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Abstract

This paper provides an introduction to Southeast Asian mangroves covering 
taxonomy, distribution and ecological factors; discusses mangrove goods and 
services and their valuation; and recommends guidelines for mangrove conser­
vation and management, including mangrove-friendly aquaculture.

Introduction

Thirty-five percent of the total 18 million ha of global mangrove forests (Table 1) are found in the 
Southeast Asian countries of Brunei Darussalam, Cambodia, Indonesia, Malaysia, Myanmar, the 
Philippines, Thailand and Vietnam (Table 2, Figure 1). Indonesia alone has 4.5 million ha of man­
groves (Spalding et al. 1997). At the same time, the region also leads in brackishwater aquaculture, 
producing for example, 446,000 mt of shrimp or 60% of 1997 global yields (Rosenberry 1997).

Conversion to shrimp ponds, in addition to settlements, agriculture, salt beds, overexploitation and 
other factors (Primavera 1995), have led to high rates of mangrove loss over the last three decades 
ranging from 25% in Malaysia to 50% in Thailand (Low et al. 1994). In Vietnam, a total of 102,000
ha of mangroves have been cleared for shrimp farming from 1983 to 1987 (Tuan 1997). By 1988,
the increase in shrimp culture area in the Mekong Delta to 123,000 ha means a decrease in man­
groves of the same magnitude (Trong 1995). In Thailand, shrimp farms accounted for 32% or 65,
150 ha of the total 203, 600 ha of mangrove area destroyed between 1961 and 1993 (Menasveta
1997). For example, in Ao Ko Nok, Chanthaburi province, most of the prawn ponds which grew
from zero in 1975 to 1, 836 ha in 1991 were built in mangrove forests which declined by 1, 428 ha
in the same period (Raine 1994).

Taxonomy, distribution and environmental factors

The term mangrove refers to intertidal communities of tropical trees and shrubs or to their constitu­
ent plants (Tomlinson 1986). Mangrove plants belong to 20 families, 22-27 genera and around 60 
species (Tomlinson 1986; Duke 1992), of which around 40 exclusive species and 65 non-exclusive 
species are found in Southeast Asia (Japar 1994; Spalding et al. 1997) (Table 3). Mangroves are 
confined between 30°N and S latitude with outliers in Bermuda, Japan, Australia and New Zealand 
(Figure 2). The Indo-Pacific or Eastern group has 40 species compared to only 8 species for the 
Western group (Tomlinson 1986).
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Table 1. Global area of mangroves (Spalding et al. 1997)

Region Mangrove area (x 105 ha)

South and Southeast Asia 75.2 (41.5%)
Australasia 18.8 (10.4%)
The Americas 49.1 (27.1%)
West Africa 28.0 (15.5%)
East Africa and the Middle East 10.0 ( 5.5% )

Total area 181.1

Table 2. Mangrove area in Southeast Asian countries 
(data from Spalding et al. 1997)

Country Area (x 105 ha)

Brunei 0.17
Cambodia 0.60
Indonesia 45.4
Malaysia 6.4
Myanmar 3.8
Philippines 1.6
Thailand 2.6
Vietnam 2.5

Total 63.2 (34.9% of world)

Mangroves are found in salt water with water temperatures ≥24°C, substrates that are predomi­
nantly muddy but also sandy, and protected coastlines (Tomlinson 1986; Hutchings & Saenger, 
1987; Duke 1992). Mechanisms evolved by mangroves to cope with extreme conditions of salinity, 
desiccation and anoxia, include salt glands, a variety of root structures including prop roots, cable 
roots and pneumatophores and viviparous propagules (Tomlinson 1986).

Whereas neotropical mangroves have been classified by Lugo & Snedaker (1974) into overwash, 
fringe, riverine, basin, scrub and hammock forests based on physiography and structure, Old World 
forests may be river-dominated or tide-dominated, or interior mangroves, according to dominant 
physical processes (Woodroffe 1992).

Functions of mangroves

Mangrove functions may be classified into information, regulatory or carrier and resource function. 

1. Information. This may be aesthetic, religious, cultural, historical and educational in nature.
Many Philippine towns and villages are named after mangroves (Table 4) —Matabao
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Figure 2. Generalized distribution of mangroves: approximate limits for all species; 
eastern and western groups do not overlap except for possible extension (arrow) 
in the Western Pacific. Histogram shows approximate number of species per 
mangroves per 15° of longitude (Tomlinson 1987)
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Table 3. Mangrove species list for South and Southeast Asia (Spalding et al. 1997) 
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1 Acanthus ebracteatus • • • • • • • • •
2 Acanthus ilicifolius • • • • • • • • • • • • •
3 Acrostichum aureum • • • • • • • • • • • • • •
4 Acrostichum speciosum • • • • • •
5 Aegialitis annulata •
6 Aegialitis rotundifolia • • • •
7 Aegiceras corniculatum • • • • • • • • • • • • • • •
8 Aegiceras floridum • • •
9 Avicennia alba • • • • • • • • • • •

10 Avicennia marina • • • • • • • • • • • • • • • •
11 Avicennia officinalis • • • • • • • • • • • •
12 Avicennia rumphiana • • •
13 Bruguiera cylindrica • • • • • • • • • • • •
14 Bruguiera exaristata •
15 Bruguiera gymnorrhiza • • • • • • • • • • • • • • •
16 Bruguiera hainesii • • •
17 Bruguiera parviflora • • • • • • • • • •
18 Bruguiera sexangula • • • • • • • • • • •
19 Camptostemon philippinense • •

20 Camptostemon schultzii •
21 Ceriops decandra • • • • • • • • • •
22 Ceriops tagal • • • • • • • • • • • • • •
23 Cynometra iripa •
24 Dolichandrone spathacea • • • • • • • •
25 Excoecaria agallocha • • • • • • • • • • • • • • •
26 Excoecaria indica • • • • •
27 Heritiera fomes • • • •
28 Heritiera globosa • •
29 Heritiera littoralis Ex • • • • • • • • • • •
30 Kandelia candel • • • • • • • • • • • • •
31 Lumnitzera littorea • • • • • • • •
32 Lumnitzera racemosa • • • • • • • • • • • •
33 Lumnitzera rosea •
34 Nypa fruticans • • • • • • • • • • • • •
35 Osbomia octodonta • • •
36 Pemphis acidula • • • • • •
37 Rhizophora apiculata • • • • • • • • • • • • •
38 Rhizophora mucronata • • • • • • • • • • • • • • •
39 Rhizophora stylosa • • • • • •
40 Rhizophora lamarckii • • •
41 Scyphiphora hydrophyllacea • • • • • • • • •
42 Sonneratia alba • • • • • • • • • • • •
43 Sonneratia apetala • • • • •
44 Sonneratia caseolaris • • • • • • • • • • • • • •
45 Sonneratia griffithii • • • •
46 Sonneratia lanceolata •
47 Sonneratia ovata • • • • • • •
48 Sonneratia gulngai • • •
49 Sonneratia urama • •
50 Xylocarpus granatum • • • • • • • • • • • • •
51 Xylocarpus mekongensis • • • • •

Ex - extinct in that country



(Lumnitzera), Pagatpatan (Sonneratia) and Tangalan (Ceriops tagal). The premiere city of 
Manila or Maynila owes its name to the species Scyphiphora hydrophyllacea locally called 
nilad, which grew abundantly along Manila Bay in pre-Hispanic times (Merrill 1918).

2. Regulatory. The carrier function of mangroves, also called services or amenities, are geomorphic
and hydrologic (coastal protection, erosion control and sediment trapping) and ecological (nu­
trient, supply/regeneration, storage and recycling of pollutants).

3. Resource (Table 5). Utilization of mangrove products may be traditional, small-scale extrac­
tion for domestic needs (e.g. fish, crustaceans and molluscs for food; plants for housing, firewood,
fodder, medicines and dyes) or commercial scale (charcoal, logs, timber, wood chips, shrimps,
molluscs and fish).

A positive correlation between fish and shrimp nearshore catches and mangrove area (Figure 
3) has been documented for Indonesia (Martosobroto & Naamin 1977), Malaysia (Gedney et
al. 1982; Sasekumar & Chong 1987) and the Philippines (Camacho & Bagarinao 1987). Man­
grove-associated fish, crustaceans and molluscs contribute 21 % (1.4 million tons) yearly to the 
inshore capture fisheries in the ASEAN region (Singh et al. 1994). Mangrove-associated fish 
contribute around 30% (1.09 million tons) of annual finfish resources excluding trash fish, 
while mangrove-dependent prawns provide almost 100% (0.4 million tons valued at US$1.4 
billion) of total prawn resources in ASEAN. The nursery function of mangroves, particularly 
for shrimp (Primavera 1998) may be traced to the provision of shelter and food (Primavera 
1996, 1997).

Valuation

Mangrove goods and services may be produced on-site or off-site and marketed or non-marketed 
(Hamilton & Snedaker 1984). Conventional financial analysis generally covers only traded goods 
ignoring non-marketed products and services like medicines and coastal protection. Nevertheless, 
high values of US$1,000-11,000/ha/yr place mangroves at par with intensive shrimp culture sys­
tems with net profits of $ll,600/ha/yr (Chamberlain 1991) when complete ecosystems are consid­
ered (Table 6).

Conservation and management

Mangrove conservation and development can only be meaningful within an integrated coastal zone 
management (ICZM) framework. Such ICZM programs need to be community-based in order to 
harmonize the varying interests and needs of various stakeholders in the coastal zones, e.g., fisher­
ies, aquaculture, settlements and navigation.

The mangrove forest itself can have designated zones for protection, production, recovery and 
development. The protected forest or preservation-conservation zone provides coastal protection, 
biodiversity, maintenance, ecotourism and scientific research. The productive or sustained yield 
zone is mainly for the harvest of forestry and fisheries goods for domestic or commercial use. The 
conversion zone (marginal and landward portions) can be developed into culture ponds, salt beds, 
agriculture, etc., and the recovery zone is for mangrove rehabilitation by replanting seedlings or 
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Table 4. Philippine towns and villages named after mangroves 

Town/village Mangrove species

Manila (Maynilad) Scyphiphora hydrophyllacea
Bakhaw, Jaro, Iloilo Rhizophora spp.
Bakawan, Concepcion, Iloilo Rhizophora spp.
Alipata, Aklan Excoecaria agallocha
Tangalan, Aklan Ceriops tagal
Matabao, Siquijor Lumnitzera littorea
Pagatpatan, Misamis Oriental Sonneratia sp.

Table 5. Products of mangrove ecosystem (Saenger et al. 1983) 

FOREST PRODUCTS Textiles, leather Paper products

Fuel Synthetic fibers (e.g., rayon) 
Dye for cloth
Tannins for leather preservation

Paper of various kind
Firewood (cooking, heating)
Charcoal
Alcohol
Construction 
Timber, scaffolds 
Heavy construction 

(e.g., bridges)
Railroad ties 
Mining pit props 
Boat building 
Dock pilings 
Beams and poles for 

buildings 
Flooring, panelling 
Thatch or matting 
Fence posts, water pipes, 

chipboards, glues

Other products
Packing boxes 
Wood for smoking sheet 

rubber and for burning 
bricks 

Medicines from bark, 
leaves, and fruits

Food, drugs, and beverages
Sugar
Tea substitute 
Alcohol
Fermented drinks 
Cooking oil 
Dessert topping 
Vinegar
Condiments from bark 
Sweetmeats from propagules 
Vegetables from propagules, 

fruit, or leaves 
Cigar substitute

OTHER NATURAL 
PRODUCTS
Fish
Birds
Crustaceans
Mammals
Shellfish
Reptiles and reptile skin 
Other fauna (amphibians, 

insects)
Honey
Wax

Household items
Furniture
Glue
Hairdressing oil 
Tool handles 
Rice mortar 
Toys
Matchsticks
Incense

Fishing
Poles for fish traps 
Fishing floats 
Wood for smoking fish 
Fish poison
Tannins for net and line 

preservation 
Fish attracting shelters

Agriculture
Fodder, green manure
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Figure 3. The relationship between fisheries landings and mangrove areal cover in the 
ASEAN region: 
a) Philippines. Annual fisheries catch by province (Camacho & Bagarinao 1987)
b) Malaysia. Mangrove-dependent fish landings on the west coast of Peninsular

Malaysia (State Fisheries Statistics 1990)
c) Indonesia. Shrimp landings (Martosubroto & Naamin 1977)
d) Malaysia. Annual yield of prawns (Sasekumar & Chong 1987)
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Table 6. Economic values placed on products and services of mangroves systems 
(After Primavera 1993)

Country Year Product or service Value
(US$/ha/yr/)

Reference

Puerto Rico 1973 Complete mangrove ecosystem 1,550 Hamilton & Snedaker 1984
Trinidad 1974 Complete mangrove system 600 Hamilton & Snedaker 1984

Fishery products 125
Forestry products 70

Fiji 1976 Complete mangrove system 950-1,250 Hamilton & Snedaker 1984
Fishery products 640

Indonesia 1978 Fishery products 50 Hamilton & Snedaker 1984
Indonesia 1978 Forestry (charcoal, woodchips) 10-20 Hamilton & Snedaker 1984
Thailand n.d. Charcoal production 4,000 McNeely & Dobias 1991
Thailand 1982 Fish & shrimp 30-2,000 Hamilton & Snedaker 1984

Forestry products 30-400
Brazil 1981-

1982
Fish (based on extent of open 

water)
769 Kapetsky 1987

Malaysia n.d. Fishery products 750 Ong 1982
Forestry products 225

Malaysia n.d. Managed forest (sustained harvest) 11,561 Salleh & Chan 1986
India 1985 Complete system (including 

fishery products)
Maintenance of fauna, air and 

water purification
11,314 Untawale 1986

n.d. - no data

wildlings or natural regeneration. A good rule of thumb is to develop not more than 30% of a given 
mangrove area. An equally important guideline is the retention (or planting) of greenbelts or buffer 
zones between aquaculture ponds and adjoining waterways (shoreline, riverbank, etc.) or between 
adjacent uses (e.g. shrimp pond and rice field) of the coastal zone.

Not all aquaculture requires clearcutting of mangroves. Examples of mangrove-friendly aquaculture 
exist either in waterways (seaweeds; bivalves such as mussel, oyster and cockles; and cages for 
crab and fish) or land-based (ponds and pens for crabs, shrimps and fish). These technologies, 
particularly mangrove ponds and pens (also called aquasilviculture or silvofisheries) integrate the 
utilization of mangroves for both forestry and aquaculture production (Primavera and Agbayani, 
1997).
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