses can be attributed to several factors that include 
among others mangrove conversion to salt beds, agricultural areas, and even settlements. 
However, it is construction of fi sh and shrimp aquaculture ponds that has contributed 
largely to mangrove decline in the region.

Table 4. World’s mangrove cover and area losses

Region Mangrove Area (km2) and % of 
Total (Spalding et al, 2010)

Percent Area Loss, 1980-2005 
(FAO, 2007)

Southeast Asia 51,049 (33.5) 26.5
South America 23,882 (15.7) 11.0
North and Central 
America

22,402 (14.7) 23.3

West and Central 
Africa

20,040 (13.2) 16.0

South Asia 10,344 (6.8) 15.5
Australasia 10,171 (6.7) 0.6
East and South Africa 7,917 (5.2) 7.9
Pacifi c Ocean 5,717 (3.8) 28.8
Middle East 624 (0.4) 17.0
East Asia 215 (0.1) 33.4

For sustainability of aquaculture, Saenger et al. (1983) recommended a ratio of 4 ha of 
mangroves to support 1 ha of fi shpond. Currently the Philippines has only a 1:1 mangrove-
to-pond ratio, meaning the country has a long way to go to restore the 4:1 ratio (Table 5). 
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Table 5.  Philippine ratio of mangroves to ponds (Primavera et al., 2007; Primavera and 
Esteban, 2008)

Area of Mangroves (ha) Area of Ponds (ha)

1918: 450,000 1940:  61,000

2003: 240,000 1994:  232,000

Present mangrove-to-pond ratio   1:1

Ideal mangrove-to-pond ratio       4:1

Mangrove Species Diversity and Board/Footwalks

The Indo-Malay Philippine Archipelago has the highest species diversity (Polidoro et al., 
2010). There are 35-40 true mangrove species in the Philippines (Primavera et al., 2004).  
Footwalks provide easy access to mangroves so that visitors avoid getting wet during high 
tide, and muddy at low tide. In 2004, four e-fi les for the blueprint of a prototype mangrove 
boardwalk were sent by a NMFS-NOAA (USA) scientist in response to a mangrove 
e-list group request. The prototype uses PVC pipes with reinforcing bars and concrete 
as materials. The inert PVC material is not aff ected by chemical reactions (of exudates 
from oysters, barnacles) unlike bamboo, wood and even concrete, thus the boardwalk 
requires very low maintenance. With seed money from a Pew Fellowship grant, footwalks 
using this PVC-concrete prototype have been constructed in four ecoparks in Panay. Rich 
countries like Japan can aff ord to use wood for the fl ooring, hence, the term ‘boardwalk’ 
is appropriate as ‘board’ mean wood. But in the Philippines, we use mostly less expensive 
bamboo for fl ooring, hence the terms ‘footwalk’ and ‘walkway’ are more appropriate. 

Mangrove Modules

Another deliverable of the said Pew Fellowship grant was the production of mangrove 
modules for elementary schools (the high school version will be going to press). It took 
fi ve years (2007-2009) and close to one million pesos for the preparation (fi eld trips for 
immersion of the teachers-writers and pilot testing of the draft modules by students) 
and printing. Since 2009, requests have been submitted to the Department of Education 
(DepEd) to mainstream the modules in coastal schools and visited the DepEd Manila offi  ce 
on various occasions but it has been unresponsive. Maybe the DENR and other government 
agencies can fi ll the gap using their IEC budgets.
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Climate Change and Sea Level Rise

Although mangroves occupy only 0.7% of the area of tropical rainforests, they contribute 
about 10% of global deforestation emissions (Donato et al., 2011). The amount of carbon 
sequestered by mangroves is 3-4 times the rate in tropical rainforests. Hence, mangroves 
are key to mitigation of climate change. 

What happens when sea level rises? If there is room behind the mangroves, they can move 
backwards in what is called a planned or managed retreat (Gilman et al., 2006). Mangroves 
can also keep up with sea level rise if the sedimentation rate allows their growth. So they 
are key not only to climate change mitigation but also to adaptation. Island mangroves 
with low relief are the most vulnerable to sea level rise, and some coastal towns in the 
Philippines are already experiencing it.  Sea level rise occurs over decades, but in a single 
year 20 typhoons on average cause millions to billions of pesos damage to infrastructure 
and agriculture, and the loss of thousands of lives in the Philippines. Most of the world’s 
mangrove forests may be lost to careless aquaculture development, poor law enforcement 
even before the peak impact of climate change is felt. So we need to act now!  

Mangrove Protection and Greenbelts
Last year, typhoon Pedring damaged the seawall of Manila Bay. Soon after, it was rebuilt 
using more concrete structures. Why not use combine soft engineering such as beach 
forest-mangrove greenbelts instead? Likewise, fi shpond operators in typhoon-prone areas 
like Dumangas, Iloilo should resort to natural and less expensive greenbelts to protect 
their ponds, instead of concrete gates and dikes which require bigger budgets as typhoons 
increase in frequency and severity each year. The Philippines has many laws on greenbelts 
(and mangrove protection) as summarized in Table 6. Unfortunately, these laws are 
followed more in the breach than in the compliance.

Some weeks ago, the senior author gave a PowerPoint presentation which featured 
greenbelts, and Senator Franklin Drilon, who was in the audience commented -- “I’m happy 
that I came today because another word – greenbelt – has been added to my vocabulary.” 
Prior to that Iloilo lecture, he thought the term referred to a shopping mall, i.e., Ortigas 
Greenbelt in Makati.  

Mangrove Rehabilitation

Mangrove replanting programs have been popular in the Philippines, from community 
initiatives (1930–1950) to government projects (1970) to large-scale international 
development programs (1980- to present). Despite heavy funding, the long-term survival 
rates of mangroves are generally low at 10–20%, and can be mainly traced to two factors: 
inappropriate species and site selection. 
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Table 6.   Philippine laws on mangrove protection and greenbelts (Primavera at al., 2004)

Laws Provisions
PD 705 (1975) Revised Forestry Code: mangrove strips in islands providing 

protection from high winds, typhoons shall not be alienated.    
PD 953 (1976) Fishpond/mangrove leaseholders to retain or replant 20-m 

mangrove strip along rivers, creeks 
BFD AO 2 (1979) Minimum 25% of total mangrove forest in given area to be 

completely protected as Mangrove Wilderness Areas 
PP 2151 and 2152 (1981) Declaration of 4,326 ha mangroves as wilderness areas; 74, 767 

ha as forest reserves 
MNR AO 42 (1986) Expansion of mangrove belt in storm surge, typhoon areas: 

100 m along shorelines, 50 m along riverbanks 
DENR AO 76 (1987) Establishment of buff er zone: 50 m fronting seas/oceans and 

20 m along riverbanks; lessees of FLA ponds  to plant 20-50 m 
mangrove strip 

DENR AO 77 (1988) Integrated Social Forestry Program; provision of legal tenure 
incentives for co-management of forest resources

DENR AO 123 (1990) Award of 25-year Community Forestry Management Agreement 
for small scale mangrove use, Rhizophora and Nypa plantations, 
aquasilviculture    

DENR AO 15 (1990)

 

Policies on communal forests, plantations, tenure through 
Mangrove Stewardship Agreement   

DENR AO 3 (1991) Policies and guidelines for Mangrove Stewardship Agreement  
DENR 23 (1993) Combined 3-year Mangrove Reforestation Contract and 25-

year Forest Land Management Agreement into 25-year FLMA 
for families (1-10 ha) and communities (10-1,000 ha)  

The most common species of mangroves in the Philippines are bungalon/piapi Avicennia 
marina, pagatpat Sonneratia alba, and bakhaw Rhizophora species -- the fi rst two are 
frontliners with R. apiculata/R. stylosa behind. The ecologically correct piapi and pagatpat 
are not popular, because their small seeds require a nursery phase.   In contrast, the big and 
easy to plant bakhaw propagules are popular.  Earlier this year ~7,000 volunteers planted 
one million bakhaw propagules – the wrong species in the wrong site -- in Camarines Sur, 
driven by the need to be recognized in the Guinness Book of Records more than anything 
else! It would be interesting to see how many have survived after one year. 

Most planting sites are chosen based on convenience, rather than on science. These sites 
are in the lower intertidal to subtidal zones (open access, no ownership problems) where 
mangroves do not thrive, rather than the optimal middle to upper intertidal levels (already 
converted to fi shponds). Although the issue of pond ownership may be complex and 
diffi  cult, such should not outweigh ecological requirements: mangroves should be planted 
where they once were, not on seagrass beds and tidal fl ats where they never existed.
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Figure 1.  Tidal zonation of marine habitats and tidal elevation for mangrove planting 
(Primavera et al, 2012b)

In 2005, the same Pew  grant funded the seafront planting project of a fi sherfolk cooperative 
in Dumangas, Iloilo. The coop members  planted nursery seedlings of the right species, 
piapi. At three weeks, the plants were very healthy, but at three months, they were dead 
because they were planted below mean sea level, underwater most of the time. 

Problems aff ecting mangrove plantations may be classifi ed as biological, anthropogenic, 
and physical (Primavera et al., 2012a,b). Biological ones include barnacles, oysters, 
fi lamentous algae, insect larvae, boring isopods, and crabs. Anthropogenic or man-related 
factors refer to fi shing gears, boat traffi  c, gleaners, garbage, debris, oil spills, and foraging 
domestic animals such as goats and cows. Physical ones include wave action, fl ooding, and 
sedimentation. 
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The CMRP Experience: Paradigm Shifts 
and Other Lessons

The planting guidelines listed below are science-based and are the results of the senior 
author’s mangrove research and conservation work dating to the early 1990s, the latest 
being the ZSL-CMRP Project:

1. Planting: 3 correct Ss

- Species: A. marina/piapi-bungalon and S. alba/pagatpat vs. Rhizophora/
bakhaw

- Site:  above Mean Sea Level = middle/upper intertidal 

                 abandoned pond vs. seafront

- Season:  least wave action

2. Site selection: during neap tide

3. Planting pa-atras (backwards) vs. pa-abante (forward) 

4. Innovations: use of wildings, cluster planting, barriers

5. Labor for planting: 

a) Paid (per piece/per ha basis) – reduces planting activity to a business 
transaction after which planter can forget the planted mangroves

 b) Not paid - transportation, snacks, and meals provided; community/PO labor   
 contribution is basis for ownership and oblige them to care for the plants until  
 maturity  

6. Monitoring component

7. Networking: engagement of schools, civil society (aside from LGUs and 
communities) 

Others

1. Legislation – enforce greenbelt, pond reversion and other existing laws; 
promulgate new laws

2. Community-based mangrove rehabilitation and provision of tenure (CBFMA)

3. Abandoned ponds – need for DENR, DA-BFAR, and DILG/LGUs to rationalize and 
harmonize laws, regulations, etc.

4. IEC – increase mangrove awareness and introduce mangrove education; 
specifi cally for DENR to mainstream Pew Elementary and High School Mangrove 
modules.      
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20 Golden Rules for Mangrove Rehabilitation

The following guidelines are extracted from the Manual for Community-based 
Mangrove Rehabilitation (Primavera et al., 2012) published by the Zoological 
Society of London.   

1. Assisted regeneration of mangroves through active planting of 
seedlings and wildings is required in areas of extensive historic 
deforestation with highly dependent communities vulnerable to 
typhoons and having low food security.

2. Target rehabilitation areas should be in an intertidal location exposed 
during neap low tide (instead of spring low tide, the current practice), 
and reached by seawater during neap high tide. The middle and upper 
intertidal zones are therefore the most favorable.

3. Small backyard nurseries enable communities to produce suffi  cient 
numbers of healthy mangrove seedlings, such as Avicennia marina, for 
planting.

4. Wildings make an excellent source of plants for rehabilitation, 
but should be harvested sustainably so as not to aff ect natural 
recruitment. 

5. Seafront planting is more successful using adapted seafront species, 
particularly Sonneratia alba, and by using taller, nursery reared saplings 
of at least 0.5-1 m height.

6. Rhizophora (bakhaw) propagules generally do not grow well in 
seafront zones and therefore cannot be relied upon for mangrove 
rehabilitation in greenbelts.

7. Fixed quadrat monitoring is the simplest, most effi  cient, and robust 
form of monitoring for large scale rehabilitation initiatives.

8. Active fi shponds should maintain or achieve a ratio of 4 mangroves to 
1 pond area for ecological sustainability.

9. Abandoned fi shponds more easily revert to mangrove forests than 
exposed seafronts, but they have more complex tenurial issues.
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10. Protective structures, including breakwaters and barriers, may be 
required in highly eroded areas with wave action to protect young 
mangrove plants.

11. Fences and signage can help protect young mangrove plants from boat 
traffi  c, fi shing and gleaning activities, and domestic and wild animals.

12. Local government and community support is required from the outset for 
successful implementation of community-based mangrove rehabilitation 
projects.

13. Partnerships with local governments, schools, and technical support and 
specialist groups enhance the scale and scope of mangrove rehabilitation.

14. Train, mobilize, and engage communities so that they are empowered in 
mangrove rehabilitation projects.

15. ‘No pay planting’ should be promoted, where communities appreciate 
and recognize the importance of their mangrove resources to their 
livelihoods and their contribution of labor is the basis for ownership.

16. Counterpart funding should be mobilized from communities and partner 
organizations to maximize resources and underpin the collaborative 
approach to rehabilitation projects.

17. Tenurial instruments, such as the community-based forest management 
agreement (CBFMA), can be used to sustain community initiatives in the 
long term.

18. Livelihoods should only be established if they are economically, 
ecologically, and culturally sustainable.

19. Restoration of protective and productive greenbelts should be seen a 
means of securing better livelihoods for coastal communities through 
increased resilience against natural disasters and higher fi sheries 
productivity.

20. Mangrove ecoparks protect mangroves, provide a means of income 
and pride to local communities, and are a powerful educational and 
awareness raising tool.
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Abstract

In 2006, the mud eruption Lumpur Sidoarjo (LUSI) that was linked to gas exploration 
resulted in the declaration of state of emergency in East Java. Since the mud eruption, 
the Porong River became the focus of natural disaster management in Indonesia. 

As part of the risk management for huge volumes of mud, a large amount of mud 
was channelled to the sea through the Porong River. A range of environmental 
issues have risen since the proposal of the disposal plan in the Porong River as the 
nature of mud was not known and the environmental consequences of disposal had 
not been adequately assessed. 

This disposal scenario was predicted to cause extremely high rates of sedimentation 
at the mouth of the Porong River, which was comprised of mangrove wetlands and 
aquaculture ponds. 

This paper reviewed the LUSI risk assessment and management undertaken in 
coastal mangrove wetlands in the mouth of the Porong River between February 
2010 and October 2011. 

The analysis showed that lack of scientifi c support during in the development of 
the risk assessment and management process led to trial and error practices in 
addressing the issues. In addition, the research studied plant growth on the spoilbank 
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islands and natural forests and sediment dynamics in the region. An ecosystem 
development on the spoilbank island was found. The vegetation changed from 
mangrove seedlings to the mixture of mangrove species with terrestrial species 
following the reconstruction of spoilbank structure. Sedimentation in the forests 
was extremely rapid (> 10 cm of vertical accretion per year), but high rates of 
sedimentation did not strongly negatively aff ect plant growth.  

The paper’s analysis and experimental results suggest that suitable hydrology 
of spoilbank islands is critical to mangrove establishment and that high rates of 
sedimentation appear not to be a factor that decreases mangrove growth in the 
region.

Keywords: mangrove management, Porong River, sedimentation, Sidoarjo Mud
______________________________________________________________

Introduction

In May 2006, a volcanic mud eruption occurred in Porong, Sidoarjo in East Java, Indonesia 
with a rate that reached 180,000 m3 of mud arising per day (Mazzini, 2007). This catastrophe 
was linked to gas exploration activities by Lapindo Brantas at the Banjar Panji I, Porong 
(Mazzini, 2007). The area around the mud eruption is densely populated and the massive 
mud eruption fl ooded many villages around Porong resulting in severe damage to more 
than 6.3 km2 of human settlement in 2007 and the displacement of approximately 30,000 
people from their homes (Mazzini, 2007). 

To reduce the impact of the mud on the landscape and further damage to the area, the mud 
was channelled to the sea through the Porong River. This eff ort gave rise to controversy 
as the impact of mud on the coastal areas was suggested to introduce a new suite of 
environmental problems associated with LUSI (Jakarta Post, 2009b). The Porong River 
functions as a fl oodway of the large Brantas River systems and serves to protect the city 
of Surabaya from fl ooding. The mud disposal was estimated to increase river fl ows that 
could lead to fl ooding in the surrounding area (Harnanto, unpublished). Another concern 
was the impact of extremely high sediment inputs to the coastal environment, which was 
characterised by ‘tambak’ aquaculture and a narrow fringe mangrove. 

The mouth of the Porong River is located approximately 30 km from the center of mud 
eruption. The region is a river delta, which is characterised by prograding coastline consisting 
of extensive mangrove stands. Tanaka et al. (1998) examined the land expansion in Porong 
coast using satellite imagery and found a rapid expansion of 200 m/year-1 in between year 
1981 and 1989. This geomorphic system provided favorable conditions for the growth of 
mangroves, particularly Avicennia, that was associated with rapidly accreting sediment 
(Davie and Sumardja, 1997). 
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Mangroves, however, have severely degraded since the development of ‘tambak’ 
aquaculture (Davie and Sumardja, 1997) despite a series of eff orts for mangrove restoration 
and rehabilitation programs in the area (MMAF, 2006). Several studies reported that the 
decline of mangrove forests was parallel with land conversion to ‘tambak’ ponds and human 
settlements in this region (Tanaka et al., 1998; Davie and Sumardja, 1997). Nowadays, only 
a narrow mangrove fridge remained intact along the coastline.

In order to reduce the impact of mud disposal on the coastal environment, the mud 
authority, Badan Penanggulangan Lumpur Sidoarjo (BPLS) established a risk assessment 
and management process, which consisted of 1) conducting long term monitoring of the 
fate of mud and 2) constructing mangrove wetlands on a large mud islands created from 
dredged mud which was deposited behind ‘spoilbanks’ at the river mouth. 

The purpose of this paper is twofold: 1) highlight the results of eff orts undertaken by BPLS 
in regard to mud disposal management in the mouth of the Porong River, particularly in 
developing a created wetland and 2) report research fi ndings in relation to BPLS eff orts 
that covering the assessment of the development of created mangrove forests in the 
spoilbanks, and the impacts of the mud discharge on the naturally occurring mangrove 
forests close at the river mouth.

Risk Assessment and Management 

Several studies have been undertaken by BPLS in collaboration with institutions as part of 
developing strategies to tackle the potential problems related to mud disposal to the sea. 
Those studies and recommendations off ered data and information needed prior to mud 
disposal to the sea.

Table 1.  Summary of studies and recommendation related to the plan of mud disposal

Study Reference
Porong coastal hydrodynamics IMRO, 2007, IMRO, 2008, IMRO, 2009
Characteristics of the mud BPLS, unpublished, UNEP/OCHA, 2006
Hydrology of Porong River Harnanto, unpublished
Growth of mangroves in the mud IMRO, 2007, Jakarta Post, 2009a
Distribution of mangroves IMRO, 2009
Environmental assessment UNEP/OCHA, 2006, Awad, 2006
Design of created wetland McLachlan-Karr, 2006
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The focus of mud disposal was to counter the potential terrestrial impact by pumping the 
mud to the river (Figure 1) and transferring mud to a reclamation land in the mouth of 
the Porong River. Large amounts of sediment input were predicted to be the prominent 
problem to Porong coast where sedimentation was already very high during wet seasons 
(Jennerjahn et al., 2004). Monthly rate of water discharge in the Porong River was 100 m3 

.s-1 in wet seasons but could decrease to 0 m3 .s-1 in dry seasons (Harnanto, unpublished). 

Disposing mud at the mouth of the Porong River could result in and increased risk of 
fl ooding due to rapid sedimentation in conjunction with the shallow bathymetry at the 
mouth of the river (Awad, 2006, IMRO, 2007, IMRO, 2008). To reduce the risk of fl ooding 
due to sediment blocking the mouth of the river, BPLS constructed large reclamation 
areas behind structures that are called spoilbanks in the mouth of the Porong River. 
Approximately 4 km of spoilbanks were designed to hold the mud reservoir comprised of 
sediment dredged in this area. The construction of spoilbanks started in 2009 (Figure 2). 

The construction of spoilbanks was followed by planting mangrove seedlings in these 
reclamation areas to stabilize the mud and to generate additional benefi ts of spoilbanks. 
The development created wetland behind the spoilbanks was proposed at the beginning of 
mud eruption (Awad, 2006, McLachlan-Karr, 2006). In 2009, BPLS initiated the mangrove 
plantation project in spoilbanks starting with 5000 Avicennia seedlings (Jakarta Post, 
2009a). The mangrove plantation continued in 2010 with thousands of Rhizophora seedlings 
provided by Ministry of Marine Aff airs and Fisheries of Indonesia and the supporting NGOs 
(BPLS, per comm). 

Figure 1.  LUSI (Sidoarjo Mud) was disposed 
to the Porong River and delivered 
to the mouth of the river

Figure 2.  Early construction of spoilbanks 
in the mouth of the Porong River 
in 2009. A geotube-shape wall was 
built to hold the mud dredged from 
the mouth of the river.
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Assessment of mangrove aff orestation of dredge islands

Mangrove planting was initiated early in 2009 using Rhizophora and Avicennia seedlings. 
From these initial planting, all mangroves failed to grow due to the unsuitable hydrology 
for plant growth on the spoilbank island (Figure 3). The construction of the spoilbanks did 
not allow daily water exchange by tides because the soil surface of spoilbank island was 
higher than the mean sea level. No opening or gaps were made along these constructed 
walls, which prevented water exchange in spoilbanks. As the result, during the dry season 
when evaporation is high very high porewater salinity developed which further impeded 
plant growth.  Inappropriate hydrology is known to be one of the key reasons for failure of 
restoration projects (Lewis, 2000). With the lack of success of earlier plantings the spoilbank 
design was improved in late 2009. The improved design allowed water exchange from the 
river to the areas within the spoilbanks. The soil surface of spoilbanks was adjusted to 
mean sea level and small openings were built along the walls.

The development of spoilbanks as created wetlands continued as thousands of mangrove 
seedlings, mostly Rhizophora, were planted in the newly designed spoilbank areas (Figure 
4). Despite enormous eff ort and expense to establish mangrove plantations (BPLS, per 
comm), there was no assessment or monitoring on the growth of mangroves after creation 
of wetlands. 

The lack of monitoring hinders adaptive management and is also a common feature 
of many mangrove restoration projects (Ellison, 2000). Several variables need to be 
monitored to determine the success the restoration project. The variables include three 
major ecosystem attributes, which include diversity, vegetation structure, and ecological 
processes (Ruiz-Jaen and Aide, 2005). 

Figure 3.  A two-month trial of mangrove 
growth in land with limited 
hydrological connectives resulted 
in low survival of mangroves

Figure 4.  Reconstructed spoilbanks with soil 
surface elevation that is within the 
tidal frame and with openings to 
allow water exchange
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The assessment of the impact of the mud on the existing forests at the mouth of the Porong 
River was also overlooked. As a consequence, the success or failure of this restoration 
eff ort is diffi  cult to establish and the issues of impact of mud on mangrove wetlands in 
Porong remain unresolved. Below are outlines some of independent research conducted 
to assess ecological process in the created wetlands in spoilbanks and the forests in the 
mouth of the Porong River. 

Assessment of the mangrove ecosystem after the mud disposal

The shortcomings in solving the problems posed by the mud volcano and disposal of the 
mud were highlighted and was proposed to be addressed by further ecological approach. 
Eff orts to manage the impact of mud disposal in the mouth of river resulted in a series of 
poorly documented trial and error practices. 

Lack of monitoring on mangrove forests and ecological scientifi c background for the 
development of the spoilbanks were the major limitations to establishing new mangrove 
ecosystems in this area. It was found that there was no monitoring of the existing 
mangrove forest to assess the impact of the mud disposal. 

To address these issues, the research aimed to assess: 1) the success of the created 
mangrove forests that were established behind the spoilbanks, 2) the sediment dynamics 
on the spoil bank islands and in the forest, and 3) the impacts of the mud discharge on 
the naturally occurring mangrove forests close at the river mouth. 

Monitoring methodologies and research design were developed that integrate 
geomorphological system observations with environmental parameters. The researchers 
investigated the variation in sediment supply, sediment composition, and mangrove tree 
growth.

Methods

The ecological assessment started in February 2010 almost one year after the 
establishment of spoilbanks. The growth of mangroves behind the spoilbanks on the 
dredged mud deposits was assessed by measuring changes in the height of mangrove 
plants over time. Five spoilbanks planted with Avicennia and three spoilbanks planted 
with Rhizophora (Figure 6) were selected. For mangroves in the forests, the growth of 
trees using dendrometer bands that recorded stem diameter increments (Krauss et al. 
2007) were monitored. Two forests located to the north and south of the mouth of the 
Porong River (Figure 5) were selected. Forest structural characteristics were assessed 
using Point Centered Quartered (PCQ) technique. 

Given the possibility that variation in salinity was infl uencing tree growth, the research 
also measured salinity of the porewater. Porewater was extracted from 30 cm depth 
in the soil with a suction device (McKee et al., 1993) and measured salinity with a hand 
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held refractometer (Salt refractrometer 300011, SPER SCIENTIFIC). The researchers also 
assessed soil bulk density and mineral element for sediment characteristic identifi cation. 
Sediment dynamics on both the spoilbank island and forests was assessed by observing 
the changes in surface elevation, surface accretion and subsidence using the rod surface 
elevation tables (RSET) and sediment erosion pins (Cahoon et al., 2003). The assessment 
ended in October 2011 after several disturbances destroyed the research sites. These 
disturbances include forest clearing by the local villagers and dredging activities that 
damaged the RSETs. 

      Figure 5.  Map of study sites in the mouth of Porong River

Results and Discussion

The study conducted yielded the following fi ndings:

1. Seedling Growth on Spoilbank Islands

Mangrove trees planted on the spoilbank island wetland showed varying patterns 
of development over time. In the fi rst observation in February 2010, the spoilbanks 
environment was characterized by large variation of porewater salinity, ranging from 6.5 
to 55 Practical Salinity Unit (PSU). Mangroves in spoilbanks with high porewater salinity 
showed slow growth (Figure 7). Bulk density of spoilbanks also varied as the result of 
inconsistent mixture of sediment and clay in each spoilbank. After one year of observation 
(in May 2011), we found a mixture of species of mangroves and terrestrial species, 
suggesting natural recruitment to the habitat. An assemblage of Sonneratia lanceolata 
occurred naturally near the walls with planted species of Avicennia and Rhizophora (Figure 
6). Both planted species demonstrated increasing tree height with Avicennia growing at 
higher rates than Rhizophora over time (Fig 8). The change of hydrologic and geomorphic 
conditions following the reconstruction of spoilbanks was associated with changes in 
species composition and structure in this area. 
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April 2010                                                                                                                         December 2011

Figure 6.  Vegetation change in spoilbanks planted with Rhizophora. In the last 
observation, Sonneratia lanceolata and freshwater shrubs were found mixing 
with planted Rhizophora saplings.

Figure 7.  The growth rate of mangroves declined with increasing 
porewater salinity. Values are the mean of mangrove growth rate 
in each spoilbank.

Figure 8.  The growth rate of replanted species in the spoilbanks, Avicennia and 
Rhizophora. Assessment was conducted from February 2010 (Week 
1) to November 2010 (Week 40). Values are the mean of values and 
standard error (Avicennia n=4, Rhizophora n=3). 
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2. Sediment Dynamics

Sedimentation in the natural forests was very high reaching rates of 110 mm year-1 (Figure 
9). The sedimentation in spoilbanks was at rates of 55 mm year-1, which was lower than 
in the forests due to the walls surrounding spoilbanks hindering sediment inputs. These 
rates of sedimentation are extremely high compared to those in the literature (Rogers et 
al., 2006). Alongi et al. (2005) measured rates of 4 cm per year of accretion in a Chinese 
estuary but our values in the natural forests are double this. The highest rates of vertical 
accretion occurred in the wet season when larger freshwater discharge transported high 
levels of sediment composed of disposed volcanic mud. 

Figure 9.  Variation in sediment accumulation over the period (in weeks) of 
assessment in spoilbanks and the forests in. The measurement was 
conducted from February 2010 (Week 1) to July 2011 (Week 74). Values 
are the mean of values and standard error (Porong forests n=3, Porong 
spoilbanks n=8). Shaded areas indicate the wet seasons. Dashed lines are 
linear trends over the time, which are Porong forest 1: Y= 37.34 + 3.28x 
time, R2= 0.74, P< 0.0001; Porong forest 2: Y= 5.725 + 3.041x time, R2= 0.85, 
P< 0.0001; Porong spoilbanks: Y= -1 + 1.214x time, R2= 0.41, P< 0.0001.

3. Forest Growth

The mangrove forests in Porong were characterized by low diversity and dense mangrove 
trees (Table 2). The observation in February 2010 indicated that mangrove forest was 
dominated by Avicennia marina and mainly composed of small trees growing at high 
density. Rhizophora was found very rarely in the natural forest along the coast. The high 
intensity of human disturbance high rates of land conversion and selective harvesting of 
Rhizophora may have resulted in the loss of mature Rhizophora in this area. 
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Despite the extremely high rates of sedimentation, mangroves continued to grow at high 
rates (Fig 10) indicating the trees are adapted to high rates of sedimentation in this area. 
High rates of sedimentation may be expected to cause tree mortality (Ellison, 2001), yet 
we found no adverse aff ects of high sedimentation on tree growth rates.

Table 2.   Structural characteristics of mangrove forests in Porong  

Site Species

Density Cover (Basal area) Frequency
Importance 

valueAbsolute
(trees/

ha)

Absolute
(m2/ha)

Absolute
(%)

Relative

Forest 1 Avicennia sp
Sonneratia 
sp
Unidentifi ed

13559
3228
430

78.75
18.75
2.50  

13.45
7.37
0.07

64.38
35.28

0.33

95
45
10

63.33
30.00

6.67

206.47
84.03

9.50

Forest 2 Avicennia sp 28522 100.00 37.05 100.00 20 100.00 300.00

Fig. 10.  Growth of mangroves in two forests in the mouth of the Porong 
River. The growth was represented by basal area change, measured 
in between February 2010 (Week 1) and January 2011 (Week 48). 
Values are the mean of values and standard error (n=3). Dashed 
lines are linear trends over the time, which are Porong forest 1: 
Y=  26.77 + 0.106x time, R2= 0.054, P = 0.443; Porong forest 2: Y= 
20.46 + 0.337x time, R2= 0.248  P=0.070)
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Conclusion and Recommendations

The disposal of mud to the sea has delivered extremely large sediment pulses to the 
mouth of the Porong River. The creation of spoilbank islands at the mouth of the Porong 
River, to prevent fl ooding due to the accumulation of sediment at the mouth of the river, 
created potentially new mangrove habitat. The spoilbanks, however, were initially poorly 
designed as mangrove habitat. Although the hydrodynamics of river and coastline had been 
clearly examined, the potential impact of the mud on the mangrove ecosystems was not 
considered in the offi  cial process. Our assessment indicated that the success of mangrove 
plantings on the spoilbank areas could have been enhanced with greater attention to the 
design of the spoilbank islands and the hydrology of the site in order to make them more 
appropriate for mangrove growth. In the assessment of the potential eff ects of mud on tree 
growth in natural forests, the researchers found extremely high levels of sedimentation, 
but trees appeared to be adapted to these high rates of sedimentation, which may have 
been a characteristic at this site for many decades (Tanaka et al., 1998).

The research analysis suggests that greater success could have been achieved with more 
ecological scientifi c support for the creation of a mangrove forest. The reconstruction 
of spoilbanks to a new design, which was based on ecological assessment, resulted in 
improved wetland development. In addition, monitoring of planting success and conditions 
on the spoilbank islands could have informed management of the site. Continued 
monitoring of sediment dynamics and the state of natural mangrove forests is important 
for understanding the long term impact of the mud volcano on coastal ecosystems. High 
loads of mud disposal contribute to rapid accreting coastline that can infl uence coastal 
environment. In addition to the results from our study, more information is also needed 
that benefi ts to the managers and decision makers for future planning and management 
of the mouth of the Porong River.
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Abstract

Soils in mangrove forests sporadically changed due to many factors such as wave 
energy, deposition, and anthropogenic activities especially in inundated areas. 
Examination on the soil profi les in mangrove forests along the coastal areas of 
Peninsular Malaysia was carried out to understand the formation of soil structure 
on mudfl at, its accretion and erosion, and species adaptability. 

Physical soil structure and composition has great infl uence over species adaptability 
and the type of species present. Soil erosion at coastal ridges is one of the main 
threats causing loss of mangroves and land area. At places where wave breaker 
structures were installed at seaward areas, better mangrove performance was 
observed. Wave breaker structures, however, may also infl uence the wave patterns 
and intensity at adjacent areas causing erosion and soil instability. 

The soil physical and chemical attributes of selected areas, species composition, and 
stand performance are highlighted in this paper.

Keywords: soil profi le, mangrove forests, mangrove stands, Peninsular Malaysia
________________________________________________________________

Introduction

The devastating aftermath from tsunami that hit many countries in Asia in December 
2004, including the west coast of Peninsular Malaysia, has sparked the implementation 
of coastal rehabilitation programs at the national and regional levels. Apart from the Non-
Government Organizations (NGOs), the government of Malaysia through the Ministry of 
Natural Resources and Environment has also embarked on coastal planting program with 
suitable tree species along the country coastline. This program covers both the sandy 
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and muddy beach areas. The tsunami incidence not only aff ected infrastructures and 
vegetations, this catastrophe also resulted in major changes of substrate properties, most 
conspicuous in the worst hit areas (Pearson, 2005).

Soils underneath the mangrove swamp are not extensively studied in Malaysia due to 
minimal planting activities and accessibility. Upon conversion into agricultural plantation, 
the soil changes in properties are mainly results of the change in drainage system 
and hydrological pattern (interruption in sea water intrusion) that infl uence the soil 
characteristics such as salinity, reduction-oxidation potential, and nutrient solubility. 

Signifi cant hectarage formed potential acid sulphate and acid sulphate soils. These soils 
were extensively studied in Malaysia as most of the areas are planted with agricultural and 
commodity crops such as paddy and oil palm (Paramananthan et al., 2012; Shamshuddin, 
2003; Shamshuddin et al., 2008; Suswanto et al., 2007). 

Field Examination and Laboratory Assessment of Mangrove Soil

Soil properties under selected mangrove areas (Figure 1) were examined based on 
profi les, combining the in-situ fi eld examination, and laboratory assessment. Among the 
parameters examined were texture, color, smell, mottling, organic materials, acidity, 
and chemical content. On liquid mud or wherever needed, innovative technique of soil 
sampling was employed for profi le examination. Part of the samples was brought back 
to the laboratory for analysis. Samples were dried in an oven at temperature below 40ºC, 
ground then passed through 2 mm sieve before analysis.

Figure 1.  Map of Peninsular Malaysia showing coastal planting areas 
and blue circles mark the sites discussed in this paper
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Mangrove Soil Profi les

Soil profi les of selected mangrove sites representing good, moderate, and poor growth 
performance are discussed below. Majority of the sites are on the west coast of Peninsular 
Malaysia, as large stretch of the east coast is made up of sandy BRIS soil.

Sedili Besar Coast, Johor

Soil profi le examination was carried out in June 2008 at a site demarcated for planting, 
which was adjacent to the fi shing village facing the South China Sea. Characterization of 
soil profi le was carried out both in seaward area during low tide and in the adjacent village. 
Soils were characterized according to the horizon up to one meter depth and correlated 
with the species present. This area has experienced severe erosion from high energy wave 
that changed the soil composition. Gravels of non marine origin were found scattered at 
the seaward area. Soils were described according to horizon up to 120 cm depth. Available 
mangrove species was recorded.

Plant species distribution in this area was rather unique, grow in group, localized, and do not 
rely on the distance from sea. Soil profi le examination showed two distinct characteristics 
in seaward area; in areas where trees grown soil has saprist layer whereas at bare areas we 
found only saprolite layer with high content of silt and clay. Interestingly, this saprolite is 
not of marine origin but similar to the one in hilly areas. 

Wild mangrove plants survived only in areas where there was organic layer and soil contains 
thin layer of mud overlying mixture of sand and gravel. Occurrence of organic materials most 
probably elevated soil biological and chemical processes and lead to improve soil fertility. 
Signifi cant reduction in soil acidity was also observed for soils underneath mangrove stand 
throughout the profi le (Table 1).  However, the value was lower than the topsoils sampled 
at adjacent village area. The lower soil horizon at a latter site was dominated by saprolite 
layer similar to the barren area. 

Soil salinity level also has marked diff erences between the bare and populated areas under 
mangroves (Table 1). Based on soil profi les at seaward and landward areas, soil erosion 
could have occurred gradually over long period of time. Part of the sea which is formerly 
village area has been eroded, leaving only saprolite layer. Waves could have pooled dead 
plants at certain areas and over time the fi brist materials decomposed into saprist, and 
new plants regenerated at this site. 
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Sebatu Malacca

Located at the coast of Malacca, Sebatu area has been planted with mangrove species 
through conventional method. It was observed that this area was covered with massive 
structure mud while natural dominant vegetations at the back were Avicennia sp. and 
Sonneratia sp. Using the auger boring technique, it was found that soil structure at the 
planting area was massive with no distinct feature to classify the series. Survival rate of the 
planted seedlings was low and growth performance was not encouraging.

The area facing an open sea, the shoreline exposed consistently to strong waves and 
currents. It was diffi  cult for the seedlings root to anchor in the liquid mud of massive 
structure especially during high tide where the seedlings were easily washed away. The 
low or absence of organic matter also contributed to this problem. An innovative planting 
technique was one of the methods recommended in rehabilitating this mangrove area. 

Sg Hj Dorani, Selangor

One of the areas dedicated for research was the Sungai Haji Dorani coastline within the 
proximity of Kuala Bernam Forest Reserve. The area was dominated by mudfl at of massive 
structure, and its shoreline was populated by Avicennia and Brugeira sp. and mixed species 
shrubs. Four sets of engineering structure made from woven geotextile material fi lled with 
sand were installed adjacent to each other in a row at 55 m distance from the shoreline. 
This structure was termed as geotube, installed to break wave energy hoping that in due 
course, mud will stabilize within the area and newly planted seedlings survive better. 

Monitoring of changes in soil composition and mud accretion and erosion was carried out 
after the installation on routine basis. Graduated pins of 2 m length were placed at specifi ed 
locations with initially 1.4 m submerged in mud and assumed as level 0. The area without 
geotube installation was also measured as control. Avicennia and Rhizophora seedlings 
were planted using various innovative planting techniques at six months after installation. 
Analysis of data collected revealed the fragility of this mudfl at against wave direction and 
energy that brought about changes in mud composition and coastline erosion. Alternate 
sand/shell and mud accretion brought about changes in species survivability. Avicennia 
could stand shallow mud level with sand/shell composition as long as its pneumatophor 
roots could breath, unlike Rhizophora which prefers to sit on thicker mud. 

Table 1.   pH and conductivity data of soils at Sedili Besar coast at diff erent horizons

Sampling 
Area Bare Soil Soil Underneath 

Mangrove Stand Soil at Adjacent Village

Profi le 
Depth 
(cm)

0-3 3-60 60-
120 0-30 30-75 75-

115 0-10 10-30 30-55 55-120

pH Value 2.76 4.07 4.28 5.03 6.14 7.52 5.47 4.84 4.33

3.81 3.97 5.75 45.05 8.96 3.52 4.00 4.07 2.52
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After one year of geotube installation, soil structure has yet to form but accretion level was 
higher at the area protected with geotube. At two years after installation, the mud become 
fi rmer and could well support the growth of Avicennia and Rhizophora trees. Throughout 
the observation period, it was noted that the alternate change in composition of mud 
and shell/sand which refl ects the dynamics of this coastal shore. This is also supported by 
soil erosion data measured over 50 m shoreline distance by our team that shows 235 m2 
area was eroded within six months period (Figure 2). However, within the same shoreline 
at 300 m apart whereby wave breaker structure was installed at 70 m seaward area, the 
severity of soil erosion reduced signifi cantly to 17 m2 (Figure 3).

Figure 2.  The extent of eroded shoreline at non-protected area from 
Aug 2008 to Feb 2009

Figure 3.  The degree of shoreline erosion at geotube protected area from 
Aug 2008 to Feb 2009
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Matang, Perak

Soils under mangrove in Matang are well developed, have distinct profi les, and can be 
classifi ed into a series based on soil taxonomy. The site inspected was located in mature 
stand of mangroves. The soil in the area can be considered as the benchmark of soil suitability 
for mangrove species due to excellent mangrove performance at the site. The soil physical 
and chemical properties are presented in Table 2. The soil has acceptable salinity and pH 
levels were not acidic with the values above 7. High concentration of exchangeable of K 
and cation exchangeable capacity (CEC) partly contributed to this pH value. Nitrogen and 
available phosphorous content are considered adequate for plant growth. 

Soil in this area, which is derived from marine alluvial, can be categorized as brackish area. 
The soil profi le consists of A and B horizons within 120 cm depth and C horizon appear 
below this depth. From the observation, most of the areas, which have this type of soil 
characteristics produced better tree growth and vigor. The texture of the surface horizon 
(0 – 25 cm) is clayey with very dark brown color (10 YR 2/2), weak, medium to coarse angular 
blocky structure, few greenish gray (5GY 5/1) mottles, many fi ne and medium roots, wet 
slightly sticky and plastic, gradual smooth boundary. The underlying is B horizon which 
extends to a depth of more than a metre (110cm).  Very dark brown (10YR 2/2) clay with fabric 
material, slightly fi rm to fi rm, coarse to very coarse columnar structure, many medium and 
coarse roots, wet sticky and plastic, diff use smooth boundary. Below this horizon (110 cm), 
the texture is clay to silty clay with fabric material, very dark brown (10YR 2/2), massive, wet 
sticky and plastic.

Table 2.   Soil properties of Kuala Sepetang in Matang, Perak at different horizons

Profi le 
Depth 
(cm)

Wet
pH

Cond. 
mS/
cm

N
%

Ex. K
cmol/kg

CEC
cmol/kg

Coarse 
sand %

Fine Silt
%

Clay
%

0-25 6.88 8.23 0.42 11.59 50.80 14 13 28 48
25-50 7.19 8.97 0.39 10.49 30.40 9 10 30 52
50-75 7.24 7.55 0.35 7.88 47.10 11 11 32 48

75-100 7.38 9.16 0.30 7.48 37.05 11 14 34 44

Kota Kuala Muda, Kedah

In Kota Kuala Muda, strong wave has changed the surface of the mud. This can be seen in 
Kg. Sg. Yu, Kota Kuala Muda, which is one of the selected areas for mangroves replanting. 
Soil profi le in this area has a massive mud with a depth of 70 cm. There was no ‘hemist’ 
or ‘saprist’ materials detected that can act as a holding base for the species to grow. The 
strong wave has also resulted in serious bank erosion along the shoreline. 
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Pulau Ketam, Perlis

There were two distinct conditions in this area, one of which was protected by natural 
Avicennia and another site has exposed shoreline. The Avicennia trees play an important 
role as a buff er zone in protecting the soils from the strong waves. 

Soil condition in both areas has been examined using the auger boring up to 120 cm depth. 
In areas where there were good survival rate, a thin layer of new mud (0-10 cm depth) was 
found at the surface, followed by a mixed layer of mud with few shells. High organic matter 
in hemist and fi brist forms are believed to support root growth and supply nutrients for 
the growth of mangrove plants.

However, in areas where survival rate was poor, the mud was very massive. The non-
structure area failed to hold the seedlings’ root especially during the high tide. This area is 
covered by mud and has low organic matter deep down the horizon (>70 cm depth). With 
this condition, there is a high possibility that even the existing Avicennia sp. in this area will 
be slowly washed away after some time.    

Tumpat, Kelantan

The area is part of the national project on planting of mangrove and other suitable 
tree species for protection of coastal area in Delta Kelantan. Avicennia trees of natural 
regeneration occupied the seafront area facing the South China Sea. Strong waves were 
observed throughout February 2008 even though it was past the monsoon season. 

Towards inland, after the Avicennia layer, lies bakau kurap but the population was not 
extensive. Soil and site examinations were carried out at the end of Avicennia tree layer 
towards inland. Many Avicennia trees were found dying and due to this, profi le description 
of soil was analyzed. 

All Avicennia trees occupying the front part of this area directly facing the South China 
Sea were diminished, leaving only dead standing biomass from trunk and roots. The 
environmental infl uence could be the key factor causing the death of these trees. Strong 
waves that continuously crash to the seashore carried along sand and organic debris. The 
sand and organic debris materials were left on the shore. 

The buildup of sand on top of mud layer buried pneumatophor roots of Avicennia causing 
a decrease in availability of oxygen for roots. This condition initially suppressed the growth 
of suff ocated trees and later on resulting in tree death. Layer of dying trees were clearly 
seen as trees died in stages starting with those facing the sea. We believed that most of the 
aboveground biomass from dead trees fell onto the fl oor and were later pushed further 
inside towards inland during high tide. Soil examination along the profi le clearly showed 
few alternate layers of sand and organic materials (raw and partially decomposed) on top 
of original mud layer. These layers of soil were of new formation. In 2010, however, we 
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observed the formation of sand dune at the seaward area that acts as natural barrier to 
protect this area. Further soil investigations will be carried out to evaluated belowground 
change pattern.

Soils at the inner part were well developed mud with fi rm structure within 70 to 90 cm 
soil depth, underlying marine clay C horizon. This site recorded high survivability and good 
growth performance of planted mangrove.

Summary

Mangrove soils in Malaysia are the least understood and only lately being focused on due 
to many problems with replanting and rehabilitation activities. 

As with other mangrove areas, salinity is one of the focal parameters. Nevertheless, our 
examination in many parts of Peninsular Malaysia showed that soil structures and physical 
composition also play an important role infl uencing the type of species adaptation and 
their growth rate. These two parameters were very dynamic in some places, infl uenced by 
wave and wind. Table 3 highlights the performance of planted mangroves at several sites 
visited.

Table 3.  Performance of planted mangroves on selected sites in Peninsular Malaysia

Planting Site Performance of Planted Mangroves
Very Good Good Moderate High Mortality

Bukit Batu Putih, Perlis √
Kurong Tengar, Perlis √
Kuala Sanglang, Perlis √
Delta Kelantan, Kelantan √
Kg. Che Bema, Kedah √
Kg. Pulau Sayak , Kedah √
Kong Kong, Johor √
Tebrau River, Johor √
Gelang Patah, Johor √
Parit Unas, Johor √
Sri Menanti, Johor √
Parit Simin, Johor √
Pantai Parit Besar, Johor √
Parit Botak, Johor √
Pantai Punggor, Johor √
Tanjung Piai, Johor √
Umbai, Melaka √
Teluk Mas, Melaka √
Sebatu, Melaka √
Lekir, Perak √
Teluk Kertang, Perak √
Matang, Perak √

*after Wan Rasidah et al. (2010)



53PROCEEDINGSPROCEEDINGS

References

Paramananthan, S. 2012. Need for a Unifi ed Classifi cation of Acid Sulphate Soil. Paper 
presented at the Soil Science Conference of Malaysia 2012. 10-12 April 2012, Kota 
Bharu, Kelantan, Malaysia.

Pearson, H. 2005. UN surveys ecological ravages of tsunami. Nature News. Published 
online on 6 January 2005. http://www.nature.com/news/2005/050103/full/
news050103-6.html.

Shamshuddin J. 2003. Recent Developments in Acid sulphate Soils Research in Malaysia. 
in Zainol et al. (Eds.) Proceedings SOILS 2003: Towards Maximum Land Use and 
Productivity. Malaysian Society of Soil Science, Kuala Lumpur. pp 77-78.

Shamshuddin, J., E.A. Auxtero, S. Muhrizal, and T. Suswanto. 2008. Recent Studies on 
Clayey Coastal Soils in the Malay Peninsular. pp. 18-20 in Wan Asma et al. (Eds.) 
Proceedings SOILS 2008: Sustaining Soil Ecosystems with Emphasis on Coastal 
Soils. Malaysian Society of Soil Science, Kuala Lumpur.

Suswanto, T., J. Shamshuddin, S.R. Syed Omar, M. Peli, and The C.B.S. 2007. Eff ects of 
Lime and Fertilizer Application in Combination with Water Management on Rice 
(Oryza sativa) Cultivated on an Acid Sulphate Soil. Malaysian Journal of Soil Science 
11, 1-16.

Wan Rasidah K. et al., I. Shamsuddin, M. Azian, V. Jeyanny, I. Mohamad Fakhri, A. Rozita, 
Suhaimi W. C., and Adi Fadzly K. 2010. Penanaman Bakau dan Spesies Sesuai di Pesisir 
Pantai Negara: Penilaian Tanah dan Pemantauan Kawasan. Institut Penyelidikan 
Perhutanan Malaysia, Kepong.  p 34.



54 1st ASEAN Congress on Mangrove Research & Development 

Preliminary Assessment of Mangrove Forest 
and Its Rehabilitation Option in Delta Telang, 
South Sumatra, Indonesia

Adi Kunarso, Bastoni, and R. Dody Prakosa
Forestry Research Institute of Palembang, Ministry of Forestry Rep. Indonesia
Jl. Kol H. Burlian Km 6.5 Punti Kayu Palembang, South Sumatra, Indonesia
Correspondence to: adikunarso@yahoo.com

Abstract

Human activities over the last decades have caused the degradation of mangrove 
areas in Indonesia, especially in South Sumatra. Delta Telang is located in the 
coastal area north of Palembang, the capital city of South Sumatra Province. 

About 13,000 ha of protection forest lies in this delta, around 50% of which is pristine 
mangrove forests. In 2007, 600 ha of the mangrove area have been allocated as 
international harbor and its supporting infrastructures. About 70 ha of mangrove 
were reclaimed in 2008, resulting in open access into the protection forest. 

In order to anticipate the environmental changes caused by such developments, 
preliminary study was conducted in Delta Telang to support rehabilitation program. 
Two Landsat 7 ETM+ images (year of 2007 and 2011) were analyzed using ILWIS 
software to recognize the land cover changes. During period of four years, 8% of 
pristine mangroves have changed to other land covers. 

A detailed study of two transects was conducted in July 2012 to identify the existing 
condition of mangrove forests. Quantitative study mangrove vegetation (trees, 
saplings, and seedlings) was analyzed from ten plots (20x20 m) distributed in two 
transects. In total, seven mangrove species were recorded. Rhizophora mucronata 
Lam was the dominant specie in term of density, frequency, and dominance. 

Three rehabilitation methods that can be applied were proposed. The strip line 
planting will be conducted in the degraded mangrove area to enhance mangrove 
density. For the mangrove forest areas that have already been converted to 
fi shponds, silvofi shery method is proposed. Agrosilvofi shery system is expected 
to be used in the non-forest area.

Keywords: Delta Telang, mangrove, rehabilitation 
___________________________________________________________________
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Introduction

Indonesia has a very high density of mangrove forests occupying area about 3.2 million ha 
(Hartini et al., 2010), and it is recorded as the largest area of mangroves in Southeast Asia 
(approximately 60% of total mangrove in Southeast Asia) (Giesen et al., 2007). Mangroves 
have important environmental and economical value (Giesen et al., 2007; Saparinto, 2007; 
Spaninks and Beukering, 1997). These forests are important habitats for aquatic organisms, 
nursery area for many kinds of animals, removal of pollutants from water, and sediment 
stabilization. It is believed that mangroves are able to protect land from waves, tidal bores 
and tsunamis (Mazda et al., 2007). Moreover, mangrove ecosystems with high diversity of 
trees provide chance for tourism and education. Mangroves also play an important role 
for human livelihood, especially in developing countries. For decades, people have used 
mangroves for timber and fi rewood. 

In spite of these functions, mangroves in Indonesia are threatened mainly by large scale 
logging operation (for wood chips and round timber) and habitat conversion (agriculture, 
plantation, fi shpond, settlement, and coastal industry). Based on mapping by The National 
Coordinating Agency for Surveys and Mapping (BAKOSURTANAL) the number of mangrove 
in Indonesia is around 3.2 million ha (Hartini et al., 2010). The Ministry of Forestry Rep. 
Indonesia (2009) released another data that mangrove covers an area about 7.7 million ha, 
but almost 70 percent of it has degraded to other functions. 

The degradation of mangrove forest is also documented by FAO (2007) that it has decreased 
from 4.2 million ha in 1980 to 2.9 million ha in 2005. Rehabilitation has been conducted in 
many provinces to restore the mangrove ecosystem. However, the planting realization 
is still low. Anwar and Gunawan (2006) reported that planting realization is only about 
2,000 ha/year. Another problem is that local community has not been involved in many 
rehabilitation programs.

The Telang Protection Forest lies in northeast of the Delta Telang that has approximately 
13,000 ha of mangrove forest and other land use (Banyuasin Forest Service, 2010). Based 
on Forestry Minister Decree year of 2007, 600 ha of the forest area had been allocated 
for international harbor development and its supporting infrastructures such as road, 
settlement, and offi  ce area. While waiting for its permanent permit, about 70 ha of the 
area has been reclaimed in 2008 for road, harbor, and their facilities (Rosianty, 2010). The 
new development plan of Telang forest is documented in the Provincial Land Use Planning 
of South Sumatra Province year of 2011-2031. Aside from the previous 600 ha, another 
3,700 ha of the area has been proposed to be classifi ed as non-forest area. Meanwhile, 
the development of new harbor in Tanjung Carat (northernmost of the Delta) needs the 
additional land roughly 180 ha (Provincial Land Use Planning of South Sumatra Province). 

This means that the area of Telang Protection Forest will decrease by about 36% of total if 
the document is signed. Once the area is opened as industrialization zone, as planned in 
Delta Telang, it will be followed by increasing migration and land demand for settlement. 
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In the future, Telang Protection Forest may experience the impact from the developing 
area and the increase in the population in the area.     

In order to anticipate the environmental change caused by such developments, preliminary 
studies were conducted in Delta Telang to support rehabilitation program that will be 
done by government next year. All of the rehabilitation and management eff orts are to 
be planned wisely, so that land use change and eff ect of increasing inhabitants should be 
measured early to anticipate arising social concerns. 

Data on species richness is needed as baseline data to describe the existing condition of 
the mangrove community (Tomlinson, 1986). The aspects of study include spatial analysis 
of the study area to recognize the land cover changes and baseline ecological survey to 
describe the plant species and its density in the recent year. The rehabilitation methods 
that may be applied in the future were discussed in this paper. 

Methods

Study Site          

The Delta Telang is located in coastal area north of Palembang, capital city of South Sumatra 
Province. The study site is focused in the protection forest positioned in the northern part 
of the Delta and in between latitude 2016' and 2032' and longitude 104044 and 104055'. 
Administratively, it is situated in Banyuasin Regency, South Sumatra Province.  

Mangroves extend along the coastal area dominated by Rhizhopora sp.. Large 
areas of mangrove forest has been fragmented caused by human activities such as 
fi shponds, coconut and oil palm plantations, illegal logging, and industrialization. 
The baseline ecological study was conducted in July 2012 at two transects (Figure 1) 
in which local people have high access into the forest (T1) and in the almost pristine 
mangroves area (T2). The areas in which transects situated are relatively pristine 
but they may face signifi cant eff ect from the development of the Delta Telang. 

The climate of the study area is tropical monsoon with average annual rainfall of 2,600 mm 
and an average monthly rainfall of 200 mm. In the wet seasons from October to March, the 
monthly rainfall is more than 250 mm, while in the driest month occurring in September 
the rainfall is less than 100 mm. The maximum temperature is ranging from 270C to 340C, 
while minimum temperature from 250C to 260C. The data was recorded in station Sultan 
Mahmud Badaruddin II Palembang. 
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Figure 1. Location of the study area

Satellite Image Processing and Interpretation  

Spatial analysis by using ILWIS software was conducted to recognize land cover changes 
of Telang Protection Forest. Pre and three years after harbor construction images 
were obtained from two Landsat 7 ETM+ images (2 October 2007 and 13 October 2011). 
Interpretation of those images (band 3, 4, 5) was carried out by applying supervised 
classifi cation technique. Five classes of land cover were interpreted based on key 
interpretation of existing land use established from GPS ground truthing by Banyuasin 
Forest Service (2010).   
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Figure 2.  Landsat images used in the analysis

Vegetation 

Quantitative study mangrove vegetation was analyzed from ten plots (20 x 20 m) 
distributed in two transects. The total number of mangrove tree species (diameter ≥10 
cm) was determined from this plot. Inside 400-m2 plot, 5 x 5 m plot was made to record 
the number and species of saplings (diameter <10 cm), while the number and species 
of seedlings (height <1 m) and undergrowth were measured from plot of 2 x 2 m made 
inside those two plots. The diameter at breast height (1.3 m) of all trees and saplings 
found in each plot were measured. The relative density, relative frequency, relative 
dominance and importance value index were calculated based on the methods of 
Soerianegara and Indrawan (1978). 

Results and Discussion

Mangrove Fragmentation
 
In 2007, the pristine mangrove covered an area about 7,234 ha (54% of total area). The 
degradation of pristine mangrove was recorded during period of 2007-2011, in which about 
8% has changed to other land covers. In contrast, the number of secondary mangrove/ 
shrubland, plantation and bareland has increased signifi cantly in the last four years (23%, 
7%, and 19%). The result of spatial analysis is described in Figure 3.
 
Aside from industrialization, the Delta Telang mangrove forest was threatened by the 
possible conversion for plantation, fi shpond, settlement, and illegal logging. It was proven 
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that human activities caused mangrove areas to degrade. Coconut plantations have been 
established since 1970s. People penetrated into the forest through the rivers and dug 
canals traditionally to decrease water level so that the land can be cultivated. 

The number of oil palm plantation has increased signifi cantly since 2007 when the road 
connecting Palembang to Tanjung Api Api harbor was constructed (pers. comm. with 
Banyuasin Forest Service Offi  cers). The new road construction and harbor development 
would encourage people from other areas to move and live in the developed area. Aside 
from opening access, poverty and lack of employment lead to the mangroves exploitation. 
People produce log and fi rewood in order to fulfi ll their needs. Firewood was collected from 
the forest by using axes, and it was sold about IDR 3,000 (USD 0.33) a bunch (pers. comm. 
with local people). In one month, about USD 55 can be obtained by selling fi rewood.      

Figure 3.  Land cover changes in the study area
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Vegetation

Seven species of plants were identifi ed in the study site (Table 1). As per Tomlinson's (1986) 
classifi cation, four species were classifi ed as major component of mangrove (numbers 1-4 
from Table 1) and the other species were minor component. A total of fi ve species were 
recorded as adult mangrove tree species, saplings and seedlings (numbers 1-3, 5 and 6 
from Table 1). Tree species with the greatest relative density (80.55%), relative frequency 
(53.57%), relative dominance (84.54%) and, thus, importance value index (218.66%) is 
Rhizophora mucronata Lam, while the other species recorded have low density (importance 
value <40%). 

Saplings’ and seedlings’ abundance refl ect the natural regeneration of mangrove. They 
were dominated by R. mucronata with mean density of saplings was 1,320 individuals per 
hectare and seedlings was 6,500 individuals per hectare. The undergrowth was dominated 
by Acrostichum aureum L (relative dominance value 75.81%). 

Transect 1 was the road trace used by local people for fi shing and harvesting mangrove 
illegally for fi rewood. Transect 1 was 500 m in length from the upland perpendicular to 
the shoreline. Trees, saplings, and seedlings of R. mucronata dominated this transect and 
it was found in each plot. B. gymnorrhiza trees species with approximately 10-13 m tall 
were identifi ed at plot 2. The lowest density was recognized at plot 3 in which only one R. 
mucronata tree species was found. About 55 trees per ha (predicted as R. mucronata and 
B. gymnorrhiza) were calculated as logged trees proving that human activities aff ected the 
area. The open and logged over area was dominated by Nypa fruticans and A. aureum. 

Transect 2 was 600 m in length situated in the road trace for Tanjung Carat harbor 
development plan. The pristine and relatively undisturbed mangroves extend the area. 
Similar to the Transect 1, trees, saplings, and seedlings of R. mucronata was very dominant. 
Plot 4 and 5 were relatively mixed with Avicennia sp and Xylocarpus granatum, while the 
remaining plots were very dominated by R. mucronata. The seedlings of Avicenia sp that 
were not found in the Transect 1 were recorded in this Transect (1,000 seedlings per 
hectare). The logged trees of R. mucronata still can be found although the total number is 
less than those in Transect 1 (20 trees per hectare). The diversity of seedlings in this transect 
was low, in which only two species (R. mucronata and Avicenia sp) were recorded.     

The plant species richness of mangrove in Telang Protection Forest is low with seven species 
recorded. In this study, the sample was only a very small part of the mangrove area (0.4 
ha from a total of about 10,000 ha of mangrove area, or 0.004%). The diversity obtained 
will almost certainly be higher by sampling a larger area. A previous survey conducted by 
Banyuasin Forest Service (2010) identifi ed nine trees species of mangrove and mangrove 
associates. The species not sampled in this study were Soneratia alba, Macaranga spp, 
Terminalia racemosa and Aegiceris comiculatum. However, the study by Rosianty (2010) 
in the 2.7 ha of sampling area close to the Tanjung Api Api harbor only recorded four 
mangrove species. This study confi rms that the diversity of Delta Telang mangrove forest 
is low at the present time.   
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Table 1. A list of the mangrove species recorded in Delta Telang

No Species Family Local Name
Distribution
T1 T2

1 Rhizophora mucronata Lam. Rhizophoraceae Jangkang + +
2 Bruguiera gymnorrhiza (L.) Lam Rhizophoraceae Tumu + +
3 Avicennia sp Avicenniaceae Api api + +
4 Nypa fruticans Wurmb Arecaceae Nipah + +
5 Excoecaria agallocha L. Euphorbiaceae Buta buta + +
6 Xylocarpus granatum Koen. Meliaceae Ngirih + +
7 Acrostichum aureum L Pteridaceae Pakis laut + +

Rehabilitation Option

Based on the preliminary study, three options of rehabilitation method were proposed. 
Firstly, in the forest area where mangroves are degraded by logging, strip line planting 
with local species is needed to enhance mangrove density. Secondly, in the forest area that 
already opened as fi shponds, silvofi shery farming system can be introduced to increase 
plant diversity as well as people income. Lastly, in the non-forest area, intensive silvofi shery 
(combined with crop farming) can be applied. This method is known as agrosilvofi shery 
system (Bastoni, 2006). The local community should be involved in all rehabilitation 
methods proposed in order to minimize social confl ict.

The rehabilitation method and species selected to be planted should be matched to the 
site characteristics. Assessment on site conditions is required before implementing the 
planting stage. Strip line planting method can be applied in a forest area that already 
degraded as secondary mangrove in order to increase density. The basic concept of this 
method is to rehabilitate degraded area with minimal changes to the natural ecosystem. 
The dominance of R. mucronata and B. gymnorrhiza indicated that those species are 
suitable in the study area. Compared to the total site preparation, strip line planting is 
better in terms of low cost (both land preparation and weeding), minimizing ecosystem 
change and easy monitoring of plant growth. The distance among lines is 5 m or it can be 
adapted based on the site conditions. 

Silvofi shery is one of the mangrove rehabilitation methods that involved the local 
community. This system is also known as aqua forestry (Saparinto, 2007). It is an integrated 
system in which some activities including raising, management, and conservation of 
mangroves are combined with fi sh farming. Mangrove seedlings will be planted in and 
around the pond land. 
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This system will bring some benefi ts including strengthening dykes by the roots of the 
mangroves, increasing biodiversity as well as people income and reducing coastal erosion 
and salt water intrusion (Wetlands International, undated). Study conducted by Saparinto 
(2007) in Pemalang, Central Java reported that pond planted by mangroves would have 
higher plankton diversity than pond without mangroves. In Delta Telang, silvofi shery system 
will be applied only on the existing fi shpond, so that eff ort has to be done in encouraging 
and enhancing people awareness to use this method by giving some demonstration 
plots.

Agrosilvofi shery is rehabilitation method adapted from silvofi shery and agroforestry 
that is already applied widely in Asia and Africa. In this system, agricultural component 
is introduced (Bastoni, 2006). This system was already tested to rehabilitate degraded 
shallow swampland in South Sumatra. The pond design is modifi ed based on the site 
conditions. The crop selected to be cultivated should be matched to the soil characteristics. 
Therefore, detailed study of some soil parameters is needed. The parameters that should 
be tested include pH, salinity, soil moisture, nutrient content, etc. This system has been 
adapted to rehabilitate about 12,000 ha of mangrove in Cilacap, Central Java (Saparinto, 
2007). The advantage of this system is extra income obtained from the crop cultivation. By 
applying this method, people living nearby the forest area will have alternative income, so 
that people can use it to avoid forest disturbance.

Conclusions and Recommendations

The mangrove forest of Delta Telang has degraded in the recent year. The development of 
area as industrialization zone has increased threat for the mangrove forest. The decreasing 
number of mangrove forest emphasizes the need for conservation and rehabilitation of 
the remaining area. Moreover, the baseline data obtained from this study can be used 
to monitor environmental change if the development of Delta Telang continues in the 
next future. The rehabilitation program that will be applied should consider the site 
characteristics and people needs. Further detail study of soil conditions is required in order 
to determine the rehabilitation method and plant selected to be planted.
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Appendix

No Species D RD (%) F RF (%) Dm RDm (%) IVI (%)

Trees
1 Rhizophora mucronata 80 76.19 0.80 57.14 263.49 82.72 216.05
2 Excoecaria agalloca 10 9.52 0.20 14.29 31.75 9.97 33.78
3 Bruguiera gymnorrhiza 10 9.52 0.20 14.29 16.93 5.32 29.12
4 Xylocarpus granatum 5 4.76 0.20 14.29 6.37 2.00 21.05

Saplings
1 Rhizophora mucronata 640 88.89 0.80 80.00 226.51 91.82 260.70
2 Excoecaria agalloca 80 11.11 0.20 20.00 20.19 8.18 39.30

Seedlings/ Undergrowth
1 Rhizophora mucronata 7500 27.78 1.00 35.71 2818.94 21.91 85.40
2 Bruguiera gymnorrhiza 6000 22.22 0.40 14.29 1415.08 11.00 47.51
3 Excoecaria agalloca 1000 3.70 0.20 7.14 1059.59 8.24 19.08
4 Acrostichum aureum 12000 44.44 1.00 35.71 7319.73 56.90 137.06
5 Nypa fruticans 500 1.85 0.20 7.14 251.20 1.95 10.95

Transect 1
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No Species D RD (%) F RF (%) Dm RDm (%) IVI (%)

 Trees        
1 Rhizophora mucronata 225 84.91 1.00 50.00 1192.18 86.36 221.26
2 Excoecaria agalloca 5 1.89 0.20 10.00 5.16 0.37 12.26
3 Avicenia sp 25 9.43 0.40 20.00 139.93 10.14 39.57
4 Bruguiera gymnorrhiza 5 1.89 0.20 10.00 34.80 2.52 14.41
5 Xylocarpus granatum 5 1.89 0.20 10.00 8.42 0.61 12.50

 Saplings        
1 Rhizophora mucronata 2000 55.56 1.00 38.46 529.49 44.13 138.15
2 Excoecaria agalloca 320 8.89 0.20 7.69 120.06 10.01 26.59
3 Bruguiera gymnorrhiza 240 6.67 0.40 15.38 124.14 10.35 32.40
4 Avicenia sp 800 22.22 0.60 23.08 349.94 29.17 74.47
5 Xylocarpus granatum 240 6.67 0.40 15.38 76.11 6.34 28.40

 Seedlings/ Undergrowth        
1 Rhizophora mucronata 5500 25.00 0.80 40.00 1434.94 23.79 88.79
2 Acrostichum aureum 15500 70.45 1.00 50.00 24.53 0.41 120.86
3 Avicenia sp 1000 4.55 0.20 10.00 4573.29 75.81 90.35

Transect 2

Notes: D = Density, RD = Relative Density, F = Frequency, RF = Relative Frequency, Dm = Dominance, RDm = Relative   
  Dominance, IVI = Important Value Index
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Abstract

Mangrove forest plays an important role in the environment and the socio-
economy of Vietnam.. Ca Mau mangrove forest is a typical wetland ecosystem 
due to its large area, widespread distribution and biological diversity. However, 
the canopy coverage and area of mangroves in Ca Mau have been decreased 
dramatically because of the rear aquaculture activities. Therefore, searching for 
a prompt and accurate method to monitor the mangrove forest has become an 
imperative. Although satellite images, such as the optical and radar images, are 
widely used to monitor mangrove forest, each type still has its own limitations. 
Experts in remote sensing technique recognized that the combination of optical 
and radar images can take full advantage of their strengths and limit the weakness 
of each method.

In this paper, Landsat, SPOT and ALOS PALSAR images were used to assess the 
ability of providing information about Ca Mau mangrove forest for various data 
(radar, optical and fusion data). Normalized Diff erence Vegetation Index (NDVI) 
was used for optical images and Principle Component Analysis (PCA) with a 5 x 5 
pixels fi lter window was applied for radar images.  These images were interpreted 
in detail through supervised classifi cation. Data of species distribution and canopy 
coverage were collected in the 20 square plots (10 m × 10 m) in the fi eld. These 
data were used for image interpretation and accuracy assessment. Based on the 
classifi cation result, the ability of providing information about mangrove forest for 
each type of images was assessed. Thus, the paper off ers appropriate solutions 
for using data in monitoring Ca Mau mangrove forest. 

The results showed that the combination of radar and optical images off set 
some disadvantages for various types of data such as low spatial resolution and  
cloudy eff ect among others.  However, depending on type of images that have 
been combined, the ability of providing information about mangroves diff ered for 
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the two methods.  Among these data, SPOT image provided information about 
mangrove forest with the highest accuracy (Overall accuracy: 90%, Kappa: 89). 
The overall accuracy of the fusion data between SPOT and ALOS PALSAR, Landsat 
and ALOS PALSAR, Landsat, ALOS PALSAR corresponded with 88,3%; 85,2%; 
83,1%; 79,2% and Kappa coeffi  cient appropriated to 0,87; 0,84; 0,82; 0,75. Along 
with the classifi cation accuracy, other factors such as the shape and structure of 
the objects were also assessed. Therefore, information about mangroves using 
various images can be appraised comprehensively and the applications of these 
data to monitor mangrove forest can be fl exible. 

Key words: Mangrove forest, monitor, radar image, optical image, fusion data
__________________________________________________________________

INTRODUCTION

Ca Mau mangrove forest is the most 
abundant forest in Vietnam due to 
its large area and biological diversity 
(Sam Dinh Do, 2005; Ministry of 
Agriculture and Rural Development, 
2006). However, it has been 
destroyed to rear aquaculture, 
particularly during the 1998-2002 
period reducing its mangrove and 
forest cover. Today, mangrove 
forest in Ca Mau is mainly covered by 
young, fragmented and poor quality 
mangroves. 

Remote sensing images are used 
widely to monitor mangrove forest 
because they have many advantages, 
such as their wide coverage and high 
temporal resolution. Optical image 
provides the refl ected and absorbed 
characteristics of the surface of 
object. Besides, radar image such as 
SAR provides information on surface 
structure, texture patterns that are 
used widely in geological mapping, 
terrain study and forestry research 

Figure 1. Local research conducted in Ca Mau Province 
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(Duong Dinh Nguyen, 2002). Although the optical and radar data can provide information, 
each of them still has some limitations when used separately. When these types of images 
are combined, their advantages are maximized.  Thus, assessing the ability of providing 
information for each type of radar, optical and synthetic data would provide eff ective 
method to monitor mangrove forest.

Since remote sensing enables large-scale, rapid, long-term and cost eff ective mapping 
and monitoring of mangrove system (Gebhardt, 2011), a number of applications utilizing 
satellite data for monitoring mangrove forest have increased. The combination of optical 
images (Landsat, SPOT, ASTER) with other types of data such as maps, aerial photos and 
GIS to monitor mangrove forest were used in many studies. Researches using optical 
images to map and monitor mangrove forest showed that the optical images provided 
information on the environmental resources quickly with high accuracy (Tran, 2004; Binh, 
2005; Phan, 2006; and Truong, 2008). However, optical data depend on the weather.  For 
example, monitoring of mangroves at a large scale is often aff ected by cloud contaminants. 
Radar images were used mainly in monitoring deforestation, and the changing structure 
and biomass of mangrove. Many studies using radar images confi rmed the advantages 
of radar images for surveying the changing forest area, forest fi re, forest degradation, 
especially at tropical regions because radar data are not aff ected by clouds (Saatchi, 1997; 
Hoekman, 1999; Proisy, 2003; and Luca, 2010). Many studies have recently used fusion 
data set of SAR data and imagery obtained from optical sensors. The synergistic eff ect 
of both sensor systems was successfully investigated, mainly by using SPOT or Landsat 
data in conjunction with SAR data (Gebhardt, 2011). The combination of radar images 
(ERS-13 JERS-1, and Radasat) with an optical image (Landsat TM, MSS and SPOT XS) was 
used to monitor mangrove deforestation (Hussin, 1999 and Westra, 2005). On one hand, 
the conversion of forests to agricultural crops can be recognized on Landsat and SPOT 
data. On the other hand, radar images can detect the oil pipeline network built in rare 
large forest area. Thus, the effi  ciency of mangroves can be monitored by using the diverse 
types of remote sensing data. Particularly, the combination of optical and radar images 
appropriately give positive result in the mangrove monitoring. 

METHODS

The satellite data were composed of three images, including two optical images and one 
radar image (Table 1). 

There were fi ve various types of data from three satellite image as radar (ALOS PALSAR), 
optical (Landsat, SPOT) and synthetic data (Landsat + ALOS PALSAR, SPOT + ALOS PALSAR). 
Two approaches, maximum likelihood classifi cation and vector support machine, were 
applied to classify imagery. There were two criteria used to assess the ability of providing 
information about Ca Mau mangrove forests: (a) number and shape of objects that could 
be classifi ed in satellite images, and (b) classifi cation accuracy. If the same numbers of 
objects are identifi ed in these images, the higher the classifi cation accuracy of one data is, 
the better is the ability of providing information about mangrove forest.
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Data on species distribution and canopy coverage were collected from  20 square plots 
(10 m × 10 m) in the fi eld from the research on “Mangrove Forest Structure in Con Trong 
– Ong Trang, Ngoc Hien District, Ca Mau Province" (Ngoc Hua My, 2010). The method of 
studying mangrove structure (Cintron et al., 1984) was derived from the UNESCO (1984) 
mangrove research method. Within each plot forest, measurements were taken for land-
use, species composition, number of trees, diameter at breast height, height of trees and 
canopy coverage.  Results of this research showed that at the local level,  there were four 
main species of mangrove: Bruguiera parvifl ora, Rhizophora apiculata, Avicennia alba, and 
Sonneratia alba. Therefore, it was used to establish the interpretable key. Moreover, the 73 
GPS observations were used to appreciate the classifi cation accuracy. 

RESULTS

Classifi cation

Seven objects were identifi ed by utilizing the radar image, ALOS PALSAR. Through 
these objects, mangrove forest was classifi ed into three types with diff erent values of 
backscattering. MF1 was the area where the density of mangrove was low and the leaf 
canopy was not smooth. This made highly value of backscattering. MF2 was the area 
with homogeneous trees and smooth leaf canopy. Therefore, this area made low value of 
backscattering. MR3 was the area with mangrove forest and shrimp pond. The classifi ed 
results of ALOS PALSAR showed that the shape and distribution of objects could not be 
identifi ed in detail.

Table 1.   Characteristics of imagery used in the study

Type Wavelength
(μm)

Spatial 
resolution

Pixel size Polarization Acquisition 
date

Optical 
image

Landsat 0,45 – 0,52 30 m 30 m 5/4/2010
0,53 – 0,61
0,63 – 0,69
0,75 – 0,90
1,55 – 1,75
2,09 – 2,35

SPOT 0,50 – 0,59 10 m 10 m 11/01/2009
0,61 – 0,68
0,78 – 0,89
1,58 – 1,75

Radar 
image

ALOS 
PALSAR

L band 12.5 m 6.25 m HH 05/01/2010
L band 12.5 m 6.25 m HH 20/02/2010
L band 25 m 12.5 m HH 08/10/2010
L band 25 m 12.5 m HV 08/10/2010

Source: GIS and Remote Sensing Center, Ho Chi Minh City Institute of Resources Geography
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Figure 2.  Classified results of ALOS PALSAR image

In Figure 2, 12 objects could be identifi ed by utilizing the optical images, Landsat and SPOT, 
and seven of them were diff erent kinds of mangrove forest. MF1 was an  area with short 
trees with canopy coverage around 50% - 60%. MF2 had four sub-classes with high canopy 
coverage around 60% - 90%. MF3 was an area with mixed mangrove and shrimp together. 
The results of classifi cation showed that these objects could not be classifi ed well in 
Landsat image. The shapes of these objects were not shown in detail. Otherwise, these 
objects could be classifi ed well in SPOT image with fi ne details.

In Figure 3, size pixel of fusion data were converted to 10 m. Fusion data could be identifi ed 
as many objects as there are optical data. These objects could be classifi ed in fusion data 
from Landsat and ALOS PALSAR images better than in only Landsat image. The smaller 
size object such as mangrove forest which was cut across to rear aquaculture was kept its 
better shape because fusion data take the advantage from high spatial resolution of ALOS 
PALSAR image. The result of classifi ed fusion data from SPOT and ALOS PALSAR was as 
good as SPOT image.
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Figure 3:  Classified results of optical images 
(Landsat above and SPOT below)

Figure 4.  Classified result of fusion data (Landsat_
PALSAR above and SPOT_PALSAR below)
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Assessment

Number of identifi ed objects was diff erent in the following data (Table 2). 

Type of data Number of object Mangrove object
Radar image 7 3

Optical image 12 7
Fusion data 12 7

Table 2.  Number of classified objects

Thus, in terms of number of classifi ed mangrove objects, the optical images resembled 
fusion data. However, classifi cation accuracy was diff erent among each type of data.

Table 3.  Classification accuracy of data

Objects ALOS 
PALSAR

Landsat 7 Landsat 7 +ALOS 
PALSAR

SPOT 5 SPOT 5+ALOS 
PALSAR

UA (%) PA 
(%) 

UA (%) PA 
(%) 

UA (%) PA (%) UA (%) PA 
(%) 

UA (%) PA (%) 

MF 1 75,71 72,60 91,43 94,12 91,16 99,01 83,33 97,22 83,33 89,74

MF 2.1 98,51 81,48 91,30 87,50 99,03 88,74 82,76 85,71 87,93 83,61

MF 2.2 88,46 92,00 76,64 90,34 100,00 89,29 83,33

MF 2.3 92,31 75,00 81,20 70,90 100,00 94,44 88,24 97,83

MF 2.4 70,37 76,54 88,57 89,29 96,43 100,00

MF 3.1 69,14 73,68 96,15 75,76 95,49 72,36 95,74 93,75 89,36 77,78

MF 3.2 85,29 80,56 79,08 80,13 81,82 79,22 89,71

SP 1 85,71 77,42 50,00 47,62 71,67 69,73 93,75 78,95 96,88 96,88

SP 2.1 55,26 77,42 66,67 83,51 86,94 94,20 80,25 85,51 88,06

SP 2.2 83,33 88,89 92,31 90,91 85,11 97,73 78,18

Residents 87,93 71,05 96,43 82,75 95,93 83,87 96,30 88,71 91,67

Water 79,25 96,30 96,20 87,02 94,23 92,45 90,38 92,16

Overall 
accuracy 
(%)

79,24 83,09 85,20 90,00 88,31 

Kappa 0,75 0,82 0,84 0,89 0,87

Total 7 objects 12 objects 12 objects 12 objects 12 objects
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Among the three types of data, the ability to identify objects of radar image was the worst. 
Only three kinds of objects of mangrove forest could be classifi ed in ALOS PALSAR image 
with low classifi cation accuracy, from 69% to 98%. In optical images and fusion data, the 
objects of mangrove forest were classifi ed specifi cally and they had high classifi cation 
accuracy. Table 3 shows that classifi cation accuracy of these objects was not too diff erent 
between two kinds of data. However, the classifi cation accuracy of the fusion data was 
higher than the optical data with respect to bare soil and residential area. In general, the 
fusion data not only take advantage of optical and radar images but also reduce some 
disadvantages. Nevertheless, this peculiarity should belong to the characteristics of satellite 
images. Among others, the Landsat image was able to distinguish mangrove objects better 
than fusion data (Landsat combined with ALOS PALSAR). Overall accuracy increased from 
83% to 85%. However, SPOT combined with ALOS PALSAR did not exhibit the same ability. 
Overall accuracy decreased from 90% to 88%. Therefore, to use these data appropriately, 
there is a need to defi ne the objects and their detailed level. Due to diff erent spatial 
resolution, the shape and distribution of objects were diff erent in proportion images. In 
fi ve kinds of classifi ed data, three classifi ed data were chosen in the same small areas. The 
ability of identifying image of data based on these regions was appreciated.

The result of Landsat image was able to separate objects more specifi c. However, its 
resolution was not high, and so the shape of objects was not good. When Landsat was 
combined with ALOS PALSAR, the smaller objects were classifi ed better, such as canal 
and  line of mangrove trees. However, for these objects, classifi ed result of SPOT images 
combined with ALOS PALSAR images did not diff er from that of using only SPOT image. 

Figure 5.  User accuracy and producer accuracy
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In the same area, classifi ed result represented three diff erent levels. For radar image (the 
fi rst level), the most important radar data was not aff ected by the clouds. But it can be 
realized easily that the ability of identifying objects was not specifi c and the classifi cation 
accuracy was not high. For Landsat combined with ALOS PALSAR (the second level), this 
was representative of the kind of data that combined the low spatial resolution of optical 
images and the high spatial resolution of radar images. The classifi ed result of this data 
showed that these objects could be identifi ed better, with higher classifi cation accuracy 
and are less aff ected by clouds. For SPOT combined with ALOS PALSAR (the third level), it 
represented fusion data that had the same  spatial resolution. Classifi ed results were not 
too diff erent between fusion data and SPOT image. The ability of identifi cation of SPOT 
image was better.

Table 4:  The ability define boundary of objects
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Among the fi ve types of data, the objects could be identifi ed best in SPOT image. These 
classifi ed objects were in good shape and had high classifi cation accuracy.

CONCLUSIONS AND RECOMMENDATIONS

Optical images can identify objects more specifi cally than radar images. This can be 
attributed to their diff erent wavelengths and obtaining method. Optical images are 
based on the refl ection of objects in visible and infrared waves. Every object has diff erent 
value of refl ection which corresponds with every wavelength. Radar images receive the 
characteristic rough surface of objects. The similar surfaces of objects have the same value 
of backscattering. Therefore, the ability of identifying objects is not always better if radar 
images and optical images are combined. Landsat combined with ALOS PALSAR increases 
classifi cation accuracy because it takes advantage of spatial resolution of the radar image. 
The shape of all objects is better in classifi ed fusion data. As a result, Landsat images should 
be combined with ALOS PALSAR in monitoring mangrove forest. However, when SPOT 
image was combined with that of ALOS PALSAR, the ability of identifying objects is not 
better. For this reason, SPOT image should be used independently. 
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OPEN FORUM

SESSION 1.  Silviculture and Forest Stand

For. Cabahug: Mr. Kunarso’s topic is about ecological analysis of mangrove forest 
rehabilitation but his paper dealt only on land cover and use as basis for rehabilitation 
options. It is suggested that other factors be considered such as soil analysis which is 
useful for species-site matching, and those that determine mangrove growth such as tidal 
condition, which in turn aff ects water level, soil, and water salinity among others. The JICA 
framework for species-site suitability would also help. 

Mr. Kunarso:  The paper is but a preliminary study for the site. All the suggestions will be 
considered by our research team.   

Mr. Basuki:  Studies done by Frida Sidik and Wan Rasidah Kadir are highly related. In 
Porong (Indonesia), mining materials are now aff ecting the Porong River. There are also 
sedimentation materials in the coastland that share similar composition with the identifi ed 
soils in Rasidah’s study (Malaysia). Under these conditions, what mangrove species can be 
planted along the Porong River? 

Ms. Frida:  At the time of the study, we were also monitoring the seedlings and found that 
both Avicennia sp. and Rhyzophora sp. can grow in areas with high siltation. The former is 
the dominant species and it is impressive that the plant would grow in such an environment. 
It is suggested that wildlings (seedlings from the same area) be planted to ensure they will 
grow in the same environment. 

For. Cabahug:  I urged participants not to use wildlings except when they are potted.     

Ms. Rasidah:  It would be diffi  cult to readily recommend species to be planted in certain 
areas as there are factors to be considered such as soil composition and soil contaminants. 
Mangrove can be planted on liquid mud but modifi cations need to be done for the plant. 
Our team has done work on innovative planting techniques which are quite costly but 
good in the long term.   

Dr. Primavera:  I am pleased that Rhyzophora survives in soft substrate. As part of the NGO 
sector, I cannot enjoy the luxury of conducting pure research. But here, we found the 
explanations in the papers for some of the NGO experiences in the fi eld.  

Dr. Carandang:  Did the research team (of Ms. Huyen, Vietnam) assess the cost implication 
of using radar and optical images in monitoring mangrove areas vis-à-vis other methods 
such as aerial photography and actual inventory or survey? The team may consider the 
inclusion of cost implications of using diff erent methods in the paper.
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Ms. Huyen:  The cost was not considered in the paper since the radar and optical images 
were provided by the teacher for free. The cost can certainly be considered in future 
studies. 

Dr. Primavera:  Optical imagery is being used for wide-space areas like Palawan but not 
recommended for small areas. For Indonesia, optic imagery should be combined with the 
mangrove community structure. There is also the need to focus on sum basal area which 
gives an indication of the biomass; and the stems per hectare as an indication of density. 
On this note, I suggest that the younger generation of researchers be mentored on the 
standard methods developed in the fi eld.  I am happy, though, that there are now many 
young researchers, especially females, doing work on mangroves. 

Dr. Primavera:  For Malaysia, the team should have looked at the cost also. I heard that 
geotubes are very expensive. We need to make informed decision concerning selection 
and investments on the techniques that we will use in our study. 

Ms. Rasidah:  Geotubes are indeed expensive but we wanted something that can be used 
in the long term. The high cost is not on the material itself but on the needed labor as we 
had to transport the material from inland to the seawall.   

Mr. Samosir:  What factors were considered in Ms. Huyen’s seven classifi cations of 
mangrove species? These may be replicated in Indonesia.

Ms. Huyen:  The optical images could not identify specifi c mangrove species. The 
classifi cation was based on tree density.    

Dr. Samson:   Was there any hydro dynamic study that would correlate with the 
sedimentation pattern in the studies of Frida (Indonesia) and Rasidah (Malaysia) ? Were 
there studies on water level, variation in seasonality, wave dynamics and circulation 
patterns in the area where the studies were conducted? These could possibly explain the 
diff erence in the results generated by these two studies. 

Ms. Frida:  We were not able to look for such studies.   

Mr. Masacga: In Frida’s study, it was observed that mangroves have slower growth during 
rainy season, when rainfall supposedly has no eff ect on their growth. What would account 
for this? In islands, mangrove growth increases during high rainfall and wet season. Can 
sedimentation could be a possible factor for such observation?   

Ms. Frida: We expect the mangroves to grow faster during rainy season. 

Mr. McKenzie: Is there a possibility that the sediments could have stimulated low ground 
growth? This is interesting given that several studies found that increased sedimentation 
smothers the roots, hindering growth.        
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Ms. Frida:  Our team also conducted root assessment to see what was happening to the 
root system during the study, but found no signifi cant result. Instead, it was elevation that 
was found to have signifi cant contribution to growth. 

Dr. Moreno:  Are there required procedures in Indonesia such as environmental impact 
assessment or the equivalent of the Philippine Environmental Compliance Certifi cate 
before a construction project gets approved? 

Mr. Kunarso:  There was an environmental impact assessment before the international 
harbor was approved. But given the fi ndings on the negative environmental eff ects as 
borne out by our study, I do not know the story behind the approval.                

Summary of Issues and Concerns

Discussions in the open forum on Silviculture and Forest Stand emphasized the need to:
• Consider a standard set of factors as basis for determining appropriate mangrove 

rehabilitation options (e.g. land use and cover, soil analysis, water level, soil and 
water salinity, etc).

• Exert greater eff ort to consider site and species matching in mangrove 
rehabilitation.  

• Look into the cost implications of the use of radar and optical imaging methods 
for inventory.

• Ensure more conclusive fi ndings on areas aff ected by sedimentation by 
supporting the studies with data on other factors such as circulation pattern of 
the water, variation in the seasonality, dynamics of the waves, among others. 

• Use radar and optic imagery more appropriately for wider areas and combine it 
with data on community structure, sand basal area, biomass, and density. 

• Determine fi rst if rehabilitation option is worth investing in (e.g. geotube) before 
making the investment. 

• Use high-resolution satellite to help identify mangrove species. 
• Recommend the use of wildlings for mangrove rehabilitation only when they are 

potted in the nursery prior to planting.
• Conduct additional studies to determine relationship between sedimentation and 

species growth. 
• Establish/strengthen networks/links among the researchers for critique/

suggestions for improving mangrove studies.
• Document and share innovative techniques used in monitoring and evaluating 

mangrove forest rehabilitation eff orts.
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Community-based Mangrove 
Rehabilitation: Experience in 
Misamis Occidental, Philippines

Florentino O. Tesoro and Maripaz L. Perez
Retired Undersecretary for Regional Operations, 
Department of Science and Technology and 
Regional Director for Asia, WorldFish Center  

Abstract

Coastal communities are very much aware of the importance of mangroves in 
their daily lives. They know that mangroves protect them from strong winds 
particularly during typhoons; they serve as shield against strong waves and 
tsunamis. The coastal residents intuitively know that mangroves aff ect their 
fi sh catch. The irony is that despite this knowledge mangroves fall prey to illegal 
cutting and conversion to charcoal which is a saleable commodity in the rural 
areas. These violations still occur despite the presence of national laws and local 
ordinances prohibiting the cutting of mangroves. Economic factors such as the 
lack of employment and alternative livelihood drive coastal residents to destroy 
their own mangrove resources.

There are a few individuals, who on their own and without the assistance of 
government, plant mangroves along coastal areas. The majority, however, 
are less motivated. In the six coastal communities covered by the study in the 
province of Misamis Occidental in Mindanao, given their innate knowledge of 
the importance of mangroves, it was shown that they still need to be motivated 
and guided to spur rehabilitation eff orts.  A strong motivation is the presence of 
livelihood projects that they can participate in as a community. These livelihood 
projects are those that wean them away from the destructive use of mangrove 
resources.
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Introduction

Mt. Malindang is the heart of the ecological systems in Misamis Occidental and make up 
parts of the Zamboanga Peninsula. Its health defi nes the kind of ecological services that the 
people within its reach receive. It is no wonder therefore that in June 1971 it was proclaimed 
as a National Park and Watershed Area and became one of the initial components of the 
National Integrated Protected Area System (NIPAS) created under RA 7586 of 1992.  

Its total area is 53, 262 hectares and is home to more than a million people. It is also home 
to a great number of endemic plant and animal species found in its old growth and mossy 
forests. Many of the faunal species have yet to be identifi ed or discovered while many may 
already been threatened or endangered.

While the park occupies most of the area above 800 m asl, its ecological functions reach 
well down its slopes and beyond. However, the lower slopes have already  been logged and 
parts of coastal areas have been converted to farms and gardens, planted to coconut and 
irrigated crops and became resettlement areas. One area that has been greatly aff ected by 
human interventions that has led to degradation is the mangrove areas. 

Before the entire national park loses its ability to provide ecological services there is 
therefore an urgent need to protect and conserve Mt. Malindang. It is in this context 
that the US Agency for International Development (USAID) supported the WorldFish 
and SEARCA project “From Ridge to Reef: An Ecosystem Based Approach to Biodiversity 
Conservation and Development in the Philippines (EB-ABCD Philippines)”.

The project focuses on the issues aff ecting biodiversity conservation through three 
themes that aim to address the problems of upland and coastal communities, these are: a) 
reversing degradation of coastal resources; b) enhancing livelihoods of coastal people; and 
c) capacity building and information/database management. There are eight components 
of the project that directly address the three themes. The 8th component which is capacity 
building includes the rehabilitation of the mangrove areas. 

The approach to rehabilitation of the mangrove areas is through the actual participation 
of the communities located in the mangrove areas. Although the coastal residents have 
innate knowledge about mangroves there is still a need to infuse new knowledge and skills 
on the raising of mangrove planting materials, selection of species for rehabilitation of 
specifi c mangrove locations, and actual plantation development. This was made evident 
during a visit to the communities in the mangrove areas in the municipalities identifi ed to 
be the site of for the project, namely: Oroquieta City, Aloran, Tudela, Sinacaban, Jimenez, 
and Panaon (Figure 1). The visit was to familiarize with the status of the mangrove areas 
in these barangays where rehabilitation activities will be conducted. In many of these 
barangays, rehabilitation activities have actually been conducted. However, only few 
rehabilitation activities succeeded. The seedlings did not survive mainly because of the 
following reasons: strong waves since the seedlings were planted in the open sea, the 
species used were not suitable for the substrates found in the areas where they were 
planted, or the seedlings were subjected to the pest and disease attacks.
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Mangrove resources of participating municipalities and city

The coastal resources of the fi ve municipalities and one city are shown in Table 1. The total 
aggregate mangrove forest cover is estimated at  286.25 ha. It is likely that there are more. 
Oroquieta City contains the largest forest cover of 147.75 ha or about 52% while Aloran has 
the smallest area consisting only of 5 ha.    

The mangrove forests of the participating municipalities and one city are a fragment of 
what they used to be. They are the remnants after they have been subjected to all kinds of 
degradation such as conversion to fi shponds, settlement areas, agricultural uses and other 
types of development, illegal cutting, production of fi rewood and charcoal, collection of 
bark, and other uses. 

Figure 1.  
Map of Iligan Bay showing 
the municipalities of Misamis 
Occidental participating in 
mangrove rehabilitation (Source: 
Coastal Ecosystem Profile of 
Oroquieta City, A Participatory 
Coastal Resources Assessment 
Report. Prepared for the 
Government of Oroquieta City by 
the Mindanao State University 
at Naawan, Misamis Oriental 
under the PCAMRD-DOST Project: 
Formation of a Provincial Coastal 
Resources Management Alliance 
for Misamis Occidental, 2009)

Table 1.   Coastal resources of R2R municipalities and city  

Coastal Barangays Estimate of  
mangrove area 
(ha)

Nipa area (ha) Fishponds (No & ha)

Active Inactive
Oroquieta City 147.75 9.00 (10.50)
Aloran 5.00 35.54 10 (27.00) 4(4.20)
Panaon 19.50 4.00 9(10.90) 5(4.30)
Sinacaban 81.00 29.00 10(17.50) 1(1.00)
Jimenez 9.50 4 km along rivers 9(23.50) 1(1.00)
Tudela 23.50 10.00 12(10.00)
   Total 286.25 87.54 + 4 km 50(99.40) 11(10.50)

Source: LGUs and participants 
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The remaining old growth mangrove forest is made up mostly of large diameter api-api 
(Avicennia offi  cinalis L) occupying the back of the forest at the landward side. Fronting 
the sea are stands of old growth pagatpat (Sonneratia alba J.E. Smith) trees mixed with 
bakawan bato (Rhizophora stylosa Griff ).

The other major resource in the coastal areas is the nipa (Nypa fruticans) forest.  There is 
an estimated 87.54 ha plus about 4 km of nipa stands along the rivers in Jimenez. This is a 
good source of income for the many families living and managing the nipa forest. Fronds 
are gathered and made into shingles mainly for roofi ng but could also be used for sidings 
of houses. 

The other resource in the mangrove areas are the fi shponds. There are at least 61 fi shponds 
in the area covered by the Project, 50 of which are still active while the rest are inactive, 
either temporarily or have been abandoned permanently. The 50 active fi shponds cover 
about 99 ha while the inactive ponds cover 10.50 ha. Milkfi sh and tilapia are the main species 
grown.  Many of the abandoned fi shponds are reverting back to mangrove forest.

Figure 2.  Remnants of mangrove forest in 
Cabol-anonan, Tudela 

Figure 3. Mangrove forest in Punta,  Panaon

Figure 4.  Bakawan bato forest in Poblacion, 
Sinacaban    

Figure 5. Piapi groove in Makawa, Aloran



86 1st ASEAN Congress on Mangrove Research & Development 

Figure 6.  20- year old mangrove plantation 
in  Mobod, Oroquieta City  

Figure 7.  Mangrove forest in Taboo, Jimenez

Figure 8.   Nipa groove in Taboo,  Jimenez 

Figure 9.  3-4 frond management of Nina

Profi les of participants in the mangrove rehabilitation

Consolidated results of survey of the 6 zones - There were 106 participants in the mangrove 
rehabilitation program who responded to the awareness and dependency survey under 
the WorldFish Center – USAID Ridge to Reef Project in Mt. Malindang Protected Landscape 
(Table 2). Over-all, the females enjoy a slight edge in the number of respondents with 55 
against 51 males. Sixty of the respondents are married, 23 are widowers, 12 are single and 
5 are widows while 6 provided no answer.

About a third (33%) of the respondents have gone to college, 42% (44 respondents) have 
been to high school and 15 of the respondents have been to elementary school. Twelve of 
the respondents did not go to school.
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The highest number of children a respondent has is 12 (Figure 10). Fortunately there is 
only one such respondent with so many children. There is one respondent with 9 children 
and three with 8 children. There are 23 respondents with 3 children and the same number 
of respondents with 2 children. Six of the respondents answered that they do not have 
children while 10 did not answer. 

   Figure 10.   Graph of number of children of the respondents

Thirty four (34) of the respondents or 32% occupy elective or appointive positions in the 
government. The elective positions occupied are either barangay chairman or barangay 
council member. A greater number of the respondents, 64 (60%), belong to the private 
sector. 

On major source of income, 42 (40%) obtain their income from the fi sheries sources, while 
45% reported that their major source of income is from non-fi sheries sources. Five (5) or 
only 5% claim that mangroves provide them with direct source of income. 

A total of 15 respondents have a monthly income of more than P5,000. These are mostly 
elective or appointive offi  cials. An equal number of respondents have an income of 
between P3,000 to P4,000 per month. Twenty (20) respondents earn between P4,000 and 
P5,000 a month. The income level of P1,000 to P2,000 a month had the highest number of 
respondents at 33. Two respondents reported an income of less than P500 a month.

Twenty nine (27%) of the respondents claimed that the major source of their income comes 
from off -fi sheries sources despite the fact that 34 reported to be occupying elective or 
appointive positions in government. Only eight said that they obtain 100% of their income 
from fi sheries sources, while 21 said that 50% of their income comes from the fi sheries 
sources. Two respondents claim that mangroves provide them with majority of their 
income.
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Perceptions on mangroves - Seventy-seven (77) respondents said that mangroves provide 
protection especially to coastal residents, and 59 believe that mangroves are important 
for their fi sheries functions, providing greater amount of fi sh catch to fi shermen including 
other marine products such as sea shells. Eight respondents concluded that mangroves 
provide environmental services including conservation of other resources within the 
mangrove areas.

In terms of conserving mangrove resources, 62 think that these resources should be 
protected in order to conserve them, 60 said planting of mangroves would advance 
conservation while 12 said cutting of mangroves should be avoided. Others contend that 
IEC on mangrove conservation would go a long way in the conservation of mangroves.

Eighty-one (81) respondents are members of an association or organization involved 
in mangrove rehabilitation. Ninety-four (94) have done volunteer work in mangrove 
rehabilitation either in planting (64), bagging of wildlings or propagules (49), collecting 
propagule/wildling  (19) and protecting resources as bantay-dagat or Deputy Fisheries 
Warden (9).  

Table 2.   Consolidation of survey on knowledge and involvement on mangroves

Sex Male = 51 Female = 55
Marital Status Single = 12 Married - 60 Widow = 5 Widower = 23 NA = 6
Education Elementary = 15 High School = 44  College = 35 NA = 12
No of children 0 = 6 1 =8 2 = 23 3 = 23 4 = 17 5 = 8 6 = 2

7 =  4 8 = 3 9 = 1 10 = 0 11 = 0 12 = 1 NA = 10
Employment Elected/appointed = 34 Non-government = 64 NA =  8
Major source of 
income

Fisheries = 48 Off -fi sheries = 42 Mangrove = 5 No answer = 11

Cash Income/ 
month

5,000 or more = 15 4,000-5000 = 20 3000-4000 = 15 2000-3000 =6
1000-2000 = 33 500-1000 = 7 <500 = 2 NA = 8

% per source Fisheries 100%= 8 Non-fi sh 100%=29 50-50% = 21 Mangrove 100%=2
Importance of 
mangrove

Protection = 77 Fisheries = 59  Conservation and  

Environmental services = 8

NA = 2

 Activities 
to conserve 
mangroves

Protect = 62 Do not cut = 12 Plant = 60 IEC = 7 NA = 6

 Member of 
organization

Member = 81 Not a member = 15 NA = 10

Done volunteer 
work on mangroves

Volunteered = 94 Not volunteered = 2 NA = 10

Volunteer work 
done

Protection 
= 9

Planting = 
64

Baggiing = 
49

Propagule 
collection = 19

Supervision 
= 1

 NA = 4

Out of 106 respondents 104 provided an answer on the importance of mangroves. This 
refl ects the high awareness of the respondents on the benefi ts that mangroves provide to 
coastal residents. They mentioned the benefi ts to be protection and increasing fi sh catch. 
This can be derived from the fact that many of the respondents’ livelihoods depend on 
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fi sheries activities such as fi shing or fi sh vending. Being residents along the coastal areas, 
the respondents have at one time or another experienced the protection that mangroves 
provide against the ravages of strong winds or storm surges. A number of the respondents 
are Deputy Fisheries Wardens who have undergone training or seminars on the importance 
of marine resources including mangroves. Furthermore, mangrove rehabilitation activities 
under the R2R Project kicked-off  with training on the importance of mangroves both in 
terms of their protective and environmental functions as well as economic benefi ts they 
provide. 

The survey showed that the participants are fully aware of the economic, environmental 
as well as physical benefi ts that mangroves provide. This is readily shown by the fact that 
they have volunteered to participate in the mangrove rehabilitation activity in the vicinity 
of their residences even without the prospects of being remunerated. Although only less 
than 5% indicated that mangroves are the main source of their income, about half of the 
respondents professed that their income sources are somehow aff ected by the presence 
of mangroves.   

Mangrove rehabilitation 

Selection of Specifi c Sites for Rehabilitation - The specifi c sites for rehabilitation in each of 
the municipalities were selected by the stakeholders themselves. On May 11 - 13, 2011, visits 
were made to the Municipal Planning and Development Offi  cers (MPDO) or designated 
Municipal Environment and Natural Resources Offi  cers (MENRO) to request their 
assistance in selecting sites for rehabilitation since these municipal offi  cers are familiar 
with their respective mangrove areas. Potential rehabilitation sites were suggested. The 
barangays were then visited and the purpose of the visit was explained to the barangay 
offi  cials. In turn the barangay offi  cials identifi ed the areas within the “puroks” or villages 
to be rehabilitated. The residents in the “puroks” were briefed about the Ridge to Reef 
Project and also the purpose of the visit. The residents were the ones who actually decided 
on the specifi c sites for planting. They were also informed about a forthcoming training for 
those who will participate in the actual rehabilitation of the selected sites. 

Most of the sites selected for rehabilitation are facing the open sea except for Purok 1, 
Makawa, Aloran where the site is along the de la Paz River and in the landward part of 
the mangrove area. While the site selected by participants in Dona Trining, Poblacion, 
Sinacaban is facing the open sea it is on sandy area that is dry at low tide but inundated 
at high tide. Part of the area identifi ed by Purok 6 & 7, Punta, Panaon is along the river 
but the larger part of the area is in a cove and dry at low tide and inundated at high tide. 
The area identifi ed in Purok 5 & 6, Taboo, Jimenez is open sea and has been planted with 
bakawan bato before. Likewise the area identifi ed for rehabilitation in Purok Camarin, 
Cabol-anonan, Tudela is facing the open sea. Part of the area selected for rehabilitation in 
Purok 4, Mobod, Oroquieta City are abandoned fi shponds but most of the area is close to 
the Oroquieta City Marine Sanctuary and open to the sea.  
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Figure 11.  Planting site in Tudela                                     Figure 12.  Planting site in Panaon

Figure 13.  Planting site in Sinacaban                                Figure 14.  Planting site in Jimenez

Figure 15.  Planting site in Aloran                               Figure 16.  Part of site in Oroquieta City

The potential participants were informed that there are no funds to pay for their labor in 
the production of planting materials as well as in the actual plantation development. They 
were told that the rehabilitation is entirely on a voluntary basis.

Selection of Participants to the Training - The end purpose of the training on mangrove 
rehabilitation is to plant the selected mangrove areas in the selected sites of the participating 
barangays within the fi ve municipalities and one city covered by the Ridge to Reef Project. 
The rehabilitation is to be undertaken by the stakeholders themselves. It is therefore 
important to select the training participants in the villages where the rehabilitation is to 
be undertaken.   
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The selection of participants was left to the offi  cials of the barangays with the qualifi cation 
that the participants are willing to undertake the planting of mangroves without 
compensation or on a voluntary basis. 

Initially, fi ve participants from each barangay are to be selected. However some 
municipalities requested to send more participants to the training. 

Figure 17.  Some of the participants during the training

Objectives of Training - While it is true that the coastal residents have innate knowledge 
about mangroves and how to propagate them, it was important to raise the level of 
knowledge and skills in plantation development of those participating in the mangrove 
rehabilitation. There is therefore a need to train the participants. The general objective of 
the training is to provide skills and knowledge to the participants to rehabilitate mangroves 
successfully. 

The specifi c objectives include the following:

1. To review with the participants the economic, environmental, and social importance 
of mangroves, and the main causes of mangrove degradation in the country;

2. To provide skills in the identifi cation of common mangrove species found in Misamis 
Occidental;

3. To train the participants on seed collection, collection and potting of wildlings, seed 
processing, and nursery establishment and management; and

4. To train the participants on the establishment, management, maintenance, 
monitoring, and evaluation of plantations.
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Training Modules - To meet the objectives of the training, fi ve training modules were 
prepared in powerpoint format. These included the following:

1. Introduction – covered an introduction of what types of plants mangroves are, 
what distinguishes them from other types of plants, distribution of mangroves 
worldwide and on the national level, number of species found in the Philippines; 
general importance of mangroves such as protection, regulative and productive 
functions; causes of mangrove deforestation and destruction such as conversion 
of mangrove areas to fi shponds, settlement areas, agricultural production, over-
cutting for domestic use (i.e., for construction, fi rewood, charcoal production, etc.) 
pollution and oil spills; and national policies on mangroves and mangrove policies 
of some municipalities covered by the Ridge to Reef Project.

2. Ecology of mangroves -   the ecology of mangroves covered habitats of mangroves 
including types of substrates in mangrove areas and the species found in various 
substrates, zonation or species located from seaward side, middle and landward 
side, species that are commonly found along rivers and creeks; and important uses 
of various species of mangroves.

3. Production of planting materials – covered types of planting materials such as those 
coming from seeds or hypocotyl (propagules) or wildlings, season for collection 
of seeds of various species in various climatic types, processing of seeds, seed 
germination, nursery development and maintenance.

4. Plantation development – site identifi cation and preparation such as clearing, 
staking, hole-digging; actual planting, plantation maintenance, monitoring, 
recording and reporting.

5. Common mangroves species in Misamis Occidental – presentation of species 
commonly found in Misamis Occidental, morphological diff erences of the various 
species in the leaf formation, fl owers and infl orescence, fruits, trunks and root 
systems.   

Hands on Training on Production of Planting Materials - Since the training was basically 
made up of lectures, there was a need for hands on training. The hands on training on the 
production of planting materials focused on the potting or bagging of wildlings. This was 
the mode of planting material production selected because it is cheaper than planting from 
seeds and it would take time to establish a nursery and more costly to do so, considering 
that the Ridge to Reef Project does not provide funds for this purpose and the duration 
for the rehabilitation was only 18 months. Bagging or potting wildlings would require only 
plastic bags. 

Hands on training on bagging or potting of wildlings was done in two sets, one was done 
from September 17 and 18 covering Purok 5b and 6, Barangay Taboo, Jimenez and Purok 
1, Barangay Makawa, Aloran. The other training was conducted in October 18 to 20, 2011 
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covering Purok 1 (Camarin), Barangay Cabol-anonan, Tudela; Purok Dona Trining, Barangay 
Poblacion, Sinacaban; Purok 6 & 7, Barangay Punta, Panaon; and Purok 4, Barangay Mobod, 
Oroquita City, respectively.

Propagules were also used as planting materials for bakawan bato (Rhizophora stylosa) 
and tangal (Ceriops tangal).  The participants were trained on how to identify propagules 
that are ready for collection through the color of the collar. In one of the puroks, (Purok 1, 
Makawa, Aloran) they raised potted propagules of tangal.

Figure 18.  Potting of wildlings in Oroquieta City    
 

Figure 19.  Potting of wildlings in Panaon

Figure 20.  Potting of wildlings in Jimenez          Figure 21.  Potting of wildings in Tudela

Figure 22.  Potting of wildlings in Aloran          Figure 23.  Potting of wildlings in Sinacaban  
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Figure 24.  
Collecting propagules 
in Sinacaban

Accomplishments in mangrove rehabilitation

Potting of wildlings and propagules – The hands on training on potting or bagging of wildlings 
produced the initial accomplishments of the purok participants. The most common species 
potted was pagatpat for those who were going to plant in open sea and rocky, muddy 
substrate. Initially, some participants potted propagules of bakawan bato but decided to 
conduct direct planting of the propagules instead. Because of the very limited time for 
the rehabilitation, the participants abandoned potting of wildlings and resorted to direct 
planting of propagules except in the case of Camarin where the substrate is muddy and 
needed potted seedlings to increase the chances of survival of the planting materials.

Figure 25.  Potted wildlings in Aloran              
Figure 26.  Potted tangal propagules, Aloran

Figure 27.  Potted piapi wildlings, Panaon               Figure 28.  Piapi seedlings, Panaon 
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 Figure 29.  Potted wildlings, Jimenez                  

Figure 30.  Potted pagatpat  
  wildlings, Jimenez

Figure 31.  Potted bakawan bato propagules, Jimenez

Figure 32.  Potted piapi wildlings, Sinacaban

Figure 33.  Potted pagatpat wildlings, Tudela

Figure 34.  Potting propagules, Oroquieta City
Figure 35. Potted bakawan bato propagules 

in Oroquieta City
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Plantation development – From July 2011 to February 2012 there was not much 
accomplishment by way of plantation development (Table 3). The total area planted was 
only 1.99 ha against the target area of almost 40 ha. Because of this performance it was 
decided to conduct a catch-up plan workshop which was held on February 4, 2012. The 
participants formulated more detailed work plans for the rest of the project period or 
up to December 2012. For March 2012 alone the participants were able to plant 30,000 
potted wildlings/propagules which are more than the total number planted from July 2011 
to January 2012 (Table 3). 

Still, even with the increase in planting it would be doubtful if the participants would be 
able to accomplish their targets. Up to March 2012 the spacing used was 1m x 1m which 
would need 10,000 seedlings per hectare. After due consideration and discussions with 
DENR authorities conducting the National Greening Program, it was decided to increase 
the spacing to 2m x 3m or about 1,700 seedlings per hectare.  In addition, participants in 
Taboo (Jimenez), Poblacion (Sinacaban), and Mobod (Oroquieta City) decided to conduct 
direct planting of propagules rather than potted seedlings. Participants in Punta (Panaon) 
and Cabol-anonan (Tudela) switched to a combination of potted seedlings and direct 
planting of propagules. Participants in Makawa, Aloran continued to use potted seedlings 
because of the small target area to be planted. The use of direct planting of propagules 
was prompted by time and cost. Potting of wildlings require time to conduct the potting 
itself and the time for the potted wildlings to recover and develop roots before they could 
be out-planted. The potting bags also add to the cost of plantation development. However, 
the most important reason for direct planting of propagules is that the participants cannot 
devote much time for the rehabilitation of their mangrove areas. Time spent in this activity 
is time that is taken away from livelihood activities.

With the changes in spacing of the planting materials from 1m x 1m to 2m x 3m and direct 
planting of propagules the total area planted improved signifi cantly. By August 2012 
puroks in Aloran, Jimenez, and Sinacaban have completed their targets. Punta completed 
its target in October while Mobod is progressing steadily. Cabol-anonan is still struggling 
on account of the strong waves that are beating on the newly planted seedlings. Table 3 
shows the accomplishment as of September 2012.

Table 3.   Summary of plantation accomplishments

City/ 
Municipality

Target 
Area (ha)

Actual Area Planted No. of 
planted 
seedling/

Propagules 
as of Sept 
‘12

Area to be 
planted

Survival 
rate (%)July ’11 

to Feb 
’12 1m x 
1m 

Mar-Oct 
2012 
2m x 3m

Total 
area 
planted 
(ha)

Tudela 3.00 0.21 0.18 0.53 2,642 2.47 10
Sinacaban 5.00 - 5.00 5.00 15,030 - 76
Jimenez 4.50 1.27 4.50 4.50 47,087 - 76
Panaon 6.00 - 6.00 6.00 17,400 - 71
Aloran 0.75 0.07 0.75 0.75 1,970 - 76
Oroquieta City 20.00 0.44 9.44 8.80 33,600 10.56 71
Total 39.25 1.99 24.11 26.10 118,184 13.03
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Figure 36.  2-month old plantation in Sinacaban         Figure 37.  6-month old plantation in Jimenez

Figure38.  Abandoned fishpond being                                    
 rehabilitated in Oroquieta 

Figure 39.  Another part of the Sinacaban  
  plantation 

Figure 40.  Part of Jimenez plantation  Figure 41.  Part of Oroquieta City plantation

Figure 42.  Eroding bank planted in Panaon             Figure 43.   Part of area planted in  Tudela
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Figure 44.  Planting in Tudela                                   Figure 45.  New plantation in Jimenez

Figure 46.  Planting in Aloran Figure 47.  Another part of Aloran planting

Figure 48.  Rehabilitating an abandoned  
  fishpond in Oroquieta City 

Incentives as motivation in the plantation development  

While the participants in all of the puroks are poignantly aware of the importance of 
mangroves in their daily lives and they desire to rehabilitate their degraded mangrove 
areas, there is very limited time that they can devote for this activity. The time devoted 
to mangrove rehabilitation is time taken away from earning a living. In addition, costs 
are incurred especially with the use of potted wildlings for which they do not have the 
resources. The USAID-WorldFish project provided plastic bags for potting but with the use 
of propagules for direct planting the requirement for plastic bags greatly diminished. 
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The USAID-WorldFish Ridge to Reef Project provided livelihood projects which were 
selected by the stakeholders themselves (Table 4). The livelihood projects were designed 
to wean them away from extractive and destructive use of natural resources in the 
mangrove areas. Since these were for the stakeholders in general only a few participants 
under the mangrove rehabilitation component were included. A livelihood project was 
provided by the Misamis Occidental Mangrove Management Association (MOMMA), an 
association formed by participants in the mangrove rehabilitation component.  

Table 4.   Livelihood projects provided by the USAID-WorldFish Project

Barangay Livelihood project Name of 
Organization

Number of 
participants

Amount 
provided

Date 
Started

Cabol-anonan, 
Tudela

Hog production Sitio Camarin 
Cabol-anonan 
Mangrove Assoc 

10 P35,000 Jul 2012

Taboo, Jimenez Hog production JCCO 15 P30,000 Feb 2012
Poblacion, 
Sinacaban

Hog production Poblacion 
Integrated Live-

Lihood Assoc

10 P35,000 Jul 2012

Punta, Panaon Hog production Punta Panaon 
Mangrove Mgt 
Association

10 P35,000 Jul 2012

Makawa, Aloran Goat production Aloran Farmers 
and Fisherfolks 
Association

10 P35,000 Jul 2012

Mobod, 
Oroquieta City

Crab fattening Oroquieta City 
Crab Growing 
Association

30 P401,160 Feb 2012

Misamis Occ 
Mangrove Mgt 
Association

Native chicken 
production

Native chicken 
production

12 P31,2000 Jul 2012

In addition to the above livelihood projects provided by the USAID-WorldFish Project, 
a number of small livelihood projects were given to participants undertaking voluntary 
mangrove rehabilitation (Table 5). These small projects are designed to eventually benefi t 
most if not all of the mangrove rehabilitation participants. The participants in the hog 
production livelihood project agreed to buy a sow and the ensuing piglets are to be 
distributed to the other members of the association. Two of the sows have given birth, one 
with 7 and the other with 9 litters. The piglets were distributed to members who in turn 
took care of these piglets. The male ones will be fattened and sold and a certain amount 
is given to the association as its share. Tthe female piglets will be taken cared of until they 
give birth and the piglets will be  distributed again. The process will go on and on. 
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Table 5.   Small livelihood projects provided to the participants

Barangay Livelihood project Number of 
participants

Amount 
provided

Date Started

Cabol-anonan, 
Tudela

Eco-bags production, 
provision of sewing 
machine

P10,000 May 2011

Taboo, Jimenez Micro-lending and  
hog production

17 P20,000 Oct 2011 and 
Sept 2012

Poblacion, 
Sinacaban

Hog production 15 P10,000 Jul 2012

Punta, Panaon Hog production 16 P8,000 May 2012
Makawa, Aloran Hog production 21 P8,000 Aug 2012
Mobod, 
Oroquieta City

None so far

Most of the livelihood projects were provided to the participants from May to September 
2012. The catch-up planning workshop and the provision of livelihood projects seemed to 
have sparked renewed vigor among the participants in continuing mangrove planting as 
can be seen in Table 3. At the end of April 2012,  Aloran has completed planting its target and 
additional planting was for replacement purposes. Jimenez and Sinacaban also completed 
their target areas by end of May 2012 and likewise additional planting was done to replace 
dead seedlings. As of October 16, 2012, Punta has completed planting its target area. 

Figure 49.  Sow given to Panaon participants            Figure 50.  Aloran sow

Figure 51.  Litters in Aloran                          Figure 52.  Turn-over of sewing machine to      
   community in Tudela 
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Leadership supervision in mangrove rehabilitation 

The puroks where the Barangay Chairman and other authorities participated in most of the 
activities are the ones that completed planting their target areas, exemplifi ed by Jimenez, 
Aloran, and Sinacaban. In Jimenez the barangay chairman was deeply involved in all the 
phases of the rehabilitation of their mangrove areas. This motivated the members of the 
group to continue to undertake the various rehabilitation activities. Likewise the President 
of the Jimenez Coastal Community Organization (JCCO) in Taboo was always present in 
all the activities which drew the other members to also participate fully. In Aloran, the 
Municipal Environment and Natural Resources Offi  cer (MENRO) was present in most of 
the activities from bagging of wildlings to out-planting. The leader who motivated the 
participants in the mangrove rehabilitation in Poblacion is the President of the Poblacion 
Integrated Livelihood Association (PILA). 

In Punta, the Barangay Chairman is the one leading the participants in all of the activities in 
plantation development. They have likewise completed their target area.

Mangrove association formed to promote conservation in Misamis Occidental

The participants in the mangrove rehabilitation under the Ridge to Reef Project are very 
aware of the activities needed to conserve mangroves such as planting more mangroves, 
protecting them from poaching and pilferage, and reporting illegal cutting to authorities. 
The greatest manifestation that they value the mangroves is the fact that they have chosen 
to participate in the rehabilitation of their denuded mangrove areas despite the absence 
of remuneration for their eff orts. In addition, on their own volition, they have formed the 
Misamis Occidental Mangrove Management Association (MOMMA) with the objective of 
promoting the rehabilitation and conservation of mangrove resources not only in their 
respective puroks but to the province as a whole and beyond Misamis Occidental.

Figure 53.   Members of the Board of Directors of MOMMA
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Impacts of the mangrove rehabilitation project

It is far too early to be able to make an assessment of the impacts of the mangrove 
rehabilitation project in Misamis Occidental with respect to economic or environmental 
aspects. On the psychological level however, there are indicators that would allow 
the drawing of a few conclusions. The voluntary participation of the members of local 
associations in the rehabilitation of their degraded mangroves is a manifestation of the 
importance of the resources to them individually and collectively. Since most of the 
mangrove areas in the puroks are generally degraded, with at least one purok’s mangrove 
has been reduced to a few trees, the participants are not benefi ting directly from the 
resources. The project has presented an opportunity to the participants to regain back the 
forest area and the concomitant benefi ts that can be derived from mangrove forests. 

The formation of the Misamis Occidental Mangrove Management Association (MOMMA) 
is another dimension of their concern for the mangroves. Given the objectives of the 
Association, the members seek to propagate within their communities and beyond the 
desire to develop, conserve, and protect mangroves.  

The benefi ts that the participants anticipate to obtain from the livelihood projects gave them 
better resolve to continue in the management of their mangrove resources. The livelihood 
project allowed them the opportunity for group work which further cemented the feeling 
of belonging and participating for a good cause. This builds and fuels commitment to the 
general cause of rehabilitating their mangrove resources.

Observations 

1. Most of the participants are fully aware of the environmental and protective 
functions of mangroves as well as its fi sheries services.

2. Only 5 percent of the participants claimed to have direct income coming from 
mangroves although 50% obtain their income from the fi sheries sector. 

3. 60 per cent of participants profess that planting of mangroves would advance 
conservation while 12 said cutting of mangrove should be avoided. Others contend 
that IEC on mangrove conservation would go a long way in the conservation of 
mangroves.

4. 94 per cent have done volunteer work in mangrove rehabilitation either in planting, 
64 repondents in bagging of wildlings or propagules, 19 have conducted propagule/
wildling collection and 9  are doing protection of the resource as bantay-dagat or 
Deputy Fisheries Warden.  

5. In the puroks where the political leadership were involved directly and deeply in 
the mangrove rehabilitation activities, the participants were able to complete their 
targets early.
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6. Providing livelihood projects especially ones that involve most if not all of the 
members generates better participation and commitment in the mangrove 
rehabilitation from the members.

7. Close project supervision is essential in the performance of the participants.

8. Knowledge of the importance of mangroves in the daily lives of coastal residents 
does not always translate spontaneously into mangrove rehabilitation. Commitment 
is often stunted by the necessity of earning a living.

Lessons learned

While the area targeted for rehabilitation was not large, there were still signifi cant lessons 
learned during its implementation: 

1. The participants are fully aware of the economic, environmental as well as physical 
benefi ts that mangroves provide. This is readily shown by the fact that they have 
volunteered to participate in mangrove rehabilitation eff orts without the prospects 
of being remunerated.

2. Lack of resources constrains them from rehabilitating deteriorated mangrove 
areas. Time spent in mangrove rehabilitation is time taken away from their pursuit 
of earning a living. 

3. While volunteerism is a noble idea in mangrove rehabilitation, the idealism is not 
enough to carry it through because of the need of the volunteers to earn a living.

4. One way of motivating them is to provide them with a livelihood project that 
benefi ts all the members of their organization/association, eventually.

5. Another motivating force that inspires members to participate in group work is 
leadership. Local political leaders or organizational leaders who work with them 
and lead them in the various activities inspire them to volunteer for the work.

6. Perceived sincerity of project leaders similarly motivate volunteers to participate 
in group work. Promise of incentives for their participation should be fulfi lled 
otherwise they lose faith.

7. Once the participants are convinced of the importance of something they take 
a missionary seal in pursuing it and make an advocacy of it. This is manifested in 
the formation of the Misamis Occidental Mangrove Management Association 
(MOMMA) whose main purpose of existence is to promote the conservation and 
preservation of mangroves in Misamis Occidental. 
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Abstract

Payments for environmental services such as carbon sequestration off er a 
win-win solution to mitigate climate change, protect mangroves and address 
poverty in the rural coasts. Recognizing the economic benefi ts that local 
communities can derive from investing into a carbon sequestration project, 
a cost and benefi t study was done in a mangrove plantation site in northern 
Bohol, Philippines. Twelve sample plots were established to estimate and 
project the carbon stocks. Three carbon prices in the international market 
were used to determine the net incremental benefi ts at diff erent ages (15, 
20 and 40 years old) of mangrove plantations; namely, 10, 15 and 20 USD/ton. 
Correspondingly, the net present values (NPV) of plantations at diff erent ages 
and prices were computed. Additionally, the internal rates of return (IRR) 
were also computed for each price of carbon. By estimate, the community 
would receive negative NPVs if the purpose of the plantation establishment 
was solely devoted to carbon market at USD 10 per ton and at i = .08. The NPV 
starts to become positive at USD 15.0/ton at year 20 up to 50 and at this price 
where NPV equaled to USD 167.16 at year 20 and USD 467.14 at age 50. At 
price USD 20, all NPVs are positive.  Overall, this indicates that the feasibility 
of establishing mangrove plantation for carbon market alone is very sensitive 
to carbon price that at prices below USD 15.0 per ton, the plantation project 
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would not be feasible. Similarly, if the interest rate would increase to 16 percent, 
the project would become feasible only at price USD 20.0/ton. Consequently, 
the IRR obtained were 5%, 14% and 50% for prices USD 10, USD 15 and USD 20, 
respectively. At prevailing market rates of interest at 8.0 percent, the project 
would not be feasible at USD 10.0 carbon price.

Keywords: carbon stock, conservation, economic value, mangrove plantation, 
PES 

___________________________________________________________________

Introduction

The basic guiding principle in the management of mangrove forest is sustained ecological 
soundness and economic viability of all mangrove areas in the country.  As such, all 
mangrove forests whether natural or man-made must be managed primarily to safeguard 
their ecological integrity as a life support system as well as sustain the economic benefi ts 
derived from them through scientifi c and well planned utilization strategies for the benefi t 
of the greater number of communities dependent on them. The continuous protection and 
sustainability of all mangrove areas is one of the basic requirements of any mangrove plan 
or development framework to be followed by all government agencies or private entities 
involved in mangrove development and management. This is considered in tandem with 
the multiple economic uses of mangrove forests. Any environmental protection strategy 
shall consider these two basic management principles aimed at deriving optimum economic 
and environmental benefi ts from mangrove resources.  

At their natural state, mangroves provide many benefi ts to mankind. Their strict protection 
and conservation would ensure the sustainability of these benefi ts. Considerable benefi ts 
are also expected from the development of new mangrove plantations.   

The country’s mangrove resources continue to decline despite numerous laws protecting 
it. A century before, the country had an estimated 400,000 has of mangrove forests. 
Today, only around 120,000 ha remain. This area continues to shrink due to ever-increasing 
population pressure. Eff orts to reclaim and rehabilitate degraded mangrove areas has been 
started some 30 years ago. However, mangrove restoration eff orts paled in comparison 
with the magnitude of the tasks at hand.

There are some constraints which inhibit the communities, private individuals and even 
the government in promoting the development of the mangroves. Specifi cally important 
is Republic Act No. 7161 which is an Act amending Sections 70, 71 and 72 of PD 705 (The 
Revised Forestry Code of the Philippines). Section 4 of this Act provides the cutting ban 
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for all mangrove species specifi cally for fi rewood purposes. This provision has been strictly 
interpreted to mean prohibition of cutting of all mangrove timber species for all purposes 
even in mangrove plantations established with the use of private funds. This discourages 
the planting of mangroves through private and community initiatives because the planters 
would have no right to harvest what they planted. 

The government provides many incentives to Community-Based Forest Management 
(CBFM) participants in its upland sites such as security of tenure and exemption from 
forest charges for planted forest crops. Under DAO 98-10, CBFMA holders in mangrove 
areas are allowed to cut planted trees within their area. However, they cannot avail of 
these incentives because of prohibitions of RA 7161.

In view of the above premises, there is an urgent need to harmonize mangrove policies 
and institutions to truly push for an eff ective management and development of mangrove 
areas in the country. Mangrove areas continue to shrink due to population pressure. There 
is also a need to put more incentives to mangrove developers to develop more areas and 
gain direct economic benefi ts from their toils as well as strictly protect the remaining 
mangrove areas.  Thus, there is a need to study the cost and benefi ts of developing 
mangrove plantations for carbon sequestration purposes under the “clean development 
mechanism.”  

Objectives

The objectives of the study are as follows:

1. Identify and value the costs involved in establishing diff erent types of mangrove 
plantations;

2. Determine the actual wood biomass production (both above and below ground 
biomass) from existing mangrove plantations;

3. Assess the carbon content of mangrove wood biomass through direct measurement 
and benefi t transfer method;

4. Value the benefi ts of carbon sequestration in diff erent types of mangrove 
plantations; and 

5. Recommend policies from experiences derived from the study.

Methodology

The methodology employed in the study include the following:

1. Secondary data gathering – gathering of cost data from established mangrove 
plantations in the Philippines 

2. Primary data gathering 



107PROCEEDINGSPROCEEDINGS

a. Benefi ts from mangroves through structured interview instrument/KII

b. Establishment of fi eld plots for biomass measurement

3. Data analysis

4. Report writing

The Study Site

The study was conducted in Banacon, Bohol (Figure 1). Banacon is an ecotourist destination 
because of its mangrove forests covering an area of 425 ha. 

Figure 1.  Map of Banacon, Bohol, Philippines

In terms of climate, Bohol belongs to Type 4 of Corona’s classifi cation.  This is characterized 
by a more or less evenly distributed rainfall throughout the year.  The annual precipitation 
ranges from 1200 mm to 2200 mm/yr while mean temperature is 27.40C.  

Biomass and carbon assessment

In assessing the amount of biomass and carbon stored in the dense mature plantation site, 
nested plot sampling method known as the Alternative to Slash and Burn or ASB technique 
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developed by Hairiah et al. (2011) was used (Figure 2). This method involves measurement 
of small trees (dbh 5-30 cm) within the 5m x 40 plot, and large trees (>30cm) within 20m x 
100m plot. A diagram of the nested plot is shown in Fig. 3. Since there is no tree that has dbh 
of more than 30 cm inside the study site, only three small plots were established.  Inside 
each plot, all trees were identifi ed by their local and scientifi c names. Diameter at breast 
height (dbh in cm) or diameter at 1.3m height and total height (m) were also measured. 

Figure 2.  Dense mature mangrove plantation of R. stylosa (a. well-protected stand;  
b. disturbed stand)

Figure 3.  Field lay-out of sampling 
plot for trees and soil
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Aboveground biomass

Biomass (kg) of each tree was calculated using the allometric equation developed by 
Komiyama et al. (2005) for Rhizophora stylosa trees.  

Wtop = 0.247 p (D2)1.23

Where:  

Wtop is the biomass in kg

p  is the wood density of the species

D is the diameter at breast height

Biomass values of individual trees were summed up to get the total biomass of the sample 
plot. Equivalent biomass density, expressed in ton per ha or t ha-1 was then computed 
using the rates of conversion for area and weight.  

Belowground biomass

Root biomass was computed using the following allometric equation:

 (WR) = 0.196 p0.899 (D2)1.11

Where:  

WR is the root biomass in kg

p is the wood density of the prop roots

D is the diameter at breast height

Similar to aboveground biomass, total root biomass in the sample plot was derived by 
adding the root biomass of each tree.  Derived root biomass of the sample plot was then 
converted to get the root biomass density.

Carbon

Equivalent carbon stored in aboveground and belowground components of R. stylosa 
plantation were computed by multiplying the biomass by 0.45, an average wood carbon 
content of tropical trees (Lasco et al., 2001). 
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Results/Discussions and Conclusions

A.  Carbon Stock Assessment of the Mangrove Plantation

Profi le of the sample plots

Biometric values of trees measured are summarized in Table 1. Density ranged from 185 
to 246 per plot indicating that trees are planted very closely with each other.  Sample plot 
1 has the most number of trees while sample plot 2 contains the least number of trees. 
Diameter and height appeared homogenous that ranged from 7.3 to 7.9 cm and 12.0 to 
12.5 m, respectively. Trees in the study site have very small diameter because of the limited 
available space for their growth.  

Table 1.  Biometric values of dense mature R. stylosa plantation

Plot Number of trees Average DBH (cm) Average Ht (m)

1 246 7.3± 1.8 12.0

2 185 7.8±1.7 12.0

3 186 7.9 ±2.0 12.5

Aboveground biomass and carbon

Aboveground biomass density in the sample plots ranges from 271.2 – 312.6 t/ha with an 
average of 289.94 t/ha. Highest biomass density is found in sample plot 1 while the least 
biomass density value is exhibited by sample plot 2. Considering that the diameter of the 
trees contained in the three sample plots are homogenous, the result obtained is indicative 
that sample plot 1 has the most number of trees while sample plot 2 contains the least 
number of trees. 

In terms of carbon density in the sample plots, values range from 122 – 140.7 t/ha.  Similar 
to the trend observed in biomass density, sample plot 1 has the highest carbon density 
while sample plot 2 has the lowest. Average carbon density in the three sample plots is 
130.47 t/ha.

Biomass carbon and density values obtained from this study are 2.5 times higher than the 
average biomass density of 26 tree plantations studied in the Philippines.  This does not 
mean that R. stylosa accumulates more carbon over time than the tree plantations studied 
which is composed of fast growing species such as Swietenia macrophylla, Gmelina arborea, 
etc. because if rate of sequestration is considered, R. stylosa accumulates carbon at the 
rate of 2.4t/ha/yr only while the 26 tree plantations has an average rate of sequestration 
of 4.2 t/ha/yr.  



111PROCEEDINGSPROCEEDINGS

Belowground biomass and carbon

Belowground biomass and carbon densities of the three sample plots range from 133.6 – 
155.6 t/ha and 60.1 – 70 t/ha, respectively. On the average, belowground biomass density is 
142.91 t/ha while belowground carbon density is 64.31 t/ha.  Similar to the trend observed in 
the aboveground biomass and carbon densities, highest values are observed in sample plot 
1 while the lowest values are recorded at sample plot 2. Again, these results are attributed 
to the number of trees inside the sample plot.  

Total biomass and carbon

Table 3 shows the total biomass and carbon densities of the sample plots. Total biomass 
density ranges from 404.8 – 468.3 t/ha with an average of 432.85 t/ha while carbon density 
ranges from 182.1 – 210.7 t/ha with an average of 194.78 t/ha.  

Table 2.  Aboveground biomass and carbon

Plot Number Biomass Density 

(t/ha)

Carbon Density

 (t/ha)

1 312.6 140.7

2 271.2 122.0

3 286.0 128.7

Average 289.94 130.47

Table 3.  Belowground biomass and carbon

Plot Number Biomass Density 

(t/ha)

Carbon Density

 (t/ha)

1 468.3 210.7

2 404.8 182.1

3 425.5 191.5

Average 432.85 194.78

In terms of percent contribution, aboveground biomass contributes around 67% of the total 
biomass and carbon densities of the sample plots while belowground biomass contributes 
33% (Figure 4). The results obtained from this study are consistent with those from the 
previous studies conducted. For instance, Guillermo (1998) found that in a secondary 
forest in Mt. Makiling Forest Reserve in Laguna, Philippines, trees generated 79 percent 
of the total biomass while Lasco et al., (1998) in a study of a natural forest in the PNOC 
Geothermal Reserve in Leyte obtained 93 percent as the share of the trees in the total 
biomass per hectare of the area. Other studies revealed the following: 82 percent from 
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mossy forest in Mt. Makiling Forest Reserve, Laguna (Lasco et al., 1999); 90 percent from 
a multistory agroforestry system in Mt. Makiling Forest Reserve, Laguna (Zamora, 1999); 
90 percent from mossy forest in Pagbilao, Quezon (Lasco et al., 2000); 82 percent from 
the pine forest in Baguio City (Lasco et al., 2000); 85 percent from the tree plantation in 
Nueva Ecija (Lasco et al., 2000); 81 percent from the secondary forest in the Subic Bay 
Metropolitan Authority, Subic, Zambales (Lasco et al., 2001); 91 percent from secondary 
forest in the Mt. Makiling Forest Reserve, Laguna (Lasco et al., 2001);78 percent from the 
old growth forest in Atimonan, Quezon (Lasco et al., 2001);98 percent from the secondary 
forest in Agusan del Sur (Lasco et al., 2000); 82 percent from the Dipterocarp plantations 
and 85 percent from the Mahogany plantations in the Mt. Makiling Forest Reserve (Racelis, 
2000); 99 percent from the secondary forest in Mt. Makiling Forest Reserve (Juarez, 2001); 
and 89 percent from the secondary forests in Isabela (Pulhin, 2003).  

Figure 4.  Percent contribution of the aboveground and belowground parts 
in the total biomass and carbon densities.

Re-assessment of Biomass and Carbon 

Re-assessment of biomass and carbon stock in dense mature mangrove plantations 
(55 years old) was done to compare the estimates obtained from ASB method with the 
modifi ed 10m x 10m quadrat of the previous assessment (AKECOP Phase III 2008-2011). 
ASB sampling technique covers an area of as much as 2000 sq. meter thereby including 
more trees in its measurement. Re-sampling was done in the same site where previous 
data were collected. The possibility that biomass and carbon stocks varied or altered due 
to natural and anthropogenic activities such as cutting and enrichment planting was also 
taken into consideration.
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On the average, biomass and carbon stock were larger in the recent assessment than in 
previous year of assessment with 421.6 t ha-1 and 189.7 t ha-1, respectively. This diff erence is 
indicative of three likely reasons: 1) minor timber poaching by local communities in some 
portions of the stand has led to considerable reduction in the biomass and carbon stock; 
and 2) in most areas, the increase in biomass and carbon stock can be attributed to the 
substantial growth of trees; and 3) variations (expressed in standard deviation) in the 
estimates is indicative of the diff erent plot sizes used. Overall fi ndings suggest that biomass 
and carbon stock may have increased based on the two period averages by as much as 8 t 
ha-1carbon. Further, estimates using ASB method demonstrated greater accuracy as seen 
in lesser variation observed. The study therefore recommends the use of ASB method in 
further sampling activities in the study site.

Based on the results presented, mangrove areas have the potential to store substantial 
amount of carbon. The role of mangroves in climate change mitigation can however be 
enhanced through application of appropriate spacing between trees planted to allow 
good growth. 

B. Costs and Benefi ts of Carbon Sequestration in the Mangrove Forests

Twelve carbon estimation plots were used in the course of the study (Table 4).  Data on the 
carbon content of mangrove plantations in sample plots 1 to 9 were taken from the previous 
carbon data gathered during Phase 3 of AKECOP which was already published (Camacho 
et al. 2011). Data on the total carbon content from the three sample plots gathered under 
Phase 4 and shown in Table 3 as Plots 1 to 3 were added as Plots 10-12 as indicated in Table 4. 
The carbon contents of each plot were estimated using the allometric equation described 
earlier in the methodology. For purposes of projection using linear regression, a dummy 
plot was added  corresponding to Year  1 when  the carbon content of the plantation is 
assumed to be still 0.0 ton/ha -1. Three carbon prices in the international market were used 
in computing net incremental benefi ts at diff erent ages of mangrove plantations; namely, 
10, 15 and 20 USD/ton (Tables 5&6). Correspondingly, the net present values (NPV) of 
plantations at diff erent ages and prices were computed (Table 7). Additionally, the internal 
rates of return (IRR) were also computed for each price of carbon. 

The results show that at price USD 10 per ton and at i = .08, the community would receive 
negative NPVs if the purpose of the plantation establishment was solely devoted to carbon 
market. The NPV starts to become positive at USD 15.0/ton at year 20 up to 50 and at this 
price where NPV equaled to USD 167.16 at year 20 and USD 467.14n at age 50. At price USD 
20, all NPVs are positive.  This goes to show that the feasibility of establishing mangrove 
plantation for carbon market alone is very sensitive to carbon price that at prices below 
USD 15.0 per ton, the project would not be feasible. Similarly, if the interest rate would 
increase to 16 percent, the project would become feasible only at price USD 20.0/ton. 
Consequently, the IRR obtained are 5%, 14% and 50% for prices USD 10, USD 15 and USD 20, 
respectively (also Table 7). At prevailing market rates of interest at 8.0 percent, the project 
would not be feasible at USD 10.0 carbon price.
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Table 5.  Carbon content of the mangrove plantation

Plot Age Carbon Content

 Tons/Hectare

Carbon 

Value at 

$10/ton

Carbon 

Value at 

$15/ton

Carbon 

Value at 

$20/ton

1 15 206.8 2068 3102.0 4136

2 15 176.2 1762 2643.0 3524

3 15 242.6 2426 3639.0 4852

4 20 194.7 1947 2920.5 3894

5 20 166.4 1664 2496.0 3328

6 20 87.4 874 1311.0 1748

7 40 359.2 3592 5388.0 7184

8 40 426.6 4266 6399.0 8532

9 40 326.2 3262 4893.0 6524

10 40 210.7    2107 3160.5 4214

11 30 182.1    1821 2731.5 3642

12 20 191.5    1915   2872.5 3830

13 1 1 10 15 20

Table 6.  Projected accumulated carbon content, incremental costs and 
benefits at  prices 10, 15 & 20

Age Projected

Carbon 

Content

Incremental

Costs (US$)

Benefi ts 

at US$10/ton

Benefi ts 

at US$15/ton

Benefi ts 

at US$20/ton

10 113.87 1649.26 1138.71 1708.07 2277.42

20 183.78 1765.53 1837.81 2756.72 3675.62

30 253.69 1881.81 2536.91 3805.37 5073.82

40 323.60 1998.09 3236.01 4854.02 6472.02

50 393.51 2114.37 3935.11 5902.67 7870.22
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Table 7.  Incremental net benefits of mangrove plantation

Age Incremental 
Net Benefi ts 
at US$10/ton

Incremental 
Net Benefi ts 
at US$15/ton

Incremental 
Net Benefi ts 
at US$20/ton

10 (510.55) 58.81 628.16

20 13.99 897.94 1781.89

30 655.10 1923.55 3192.01

40 1237.92 2855.92 4473.93

50 1820.74 3788.29 5755.85

Table 8.  Net present values (NPV) of plantations at different ages and prices, and 
internal rates of return (IRR)

Age NPV(.08)
at US$10/ton

NPV(.08)
at US$15/ton

NPV(.08)
at US$20/ton

10 (560.70) (122.63) 315.44
20 (379.56) 167.16 713.87
30 (295.66) 301.38 898.42
40 (256.79) 363.56 983.91
50 (202.84) 467.14 1137.13

Age NPV(.12)
at US$10/ton

NPV(.12)
at US$15/ton

NPV(.12)
at US$20/ton

10 (563.35) (169.60) 224.16
20 (457.33) 0.02 457.37
30 (423.19) 54.64 532.46
40 (412.20) 72.2 556.64
50 (403.03) 89.59 582.20

Age NPV(.16)
at US$10/ton

NPV(.16)
at US$15/ton

NPV(.16)
at US$20/ton

10 (558.11) (169.60) 158.75
20 (494.26) (97.53) 299.20
30 (479.78) (74.37) 331.04
40 (476.50) (69.12) 338.26
50 (474.82) (65.98) 342.86
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Appendices

Appendix A. Projected carbon content and costs & benefits at different prices of    
     mangrove plantation

Age Projected
Carbon 
Content

Costs (PhP) Costs (USD)
Benefi ts 
at US$10

Benefi ts 
at US$15

Benefi ts
at US$20

1 50.95 40,450.80 940.72 509.52 764.28 1,019.04
2 57.94 13,483.60 313.57 579.43 869.15 1,158.86
3 64.93 13,483.60 313.57 649.34 974.01 1,298.68
4 71.93 500.00 11.63 719.25 1,078.88 1,438.50
5 78.92 500.00 11.63 789.16 1,183.74 1,578.32
6 85.91 500.00 11.63 859.07 1,288.61 1,718.14
7 92.90 500.00 11.63 928.98 1,393.47 1,857.96
8 99.89 500.00 11.63 998.89 1,498.34 1,997.78
9 106.88 500.00 11.63 1,068.80 1,603.20 2,137.60
10 113.87 500.00 11.63 1,138.71 1,708.07 2,277.42
11 120.86 500.00 11.63 1,208.62 1,812.93 2,417.24
12 127.85 500.00 11.63 1,278.53 1,917.80 2,557.06
13 134.84 500.00 11.63 1,348.44 2,022.66 2,696.88
14 141.84 500.00 11.63 1,418.35 2,127.53 2,836.70
15 148.83 500.00 11.63 1,488.26 2,232.39 2,976.52
16 155.82 500.00 11.63 1,558.17 2,337.26 3,116.34
17 162.81 500.00 11.63 1,628.08 2,442.12 3,256.16
18 169.80 500.00 11.63 1,697.99 2,546.99 3,395.98
19 176.79 500.00 11.63 1,767.90 2,651.85 3,535.80
20 183.78 500.00 11.63 1,837.81 2,756.72 3,675.62
21 190.77 500.00 11.63 1,907.72 2,861.58 3,815.44
22 197.76 500.00 11.63 1,977.63 2,966.45 3,955.26
23 204.75 500.00 11.63 2,047.54 3,071.31 4,095.08
24 211.75 500.00 11.63 2,117.45 3,176.18 4,234.90
25 218.74 500.00 11.63 2,187.36 3,281.04 4,374.72
26 225.73 500.00 11.63 2,257.27 3,385.91 4,514.54
27 232.72 500.00 11.63 2,327.18 3,490.77 4,654.36
28 239.71 500.00 11.63 2,397.09 3,595.64 4,794.18
29 246.70 500.00 11.63 2,467.00 3,700.50 4,934.00
30 253.69 500.00 11.63 2,536.91 3,805.37 5,073.82
31 260.68 500.00 11.63 2,606.82 3,910.23 5,213.64
32 267.67 500.00 11.63 2,676.73 4,015.10 5,353.46
33 274.66 500.00 11.63 2,746.64 4,119.96 5,493.28
34 281.66 500.00 11.63 2,816.55 4,224.83 5,633.10
35 288.65 500.00 11.63 2,886.46 4,329.69 5,772.92
36 295.64 500.00 11.63 2,956.37 4,434.56 5,912.74
37 302.63 500.00 11.63 3,026.28 4,539.42 6,052.56
38 309.62 500.00 11.63 3,096.19 4,644.29 6,192.38
39 316.61 500.00 11.63 3,166.10 4,749.15 6,332.20
40 323.60 500.00 11.63 3,236.01 4,854.02 6,472.02
41 330.59 500.00 11.63 3,305.92 4,958.88 6,611.84
42 337.58 500.00 11.63 3,375.83 5,063.75 6,751.66
43 344.57 500.00 11.63 3,445.74 5,168.61 6,891.48
44 351.57 500.00 11.63 3,515.65 5,273.48 7,031.30
45 358.56 500.00 11.63 3,585.56 5,378.34 7,171.12
46 365.55 500.00 11.63 3,655.47 5,483.21 7,310.94
47 372.54 500.00 11.63 3,725.38 5,588.07 7,450.76
48 379.53 500.00 11.63 3,795.29 5,692.94 7,590.58
49 386.52 500.00 11.63 3,865.20 5,797.80 7,730.40
50 393.51 500.00 11.63 3,935.11 5,902.67 7,870.22
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Appendix B.  Incremental benefits at different prices of mangrove plantation

Age Incremental Benefi t
at US$10

Incremental Benefi ts
at US$15

Incremental Benefi ts at US$20

1 (431.20) 2,654.28 78.32
2 (243.66) (3,039.43) (173.75)
3 (243.66) (208.71) (173.75)
4 58.28 93.24 128.19
5 58.28 93.24 128.19
6 58.28 93.24 128.19
7 58.28 93.24 128.19
8 58.28 93.24 128.19
9 58.28 93.24 128.19
10 58.28 93.24 128.19
11 58.28 93.24 128.19
12 58.28 93.24 128.19
13 58.28 93.24 128.19
14 58.28 93.24 128.19
15 58.28 93.24 128.19
16 58.28 93.24 128.19
17 58.28 93.24 128.19
18 58.28 93.24 128.19
19 58.28 93.24 128.19
20 58.28 93.24 128.19
21 58.28 93.24 128.19
22 58.28 93.24 128.19
23 58.28 93.24 128.19
24 58.28 93.24 128.19
25 58.28 93.24 128.19
26 58.28 93.24 128.19
27 58.28 93.24 128.19
28 58.28 93.24 128.19
29 58.28 93.24 128.19
30 58.28 93.24 128.19
31 58.28 93.24 128.19
32 58.28 93.24 128.19
33 58.28 93.24 128.19
34 58.28 93.24 128.19
35 58.28 93.24 128.19
36 58.28 93.24 128.19
37 58.28 93.24 128.19
38 58.28 93.24 128.19
39 58.28 93.24 128.19
40 58.28 93.24 128.19
41 58.28 93.24 128.19
42 58.28 93.24 128.19
43 58.28 93.24 128.19
44 58.28 93.24 128.19
45 58.28 93.24 128.19
46 58.28 93.24 128.19
47 58.28 93.24 128.19
48 58.28 93.24 128.19
49 58.28 93.24 128.19
50 58.28 93.24 128.19
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Abstract

The history of the degradation of mangrove areas in the Philippines is an evident 
struggle between food production and environmental conservation. From 1918 
(~450,000 ha) to 1998 (112,400 ha), mangrove cover declined by more than 75%. 
Sixty-eight percent (68%) of the loss was attributed to mangrove conversion to 
brackish water ponds (Primavera 1991, 1995, 2000; Field, 1998; FAO, 2003, 2007). 
Over the last two decades, a number of mangrove planting projects had been 
implemented around the country to address this concern. However, the seemingly 
straightforward approach to revegetate the mangrove areas that were deforested 
appeared to be more complex due to the present tenurial status of these converted 
areas. 

This paper seeks to propose seven management strategies that may lead toward 
the revegetation of at least 69% of the existing ponds and optimize the rest for 
aquaculture production. These strategies aim to encourage the 4:1 mangrove-pond 
ratio that is being advocated by various authors in the Philippines (Primavera et al., 
2000; 2012). The strategies are divided into three pond tenurial types, namely: a) 
ponds with active fi shpond lease agreements (FLAs); b) ponds with expired FLAs; 
and c) ponds with land title and undocumented. The implementation of these 
options may not be straightforward and may need a conscious and concerted 
eff ort of diff erent government agencies, academe, and private institutions for 
ecosystem-based management approaches. These approaches are to include 
mapping, inventory, status assessment, and reprogramming and fi nancing of 
existing management program.
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Mangrove rehabilitation in general should go beyond the reporting of number 
of seedlings and hectarage planted. These planting practices are to be designed 
towards restoring at least 50% of the ecosystem’s natural ecological and economic 
functions. In the face of the looming impacts of climate change on the coastal 
environment, the revegetation of unused and unproductive ponds seemed to be 
the most rational option.

Keywords: revegetation, brackish water ponds, FLAs, aquasilviculture
___________________________________________________________________

Introduction

The major causes of brackish-water pond disuse are disease infestation, poor water 
quality, poor site selection, problems with acid sulphate soils, and lack of capital to sustain 
production. In the Philippines, the most common causes are shell infestation and lack of 
capital and market to sustain production. In addition to these, the ineffi  cient system of 
assessment, monitoring and evaluation of brackish water ponds may have contributed to 
the failure of most pond operations in the Philippines. 

A system that will enable pond operations to be more adaptive and sustainable is lacking. 
The granting of fi nancial assistance to pond development that started in the 1950s failed 
to evaluate the suitability of the mangrove areas being proposed for pond development as 
well as the capability of the applicant to sustain production (Primavera, 2000). The number 
of idle, disused, and abandoned brackish-water pond areas in the Philippines is very hard 
to determine due to the absence of a comprehensive list of existing brackish-water ponds 
that will include those with FLAs and titled lands. Another factor is the lack of an effi  cient 
centralized system of monitoring pond activity. Even those ponds with FLAs will be hard to 
quantify as some ponds even if abandoned may still be occupied and utilized (Yap, 2007).

Samson and Rollon (2008) presented fi ve rational options in the management of brackish 
water ponds in the Philippines (Figure 1).  The fi rst one is intended for ponds with valid 
ownership or lease agreements and the production is optimal. The management measure 
to be implemented will be to sustain the productivity of the pond area. For ponds with 
valid ownership and lease agreements but the operation is suboptimal, the option will 
be to increase fi sh production per unit pond area and reduce pond size to as small as 
possible. The second option gives opportunity for the reversion of these underproductive 
ponds to mangrove areas. The last three options are intended for pond areas with no valid 
ownership and lease agreements. The best option presented for ponds with optimal level 
of production is to rehabilitate these pond sites so that they can be put into sustainable 
fi sheries production. Fourth option is for ponds with suboptimal level of production to be 
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rehabilitated for these to be converted to other uses. The last option is to revegetate the 
pond site through natural recolonization or assisted planting.

Given the options presented, the most rational approach to recover areas of mangrove 
forests that were lost to brackish water aquaculture development is to consider the 
revegetation of idle and underutilized brackish-water ponds. This is not a straightforward 
strategy but may be achieved through careful assessments of existing condition of brackish 
water pond areas and quantifi cation of the use and non-use values associated with the 
diff erent management options. The primary goal will not be to revert back all existing 
brackish water ponds to mangrove areas but to further rationalize the ecological, social 
and economic benefi ts of the 2 systems.

This paper proposes seven possible management options for brackish water ponds in 
the Philippines that aim to provide management practitioners with decision-making tools 
that will help them choose the most appropriate management option for mangroves and 
brackish water ponds.

Methodology

Available information on the present extent and hectarage of mangrove forests, brackish 
water ponds, and areas under Fishpond Lease Agreement (FLA) were consolidated to 
update existing literature on mangrove decline and brackish-water pond development in 
the country. 

Related literature on various management programs that were implemented to address 
issues and problems on mangroves and brackish water ponds were combined with the 
information on the present extent and hectarage of these two systems. In particular, a 
causal chain analysis using the Driving Force, Pressure, State, Impact, Response (DPSIR) 
Framework was used to evaluate the management practices that were implemented. The 
results were used to rank management practices according to their eff ectivity, sustainability, 
and doability. This exercise helped identify mechanisms that could improve mangrove 
restoration practices and management of brackish water ponds in the Philippines. 

Learnings and insights were used to formulate future approaches towards rational 
management of mangroves and brackish-water ponds in the Philippines. At the end of the 
paper, a list of options for eff ective management for mangroves and brackish water ponds 
in the Philippines will be presented.
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Results and Discussion

The Extent of the Remaining Mangroves and Brackish Water Pond Areas 
in the Philippines

In 2007, the DENR-NAMRIA data showed that the remaining mangrove area in the 
Philippines was estimated at 289,350 ha (Table 1). This value is 176, 950 ha higher than 
the 1998 estimate. The problem with these estimates is that they are based on satellite 
images, which digitized by diff erent people with varying degrees of expertise in classifying 
mangrove areas based from satellite images.

Of the total mangrove areas that were deforested, 68% were converted to brackish water 
ponds (Primavera, 2000). However, it has long been noted by various authors that most 
of these ponds are either idle, abandoned, or in underutilized and unproductive state 
(Primavera, 2000; Yap, 2007; Samson and Rollon, 2008) and without valid legal instruments 
of operation or ownership.

From the list of Fishpond Lease Agreements (FLA) posted on the website of the Bureau of 
Fisheries and Aquatic Resources, details on potential brackish water ponds with FLAs were 
selected from the list per region. In 2007, there were 59,923 ha of potential brackish water 
ponds with FLA belonging to 4,386 registered operators (Table 2). The top 10 provinces 
and cities in terms of FLA areas are Quezon, Zamboanga del Sur, Iloilo, Occidental Mindoro, 
Negros Occidental, Samar, Masbate, Bohol, Zamboanga City, and Capiz. However, the 
license agreement of almost 66% (39,152 ha) of these brackish water ponds with FLA are 
already expired and as of the list posted in December 2010  (http://www.bfar.da.gov.
ph/services/CRS_regulatory_svcs/listingoffl  a.htm) have not been renewed. The top 10 
provinces with highest percent of expired FLAs are Antique (100%), Maguindanao (100%), 
Lanao del Norte (96%), Palawan (95%), Basilan (94%), Sulu (92%), Davao Oriental (90%), 
Sultan Kudarat (90%), Northern Samar (88%), and Camarines Sur (86%).

A Fisheries Reform Forum on management of abandoned ponds was conducted in February 
2010 at Ateneo de Manila University. One of the presentations in this forum revealed the 
total hectarage of FLA issued from 1979 to 2009 to be at around 61,066.61 ha. A value 
slightly higher than what was estimated from the BFAR website. In the same forum, it was 
reported that 1,406.73 ha of FLA had been cancelled, however only 34 had been reverted 
to DENR and around 2,347.41 ha were listed as abandoned. Given such context, there is a 
need to determine what happened to the other ~70,000 hectares of mangrove areas that 
were converted to brackish-water ponds. And among these, how many FLAs are titled or 
accounted. 
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Overview of Approaches and Interventions in the Management of Mangrove Areas 
and Brackish Water Ponds in the Philippines 

The most common objectives of mangrove management in the Philippines are reforestation 
or rehabilitation of degraded areas, provision of community – based supplemental 
livelihood such as aquasilvicuture and coastal protection.  One of the most important 
government interventions in mangrove rehabilitation is the Community-based Forest 
Management Agreements (CBFMA).  CBFMA is a tenurial instrument that is good for 
25 years and renewable for another 25 years.  The goal of this agreement is to promote 
participatory protection, rehabilitation, management, and conservation of mangrove 
areas. The Department of Environmental and Natural Resources (DENR) Coastal Resources 
Management Project (CRMP) assisted seven CBFMAs covering an area of 3, 352 ha and 
involving 414 community members. The Bureau of Fisheries and Agriculture Resources 
(BFAR) through the Fisheries Sector Program (FSP) and its second phase Fisheries Resource 
Management Project (FRMP) implemented mangrove enhancement projects. The FSP and 
FRMP covered an approximate area of 1,900 ha in 71 sites around the country.

There are also projects that integrated mangrove rehabilitation with aquaculture. An 
example of which was the aqua-silvi pasture project in Hunan, Buenavista in Bohol 
(Primavera and Esteban, 2008). Pond culture was combined with goat raising and planting 
of Rhizophora apiculata. Another is the aquasilviculture in Catanauan, Quezon (0.8 ha) and 
Camarines Norte (0.25 ha) (Samson and Rollon, 2008; 2011). Fish production and mangrove 
management were combined in these projects.

A number of policies and administrative orders were also enacted to protect and rehabilitate 
mangrove areas in the country, the most important of which are:

a. Creation of National Mangrove Committee
• Established in the 1970s under the Ministry of Natural Resources to formulate 

policies and recommendations for the conservation and sustainable management 
of the remaining mangrove forests in the country.

b. Establishment of Mangrove Forest Research Center
• Established in the 1970s under the Forest Research Institute of the Philippines 

to generate technologies for the rehabilitation, production and sustainable 
management of mangroves. In 1987, MFRC was expanded and placed under the 
Freshwater and Coastal Ecosystem Section of DENR’s Environmental Research and 
Development Bureau. At present the particular agency responsible for mangrove 
protection is the Coastal and Marine Management Offi  ce of the DENR.

c. Presidential Decree 705
• One of the provisions of the Revised Forestry Code of the Philippines is the retention 

of 20m-wide mangrove strips along shorelines facing oceans, lakes, etc. to provide 
protection against high winds and typhoons.
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d. Proclamation 2151
• Declared 4,326 ha of small islands indented mangroves as Wilderness Area in 1981.
e. Proclamation 2152
• Another important policy in 1981 is the declaration of the entire island of Palawan 

and some parcels of mangrove areas in the country (74, 267 ha) as Mangrove 
Swamp Forest Reserves.

f. Republic Act 7160
• Through the Local Government Code of the Philippines, management and 

implementation of community forest projects (which are less than 500 has) was 
devolved to local government units.

g. DENR Administrative Order 1994 – 30
• This AO provided the implementing rules for the CBFMAs.
h. Republic Act 8550

Under the Fisheries Code of the Philippines, moratorium on cutting and clearing of 
mangrove areas was promulgated.

The use of mangrove areas in the Philippines for aquaculture production and less priority 
on its environmental protection and conservation were evident in a number of laws passed 
from the 1930s to 1970s (Table 3). These policies provided guidelines on the conversion 
and operation of brackish-water ponds but very little on the environmental preservation 
of mangrove areas. 

Upon the recognition of the great loss of mangrove areas in the Philippines, succeeding 
laws and administrative order included provisions on the rational use of mangrove areas 
for brackish-water aquaculture (PD 704, DENR AO 1990-15 and 1991-34). However, the 
proper and timely implementation of these policies was the main constraints. In particular, 
the non-implementation of Section 24, Paragraphs 2 and 3 of PD 704 and Section 43, 
paragraph 3 of PD 705 on the rational utilization of mangrove forests lands which have 
been converted to fi shponds posed a serious problem in the management of these two 
resources. The unclear guidelines on the reversion of fi shponds, which have been idle and 
unproductive for fi ve years had been barely, if not at all implemented. 

The issue on the ownership and hence management of brackish-water ponds in the country 
roots on the lack of long-term and comprehensive management plan for these resources. 
Existing programs and policies only addressed the issuance of license to operate and not 
so much on the monitoring of the productivity and operation of these ponds. This is only 
particular to half of the areas that were converted to fi shponds. A bigger problem lies 
on the unaccountability of the other half of the converted areas. The guidelines on the 
rational utilization of these fi shponds are only applicable to those with FLAs but not to 
titled ponds. Management of these titles ponds depends on its owners who may choose 
to leave the property idle and underutilized. 
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DPSIR Analysis for the Management of Mangrove Areas and Brackish Water Ponds 
in the Philippines 

Samson and Rollon (2011) presented a simplifi ed DPSIR model on the state of mangrove 
forests and brackish water ponds in the Philippines. The current state of mangrove areas 
and its management in the Philippines can be attributed to the continued mangrove 
overexploitation for wood products, unregulated conversion for coastal development, 
and more importantly the absence or lack of more effi  cient and adaptive rehabilitation 
and conservation strategies. 

The proliferation of idle and underutilized brackish water ponds with FLA is also an eff ect 
of the absence of effi  cient monitoring system for the condition and status of these ponds. 
Laws and administrative orders for the rehabilitation and protection of mangroves areas 
as well as the responsible utilization of brackish water ponds with FLA in the Philippines 
are in place, however, the implementing rules and regulations for these policies seemed to 
be lacking in coverage and eff ectivity.

Harmonizing Management Strategies for Brackish Water Ponds 
and Degraded Mangrove Areas in the Philippines (Samson and Rollon, 2011) 

Brackish water ponds in the Philippines may be classifi ed into two, namely: 1) those with 
valid legal instrument of operation, and 2) those that do not have existing legal instrument 
of ownership. The fi rst classifi cation is composed of two types, namely those with FLAs 
and those with land titles. As presented in the previous section, more than 50% of these 
ponds, in any of the two types, are now left idle and/or underproductive. A number of 
authors discussed several management strategies to address this problem, however, in 
order to increase the success of these options, the strategies must be appropriate to the 
two types of ponds mentioned earlier. 

Samson and Rollon in 2011 presented a number of management options to sustainably 
optimize the use of these idle and underutilized ponds. These options were divided into 
three: 1) for brackish water ponds with valid legal instruments and fi sh yield is still optimal, 
a more sustainable way of production must be adopted; 2) for ponds without legal 
instruments but fi sh yield is still bioeconomically important, production must be sustainably 
optimized and pond size may be reduced to as small as possible to maintain mangrove 
ecological health; and 3) for ponds with or without legal instrument and production is not 
anymore necessary, revegetation of the pond is being put forward. 

A total of seven rational management strategies were proposed for the utilization of 
brackish water ponds in the Philippines (Samson and Rollon, 2011). The options are specifi c 
for the current state of ownership of the ponds. 
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1. For ponds with active FLAs and the overall fi sh yield is optimal, apply semi-intensive 
aquaculture (modifi ed from Samson and Rollon, 2008).

For ponds with existing FLA, the most rational objective of management will be aquaculture 
production to optimize the use of leased areas. In 2007, there are around 59, 923 hectares 
of potential brackish-water ponds listed in the website of the Bureau of Fisheries and 
Aquatic Resources. However, a closer look at the list reveals that only 44% of these have 
active FLAs while the rest of the lease is expired. This option may be of importance to the 
areas including Quezon, Zamboanga del Sur, Iloilo, Occidental Mindoro, Negros Occidental, 
Samar, Masbate, Bohol, Zamboanga City, and Capiz where brackish-water pond areas with 
FLAs are relatively extensive.

2. For ponds with active FLAs and the fi sh yield is not fi nancially sustainable anymore, production 
needs to be optimized and pond size may be reduced to as small as possible whereby a 4:1 
mangrove-pond area ratio may be followed to restore and maintain the ecological health of 
the system (Primavera, 2000; Samson and Rollon, 2008; Primavera and Esteban, 2008). 

This option particularly addresses brackish water ponds with FLAs but are not operating 
sustainably. Technical assistance from concerned agencies (i.e. BFAR) must be sought 
to optimize the production of these ponds. However, it may also be that the reason for 
the under productivity of these ponds is that the area may not anymore be suitable for 
production hence the strategy on reducing the pond size and following the 4:1 mangrove-
pond area ratio is being put forward. This option on the reversion of some ponds with 
existing FLA to mangroves will require joint eff orts from concerned agencies (i.e. DENR, 
BFAR, DILG) and strategies on how the pond operators will be convinced to reforest 
their underutilized ponds needs to be institutionalized. Strategies may be in the form 
of incentives like granting of awards for operators with the most environment friendly 
operations. Another strategy may be is to highlight the importance of these reverted areas 
in bringing back mangrove goods and services which may become sustainable source of 
income as well and the role of these former mangrove areas in mitigating the impacts of 
climate change such as sea level rise and increased storminess. A more political-institutional 
approach will be to strengthen the monitoring of pond operations such that the fi ve years 
limit for unproductive ponds will be imposed and those ponds will be reverted back to 
DENR. For the government, specifi cally the Bureau of Fisheries and Aquatic Resources, 
this is an opportunity to improve its system of monitoring and evaluation of existing FLAs 
in order to sustainably maximize the potential yield of these leased areas.

3. For ponds with expired FLAs and the pond existence is necessary based on bioeconomic 
analysis, reapply FLA and optimize fi sh yield (Samson and Rollon, 2008).

For brackish water ponds with expired FLAs, the management strategy will require a 
balance between the importance of the pond area for fi sh production and the importance 
of these areas in restoring its natural ecological health and function. The importance of 
the pond for fi sh production should not only be assessed in terms of what the operators 
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can gain from it but also if its needed in a broader context of fi sh production in an area. 
For example, if an area is a major source of fi sheries products and the non-operation of 
some ponds will cause a disruption on the supply, then production must be sustainably 
optimized to meet the target volume. This kind of assessment must be integrated in the 
procedures being followed by BFAR before renewing the lease agreement of expired FLAs. 
A more rigorous evaluation of the production effi  ciency of the pond must be developed 
to ensure the optimal use of the leased area. Pond operators must be required to submit 
a regular report of their production, as well as their income during the period when the 
lease agreement is in eff ect. This report must fi rst be reviewed by BFAR before granting 
renewal.

4-5) For ponds with expired FLAs and production is suboptimal and not necessary, revert to 
mangrove areas thru natural revegetation or assisted planting.

As mentioned earlier, under productivity of the pond may be brought about by the 
inappropriateness of the site for fi sh production. Problems such as the lack of supply of 
water and sedimentation may cause fi sh production to go down to unsustainable level. If 
this is the case, the site can be properly assessed for reversion to its original habitat. The 
assessment methods were discussied in detai in the methodology. Natural revegetation will 
require much less labor and fi nancial output as compared to assisted planting, however, 
there are cases when the site’s modifi cation will not anymore allow the recruitment and 
settlement of mangrove propagules in the area. As of 2007, there are around 39t hectares 
of brackish-water ponds with expired FLAs. Revegetating these ponds will greatly increase 
the percentage of rehabilitation eff orts in the Philippines. Provinces with 85 to 100% of 
expired FLAs are Antique, Maguindanao, Lanao del Norte, Palawan, Basilan, Sulu, Davao 
Oriental, Sultan Kudarat, Northern Samar, and Camarines Sur.
6. For titled ponds, apply aquasilviculture.

Primavera in 2000 estimated that there are around 230,000,000 ha of mangroves, which 
had been converted to brackish water ponds, using this number and subtracting the areas 
listed with FLA (59, 293 ha), it will give us an estimate of around 57% (81,000 ha) brackish 
water ponds that are titled. This number already accounts for 38% of the total mangroves 
lost since the 1920s. For these titled ponds, the management strategies will not be 
straightforward as the utilization of titled ponds relies greatly on its owners. There are 
two rational options for these ponds: 1) to operate the ponds sustainably to maximize the 
production potential of the area, and 2) revegetate these ponds to restore its ecological 
health and function. Incentive mechanisms may be institutionalized to encourage titled 
pond owners to apply the two options most especially if these ponds are idle. These may 
be in the form of tax incentives and awards for sustainable operation, technical assistance 
to optimize production, and provision of seedlings for revegetation and others.

One of the strategies that may benefi t both the pond operators and government will be 
aquasilviculture. Although this culture practice has been and are being practiced in some 
parts of the country, as with the case of Aklan and Quezon, its ecological and economic 
benefi ts are not yet fully realized.
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7. For idle titled ponds, fi sh yield may be optimized but pond size as in option 2 may be reduced 
to as small as possible and revert unutilized areas to mangrove forest.

The option of revegetating idle ponds will greatly benefi t pond operators and coastal 
communities as this may bring back mangrove goods and services and may potentially 
be a supplemental source of livelihood. One of the important mangrove services that the 
pond operators may consider is coastal protection. In the light of the looming impacts of 
climate change, mangroves will play a pivotal role in mitigating tsunami, strong waves and 
coastal erosion. 

The inverse link between the remaining mangrove areas and existing brackish water ponds 
in the Philippines had been well recognized for three decades now. The implementation of 
these options may not be straightforward and would require conscious and concerted eff ort 
of diff erent government agencies, academe, and private institutions for the development 
of ecosystem-based management approaches. These approaches should include mapping, 
inventory, status assessment, and reprogramming and fi nancing of existing management 
programs. 

With its current status, the vulnerability of mangroves to unsustainable anthropogenic 
activities (i.e. conversion to aquaculture areas, wood cutting, clearing for coastal 
developments) and the impacts of climate change may continue to degrade this ecosystem. 
Addressing these impacts may need the urgent rehabilitation of idle and unproductive 
ponds as these may decrease the level of vulnerability of these mangrove areas and 
the coastal communities behind them to the ancillary impacts of climate change. In all 
these, the government should take a proactive role in consolidating and monitoring these 
eff orts to increase its effi  ciency and eff ectivity at the national scale as the problem on our 
mangroves and brackish-water ponds cannot be addressed at the local scale.
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Table 1.  Estimated extent and rank in terms of mangrove extent in different provinces of the 
Philippines (Source: DENR-NAMRIA, 2007).
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Table 1 Continued…..
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Table 2.  Details of FLA areas in different provinces in the Philippines (Source: BFAR).
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Table 2 Continued….

Table 3.  Pertinent Philippine laws and department orders that contributed to the proliferation 
of brackish-water pond development in the Philippines 

LAW/ ADMINISTRATIVE ORDER TITLE
FGAO 1937-14 (August 1, 1937) Regulations governing issuance of fi shpond permits 

and leases on public forest lands.
FAO 1939-14-1 (May 15, 1939) Regulations covering issuance of fi shpond permits and lease 

on public forest lands and for other purposes
FAO 1945-14-2 (October 15, 1945) Amending Section 16 of Fisheries Administrative Order No. 

14 
to increase the annual rental to P1.00 per hectare

FAO 1959-14-12 Guiding Principles in the Granting of Fishpond Leases 
Covering Big Areas

FAO 1960-14 Regulations governing the issuance of fi shpond permits 
and/or leases on public forest lands

FAO 1979-125 Rules and regulations governing conversion of ordinary 
fi shpond permits and ten (10) year fi shpond lease 
agreements into twenty fi ve (25) year fi shpond lease 
agreements and other related matters
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Figure 1.  A possible decision-tree of options for idle and active brackish-water 
ponds in the Philippines: (1) Status quo; (2) Optimize fish yield, and reduce 
pond size as small as possible; (3) If pond existence is necessary based 
on bio-economic analysis, reapply for fishpond lease agreement (FLA); go 
to Question 3; (4) Break pond dikes to allow natural tidal inundation and 
natural revegetation, and; (5) Determine physico-chemical conditions; study 
species appropriateness; reforest applying species suitability and community 
succession principles (Samson and Rollon, 2008).
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Figure 2.  DPSIR model on the state of mangrove forests and brackish-water 
ponds in the Philippines (Lifted from Samson and Rollon, 2011).
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Abstract

The study looked at the socio-economic challenges on mangrove restoration 
eff orts to fi sh/shrimp ponds that have been abandoned. Research was done 
through qualitative and quantitative methods.  Purposive sampling was used to 
select respondents in Sangkima Lama and Sangkima village. The result showed 
that the major socio-economic challenges on mangrove restoration are land 
confl ict between Kutai National Park, and the local government; the lack of other 
livelihood; the ‘ in and out’ culture of pond farmers,; the acceptance of pond 
farmers of mangrove restoration eff orts, especially ex-pond and pond property 
pattern; and the relationship among pond farmers. 

Key word: Kutai National Park, mangrove, restoration, fi sh/shrimp pond, ex-ponds

__________________________________________________________________

Introduction

The mangrove  has a total area of 5.127,04 ha and is located along the eastern part of Kutai 
National Park (KNP), forming part of East Kalimantan’s natural mangrove forest (Dewi, 
2008; Lumban Gaol, 2007). This ecosystem consists of approximately 13 mangrove species, 
namely bakau/polo (Rhizophora apiculata, Rhizophora stylosa dan Rhizophora mucronata), 
tancang (Bruguiera gymnorhiza, Bruguiera parvifolia, Bruguiera sexangula and Bruguiera 
caryophylloides), pudek/pedada (Sonneratia alba and Sonneratia caseolaris), nita (Avicennia 
alba and Avicennia marina), dan tengan (Ceriops tagal) (Balai Taman Nasional Kutai, 2009). 
The last inventory in 2010 indicated that the area was dominated by Rhizophora apiculata, 
Rhizophora mucronata, Bruguiera gymnorrhiza, Ceriops tagal, Bruguiera sexangula and 
Xylocarpus granatum (Balai Taman Nasional Kutai, 2010). 
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Kutai National Park’s (KNP) mangrove plays an important role to both the environment and 
its people. Mangroves can provide natural resources such as fi sh, shrimps, and crabs, can 
also be a source of medicine for people, can protect coastlines and support coastal fi sheries 
as well as become ecotourism sites (Balai Taman Nasional Kutai, 2010). Unfortunately, green 
mangroves are slowly dissapearing due to illegal logging and construction of ponds and 
settlement areas. Based on landsat analysis, it was estimated that 15-20% of the mangrove 
area in KNP had been lost with huge mangrove areas being converted into fi sh or shrimp 
ponds (Sayektiningsih et al., 2011; Dewi, 2008). According to The Mahakam Berau District 
Offi  ce of Watershed Management (Balai Pengelolaan Daerah Aliran Sungai Mahakam 
Berau), ponds  located within the Kutai National Park reach 800 ha in size. 

The construction of ponds among mangrove areas started in 1980 by visitors who came 
from Pangkep, Barru and Bulukumba in South Sulawesi (Surapati, 2011, pers.com). Later, 
not only local residents but also investors from Bontang and Sangatta were interested 
in the pond business. Initially, investors were satisfi ed with their harvests however many 
years later, ponds could not yield what they want. Because of this, pond farmers started 
to leave this livelihood. Large open mangrove area was created (Sayektiningsih et al., 
2011). Consequently, it produced a negative impact for the environment and the people 
(Setyawan et al., 2004).

Restoration is one of the solutions to assist mangrove recovery. It is the process of assisting 
the recovery of an ecosystem that has been degraded, damaged, or destroyed (SER-IUCN, 
2004). The goal of restoration is to restore function, structure, and composition of the 
forest (ITTO, 2002; Lamb et al, 2003). Yet, mangrove restoration in Kutai National Park has 
many challenges, one of which is the socio-economic factors in the area(Sayektiningsih 
et al., 2011). This study describes the socio-economic challenges faced when mangrove 
restoration is conducted in ex-ponds.

Methodology

Research was conducted in Sangkima Lama and Sangkima villages, Kutai Timur regency, 
East Kalimantan Province, Indonesia in September 2011. Both Sangkima Lama and Sangkima 
are contiguous and a coastal village at the edge of KNP. The two villages have the  largest 
area of fi sh or shrimp ponds within KNP. 
 
Sangkima Lama village has 2,130 ha of total area ,divided into nine sub village. The total 
population reached 1,965 individuals which consists of 1020 men and 945 women. No 
public tranportation going there are available. Private cars and motorcycles were used by 
the research team to enter this village. Travel time is approximately an hour (±36 km) from 
Sangatta Selatan (a district in Kutai Timur regency) and an hour and half (±40 km) from 
Sangatta (capital city of Kutai Timur regency).
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 Figure 1.  The situation of Sangkima Lama and Sangkima villages

Sangkima village encompasses 10,473 ha and is 15 km from Sangatta Selatan and 25 km 
from Sangatta. It is bound in the northern part by Sangatta Selatan, Sangkima Bay in 
southern part, Kutai National Park in western part and Makassar Strait in eastern part. 
Like Sangkima Lama, there is no public transportation. Fortunately, the accessibility is 
better than Sangkima Lama village because of the existence of Pertamina, the biggest oil 
company in Indonesia.

This research used both qualitative and quantitative approaches. Qualitative data was 
gathered through in depth interviews and observation. This method can give the reseacher  
to data and information with more detail (Chadwick et al., 1984 and Ragin 1987 on Hidayati 
et al., 2006). Purposive sampling method was used to gather respondents (Arikunto, 
2002) who were pond farmers still actively cultivating their pond within KNP and who live 
in Sangkima Lama and Sangkima villages. A total of 13 respondents (8 respondents lived 
in Sangkima Lama village and 5 respondents lived in Sangkima village) were gathered for 
this study.
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Descriptive analysis was used to look into the data. The analysis started with data preparation 
(i.e. checking the name and characteristic of respondents) to data classifi cation (Arikunto, 
2002). Based on the information obtained, the socio economic challenges that could aff ect 
the implementation of mangrove restoration in KNP were surfaced.

Result and Discussion

Socio economic condition of respondents

The pond farmers who have been living around the mangrove area of KNP were from 
South Sulawesi (Pangkep, Barru and Bulukumba districts). According to an elder, they are 
the Bugis tribe who arrived in 1917 lead by Datuk Solong. The Bugis tribe is famous for its 
seafaring culture so that their settlement are almost always located near the sea (Dewi, 
2008). Another was from the West Sulawesi (Mamuju, Polmas, and Majene districts) called 
the Mandar tribe. They have been living in Sangkima Lama and Sangkima villages  from 
1 to 41 years (mean 15 years). For economic reasons, they left their motherland to seek 
prosperity. Besides the fi sh and shrimp pond livelihood, most of them have no other jobs. 
About 31 % of  the respondents have other livelihoods such as dry land farmer and selling. 
They cultivate ponds of various sizes ranging from 2 ha to 25 ha (mean 7.74 ha). Most of 
the pond farmers grow bandeng (Chanos chanos) and shrimp for export quality. Usually 
pond farmers get their bandeng seeds from Balikpapan City or ordering from East Java. 
For shrimp seeds, they get from the river except shrimps that are for export. Pond farmers 
will sell their harvests to buyers coming from Bontang and Sangatta. Bandeng is sold at 
20.000-30.000 IDR. It is a high price for shrimp, especially for those with export quality 
called the ‘udang tiger’ , sold at 100.000 IDR/kg. There is actually no problem if the farmers 
depended on this sector. However, their income becomes uncertain due to the loss of 
pond productivity as aff ected by the diff erent soil conditions (i.e depth and temperature 
between the shoreline of South Sulawesi and East Kalimantan). For their daily sustenance, 
farmers usually sell ‘udang bintik’ at price 20.000 IDR/kg. This condition is what triggered 
some pond farmers to abandon their ponds.

When constructing ponds, pond farmers usually use the manual method. They use hand-
held chainsaw to cut trees and removes timber manually. If they had enough funds, they 
would have used a backhoe loader. They sometimes use fi re to clean up the remnant trees. 
When they want to start operating the pond, they will open a water gate to fl ow water 
from the river. Through this they can maximize the natural seeds from nature and reduce 
the need to buy seeds. For maintenance, they will dry their ponds and spread out Thiodan 
and Akodan to kill ‘burangrang”, a kind of mollusks, which is considered a pest. Then, they 
will let the water to fl ow back to fi ll the pond again to wash off  the chemicals. 



141PROCEEDINGSPROCEEDINGS

Figure 2.  One of the characteristics of an inactive pond

Socio economic challenges on mangrove restoration

For people who care about the environment, the large open areas formerly fi lled with 
mangroves can be disturbing. Eff orts to restore these mangrove areas as lush and fertile 
ecosystems should be pushed forth. On the other hand, for pond farmers, ponds are sources 
of livelihood. In KNP, large scale restoration can not be done directly without considering 
the local community that have specifi c socio-economic conditions. A full understanding of 
these challenges can help the goal of restoration (Setyawan et al., 2004; Sayer et al., 2001). 
It can also minimize the negative reactions from other stakeholders who would not accept 
the project.

The major threat on mangrove restoration in KNP especially in ex-ponds is the land 
confl ict between KNP and the local government including the community. This confl ict 
was categorized to high intensity confl ict. It involves two or more stakeholders from the 
local stakeholders (i.e the village and Kutai Timur regency) to national stakeholders (i.e 
Ministry of Forestry and an NGO) (Hidayati et al., 2006). The confl ict started when the 
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local government of Kutai Timur regency proposed to take out about 23,000 ha of KNP 
as an enclave (Moeliono et al., 2010).  The Ministry of Forestry thinks that if this happens 
it would become a precedent for other national parks. Later, the local government (Kutai 
Timur regency) supported the plan above and declared the four defi nitive villages within 
KNP based on Decree of East Kalimantan Governor (SK Gubernur Kalimantan Timur) 
No.06/1997 and No. 410.44/K.452/1999. The decision of the local government made the 
communities within KNP more confi dent to cultivate land for many purposes (i.e palm oil 
and rubber plantations, fi sh and shrimp ponds, and agriculture). However, the KNP agency 
still ignored their existence (Wijaya et al., 2010, Moeliono et al., 2010). 

Socio-economic factors indeed aff ect the goal of ex-pond restoration. It was found out 
that economic factor are infl uenced by the economic condition of the pond farmers. Many 
pond farmers still manage their pond because they don’t have other livelihood. Others will 
leave their ponds temporarily and would work in the agricultural sector or in the fi sheries 
agency’s project. They would cultivate their ponds again once they have funds or fi nancial 
support from investors. The phenomenon can create an ‘in and out’ culture among pond 
farmers. ‘In and out’ culture is when the community still expect to own the land. This 
culture has implication on the acceptance of pond farmers to ex-pond restoration eff orts. 
Ponds farmers accept the mangrove restoration project as long as it conducted outside of 
the areas of their ponds or in coastline.

There is a rule among pond farmers to respect the pond  ‘property’. They don’t cultivate 
other ponds although these have been abandoned.  ‘Pond property’ is a recognized 
tradition and is proven to be true among the respondents. On several abandoned ponds, 
it can be seen that the mangrove seeds have already grown well. There are three systems 
of pond ‘property’ recognized in the community (i.e personal, rent, and pond keeper). 
Personal owners got their property because they cleared mangrove forests or got the 
land from their parents, or bought the land themselves. In the fi eld, most of ponds are not 
personally owned. Many investors who live in Bontang and Sangatta have the property 
rights. Personally owned ponds can be found mostly in Sangkima Lama village. Based on 
the data from the survey, only six ponds were personally owned. 

Social factors follow economic factors. When ponds were still fertile and productive, many 
families came to become pond farmers thinking that pond farming can help them reach a 
better life. Social factors were also aff ected by the relationship among pond farmers. They 
will call their friend or relative in Sulawesi to help them manage their ponds.

According to this information, many challenges are faced by ex-pond restoration eff orts. 
In reality, ponds that will be restored are unproductive and have many troubles already 
including hydrology change, soil (sulfi c acid), and diseases (Setyawan and Winarno, 2006; 
Hidayati et al., 2006). Findings showed that mangrove restoration eff orts in KNP would 
need a special approach for the community around the mangrove forest.  
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Abstract

Gender participation in community based mangrove forest management is very 
crucial in bringing development in the coastal communities and eventually in 
the country.  This study investigated the participation of men and women in the 
Community Based Mangrove Forest Management (CBMFM) along Tambac Bay of 
Anda, an island Municipality of Pangasinan, Philippines.

The study was conducted in Barangays Poblacion, Macandocandong, Awile, and 
Toritori to a total of ninety-nine (99) offi  cers and members of the various People’s 
Organizations in the area. The descriptive survey design made use of quantitative 
and qualitative research methods with correlational approaches. A semi-structured 
survey questionnaire instrument was used for the primary data gathering.

Majority of the PO members were male (60.6%). Majority were also middle aged 
(69.7%) and almost all were married (92.9%) Monthly income of the PO members 
ranged  from P 1, 000 - 3, 999 only because of low educational attainment. Most of 
the PO members were Roman Catholic.

They prepared the CBMFM plan which was approved by the Department of 
Environment and Natural Resources (DENR). The CBMFM plan includes the 
following activities: a) CBMFM planning which includes meetings, seminars, and 
workshops; b) nursery establishment activities, c) plantation establishment; and 
d) protection and maintenance activities. Men were greater in number and  held 
more elected positions than women  in  the CBMFM organization. Their reason 
for participating in CBMFM was planting for the next generation’s use.  CBMFM 
planning in terms of meetings was the most attende while the planting activity 
was the most highly participated by both men and women. The main reasons for 
not participating much were mostly domestic and health constraints.
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As both men and women age, stay long in organization’s membership, and belong 
to the same religion, their level of participation  in all CBMFM activities increases.

This study recommends that gender sensitivity needs to be increased in all CBMFM 
organizations specifi cally through the strengthening of IEC eff orts on the role of 
men and women in community based mangrove forest management by the LGU, 
NGO, and the government agencies concerned. There is a need to conduct further 
study on social diff erences of men and women to further appreciate development 
and sustainability of a program, and follow up or  validate the fi ndings. 

Keywords: gender participation, Community Based Mangrove Forest Management, 
domestic constraint

Introduction
Background of the Study
Men usually do the fi shing in the coastal and riverine areas while women work on multiple 
product-based management by collecting mangrove resources (i.e seashells, invertebrates 
and mangrove debris) mainly for fuel and subsistence requirements,  as well as to augment 
the family's income. Women, unconsciously, stand at the forefront of the conservation 
movement  for mangroves.

Mangroves play signifi cant production and protection functions for coastal and riverine 
ecosystems and the community in general. Mangrove forests in the Philippines have 
declined from 500,000 hectares in the early 1900s to only about 117,700 ha in 1995 which 
further decreased to 109,700 ha in 2003. Mangrove destruction was aggravated in the 
1960s by the government’s policy in intensifying aquaculture production that paved the 
way for clearing of vast mangrove areas. This resulted to short supply of fi sh, shell food, 
and other invertebrates. 

The depletion of Tambac Bay’s natural stand of mangroves and its eff ects moved the 
communities to participate in the Community Based Forest Management (CBFM) Program 
issued through Executive Order No. 263 series of 1995.

The program would bring effi  cient and sustained management of forest lands and coastal 
areas which can result to responsible resource utilization by organized and empowered 
local men and women. 
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The participation of men and women in CBFM is crucial in bringing development in the 
coastal areas like Tambac Bay of Anda, Pangasinan.  Hence, this study was made.

Objectives of the Study

This study aimed to investigate the participation of men and women in the Community 
Based Mangrove Forest Management along Tambac Bay of Anda, Pangasinan.

The study also sought to
1. determine the socio-demographic and economic characteristics of the men and 

women participants;
2. identify the activities participated by men and women participants; 
3. determine the number of men and women holding elected positions in the 

Community Based Mangrove Forest Management (CBMFM) organization; 
4. identify reasons why men and women participate in CBMFM; 
4.   participation of men and women in the CBMFM in terms of

a) level of attendance in CBMFM planning 
  b) level of participation in CBMFM activities; and 
      5.   correlate demographic and economic characteristics with the attendance in 

CBMFM planning and level of participation of men and women in CBMFM 
activities. 

Signifi cance of the Study

This study would benefi t both the men and the women of the coastal communities in the 
conservation  and management eff orts of mangrove forests. 

Methodology

Locale and Respondents of the Study

The study sites were located in four barangays along the Tambac Bay of Anda, Pangasinan 
(Figure 1).  The four organized People’s Organizations namely Poblacion Multi-sectoral 
Organization (PMSO) Inc. (established July 14, 2004) with 9.9 ha, Samahang Mamamayan ng 
Macandocandong (SAMASAMA) Inc. (est. April 19, 2003) with 5.8 ha,  Awile Multi-sectoral 
Organization (AMO) Inc. (est. July 18, 2005) with 3.34 ha, and Samahang Mamamayan ng 
Toritori (SAMATO) Inc. (est. July 18, 2005) with 3.34 ha served as respondents. 
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  Figure 1.  Photo satellite map of study sites in Anda, Pangasinan

Research Design

Quantitative and descriptive research techniques were used in gathering data for 
the study. Data were gathered through surveys and interviews with key informatnts. 
Secondary data were also gathered .

Treatment and Analysis of Data

Data gathered were classifi ed, tabulated, analyzed, and interpreted using the following 
statistical tools: frequency counts and percentages, weighted mean, ranking Likert scale, 
and Chi-square correlation test with the aid of SPSS version 13.0 software program. 

The attendance in CBMFM plannings made use of a three-point scale. Those who attended 
more than three times were given a score of 3, two to three times were given a score of 2, 
and none or once, a score of 1.  The scale was described by using the categories below.

Scale Descriptive Category 

Above 3 Attended more than three times 

2 – 3 Attended two to three times 
0 – 1 Attended none or one time 
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The level of participation employed a three-point scale also. High participation was given a 
score of 3; moderate participation was given a score of 2; and less participation, a score of 
1. The scale was described by using the following categories.

Scale Descriptive Category Description

2.33 – 3.00 High participation When respondents always participate in all  
CBMFMF activities

1.67 – 2.32 Moderate participation When respondents moderately participate in 
any CBMFMF activities

0.00 – 1.66 Low participation When respondents rarely or do not 
participate in any CBMFMF activities

Results and Discussions

Objective 1 was met by determining the frequency of the socio-demographic and economic 
characteristics of the participants.  Out of ninety-nine PO members, 23.3 per cent were 
from Awile, 28.3 per cent  Macandocandong, 14.1 per cent  Poblacion and 34.3 per cent  
Toritori. Majority of the PO members were male (60.6% ) while 39.4 per cent were females.  
Majority of them were  middle aged (69.7%) and 92.9 per cent were married. The monthly 
income of the PO members ranged mostly from P1, 000 - P3, 999 due to low educational 
attainment. Based on the fi ndings, most of the PO members were Roman Catholics.

Objective 2 was met by identifying the activities participated in by each gender in the 
CBMFM. The CBMFM activities were  he following:

a)  CBMFM planning done through meetings, seminars, and workshops;
b)  nursery establishment activities (i.e nursery site selection, nursery site planning 

and establishment, selection of mangrove species, selection of  nursery workers, 
propagule collection, treatment and storage, potting, fertilizing, disease and pest 
control);

c)  plantation establishment activities (i.e formulation of aims of plantation, planning 
and designing of plantation, cleaning of plantation site, spacing measurement, 
holing or marking and planting); and 

d)  protection and maintenance activities (i.e. removal of dead plants and debris, 
replanting, pest control, patrolling, and monitoring). 

Plantation establishment, particularly planting activity, was highly participated by both men 
and women mainly for the fi nancial rewards.  The rest of the activities were moderately 
participated by the respondents.

 
Objective 3 was met by counting and determining the percentages of men and women 
holding elected positions in the CBMFM organizations (Table 1). A total of ninety-nine 
(99) offi  cers and members were counted with a breakdown of twenty eight (28) male 
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and nineteen (19) female offi  cers. The distributions of offi  cers were as follows: Poblacion 
10 (0.07% male and 0.03% female); 13 (0.06% male and 0.07% female), in Awile 12 (male); 
and 12 (0.03% male and 0.09% female) Toritori. Male offi  cers and members were greater 
in number than female in all CBMFM organizations. Men regard themselves particularly in 
Awile as dominating and eff ective leaders.  Women, to them, should stay at home and do 
household chores. 

Table 1.  Number of men and women holding elected positions in CBMFM

Municipality Membership Male Female Total
Awile Offi  cer 12 0 12

Member 11 0 11
Total 23 0 23

Macandocandong Offi  cer 6 7 13
Member 9 6 15
Total 15 13 28

Poblacion Offi  cer 7 3 10
Member 3 1 4
Total 10 4 14

Tori-tori Offi  cer 3 9 12
Member 9 13 22
Total 12 22 34

Overall Offi  cer 28 19 47
Member 32 20 52
Total 60 39 99

Objective no. 4 was accomplished by identifying both the men’s and the women’s reasons 
for participating in CBMFM.  The reasons raised by respondents include the following: 
planting of mangroves (0.1% male and 0.07% female); protection against storm (0.12% 
male and 0.06% female); growth of diff erent types of fi sh (0.08% male and 0.05% female); 
continuing source of livelihood (0.02% male and 0.03% female), plant for the next generation 
(0.2% male and 0.14% female), and other reasons (0.08% male and 0.04% female). Most of 
the respondents said that their main reason was planting for the needs of next generation 
and the least was the continuing source of livelihood. The PO members possibly came to 
realize through seminars and meetings that to meet the next generations’ needs, planting 
of mangroves had to be done now. The respondents observed during typhoons Cosme 
(2007) and Emong (2009) that mangroves served as windbreaker and protection. 

Objective no. 5 was met by determining the level of attendance in CBMFM planning 
and level of participation in CBMFM activities of the men and women respondents.  In 
the participation of men and women in CBMFM planning in terms of number meetings 
attended, 49 (0.35% male and 0.14% female) attended more than three times, 46 (0.22% 
male and 0.24% female) attended two to three times and 4 (0.03% male and 0.01%female) 
did not attend or attended only once. In workshops, 32 (0.24%male and 0.08% female) 
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attended more than three times, 49 (0.28% male and 0.21%) attended two to three times 
, and 18 (0.08% male and 0.1% female) did not attend or attended only once. In seminars, 
27 (0.23% male and 0.04% female) attended more than three times, 53 (0.28% male and 
0.25% female) attended two to three times, and 19 (47.4% male and 52.6% female) did not 
attend or attended only once. Only meetings had the most number of participants. Some 
men and women regard workshops and seminars as time consuming activities which takes 
away time from domestically productive activities like household tasks. 

In terms of the level of participation in the establishment of nurseries, all activities under 
this category, namely nursery site selection; nursery site planning; selection of mangrove 
species; selection of nursery workers; mangrove propagule collection, treatment and 
storage; potting; fertilizing; disease control; and pest control were moderately participated 
by respondents. There were no nurseries established by the CBMFM organizations except 
in Poblacion.  In terms of the level of participation in the establishment of plantation, 
all plantation establishment activities except planting were moderately participated by 
respondents.  The planting activity was highly participated by the respondents.  Greater 
monetary incentive was the possible reason for having a high level of participation by 
respondents in this activity.  Like nursery establishment, all activities in the protection and 
maintenance of mangroves were moderately participated by the respondents.  Among 
the three major CBMFM activities, plantation establishment in terms of planting was the 
most participated by the respondents (61, 0.41% male and 0.2% female). The respondents 
mentioned that domestic constraints followed by health reasons were the major reasons 
for the less participation in the other CBMFM activities.

Objective no. 6 was done by correlating socio-demographic and economic characteristics 
with the attendance in CBMFM planning and level of participation of men and women 
in CBMFM activities. Religion and membership in organizations as socio-demographic 
characteristics by men and women were signifi cantly related to CBMFM planning in terms 
of seminars and workshops while age range is signifi cantly related to attendance to CBMFM 
seminars. Men and women’s age, monthly income, and religion were signifi cantly correlated 
to their level of participation in nursery establishment.  Religion and membership in an 
organization were signifi cantly correlated to the men’s and the women’s participation in 
plantation establishment. Age range was signifi cantly correlated to the respondents’ level 
of participation in the protection and maintenance of mangroves. As men and women 
become old and stay long in membership in the organization, their level of participation 
increases.  Their religion, too, matters in their CBMFM participation.  
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Conclusions 
Based on the fi ndings, the following conclusions were drawn:

1. Mostly, it is the men who hold elected positions than women. Also, men were 
greater in number than women in the membership of CBMFM organizations. Men 
do not involve women in holding elected positions and memberships because of 
domestic constraints. 

2. CBMFM planning in terms of meetings was the most attended by both men and 
women respondents. Workshops and seminars were regarded time consuming. 

3. Planting for the next generation was the reason most respondents mentioned as 
to why they participate in CBMFM. In relation, the planting activity was their most 
participated activity. Meeting the needs of the next generations were realized then. 
Domestic constraints followed by health constraints were the reasons mentioned 
for the respondents’ less participation in CBMFM activities.

4. As men and women become old, stay long in membership in the organization, and 
belong to a common religion, their level of participation increases in all CBMFM 
activities.

Recommendations 
After an extensive analysis and research of the study, the following recommendations 
were made.

1. Gender sensitivity and equality need to be increased in all CBMFM organizations 
through strengthening of the Information, Education, and Communication (IEC) 
eff orts on the role of men and women in community based mangrove forest 
management. This has to be initiated by the LGU, NGO, and government agencies 
concerned. 

2. Time management and scheduling should be emphasized in the CBMFM 
organizations in order for members to appreciate the value of planning including 
seminars and workshops and supporting other CBMFM activities.

3. The offi  cers of the CBMFM organizations should tap the services of barangay health 
workers to monitor the health of both men and women members. 

4. Every member of the organization should encourage other people especially those 
belonging to their religion to join CBMFM in order to increase their number and 
strengthen their level of participation.

5. A system and a standardized scheme particularly on monetary incentives in all 
CBMFM activities should be prepared by offi  cers in cooperation with the agencies 
concerned.

6. The younger generations must be involved in CBMFM for them to appreciate 
sustainability of their parents’ undertakings. 

7. There is a need to conduct further study on social diff erences of men and women to 
further appreciate development and sustainability of a program or project.

8. Further, there is a need to conduct similar study to confi rm or validate the 
fi ndings. 
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OPEN FORUM

SESSION 2. Socio-economic Valuation

Mr. Satompul:  How is the sustainability of the community-based mangrove rehabilitation 
and its short-term economic benefi ts? 

Dr. Tesoro:  When discussing sustainability, the focus should be on how to sustain the 
community members’ interest in being part of the program. Mangrove rehabilitation takes 
a long time and the community needs to remain interested in it throughout the process. 
All the members of the community should share in the benefi ts and the responsibilities 
involved. Some of the livelihood projects we have to bring to the community to encourage 
the members to shift to other major sources of income and away from depending too 
much on mangrove for livelihood. These livelihood include egg production, hog raising, 
production of ecobags and microfi nancing. We also encourage the community to organize 
themselves into associations or organizations registered at the Securities and Exchange 
Commission (SEC) to be able to apply for government projects.

Dr. Moreno:  Up to what level of support is being given the community? Are the livelihood 
programs designed as alternative or as supplemental?    

Dr. Tesoro:  The community members choose and set the expectations for the particular 
livelihood they want. Assistance is provided in terms of linking the community with 
other agencies or companies as with the arrangements for consignment in two hotels in 
Oroquieta City. Currently, the projects are funded by donations. The condition imposed 
on all projects is that they should have an agreement on how the community will share 
the resources/benefi ts. Right now, one can call these supplemental projects. But in the 
long term, we hope to see these “supplemental” projects become an industry that the 
communities can develop.

Mr. Satompul:  Can you enlighten us on the  carbon fi nancing scheme in the Philippines?

Dr. Carandang:  We have no projects yet on carbon and REDD+ being fi nanced. We only 
have funds from FAO-UN for capacity building and enhancing the understanding of the 
project.  In 2014, the Philippines can expect to receive funding for carbon fi nancing.

Dr. Rebugio:  I commend Dr. Tesoro’s eff orts for the community-based mangrove 
rehabilitation especially for conducting community rehabilitation without fi nancial 
incentives to the community participants. I suggest that the paper be retitled “Motivating 
Community Rehabilitation Through Livelihood Development” to refl ect the paper’s focus 
on the use of livelihood project to maintain and strengthen the community’s interest in 
being part of mangrove rehabilitation. On de Vera’ paper on community-based mangrove 
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management, I suggest  that the researcher adopt a broader concept of incentive and not 
limit it to fi nancial ones. Sustaining benefi ts in general is the key driving mechanism for 
sustainable mangrove rehabilitation.

Ms. Savaris:  Have you designed a means for measuring the project’s impact since the 
project will be ending in December?

Dr. Tesoro:  While the project will end in December, I will personally continue to monitor 
it and be involved in the mangrove rehabilitation. 

Dr. Masacga:  The options in community-based management are very complex and 
diffi  cult to implement especially in areas with limited resources in terms of fi nances and 
expertise.

Dr. Samson:  There is an urgent need to deal with such complexity. It would not be as 
complex or diffi  cult if the eff orts were localized, citing Dr. Primavera’s research with 
the students. I urged DENR to include mapping of brackish water ponds in their fi nance 
allocation.

Dr. Primavera:  While it is ideal, it is very costly to do the mapping and the national baseline 
study on brackish water ponds. The mangrove rehabilitation presented by Dr. Tesoro has 
high survival rates. On evaluation, it will be good to include a timeline in gauging the impact 
of the mangrove rehabilitation program. On spacing from 1x1 to 2x3, it is derived from the 
demand of the project and is not the natural setup. On use of terms, we can use those 
more applicable to the local practices such as “bagging” instead of “potting” for wildlings 
prepared for the nursery prior to planting.

Issues and Concerns

Discussions in the open forum on Socio-economic Valuation emphasized the need to:
• Establish an entry point for mangrove development that can respond to basic needs 

of communities such as livelihood. Livelihood should only be transitory and the myriad 
benefi ts from the mangrove should lead to community development.  

• Ensure that livelihoods consider their appropriateness and readiness of communities. 
• Evaluate the impacts of livelihoods on communities.
• Start research on productivity level of aquasilviculture.
• Explore the application of aquasilviculture on abandoned water ponds. 
• Conduct baseline and mapping of brackish water pond need to determine appropriate 

interventions.
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ABSTRACT

We investigated: (1) the changes in the nekton community with increasing mangrove 
forest age (composed of 6-, 8-, 10-, 11- and 18-yr old stands); (2) the relationship 
among the nekton community and the mangrove vegetation, mangrove soils, and 
environmental variables; and (3) the nekton community as a potential indicator for 
evaluating progress of mangrove restoration programs. Nekton were collected 
using a triangular trap net (mesh size = 2 mm) with 10 m wingspan on each side 
(area = 43.3 m2) that was set ~ 1 m from the edge of mangrove sites facing the 
shoreline, for three consecutive nights (before, during and after the spring tide). 
The trap net was designed to catch nekton that enter mangroves at high tide and 
were potentially trapped as tide recedes. A total of 99 species from 52 families 
comprised of crabs, shrimp, squid and fi shes was recorded. Among the dominant 
families were Portunidae and Penaeidae (for crustaceans) and Atherinidae, 
Apogonidae, Hemirhamphidae, Tetraodontidae, Congridae, Sphyraenidae, 
Murraenidae, Ambassidae, Gerreidae, Clupeidae, Platycephalidae, Gobiidae, 
Mullidae and Plotosidae (for fi shes) accounting for 90% of all collected individuals. 
Except for the 18-yr stands, the nekton abundance and biomass from each stand did 
not signifi cantly varied with sampling periods. However, the nekton communities 
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varied signifi cantly with mangrove developmental stages. The young (< 10 yrs), 
intermediate (10-12 yrs), and mature (> 12 yrs) stands clustered together and were 
signifi cantly diff erent with the natural stands. The species composition, abundance 
and biomass of the nekton community were not signifi cantly correlated with 
mangrove stand age, vegetation and soil, but were rather signifi cantly associated 
with environmental variables, particularly proximity to reef and elevation. The 
lack of correlation suggests that nekton, as a whole, is not a useful indicator in 
evaluating the progress of restoring habitat functionality in planted mangroves. 
However, removing the fi sh assemblage and a reanalysis of other species yielded 
signifi cant eff ects of mangroves on nekton community. Crustaceans, particularly 
of the families Portunidae and Penaeidae, were useful indicators for determining 
the habitat functionality of planted mangroves. Species under these families 
(particularly crabs and shrimps) are mangrove-dependent species that have 
stronger affi  nity to mangroves than the mangrove-transient species such as 
fi shes.

Keywords: mangrove, nekton, fi sh, restoration, restoration indicators, Philippines

___________________________________________________________________

Introduction

Mangroves act as a nursery site and feeding areas for a wide variety of commercially 
important nekton species (Robertson and Duke 1987; Halliday and Young 1996). Fisheries 
production is linked with the extent and health of mangrove forests (Hamilton et al. 
1989; Meynecke et al. 2007). The loss or reduction of mangrove forest areas may lead 
to the decline in fi sheries production (Blaber 2007). For this reason, resource managers 
and proponents of mangrove rehabilitation programs perceive that mangrove planting 
will positively contribute to the enhancement of nekton communities and may possibly 
enhance food supplies and income for coastal communities (Fortes 1995; Salmo et al. 
2007). This proposition encourages communities to implement mangrove restoration 
programs and has motivated the proliferation of massive mangrove planting projects in 
the Philippines (and in SE Asia) since the early 1990s (Tabuchi et al. 2004; Salmo and Duke 
2010). 

It may be logical to presume that as planted mangroves mature, they will off er the habitat 
and food services similarly provided by natural mangroves. During the development of 
mangrove forest, it might be expected that the amount and quality of habitat and food 
off ered by mangroves will increase. Thus, the species composition, abundance and 
biomass of nekton species that colonize the restored mangroves may also vary with age 
of the stands, similar to the proposition of nekton succession in restored mangroves in 
Florida, USA (Barimo and Serafy 2003). Such changes in nekton communities can be used 
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in evaluating the progress of mangrove restoration programs. However, studies that 
evaluate diff erences in nekton assemblages between planted and natural mangroves 
are rare. This study therefore aims to evaluate changes in nekton community with age 
of mangrove stands, assess the relationship of the nekton community with the variation 
in mangrove vegetation, soils and environmental variables, and identify the changes in 
nekton communities as a potential indicator for evaluating the progress of mangrove 
restoration programs.

Materials and Methods

Sampling Design

This study investigated the changes in tide-mobile nekton communities from planted 
mangroves of diff erent ages to assess the restoration trajectory patterns of nekton. We 
used existing mangrove plantations of known diff erent ages to establish space-for-time 
(SFT) sequence of mangrove growth and development trajectory following restoration. 
Data gathered from planted mangroves (referred to as the restored system) were 
compared with data from natural mangroves (referred to as the natural system) that serve 
as a proxy trajectory endpoint of restoration. Our sampling design used SFT substitution 
approach that inferred temporal trends from diff erent aged sites to generate patterns 
in the trajectory of the restored system (cf. Pickett 1989). Such approach has been used 
in similar studies in restoration ecology where optimal sampling design (i.e. presence of 
experimental controls and age replicates within one site) may not be available (cf. Michener 
1997).

Site Description

We utilized the planted Rhizophora mucronata mangroves located in Tondol, Anda (6-yr); 
Mona, Alaminos (8-yr); Imbo, Anda (10-yr); Pilar, Bolinao (11- yr); and Bangrin, Bani (18-yr; 
Fig. 1). Sites in Alaminos, Anda and Bolinao are more exposed to coastal currents since they 
face the Lingayen Gulf while mangroves in Bani are located in sheltered areas in Tambac 
Bay and receive freshwater and sediment inputs from Bani River. Additional mangrove 
plantations from Central Philippines were included, these are: 12- and 17-yr old plantations 
from Buswang, Kalibo (Panay Island, central Philippines), and 50-yr old plantation from 
Banacon Island (Bohol, central Philippines). The mangrove forest in Banacon is considered 
as one of the earliest and largest mangrove plantations in Asia (at least 50 years, 400 ha). 
Most of the early planted forests were subjected to rotational harvesting (Walters 2005) 
with a small patch (~ 5-10 ha) spared by the locals from cutting. These remnant pseudo-
protected mangrove stands were used as the sampling site for the 50-yr old stands. 

Three natural mangrove stands were used as reference sites: Buenavista in Bohol (Nx; 
central Philippines; 100 5’ 36.03” N latitude, 1240 7’ 17.94” E longitude), and Masinloc (Ny; 
150 29’ 28.29 N latitude, 1190 53’ 30.31” E longitude) and Palauig (Nz; 150 29’ 13.19” N latitude, 
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1190 54’ 15.02” E longitude) in Zambales (north-northwestern Philippines). These natural 
forests are dominated by Rhizophora species and are protected by national environmental 
laws. The variation in the age of the planted mangroves provide an opportunity to describe 
restoration trajectories and predict the time that it takes for planted forests to achieve 
similar vegetation and soil characteristics as the reference system.

Nekton Collection

A modifi ed local triangular trap net locally known as “baklad” was used. The trap net was 
designed to catch nekton that enter mangroves at high tide and were potentially trapped as 
the tide recedes. The net had a height of 1.2 m, with 10 m wingspan on each side (containing 
an area of ca. 43.3 m2) and 3 m pocket that is connected at the cod end. Bamboo stakes 
were used to secure the wings and ends of the nets to the soil. All nets had a stretched 
mesh size of 2 mm. A single trap net was deployed per site with the ends of the wings ~1 
m from mangrove fringe at low tide for three days (before, during, and after spring tide). 
Fish samples were collected the following day for three days from the pocket of the trap 
net. All collected individuals were then sorted in the laboratory. The collected samples 
were measured standard length (fi sh), carapace width (crabs), carapace length (shrimp) 
using a ruler (± 1 mm), weighed using a digital balance (± 0.1 g), and identifi ed to species 
level using Allen et al. (2003) and Kuiter and Debelius (2006) within the same sampling 
day. Data on trophic category, habitat preference and juvenile size for each species were 
obtained from Matthes and Kapetsky (1988) and FISHBASE (Froese and Pauly 2004).

Data Analyses

One-way repeated measures ANOVA was used to determine if the abundance and biomass 
of the nekton varied with time in each stand. The three-day deployment of trap net was 
considered replicates for each site. To test the relationship between the trophic category 
and habitat preference with mangrove stand age, correlation analysis was done separately 
for each trophic and habitat category. One-way repeated measures ANOVA and correlation 
analyses were run in R Statistical Software (R Development Core Team 2012). 

Nekton communities were analyzed using a non-parametric approach. Parametric tests 
were not possible because of heteroscedasticity in the data even with data transformation. 
Four forest age groups were set based on the stage of forest development, as: young 
(P6 and P8), intermediate (P10 and P11), mature (P12, P13, P17, P18 and P50), and natural 
stands (Nx, Ny and Nz). A two-factorial Permutational Multivariate Analysis of Variance 
(PERMANOVA; Anderson 2001; Anderson et al. 2008) was used to test the diff erences 
in nekton communities with developmental stage of the forest stands (factor 1: young 
vs. intermediate, mature and natural stands) and time (sampling periods). The raw data 
were permuted for a total of 9,999 permutations (Anderson 2001). A similarity matrix was 
constructed using the Bray–Curtis algorithm on log-transformed biomass data. Ordination 
was through non-metric multidimensional scaling (nMDS). The Similarity Percentage 
(SIMPER) procedure was used to determine the nekton species that contributed to 
similarities among mangrove forest developmental stages and dissimilarities between 
stages, with a cutoff  of 90% (Clarke and Warwick 2001). 
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Aside from the mangrove vegetation, the abundance and distribution of nekton are also 
aff ected by elevation (based on mean tidal level), proximity to reefs, and fi shing pressure 
(Huxham et al. 2004; Ellis and Bell 2008). Proximity to reefs of each site was computed 
from nautical maps. Fishing pressure was scored based on the number of fi shers and 
gleaners observed during the sampling period. These variables were combined with the 
ambient air temperature and annual rainfall and used for testing the relationship of nekton 
communities to environmental variables. To test the relationship among the nekton 
communities and that of the mangrove vegetation, soil, and environmental variables, 
a stepwise multiple regression analyses was applied on a correlation matrix (Sokal and 
Rohlf 1997) separately between nekton community and vegetation, with soil, and with 
environmental variables. The BEST-BIOENV procedure was used to compare the rank-
similarity matrices for the nekton community with matrices created for the vegetation, 
soil, and environmental variables on 9,999 permutations. All multivariate analyses were 
implemented in PRIMER v6.1.12 (Clarke and Gorley 2006). 

Results and Discussion

A total of ~9,200 individuals composed of crabs (3 families, 9 species; 31%), shrimp (6 
families, 9 species; 8%), squid (2 families, 3 species; 1%) and fi sh (41 families, 78 species; 
60%) were recorded (Table 35). Total species richness was highest in the young plantations 
(S = 32), decreased in intermediate (S = 29) and mature stands (S = 28), and was lowest 
in the natural mangroves (S = 21). The young plantations had a diversity (H’) of 2.37, 
which peaked in intermediate stands (H’ = 2.40) and mature stands (H’ = 2.39) but was 
much lower in natural mangroves (H’ = 1.29). The 17-yr old stands had the highest species 
richness (S = 36) and diversity (H’ = 3.23). Squid were recorded only in P8, P50, and natural 
mangrove stands. The crab species, Thalamita crenata and shrimp species Metapenaeus 
ensis consistently appeared in all sites but had relatively higher dominance in the mature 
and natural mangrove stands. Among fi sh, the species Atherinomorus lacunosus, Arothron 
manilensis and Hyporhampus dussumieri had the most frequent occurrence in all sites. 
Thirteen nekton species were distinct to P17 plantation: Caranx ignobilis, C. melampygus, 
C. sexfasciatus, Cynoglossus kopsii, Kuhlia sp., Leiognathus bindus, L. equulus, Liza sp., 
Macrophthalmus latreillei, Polydactylus sexfi lis, Scatopharcus argus, Penaeus sp., and 
Valamugil sp. The 99-nekton species from 52 families in this study are typical groups 
recorded in tropical and sub-tropical mangroves (Robertson and Duke 1987; Sasekumar 
et al. 1992; Ronnback et al. 1999; Unsworth et al. 2009 among others). Studies with similar 
methods and environmental settings are rare thus making data comparison diffi  cult. With 
the exception of high abundances in P17, the reported nekton abundance and biomass 
here is comparable with published reports for the Philippines and other tropical mangrove 
forests (Ronnback et al. 1999; Huxham et al. 2004; Barletta et al. 2005; Unsworth et al. 
2009).
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There was no signifi cant correlation between the trophic category of nekton community 
and age of the mangrove stands (carnivores: ρ = -0.23; P = 0.21; detritivores and herbivores: 
ρ = 0.44; P = 0.17; omnivores: ρ = 0.15; P = 0.12). Similar with the trophic category, there 
was no signifi cant correlation between the habitat preference of nekton community and 
age of the mangrove stands (mangrove-associated: ρ = -0.29; P = 0.16; reef-associated: ρ 
= -0.32; P = 0.09). There was no signifi cant correlation in the life stage category of nekton 
communities with age of the forest stands. Juveniles overwhelmingly dominated all sites 
by at least > 98%. All adult nekton species were recorded only from crabs and shrimp. Adult 
nekton species were recorded only from 8-yr, 18-yr, and natural stands and highly varied 
with sampling periods.

There was no apparent and consistent trend that the abundance, biomass, and species 
composition of nekton community progressively changed with age of the mangrove 
stands. All mangrove developmental stages (young, intermediate and mature stands) 
had signifi cantly diff erent nekton communities with the natural mangroves although the 
50-yr old plantation tended to have closer resemblance to the natural mangrove stands 
(Fig. 23a). The concept of nekton succession as proposed by Barimo and Serafy (2003) in 
restored mangroves in Florida, USA was not observed in this study. This may possibly imply 
that, either mangroves at any age have nekton that regularly inhabit the forest, there is 
high variation of environmental variables that is not associated with mangrove forest age, 
or planted mangroves may need at least 50 years to have a similar nekton community to 
natural mangroves.

The results of the SIMPER analysis show diff erent nekton species dominated contributions 
to the similarities within each forest development stage (Table 3a) and the dissimilarities 
among these stages (Table 3b). The crustaceans T. crenata and M. ensis appeared in all 
mangrove stages but had an increased dominance in mature and natural mangrove 
stands. Aside from these two species, other species that dominated in the young and 
intermediate stands were H. dussumieri, C. cinereus, Conger sp., A. hispidus and S. fuscescens 
while A. lacunosus, H. dussumieri, C. patoca, A. manilensis and E. versicolor dominated in 
the mature and natural stands (Table 3a). The young and intermediate mangrove stands 
had relatively lower dissimilarity (54.9%) while the rest of the developmental stages had 
higher dissimilarities compared to each other (range: 64.5% - 72.1%; Table 3b). The nekton 
communities were not associated with the mangrove vegetation and soil but rather had 
signifi cant correlation with the environmental variables.  The combination of proximity to 
reef (0.51) and elevation (0.43) were the environmental variables that had the strongest 
correlation on nekton communities (ρ = 0.61; P < 0.01). 

There are contrasting views on the relationship, or lack thereof, between fi shes and 
mangroves (Kathiresan and Bingham 2001; Sheridan and Hays 2003; Nagelkerken and 
van der Velde 2004). Some studies have even questioned the dependence of fi sh on 
mangroves (see Blaber 2007 for example) citing that fi shes only use the seaward fringe 
of mangroves (Halliday and Young 1996) to forage or seek refuge from predation for 
a limited time (i.e. during high tide; Lewis and Gillmore 2007; Lugendo et al. 2007). As 
shown in the BEST-BIOENV results, this study supports the proposition that inherent site-
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Table 3.  Summary results of SIMPER analysis showing the nekton species that contributed 
most strongly to: (A) similarity at each mangrove developmental stage, and (B) 
dissimilarities between and among stages. Species are listed in order of their 
contribution to similarities and dissimilarities.

Young Intermediate Mature Natural
21.6% 37.1% 47.6% 55.1%

T. crenata

H. dussumieri

Conger sp.

C. cinereus

M. ensis

T. crenata

A. hispidus

M. ensis

Conger sp.

S. fuscescens

M. ensis

T. crenata

A. lacunosus

H. dussumieri

C. patoca

T. crenata

M. ensis

A. lacunosus

A. manilensis

E. versicolor

Young

In
te

rm
ed

ia
te

54.9%
H. dussumieri

A. manilensis

M. ensis

A. lacunosus

T. crenata

A. fraenatus

M. ensis

A. fraenatus

T. crenata

A. lacunosus Intermediate

M
at

ur
e

72.1% 70.6%
M. ensis

H. dussumieri

A. manilensis

A. lacunosus

Ambassis sp.

M. ensis

A. lacunosus

T. crenata

H. dussumieri

C. patoca

T. crenata

M. ensis

A. fraenatus

H. dussumieri

Y. criniger

M. ensis

A. lacunosus

T. crenata

H. dussumieri

C. patoca

Mature

N
at

ur
al

69.3% 68.7% 64.5%
A. lacunosus

M. ensis

H. dussumieri

A. manilensis

T. crenata

T. crenata

A. lacunosus

M. ensis

C. patoca

A. fraenatus

T. crenata

A. fraenatus

H. dussumieri

Y. criniger

A. lacunosus

T. crenata

A. lacunosus

C. patoca

A. fraenatus

G. pictus

M. ensis

A. lacunosus

T. crenata

H. dussumieri

C. patoca

T. crenata

A. lacunosus

M. ensis

C. patoca

E. versicolor
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specifi c environmental settings (e.g. proximity to reef, elevation) rather than the status of 
mangrove vegetation have stronger correlation on fi sh distribution and biomass (Huxham 
et al. 2004; Barletta et al. 2005; Lugendo et al. 2007; Ellis and Bell 2008; Nagelkerken et al. 
2008). 

Summary and Conclusion

Our fi ndings provide a useful baseline and assessment of nekton communities over a 
range of ages of planted and natural mangrove stands. The hypothesis that planted 
mangroves may eventually reach similar nekton communities of natural mangrove 
stands is not supported as there was no clear pattern that nekton abundance, biomass 
and species composition changes with age of mangroves. The nekton communities was 
not correlated with either the mangrove vegetation or soil, but rather was strongly 
correlated with inherent site-specifi c conditions (i.e. proximity to reef, elevation, and 
fi shing pressure). The lack of correlation between nekton community and mangrove 
forest age suggest that nekton, as a whole, are not a useful indicator in evaluating the 
progress of restoring habitat functionality in planted mangroves. However, by focusing 
on the crustaceans (particularly of the families Portunidae and Penaeidae), we observed 
signifi cant correlations with mangrove stands. Crustaceans, more than fi sh, are more likely 
to be more reliable indicators for the assessment of habitat functionality of mangroves 
because of their stronger dependence on mangroves. 
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Abstract

Aegiceras fl oridum Roem. & Shult. (Tinduk-tindukan) is a mangrove species 
endemic to the Philippines.  It also contributes to the high species diversity in the 
world. However, because of the decreasing population of the species, it has been 
included in IUCN Red Listing as Near Threatened (NT). 

 In Queensland, Aegiceras spp. is one of the best known sources of nectar for bees. 
However, in the Philippines, this species is only known for its tannin content and 
as being a good source of fuel wood. There have been no local studies conducted 
on the reproductive biology and pollination of this mangrove species, hence, this 
study was done. 

Results of the study revealed that A. fl oridum bloomed from February to June in 
Pagbilao Mangrove Experimental Forest. The fl ower buds open as early as 0530h 
reaching the peak of anthesis at 0900-1000h. Flowers attracted several species 
of bees such as Xylocopa spp. and Apis dorsata. The pollen of A. fl oridum also 
constitutes the pollen collected of stingless bees, Trigona biroi. The percent fruit 
set of species was 100% both in bagged and unbagged treatments. All the fruits in 
unbagged fl owers reached maturity while only a few among the bagged fl owers 
became matured fruit. Pollen and nectar are the basic resource harvested by 
the bees which can be utilized as a renewable seasonal benefi t through proper 
bee management. It is also recommended that bees should be mass produced in 
the area as part of the mangrove ecosystem management and conservation of 
genetic resources.

Key word:  Aegicer as fl oridum, pollination, pollen source, honeybee
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Introduction
 

Mangrove forests provide numerous environmental and socio-economic benefi ts. They 
maintain the integrity of shorelines by preventing soil erosion. The dense network of roots 
serves as mechanical support and fi lter for sediments which can harm the coral reefs and 
the sea grass bed. The population of micrcoorganisms is sustained by the available litters 
which serve as base for detrital food chain. Moreover, mangrove provides nesting grounds 
for a variety of birds, mammals, and fi sh, thus, helping in conserving biodiversity. Mangrove 
ecosystems are highly productive tropical coastal ecosystems which have potentially 
high impact on the carbon budget of the tropical and global coastal zone (Bouillon et al., 
2008).

Some mangrove species are sources of timber, fuel wood, tannin, resins, traditional 
medicine, and honey (Tomlinson, 1986; FAO, 2007). Among the species, the reported 
known sources of nectar for the bees in Florida and Queensland are Avicennia germinans 
(Sanford, 2003) and Aegiceras corniculatum (EPA, 2007), respectively. It was also observed 
that mangroves provide pollen and nectar sources for the bees throughout the year 
(Chaubal and Kotmire, 1985; Eltz et al., 2001).  

It is unfortunate, however, that mangrove forest has been a prime target for infrastructure 
development in recent years. Human threats to mangrove forests include overexploitation 
of forest resources, land conversion or habitat alteration, water pollution, and introduction 
of marine pests. 

There has been a signifi cant reduction of the total mangrove area worldwide since 
the1980s. A total of 18.8 M ha have been reduced to only 15 M  in 2005 (FAO, 2007). A 
similar trend was observed in the Philippines. In 1918, there were about 450,000 ha of 
mangrove areas along the country’s 18,000 km shorelines (Brown and Fisher, 1918). At 
present, the Philippines’ remaining mangrove area is only a little more than 247,000 ha 
(FMB-DENR Forestry Statistics, 2004). 

In the Philippines, Pagbilao Mangrove is a protected mangrove forest and has been declared 
as an Experimental Forest and Genetic Resource Area and National Training Center for 
Mangroves.  It was also a showcase area for training and research (Janssen and Padilla, 
1996; DAO 92-56). This ecosystem can be sustained through the conservation of its genetic 
resources. 

A. fl oridum is endemic to the Philippines (FAO, 2007). This species is a shrub usually known 
for its tannin content and as fuelwood source. It’s distribution is limited to high saline 
areas in the Philippines as it contributes high species diversity in the world. 

Understanding the pollination dynamics of this species is needed to be able to devise 
strategies for sustaining the biodiversity in mangrove areas. Natural pollinators increase 
the fruit set of mangrove species (Couplanda et al., 2006). However, little is still known 
on fl oral biology and pollinators of mangrove, although this information is a prerequisite 
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to the study of seed biology (Raju et al., 2006). Likewise, basic knowledge on key plant-
pollinator interactions in mangrove is crucial in the formation of eff ective strategies for 
their conservation (Pandit and Choudbury, 2001), rehabilitation eff orts in the coastal zones, 
and overall management plan (Palis, 1999). A basic knowledge on taxa, specifi cally their 
reproductive biology, is essential in adopting a signifi cant conservation strategy. According 
to Palis (1994), a pollination study on mangrove greatly relies on the reproductive pattern 
so there is a need to identify vectors of pollination. 

There has been no study done yet on pollination ecology of local mangrove ecosystem. 
Most researches focused on vegetation analysis (Gruezo, 1998), systematics, (Fernando 
and Pancho, 1980; Aragones et al., 1998) and productivity (Codillan, 2008).

This study determined the fl oral biology and pollination of Aegiceras fl oridum Roem. & 
Schult. Specifi cally, the study sought to:

1. Describe its fl oral biology;
2. Determine its fl oral visitors and document their foraging behaviour; and
3.  Determine the eff ects of pollinators on fruit set.

Materials and Methods

Description of the Study Area 

Pagbilao Mangrove Swamp Experimental Forest is an intact public mangrove forest located 
in Pagbilao Bay. It is situated at 13058’ 80” N and 121041’ 31” East (Fig. 1). It is bounded 
on the east by Palsabangon River, on the west by Nahalinan River, and on its south by 
Tayabas Bay. It belongs to Type II Climate. This tract of contiguous mangrove forest has 
drawn considerable interest from environmental groups and academic institutions. It has 
also become a showcase for training and research, having been declared forest, a Genetic 
Resource Area, and a National Training Centre for Mangroves (Janssen and Padilla, 1996; 
DENR Administrative Order No. 92-56, 1992). 

Figure 1. 
Location map of Pagbilao Mangrove 
Swamp Experimental Forest
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Selection of Experimental Trees 

A. fl oridum are abundant on the seaward zone. Based from observation, they were visited 
by various species of bees and were blooming at the onset of the experiment. Nine 
individual trees in groups of three were observed (Fig. 2). 

Floral Biology 

At the onset of bud formation, four sets of infl orescence of each species were marked 
with colored tags to determine the duration of the development and opening of the buds 
and the time of anthesis. The time of fl owering such as bud formation, fl ower opening, and 
fl ower fall were noted. Morphological and microscopic examinations of the fl owers were 
done through observation of collected fresh specimen from the plant. Compound light 
microscope and MicronCAMTMR were used in identifying the small parts of the fl ower and 
the examination of pollen. Herbarium specimens were collected for authentication and 

Figure 2.  
(Top) Location map of the 
sample species (white plots 
along the river) and  (Bottom) 
sampling plot



173PROCEEDINGSPROCEEDINGS

future reference. These were deposited in three separate major herbaria in the country 
(Museum of Natural History and College of Forestry and Natural Resources, both in the 
University of the Philippines Los Banos, and also in Southern Luzon State University in the 
Quezon Province). Photographs were taken using a digital camera. 

Floral Visitors and Foraging Behavior 

The species of pollinators and other fl oral visitors were observed throughout the 
blooming period. The species were counted every 15 minutes of each hour for 12 hours. 
Visual observations were complemented with digital and video camera recordings. For 
identifi cation, representative samples of fl oral visitors were collected using insect net. The 
specimens were processed using ethyl acetate, pinned, dried and sent to the Museum of 
Natural History for proper identifi cation and to be stored for future reference. Among 
the fl oral visitors, the pollinator species were classifi ed based on their behavior. A species 
is considered a “true biotic pollinator” if it collects either nectar or pollen or both and 
it transfers the pollen from fl ower to fl ower of the same species. These visits should 
constitute a regular part of the life activity of the species (Faegri and van der Fijl, 1979). 
The times spent by the species on a single fl ower and its movement from fl ower to fl ower 
were noted. SAS Program was used for analysis of data on density and Scheff e’s test was 
used to compare the means (Klockars and Sax, 1986). 

Determination of Pollen Morphology and Viability 

The collected fl ower samples were acetolyzed using the Faegri and Iversen (1964) method. 
The pollen grains were examined using compound light microscope with MicronCAMTMR. 
Pollen morphology for each species was described. The size was determined with the aid 
of an ocular micrometer. Pollen grains were collected from the plant and brought to the 
laboratory for viability testing. The pollen samples were squashed on the slide with a drop 
of lactophenol-aniline blue solution. Pollen is viable if it turned to blue stain and non-viable 
if it remained colorless. Five fi elds of the slide were viewed and counted for each species 
(Kearns and Inouye, 1993). 

Eff ects of Pollinators on Fruit Set 

Bagging technique was done to determine the eff ect of pollinators on the fruit set. From 
each tree, four of the selected infl orescences were bagged (Treatment 1) to prevent 
insects, birds, and bats from entering, as well as limiting penetration by windborne pollen. 
Another four infl orescences were kept open (Treatment 2) to allow fl oral visitors. These 
were placed on each tree coordinates (N, S, E, and W) and examined for fruit setting. 
Monthly observations of fruit formations were done for four months. Fruits formed from 
both treatments were then sown in seed boxes for a germination test. All data were 
analyzed using Statistical Analysis Software (SAS) and comparison of means by Duncan 
Multiple Range Test (DMRT) (Gomez and Gomez, 1984).



174 1st ASEAN Congress on Mangrove Research & Development 

Results and Discussion

Floral Biology

A.fl oridum bloomed from February to June (Table 1). This is however not consistent with the 
fi ndings of Primavera et al. (2004) in Panay, where they observed twice a year fl owering. 
In the study site, the fl ower bud emergence was observed as early as February. It bloomed 
4-5 weeks after bud emergence. The peak of blooming period was observed in the middle 
of May until early June. 

Table 1.   Flowering and fruiting season of A. floridum

PHENOLOGY MONTH

J F M A M J J A S O N D

Flowering 

Fruiting 

The diff erences in the blooming periods within a year may be attributed to regional climate 
patterns. Pagbilao has Type II climate (Coronas, 1920) or no dry season, thus, the blooming 
period occurs from March to May, the months with minimal rainfall. This may be the reason 
why A. fl oridum bloomed only once a year. On the contrary, Panay, which falls under Type 1 
climate has long dry spells, from November to April, which allows for at least two blooming 
periods for A. fl oridum. 

The fl ower buds of A. fl oridum started to open as early as 0530h, reaching the peak of 
anthesis at 0900-1000h. It took 3 days from fl owering to fruit setting (Fig. 3). At anthesis, 
both the calyx and petals were contorted with the same direction of twist to the left. When 
expanded, it served as landing platform for herbivores. Once pollinated, the corolla with 
the stamen and style, remained in place for two to three weeks during which the calyx 
bulged due to the growing fruit inside. The fruits developed three days after anthesis, 
and at this stage, the corolla turned brownish in color. The fl owering and fruiting stages 
became synchronized due to the acropetal succession of the fl owers.  The fruit is a single-
seeded capsule, curled within a persistent calyx, pointed apically, and fi lled by the embryo 
at maturity (Fig. 3h). The fruit is cryptoviviparous, meaning the embryo emerges from the 
seed coat but not from the fruit until it abscises. The hypocotyl comes out of the seed coat 
with an average length of 1.5 cm. They were initially green and then turned brown. The 
fruit matured in three months, after which it detaches from the mother tree, fl oat in tidal 
water, and settle in sticky, silty mud.
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Floral traits infl uence pollination mechanism. In A. fl oridum, the protandrous fl owers 
and the close proximity of the position of the styles and stigma to dehisced anthers at 
the onset of anthesis, facilitate self-pollination. The acropetal succession of A. fl oridum 
fl owers extends the fl owering period. Likewise, the succession of the fl ower’s opening 
in an infl orescence extends the visitation rate or feeding of the herbivores including 
pollinator species. This species have perfect fl owers, having both male and female parts 
within a fl ower. They have the possibility of self-pollination but can be able to outcross by 
other means (Simpson, 2006). The stalk of A. fl oridum helps in relative positioning of the 
fl owers for pollination and fruit dispersal. It also supports the fl ower to hold larger visitors 
like Xylocopa spp. and A. dorsata or giant honey bees, during foraging. The fi lamentous 
stamen of A. foridum made the anthers of these species to exsert and protrude beyond 
the perianth. It makes the pollen available for the foraging large visitors. In addition, the 
refl exed petals of A. fl oridum and S. hydrophyllacea serve as landing platform for these 
large insects. 

Figure 3.  Development of A. floridum flowers into fruit. a-c) gradual enlargement of the 
flower buds (inset in c: note the dots/glands on the petals), d) asynchronous 
opening of the flowers in an inflorescence, e) fully opened inflorescence (inset: 
flexed petals exposing the anthers, f) wilted petals still attached to developing 
fruits, g) young fruits, and h) matured fruits still attached to the stem.
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Floral Visitors and their Foraging behavior 

The pollinator species observed visiting the fl owers of A. fl oridum were carpenter bees, 
Xylocopa spp. (Fig. 4a) and giant bees, A. dorsata (Fig. 4b). Of the carpenter bees,  three 
species were observed, Xylocopa (Koptortosoma) bombiformis, C. (Koptortosoma) chlorina 
and X. (Koptortosoma) bakeriana. During their fl oral visits, the species were not distinguished 
from one another because of similarities in morphology. It was also impractical to capture 
the bees due to their limited population in the fi eld, thus, the observed population was of 
mixed species and designated simply as Xylocopa spp. Other minor species were Vespa sp., 
Halictus sp., Chrysomya sp., and Calliphora sp.

Figure 4.  a) Xylocopa sp. and b) A. dorsata foraging on A. floridum flowers

The earliest fl oral visitors were Xylocopa spp. They started to hover as early as 0520h, even 
if the fl owers were not yet opened. As the fl owers began to open at 0530, Xylocopa spp. 
Then started foraging. The frequency of visits at various times of the day signifi cantly varied 
(Fig. 5). The number of fl oral visitors gradually increased (582 for both species) as time 
progressed reaching a peak at anthesis, (0900-1000h). The population slowly decreased at 
1200h and the low (249 for both species) population persisted until 1300h. However, the 
population of Xylocopa spp. gradually increased after dusk. 

Similar foraging pattern was observed in Apis dorsata and there was no signifi cant 
diff erence in the frequency of their visits to the fl owers. However, unlike Xylocopa spp., 
the population of A. dorsata continuously declined at 1700h.

The combined population of Vespa sp., Halictus sp., Calliphora sp., and Chrysomia sp. was 
minimal throughout the day. Wasps, Vespa sp., were observed preying on adult fl ies while 
Halictus sp., Chrysomyia sp., and Calliphora sp. collected both pollen and nectar. When 
Xylocopa spp. landed on the fl owers, its weight and momentum caused the dropping of 
the corolla and swaying of the infl orescence and twigs. They collected pollen from all the 
anthers of one infl orescence with the ventral side touching the style and stigma. After 
foraging from three to four infl orescences, the bees moved to several other trees. When 
their bodies were already laden with pollen, they would fi nally depart from the site.
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Figure 5.  Total frequency of visits of species foraging on A. floridum at 
different times of the day

The carpenter bees, Xylocopa spp. and giant bees, Apis dorsata seem to be the most 
important pollinators in a mangrove ecosystem, especially of species with diurnal anthesis 
like A. fl oridum. They are considered as true biotic pollinators because they consistently 
visited the fl owers, carried pollen, and transferred it to the stigma during visits. The two 
species coexist in the foraging site suggesting that there was no apparent competition 
between the two species. This can be attributed to the abundant pollen and nectar 
sources. 

The hovering of the bees during early morning hours serves as reconnaissance fl ight to 
validate the infl orescence that they will actually visit. This strategy is for energy conservation 
and optimal foraging. The high frequency of visits at anthesis could be attributed to the 
accessibility of pollen and nectar. This is the period when the pollen grains are maximally 
viable and the stigma is most receptive (Kearns and Inouye, 1993). The constant contact of 
the bees to the stigma while foraging facilitates the transfer of pollen grain, thus eff ecting 
pollination. Moreover, the fl oral constancy among bee species further enhances their 
potential for pollination. 

Whenever Xylocopa spp. lands on the fl ower to forage for pollen, its weight and momentum 
causes the swaying of the infl orescence and twigs, resulting to the falling of the corolla. 
This drastic movement could trigger the release of pollen from the anther. The dropping 
of the corolla exposes the nectar, making it accessible to honey bees. 
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Pollen Morphology and Viability

The pollen grains of A. fl oridum are very small at 0.016 mm and it has distinct annulus 
(Fig. 6). It has a round shape with three furrows aperture. The exine is thin and smooth. 
It has been observed that 24 hours after anthesis, the pollen of the A. fl oridum had 71.09% 
(n=1180) viability. The pollen was viable if it absorbed blue stain and non-viable if unstained 
or color less (Tyagi, 2002).

Figure 6. 
Pollen morphology at different view of  
A. floridum (1-polar view with blue stain, 
2- oblique view, 3- equatorial view)
(800X)

High viability of the pollen of these plants contributed to high production of fruits from 
both bagged and unbagged infl orescences of A. fl oridum and S. hydrophyllacea. Given 
the importance of pollen development and function in sexual plant reproduction,  pollen 
viability is therefore a prerequisite for hybrid production (De Vries et al., 1992).

Eff ect of Pollinators on Fruit set 

The number of fl owers that developed into fruits in A. fl oridum do not vary signifi cantly 
among treatments (Table 2). The percent fruit set was 100% in both bagged and unbagged 
treatments. All the fruits in unbagged fl owers reach maturity while those in bagged fl owers 
did not. When the fruits were sown in seed boxes, the percent germination in unbagged 
treatment was signifi cantly higher than the bagged treatment. 

The very high percentage of fruit set in A. fl oridum bagged fl owers, suggests that these 
species are not vector–dependent and are not set fruit with autogamy. However, native 
bees contribute additional pollination and increase fruit set rate by eff ecting self-and/
cross-pollination. The result shows that this plant is self-compatible. This pollination 
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mechanism implies that these plants possess mixed breeding system. The abundance of 
fruits formed even on those bagged fl owers means either they were self-fertile or that 
they have very effi  cient pollination mechanisms. In addition, the pollen adherent outside 
the style may promote selfi ng. Mangroves have species of both self-pollinating and cross-
pollinating systems. Sometimes they would retain the need for self-fertility, if they are 
primarily colonizing species and need to establish populations in isolated localities. On the 
other hand, high percentage of fruit abortion on bagged or self-fertilized treatments may 
indicate some inbreeding depression (Clarke and Myerscough, 1991). Likewise, according 
to Raju et al (2006), this might be an indication of the scarcity of resources available to the 
maternal parent plant, a high disease, or herbivory rate. 

Summary, Conclusion, and Recommendation 

A. fl oridum bloomed once a year in the area. The peak of the blooming period of this species 
was on April and May until early June. The fl ower buds started to open as early as 0530h 
reaching a peak of anthesis at 0900-1100h. Fruits developed 3 days after anthesis.  Xylocopa 
spp. and A. dorsata were the pollinators. The number of fl oral visitors gradually progressed 
reaching a peak at anthesis, (0900-1100h) and continuously declined until 1700h. The two 
species exhibited similar foraging patterns except that the population of Xylocopa spp. 
gradually increased after dusk, while the population of A. dorsata continuously declined. 

Twenty-four hours after anthesis, pollen of the A. fl oridum had 71.09% viability. The relatively 
high percentage of pollen viability contributes to the reproductive success of the species. 

The percent fruit set of A. fl oridum  was 100% in both bagged and unbagged infl orescence, 
however, fruit abortion rates were high in bagged fl owers. When the fruits were grown, 
those from unbagged fl owers had higher germination than those from bagged fl owers. 

Table 4.  Percent Fruit Set, Abortion and Germination of A. floridum

Parameter Treatment

Unbagged Bagged
Percent Fruit Set 100a 100a

Percent Abortion 0b 98.10a

Percent  Germination 97.33a 70.83b

* means with the same letter in each treatment for each parameter are not signifi cantly diff erent using DMRT
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Subsequent studies on the comparison of hand and animal pollination (bees and moth) are 
imperative to fully understand the pollination mechanism. The interaction of plants and 
pollinators should also be fully documented. The monitoring of pollen sources should be 
done on a two-year basis in order to establish a pollen calendar. 

Pagbilao Mangrove Forest should remain a protected area and its biodiversity could 
be sustained through wise management of resources and conservation of genetic 
resources.
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Abstract

Mangrove vegetation damage caused by the recent tsunami adversely aff ected 
biota associated to this area. The eff ects include loss of certain species and a 
reduced number of species and their abundance. One of the most abundant biotic 
in mangrove ecosystem are the mollusks (Gastropods and Bivalves). This research 
was conducted in a mangrove rehabilitation area on May to November 2011. This 
research aimed to compare the community structure of Gastropods and Bivalves 
with determining values of abundance, diversity index, evenness index, and 
dominance index in mangrove rehabilitation area based on the diff erent levels 
of vegetation age. Sampling of mangrove and biotic were observed at 1 x 1 m2 of 
square transect. A total of 14 species of Gastropods and 5 species of Bivalves with 
abundance of 371 individuals/m2 and 28 individuals/m2 were observed, respectively. 
Before the tsunami, there were 22 species of Gastropods and 17 species of Bivalves 
obtained in the mangrove area of the coastal Ulee-Lheue, Banda Aceh (Dewiyanti, 
2006). The species richness and abundance of Gastropods and Bivalves decreased 
after the tsunami. For example, in study sites 1 and 3 located in the village of 
Deah Glumpang (Ulee-Lheue, Banda Aceh) there were 13 species of Gastropods 
with abundance 77 individuals/m2 and 11 species of Bivalves with abundance 
97 individuals/m2 pre tsunami. These decreased to 12 species of Gastropods 
with abundance 52 individuals/m2 and 5 species of Bivalves with abundance 16 
individuals/m2 post tsunami. The highest abundance of Gastropods was found on 
4 years vegetation age on Cerithidae cingulata (150 individuals/m2) and the highest 
abundance of Bivalves was found on 3 years vegetation age on Pedalion isognomum 
(8 individuals/m2) while the condition of community structure post tsunami was 
unstable. The stability of community pre tsunami was in medium state. 

Key words : Mangrove, rehabilitation, diversity, abundance, Gastropods, Bivalves
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Introduction

Mangrove forests are a typical forest ecosystem that grows along the coast or estuaries 
and are aff ected by the tides and fl ow of their environment.  These areas have characteristic 
littoral plants throughout the tropical and sub-tropical regions (Nybaken 1992; Aksornkoae 
1993: Hutching and Saenger, 1987). Mangrove plays an important role in the lifecycle of 
various aquatic organisms such as fi shes, shrimps, and mollusks, especially as spawning, 
nursery, and feeding grounds (Pramudji 2001). Mangrove forests as feeding grounds 
contribute to habitat complexity and diversity of the macrofauna associated in mangrove 
ecosystems, with crustaceans and mollusks as the dominant macrofauna in this ecosystem 
(Hutchings & Saenger 1987; Sasekumar 1974). A group of invertebrate animals that live in 
a mangrove ecosystem are the mollusks, which is dominated by Gastropods and Bivalves 
(Plaziat, 1984). The macrofauna diversity and abundance may refl ect biological indicators 
of changing habitat in mangrove ecosystems (Macinthos et al. 2002).

The past tsunami during the late 2004 has destroyed and reduced the mangrove ecosystem 
in the Aceh coastal zone and had negative impacts on the mangrove biota for the 
Gastropods and Bivalves. According to Dewiyanti (2005), Rhizopora apiculata, Rhizopora 
stylosa and Avicennia marina were the dominant species of mangrove pre tsunami in Ulee 
Lheue coastal, Banda Aceh city. Furthermore, Dewiyanti (2005) reported that there were 22 
species of Gastropods and 17 species of Bivalves present before the tsunami. Among these 
species in the mangrove area of Ulee-Lheue, the most dominant families were Cerithidae 
and Isognomonidae for Gastropods and Bivalves, respectively.

The changes in the mangrove forest from its stable vegetation stage pre tsunami to the 
new vegetation covered by sapling and seedling had serious impact to the biotic life 
and change of community structures in relation to abundance and diversity. Most of the 
Bivalves are not only consumed by the local people but also serve as alternative livelihood 
of the local people to increase their income. Gastropods and Bivalves are generally benthos 
organisms regularly used as bio-indicator of aquatic state.  Gastropods and Bivalves can 
produce billions of larvae in the form of meroplankton that sustain the biotic population of 
benthic fauna and  they have a crucial role in the food chain. Observing the population of 
Gastropods and Bivalves in mangrove ecosystem is important to be able to evaluate their 
condition in the post tsunami rehabilitation program in Aceh where the new communities 
have began to form. Hence, the objective of the present study was to assess the species 
composition of Gastropods and Bivalves in the mangrove rehabilitation area post tsunami 
with the diff erent levels of vegetation age, and to obtain the structure community of 
Gastropods and Bivalvia based on biological indices, such as diversity, evenness, and 
dominance indexes 
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Material and Methods

The study was conducted in the   mangrove rehabilitation area in Banda Aceh and Aceh 
Besar districts, Indonesia. The study was conducted for six months from May to November 
2011. The mangrove vegetation in the study areas are the newly formed vegetation after 
the mangrove rehabilitation program. Five sampling sites  of 10 m x 10 m were selected 
through stratifi ed random sampling. The study area was divided into several layers or strata 
based on the diff erent planting age characteristic. According to fi eld assessment, there 
were fi ve levels of mangrove vegetation age that were found at the study area  (i.e. from 1 
year old to 5 years old). Every site was a representative of mangrove age level where Site 1 
was representative of one years old and situated in Deah Glumpang village (05°33’42.3” N,  
95°17’35.7” E), Site 2 was representative of two years old and situated in Lampageu village 
(05°33’08.2” N, 95°14’13.9”E), Site 3 was representative of three years old and located Deah 
Glumpang village (05°33’34.3” N, 95°17’21.0” E), Site 4 was representative of four years old 
and located in Lamnga village (05°37’01.6” N, 95°23’46.6” E), and Site 5 was representative 
of fi ve years old and located in Lamnga village (05°36’35.8” N, 95°19’25.6” E) (Figure 1).

Biological observation includes the retrieval of mangrove  and mollusks (Gastropods and 
Bivalves) data. Samples were collected using the square transects of 1 x 1 (m) into 10 x 10 
(m) as a plot determined randomly in every sampling site. Every plot had three square 
transects. Mollusk samples were collected in two ways; by collecting for epifauna and by 
taking the substrate to a depth of 15 cm for infauna. Mollusk samples were sorted and 
preserved in bottles containing 70% alcohol. Each bottle sample was labeled with the site 
number, date, and other important information. The samples were then transported to the 
laboratory and identifi ed based on Dance (1974), Dharma (1988) and Robert et al (1982)’s 
classifi cation. The C-organic contents were analyzed based on Schumacher (2002) and the 
compositions of substrate were examined based on standard pipette method (Sudjadi et 
al 1971; Van Der Pol 1983). Furhermore, texture of substrate was gained by using textural 
triangle according to percentage of sand, silt, and clay fraction (Sudjadi et al 1971; Van Der 
Pol 1983).

Figure 1. 
The Map of Aceh Besar 
and Banda Aceh Districts 
Coastal Areas Showing 
Study Sites
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Results and Discussion

Species composition and abundance

There were 14 species of Gastropods and fi ve species of Bivalves belonging to seven 
and four families, respectively. These results were lower compared to Macintosh, et al. 
(2002) who recoded 33 species of mollusks in mangrove rehabilitation areas in Thailand. 
Gastropods and Bivalves obtained during the observation generally live on the surface of 
the substrate, attached to the roots, stems, and leaves of mangrove trees.

The results of observation showed that Gastropods had high abundance and distribution 
probably due to their mobile characteristic. Gastropods are more active compared to 
Bivalves; they can move up and down to follow the tides. According to Tee (1982), almost 
all of Gastropods are categorized as tree climber and moves up and down to follow the 
tide, For example, they go down to the ground that are not fl ooded during low tide. 

It was also found out that total abundance of Gastropods and Bivalves were 371 individual 
with average density of 74 ind./m2 and 28 individuals with average density of 6 ind./m2, 
respectively (Table 1 & Table 2). The higher abundance of Gastropods was obtained in study 
site 4 (169 ind./m2), which was dominated by Potamididae (151 ind./m2). These results were 
in agreement with Dharma (1988) who reported that mangrove forest is the most preferred 

Table 1.   Average of abundance (ind./m2) Gastropods in study sites

Families/Species Study sites Total
1 2 3 4 5

Buccinidae
Cantharus fumosus 0 0 0 1 0 1
Cerithiidae
Cerithium patulum 7 12 9 0 0 28
Clypeomorus granosum 5 5 5 5 2 22
Clypeomorus moniliferum 0 0 4 0 0 4
Conidae
Phasmaconus radiatus 1 0 1 0 0 2
Littorinidae
Littorina scabra 6 4 3 3 2 18
Littorina undulata 0 1 1 0 0 2
Nassariidae
Nassarius olivaceus 1 1 0 1 0 3
Nassarius distortus  1 2 7 4 0 14
Neritidae
Nerita undata 1 1 1 0 0 3
Nerita planospira 2 1 1 1 0 5
Nerita. sp 1 0 0 3 0 4
Potamididae
Cerithidea cingulata 0 0 39 150 74 263
Terebralia palustris 0 0 0 1 0 1

Total Individual 25 27 71 169 79 371
Number of Species 9 8 10 8 3 14
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habitat for families Potamididae. Moreover, Budiman (1988) explained that Potamididae 
had a wide geographical distribution and were also found in high abundance in a mangrove 
ecosystem. In addition, the higher abundance of Bivalves was found in study site 3 with 
density of 14 ind./m2 dominated by Isognomonidae (8 ind./m2). Overall, Ostreidae had 
high abundance in this study (13 ind./m2). According to Plaziat (1984), Isognomonidae and 
Ostreidae are abundant in mangrove areas because they have higher adaptation ability in 
changing environmental factors such as drought due to low tide and salinity.

In general, the abundance of Gastropods increased with increasing vegetation age,  such 
as in study site 4, with the four years old vegetation where the highest abundance of 
Gastropods compared to other sites were found. It was recorded that study site 4 had 
higher C-organic content (0.9%) compared to other sites, therefore it was assumed that 
the higher abundance of Gastropods at site 4 was probably due to the higher in C-organic 
content. The presence of organic matter was infl uenced by the litters falling in the 
surrounding vegetation area and would be the primarily contribution in the substrate. In 
addition, it was also recorded that the percentage of silt and sand were higher at site 4 (i.e. 
15% and 83% respectively), but with lower percentage of clay (2%). According to Rangan 
(1996), the substrate condition is infl uencing the development of biotic communities, 
where muddy with a little clay is a desirable substrate for Gastropods.

The values of C-organic content in the substrate were 0.8%, 0.8%, 0.7%, 0.9%, and 0.6% 
for site 1, 2, 3, 4, and 5, respectively. The C-organic content recorded in this study (post 
tsunami) was lower than the previous study (pre tsunami). This condition is probably due 
to reason that tsunami waves brought  the sands from the other sides into the mangrove 
area. According to Plaziat (1984), the type of substrate in the area has strong relationship 
with nutrient in the sediment. Sukardjo (1994) found that high quantities of C-organic 
matter in Tanah Grogot, East Kalimantan was from the high density of trees because the 
fallen litter of mangrove leaves contributes signifi cantly to the higher organic matter in the 
soils. Furthermore, there was a connection between the size of substrate with the carbon 
content in the substrate as well as the dissolved oxygen. Sand soil enables good oxidation 
and it makes high oxygen content and less organic matter compared with refi ne soil 

The sediment examination showed that the percentage of sand, silt, and clay fractions  
ranged from 82.5 to 91.0%, 5.0 to 15.0%, and 2.0 to 5.0 %, respectively. Percentage of sand 
was high probably because the sampling location directly receives material from the sea by 
the current deposited in the mangrove area, and also due to the tsunami which occurred in  
December 2004. Nybakken (1992) mentioned that particle sedimentation depended on the 
size of the particle and the current. The bigger and heavier particles will settle faster than 
the smaller particle and a weak current will deposit material longer than a strong current. 
Silt fraction was higher than clay because there was a contribution of litter especially of 
leaves from the mangrove vegetation.

It was also found out that the age of vegetation did not aff ect the abundance of Bivalves. 
However, the higher abundance of Bivalves was found at study site 3 with three years old  
mangrove. This is probably due to the higher density of mangrove (3 ind./m2) in this site, as 
it had a lot of root branching used for habitat of bivalves. Mangrove roots represent area of 
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hard substrate colonized by massive sponge, oysters (Ostreidae), and barnacles (Cannicci 
et al 2008). Guerreiro et al. (1996) expressed that sediment properties, tidal elevation, and 
forest type aff ect the distribution of macrofauna in a mangrove ecosystem.

Cerithidea cingulata was the most dominant species in the study area. It was assumed that 
this species had good adaptation mechanisms on the diff erent environmental conditions 
at these sites and therefore have won competition for food and habitat. In addition, the 
study found three species of native mollusks in mangrove ecosystem (i.e. C.  cingulata, 
Terebralia palustris and Nerita planospira); three facultative mollusks (i.e. Littorina scabra, 
C. patulum, and Crassostre cucullata) and two migrant mollusks (i.e. Nerita undata and 
Clypeomorus moniliferum). Budiman (1988) stated that there are 3 groups of Mollusks in a 
mangrove ecosystem; the native mollusks, facultative mollusks, and migrant mollusks, and 
C. cingulata is a native mollusk. 

The species richness and abundance of Gastropods and Bivalves decreased post tsunami. 
For example, in site 1 before the tsunami, the species richness of Gastropod were 11 
species with density of 52 ind./m2, but has decreased to only 9 species with density of 25 
ind/m2 after tsunami. Before tsunami the Cerithiidae had high abundance; however the 
species composition was dominated by Potamididae after tsunami. Macinthos et al. (2002) 
reported that Potamididae was one of the Gastropods which served as representative of 
the younger plantation, with the assumption that they graze the young mangrove leaves 
like Littorinidae and therefore, Macinthos et al. (2002) suggested using this family as bio-
indicators of ecological changes. Nevertheless, Asthon et al. (2003) stated that young 
sapling leaves probably was a better food source for mangrove Gastropods as evidenced by 
his observation that Gastropods was positively correlated with sapling species number. 

Table 2.   Average of abundance (ind./m2) Bivalves in every study site

Species Study sites Total
1 2 3 4 5

Isognomonidae:
Pedalion isognomum 1 2 8 0 0 11
Lucinidae:
Lucina sp 1 1 0 0 0 2
Ostreidae:
Crassostrea cucullata 0 1 3 0 0 4
Saccostrea echinata 0 0 2 5 2 9
Veneridae:
Gafrarium dispar 0 1 1 0 0 2
Total 2 5 14 5 2 28
Number of species 2 4 4 1          1 5
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The decreasing species richness and abundances post tsunami is probably due to the 
changing in the community structure of mangroves, where the density of mangrove 
community pre tsunami was higher than post tsunami. The tsunami catastrophe destroyed 
mangrove vegetation and also disrupted the community structure of biotic that lives in it. 
In general, the C-organic content before tsunami was also higher than after tsunami at site 
1; the C-organic content before tsunami was 1.06% and decreased to 0.8% after tsunami. 

Mangrove rehabilitation program is one of the solutions to restore the mangrove 
ecosystem that has been damaged due to the tsunami and later on mangrove biota 
including Gastropods and Bivalves will be returning back to this ecosystem. Ashton et al 
(2003) and Aksornkoae (1993) mentioned that anthropogenic and natural disturbance 
often result in diversity loss to natural ecosystems and loss of diversity has a signifi cant 
eff ect on ecosystem functioning. 

Biological indices 

The stability of the mollusks community can be studied by determining the structure of 
community including the Diversity index  (H'), Evenness index (E), and Dominance index 
(D). The diversity index (Shannon index) varied from 0.51 to 2.95 at site 5 and site 1, 
respectively, with an average of 2.02 indicating a low value (Table 3). These conditions of 
the species found were not varied. If the number of species was low and variations in the 
number of individuals of each species were relatively large, it means that the ecosystem 
has imbalances due to the interference or pressure from the environment. On the other 
hand, only certain species could survive. 

The evenness index (E) varied from 0.26 to 0.85 with an average of 0.58 (Table 3). Based 
on these average values, the community condition was unstable. However, the mollusk 
community at site 1 was relatively stable compared to other sites. Krebs (1989) categorized 
that an evenness index between of 0.5 to 0.75 means that the community is unstable. At 
study sites 4 and 5, the evenness index was low and are included in the category of stress 
communities where E is between of 0 to 0.5. On the other hand, value of E for study sites 
1, 2, and 3 was categorized as high meaning the community was stable where E is between 
of 0.75 to 1.

In addition, the dominance index (D)  ranged between 0.19 at site 1 to 0.84 at site 5 with 
average of 0.46 indicating a moderate value. The dominance index showed the degree of 
predominance of one or a few species in an ecological community. Legendre & Legendre 
(1983) explained that if the dominance index values   obtained is between 0.4 to 0.6, it 
can be categorized as moderate, above 0.6 is high and below than 0.4 is low. The result 
showed that Cerithidea cingulata was a dominant species found at site 4 and 5, where the 
dominance index was higher than 0.6, indicating that the dominance index in these areas 
are at the high category. In sites 1, 2, and 3, the dominance indices were lower than 0.4 and  
was categorized into the lower category. Overall, it was found out that the low diversity 
index, the unevenly distributed individuals within species, and the moderate evenness 
and dominance showed an unstable community structure at the study sites post tsunami. 
Macintosh et al. (2002) explained that high dominance of one species probably indicated a 
stressful environment, while higher diversity indicate a stable condition of ecosystem.
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For comparison, the stability of Gastropods and Bivalves community structures in pre 
tsunami were in moderate category due to the diversity index of 3.90 which is in the 
moderate level. The evenness index of Gastropods and Bivalves before the tsunami was 
0.739 and the dominance index was 0.113, respectively. The structure of the community 
pre tsunami explained that the total number of individuals of every species was relatively 
similar with almost no dominant species (Dewiyanti 2005), however, this condition has 
been changed post tsunami while the condition of community structure has been unstable, 
in general.

Conclusion

Species richness of Gastropods was higher compared to Bivalves and the values decreased 
after tsunami, however their species compositions were similar between pre and post 
tsunami. Gastropods was dominated by Potamididae while Bivalves was dominated by 
Isognomonidae and Ostreidae. The general diversity of Gastropod and Bivalves in the study 
areas were in the lower category. The abundance of Gastropods increased with increasing 
vegetation age, but the age of vegetation did not aff ect the abundance of Bivalves, and 
the community structure at the present study was found to be unstable. While the stability 
of community pre tsunami was in medium state due to its medium state of its index of 
diversity, the amount of individual species was relatively equivalent and almost no species 
was in dominance.

Table 3.  Average of Diversity Index (H’), Evenness Index (E) and Dominance Index (D)  
according to study site

Study site Diversity Index  (H') Evenness Index (E) Dominance Index (D)

1 2.95 0.85 0.19

2 2.92 0.77 0.27

3 2.77 0.73 0.25

4 0.93 0.29 0.75

5 0.51 0.26 0.84

Average 2.02 0.58 0.46
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Abstract

There is growing concern that increasing eutrophication causes degradation of 
coastal ecosystems. Studies in terrestrial ecosystems have shown that increasing 
the concentration of nitrogen in soils contributes to the acidifi cation process 
which leads to leaching of base cations. To test the eff ects of eutrophication on 
the availability of base cations in mangroves, paired leaf and soil nutrient levels 
sampled in Nypa fruticans and Rhizophora spp. on a severely disturbed, nutrient 
loaded site (Mahakam delta) were compared with samples from an undisturbed, 
near-pristine site (Berau delta) in East Kalimantan, Indonesia. The fi ndings showed 
that under pristine conditions, the availability of base cations in mangrove soils 
was determined largely by salinity. Anthropogenic disturbances on the Mahakam 
site have resulted in eutrophication which is related to lower levels of foliar and 
soil base cations. Path analysis suggests that increasing soil nitrogen reduces soil 
pH, which in turn, reduces the levels of foliar and soil base cations in mangroves. 
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Introduction

Eutrophication is one of the major causes of coastal ecosystem degradation. Eutrophication 
leads to increased occurrence of algal blooms (Paerl, 1997), degradation of coral reefs 
(Lapointe, 1997), and reductions in sea grass cover (Van Katwijk et al., 2011). Persistent 
eutrophication can also adversely aff ect mangroves which have the potential to assimilate 
nutrients in eutrophicated coastal environments (Robertson and Phillips, 1995). Lovelock 
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et al. (2009) have suggested that nitrogen enrichment may reduce the resilience of 
mangroves to environmental stress, thereby increasing mortality. 

Nitrogen enrichment of terrestrial and coastal ecosystems produces similar eff ects. 
Nitrogen enrichment of the terrestrial forest fl oor usually increases growth and nutrient 
(soil and foliar) levels (White et al.,1999). Similar eff ects have been found in mangrove 
ecosystems. Mangroves showed enhanced growth and increased foliar nitrogen (N) and 
phosphorus (P) concentrations under conditions of N and P enrichment. However, when 
there are high levels of N enrichment over extended periods in terrestrial forest ecosystems, 
soil acidifi cation occurs followed by the depletion of base cations from soil and leaves 
(Elvir et al., 2006; Fernandez et al., 2003; Mitchell and Smethurst, 2008; Nihlgard, 1985). In 
contrast to terrestrial ecosystems, for which the long term eff ect on base cations of high 
levels of N enrichment is well understood, knowledge about the eff ects of N enrichment 
on mangroves is non-existent. 

This study hypothesizes that eutrophication may reduce base-cation availability in mangrove 
ecosystems. Increasing levels of ammonium have the potential to increase nitrifi cation in 
mangrove soils especially in the aerobic horizon created by the oxygen pumping activity of 
mangrove roots (McKee 1993; Saffi  gna et al., 1985). Nitrifi cation, in converting NH4 to NO3, 
releases a hydrogen ion that can cause soil acidifi cation (Mitchell and Smethurst, 2008). 
Results from terrestrial ecosystems show that soil acidifi cation, in turn, may be related to 
depletion of base cations (Driscoll et al., 2003; Edwards et al., 2002).

Base-cation availability in mangroves may also be infl uenced by salinity. Salinity and base 
cations are signifi cantly correlated (Cohen et al., 1999) since sea water is the major source 
of base cations for mangroves (Lara et al., 2009). Soil redox could infl uence base-cation 
availability indirectly through soil pH as soil oxidation forms sulphuric acid which reduces 
soil pH (Oxmann et al., 2009). Thus, interaction between eutrophication and soil conditions 
of mangroves creates particularly complex nutrient fl ows.

Research on nutrients in mangroves has revealed the relations between soil N (and P) and 
soil chemistry such as pH, salinity, and soil redox (Feller et al., 2002; McKee, 1993; Oxmann 
et al., 2009). For example, N limitation in Avicennia Marina mangroves has been related to 
salinity (Naidoo, 2009)  while  reduction of soil has been associated with an increase in the 
soil-available P of mangroves (Oxmann et al., 2010). However, the eff ect of eutrophication 
of mangrove ecosystems on soil base cations and their relation with soil chemistry has not 
been reported. 

To understand the infl uence of eutrophication on soil and foliar nutrients of mangroves and 
their soil chemical relationships, the response of mangroves subjected to eutrophication-
related disturbances was compared against mangroves on an undisturbed site. The highly 
disturbed site, exposed to effl  uents from shrimp ponds, was taken as the treatment site. 
The other mangrove site, in a near-pristine state, was taken as the reference site. The aim 
of this study was to understand the eff ects of eutrophication from littoral shrimp ponds on 
foliar and soil nutrients of mangroves. Foliar and soil nutrients of mangroves, particularly 
N, P, Ca, Mg, Na, and K concentrations, were used to determine mangrove response to 
increasing nutrient levels in soils. 
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Methods
Sites

Mahakam Delta (The treatment site)

The Mahakam delta measures about 2,000 km2 and is located in East Kalimantan province, 
Indonesia (Figure 1a).  The delta is the outlet of the Mahakam watershed (Neide, 1984). 
Prior to the 1980s, 85% of the delta was covered with dense mangrove vegetation (Zuhair, 
1998). Rapid conversion of mangrove forests to shrimp ponds occurred between 1992 and 
2002 (Suaib, 2004; Zuhair, 1998) such that by 2000 about 73% of mangroves forests had been 
replaced by shrimp ponds (Dutrieux, 2001). Figure 1a shows the extensive development 
of shrimp ponds in the Mahakam delta and illustrates the resulting fragmentation of the 
mangroves forest. 

Figure 1a. Airborne (HyMap) images acquired on 16 October 2009 show 
mangroves severely disturbed by the establishment of shrimp ponds 
on the Mahakam delta which was the treatment site.

Studies on the impact of aquaculture have shown that shrimp/fi sh ponds release nutrient 
waste to surrounding environments through their effl  uents (Banas et al., 2008; Paez-
Osuna and Ruiz-Fernandez, 2005; Primavera et al., 2007). Although shrimp pond wastes 
and effl  uents in the Mahakam delta have been reported to cause eutrophication in the 
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delta as the water becomes increasingly acid and levels of oxygen in the river decrease 
(Dutrieux, 2001), quantitative information on the level of nutrients being released from 
the shrimp ponds is not available.

Nypa fruticans and Rhizophora spp., which dominate the Mahakam delta remaining 
mangroves, account for more than 70% of the vegetation followed by other species of true 
mangroves such as Sonneratia spp., Bruguiera spp., and Avicennia spp. (Dutrieux ,2001). 
Nypa fruticans mostly grows in extensive and mono-specific stands (Tomlinson, 1994) and 
occupies the freshwater delta behind true mangrove  communities located in more saline 
environments.

Berau Delta (The reference site)
Near-pristine mangrove forests are located on the Berau delta which is about 478 km2 in 
size and located 200 km north of Mahakam delta (Figure 1b). The Berau delta is the outlet 
of the Segah-Kelai watershed (Neide, 1984). Rhizophora spp. is the predominant mangrove 
tree species in this delta. The species is a true mangrove and is adapted to high levels 
of salinity through its ability to excrete excess salt at root level using an ultra-fi ltration 
process (Naskar and Mandel, 1999). A true mangrove such as Rhizophora spp. usually has 
a low K:Na ratio which indicates its adaptability to salinity (Medina et al., 2007). Like in 
the Mahakam delta, Nypa fruticans mostly grows as mono-specifi c stands in a less saline 
environment. The area covered by Nypa fruticans in the Berau delta is less extensive than 
that of the Mahakam delta.

Figure 1b. Mangroves in relatively pristine condition on the Berau Delta  
  which is the reference or control site.
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Data Collection

Mangrove forests on the Mahakam sites were delineated using a 2006 Quickbird image 
downloaded from Google Earth. Visual interpretation of the image was used to diff erentiate 
the two vegetation stands, Rhizophora spp. and Nypa fruticans. These two vegetation 
stands were distinguished visually by their texture. In the Quickbird image, Nypa fruticans 
stands have a smoother texture than those of Rhizophora spp..

A recent, good quality image of the Berau delta was not available so a Landsat TM image 
of 2001 was used to delineate mangrove forests. The image had a good quality (cloud-
free weather over the site) and the site showed little change (post-2001) in and around 
the mangrove forests. Stands of the two species were diff erentiated by their colour in 
a composite of band 452 of the Landsat TM image. Nypa fruticans stands were brighter 
red than Rhizophora spp. stands. The two vegetation stands were used as strata in the 
sampling design.

The sampling design was based on transect lines – 10 in each study area – within each 
stratum. The transect lines were aligned perpendicular from the river/shoreline to inland in 
order to capture variations in N which is known to be aff ected by tides (Rivera-Monroy et 
al., 2004). As nutrient availability within mangrove forests can change over short distances 
(Boto and Wellington, 1983; Feller et al., 2002; McKee, 1993), sampling plots of 10 m x 10 
m were set up at 50 m intervals along each transect, totaling 48 and  65 sampling plots on 
the Mahakam and Berau sites, respectively.

Leaf and Soil Sampling

Foliar and soil samples from both sites were collected in October 2009. A tree representing 
the dominant species on each sampling plot was selected at random. Foliar samples 
consisting of 20 mature leaves (i.e., large and dark green) were picked from around the 
canopy (at heights of 12–16 m above-ground level) of the selected tree. A total of 23 samples 
of Nypa fruticans and 25 samples of Rhizophora spp. on the Mahakam site and 13 samples 
of Nypa fruticans and 52 samples of Rhizophora spp. on the Berau site were collected. The 
foliar samples were stored in paper bags and transported to the laboratory. Three soil 
samples down to depths of 40 cm were taken using a stainless steel corer of 5 cm diameter 
at 1–2 m from the bole of each tree that had been sampled for leaves. The three samples 
per plot were mixed and air-dried in the fi eld (at the base camp) to minimize biochemical 
reactions (Tan, 1996). The sampling of soil pore-water was considered but this idea was 
rejected because biochemical reactions resulting from long travel time to the laboratory 
can lead to inaccuracies.
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Chemical Analysis

Foliar samples of both sites were oven-dried in the laboratory at a temperature of 70 ºC until 
a constant weight was reached. A Wiley mill was used to grind the dried leaf samples; the 
mill was cleaned between the grinding of each sample. Foliar N concentrations (percent 
dry matter or % DM) were measured using the Kjeldahl method (Tan, 1996) while foliar 
P concentrations (% DM) were determined with a UV-Visible spectrophotometer (Hitachi 
Corp) (Tan, 1996). Foliar concentrations of K, Ca, Na, and Mg (% DM)  were analyzed using 
an atomic absorption spectrometer (Hitachi Corp) (Tan, 1996). 

Soil N concentrations (% DM) were measured by the Kjeldahl method. The Bray-1 method 
(Tan, 1996) was employed to extract soil-available P (mg/kg); HCL and NH4F were used as 
extracting reagents. The extract was read by UV-Visible spectrophotometer (Hitachi Corp). 
Soil exchangeable K, Ca, and Mg (mg/kg) were determined using the NH4OAc method (Tan, 
1996). Soil pH and redox potential (mV) were measured in the laboratory with a TOA pH 
instrument. Electrical conductivity (EC) values were obtained in situ using a Hydra Probe. 
Soil salinity was calculated from the EC value according to the procedure described by 
MacBride (1994). 

Data Analysis

General linear model (GLM) was employed to test the eff ects of sites and species on foliar 
and soil nutrients as well as on the associated soil chemistry (i.e., salinity, pH, and redox 
potential). Fixed factors were the two sites (Mahakam as the treatment and Berau as the 
reference sites) and the two species (Rhizophora spp. and Nypa fruticans). The transects 
were the random factor in the analysis. The dependent variables were foliar data (N, P, Ca, 
Mg, K, Na, and N:P, N:Ca, N:K, and N:Mg ratios) and soil data (N,P, K, Ca, Mg, pH, redox, 
and salinity). F-tests were used to test the main eff ect and interaction of sites and species. 
The diff erences were considered to be signifi cant if p ≤ 0.05. 

Path analysis (Kline, 2005) was used to explore the assumed eff ect of soil N and soil 
chemistry (i.e., salinity, pH, and redox potential) on foliar and soil nutrients for each 
site. Specifi cally, soil N concentrations were tested to see whether they had an indirect 
eff ect on the variation of foliar and soil base cations through soil pH. Likewise, soil 
macronutrients (N and P) and soil chemistry were tested to fi nd out if they had eff ects 
on foliar macronutrients. The statistical signifi cance of each path (a pair of two variables) 
was expressed as a t-test value (Kline, 2005). The strength of causal relations between the 
variables was expressed by the coeffi  cient of determination (R2).  GLM was calculated in 
STATISTICA version 7 (StatSoft Inc.) while path analysis was calculated in LISREL version 8 
(Scientifi c Software International Inc.). 
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Results

Foliar Analyses

The Mahakam site had signifi cantly higher foliar N and P concentrations for both Rhizophora 
spp. and Nypa fruticans than the Berau site (Table 1a; Figures 2a, 2b). Across both sites, 
the two mangrove tree species did not diff er signifi cantly in foliar N or P concentrations. 
Interactions between site and species eff ects were not signifi cant (Table 1a). 

In contrast to the macronutrients (N and P), the Mahakam site showed signifi cantly lower 
concentrations of foliar base cations (K, Ca, Mg and Na) (Table 1a; Figures 2c– 2f). The 
two mangrove tree species also diff ered signifi cantly in their base-cation concentrations 
on both sites. Nypa fruticans had higher foliar K, while the other cations (Ca, Mg and Na) 
were higher in Rhizophora spp. (Figures 2d–2f). Further, the Mahakam site had signifi cantly 
higher foliar N:K, N:Ca and N:Mg ratios. Both site and species had no signifi cant eff ect on 
foliar N:P ratio. The eff ect of species on the K:Na ratio was signifi cant: Nypa fruticans had a 
signifi cantly higher K:Na ratio than Rhizophora spp. 

Soil Analyses

General linear model  (GLM)l showed that the Mahakam site diff ered signifi cantly from the 
Berau site. The former had a signifi cantly higher soil N (Table 1b; Figure 3a), although soil P 
did not diff er signifi cantly between the two sites. There were no signifi cant diff erences in 
soil N and P concentrations between the two mangrove species (Table 1b; Figures 3a, 3b). 
Interactions between site and species eff ects were insignifi cant (Table 1b). 

Further, there were signifi cant diff erences in soil pH and salinity between the sites (Table 
1b).  Soils in the Mahakam delta were signifi cantly more acid and less saline (Figures 3c–3e) 
than those of the Berau delta. Soil pH, redox, and salinity were not signifi cantly diff erent 
for the two mangrove species (Table 1b; Figures 3c to 3e).  Interactions between site and 
species eff ects were not signifi cant for these three soil variables (Table 1b). Finally, site 
eff ects were signifi cant for soil Ca and Mg concentrations.Values on the Mahakam site 
were signifi cantly lower (Figures 3g, 3h))but not for soil K (Table 1b). There were signifi cant 
diff erences in soil K concentration between the two mangrove species but not for soil Ca 
and Mg. 

Relationships among foliar nutrients, soil nutrients, and the soil chemistry 

Path analyses showed that on the Mahakam site, soil N had a signifi cantly negative eff ect 
on soil pH, which in turn, had a signifi cantly positive eff ect on soil base cations (Figure 4a). 
A diff erent result was found on the Berau site. Soil salinity had a signifi cantly positive eff ect 
on soil base cations (Figure 4b). 

Diff erent factors aff ected foliar N on the two study sites. On the Mahakam site (Figure 
4a), soil N had a signifi cantly positive eff ect on foliar N. On the Berau site, soil N also had a 
positive eff ect while soil salinity had a negative eff ect (Figure 4b). The higher standardized 
coeffi  cient for soil salinity indicates that soil salinity has a stronger eff ect than soil N.
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Table 1.  F- and p-values from General Linear Model analysis to test the effect of sites and 
species on foliar nutrients, soil nutrients, and soil chemical features. The effects 
were considered to be significant for p-values ≤ 0.05.

Factor Nitrogen (N)
Phosphorus 

(P) Potassium (K) Calcium (Ca)
Magnesium 

(Mg)
F p F p F p F p F p

Sites (Mahakam vs. 
Berau)

6.36 0.001 4.91 0.029 22.47 0.001 22.75 0.001 26.58 0.001

Species (Nypa 
fruticans vs. 
Rhizophora spp.)

2.04 0.157 0.02 0.901 41.85 0.001 18.03 0.001 111.83 0.001

Sites x Species 3.63 0.14 0.706 2.41 0.124 7.82 0.006 2.34 0.130

a. Foliar analyses

Factor
Sodium (Na) N:P N:K N:Ca N:Mg

F p F p F p F p F p
Sites  (Mahakam vs. 
Berau)

4.21 0.24 0.626 16.13 0.001 62.48 0.001 29.65 0.001

Species (Nypa 
fruticans vs. 
Rhizophora spp.)

94.65 0.001 1.66 0.201 18.58 0.001 52.78 0.001 25.94 0.001

Sites x Species 5.99 0.016 3.83 0.053 1.42 0.237 64.62 0.001 6.33 0.014

Factor
N:Na K:Na

F p F p

Sites  (Mahakam vs. 
Berau)

15.77 0.10 0.758

Species (Nypa 
fruticans vs. 
Rhizophora spp.)

39.51 0.001

Sites x Species 5.84 1.39 0.242
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a. Soil analyses

Factor

Nitrogen 
(N)

Phosphorus 
(P)

Potassium 
(K)

Calcium (Ca)
Magnesium 

(Mg)

F p F p F p F p F p

Sites  (Mahakam vs. 
Berau)

4.87 2.91 0.092 0.50 0.480 0.001 0.001

Species (Nypa 
fruticans vs. 
Rhizophora spp.)

0.38 0.81 0.371 5.12 0.026 0.72 0.400 2.79

Sites x Species 1.70 0.66 0.419 4.90 0.029 0.16 0.698 0.07 0.798

Factor
pH Redox Salinity

F p F p F p

Sites  (Mahakam vs. 
Berau)

7.33 3.75 0.056 4.03 0.048

Species (Nypa 
fruticans vs. 
Rhizophora spp.)

0.77 1.45 0.232 1.56 0.216

Sites x Species 1.37 3.67 0.059 4.47 0.037
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Figure 2.  Bar graphs of foliar nutrients of mangroves on the Mahakam and Berau sites.Values 
are the mean and standard deviation of each variable. The Mahakam site had a 
significantly higher foliar N (a) while foliar base cations (K, Mg, Ca and Na) and the 
foliar N:base cations ratio were significantly lower than those on the Berau site  (c, 
d, e, f, h, i, j and k).     
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(a) Mahakam (treatment) site 

Figure 3.  Bar graphs of soil variables of mangroves on the Mahakam and Berau sites.
Values are the mean and standard deviation of each variable. Soils on the 
Mahakam site had a significantly higher N (a) while soil Ca and Mg were 
significantly lower than the Berau site (g and h). Soils on the Mahakam site 
were significantly more acid and less saline than those for the Berau site (c 
and e).
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(a) Berau (reference) site 

Figure 4.  Path diagrams of the Mahakam and Berau sites. Printed standardized 
coefficients are significant (p ≤ 0.05) while NS = not significant. Solid and 
broken lines are used to clearly indicate the directions of paths. The positive/
negative values of the standardized coefficients indicate positive/negative 
relations between the variables, respectively. The variance explained (R2) for 
each dependent variable is shown inside its respective box.

Discussion

Results showed that eutrophication was linked to soil and foliar base-cation reduction on 
the Mahakam (treatment ) site. The signifi cantly higher foliar N, lower base cations, and 
lower N:base cation ratios of the Mahakam site suggest that eutrophication increases foliar 
N and reduces foliar base-cation levels of mangroves. Increasing soil N levels were found to 
signifi cantly reduce soil pH, which in turn, signifi cantly reduced concentration of soil base 
cations. The latter had a signifi cant correlation with foliar base cations (Ca and Mg). Nitrogen 
enrichment from shrimp pond effl  uent, usually in the form of ammonium, was likely to 
intensify nitrifi cation in the mangrove root zone, leading to an increase of hydronium in the 
soils (Jackson et al., 2003; Lorenzen et al., 1997). As in terrestrial ecosystems, increases of 
hydronium (from nitrifi cation and ammonium uptake) in mangroves are possibly displaced 
base cations which make them vulnerable to leaching (Mitchell and Smethurst, 2004).

In contrast to the treatment site, soil N was not signifi cantly correlated with soil base cations 
on the reference (Berau) site. Soil base-cation levels in mangroves on the Berau site were 
signifi cantly and positively correlated with soil salinity. Previous studies have also shown 
a signifi cant positive correlation between salinity and soil base cations in undisturbed 
mangrove forests (Cohen et al., 1999). Results further indicate that in pristine mangrove 
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forests, the availability of base cations (particularly Ca and Mg) in soils is determined largely 
by salinity. Moreover, anthropogenic disturbances on the Mahakam site probably changed 
the relationship between base cations and salinity.

The results also confi rm the adverse eff ect of eutrophication on mangroves. Increasing 
nitrogen availability stimulates growth of shoots relative to roots (Naidoo, 2009), which 
reduces the resilience of mangroves to environmental stress (for example, high salinity 
combined with drought), causing mortality of the mangroves (Lovelock et al., 2009). In 
a study elsewhere, eutrophication from sewage pollution was shown to have caused 
stunted morphology and a high mortality rate of mangroves (Mandura, 1997). Results of 
this study explain how the resilience of the mangroves may decline under such cases of 
environmental stress. 

Path analyses showed that foliar N on the Berau site had a negative correlation with 
soil salinity and a positive correlation with soil N. The negative relationship between soil 
salinity and foliar N is in agreement with previous studies (Naidoo ,1990; Parida et al., 
2004). Salinity induces osmotic stress that limits absorption of water and minerals from 
soils (Larcher, 1980). Salts can also act as a competitive inhibitor of ammonium uptake 
(Bradley and Morris, 1991). 

The signifi cantly higher foliar Na levels and lower N:Na ratio of mangroves on the Berau 
site, in comparison with the Mahakam site, seem to indicate an eff ect of salinity on nitrogen 
uptake by mangroves on the Berau site (Figures 2f, 2k). Diff erent results were found on the 
Mahakam site, where soil salinity was not signifi cantly correlated with foliar N probably 
due to the low salinity there.  
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Abstract

Lightning strike disturbances have created canopy gaps in the mangrove forest 
as well as a means for natural regeneration. Dormant seedlings underneath the 
canopies were allowed to grow and ultimately replaced the canopies of the dead 
trees. The circular shaped canopy gaps consisted of a group of standing dead 
trees which decayed simultaneously with the growth of new trees. Historical 
and recent aerial photographs of the Virgin Jungle Reserve (VJR) of Pulau Kecil 
in Matang were analysed to quantify the dynamics of gap creation and closure by 
measuring gap turnover rate and to calculate canopy turnover. The result of gap 
dynamic analysis showed that the average (±SD) canopy turnover for VJR was  
25.5 ± 6.9 years. The average turnover was almost similar to the existing 30-year 
rotation cycle system adopted by the Forestry Department for the management 
of forest compartments in Matang mangrove forest. This fi nding showed 
that the continuous dynamics of gap creation and closure have sustainably 
maintained the condition of the forest. The fi nding also supports the hypothesis 
that the disturbance prevents mangroves from reaching more senescent stage. 
Therefore, canopy gap creations are justifi ed to be the key driver in the natural 
regeneration of the tropical Rhizophora-dominated mangroves.

__________________________________________________________________

Canopy Gap Dynamics and Natural 
Regeneration of Matang Mangroves

A Aldrie Amir,
Institute for Environment and Development (LESTARI)
Universiti Kebangsaan Malaysia
43600 Bangi, Selangor, Malaysia
aldrie@ukm.my

Introduction

Matang mangroves in Malaysia have been protected and managed since 1902 by the State 
of Perak Forestry Department and the Forestry Department of Peninsular Malaysia. For 
over a century, these reserve areas have received the world’s acclaimed best management 
practice. The management of Matang mangroves mainly focuses on the production of 
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charcoal, fi rewood, and poles for local and international markets. The reserve also functions 
as a conservation site for research purposes as well as protection for the fi sheries industry 
that caters not only to local but also state- and nation-wide consumptions (Ong, 1982). 

The silvicultural activities for charcoal production in Matang mangroves are based on a highly 
regulated system with a 30-year rotation cycle for each sub-coupe in each compartment. At 
the beginning of each rotation cycle, the clear-felled areas are left for natural recruitment. 
Assessments on the growth and survival of seedlings are carried out annually for fi ve 
years and blank areas are planted with Rhizophora seedlings (mostly Rhizophora apiculata) 
starting after the second annual assessment. First thinning activities are carried out at 
approximately 15 to 19 years and second thinning at 20 to 24 years. Thinning activities 
are carried out to promote better growth of remaining trees. Trees removed by thinning 
activities are marketed mostly as poles for construction. At completion of the cycle, mature 
trees are cut for charcoal production. Table 1 summarises the silviculture operations of the 
30-year rotation cycle for mangrove timber production in each forest compartment.

Table 1.  Summary of the phases in silviculture activities in the management of Matang mangroves 
with comparable gap phases in the natural mangrove forest settings (Amir 2012).

Year Silvicultural Operation Comparable 
Natural Gap Phase

0 Age of forest is approximately 30 years.
Clear-felling operations for charcoal production in designated area.

Opening
1 Preliminary assessment of areas requiring enrichment planting.

Full assessment of areas requiring weeding - eradication of 
Acrostichum ferns.

2 Final survey to determine area requiring planting and refi lling.
Planting of Rhizophora in blank areas.

Recruitment
3 First survival enumeration.

Refi lling if survival of planted seedlings is less than 75%.
4 Second survival enumeration.

Growth5 Final survival enumeration.
If less than 75% seedlings survive, potted seedlings will be planted.

6-14 No activity recommended.
15-19 Thinning I, using 1.2 m stick

Closure20-24 Thinning II, using 1.8 m stick
25-29 No activity recommended.

29-30 Detailed ground survey and calculation of eroded and 
unproductive areas No gap

30 Final felling Initiation



212 1st ASEAN Congress on Mangrove Research & Development 

Although Matang mangroves are managed for forest products, only 74 % of the forest 
area is included in the management regime, an area classifi ed as production forest (Muda 
and Mustafa, 2003). The remaining area is classifi ed as protected forest (which includes 
new forest, dryland forest, and functional forest), restricted productive forest, and 
unproductive forest. The classifi cations for functional forest include virgin jungle reserve, 
old-growth forest, research forest, ecotourism forest, storklake buff er reserve, research 
block, education forest, and archaeological buff er reserve. These forests are all excluded 
from any silvicultural activity. 

Among the forest classifi cations mentioned above, the virgin jungle reserves in Matang 
mangroves are the only areas that have never been interrupted by any major forestry 
activity. As of 2003, a total area of 569 has remains as a virgin jungle reserve (Muda and 
Mustafa, 2003). Since these virgin jungle reserves were undisturbed, they have been 
selected for numerous studies to understand the ecology of tropical mangroves as well as 
a comparative or control site for relevant research.

Objectives

Canopy gap creation in Matang mangroves is a very common phenomenon and it has 
always been related to lightning strikes as observed by local foresters and fi shermen. With 
a high amount of rain and high frequency of storms and lightning strikes in the area, the 
cause and impact relationship is logical. Thus, a great number of gaps can be easily found 
just by walking on the boardwalks of the Eco-Education Forest in Matang.

A trip to Matang mangroves in Malaysia was carried out to study the physical characteristics 
of canopy gaps. These fi eld data combined with the results of analyses on the historical 
aerial photographs of Pulau Kecil, a virgin jungle reserve in Matang, were used to calculate 
gap turnover rate and to estimate canopy turnover of this forest.

Materials and Methods

Site Description

Matang mangrove in Kuala Sepetang, Malaysia lies between the latitude 4˚ 26’ 47.15” - 5˚ 
0’ 45.99” N and longitude 100˚ 25’ 7.05” - 100˚ 39’ 27.61” E. The total area, excluding major 
waterways, is 40,466 has as reported by Muda and Mustafa (2003). This mangrove forest is 
situated in the state of Perak located in the northwest coast of Peninsular Malaysia (Figure 
1). Pulau Kecil (or Kecil Island) (4° 50' 9.78" N, 100° 37' 0.83" E) in Matang mangroves was 
chosen as the study site for canopy turnover rate and forest turnover.
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Information on mangrove management records was gathered with the help of foresters 
at the Department of Forestry’s Range Offi  ce in Kuala Sepetang in the Matang District. 
Figure 2 shows the location of Kuala Sepetang Range Offi  ce and Matang Eco-Education 
Forest where fi eld studies were carried out.

Measurements of Size and Shape of Gaps and Forest Turnover

North, south, east and west edges of both gaps were determined from the centre of 
gaps using a compass. The size of each gap was calculated using the ellipse area formula:

Meanwhile, the gap perimeter was calculated using the formula:

Where (for both formulas):
a = distance between gap’s north edge and south edge
b = distance between gap’s east edge and west edge

The shape of each gap was measured by the ratio between the length (distance) of north 
edge –south edge plots and the length (width) between east edge–west edge plots (area 
eccentricity). Length and width measurement protocols followed those of Brokaw (1982) 
who defi ned a gap as a vertical hole where gap edges lie directly beneath the edge of 
surrounding foliage. Such a gap was measured as the aerial projection of opening among 
the canopy.

Pulau Kecil  was gazetted as a virgin jungle reserve for education and research purposes 
by the Forestry Department. Therefore, the study in Pulau Kecil is an important reference 
site as this forest has never been interrupted by logging activities. Fourteen gaps were 
randomly surveyed to determine the size and shape of canopy gaps. Two frequency 
distribution histograms were used to describe the patterns of canopy gaps in Pulau Kecil 
by size class and shape. The fi ndings on the average gap size measured in the fi eld were 
then used in the calculation of gap turnover rate and canopy turnover estimation.

Historical aerial photographs (1984 and 2007) of Pulau Kecil were analysed to measure the 
area of gaps, calculate gap turnover rate, and estimate forest turnover. Three 150 m x 150 
m study areas were identifi ed on the images (Amir, 2012). The dynamic progress of canopy 
gaps within each study area and time frame was monitored by comparing images from 
1984 and 2007 using 1984 imagery as a base map. The frequency and size of gaps observed 
in each study area were enumerated and measured. A student’s t-test was used to test 
the diff erence in mean gap frequency per hectare between 1984 and 2007. Turnover rates 
were calculated using the data derived from these estimates.
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Figure 1. Map showing location of Matang in the northwest coast of Peninsula Malaysi.

Figure 2. 
Map showing the location of the 
three Forestry Department Range 
Offices in Matang mangroves. 
Research sites used in this study 
were located in Matang Eco-
Education Forest near Kuala 
Sepetang Range Office.
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Results

Gap Size and Shape

The size of 14 randomly selected canopy gaps in Pulau Kecil, Matang ranged from 391 m2 
to 5,112 m2 with a mean (± SD) of 1,783 ± 1,379 m2. Figure 3 shows the histogram of the 
frequency distribution of gaps according to their size. The area eccentricity (shape) of 
gaps ranged from 0.52 to 1.42. The histogram was skewed to 1.1 to 1.3 eccentricity class 
showing the majority of gaps in Pulau Kecil was north-south ellipse shaped (Figure 4). 

Figure. 4.  Frequency distribution (n = 14) of the eccentricity of 
gap area in Pulau Kecil, Matang. Value 1.0 indicates a 
perfect circular gap formation. Gaps with eccentricity 
bigger than 1.25 were north-south elliptic while those 
smaller than 0.75 were east-west elliptic.

Figure 3.  Frequency distribution (n = 14) of canopy gaps by size 
class surveyed in Pulau Kecil in Matang mangroves, 
Malaysia. Mean (± SD) gap size was 1783 ± 1379 m2.
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Gap Turnover Rate and Canopy Turnover

Based on the analysis of the historical aerial photographs in three study areas  in Pulau 
Kecil (Figure 5), the mean (± SD) gap frequency increased from 5.5 ± 2.7 gaps in 1984 to 12.0 
± 4.7 gaps in 2007. The mean (± SD) gap per hectare increased signifi cantly (t = 6.05, df = 2, 
p < 0.05) from 1.9 ± 0.7 gaps ha-1 in 1984 to 4.3 ± 0.3 gaps ha-1 in 2007. The annual average 
(± SD) of new gap formation in Pulau Kecil was 0.2 ± 0.1 gap yr-1. The mean (± SD) area in 
gap phase increased from 34.3 ± 12.1 % in 1984 to 76.6 ± 4.6 % in 2007. The calculated mean 
(± SD) of gap turnover rate for Pulau Kecil was 413.5 ± 118.4 m2 yr-1 and the canopy turnover 
for each hectare of forested area was estimated at 25.5 ± 6.9 years between 1984 and 2007 
(Table 2) (Amir 2012).

Figure. 5.  Aerial photographs in 1984 and 2007 of three study sites of  Matang 
mangroves in Pulau Kecil ,Malaysia. Study areas A, B and C were 150 
m x 150 m. The dynamics in gap formation (frequency, density, and 
turnover rate) were studied by analysing the difference among these 
images (Amir 2012).

Table 2.  Details on gap frequency, area in gap phase, annual formation, turnover rate, and 
estimated canopy turnover based on gap creation in Pulau Kecil study sites in Matang 
mangroves, Malaysia (Amir 2012).

Site Year Gap 
Frequency

Area in Gap 
Phase (%)

Annual Gap 
Formation

Turnover 
Rate (m2/

year)

Forest 
Turnover 

(years)

Turnover  
Est. for 1 
ha area 
(years)

Pulau Kecil A 1984 3 23.8
Study Area = 

22500 m2 2007 10 79.3 0.30 542.7 41.5 18.4

Pulau Kecil B 1984 6 47.6
Study Area = 

22500 m2 2007 10 79.3 0.17 310.1 72.6 32.2

Pulau Kecil C 1984 4 31.7
Study Area = 

22500 m2 2007 9 71.3 0.22 387.6 58.0 25.8
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Conclusion and Recommendations

The dynamics of canopy gaps in the naturally infl uenced Virgin Jungle Reserve of Pulau 
Kecil was a useful indicator of natural regeneration of mangrove forests in Malaysia. Gap 
creation and closure were clearly observed by comparing their status in two diff erent 
years. The average gap frequency per hectare and the average area in gap phase increased 
signifi cantly from 1984 to 2007. It is of great interest also that an increase in gap frequency 
and area in gap phase results in an accelerated rate in forest canopy turnover. 

The estimated canopy turnover in a hectare of forested area in Pulau Kecil (25.5 ± 6.9 
years) was almost similar with the existing 30-year rotation cycle practiced by the Forestry 
Department for charcoal production in Matang mangroves. Although the mean (± SD) size 
of 198 sub-coupes from the total of 108 forest compartments in Matang was rather large, 
41.4 ± 24.9 has (Muda and Mustafa, 2003), regeneration in the managed mangroves was 
induced through replanting and two phases of thinning processes. The fi ndings suggest 
that the silvicultural exercise carried out by the Forestry Department has been able to 
maintain the stand regeneration of the forest.

Therefore, this fi nding supports the theory of natural regeneration of mangrove forests 
via the formation of canopy gaps proposed by Duke (2001). However, detailed studies 
must be carried out to further understand the similarity and diff erences between naturally 
created gaps and the comparable forest growth in the managed mangroves in Matang 
(Amir 2012). Possible changes in gaps and canopy dynamics infl uenced by the possible 
contributing factors can be indicative to the management of the forest. In the context 
of forest production, extreme increase in gap creation will result in the increase of forest 
biomass loss which in turn will reduce timber production. 
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OPEN FORUM

SESSION 3. Ecosystem Functions and Fisheries

Dr. Virtucio:  I fi nd the last paper very interesting; it’s about the canopy gaps and their 
relationship with the natural regeneration. Can Dr. Amir provide some recommendations 
on the use of artifi cial canopy gaps to stimulate natural regeneration? 

Dr. Amir: As a naturalist, I would not recommend creating artifi cial gaps. There are already 
plenty of canopy gaps in mangrove areas and there is no need to create new ones. There 
is a need to further study other factors in the regeneration of canopy gaps. 

Dr. Pasicolan: Dr. Salmo’s fi ndings on nekton-mangrove relationship do not conform with 
the results of a study conducted by ERDB which show signifi cant relationship between 
abundance or biomass of nekton community and mangrove age, vegetation, and soil.

Dr. Salmo:  I will stand by the conclusion of my study. There are already three papers   
challenging the nekton-mangrove relationship. Their results indicate that the mere 
presence of mangroves will not enhance the habitat interconnectivity as a whole.

Mr. McKenzie:  Our project in Micronesia had similar fi ndings. We got stronger responses in 
terms of restoration among shrimps and crabs more than fi sh. In our study in Hawaii, once 
the mangrove colonized the coasts, fi sh came in. It aff ected the substrate temperature 
in the water that provided a feeding habitat. We have observed that immediately after a 
typhoon, there was a huge pulse of shrimps  attributed to the increase in the food available 
in the mangrove area. Did Dr. Salmo observe something similar in his study site? Perhaps 
the diff erence in the fi ndings of various studies can be attributed to the diff erence in the 
system composition.

May I also ask Dr. Salmo if he found no correlation between the nekton and tree densities? 
We found that higher basal density insinuates that there is more proper structure and 
more habitats for fi sh and nekton.

Dr. Salmo:  I have contrasting results with that of your study. Based on results of my study, 
there was a decrease in shrimp and fi sh production after the typhoon.  I used all vegetation 
parameters. Crabs and shrimps had signifi cant correlations with mangrove stance but not 
with fi sh.
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Dr. Villamor:  Dr. Salmo’s conclusion urges everyone to restrategize on how mangrove 
rehabilitations should be done. I am reiterating Dr. Primavera’s suggestion to avoid 
monoculture. Dr. Salmo’s fi ndings tell us that when one does mangrove rehabilitation, 
one also needs to take into consideration other ecosystems (sea grass beds, coral reefs, 
etc) that are within area, aside from the mangroves.

Dr. Rebugio:   I congratulate the panelists for their excellent paper presentations. I am 
particularly interested in Dr. Salmo’s paper because it has strong implication on  the need 
to re-evaluate current mangrove rehabilitation strategies and to refi ne the current model. 
Will Dr. Salmo be willing to share the data with our team so we can refi ne our current 
model?

Dr. Salmo:  We are willing to collaborate with your group. 

Mr. Friess:  What are the implications of Dr. Amir’s paper on natural regeneration on the 
carbon sequestration, amount of stored carbon, and REDD investments?

Dr. Amir:  Determining if the frequent regeneration of mangroves result to their 
accumulation of carbon stock would require another study. Perhaps we could collaborate 
on that study.

Ms. Mendi:  Are there other mangrove species in Pagbilao, Quezon (Philippines)  and have 
these been also studied?

Dr. Almazol:  There was another species, however, the species was not fl owering during 
the conduct of the study.

Dr. Carandang:  There was a case of a three-year old canopy gap in Banakon Island  created 
by a lighting strike. What are the possible reasons why didn’t that gap regenerate in the 
past three years?  Could it be due to monoculture in the mangrove or the sandy soil of the 
area?  

Dr. Amir:  In working with monoculture gaps as with a case in Australia, the soil can become 
infertile for seedlings to grow upon creation of the gap. This, however, can be caused by a 
combination of factors. I suggest that this be answered by another study.

Mr.  Samosia:  What mangrove species would be best promoted for bee culture?

Dr. Almazol:  We found that native bees, Apis dorsta, and solitary bees, Xylocopa, are very 
useful in pollination. The native bees, Apis dorsta and Apis cerana, can be reared. The 
Apis cerana can be cultured in the area, however, they were not foraging on the site with 
Aegiseras fl oridum, rather on Xylocarpus granatum. I tested three bees in the area including 
the stingless, native, and imported bees. The point also is that one could get honey from 
mangroves.
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Dr. Primavera:  I should note the choice of taxons. For mangroves, bento was the place. For 
gastropods, fauna was excluded. For Dr. Salmo, I suggest that he considers the residents 
and the transients; the fi sh are opportunistic. Also,  how many times was the sampling 
conducted to account for the pulses and typhoons? 

For Dr. Almazol, Agriceras fl oridum is not endemic in the Philippines and it is nearly 
threatened. Has the study been published? I would like to use the bees as the platform 
for the elementary school modules on mangrove education. Surely, the kids would love 
having the bees in the modules.

I also wish to clarify at this point that the Myanmar study, used as the basis for the call not 
use wildlings, used bareroot wildlings. The experiences of those who have used wildlings 
from the ground reported the opposite. Using the proper protocols, the wildlings can be 
used.

Issues and Concerns

Discussions in the open forum on Ecosystem Functions and Fisheries emphasized the need 
to:
• Re-strategize and develop a more holistic view of mangrove rehabilitation by expanding 

one’s focus from the mangroves to the greater scope of the ecosystem where the 
mangrove is a part of.

• Actively collaborate with and encourage collaboration among research teams and 
experts from diff erent fi elds to refi ne existing frameworks being adopted.

• Establish the mangrove forests’ value not only for its carbon stock and its role as the 
initial line defense for environmental calamities but also as a source of sustainable 
livelihood, e.g. bee cultivation.

• Adopt a streamlined set of variables to be considered for diff erent mangrove studies 
and actively search for papers with possible link to studies conducted; and/or solicit 
critique from fellow researchers.

• Contextualize fi ndings of cases cited to determine their implications in the local settings 
more accurately as in the case of the use of wildlings for mangrove rehabilitation.
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Session 4:
Climate Change Adaptation 
and Mitigation
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Abstract

Sea level rise (SLR) threatens human populations and coastal habitats around 
the world. Large parts of the ASEAN are vulnerable due to increasing population 
densities and large rates of wetland loss. SLR is a particular threat to mangroves 
as these species have adapted to tolerate particular inundation regimes. An 
increase beyond a species-specifi c threshold can cause “ecological drowning”. 
Mangroves may be able to keep pace with SLR by increasing their surface 
elevation although the overall response of a mangrove system to SLR remains 
unknown due to insuffi  cient data especially in Southeast Asia. The Rod Surface 
Elevation Table (RSET) methodology is proposed as the only technique able 
to provide suffi  ciently precise and comparable data to accurately estimate the 
vulnerability of the region’s mangroves to SLR. The RSET method is low-cost, 
simple to use and has been used in the US, Latin America, Europe, and Australia 
for over two decades. However, very few data on mangrove response to SLR 
exists in Southeast Asia. Long-term surface elevation monitoring is seldom 
conducted in the region, too. The RSETs installed in Singapore and Thailand over 
the last two years by the National University of Singapore are some of the fi rst 
in the region. This paper asks the question: how do we upscale this accurate and 
robust methodology to a regional scale to fi ll in the critical data gap? It argues the 
urgent need for an ASEAN RSET network to eff ectively assess the vulnerability of 
mangroves to SLR. Examples of a potential network for the Philippines and the 
ASEAN region are presented. Using a simple, standardized technique means that 
data are easily collectable and comparable between diff erent mangroves sites in 
diff erent countries. An RSET network can provide numerous collaborative and 
data-sharing opportunities between academic and government ASEAN partners. 

An ASEAN Network to Effectively Monitor Mangrove 
Vulnerability to Sea Level Rise

Dan Friess1* and Edward Webb2

1Department of Geography, National University of Singapore, 1 Arts Link, Singapore 117570
2Department of Biological Sciences, National University of Singapore, 
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RSET data are management- and policy-relevant since they can be used to identify 
vulnerable mangrove sites in urgent need of conservation as well as stable 
mangroves suitable for inclusion in REDD+ schemes. A “bottom-up” ASEAN RSET 
network will address a key knowledge gap and provide unprecedented, accurate 
data that are urgently needed for mangrove management and conservation 
policy.

_________________________________________________________________

Introduction

Mangrove forests provide a wide range of ecosystem services that are crucial for human 
livelihood especially in Southeast Asia (Barbier et al., 2011). Mangroves are also severely 
threatened in the region due to natural and human factors. Mangroves are threatened in 
part because they are dynamic systems and their establishment and stability are aff ected by 
a wide range of physical (inundation, waves), chemical (salinity, nutrients) and ecological 
(propagule availability, predation) factors (Krauss et al., 2008; Balke et al., 2011). Friess et 
al. (2012a) describe the physical controls of wetlands as a series of thresholds which will 
cause a mangrove to degrade if they are exceeded.

This paper describes the threat of one particular physical process – accelerated sea level 
rise (SLR) – to the mangrove ecosystem. While this will be a huge threat to mangroves in 
the future, we know little about the science behind SLR-mangrove interaction. We also 
have no information on the vulnerability of ASEAN’s mangroves. We have to improve our 
knowledge of coastal wetland surface processes in order to identify sites at risk and inform 
their conservation and adaptation. We present a technique and a coordinated network 
in order to answer this crucial knowledge gap and provide information for the eff ective 
conservation of our important mangrove resource.

Threat of SLR to Coastal Wetlands and Importance of Surface Elevation

SLR threatens coastal wetlands around the world (Duke et al., 2007; Fitzgerald et al., 2008). 
Mangroves have adapted to tolerate particular frequencies and periods of inundation. An 
increase in inundation past a threshold can cause “ecological drowning” and potentially 
destroy 20% of coastal wetlands globally by 2080 (Nicholls, 2004). This is signifi cant and 
will lead to huge economic and societal impacts with the loss of ecosystem services.

Mangroves have adapted to SLR throughout geological history (McKee et al., 2007; Cannon 
et al., 2009) though natural migration of mangroves to higher ground has now been 
stopped by rapid human development in the coastal zone. It is the ability of mangroves 
to move vertically upwards by sediment trapping and accretion that will determine their 
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vulnerability to SLR. Mangrove surface elevation change is the result of a number of 
diff erent processes summarised by Friess et al. (2012a). Shallow sub-surface processes 
may be positive (sediment deposition, below-ground primary production) or negative 
(autocompaction, dewatering, organic matter decomposition, subsidence, bioturbation) 
and contribute to net surface elevation change  (Cahoon et al., 1999; Cahoon et al., 2006; 
McKee, 2011; see Figure 1). Once these surface processes are adequately measured, overall 
trends of surface elevation change can be compared to recent observations or future 
predictions of SLR to estimate whether a wetland will “keep pace” with SLR. Measuring the 
movement of the mangrove mud surface is therefore a key to estimating its vulnerability.

Figure 1.  Multiple physical processes contribute to net surface 
elevation change

How to Measure Surface Elevation

The mangrove surface changes in elevation by millimetres per year. This is a level of accuracy 
that cannot be achieved by mapping techniques such as LIDAR, GPS, and satellites. These 
techniques require expensive instruments and may have an accuracy of centimetres to 
metres, and thus, are unable to capture subtle mangrove surface change.

We present a method that is a) inexpensive; b) simple to install and measure; and c) able 
to monitor surface elevation processes at the millimetre scale. The Rod Surface Elevation 
Table (RSET) is a technique developed to measure surface and shallow subsurface 
processes contributing to coastal wetland surface elevation change (Cahoon et al., 2002). 
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The RSET uses simple technology. A solid steel rod with an attached receiver is driven into 
the soil until it meets resistance/bedrock. A portable horizontal arm attached to the rod 
uses vertical pins to measure the distance to the surface (Figure 2). When combined with a 
surface marker horizon (such as a layer of feldspar clay) to measure accretion (Figure 2a), 
a number of shallow subsurface soil processes can be measured.

The RSET is relatively easy to install, maintain, and collect data. It requires a level of 
expertise already present within most universities, government departments, and non-
governmental agencies. Repeated measurements every 6 months allow monitoring 
of total surface elevation change which can be compared to regional SLR predictions 
for vulnerability assessment. Because the benchmark rod is immovable, RSETs can be 
abandoned for long periods of time before data collection resumes. 

Figure 2.  Theory of the RSET and MH methodology (a),  installing 
the benchmark in SW   Thailand, July 2012 (b), and taking 
measurements using the RSET arm in NW Singapore, 
August 2011(c) 

Need for a Regional Network of Surface Elevation Monitoring

The RSET has been used for almost two decades and reported in over 50 journal papers. 
Most studies have focused on salt marshes in North America, Europe, and Australia (Cahoon 
et al., 1995; Day et al., 2011; Spencer et al., 2012). The RSET method has also been used in 
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mangroves in the US, Central America, and Australia (Cahoon and Lynch 1997; Cahoon et 
al., 2003; Rogers et al., 2005). While RSETs are now well-used and provide robust data, 
there are two issues:

1. Almost all previous studies are ad hoc. Thus, they are not comparable in terms of 
research question, sampling design, etc. However, since RSET is a standardized 
technique, data can be collected that are comparable to other sites in order to 
answer regional-scale questions.

2. There are huge geographical data gaps. For example, no published studies are 
known from Africa, South Asia, or East Asia. Southeast Asia has very few RSETs 
which have been established only in the last few years.

Practically all of the RSET researches conducted so far have been case studies and not 
a robust, standardized, and coordinated network for currently under-researched regions 
such as ASEAN. A proactive, coordinated expansion of RSET sites will signifi cantly improve 
wetland monitoring capacity and management.

We Need a Network for the ASEAN Region

ASEAN’s mangroves have been identifi ed by Alongi (2008) to be particularly vulnerable to 
SLR, although we know almost nothing about their resilience since we have no accurate 
surface elevation information. However, the foundation exists for a solid ASEAN RSET 
network. A total of 16 RSETs had been established in 2 sites in NW Singapore in February 
2011 (Friess et al., 2012b). In Trang province, SW Thailand, 24 RSETs had been set up in 2 
sites in July 2012 by the National University of Singapore. In addition, the University of 
Queensland has established a site in Java, Indonesia.

An RSET network for the Philippines  

The cost of two diff erent networks for the Philippines has been calculated based on 
experience in Singapore, the US, and Micronesia. The overall cost is expected to be 
much less for most countries in the ASEAN region due to lower material and labour 
costs compared to Singapore and the US. A similar cost analysis has been done for other 
countries in Southeast Asia and throughout the tropics.

Firstly, the cost of a minimum-sized network was estimated where only two priority sites 
are established in the Philippines. Each site has a statistical sampling design of 4 transects, 
each with 8 RSET stations (32 x 2 sites = 64 RSETs in total). Priority sites may be defi ned 
by size, conservation/protection status, or perceived vulnerability to SLR. Secondly, the 
cost of establishing RSET sites in every mangrove patch >10 km2 in area was calculated. 
The number of mangrove patches in the Philippines >10 km2 was calculated by GIS analysis 
using data from the UNEP World Conservation Monitoring Centre. These two networks 
are presented here as examples of relative cost, though site selection can be conducted 
according to locally relevant criteria and budget considerations.
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A minimum design of two priority sites can be established in the Philippines for less than 
US$ 25,000 (Table 1). According to the GIS analysis (Figure 3), there are 25 mangrove 
patches in the Philippines >10 km2 (ranging from 10.28 km2 to 51.42 km2 with an average 
of 16.9 km2). Thirty two RSETs in each would require approximately US$ 265,050 based on 
Singapore equipment costs.

Figure 3.  Distribution of mangrove patches >10 km2 
(data from UNEP-WCMC)

An RSET Network for the ASEAN Region

Based on a cost of $24,700 per country (Table 1), establishing two priority sites in each of 
the 9 ASEAN member states with mangrove (Brunei Darussalam, Cambodia, Indonesia, 
Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam) would cost US$ 222,  
300. This is an overestimation as 16 RSETs are currently in operation in Singapore and 24 in 
Thailand.
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This estimated cost for both the Philippines and the wider ASEAN region is modest 
considering the management importance of the data collected and compared to current 
and anticipated spending requirements for coastal climate change adaptation in the region. 
RSET monitoring should be a relatively small but priority investment.

Table 1.  Cost of a minimum design RSET installation based on Singapore prices

Item Cost USD

One time costsa

Generator 1300

Hammer drill 900

Angle grinder 300

RSET arm 1300

Total USD 3800

Costs for 64 RSETs

Steel rodsb 9000

Custom receivers 10 500

PVC tubing (6” diameter) 500

Cement 200

Safety equipment 200

Other consumablesc 500

Total USD 20 900

What costs are not included in the estimates?

The above estimates are for establishing an RSET network only and what we believe to 
be the single largest cost of an RSET network. However, they do not include manpower 
or travel costs as these will vary signifi cantly among ASEAN member states. As a rough 
estimate, a team of four people will install approximately 3-4 RSETs per day. There are also 
manpower and travel costs associated with monitoring. It is estimated that 64 RSETs in 
the Philippines will take two staff  approximately 14 days every year (measuring twice per 
year, 7 days per measurement round). It is best to aim for an RSET network that is to be 
monitored for years or decades. This will involve long-term costs and require long-term 
commitment. Depending on the stakeholder involved, long-term manpower requirements 
(e.g., in a government agency) may already be available.

Who would coordinate the network?

Individual RSET sites can be established and monitored by local stakeholders (local 
academics or government offi  cials). While costs for RSET establishment and monitoring 
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are low compared to other techniques, an RSET network will need a long-term baseline 
funding mechanism and a knowledgeable group responsible for coordination. The group 
coordinator will establish and manage an online knowledge and data-sharing portal to 
ensure data quality standards and provide transparent and long-term data availability. 
Government (e.g., National Environment Ministry) partnerships with local academic 
institutions and research agencies will off er additional effi  ciency and long-term sustainability 
for data collection and knowledge creation.

Aside from data sharing, a new network is also an opportunity to facilitate knowledge 
exchange, provide collaborative opportunities (e.g., network meetings and conferences), 
transfer technology, and reach out to policymakers. This network will be similar to other 
global projects such as the Smithsonian Centre for Tropical Forest Science plots which 
provide a global standardized methodology and science hub for monitoring long-term 
rainforest vegetation dynamics. Two existing coordinated regional RSET networks in the US 
and Australia provide evidence of the importance of regional expansion. In Louisiana, USA, 
nearly 400 RSETs had been established. Data from the S.E. Australian RSET network include 
more than 100 RSETs. Both networks are providing important large-scale information on 
wetland processes for state-level management policy decisions.

Research and Policy Benefi ts

RSETs at the site-scale can realistically assess mangrove vulnerability to SLR and when 
coordinated, can also highlight priority sites for regional conservation and mitigation. An 
ASEAN RSET network will allow local coastal managers, local and national governments, 
the Ramsar Secretariat, the UNFCCC, aid agencies, and NGOs to identify and prioritise 
threatened mangroves and plan eff ective adaptation interventions and social aid. 

One important use of RSET network data lies in highlighting threatened and stable 
mangroves. Identifying threatened mangroves allows the effi  cient use of budgets that 
target mangroves most in need of management. Identifying stable mangroves is important 
for conservation policies such as REDD+. Should we invest money for carbon storage if the 
mangrove is in danger of being destroyed by SLR and releasing that carbon back into the 
atmosphere? Without knowledge of mangrove resilience, carbon market investments will 
remain risky.

Ultimately, an ASEAN RSET network will provide the important data required by 
policymakers to craft management and conservation policies based on quantitative 
analyses and increasing effi  ciency and eff ectiveness of management decisions. Such policy-
relevant conclusions cannot be provided by piecemeal research but requires collective and 
coordinated action. We are interested to discuss with stakeholders who may be interested 
to participate or coordinate an ASEAN RSET network in order to create robust data for 
conservation.
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Abstract

This research was conducted to assess the social and ecological resilience of 
mangrove ecosystem to sea level rise as a consequence of global warming 
eff ect. Resilience Index (RI) method was used from range 0 to 1. Sixteen 
resilience indicators, both ecological and social, were selected, developed 
and evaluated. The parameters consisted of mangrove coverage, mangrove 
density and diversity, aquatic fauna, tidal fl ood, salinity, land use, mangrove 
dependence and time allocation for utilization of mangrove ecosystems, 
potential confl icts, compliance rate, types of livelihood, institution and level 
of education. These were expected to have prominent role in mangrove 
restoration program rise in Blanakan Bay to encounter the impact of sea 
level. The evaluation results indicated that there were two Bay categories 
of bay resilience: middle and high resiliency. Majority had middle resiliency 
with CRI range from 0.43 to 0.51. This level was found in the villages of 
Muara, Langensari, Blanakan, Jayamukti and Rawameneng. Only one 
village in Cilamaya had high resiliency with CRI of 0.67. The main factor that 
contributed to high resilience of the area was the sedimentation from the 
river; the main factor that contributed to the impediment of social resilience 
were the institutional and public knowledge about the importance of 
mangrove ecosystems.

Keywords: mangrove ecosystem, resilience index, sea level rise, Blanakan Bay
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Introduction

As ecosystems situated in the transitional zone, mangroves are the fi rst to be aff ected 
by climate change disturbance forces.  One of the major forces is sea level rise, causing 
not only inundation of the coastal areas, but also generates other impacts such as: (a) 
increasing the frequency and intensity of fl oods; (b) expansion of sea water intrusion; (c) 
escalating threat to the socio-economic conditions of coastal communities; (d) reduced 
vast plains or loss of small islands; and (e) changes in ocean currents causing widespread 
destruction of mangroves (Diposaptono, 2002). Mangrove response to  sea level rise 
would vary according to location and depends greatly on the rate local sea level rise as well 
as availability of sediment as mangrove medium growth (Gilman et al., 2008). Mangrove 
resiliency here is considered as the level to which the ecosystem could absorb, resist and 
recover to some disturbances caused by sea level rise.

The Intergovernmental Panel On Climate Change or IPCC (2001)  estimated that the climate 
change would increase global sea level around 1-2 mm per year, while Susandi et al. (2008) 
predicted that the sea level rise for Indonesia will be 1.1 mm/year until 2100. 

The purpose of this study is to identify and analyze the socio-ecological indicators and 
estimate the resiliency of Blanakan Bay towards sea level rise. The results would provide 
coastal managers  a strategy to mitigate and adapt to the sea level rise.                 

Methodology

a. Data acquisition 

The extent of mangroves and their cover were recorded from Landsat and Quickbird image. 
Ground truthing of mangrove density and diversity was carried out through line intercepted 
transect, drawn perpendicularly from sea landward. Distances between transect lines were 
about 75 m, while the length of transect varied according to the mangrove width. For each 
transect line, 3 square plots with a size of 10x10 m2 were observed. For social observation, 
sites and peoples were selected purposively considering the level of harassment to and 
dependency on the mangrove ecosystem.

b. Analytical condition of Mangrove Ecosystem

Mangrove vegetation data analysis covered density and mangrove closure (Saparinto, 
2007). Criteria used for assessing density and mangrove closure consisted of three 
categories (Table 1).  
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c. Resiliency analysis

The basic model used in this resiliency research was the index of resilience. It represents a 
sign or alert that measures, simplifi es and communicates complex reality of one condition 
(Farell and Hart, 1998).

The analysis began with the determination of indicators and classifi ed  them  into  three 
criteria of resilience: (1) low, (2) medium and (3) high (Jacob et al., 2012). The list of possible 
indicators was obtained from several literature. The indicators were then reviewed and 
fi nally 16 parameters were selected according to the local condition. These parameters (8 
each) covered ecological and social dimensions which played a major role in the recovery 
of  mangrove ecosystem if there was any inconvenience that impacts signifi cantly on 
mangrove regeneration. 

Then the mangrove ecosystem resilience for each criterion was calculated using the 
formula below:   

 , 0.0 ≤ RI ≤ 1

Where: 

RI = mangrove ecosystem resilience index 

A*= resilience maximum value 

Acrit= indicator value of resilience criteria

Where: 
CRI (Eco) = composite index of ecological resilience 
IRi = resilience index of ecological parameter to-i (i = 1,2,3,…,8) 
αi= ecological weight parameter to-i

Table 1.   Mangrove damage criteria based on density and closure

Criteria Closure (%) Density (Tree/ha)

Good Very dense ≥75 ≥1.500

Damage Medium ≥50-< 75 ≥1.000-<1.500

Rarely <50 <1.000
Source: Ministry of Environment (2004)
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Where: 
CRI (Sos) =composite index of social resilience; 
IRi=resilience index of social parameter to-i (i=1,2,3,…,8); 
βi=Social parameter weight to-i.

   CRI (eco-soc)=CRI(eko)*W(eco)+CRI(soc)*W(soc)

Where: 

CRI (Eco-soc) = composite index of socio-ecological resilience 

CRI(eco)= composite index of ecological resilience 

CRI(soc)= composite index of social resilience 

W(eco)= ecological weight 

W(soc)= social weight

The total composite index was then applied to the area resiliency categories below. 

Table 2. Determination of resilience rate of mangrove ecosystem

CRI Interval Resilient Rate

0≤CRI≤0.2 Very low resilience

0.21≤CRI≤0.4 Low resilience

0.41≤CRI≤0.6 Moderate resilience

0.61≤CRI≤0.8 High resilience

0.81≤CRI≤1 Very high resilience

The Study Area
Blanakan Bay is one of the coastal districts with scattered mangrove plantation mostly 
managed by the state forest company and with massive traditional brackish water pond 
owned by the community. Generally, livelihoods in the  Blanakan Bay Gulf include fi shing 
and farming with a number working as farm tenants. Many residents use mangrove areas 
as a source of livelihood to catch crabs, snakes, eels, birds, lizards, and others. In Blanakan 
Bay, the land is dominated by wetland and pond, it being a mangrove region. 

The area is administratively a part of Subang Regency of West Java Province. Flanked 
by two rivers, the district covers six villages:  Muara (M), Langensari (L),  Blanakan (B), 
Jayamukti(J),  Rawameneng ( R) and Cilamaya Girang (C) (Fig. 1). The total land area 
of Blanakan is 67.81 km2. The Bay has water depth of less than 20 m with gentle slope. 
Maximum tidal range between high tide and low tide is 1.1 m; but mostly 0.6 m. Tidal 
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currents fl ow between 1.5 to 30.7 cm/sec with predominant westward direction during 
the fl ow, and 1.9 to 33.5 cm/sc during the ebb. The area is classifi ed into tropical rain 
climate with annual rainfall of 2.736 mm. The average temperature is 270C at night and 
330C during the day. Humidity ranges between 72-91% (BAPPEDA, 2010).     

Figure 1.  Map of Blanakan Bay, West Java

a. Sea level rise in Blanakan Bay

Data processing on the trend of sea level rise begins by extract netcdf (*.nc) data format 
by using ODV (Ocean Data View) into text (*.txt) data format in the desired coordinated 
boundary area. Increased sea level trend of Blanakan Bay by using ODV can be seen in 
Figure 2 below. 

Figure 2.  Increasing sea level trend in Blanakan Bay
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Based on the chart, the rate of sea level rise around Blanakan is 4.5 mm/year or 0.18 m in 
40 years. It implies major impact on the rate of land submergence at Blanakan Bay, with 
the Bay conditions varying in diff erent elevations and slopes for each observation village 
(Rogers, 2012). Inundation is one of the biggest consequences of sea level rise for small 
islands along the Bay as is currently happening around the world (Mimura, 1999). Here is 
a scenario that could potentially submerge the mangrove area because of increasing sea 
levels.

Based on static land elevation, the increase in  sea level of 0.18 m would inundate the land 
by 5 m wide. Further increase of 0.35 m would reach approximately 10 m landward.

Developing Ecological Indicators and Mangrove Social Resilience

There are at least 30 ecological and social indicators of coastal resiliency according to 
literature (Bachtiar, 2011; Sangaji, 2012; Suryawati, 2012). Based on these, eight ecological 
and eight social indicators would suit the Blanakan condition. Three of the eight ecological 
parameters are indicators of mangrove trees condition, namely: mangrove closure, 
mangrove density and mangrove species diversity. Others are the number of species of 
aquatic fauna, an indicator of biota associated with mangrove; and salinity, an indicator 
of water quality. Flood inundation, land use and sedimentation rate, on the other hand,  
are external environmental parameters that aff ect the mangrove. From all the ecological 
parameters, two were considered principal in the study: the mangrove cover and the fl ood 
inundation area.

Figure 3.  Scenario of submerged area expansion in Blanakan due to sea level rise
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Similar to ecological indicators, eight social resilience parameters were selected from 
literature: (1) dependence on mangrove, (2) allocation time, (3) potential confl ict, (4) 
compliance rate, (5) perception of mangrove, (6) livelihood, (7) institutional capacity, 
and (8) educational level. Of these, two parameters were considered very important: 
dependence on mangrove and allocation of time. 

Resiliency of Blanakan Bay

The results of both satellite and ground survey showed the variety of mangrove conditions 
in Blanakan Bay, as can be seen in Table 3. 

There were only three species of mangrove growing in the Blanakan region namely: 
Avicennia sp, Rhizophora sp and Sonneratia sp. Avicennia was commonly found in the sea 
fronting the area with muddy substrates’ while Rhizophora and Sonneratia, were found 
behind the Avicennia zone. It was also observed that both Avicennia and Rhizophora were 
found in each village. However, Sonneratia was found only in Muara village and Cilamaya 
Girang. All the types of mangrove served the aquatic fauna such as fi sh, shrimp and crab, 
which  were either cultivated or were wild catches. Other aquatic fauna that found in the 
study area were phytoplankton, zooplankton, and benthos. 

Table 3.   Mangrove area, closure and density in the Blanakan Bay

Village Closure 
(ha)

Area
(ha)

Density
(trees/

600 m2)

Muara 59,242 582,975 79

Langensari 57,886 558,589 30

Blanakan 72,489 352,32 54

Jayamukti 137,326 1.031,596 127

Rawameneng 34,287 297,878 71

Cilamaya G 8,828 35,386 81

Village Closure 
(ha)

Area
(ha)

Density
(trees/

600 m2)

Muara 59,242 582,975 79

Langensari 57,886 558,589 30

Blanakan 72,489 352,32 54

Jayamukti 137,326 1.031,596 127

Rawameneng 34,287 297,878 71

Cilamaya G 8,828 35,386 81
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Blanakan, particularly Muara Village, was frequently fl ooded due to its topography and 
soil impermeability. This was made worse by the overfl ow of Ciasem rivers. All these 
increased the water level ranging from 30 to 50 cm above sea level and  fl ooded the area 
up to 2 km wide.

Land uses in Blanakan district are predominantly fi shpond with mangrove strip in the 
front and rice fi eld at the back. The area of fi shponds are nearly 2000 ha; while rice fi elds 
are 2300 ha. Other uses are: horticulture, 144 ha and mixed garden, 4,326 ha. In spite of 
the poor land uses, the land area in the West end and East end tend to grow wider to 
the sea as a result of high sedimentation from the two rivers. The rate of accretion on 
both tips are nearly 2-3 m/year. The new land, however, can create social confl icts in land 
tenure. Another problem that emerged was river blockage, where the sediment on the 
river mouth blocked the water fl ow, inhibited the production process and subsequently 
depressed the economic activities of fi shermen and farmers.

People who live close to the mangrove  highly depended on mangrove for their livelihood. 
The level of dependency however, was not refl ected in the time allocated for the mangrove. 
In Blanakan, half of the community worked as fi sh-farmers and as fi shermen. They work 
everyday from early morning to night; left almost no time to maintain nor to replant the 
mangrove. This condition will reduce mangrove ecosystem resilience, which usually needs 
long time recovery after disturbances. This situation is further aggravated by defi ance of 
the existing government regulations concerning mangroves.  For example, people are 
more likely to cut down mangrove trees for their livelihood.                  

The mangrove ecosystem would continue to fl ourish if there are support from all members 
of the community (Table 4). Knowledge and understanding of mangrove functions by the 
people are also indispensable.    

Table 4.   Identity and role of stakeholders

Stakeholder    Role

Perhutani (RPH Tegal-
Tangkil)

Cultivators
Catcher
Agency of marine fi sheries
Labor
LMDH
KUD

Collectors

Policy makers (resource manager), security 
regulations and control as well as people 
facilitation
Cultivated location/business
Trapping sites/business
Cultivated instructor/increasing production
Cultivated location/catching
Control  and payment of dues
Shelter farm production and increasing 
production
Shelter catching such as shrimp, mud crab, 
eels, etc.
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From the interviews, it turned out that local knowledge concerning mangrove ecosystem 
is good. People fully understood  its functions, both physical and ecological. But there 
was no guarantee that they would  maintain the mangrove. In addition, the fi sh-farmers 
preferred to cut down mangrove trees within their embankment particularly to prevent 
the their leaves from  falling into and rot in the pond.     

Composite Resilient Index 

Composite Resilient Index (CRI) is the combination of the ecological and social resilience 
indices. Their combination would revamp the total resilience level. Such condition 
confi rmed that either ecological resilience or social resilience can be integrated and can 
mutually infl uence each other. 

The distribution of socio-ecological resilience level indicated that Blanakan Bay was only 
experiencing two levels: moderate resilience in areas occupied by Muara, Langensari, 
Blanakan, Jayamukti and Rawameneng village; and high resilience level in areas occupied 
by Cilamaya Girang (Figure. 4). The results also showed that the overall condition of the 
mangrove ecosystem in Blanakan Bay is very poor and is continuously being degraded. 
Without the immediate and eff ective eff ort to rehabilitate the mangrove, the ecosystem 
resilience to the sea level rise will be very low.       

Figure 4. Estimated levels of mangrove ecosystem resilience in Blanakan Bay
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The analysis based on each group of criteria showed more varied results. The ecological 
resilience level of six villages fell into  three levels, namely: low, moderate and high with 
indices ranging from 0.38 to 0.68. The village with high resiliency was Cilamaya Girang 
village; moderately resilient village spread in Muara, Langensari and Blanakan village; 
while low resilience level was found in Jayamukti and Rawameneng. Unlike the ecological 
resilience, the social resilience of six villages exhibited two levels: moderate  and high with 
resilience value 0.41 to 0.55. 

The socio-ecological value of mangrove ecosystem are shown in Figure 5.

Figure 5.  Socio-ecological resilience value of mangrove 
ecosystem for each observed village

Conclusion and Recommendations

Sedimentation and institutional factors come out to be the major factors that aff ect the 
resilience index of Blanakan Bay. The level of socio-ecological resilience of the mangrove 
ecosystem exhibit two categories: moderate resilience ( in Muara, Langensari, Blanakan, 
Jayamukti, Rawameneng) and high resilience (in Cilamaya Girang). If the ecosystem is 
not properly managed, then the level of resilience would further decrease to lower level. 
Capacity building focusing on sea level awareness and mitigation as well as adaptation 
measures among all stakeholders is recommended to increase the ecosystem resiliency. 
The study also recommends further research on economic cost to increase the level of 
resilience.  
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Abstract

In the Philippines, there is very limited information on carbon stock and sequestration 
of established mangrove reforestation stands which are criticized by some as mono-
specifi c. The mangrove reforestation stands are now providing ecological services 
to coastal communities, wildlife, and marine fi sheries, among others. In the light of 
climate change mitigation, their potential capacity to store and sequester carbon 
dioxide (CO2) was investigated using common fi eld sampling technique and existing 
mangrove allometric biomass model applicable for ASEAN mangroves. 

Four established reforestation stands aged 15 to 27 years old and planted to 
Rhizophora species were studied. The above-ground and root biomass for each 
reforestation stand was determined as follows: 1) Aklan 70.2 t/ha; 2) Bataan 128.9 t/
ha; 3) Palawan 164.5 t/ha; and 4) Samar 373.8 t/ha. The biomass of 27 year-old Samar 
plantation was signifi cantly higher than that of the three other sites as well as the 
biomass of plantations in Palawan and  Aklan (p<0.05). On the average, the biomass 
in these four reforestation stands was 184.3 t/ha. 

The total carbon stock from biomass (with 47% carbon fraction) and sediment (upper 
30cm) for each site was: 1) Bataan 117.6 tC/ha; 2) Aklan 146.9 tC/ha ; 3) Palawan 
235.5 tC/ha; and 4) Samar 300 tC/ha. On the average, these reforestation stands 
contained 200 tC/ha. 

The contribution of above-ground biomass to the total carbon stock of each 
mangrove reforestation stand varied from 17% (Aklan), 24% (Palawan), 39% (Bataan) 
to 44% (Samar). Mangrove sediment was indeed a signifi cant storage of Carbon 
in the mangrove ecosystem which accounted for 42% (Samar), 48% (Bataan), 67% 
(Palawan) and 78% (Aklan) of the total carbon stock in each reforestation/plantation 
stand. 

Carbon Stock Assessment of Four 
Mangrove Reforestation/Plantation 
Stands in the Philippines

Jose Alan A. Castillo1* and Lourdes A. Breva
1Mangrove Research Section, Ecosystems Research and Development Bureau
Forestry Campus, Los Baños, Philippines 4031 
* allan536@yahoo.com 
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Carbon sequestration based on accumulated biomass and stand age varied from 
1.5 tC/ha/year (Aklan), 3.0 tC/ha/year (Bataan), 5.2 tC/ha/year (Palawan) to 6.5 tC/
ha/year (Samar) with an average of 4 tC/ha/year. 

Key words: Carbon density, C sequestration, biomass, mangrove reforestation/
plantation

___________________________________________________________________

Introduction

The accelerated accumulation of greenhouse gases, particularly carbon dioxide, in the 
atmosphere and its possible eff ect on global climate is certainly one of today’s major 
environmental concerns. Eff ects on the environment can be disastrous and may be 
irreversible such as rise in sea level by 15-95 cm because of the melting of glacial ice, increased 
vulnerability of coastal population due to fl ooding and erosion, increased number of storm 
events, and frequent occurrence of extreme weather conditions such as heavy rains and 
droughts, among many others.

Basically, carbon dioxide in the atmosphere traps heat that is leaving the biosphere and 
radiates it back to the earth. Too much carbon dioxide in the atmosphere, however, results 
in increased warming of the earth’s surface (greenhouse eff ect) which causes global 
warming.

Plants, especially trees, play an important role in solving the global warming problem. This is 
because during photosynthesis they use carbon dioxide which they eventually store in the 
plant biomass and soil through litterfall. It is not surprising therefore, that great attention 
is now focused on forests, including mangroves, to off set carbon emission due to their 
cheap cost compared to pollution control devices, high potential rates of carbon uptake, 
and associated environmental and social benefi ts (Brown et al., 2000; Moura-Coasta, 1996; 
Myers, 1996 as cited in Exconde, 2006). In the Philippines, forest cover, which is estimated 
to be 7.2 million hectares in 2003 (FMB, 2009), has the great potential to sequester and 
store carbon.

Most of the studies on carbon storage and sequestration conducted in the Philippines 
focused on terrestrial vegetation such as second-growth forests, plantation forests, and 
agroforestry. There is, however, a dearth of information on carbon sequestration and 
storage of Philippine coastal vegetation in general and mangrove forest in particular. 

As of 1918, mangrove cover in the Philippines was estimated to occupy between 400,000 
and 500,000 has (Brown and Fisher, 1920). It declined to 139,100 has in 1988 (FMB, 1988). 
Recent statistics based on 2001-2003 satellite imageries (albeit not ground-truth) placed the 
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fi gure to 247,362 has as published in the 2009 Philippine Forestry Statistics, with mangrove 
plantations in Samar and Palawan Islands covering 513 has and 465 has, respectively (FMB, 
2010). 

As may be true in other countries, past mangrove reforestation stands in the Philippines 
were often mono-specifi c probably due to the following reasons: (a)  many of the areas 
available for planting are open mudfl ats which are suited for Rhizophora species; (b)  
problems on proper supply of mangrove seeds and propagules especially for less common 
species such as Bruguiera sexangula, Bruguiera gymnorrhiza, Ceriops tagal, and Xylocarpus 
granatum;  and (c) absence of germination information for other species  (Melana et 
al., 2000). The stands were not only mono-specifi c but also sometimes encroached the 
seagrass beds. However, some of the reforestation stands are now fully established, are 
growing well, and provide ecological services such as coastal protection and habitat for 
wildlife and marine fi sheries. 

In the Philippines, there is very limited information on biomass and carbon stock of 
established mangrove reforestation/plantation stands. In light of the potential contribution 
of these mono-specifi c stands to carbon storage and sequestration vis-à-vis climate change 
mitigation,  this study sought to estimate the capacity of selected established mangrove 
reforestation/plantation stands in the Philippines to store and sequester carbon dioxide. 
Its specifi c objectives were to: a) determine the accumulated biomass and its carbon stock 
in both above-ground and roots of four mangrove reforestation stands;  b) determine 
the amount of carbon stored in the sediment of mangrove reforestation stands; and c) 
estimate the carbon sequestration rate of selected mangrove  reforestation stands.

Methodology

Four mangrove plantations located in northern and central Philippines were investigated 
for their carbon storage function.  The study sites included Tortugas, Balanga, Bataan; 
Macarascas, Puerto Princesa, Palawan; New Busuang, Kalibo, Aklan; and Botoc, Pinabacdao, 
Samar. The sites were selected based on availability of established mangrove reforestation 
stand, accessibility, and safety. The relative location of the study sites are shown in Figure 
1. 

Among carbon pools, only three major pools were studied: 1) above-ground biomass; 2) 
root biomass of individuals 5 cm and up in diameter breast height (DBH); and 3) mangrove 
sediment. 
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Figure 1.  Map of the Philippines showing the relative location of the 
mangrove study sites

Field Methods

The selected mangrove reforestation/plantation stands were sampled using plot method 
(FAO, 1995) where a series of 10m X 10m sample plots were established from seaward 
margin to landward (or from the river bank to inland) per study site. One hundred percent 
inventory of trees of at least 5 cms in diameter was done. The species name, DBH, and 
total height of each tree were recorded. A branch sample (6-8 cm diameter, 10-20 cm long) 
of the plantation species was taken to the laboratory for carbon content analysis. 

The sediments were also sampled for carbon stock using bulk density (BD) and organic 
matter (OM) content.  One core for BD and one core for OM content in an undisturbed 
portion of the plots using a 30-cm high, 5-cm diameter corer were gathered. The core 
samples were stored in labeled plastic bags for FW determination, drying, bulk density, 
and organic matter content analysis. 
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Laboratory Work and Analysis

The branch samples of each major mangrove species in the study areas and the soil/
sediment cores were brought to laboratory for FW determination, oven drying at 105 0C 
for 48 hours, and analysis.  Some 10-20 g oven-dried sample each of tree branch, bark, 
and stem were brought to the International Rice Research Institute (IRRI) Analytical 
Services Laboratory for total carbon analysis using the automated carbon analysis-mass 
spectrometry continuous fl ow technique. 

Data Analysis

The above-ground biomass (AGB) and root biomass (RB) were determined using the DBH-
based common allometric equation for mangroves developed by Komiyama et al. (2005). 
The result of biomass carbon fraction analysis was used to convert the biomass value to 
its carbon equivalent. Mean and standard error were computed and student’s t-test was 
applied to the data set

For soil/sediment organic carbon, the bulk density of soil samples and the height of corer 
were used to compute the soil mass per hectare. The organic matter content of soil samples 
was used to determine soil organic carbon. 

The approximate rate of carbon sequestration was computed based on accumulated 
biomass as:

Biomass Accumulation Rate (t/ha/year)  =  Current Biomass/Age of Stand

Results and Discussion

Plants are considered as a cost-eff ective tool in mitigating global warming because during 
the process of photosynthesis, they absorb carbon dioxide from the atmosphere to 
manufacture food for their diff erent tissues. They store the carbon they have fi xed in their 
biomass and eventually in the soil through litterfall, decay of coarse woody debris, and 
root turnover. It has been argued that the increasing concentration of carbon dioxide in 
the atmosphere due to fossil fuel burning is one of the major causes of global warming. 

All of the four mangrove reforestation/plantation stands studied were planted to 
Rhizophora, mostly mixed Rhizophora apiculata and Rhizophora mucronata.  The plantations 
ranged from 15 to 27 years old or 21 years on the average. 

Stand Characteristics

Site 1 was located in Tortugas village, Balanga town, Bataan province (northwestern 
Philippines). The site constituted an 8-hectare mangrove reforestation established in 1991 
and dominated by Rhizophora mucronata with few stems of R. apiculata and Sonneratia 
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alba. DBH of trees was 5-32 cm (mean 8.74 cm) with a height of 15 m. Density of individuals 
with at least 5 cm in DBH was 1,560 individuals per hectare. 

On the other hand, site 2 was situated in Macarascas, Puerto Princesa City, Palawan province 
(west central Philippines). It was planted to Rhizophora apiculata and R. mucronata by 
Ulugan Bay Foundation Inc. and Macarascas Mangrove Association Inc. from 1994 to 1996 
with assistance from the Department of Environment and Natural Resources (DENR). The 
plantation had an estimated area of 200 has. DBH of trees was 5-11.3 cm (mean 6.74 cm) 
with a height of 15 m. The stand was very dense with 5,980 individuals per hectare.

Site 3 was located in New Buswang, Kalibo, Aklan province (central Philippines). The 
estimated 50+-ha mangrove plantation of Rhizophora apiculata and Rhizophora mucronata, 
now with few stems of Sonneratia alba and Avicennia marina, was established in 1989 
through a local government unit-led mangrove reforestation project, technically assisted by 
DENR and eventually turned over to an NGO called Kalibo Save the Mangrove Association, 
Inc. (KASAMA). DBH of trees was 5-17.4 cm (mean 10 cm) with a height of 10-20 m. Density 
was 957 individuals per hectare. 

Site 4 was located in Botoc village, Pinabacdao, Samar province (east central Philippines). 
The mangrove plantation study site was a 20-ha plantation of Rhizophora apiculata 
established in 1984 by DENR. It was located near a natural mangrove site. The plantation 
covered an estimated area of 20 has. DBH of trees was 5-21 cm (mean 12.4 cm). Density was 
2900 individuals per hectare. No other species was recorded in the plantation.

Biomass Density

The biomass density of the mangrove reforestation/plantation stands is shown in Table 1. 
As expected, the mangrove reforestation stand in Samar province, being the oldest of the 
four plantations, registered the highest biomass with 373.8 t/ha while the Aklan mangrove 
reforestation had the least biomass of 70.2 t/ha probably due to its low density (957 
stems/ha compared to Pawalan which was the youngest but had 5,980 stems/ha). On the 
average, the biomass in the four reforestation stands was 184.3 t/ha. The biomass density 
in the Samar plantation was signifi cantly higher compared to the three other sites and the 
Palawan and Aklan biomass (p<0.05). The rest were not signifi cantly diff erent (p>0.05). 

The above-ground biomass contributed 72-76% to the total biomass in each site. The 
obtained value was lower compared to the 97% above-ground biomass of terrestrial 
secondary forest in Mt. Makiling, Philippines as reported by Lasco et al. (2000). This was 
expected since mangroves tend to allocate more biomass in the root portion (stilt root 
included which is comparable on weight to a branch for Rhizophoras) in order to maintain 
a bottom-heavy form and stand straight in soft, loose, and wet sediment (Komiyama, 
2005).
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Table 1.  Biomass density of four mangrove reforestation stands investigated

Mangrove Stand Age Above-ground 
Biomass (ton/

ha)

Root Biomass 
(ton/ha)

Biomass 
Density (ton/

ha)

Standard Error

Bataan 20 97.74 31.12 128.86 45.2

Palawan 15 119.16 45.33 164.49 18.4

Aklan 22 51.89 18.31 70.20 4.9

Samar 27 282.64 91.14 373.78 22.2

Mean 137.86 46.475 184.33 66.1

Carbon Stock

The laboratory result of the wood samples sent to the IRRI Analytical Laboratory for carbon 
fraction analysis registered a mean of 47%. The result was 3% higher than the value used in 
biomass carbon computation for tree-dominated vegetation in the country (Lasco, 2000; 
Breva, 2004). Coincidentally, 47% was also the default value recommended in the 2006 
IPCC Greenhouse Gas Inventory. This new data on carbon fraction of mangrove biomass 
(i.e., 47%) can be used to refi ne estimates on the National Greenhouse Gas Inventory for 
Philippine mangroves.

Using the data in Table 1 and the 47% carbon fraction of the biomass, the carbon densities 
of the above-ground biomass and below-ground biomass were computed. The carbon 
density amounted to 32.99 tC/ha (Aklan), 60.56 tC/ha (Bataan), 77.31 tC/ha (Palawan), and 
175.68 tC/ha (Samar) with a mean of 86.63 tC/ha. The obtained value was much smaller 
than that reported by Lasco et al. (2011) for the above-ground carbon density of mangrove 
forest (176.8tC/ha) which was probably estimated using natural mangrove stand (and not 
plantation) being the dominant mangrove cover in the country. 

On the other hand, the carbon content of the upper 30 cm layer of mangrove sediment, as 
presented in Table 2, had a mean of 9.12% and varied from 3.85% (Bataan), 8.44% (Aklan), 
9.76% (Samar) to as high as 14.43% (Palawan). Compared to the high-carbon mangrove 
sediment, the soil carbon content of a mature terrestrial secondary forest in Mt. Makiling, 
Philippines as reported by Lasco et al. (2000) was only 1.56%. At the upper 30 cm of the 
sediment, the carbon density of the mangrove plantation studied ranged from a low 57 tC/
ha (Bataan) to a high 158.15 tC/ha (Palawan) with a mean of 113.4 tC/ha. 

Summing up both the carbon stocks from the biomass and sediment, Table 3 presents the 
total carbon stock of each of the mangrove reforestation/plantation stand investigated. 
Total carbon density was highest in Samar mangrove at 300 tC/ha, followed by Palawan 
mangrove with 235 tC/ha. Aklan mangrove had slightly higher stock at 147 tC/ha.  Bataan 
mangrove, which contained a total carbon density of 117 tC/ha, had the least carbon stock. 
On the average, the reforestation stands contained 200 tC/ha which was equivalent to 734 
tCO2/ha. 
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As shown in Table 4, the contribution of above-ground biomass to the total carbon stock of 
each mangrove reforestation stand varied from 17% (Aklan), 24% (Palawan), 39% (Bataan) 
to as high as 44% (Samar). On the other hand, carbon in the upper 30cm of sediment 
accounted for 42% (Samar), 48% (Bataan), 67% (Palawan) to as high as 78% (Aklan) against 
the total carbon stock in each reforestation/plantation stand. 

On the average, among the three carbon pools studied, carbon in mangrove sediment 
accounted for more than half (59%) of the total carbon stored in the mangrove plantation 
stand. The above-ground biomass constituted 31% of the total carbon while the root  biomass 
made up the remaining 10%. This highlights the importance of mangrove ecosystem as a 
big reservoir of carbon especially in its mangrove sediment.

The results showed a signifi cant amount of carbon that should be prevented from 
returning to the atmosphere by way of biomass burning and sediment excavation so as 
not to contribute further to the high concentration of carbon dioxide in the atmosphere 
which causes global warming and therefore, accelerated climate change, which in turn, 
causes accelerated sea level rise and high intensity storms, among other eff ects.

Table 2.  Carbon density in mangrove sediment of reforestation stands investigated.

Mangrove Site % C
Carbon Density 

(tC/ha)
Standard 

Error

Bataan 3.85 57.00 12.6

Palawan 14.43 158.15 39.1

Aklan 8.44 113.88 33.9

Samar 9.76 124.73 24.9

Mean 9.12 113.44 21.0

Table 3.  Total carbon stock from biomass and sediment of mangrove plantations studied

Mangrove Stand AGB Carbon 
(tC/ha)

Root Biomass 
Carbon (tC/ha)

Total 
Biomass 
Carbon  
(tC/ha)

Sediment 
Carbon  
(tC/ha)

Total Carbon 
Stock (tC/ha)

Bataan 45.94 14.63 60.56 57.00 117.56

Palawan 56.01 21.31 77.31 158.15 235.46

Aklan 24.39 8.61 32.99 113.88 146.87

Samar 132.84 42.84 175.68 124.73 300.41
AGB = above-ground biomass    BGB = below-ground biomass
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Table 4.  Proportion (%) of stored carbon of 3 carbon pools against total carbon per site

Carbon Pool Bataan Palawan Aklan Samar Mean SE

AGB 39 24 17 44 31 6.3

RB 12  9 6 14 10 1.8

Sediment 48 67 78 42 59 8.3

Total   100   100   100   100
AGB = above-ground biomass    RB = root biomass   SE = standard error

Carbon Sequestration 

The carbon sequestration rate of each mangrove reforestation/plantation stand was 
computed based on accumulated biomass and stand age. As indicated in Table 5, results 
varied from 1.5 tC/ha/year (Aklan), 3.0 tC/ha/year (Bataan), 5.2 tC/ha/year (Palawan) to 6.5 
tC/ha/year (Samar) with an average of 4 tC/ha/year which is equivalent to 14.7 tCO2-eq/ha/
year. 

The mean value obtained in this study fell within the range of the IPCC default value (3-11 
t/ha/year) for tropical insular forests in Insular Asia (Brown et al., 1996 as cited by Lasco 
et al., 2000) although it was 2.7 times higher than the 1.5 tC/ha annual sequestration rate 
reported by Gong and Ong (1990) for managed Malaysian mangroves. 

Table 5.  Approximate carbon sequestration rate of mangrove plantations investigated

Mangrove Site Age Biomass Density 
(ton/ha)

Approx. Carbon 
Sequestration (tC/

ha/year)

Bataan 20 128.86 3.0

Palawan 15 164.49 5.2

Aklan 22  70.20 1.5

Samar 27 373.78 6.5

Conclusion and Recommendations

This study has demonstrated the potential contribution of selected mangrove reforestation 
stands in the Philippines, albeit criticized by many as being mono-specifi c, as a strategy 
in light of climate change mitigation. The total carbon stored and held in the biomass 
and sediment of the mangroves studied showed a signifi cant amount which must be 
managed well. Otherwise, if the biomass is cut and burned and the sediment is excavated 
and oxidized to make way for fi shponds and similar coastal disturbance, a huge amount 
would go back to the atmosphere and further contribute to the alarming concentration 
of carbon dioxide in the atmosphere which is believed to be the cause of global warming 
which accelerates climate change. 
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The amount of carbon accumulated yearly in the biomass of mangrove forests also 
highlights the importance of managing the biomass in eff ectively capturing carbon dioxide 
from the atmosphere.

Future studies should look into the lower layers (lower 30 cm to 2 meters depth) of the 
mangrove sediment in accounting for the sediment carbon stock as well as developing a 
biomass model for Philippine mangroves.
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Abstract

Mangroves in Indonesia contribute about a quarter of world’s mangrove area 
and are mainly distributed in Sumatera, Kalimantan, and Papua islands. This study 
aimed to quantify soil properties and carbon pools of mangrove ecotypes and 
among those islands.  We sampled mangrove soils at distances of 25, 50, 75, 100, 
125, and 150 m from the edge of water body at depth intervals of 0-15, 15-30, 30-
50, 50-100 and >100 cm at Sumatera (6 transects), Kalimantan (7), and Papua (13) 
and estimated also their above-ground carbon pools using six of 7m-radius plots 
at respective distances.  Average of soil depths, soil carbon contents and carbon 
pools of riverine ecotype (175.9±33.3 cm, 8.4±1.3 % and 812.0±38.3 Mg C.ha-1, 
respectively) were signifi cantly smaller (P<0.01) than that of estuarine ecotype 
(207.5±20.2 cm, 10.2±2.0 % and 972.8±69.3 Mg C.ha-1, respectively).  Average soil 
bulk density of riverine ecotype (0.62±0.07 g.cm-3), however, was signifi cantly 
larger (P<0.01) than that of estuarine ecotype (0.53±0.10 g.cm-3).  There were no 
diff erences among islands on average of soil bulk density and soil carbon content.  
Average soil carbon pool down to their soil depth at Sumatera Island (1033.5±73.0 
Mg C.ha-1) was signifi cantly larger (P<0.01) than at Kalimantan Island (760.1±50.3 

Mangrove Soil Properties and their 
Carbon Pools Among Large Islands 
in Indonesia

Joko Purbopuspito1,2, Daniel Murdiyarso1,3, Matthew Warren4, 
Boone Kauff man1,5, Haruni Krisnawati6, Sartji Taberima7, Solichin 
Manuri8 and Sigit Sasmito1

1 Center for International Forest Research (CIFOR), Bogor, Indonesia.
2 Sam Ratulangi University, Manado, Indonesia
3 Bogor Agricultural University, Bogor, Indonesia
4 USDA Forest Service, Northern Research Station, 271 Mast Rd., Durham NH 03824, USA
5 Oregon State University, Dept. of Fisheries and Wildlife,Nash Hall Rm 104, Corvallis OR 
97331, USA
6 Center for Forest Conservation and Rehabilitation Research and Development (CFCRRD-
FORDA), Bogor, Indonesia
7 University of Papua, Manokwari, Indonesia
8 GIZ, Jambi, Indonesia
Correspondence to: j.purbopuspito@cgiar.org; jpurbop@yahoo.com



256 1st ASEAN Congress on Mangrove Research & Development 

Mg C.ha-1), but both were not diff erent from that of Papua Island (883.7±28.2 
Mg C.ha-1).  However, average soil depth of Papua mangrove (214.5±7.8 cm) was 
signifi cantly deeper (P<0.01) than that of Kalimantan (171.1±42.0 cm) and both 
were not diff erent from that of Sumatera (189.5±18.6 cm).  Soil properties (bulk 
density, carbon content, and carbon pool) at each distance from the edge of 
water body landwardly were not signifi cantly diff erent at all sites for all depth 
intervals.  Mean carbon pools at depth interval of 0-15, 15-30, and 30-50 cm 
(70.4±7.7 to 96.0±9.2 Mg C.ha-1) were similar, but signifi cantly smaller than that of 
deeper soil depth of 50-100 cm (245.0±35.2 Mg C.ha-1), and >100 cm (365.6±165.2 
Mg C.ha-1).  Aboveground carbon pools of riverine and estuarine mangrove were 
similar (213.2±35.7 and 199.9±15.6 Mg C.ha-1), but their ecosystem carbon pools 
were signifi cantly diff erent (1025.2±68.6 and 1172.7±66.2 Mg C.ha-1, respectively) 
due to their soil carbon pools.  Estuarine mangrove seems to lodge sediments and 
nutrients from the upstream rivers of riverine mangrove as well as accumulating 
materials of levee construction from dynamic sea tides, while riverine mangrove 
tend to be proned to abrasion and erosion of their terraces.  Aboveground carbon 
pools among islands were also similar, but their ecosystem carbon pools were 
signifi cantly diff erent (Sumatera: 1230.0±67.1, Kalimantan: 944.7±37.6, and Papua: 
1104.6±24.7 Mg C.ha-1).

Keywords: riverine, estuarine, mangrove ecotype, soil carbon, carbon pool
___________________________________________________________________

Introduction

Mangroves in Indonesia that lie between 11°S and 6°N, and between 95°E and 141°E cover  
about 3.1 million hectares (m ha). Mangrove forests are mainly distributed in Sumatera, 
Kalimantan, Papua and Jawa Islands and account for almost 23 percent of the world’s 
mangrove area (FAO,2007; Saputro et al., 2009; Ministry of Forestry - Gov. of Indonesia, 
2009; Giri et al., 2011, Kauff man and Donato, 2012).  Indonesia, however, has lost more 
than 1.2 m ha of its mangroves since 1980 when its mangrove forest cover was about 4.2 
m ha (FAO, 2007; Giri et al., 2011).  In the climate change context, mangroves have huge 
potentials for carbon sequestration and its storage in their ecosystem (Donato et al., 2011).  
However, Ellison (2009) mentioned that mangroves which occur between a high tide and 
a mean sea level are particularly sensitive to sea level rise and other factors that infl uence 
hydrology of the intertidal zone.

Cowardin, et al. (1997) used geomorphologic settings for classifying wetlands in the United 
States inventories including mangroves based on plants, soils and frequency of fl ooding.  
They defi ned wetland system into marine, estuarine, riverine, lacustrine and palustrine.  
Marine and estuarine systems each has two sub systems: sub tidal and intertidal; the riverine 
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system has four sub systems: tidal, lower perennial, upper perennial and intermittent.  
However, Kauff man and Donato (2012) classifi ed mangrove ecosystems into four major 
associations with diff erent structures corresponding to physical, climatic and hydrologic 
features of the environment in which they exist: (1) fringe or coastal mangroves, (2) riverine 
or estuarine mangroves, (3) basin mangroves and (4) dwarf or scrub mangroves.

Due to the eff ect of river discharges and sea currents and waves, mangroves may trap 
sediments carried by the water.  Mechanism of an ecosystem that makes mangroves an 
important C-storage is the addition of sediment-associated carbon from outside system 
boundaries. That is, riverine mangroves had a more homogeneous distribution of sediments 
at a rate of 0.64 mg cm-2 spring tide-1 than tidal mangroves at a rate of 0.90 mg cm-2 spring 
tide-1 (Adame et al., 2010).  An accumulation rate of approximately 1.7 mm y-1 was found in 
a maritime ecotype of an island in Brazil (Sanders et al., 2008).  Riverine mangroves with 
a stronger inland infl uence will be more susceptible to terrestrial pollutants and nutrient 
run-off , while estuaries mangroves have diff erent spatial patterns for sedimentation and 
their terrestrial carbon fl uxes in the impacts of climate change.

Mangroves play important roles in biogeochemical cycles in the coastal zone where 
photosynthetic products are allocated to all parts of carbon pools. The mangrove 
aboveground biomass pool is divided into two parts, top and root, whose ratio is generally 
low allowing mangrove trees to stand steadily in muddy soils (Komiyama et al., 2008).  
Furthermore, Kauff man and Donato (2012) mentioned that for the quantifi cation of 
mangrove forest ecosystem, aboveground pool consists of trees, palms, shrubs, seedling, 
downed wood, while belowground pool consists of roots and soils.

This study focuses on relatively undisturbed mangrove forests facing continued threats 
from land use change.  Belowground C (soil carbon) and aboveground C (tree, prop roots 
and woody debris) were assessed. The study aims to understand the ecosystem carbon 
in relations to mangrove ecotypes and their carbon properties in the area as well as their 
diff erences among islands in Indonesia.  

Material and Methods

The study used six 7m-radius circular plots in perpendicular transect of 25, 50, 75, 100, 125, 
and 150 m distance intervals from the edge of water body and sampled soils in each plot of 
mangrove forests at Sumatera (4 riverine transects and 2 estuarine transects), Kalimantan 
(5 riverine and 2 estuarine) and Papua (9 riverine and 4 estuarine) islands during the 
campaign workshops in July and September 2011 as shown in Table 1 and Figure 1.

Using the protocol for the measurement, monitoring and reporting of structure, biomass 
and carbon stocks in mangrove forests (Kauff man and Donato, 2012), each plot was cored  
using a 6.4-cm open-face auger. This was systematically sliced into 5 depth intervals of 
0-15 cm, 15-30 cm, 30-50 cm, 50-100 cm, and >100 cm, and soil subsamples of 5-cm solum 
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thickness were collected from each interval.  The tree diameter at breast height of each 
tree within six circle-plots of 7m-radius was also measured, and woody debris in a planar 
intercept within cross-sectional line transect were collected.

Table 1.   Selected sites during campaign workshops

Islands Location Latitude 
(S)

Longitude 
(E)

Dominant species No. of 
transects

(tree count at site)

Sumatera 104o28'09" Rhizophora 
apiculata

4 2

Kubu 
Raya

109o21'41" Rhizophora 
apiculata

5 2

Papua Bintuni 133o32'09" Bruguiera 
gymnorrhiza

5 -

Papua 131o48'35" Bruguiera 
gymnorrhiza

2 2

Papua Timika 136o47'18" Rhizophora 
apiculata

2 2

Figure 1.  Location sites of ecosystem carbon study in Indonesia
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Soil C content was determined using an automatic CN dry combustion machine from soil 
subsamples at diff erent soil depths that were previously dried to constant mass.  Common 
allometric equation derived by Komiyama et al. (2008) was used to convert tree diameter 
into their aboveground biomass.  Prop-root biomass was also estimated using common 
equation of Komiyama et al. (2005).  Dead wood volume was converted to necromass 
using collected woody debris by size- and decay-class and the specifi c wood density was 
measured during the study.  Both biomass and necromass were converted to C mass using 
conversion factor for mangrove of 0.464 (Kauff man and Cole, 2010).  

The soil properties, soil C pool and C pools of aboveground biomass were transect’s 
average for their ecotypes, islands and plots. These then were  analyzed by employing 
two-way factorial design of variance analysis (ANOVA) without replicates.  The fi rst factor 
was the distance of plots from the water body and the second factor was the ecotype, 
island or soil depth.  If the eff ect was signifi cant, the least signifi cant diff erence (LSD) test 
was performed on the mean values of each factor.

Results

Dahdouh-Guebas and Koedam (2008) stated that various settings of deltaic-estuarine 
geomorphology infl uence development of mangrove forests along shores, bays, estuaries, 
deltas and river banks which often indicate changed environments.  Figure 2 shows some 
similarities and diff erences of the observed soil properties between riverine and estuarine 
mangrove ecotypes and Figure 4 shows soil properties among islands along the distance 
from the water edge to inland.  Figure 3 and 5 show their soil C belowground pools.

Soil Properties Between Mangrove Ecotypes

 Solum depths, soil carbon contents (Figure 2) and their carbon pools (Figure 3) 
of riverine mangrove ecotype (175.9±33.3 cm, 8.4±1.3 % and 812.0±38.3 Mg C.ha-1, 
respectively) were signifi cantly smaller (P<0.01) than that of estuarine ecotype 
(207.5±20.2 cm, 10.2±2.0 % and 972.8±69.3 Mg C.ha-1, respectively).  Average soil bulk 
density of riverine ecotypes (0.62±0.07 g.cm-3), however, was signifi cantly larger 
(P<0.01) than that of estuarine ecotypes (0.53±0.10 g.cm-3).  As it was found in many 
other estuarine mangroves, estuarine mangroves may have higher deposition and 
sedimentation rate but lower erosion rate due to high wave and tidal amplitude (McIvor 
et al., 2012)

Figure 2 shows also that in riverine ecotype, the soil bulk densities (0.53 – 0.55 g cm-3) 
and carbon contents (8.07 - 8.31 %) were not diff erent within the top 100 cm of solum.  
However, they were signifi cantly diff erent from the deeper solum depth interval of 100-300 
cm, which was higher in its soil bulk density (0.64 g cm-3) and lower in its carbon content 
(6.57 %).  The carbon densities and pools were strongly dependent on the thickness of 
solum.  Similar situation also occured in estuarine ecotype, the solum thickness down to 
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Figure 2.  Soil properties according to mangrove ecotypes in the study area

100 cm solum were not diff erent in their soil bulk densities (0.42 – 0.49 g cm-3) and carbon 
contents (11.18 – 11.77 %).  Compare to that of deeper solum in estuarine ecotype, however, 
they were signifi cantly diff erent, where the deeper solum layer has soil bulk density of 0.57 
g cm-3 and carbon content of 8.95 %.
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Figure 3.  Belowground carbon pools according to 
mangrove ecotypes in the study area

Figure 4.  Soil properties according to islands in the study area
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Soil Properties Among Islands

Figure 4 shows that there was no diff erence among islands in terms of  properties of soil 
bulk densities (0.57±0.09 - 0.60±0.04 g.cm-3) and soil carbon content (8.9±1.7 – 9.7±1.0 %).  
However, the average soil depth of mangrove at Papua (214.5±7.8 cm) was signifi cantly 
deeper (P<0.01) than that at Kalimantan (171.1±42.0 cm) and both were not diff erent from 
that at Sumatera (189.5±18.6 cm).  Figure 5 shows that carbon pools down to soil depths 
of mangroves at Sumatera Island (1033.5±73.0 Mg C.ha-1) was signifi cantly larger (P<0.01) 
than at Kalimantan Island (760.1±50.3 Mg C.ha-1), but both were not diff erent from that 
of Papua Island (883.7±28.2 Mg C.ha-1).  In terms of their geologic and geomorphological 
settings, Sumatera Island was currently more of an active volcanic island in contrast to 
Papua and Kalimantan Islands. The latter was presumably richer in nutrients compared to 
the other two islands as indicated by the measured carbon content in this  study.

Soil Properties Among Solum Intervals of Soil Depth

Average carbon pools for mangrove ecotypes (Figure 3 and Table 2) at solum depth intervals 
of 0-15 cm (riverine, R: 70.7±4.6 Mg C.ha-1; estuarine, E: 66.3±2.6 Mg C.ha-1), 15-30 cm (R: 
70.8±2.3 Mg C.ha-1; E: 66.8±3.0 Mg C.ha-1), and 30-50 cm (R: 94.8±4.7 Mg C.ha-1; E: 91.9±11.0 
Mg C.ha-1) were similar, but signifi cantly smaller than that of deeper soil depth intervals 
of 50-100 cm (R: 238.4±12.8 Mg C.ha-1; E: 245.6±25.5 Mg C.ha-1), and >100 cm (R: 337.3±27.1 
Mg C.ha-1; E: 502.2±66.5 Mg C.ha-1).  Estuarine mangrove seems to lodge sediments and 
nutrients from the upstream rivers of riverine mangrove as well from accumulating 
materials of levee construction from dynamic sea tides, while riverine mangrove tend to 
be proned to abrasion and erosion of their terraces.

Figure 5.   Belowground carbon pools according to islands in the study area
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Figure 5 and Table 3 show that the mean soil carbon pools among islands at solum depth 
intervals of 0-15 cm (Sumatera, S: 77.3±5.1 Mg C.ha-1; Kalimantan, K: 63.8±7.5 Mg C.ha-1; 
and Papua, P: 64.2±2.3 Mg C.ha-1), 15-30 cm (S: 75.4±7.4 Mg C.ha-1; K: 61.8±5.4 Mg C.ha-1; P: 
69.4±2.9 Mg C.ha-1), and 30-50 cm (S: 103.1±6.2 Mg C.ha-1; K: 88.5±7.1 Mg C.ha-1; P: 88.5±10.1 
Mg C.ha-1) were also similar, but signifi cantly smaller than that of deeper soil depth intervals 
of 50-100 cm (S: 283.6±23.4 Mg C.ha-1; K: 218.7±27.4 Mg C.ha-1; P: 223.8±16.7 Mg C.ha-1), and 
solum depth of >100 cm (S: 494.1±69.3 Mg C.ha-1; K: 327.3±81.6 Mg C.ha-1; P: 437.8±34.8 
Mg C.ha-1).  Similar argument can be proposed based on the geologic-geomorphological 
setting of the islands, where Sumatera is more active and richer compared to the other 
two islands.

Table 2.   Average values of ecosystem carbon pools according to their 
mangrove ecotype in the study area

Table 3.   Average values of mangrove ecosystem carbon pool 
according to their island in the study area
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Soil Properties Among Distances from Edge of Water Body

Soil properties (bulk density, carbon content, and carbon pool) were not signifi cantly 
diff erent from the edge of water body landward in all sites for all depth intervals (Figure 2 
to Figure 5).  They indicate that there was no variation across the 150 m span of sampling 
plots.

Aboveground Mangrove and Ecosystem Carbon Pools 
Between Mangrove Ecotypes

There was no signifi cant diff erence in the mean total C-pools between riverine and 
estuarine ecotypes of 213.2±35.7 Mg C ha-1 and 199.9±15.6 Mg C.ha-1 respectively (Figure 
6).  The development of prop roots seems to be highest near the edge and signifi cantly 
diff erent compared with the remaining plots as they are away from the waterline.  This 
may be related to defense mechanism by anchoring the trees against sea waves and high 
tides.  As a result, C-pool within prop roots contributes quite signifi cantly to the total 
aboveground C-stocks.

The ecosystem C pools of riverine ecotype was signifi cantly diff erent from that of estuarine 
ecotype, (1025.2±68.6 and 1172.7±66.2 Mg C.ha-1, respectively, Figure 7 and Table 2) due to 
their soil carbon pools.  These data were similar to that of Donato et al. (2011) concluding 
that mangroves are the richer among forest carbon pools, which contain most of their 
carbon in the soils.  The data not only showed that riverine ecotypes were constructed 
by more mature stand of trees than the estuarine ecotypes, but that soil carbon pool of 
riverine ecotype was less than that of estuarine ecotype.

Figure 6.  Aboveground carbon pools according to mangrove ecotypes 
in the study area
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Figure 7.  Ecosystem carbon pools according to mangrove ecotypes 
in the study area

Aboveground Mangrove and Ecosystem Carbon Pools Among Islands

Figure 8 showed aboveground carbon pools of mangrove at Sumatera Island (196.5±36.7 
Mg C.ha-1) was similar to that of Kalimantan Island (184.6±46.6 Mg C.ha-1), and Papua 
Island (220.9±25.4 Mg C.ha-1).  Figure 9 and Table 3, however, indicated the ecosystem 
carbon pool of Sumatera Island (1230.0±67.1 Mg C.ha-1) was signifi cantly larger than that 
of Kalimantan Island (944.7±37.6 Mg C.ha-1), and Papua Island (1104.6±24.7 Mg C.ha-1).  This 
fi nding was similar to Donato et al. (2011), Dahdouh-Guebas and Koedam (2008), Ellison 
(2009), and Adame et al. (2010) were noting the role of sediment deposition as well as the 
geomorphological settings which most probable causes of these fi ndings.

Figure 8.  Aboveground carbon pools according to islands 
in the study area
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Figure 9.  Ecosystem carbon pools according to islands in the 
study area (right)

Aboveground Mangrove and Ecosystem Carbon Pools Among Distances 
from Edge of Water Body

Comparison between mangrove ecotypes (Figure 6 and Figure 7) as well as among islands 
(Figure 8 and Figure 9) based on plot values indicated that aboveground and ecosystem 
carbon pools were not signifi cantly diff erent from the edge of water body going inland at 
all sites for all depth intervals. This means that there was no signifi cant variation across the 
150 m span of sampling plots.
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OPEN FORUM

SESSION 4. Climate Change Adaptation and Mitigation

Dr. Diaz:  I would like us to note that in Dr. Carandang’s paper, putting mangrove plantations 
for fi nancing is not viable or feasible. However, we should also note Dr. Castillo’s fi ndings 
that mangrove sediments contribute signifi cantly to the creation of carbon. 

Dr. Castillo:  I wish to clarify that by mangrove sediment, I mean the mangrove soil and not 
the sediment substrate.

Dr. Sy: How was “resiliency” in Ms. Yulianti’s study operationalized and what indicators 
and parameters were used to categorize mangrove resiliency as low, medium, or high?

Ms. Yulianti: In the study “resiliency” refers to the mangrove system’s ability to survive 
a disturbance. Low to high resilience was determined through the ecological and social 
parameters including trial fl oods, sedimentation, compliance and knowledge, political 
confl ict, and institutional capacities.

Dr. Salmo:  I was really intrigued by carbon deposition over depth, the variation of species, 
and geographical setting. My theory is that there could be change in carbon stock or 
density over time but in the presentations of Mr. Castillo and Mr. Purbopuspito,  there 
was no diff erence in terms of geographical setting. What could be the reasons why there 
was no pattern found in their studies? Would it be possible to isolate and focus only on the 
atmospheric parameters or social/anthropogenic disturbances?

Dr. Purbopuspito:  The soil in the mangrove area is sedimentary so there is not much 
pattern. The pattern is in the layers of the soil only. Any disturbance in the soil will make 
the layers indistinguishable.

Mr. McKenzie:  One possible reason is that the sites sampled by Dr. Purbopuspito already 
had carbon pools. What Dr. Castillo and Dr. Purbopuspito assessed were carbon stocks. 
Take note of Dr. Friess’ RSETs, as well as the use of naturally occurring radio nucleids to 
document and monitor carbon content.

Dr. Cabahug: Other papers show that wider mangrove coverage and higher density lead 
to higher resilience to sea level rise. But Ms. Yulianti’s paper shows otherwise.  How can 
this be explained? 
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Dr. Primavera:  For Dr. Castillo’s assessment of carbon stock in mangrove plantation stand, 
I suggest that he considers not only increasing the depth but also including the natural 
stands. Dr. Castillo can also look at colonizing mangroves, and this would include the 
younger and the old basin mangrove forests.

Dr. Castillo: I thank Dr. Primavera for the suggestions. Some of her suggestions are already 
cited in the recommendations for future study. There is a plan to include natural mangrove 
forests in future studies as the paper focused only on plantation mangroves.

Dr. Palis:  I wish to ask Dr. Friess if geologic movements would aff ect the accuracy of using 
rods for measuring mangrove vulnerability to se level rise considering the location of the 
Philippines and Indonesia.

Dr. Friess:  We were not able to consider that factor. However, there are other techniques 
that can be used to get more accurate fi ndings.

Mr. Sitompul: Dr. Purbopuspito’s research is very important and very benefi cial for us. Are 
the diff erences of carbon stocks in the sites studied related to the mangrove structure or 
the location of the sampling site?

Dr. Purbopuspito:  On a global scale, the change in the soil depends on the geological and 
geomorphological setting of the area. It is not proven yet that the diff erences in carbon 
stocks is due to mangrove structure or location.

Issues and Concerns

Discussions in the open forum on Climate Change Adaptation and Mitigation emphasized 
the need to:

• Collaborate on future studies on mangrove to answer queries and/or to validate 
hypotheses shared among researchers.
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Workshop on R&D Gaps 
and Prioritization
 Workshop Mechanics

Objective:
To identify and prioritize research and development gaps on mangrove resources 
management

Groupings:
Group 1: Ecosystem Functions and Fisheries
Group 2: Silviculture, Forest and Stand
Group 3: Socio-Economic and Valuation
Group 4: Climate Change Adaptation and Mitigation
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GROUP 1: ECOSYSTEM FUNCTIONS AND FISHERIES
Makiling Room, 3

rd
 Floor 

Name Country 

Carmelita I. Villamor (ERDB Technical 
Staff ) 

Philippines 

Simplicia A. Pasicolan (Usherette) Philippines 

Severino G. Salmo III Philippines 

Amalia E. Almazol Philippines 

Dewiyanti Irma Malaysia 

Anas Fauzi Indonesia 

Aldrie Amir Malaysia 

Januel R. Peras Malaysia 

Zhila Hemati Philippines 

Josephine E. Garcia Philippines 

Felizardo D. Virtucio Philippines 

Eliseo M. Baltazar Philippines 

Mary Ann Ramil Philippines 

Marius Panahon Philippines 

Marjorie C. Pamplona Philippines 

Norma A. Pablo Philippines 

Agustinus Samosir Indonesia 

Candy Villar (Rapporteur) Philippines 
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GROUP2: SILVICULTURE, FOREST, AND STAND
Banahaw Room, 3

rd
 Floor 

Name Country 

Manolito U. Sy (ERDB Technical Staff ) Philippines

Liza Ranes (Usherette) Philippines

Frida Sidik Indonesia

Wan Rasidah K. Malaysia

Adi Kunarso Indonesia

Huyen Thi Nguyen Vietnam

Eric D. Budluan Philippines

Abruey Barnuevo Philippines

Camelita G. Taguiam Philippines

Dexter M. Cabahug, Jr. Philippines

Jimmy Masacga Philippines

Leuvina M. Tandug Philippines

Ronilo Salac Philippines

Punyasloke Bhadury India

Nomericio Arevalo Philippines

Concepcion M. Palaypayon Philippines

Wencelito P. Hintural Philippines

1. Theia Canubas (Rapporteur) Philippines
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GROUP 3: SOCIO-ECONOMIC AND VALUATION
Corregidor Room 

Name Country 

Edith P. Eusebio (ERDB Technical 
Staff /Usherette) 

Philippines 

Jurgenne Primavera Philippines 

Florentino O. Tesoro Philippines 

Antonio Carandang Philippines 

Maricar Samson Philippines 

Wawan Gunawan Philippines 

Nerda C. de Vera Philippines 

Arnold F. Sitompul Indonesia 

Retno Hartai Indonesia 

Lucrecio Rebugio Philippines 

A. Winbaw Philippines 

Josephine P. Savaris Philippines 

Craig Jamieson Philippines 

Aleli M. Luna Philippines 

Ma. Lourdes Moreno Philippines 

Emiliano Ramoran Philippines 

Basuki Rahmad        

Marifi  Magsino (Rapporteur) Philippines 
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GROUP 4: CLIMATE CHANGE ADAPTATION AND MITIGATION
Kanlaon Room (First Floor) 

Name Country 

Honorato G. Palis (ERDB Technical 
Staff ) 

Philippines 

Lourdes A. Breva (Usherette) Philippines 

Daniel Friess Singapore 

Poppy Yulianti Indonesia 

Jose Alan S. Castillo Philippines 

Joko Purbopuspito Philippines 

Richard A. MacKenzie Indonesia 

Arief Marsudiharjo Indonesia 

Weka Mahardi Indonesia 

Marcial C. Amaro, Jr. Philippines 

Aida B. Lapis Philippines 

Celso P. Diaz Philippines 

Lilia Alcazar Philippines 

Todd R. Johnson USA 

Roberto Ballon Philippines 

Julius Caesar A. Flores Philippines 

Lauro S. Punzalan Philippines 

Angelita P. Meniado Philippines 

Ma. Stella C.Tirol  (Rapporteur) Philippines 
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Group Tasks

• Each group will receive soft copy of the Mangrove R&D Gaps Analysis and 
Prioritization template. 

• The group will use the table or matrix to accomplish the tasks for this workshop.

Task 1: Identifying and Prioritizing Possible Researchable Areas 

1. The template on mangrove R&D gaps analysis provides possible researchable 
areas on mangrove resources management based on four themes. 

2. Choose a leader for your group. He or she will lead the group discussion on 
possible researchable areas.

3. A rapporteur will be assigned to assist your team in preparing your output.  

4. Your group will indicate the level of research eff ort for each possible researchable 
area under each theme by putting a check (√) mark on the appropriate column 
that corresponds to the following scale:  High, Medium, Low, and None. 
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5. You may add a more specifi c topic under each researchable area of the Congress 
theme. Or, you may add new topics at the end of the list under each theme. 
Please rate also the level of research eff ort on these additional researchable 
topics.

6. Discuss among your group members the reason or factor underlying the level of 
priority indicated for each possible researchable area in the table or matrix.

Task 2: Identifying the Timeline for Researchable Areas

1. When your group is done identifying priority researchable areas, you will now 
specify the time frame to guide the planning and implementation of each 
researchable area. 

2. The preferred timeline are as follows:
 2013
 2014
 2015
 2016
 2017 onwards

3.  For each possible researchable area, put a check (√) mark under each column that 
corresponds to the preferred timeline for planning and implementation of the 
research study or project.

Task 3: Presentation of Workshop Output

1. Your group leader will present your workshop output. The output will be 
projected on screen.

2.  Be prepared to answer questions or make clarifi cations that will arise during your 
group presentation. 
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Workshop Outputs
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RESOLUTION OF THE 
FIRST ASEAN CONGRESS 
ON MANGROVE RESEARCH 
AND DEVELOPMENT

WHEREAS, Southeast Asia is host to the world’s largest area of 
mangroves of about 6.8 million hectares representing 34 to 42 percent 
of the world’s total mangrove area;

WHEREAS, Southeast Asia mangroves are the most species-diverse in 
the world;

WHEREAS, over 60 mangrove species are found in Southeast Asia and 
contribute a very signifi cant share to the true mangrove species in the 
world;

WHEREAS, mangroves provide many economic and environmental 
benefi ts to coastal communities and their economies are often 
dependent on the nearby mangrove resources because of multiple 
products derived therefrom, including fi sheries and non-timber 
products;

WHEREAS, mangroves serve as the habitat of a multitude of wildlife 
threatened to become extinct once their habitats are destroyed;

WHEREAS, the protective functions of mangroves had been 
graphically illustrated during the 2004 Asian tsunami with 20-meter 
high waves that caused massive loss of lives and properties except 
where mangrove forests existed which lessened the impacts of the 
giant waves;
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WHEREAS, mangroves play a signifi cant role in building resilience 
against climate change and natural disasters in the coastal zone 
by providing coastal communities with increased food and income 
security, as well as an improved environment and physical protection 
against erosion, storms, and other extreme climate events.

WHEREAS, throughout Southeast Asia there has been an extensive 
reduction of mangrove areas resulting from conversion into brackish 
water aquaculture ponds, reclamation and settlement areas, urban 
development, tourism, massive cutting for construction and for fuel, 
collection of products such as tanbarks, charcoal production and the 
negatives eff ects of pollution;

WHEREAS, mangrove ecosystems are capable of sequestering very 
high quantities of carbon compared to other forest ecosystems. 

WHEREAS, it is imperative that these mangrove areas be rehabilitated 
and restored. 

WHEREAS, there is still a need to generate more scientifi c knowledge 
about mangrove species, their habitat, and management.

WHEREAS, there is low-level utilization of existing mangrove scientifi c 
outputs (knowledge and technology) as basis for crafting and 
implementing eff ective policies and programs;

WHEREAS, ASEAN Ministers responsible for environment have agreed 
to synergize regional environmental cooperation by identifying 10 
priority areas based on World Summit on Sustainable Development 
Plan of Implementation which include among others coastal and 
marine environment;  

WHEREAS, there is a need for the Southeast Asian countries to 
cooperate and share knowledge and lessons learned to speed up 
the application and adaptation of methods and best practices on 
mangrove rehabilitation and restoration;
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NOW THEREFORE, it is resolved that ASEAN member countries adopt 
the following resolutions to achieve the above objectives:

Resolution No. 2012-01 – ASEAN promotes and conducts rehabilitation 
and restoration and expansion of their respective mangrove resources 
using science-based methods;

Resolution No. 2012-02 – ASEAN establishes cooperative projects on 
mangrove research and development and resolves to share information, 
knowledge, and technologies on mangroves; 

Resolution No. 2012-03 – ASEAN promotes mangrove conservation that 
highly links with community livelihood improvement and other socio-
cultural aspects.

Resolution No. 2012-04 – ASEAN establishes a common database, 
e-network, and mangrove information center;

Resolution No. 2012-5 – ASEAN supports the institutionalization of a 
mechanism for deliberately linking mangrove science, policy, and action.

Resolution No. 2012-6 – ASEAN commits to create working groups to 
plan and work for greater research and development collaboration and 
also plan for the next congresses.

Resolution No. 2012-07 – ASEAN continues to undertake a similar 
Congress on Mangrove every three years on rotational basis.

DONE during the First ASEAN Congress on Mangrove Research and 
Development at the Century Park Hotel, City of Manila on December 5, 
2012.
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Closing Program
VOTE OF THANKS       

DR. ARNOLD F.  SITOMPUL
Program Director
KEHATI
Indonesian Biodiversity Foundation

Thank you very much for giving me the opportunity to express our thanks to the 
organizers on behalf of the participants. The fi rst time I read the email from Dr. Palis 
about this congress, I thought that this is indeed  what we need.  The congress is very 
important for the ASEAN countries, not just for mangrove but  for other things such 
as species conservation and climate change, among other things. ASEAN is  one of the 
important regions in the world in terms of mangrove resources. 

On behalf of the participants, I would like to thank Dr. Palis, all his team members, 
especially the Secretariat who picked us up  from the airport. From this conference, we 
gathered a lot of information. Based on these information, we need to do a lot of work 
to translate them into concrete actions in order to  preserve the precious mangroves in 
ASEAN countries. So I believe we still have a lot of homework to do. Most scientists really 
like talking to other scientists,  but seldom will they be willing to talk to the bureaucratic 
policy makers and other stakeholders.  But it’s our job to disperse all the critical and 
important information from this  congress to the  outside world. 

I believe that this gathering is not the fi rst and last; we have to do this more regularly. On 
behalf of the Indonesian country, I am happy to express our willingness to host the next 
ASEAN Mangrove Conference in 2015.  With all your support, I know we can do it. 

Thank you and see you all in Indonesia in 2015. 
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ACCEPTANCE AND RESPONSE

DEMETRIO L. IGNACIO, JR.
DENR Undersecretary for Field Operations and 
Chairman, ASOEN-PHILIPPINES

I accept the resolution of this Congress. I congratulate you, and 
most especially, I would like to thank you for working hard to come 
up with a very good resolution. Rest assured that we will pass this 
on to our Minister of Foreign Aff airs so that this can be submitted 
to the ASEAN process. We, as the ASEAN senior offi  cials for the 
environment in the Philippines, will make sure that something comes 
out of this resolution. 

At the same time you are having this workshop, DENR is also hosting in another hotel the 
ASEAN Ecotourism Congress. As you know, mangroves are integral part of ecotourism in 
all our countries. They are one of the most important and most productive ecosystems that 
we have in our region.  And our region is very rich in biodiversity. While ASEAN constitutes 
only 3% of the land area of the world, it is home to 19% of all the species on earth. And 
our biodiversity, our plant and animal species, especially the mangroves can be discussed 
in superlatives. This means that what we have in ASEAN is the biggest, the smallest, the 
longest, the shortest, the strangest. Give any description and we have it in ASEAN. We are 
so rich in biodiversity, so let us take care of it, especially those in the coastal areas. 

Mangroves give us economic benefi ts. We all know it is a good protection for climate 
change, a good adaptation to climate change. There have been scientifi c studies that 
cited mangroves as more eff ective in controlling and checking erosion and siltation than 
the most expensive infrastructure. They provide the  natural way of doing things and that 
is important.  Studies have also shown that during tsunami situation,  those areas with 
mangroves experience the least damage and the least losses of  lives.  

We all know that whenever there are coastal developments and modernization, mangroves 
are the fi rst that get destroyed.  When we put up courts or housing, it’s always the 
mangroves that suff er. So it is high time that we also expand our mangrove cover.

I am honored to be here and to be among you. I hope you had a pleasant stay in our country 
the past few days. Before you go home, try to see places. May you all have a very safe trip  
back home.

Thank you very much. 
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CLOSING REMARKS 

DR. LEUVINA M. TANDUG  
Assistant Director
DENR-ERDB

After two days of our Congress activities, I would say 
that we have just begun setting the direction for the next 
undertakings as far as Research and Development on the 
mangrove ecosystem is concerned.

To our participants, I’m sure that this conference has been 
memorable. This occasion served as a venue to meet fellow researchers, scientists and 
planners who have similar, interrelated and complementary concerns on mangrove R&D. 
We interacted with new friends and new alliances whom we intend to keep in contact 
with through our email, phonebooks and probably facebook accounts.

Aside from meeting people, we gained new ideas and information. Each session in our 
Congress was a venue for lively exchange of information that enriched our knowledge 
on the mangrove ecosystem, its importance in the economies of our respective countries 
and in the lives of our countrymen especially with the onslaught of climate change. 
 
In the presentations, we have seen and heard stories on mangrove R&D - the initiatives 
that are being undertaken across the ASEAN region and the concerns that have to be 
addressed.

Certainly each of us shared with each other and, in turn, gained something important 
from this Congress. We, at the Ecosystems Research and Development Bureau, the 
organizer of this event, hope that this fi rst mangrove congress will be a springboard for 
the ASEAN region to continue to move forward. May this inspire us to proceed with more 
regional activities on mangrove R&D. 

For this successful event, let me congratulate the people, especially Dr. Honorato 
Palis, the overall coordinator, who gave their best eff orts to ensure that each activity 
proceeded smoothly. We thank all the other individuals and committees who helped us 
pursue this activity. 
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Although we have fi nished the technical sessions, the congress is actually not yet over 
because tomorrow, there will be a fi eld trip to a Mangrove Forest in Subic, Zambales. 

At this juncture, I wish you all a safe, comfortable and enjoyable trip. After the fi eld 
trip, we will go back to our respective places inspired and strengthened.  It is with a 
heavy heart to bid you goodbye but I am sure that we will keep our connections and 
interactions with each other. With the internet technology, we can easily reach each 
other and update one another especially in our respective eff orts to bring back the rich 
mangrove ecosystem along the ASEAN coastlines.

 Let’s keep the fi re burning for mangrove R&D. And let us not forget to bring to 
reality the resolutions we made. With this agreement, we can look forward to a more 
synergistic endeavor towards an active R&D on mangroves in Southeast Asia. It will guide 
us in working together to achieve our common goal. 

Thank you and I hope to see all of you once again.
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Annexes
Annex 1. SCHEDULE OF ACTIVITIES

  Day 1 (Monday - December 3, 2012) / INGRESS

 8:00 - 12:00  Arrival and Registration of Participants
     12:01 – 1:00  LUNCH
       1:01- 5:00   Set-up of Posters / Exhibit
       7:00- 9:00   Dinner

  Day 2 (Tuesday - December 4, 2012)

 9:00 – 10:30     OPENING PROGRAM

 Welcome Remarks  Dr. Honorato G. Palis
        Overall Coordinator 
        1st ASEAN Congress on Mangrove R & D
        Department of Environment and Natural Resources
        Ecosystems Research and Development Bureau 
        (DENR-ERDB)

 Introduction of  Guests Facilitator
 and Participants 

 Keynote Message   For. Marcial C. Amaro, Jr.
        Director
        DENR-ERDB 
 Photo Opportunity  Function Room

 Opening of Exhibit  For. Marcial C. Amaro, Jr.
        Director
        DENR-ERDB 

 10:31 – 10:45    Break 

 10:46 - 11:00     Overview of the ASEAN Mangrove Congress 
        Dr. Honorato G. Palis
        Overall Coordinator 
        ERDB-DENR
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 11:01 – 11:05    Introduction of Plenary Speaker

 11:06 – 11:25    The Community-Based Mangrove Rehabilitation Project:  
        Paradigm Shifts in Mangrove Reforestation 

Dr. Jurgenne H. Primavera
        Scientist Emerita
        SEAFDEC Aquaculture Department

 11:26 – 11:30    Awarding of Certificate of Appreciation

 11:31 – 1:30    LUNCH

SESSION 1
Silviculture, Forest and Stand

Time Title Author/s Country

1:30-1:45 The impact of high sedimentation on 
the growth of mangrove trees and 
soil surface elevation in the Porong 
River, Indonesia 

Frida Sidik, 
Catherine E. Lovelock

Indonesia

1:46 -2:00 Soil profi le of mangrove forests in 
Peninsula Malaysia and health level 
of mangrove stands

Wan Rasidah Kadir, 
Mohd Fakhri I., Rozita A., 
Jeyanny V. & Suhaimi W.C.

Malaysia

2:01 -2:15 Preliminary assessment of mangrove 
forest and its rehabilitation option 
in Delta Telang, South Sumatra, 
Indonesia

Adi Kunarso and Bastoni Indonesia 

2:16 -2:30 Assessing the applicability of radar 
and optical image to monitor 
mangrove forest

Huyen Thi Nguyen, 
Nguyen Lam Dao, and Viet 
Bach Pham

Vietnam

2:31 –3:00 Open Forum and Awarding of 
Certifi cates of Appreciation

3:01 -3:10 Break 
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SESSION 2
Socio-Economic and Valuation

Time Title Author/s Country

3:11 - 3:25 Community-based mangrove 
rehabilitation: experience in Misamis 
Occidental, Philippines

Florentino O. Tesoro and 
Maripaz L. Perez

Philippines

3:26 - 3:40 Costs and benefi ts of carbon 
sequestration in mangrove forest in 
Bohol, Philippines

Leni D. Camacho and 
Antonio P. Carandang Dixon 
T. Gevaña, Florencia B. 
Pulhin, Sofronio C. Camacho, 
Josefi na Dizon, Edwin 
Combalicer, Floribel Paras 
and Lucrecio Rebugio

  Philippines

3:41 - 3:55 Revegetation potential of brackish 
water ponds in the Philippines 

Maricar S. Samson and Rene 
N. Rollon

 Philippines

3:56 - 4:10 Socio economic challenges on 
mangrove restoration in Kutai 
National Park, East Kalimantan, 
Indonesia

Wawan Gunawan and Tri 
Sayektiningsih

  Indonesia

4:11 - 4:25 Gender participation in community 
based mangrove management along 
Tambac Bay, Anda, Pangasinan, 
Philippines

Nerda C. de Vera, Diana 
Cristina N. Item, Aeron 
Wilfred D. Ortega, Irene A. 
De Vera

Philippines

4:26 – 5:00 Open Forum and Awarding of 
Certifi cates of Appreciation

6:00 – 
10:00

Dinner / Cultural Night

Master of Ceremony
Dr. Cleofe S. Torres
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  Day 3 (Wednesday, December 5, 2012)

SESSION 3
Ecosystem Functions and Fisheries

Time Title Author/s Country

8:30 – 8:45 Synthesis of Session 1 and Session 2

8:46 – 9:00 Are Nekton communities’ useful 
indicators for restoration and post-
typhoon faunal recolonization in 
restored mangroves?

Severino G. Salmo III, Ian 
Tibbetts & Norman C. Duke

Philippines

9:01 - 9:15 Reproductive biology and pollination 
of Aegiceras fl oridum Roem. & 
Schult: Its contribution to Pagbilao 
mangrove forest sustainability, 
Quezon Province, Philippines.

Amalia E. Almazol
 
Philippines

9:16 - 9:30 Structure community of gastropods 
and bivalves in mangrove ecosystem 
rehabilitation areas post tsunami in 
Aceh Besar and Banda Aceh Districts, 
Indonesia

Dewiyanti Irma & Karina 
Sofyatuddin

Indonesia

9:31 – 9:45 Eutrophication of mangroves linked 
to depletion of foliar and soil base

Anas Fauzi, Andrew 
Skidmore, Ignas Heitkönig, 
Hein Van Gils, and Martin 
Schlerf

 Indonesia 

9:46 - 10:00 Canopy gap dynamics and the natural 
regeneration of Matang mangroves

A Aldrie Amir Malaysia

10:01 - 10:35 Open Forum and Awarding of 
Certifi cates of Appreciation

10:35 – 
10:45

Break 
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SESSION 4
Climate Change Adaptation and Mitigation

Time Title Author/s Country

10:46 – 11:00 An ASEAN network to eff ectively 
monitor mangrove vulnerability to sea 
level rise 

Daniel A. Friess and 
Edward Webb

Singapore

11:01 – 11:15 Mangrove ecosystem resilience to sea 
level rise: Case study of Blanakan Bay 
Subang, West Java

Poppy Yulianti, Yusli 
Wardiatno and 
Agustinus M Samosir

Indonesia

11:16 – 11:30 Carbon stock assessment of selected 
mangrove reforestation / plantation 
stand in the Philippines

Jose Alan A. Castillo
 
Philippines 

11:31 – 11:45 Mangrove soil properties and their 
carbon densities among large islands 
in Indonesia

Joko Purbopuspito, 
Daniel Murdiyarso, 
Matthew Warren, 
Boone Kauff man, 
Haruni Krisnawati, 
Sartji Taberina, Solichin 
Manuri and Sigit 
Sasmito

Indonesia

11:46 – 12:15 Forum and Awarding of Certifi cates of 
Appreciation

12:16 - 1:30 LUNCH

 1:31 – 1:45  Workshop Mechanics
      Facilitator

 1:46 - 3:45  Workshop on R & D Gaps and Prioritization

 3:46 – 4:00  Break

 4:01 - 5:20  Presentation of Workshop Output

 5:21 – 5:30  Presentation of Resolution of the 1st ASEAN Congress 
      on Mangrove Research and Development

Dr. Arnold F. Sitompul
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 5:31- 6:30   CLOSING PROGRAM

      Awarding of Certificates of Participation

      Vote of Thanks
Dr. Arnold F. Sitompul

      Acceptance and Response
Demetrio L. Ignacio, Jr.
Chairman, ASOEN-Philippines

      Undersecretary for Field Operations
      DENR

      Closing Remarks
Dr. Leuvina M. Tandug
Assistant Director 

      DENR - ERDB

 7:00- 9:00   Dinner

      Master of Ceremony
Dr. Cleofe S. Torres

Day 4 (Thursday, December 6, 2012)

FIELD TRIP (Subic Bay and Clark Field)

 5: 00 AM  Departure Time
 __________ Estimated Time of Arrival

Day 5 (Friday, December 7, 2012)

Homeward Bound/ Egress
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Annex 4. CONFERENCE COMMITTEES

Steering Committee
1. Dr. Leuvina M. Tandug
2. Dr. Honorato G. Palis
3. For. Manolito U. Sy
4. Dr. Aida B. Lapis
5. Dr. Aleli M. Luna
6. Mr. Eliseo M. Baltazar
7. Mr. Angelito B. Exconde
8. Dr. Editha P. Eusebio
9. Ms. Belen B. Belina

Technical Committee
1. Dr. Honorato G. Palis
2. Dr. Editha P. Eusebio
3. Dr. Simplicia A. Pasicolan
4. Dr. Carmelita I. Villamor
5. Dr. Manuel L. Bravo

Registration Committee
1. Dr. Aida B. Lapis
2. Ms. Liza C. Ranes
3. For. Lourdes A. Breva

Publicity and Promotion Committee
1. Mr. Eliseo M. Baltazar
2. Dr. Carmela G. Taguiam
3. Mr. Gino A. Laforteza

Exhibits Committee
1. For. Manolito U. Sy
2. Mr. Francisco R. Cabrera
3. For. Jose Alan A. Castillo
4. Mr. Russel A. Olan
5. Mr. Nestor S. Leviste

Logistics and Finance Committee
1. Ms. Belen B. Belina
2. Ms. Cristina D. Apolinar
3. Ms. Myrna G. Gutierrez
4. Ms. Rosenda A. Africa
5. Mr. Julius E. Panting

Transportation Committee
1. Dr. Aleli M. Luna
2. For. Concepcion M. Palaypayon
3. For. Paul S. Cuadra
4. Mr. Luisito R. Arcillas
5. Mr. Lauro B. Rueda

Support Group
1. Ms. Mariche B. Bandiba
2. For. Wencelito P. Hintural
3. Ms. Jamella M. de Castro
4. Ms. Adreana M. Santos
5. Ms. Malaya N. Montesur
6. Ms. Dianne Marie F. Cunanan
7. Ms. Liberty E. Asis
8. Ms. Maila P. Melodillar
9. Mr. Danilo A. Sabiniano
10. Ms. Ma Marcia M. Santillan
11. Ms. Norma R. Pablo
12. Ms. Cynthia C. Marquez
13. Ms. Christine D. Santiago
14. Ms. Yrah Joy C. Panizales
15.  For. Ronilo L. Salac
16.  Mr. Liberato A. Bacod
17. SPA staff

Facilitators
1. Dr. Cleofe S. Torres
2. Prof. Ma. Stella C. Tirol
3. Ms. Marifi T. Magsino
4. Ms. Altheia G. Canubaas
5. Mr. Romeo C. Estimado 
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