
Handbook for 
Mangrove Area 
Manage ent 

By a Writing Tëám of tFiêT 

Environment and Policy Institute 
East-West Center 

International Union 
for the Conservation of 
Nature and Natural Resources 

United Nations 
Educational, Scientific 
and Cultural Organization 

OESCO with additional support from the 
United Nations Environment Programme 

SOW 

j Lawrence S. Hamikon and Samuel C. Snedaker 
-- 



114 
 U ELREY. Faço faber sos que die 

Mru Alvasa corn força ic Ley , 511cm 
sue por pane dos Eredores das Fabria 
de Sola em Atanadoa nat Capicinias do 
Rio he Janeiro, e Pernorrrbuco, me lot 
reprelentado que as Povos das vieinh.n-
as dat referidas Capicanias , e das de 

Sansos, Paraiba • Rio Grande , e Sea-
12, corrad , c strata6 as snores chamadas Mangucs, 16 
a tim de as venderem pars Ienha , lendo que a caLa dat 
melma, arvores he a unics no Brati , corn c1ue It phde 
lazer o curtimenro dos Couros pars Acanados , e que ye-
lo referido mosivo , Ic ahaó jA cm coccus,o preço as cc-
feridas caicas , havendo juncamente o bern fundado rcceso 
de que dencro de poucos annos falte toralmerrie die limplec, 
necellairo , e indilpenfavel pants consinuaçaô deltas ucililli-
mat fabsicasE qucrendo Eu tavurecer o Commercso, em 
commurn beneticio dot nseus Valfailos , efpecsaimcnce as ma-
nutacturat • e Fabrvcss , It quc re(&rah augmencot i Nave-
ga ç ad, e ic multiplies6 as enportafoens dot gerseros Sou 
lerosdo uriersar, que da publscaçao dells em ionic, Ic na6 
Corcem as arvores ic Mangues , ijue naó efliverein ji  defcal-
cadss , debaixi ia pens dv cirscaensa roil reis , que kit pa-
ga do cajcn ond: eitara6 us culpados por tempo de rres me-
zn dvbrndo-fn as condeaaçoerrs e o tempo ia priiaó pe-
las reinsidencias ; e ra qiic mu s facilmense ft hajaó de so-
nisecer , e cailigar as corisravençoent , it acerara6 deirun-
Cat era legredo , e faraó a favor dot Denuncianres as reIrs-
dat condrnaçoens, que no caeo ic n5 or h.ves , In appis-
corals pars as deIpezat do Camaro Pelo contrarin lou ou-
cro Ow leroido que Odin) 205 Fabrucanres dot Asarrados • c 
feus Feurores , ou CommifTarios, comu a codas • e quaefqucr 
PelToas , que levarem a vender as Cafcss de Mairgues pars 
dat Manufaduras , feja lsvremcssce permirsido u ddcf. 
cavern as referidas arvores, fern dillsnçah de lugar , on Cis-
mares , e fern duvida vein cssntrdi526 alguma no cazo 
porem qise as referidas Peltoa, Ic laça algum cmbaraço p0-
ders6 recorrer sot lrrrenderrses dat Mel55 da lnfpecçsd sf-
peclivas para qoe Ihes fsgad execusar , e cumprrs elta M5-
ohs Real Decerminaçah ; alum , c do sirelmu modo qire 

nella 

nella fe concern, p.rt o que ioTa lrvido conceder-lIars coda it 
Jurisdscçso neceflarsa. 

Pelo que: Mando I Mef do Defcm&argo o Pqo; 
Regedor da Cafa via Supplicaçah, Conleiho de Minks Rest 
Fazienda, c do Uitraia,ar, Mel. via Confciencsa, e Ordens; 
Seasdo da Csmara ; Junta do Commercio defies Reinos 
e feat Domurros , Vsce.ltey do Etlido do Braid , Gover. 
nadoret , e Capscaetrs Generics , Defembargadoves , Cor-
regedorca Juices, Jullsçaa, e Peltoas vie Meut Reiaoa, e 
Senhortos , a quern o conhecimenro dde perrencer, que 
alum o cumpra6 , e goardem e Iaça6 sncejrameste cum-
prir, e guardar como nelle Ce concern, (cuss embargo vie qua-
clijuer Leys, ou collumea em concrario, que codos, e codas 
Hey Poe derogados, como Ce vie cads hssma , e coda burn 
delict fizelfe expreula , e individual mençad vaiendo cite 
Aivara como Carts pallid. pela Chaaceiiarua , ainds quc 
por ella nall ha de pillar, C que o leo etfesro baja de durar 
malt de barn anno , fern embargo das Ordenaçoens em 
contrarro Regullando-le em codot on lugaret, onde Ic col-
tuma6 regifiar lirn,ihantes Leyt E mandando-fe o Original 
pars a Torte do Tombo. Dado no Palacio de NolTa Sc-
niuora da Ajada , a nose de Juiho de mil leteccuacos c Ccl-
feats. 

R E Y 

Conic .it Oeyra,. 

A Lva,d corn for-ca it Lay, par qMt VoJ/i MageJlaie he 
fcrv,Jn prob,b,r, que no, Capnanuas do Rio it Jane.- 

ri, Pernanthuco, Santo:, Par-jib., Rio Crank, e 394,4, 
ft ,sas7 torrent or ,lrvorc, 4, Mangues , quit nab eJhvercm 
ji de/ca/cadaf , dibaixo dat penal nd/c coiaircudas Tado as 
forma qrve oJlrna ft iec/ira. 

Regifiado nell. Secreting vie Eftudo do. Negocio. 
do Itetno no Linro di Junta do Commcrcio defies 
Retnos , e feus Dominion a fol. 19. Nulls SenIaota 
di Ajuda, a to dejuiho vie 1760. 

Joaqama 7ofopb Barr-a/ba. 

Joaquom .7ofepb Ban-a/ho o fez. 

Pars V. Mageftade ver. 

Regifta- 

Alvar5 de 10 de juiho de 1760. 	Del-Rey d. Jose pelo qual deterrnina a proteço das ãrvores mangues do Brasi 1. 

Edict enacted by D.José, King of Portugal, on the 10th ofJuly of 1760, making unlawful the felling of man-
grove trees for firewood without the utilization of the bark. The edict was a result of the widespread felling of 
trees for firewood in the Capitamas of Rio de Janeiro, Pernambuco, Santos, Paraiba, Rio Grande, and Cearz. 
Felling of trees just for firewood had caused an undue increase in the price of bark needed for the tanneries. 
Furthermore, according to the edict there was reasonable fear that within a few years bark could become 
totally scarce. The edict imposed a penalty of 50,000 reis and ajail term of three months for the felling of trees 
that had not been previously debarked. 
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Foreword 

The Environment and Policy Institute (EAPI) of 
the East-West Center conducts research and ed-
ucation programs through multinational collab-
oration on issues of central concern to the 
United States and nations of Asia and the Pa-
cific. Established in 1977, EAPI programs ad-
dress the critical issue of how countries individu-
ally and collectively manage and use the natural 
environment to assure its sustained productivity 
in meeting human and societal needs. 

The EAPI focus on analysis of natural sys-
tems provides a perspective on policymaking 
and management that intersects with and com-
plements more institutionalized approaches 
generally based on policies and activities of spe- 

cific sectors, such as energy or agriculture. This 
combined approach assists in analyzing trade-
offs that may not be apparent in a sectoral-
based analysis, and it also avoids a polarization 
of environmental versus sectoral goals. 

This approach is consistent with that taken 
by the IUCN and Unesco, particularly in 
their work on mangrove ecosystems. Our three 
institutions have combined resources to pro-
duce this Handbook for Mangrove Area Manage-
ment. It is our hope that this work will be of use 
to practitioners and policymakers responsible 
for the sustained functioning and productivity 
of mangrove ecosystems. 

WILLIAM H. MAT-PHEWS 
Director 
Environment and Policy Institute 
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Introduction 

Mangroves are salt-tolerant forest ecosystems 
of tropical and subtropical intertidal regions of 
the world. Like tropical forests of wholly terres-
trial environments, mangroves have played an 
important part in the economies of tropical 
peoples for thousands of years and constitute a 
reservoir and refuge for many unusual plants 
and animals. In both developed and developing 
countries of the world, mangrove ecosystems 
support both commercial and recreational fish-
eries and provide many other direct and indi-
rect services. Especially in the developed world, 
local people and tourists alike are turning in-
creasingly to mangroves and their secluded wa-
terways for recreation and nature study. 

Like the tropical rain forests, mangroves are 
being degraded and destroyed globally on a 
large scale through overexploitation of their 
potentially renewable products and through 
conversion to single-use options such as agricul-
ture. Large-scale conversions of mangrove 
lands to mariculture ponds and to salt-evapora-
tion ponds is of further critical concern. Unlike 
tropical moist forests, however, much of the 
conversion of mangrove ecosystems is based 
upon the assumption (held by many regional, 
national, and international planners and ad-
ministrators) that mangrocies are "wastelands" 
that are of no value until they have been "devel-
oped" through conversion or some other direct 
method of exploitation for cash products. 

This handbook, which was prepared by a 
group of leading mangrove researchers and 
managers, summarizes the most up-to-date in-
formation on the range of products, benefits, 
and services provided by the world's mangrove 
resources. Our objectives go further than this, 
however, and guidelines are provided through-
out the handbook for sustainable, multiple-use 
management of mangrove ecosystems. Sustain-
able use is a theme of prime importance in ap-
proaches for better utilization of the mangrove 
resource. Failure to view the resource in this 
way has led to inefficient use and waste of man-
groves and denied their many other values to 
the coastal people who depend on them for fun-
damental needs—food, fuel, shelter, and mon-
etary earnings. Poor management decisions 
and practices have severe and direct social, eco-
nomic, and ecological impacts. 

The approach in this handbook is to discuss 
these problems in four sections. Section I is  

written particularly for administrators  and 
planners operating at national or regional lev-
els, and it is hoped that its contents will also be 
of interest to entrepreneurs and to administra-
tors of international aid organizations. The ob-
jective of Section I is to foster increased under-
standing so that better decisions on land-use 
allocation might be made. 

Section II is directed primarily to profes-
sional resource managers responsible at the op-
erational level for the many products, services, 
and benefits that mangrove systems provide. 
The first chapter in this section includes a sum-
mary in matrix form of the uses that can be 
made of individual mangrove species. This is 
followed by a brief explanation of the critical 
processes essential for sustaining mangrove 
ecosystems that need to be understood in order 
to implement successful management practices. 
Subsequent chapters provide descriptions of 
problems, constraints, and management meth-
ods that apply to several major uses of man-
grove ecosystems. 

As far as has been possible, each chapter in 
Section II that deals with a particular use exam-
ines the scale, technique, and design guidelines 
necessary for establishing sustainable manage-
ment practices. Attention also is given to poten-
tially compatible uses for multi-use manage-
ment that would not foreclose other options as 
do single-use developments. 

It is recognized that treatment of the various 
uses and management options in Section II is 
uneven. For instance, considerable details are 
included in the chapter on wood production. 
This is occasioned by the fact that a considera-
ble body of knowledge and experience has de-
veloped out of the professional field of forestry 
over half a century of attempting sustained-
yield management of mangroves. In dramatic 
contrast, there has been little experience with 
wildlife management in mangroves, other than 
preserving the habitat, and therefore this chap-
ter consists of several descriptive paragraphs 
and a table of species at risk. The chapter on 
fisheries does not deal with the management of 
the fisheries, since this does not affect the man-
grove area; instead it concentrates on high-
lighting something of the relationship between 
the mangrove forest and the fishery. Some un-
derstanding of this relationship is important be-
cause it must influence the manipulations of 
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and disturbances to mangroves from the other 
use options. On the other hand, some detail has 
been presented on mariculture management, 
for the kind of mariculture and its extent di-
rectly affects the mangrove resource and the al-
ternative uses and services from it. Honey pro-
duction and nipa palm utilization would seem 
to offer opportunities for increased exploita-
tion, and information is presented in some de-
tail on these rather unusual and interesting 
management activities. 

From all available evidence we know that eco-
logical, sociological, and long-term economic 
benefits can be optimized by promoting a pol-
icy of maximum - not minimum - retention of 
mangrove areas. The positive philosophy con-
tained in Section III of this handbook provides 
the approach and some of the techniques for us-
ing available intertidal land to expand, restore, 
and establish new mangrove vegetation so that 
it can serve many local purposes. 

Section IV deals in detail with the economic 
aspects of a sustainable multi-use approach to 
mangrove resource management. The infor-
mation presented reinforces the view that posi-
tive advantages exist in sustained, multiple-use 
management of mangrove resources and that  

methods and approaches necessary to weigh 
the benefits and costs are available. 

Section V discusses the development of na-
tional plans for the intergrated management of 
mangrove resources in individual countries. 
The options for utilization of mangroves will 
vary among countries depending upon the 
properties of the mangrove ecosystems that are 
found there and also upon historical, social, 
and economic factors. These need to be under -
stood when a program is devised recognizing 
the values of conservation of the mangrove 
resource. 

Since it is recognized that various users, man-
agers, planners, or policymakers will find one 
or a few topics of direct interest and others of 
only marginal or no interest, the authors have 
attempted to make each chapter or section 
stand on its own. Thus, most chapters or sec-
tions are followed by a list of literature cited 
plus useful references for. those wishing more 
information on a particular topic. This strategy 
has meant that there is a certain amount of rep-
etition of underlying themes of "sustainability" 
and the processes tying together the various 
components of the mangrove ecosystem and its 
related environments. 
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SECTION I POLICY AND PLANNING 

Mangroves and mangrove ecosystems are often 
regarded as wastelands of little or no value until 
they are "developed." All too often, this term 
means conversion of the mangrove ecosystem to 
some other form of use assumed to be of 
greater value. This approach to utilization is 
based on a failure to recognize the natural val-
ues of mangrove ecosystems that are expressed 
as a variety of products and services. 

In our rapidly industrializing world, there is a 
tendency to presume that any services can be 
provided if funds are available to pay capital and 
maintenance costs. For example, it has become 
common practice to use engineering methods to 
provide basic services typically required by a 
coastal urban community such as storm protec-
tion, erosion control, wastewater cleanup, and a 
variety of educational and leisure activities. In 
coastal areas with mangrove ecosystems, such fi-
nancial outlays are unnecessary, because the ma-
jority of those services required by society are in 
fact provided by mangroves. 

Several examples illustrate this. Cyclones in 
the Bay of Bengal pose a major threat to human 
life and property in India and Bangladesh. It is 
noteworthy that the loss of life and property is 
consistently lower in the areas inland from the 
Ganges-Brahrnaputra Delta (heavily forested in 
mangroves) than in similar areas to the east or 
west. In southern Florida, U.S.A., mangroves 
are purposely planted or protected under gov-
ernment mandate to minimize shoreline ero-
sion and provide habitats for local sport and 
commercial fisheries. Engineering alternatives 
to mangrove planting are considered to be pro-
hibitively expensive and fail to provide a natu-
ral habitat. Finally, in Trinidad, the creation of 
the Caroni Swamp as a popular recreational 
area has proved also to be an important tourist 
attraction for only the cost of providing rela-
tively simple access for visitors. These examples 
illustrate the fact that scarce financial resources 
are frequently committed to. providing services 
that otherwise could be obtained without the 
outlay of funds. 

In addition to the multiple and sustained 
"free" services provided by mangrove ecosys-
tems, a range of direct (Table 1) and indirect 
(Table 2) products from mangroves forms the 
basis for mangrove-dependent economic activi-
ties vital to many coastal peoples and their 
countries. Commercial and traditional prod- 
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ucts taken from the mangrove ecosystem range 
from construction materials to medicines and 
honey. Mangroves are used as an important and 
potentially sustainable source of wood and 
charcoal to meet the increasing needs of devel-
oping countries for domestic fuel. Interest has 
also arisen in species such as the Nypa palm, 
which produces alcohol that can be processed 
into transport fuel. In some areas, grazing oc-
curs in mangrove areas, and mangrove trees 
may be the sole source of fodder during dry pe-
riods for domestic herds of cattle, camels, 
sheep, and goats. Other natural products har-
vested in mangrove areas include crustaceans, 
molluscs, and finfish. 

These uses sustain many communities whose 
economies are based on harvesting the fish, 
shellfish, wood, and other products. Locally im-
portant industries, such as the Nipa shingle in-
dustry, are based on the mangrove resource and 
provide rural employment. 

The value of the mangrove resource in terms 
of its marketed products can be expressed in ec-
onomic terms. The "free" services provided by 
the mangroves are more difficult to measure 
and consequently are often ignored. These 
"free" services would require considerable en-
ergy, technology, and money if they were pro-
vided from other sources. Since this is seldom 
taken into account, the total value of the man-
grove resource generally is significantly under -
estimated. 

More important, however, are the economic 
and social well-being of coastal communities 
and the many economic regional and national 
activities that are dependent on the continued 
viability of mangrove ecosystems. This concept 
is the reverse of the common assumption that 
mangroves are worthless unless they are fully 
exploited for single-use activities or converted 
to some other use. Single-purpose exploitation 
effectively discounts the value of developing all 
other forms of mangrove goods and services 
and in the case of conversion forecloses alterna-
tive utilization options. 

As mangrove management experience in-
creases, planners and developers will recognize 
the potential for multipurpose use without sac-
rificing ecosystem integrity. This broader per-
ception of the potential economic and social 
benefits that can be derived from compatible, 
multipurpose utilization can only be developed 



Table 1. Direct Products from Mangrove Forests 	Table 2. Indirect Products from Mangrove 

Uses Products 
Forests 

Fuel Firewood for cooking, 
Source 	 Product 

heating Fin fish 	 Food 
Firewood for smoking fish (many species) 	Fertilizer 
Firewood for smoking sheet Crustaceans 	Food 

rubber (prawns, shrimp, 
Firewood for burning bricks crabs) 
Charcoal 
Alcohol Molluscs 	 Food 

(oysters, mussels, 
Construction Timber for scaffolds cockles) 

Timber for heavy 
construction (e.g., bridges) Bees 	 Honey 

Railroad ties Wax 
Mining pit props Birds 	 Food 
Deck pilings Feathers 
Beams and poles for Recreation (watching, 

buildings hunting) 
Flooring, panelling Mammals 	Food 
Boat building materials Fur 
Fence P05t5 Recreation (watching, 
Water pipes hunting) 
Chipboards 
Glues Reptiles 	 Skins 

Food 
Fishing Poles for fish traps Recreation 

Fishing floats 
Fish poison Other Fauna 	Food 
Tannins for net preservation (e.g., amphibians, 	Recreation 
Fish attracting shelters insects) 

Agriculture Fodder 
Green manure by an accounting of the benefits or costs from 

Paper Production Paper of various kinds uses that are nonrenewable because of their im- 
Foods, Drugs, and Sugar pact on critical ecosystem processes. 

Beverages Alcohol Being a living resource (Figure 1), mangroves 
Cooking oil are self-maintaining and renewable. For exam- 
Vinegar ple, as a coastal protection barrier, mangroves 
Tea substitutes maintain themselves at no cost, and in the event 
Fermented drinks of a severe tropical storm, the damage they sus- 
Dessert topping tain will be self-repaired without cost. Similarly, 
Condiments from bark 
Sweetmeats from propagules both the direct and indirect harvests of prod- 
Vegetables from propagules, ucts from mangroves are renewable; for exam- 

fruits, or leaves ple, sustainable yields of timber or fish can be 
Cigarette wrappers derived from the mangroves on a continuing 
Medicines from bark, leaves, basis. Yet the mangrove resource is renewable 

and fruits only if the ecological processes governing the 
Household Furniture system are maintained. 

Items Glue The "internal" ecological processes responsi- 
Hairdressing oil ble for maintaining and renewing the man- 
Tool handles grove ecosystem are regulated largely by "ex- 
Rice mortar ternal" processes that rely on (1) an adequate 
Toys amount and balance between fresh and salt Wa- 
Matchsticks ter, (2) an adequate supply of nutrients, and (3) 
Incense a stable substrate. Modification of one or more 

Textile and Synthetic fibers of these critical factors will severely impair or 
Leather Dye for cloth eliminate the renewability of the resource. For 
Production Tan nins for leather example, the freshwater supply and its nutri- preservation 

ents may be altered by major upstream water 
Other Packing boxes storage areas or diversions. 
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Figure 1. A solitary mangrove tree on the Fiji coast. 

Mangroves are threatened throughout the 
world by traditional users exceeding the sus-
tainable-yield limit in the harvests of direct 
products and now also by large-scale commer-
cial wood chip operations. More important, 
conversion activities such as agriculture, fish 
ponds, and residential development are in-
creasing. With such conversion activities, the 
condition of the intertidal zone is irreversibly al-
tered and the three critical factors are so modi-
fied that the renewability of the resource is lost. 

Both overexploitation and conversion activi-
ties can result in severe socioeconomic conse-
quences for coastal peoples and their regional 
economies. In addition, many plant and animal 
species are now threatened with extinction in 
mangrove areas, and this can be expected to 
increase steadily unless rational, multiple-use 
management for sustainable yield can be 
implemented. 

Mangroves are too valuable to allow them to 
be lost to other forms of land use except when 
overriding national priorities are involved and 
no other alternative is economically or environ-
mentally feasible. Overexploitation of man-
groves by traditional users is closely linked to 
the general problems of rapidly expanding 
populations and associated decreases in eco- 

nomic standards. No easy short-term solution 
may be available, but education programs that 
inform people of the diversity of sustainable 
uses of the mangrove resource may be helpful. 

Both sustainable use and preservation can be 
incorporated into an effective management 
policy if it has the following goals: 

To prevent further destruction of man-
groves by halting all unjustifiable conver-
sion activities. 
To provide for traditional and contempo-
rary human needs while ensuring that the 
diversity of plant and animal life is ade-
quately protected within reserves. 
To manage mangroves as a renewable re-
source on a sustainable-use basis for direct 
and indirect products as well as the "free" 
environmental services they provide. Man-
agement on a sustainable-use basis often 
does not involve added costs, at least in the 
long term. 
To view mangroves as an integral part of 
the coastal zone rather than as an ecosys-
tem surviving in isolation. Decisions con-
cerning the use of mangroves should be 
made in the context of their dependence 
on the adjacent water catchment land use 
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and on their important interrelationships 
with adjoining coastal waters and any asso-
ciated tidal marshes, seagrass beds, and 
coral reefs. 

5. To conduct impact assessments for proj-
ects in and adjacent to mangroves on the 
basis of the dynamic nature of this ecosys-
tem with particular emphasis on the vital 
"external" processes related to the supply 
of both fresh and salt water, the supply of 
nutrients, and the stability of the substrate. 

As a first step toward achieving these goals, a 
mangrove data base and a national plan for 
management and preservation of mangroves 
should be developed. A mangrove data base 
would be a comprehensive collection of infor- 

mation on such subjects as the areas and distri-
bution of mangroves, their flora and fauna, 
present and potential yields from various uses, 
and the socioeconomic structure of human 
populations dependent on the resource. The 
national plan should define the total national 
mangrove resource by maps and inventories; 
assess people's needs in relation to sustainable 
uses of the resource; assess the international 
significance for waterfowl migration, genetic 
reservoirs, regional sedimentary stability, and 
marine species migration; and define the crite-
ria that must be satisfied for nonsustainable 
uses of the resource prior to any allocation of 
mangrove areas to such an activity. It should in-
clude areas of complete preservation of special 
nationally significant areas. 
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SECTION II 
CHAPTER 1. Overview 

Known Uses for Mangroves 

Globally, mangrove ecosystems are thought to 
contain about 60 species of trees and shrubs and 
more than 20 additional species frequently as-
sociated with the mangrove flora but not neces-
sarily restricted to it (see Barth 1982). Although 
definitive lists are not available, it is thought 
that the mangrove environment also provides 
living space for a dependent biota of more than 
2,000 species of fish, invertebrates, and epi-
phytic plants. 

lk)licymakers and resource managers often 
ask about the potential uses of mangrove species 
with which they may be familiar. Each plant spe-
cies has a variety of direct uses that may vary 
from region to region. Table 1 lists the known 
uses of many of the tree and shrub species found 
in mangroves, but there are likely many other 
uses that are localized and essentially unknown 
outside the immediate area. It is important for 
managers to know the specific uses for man-
groves in their areas prior to making decisions 
that will deny those uses to the local people. 

Although the mangrove ecosystem may be 
considered by some to be useless and suitable 
only for reclamation, Table 3 shows that the 
number and variety of known uses and prod-
ucts from the forest are substantial. Tradition-
ally mangroves have been exploited as multi-
ple-use systems, and because of the small scale 
at which this use has occurred, it was in most 
cases sustainable. Evidence of one such system 
in West Java has been outlined in Chapter 10 
on Human Habitation, while the use of nipa 
discussed in Chapter 8 provides a further ex-
ample. Nevertheless, this was not always the 
case and some evidence for this appears in 
Chapter 12 on salt production. In West Africa 
traditional salt extraction may have caused the 
irreversible conversion of large mangrove areas 
to less productive saline plains over the past sev-
eral hundred years. 

Under management regimes in many parts of 
the tropical world, it is likely that important 
mangrove resources, as in the West African ex-
ample, will not be sustained. Changes in philos-
ophy by policymakers must be complemented 
by expanded awareness and greater specific 
knowledge by professional managers operating 
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at the resource level. Of critical importanceis 
the need for managers to understand that im-
plementation of national or regional develop-
ment policies involving modern technology 
may produce environmental change of such 
magnitude that local effects will be devastating. 
Frequently these changes are concerned with 
conversion activities aimed at expanding agri-
cultural or maricultural outputs, and little con-
sideration is given to the natural resources that 
are of vital importance at the local level. 

Ecological Perspective on 
Mangrove Ecosystems 

The diversity of living species in mangrove eco-
systems is paralleled by a variety in vegetation 
structure. Mangrove ecosystems are as struc-
turally diverse as the general sweep of terres-
trial vegetation. They encompass everything 
from the giant, closed forests of Rhizophora 
mangle and Avzcennia germinans that reach 40-
50 m in height in parts of Brazil, Colombia, Ec-
uador, and Venezuela to the more familiar 
closed forests of species of Rhizophora, Avicen-
nia, Bruguiera, Xylocarpus, Excoecaria, and La-
guncularia found in Asia and Oceania to the 
stunted shrubs less than 1 m tall, forming open 
communities on more arid coasts throughout 
the tropical world. In addition, growth habits 
show a wide variation from single-stemmed 
trees to multistenimed trees and shrubs, and 
they may be erect or sprawling. 

Diversity in the structural formations of 
mangrove ecosystems can be witnessed along 
latitudinal gradients (as for Avicennia along the 
east coast of Australia), and probably also along 
longitudinal gradients that reflect climatic - 
especially rainfall - gradients. One example is 
from the Malay Peninsula east across Indonesia 
to Sulawesi, Nusa Tenggara, IrianJaya, and the 
Philippines. 

Across latitudinal gradients air temperature 
appears to be the most important factor in de-
fining the growing season of plants. Across lon-
gitudinal gradients available water and soil fer-
tility are factors that affect cell elongation and 
dynamics of shoot populations in survival or 
turnover of meristems. Such factors may also 
act on biogeographic patterns. 



Table 3. Current Uses of Mangrove Species 
Acanthus sp. 

A. ebracteatus Vahi. 

medicines 
A. iticifolius L. 

medicines 

Aegialita. rotund /o1ia Roxb. 

Aegiceras corniculatum (L.) Blanco 

Firewood, beams, poles (building), fish poison, paper 
(various kinds), honey 

Az'icennia sp. 

fence posts, pipes, chipboards, glues, fodder, green 
manure, rice mortar 

A. alba Blume 
firewood, beams, poles (building), fence posts, pipes, 
chipboards, glues, wood for smoking fish, fish poison, 
paper (various kinds), fodder, green manure, 
sweetmeats/propagules, medicines 

A. eucalp1Jo/a Zipp. 

fence posts, pipes, chipboards, glues 

A. germinan.c L. 
firewood, charcoal, timber, scafTolds, railroad ties, boat 
building, dock pilings, beams, poles (building), flooring, 
panelling, fence posts, pipes, chipboards, glues, pallets, 
honey, medicines 

A. ,nariana Vierh. 
firewood, heavy construction, beams, poles (building), 
wood for smoking fish, paper (various kinds), fodder, 
green manure, vegetables, honey, soap 

A. nitidaJacq. 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, boat building, dock pilings, beams, poles 
(building), flooring, panelling, fence posts, pipes. 
chipboards, glues, pallets, fodder, green manure, 
sweetmeats/propagules, honey, furniture 

A. u/f icinalrs L. 

firewood, wood for smoking fish, paper (various kinds), 
kdder, green manure, vegetables, rice mortar 

schaw'riana Staph and 1.eechman 
firewood, tannins for leather, honey 

Brugui."ra sp. 
synthetic fibers, dye for cloth 

c'lmdrtca (L.) Blume 

firewood, charcoal, timber, scaffolds, mining pit props, 
beams, poles (building), poles for fish traps, tannis for 
leather, rituals 

B. g'prnnarhtza (L.) Lam. 
firewood, charcoal, timber, scaffolds, heavy construction, 
mining pit props, boat building, beams, poles (building), 
fence posts, pipes, chipboards, glues, wood for smoking 
fish, tannins/net preservatives, tannins for leather, 
condiments from bark, vegetables, medicines., furniture, 
tool handles 

• parviflora (Roxh.) Wight and Am 

firewood, charcoal, timber, scaffolds, mining pit props, 
beams, poles (building), rannins for leather, paper 
(various kinds) 

• .cexangula (Lour.) lkiret 
firewood, charcoal, timber, scaffolds, beams, poles 
(building), tannins for leather, condiments from bark, 
vegetables, medicines, chewing gum, incense 

Camploste?nnon sp. 
C. philippinensic Becc. 

firewood, paper (various kinds) 

C. ,cchuiizii Mast. 

timber, scaffolds, paper (various kinds)  

Table 3. (Continued) 
Ci'rio/c. sp. 

charcoal, dye for cloth, fodder, green manure 
C. decandra (GrifE) Ding Hou 

firewood, boat building, beams, poles (building), tannins 
for leather, honey 

C. tagal (lrrottet) Robinson 
firewood, timber, scaffolds, mining pit props, boat 
building, beams, poles (building), tannins/net 
preservatives, dye for cloth, tannins for leather, paper 
(various kinds), tea substitutes, medicines 

Gonocarp-us erect us I.. 
firewood, charcoal, timber, scaffolds, boat building, 
beams, poles (building), flooring, panelling, honey, 
furniture, tool handles 

Cynometra ram!Jlora  L. 

firewood, heavy construction, flooring, panelling, honey 

Excoecaria agallocha L. 

timber, scaffolds, flooring, panelling, floats, fish poison, 
paper (various kinds), packing boxes, condiments from 
hark, honey, toys, matchsticks, incense 

Heritiera sp. 

H. [omes Buch.- 1-lam. 

timber, scaffolds, heavy construction, boat building, dock 
pilings, beams, poles (building), flooring, panelling, 
furniture, matchsticks 

H. litiorali.c Aiton ex Dryander 
firewood, timber, scaffolds, heavy construction, railroad 
ties, boat building, dock pilings, beams, poles (building), 
flooring, panelling, fence posts, pipes, chipboards, glues, 
tannins/net preservatives, furniture, tool handles, 
rice mortar 

Kandelia candel (L.) Druce 

firewood 

Lagancularia race,nosa Gaertn. f. 
firewood, charcoal, beams, poles (building), fence posts, 
pipes, chipboards, glues, tannins for leather, tool handles 

Lurnnitzera sp. 
medicines 

L. littorea (Jack) Voigt 

firewood, heavy construction, railroad ties, mining pit 
props, boat building, dock pilings, beams, poles 
(building), flooring, panelling, fence posts, pipes, 
chiphoards, glues, poles for fish traps, wood for smoking 
fish, furniture, tool handles 

L. raremo.sa  Willd. 

firewood, heavy construction, railroad ties, mining pit 
props, boat building, dock pilings, beams, poles 
(building), flooring, panelling, fence posts, pipes, 
chipboards, glues, poles for fish traps, wood for 
smokinc fish 

Vvpa /ructican.s van Wurmh 

fuel alcohol, thatch, matting, poles for fish traps, floats, 
raincoats, umbrellas, hats, sugar, vinegar, fermented 
drinks, sweetineats/propagules, cigarette wrappers, 
medicines, baskets 	 - - 

Phoenix pal udosa Roxb. 
fence posts, pipes, chipboards. glues 

Rhizophora sp. 

tannins/net preservatives, dye for cloth, tannins for 
leather, woodenware 

R. apiculala Blume 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, mining pit props, dock pilings, beams, poles 
(building), fence posts, pipes, chipboards, glues, poles for 
fish traps. furniture, Christmas trees 
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Table 3. (Continued) 

R. harrisonli Leechman 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, mining pit props, boat building, dock 
pilings, beams, poles (building), flooring, panelling, fence 
posts, pipes, chipboards, glues, pallets 

R. mangle L. 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, mining pit props, boat building, dock 
pilings, beams, poles (building), flooring, panelling, fence 
posts, pipes, chipboards, glues, pallets, poles for fish 
traps, tannins/net preservatives, tannins for leather, 
fodder, green manure, tea substitutes, honey, tool handles 

R. macro nala Lam. 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, mining pit props, dock pilings, beams, poles 
(building), fence posts, pipes, chipboards, glues, poles for 
fish traps, tannins for leather, paper (various kinds), 
fodder, green manure, fermented drinks, sweetmeats/ 
propagules, honey, medicines, furniture, Christmas trees 

R. racemosa G. Meyer 

firewood, charcoal, timber, scaffolds, heavy construction, 
railroad ties, mining pit props, boat building, dock 
pilings, beams, poles (building), flooring, panelling, fence 
posts, pipes, chipboards, glues, pallets, poles for fish 
traps, tannins/net preservatives, tannins for leather, tool 
handles, woodenware 

R. stlosa Gruff. 

firewood, charcoal 

xselala (Salvoza) Tomlinson 

firewood 

Scyphiphora h'vdrophllacea Gaertn. 

firewood, fence posts, pipes, chipboards, glues, tool 
handles 

Son neratia sp. 

hats 

aibaJ. Smith 

firewood, heavy construction, boatbuilding, dock pilings, 
beams, poles (building), flooring, panelling, fence posts, 
pipes, chipboards, glues, poles for fish traps, floats, dye 
for cloth, fodder, green manure, vinegar, 
sweetmeats/ propagules, vegetables, furniture 

S. apetala Buch.-Ham. 

firewood, timber, scaffolds, heavy construction, boat 
building, furniture 

S caeseo/arms (L.) EngI. 

firewood, timber, scaffolds, heavy construction, railroad 
ties, boat building, dock pilings, beams, poles (building), 
flooring, panelling, fence posts, pipes, chipboards, glues, 
pallets, floats, paper (variotis kinds), fodder, green 
manure, sweetmeats/propagules, furniture, cosmetics 

Xy/ocarpvs sp. 

dye for cloth 

X. ganget mc us Parkison 

unknown 

X. granatum Koenig 

firewood, timber, scaffolds, railroad ties, boat building, 
dock pilings, beams, poles (building), flooring, panelling, 
fence posts, pipes, chipboards, glues, dye for cloth. paper 
(various kinds), furniture, tool handles, toys, woodenware, 
carvings, pencils 

X. maluicen,cis (Lam) Roem. 

firewood, timber, scaffolds, railroad ties, boat building, 
dock pilings, beams, poles (building), flooring, panelling, 
fence posts, pipes, chmpboards, glues, paper (various 
kinds), furniture, hairdressing oil, tool handles, 
woodenware, carvings 

Similar scales of structural vegetation varia-
tion also occur at a single geographic location 
across the steep gradients that frequently char -
acterize the intertidal environment (see Thom 
1982). This structural diversity is best repre-
sented in seasonal climates, especially where 
moderate to high tidal ranges exist (e.g., > 2 m). 
On horizontally expansive prograding shores 
or deltas the communities of diminishing stat-
ure may extend sequentially. This phenomenon 
appears to be controlled largely by available wa-
ter (Cintron 1979), which is a function of tidal 
inundation, rainfall, runon, and evapotranspi-
ration (Fbol et al. 1977). 

All of these considerations are important in 
assessing the potential of forests for production 
of one or another resource and probably also to 
determine the ability of the species to regener-
ate. For example, where vegetation is cleared 
from high tidal sites that are seldom inundated 
by either tides or rain, evaporation will rapidly 
increase the water and salt stress on species be-
ing established. The new conditions may not 
permit replacement by plants and lifeforms 
that previously existed there, and this may ne-
cessitate the need to change management ob-
jectives to be in line with the new ecological sta-
tus quo. 

It is important for planners and managers to 
recognize that intertidal environments are ex-
tremely varied when considering strategies for 
coping with derelict land resulting from the 
abandonment of such enterprises as coastal fish 
ponds. This problem is evident in many parts of 
South Sulawesi and in northern Java and else-
where in Southeast Asia where there are exten-
sive flat, low, coastal plains. In Sulawesi, some 
examples of "old field" recolonization by man-
grove species exist. Properly managed, such 
areas may be able to support local fuelwood in-
dustries or honey production. 

As with all other vegetation, the structural 
and functional properties of mangrove ecosys-
tems are determined by a complex of climatic 
and site conditions such as air and water tem-
peratures, the availability of water and mineral 
nutrients (including high concentrations of 
salt), and light. In addition, intertidal land-
forms are subject to rapid change by erosion 
and sedimentation. These changes are medi-
ated by the interaction of climatic, physio-
graphic, and geomorphic processes so that in-
tertidal areas are typically much less stable than 
the landforms that support hinterland forests. 

The approach adopted here and in the global 
status report (Saenger et al. 1983) is to divide 
the physical and biological processes or factors 
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that influence intertidal ecosystems into inter-
nal and external categories. Internal processes 
of energy fixation, accumulation of biomass, de-
composition of dead organic material, and min-
eral cycling are most strongly influenced by a 
small number of external factors governing 
available water, the pool of available nutrients, 
and the stability of the habitat. 

External factors, such as dam building, water-
shed erosion, oil pollution, or coastal engineer-
ing work, are beyond the control of the man-
grove ecosystem. They may cause a change in 
the status of internal processes and must be 
considered by the professional mangrove man-
ager. If external factors are maintained within 
prescribed limits, the ecosystem will persist. 
Perhaps the most important task for a manag-
ing agency should be the estimation of the limits 
of tolerance for ecosystems under examination, 
so that guidelines can be established limiting 
modification of watersheds and other neigh-
boring ecosystems likely to impinge on the 
mangrove resource. 

Conclusion 

Analysis of the categories for which mangroves 
are utilized reveals a range of manipulative im-
pacts involved in developing a particular man-
grove product or service. The extent of manip-
ulation will influence the compatibility of a 
specific use with all other values the mangrove 
may provide locally. The order of the following 
chapters generally reflects the increasing ex-
tent of environmental manipulation. The order 
does not indicate in any way the relative impor-
tance of any category. 

To emphasize the concept that mangrove 
ecosystems, properly managed, can provide for  

multiple resource needs on a sustainable basis, 
a small section in each chapter discusses the 
compatibility of that use with other manage-
ment options. 

Managers must recognize the variation in the 
properties of different types of mangrove eco-
systems. Different mangrove species may have 
the potential for quite different uses, and struc-
tural variation often will reflect functional 
properties important to the manager in assess-
ing the range of uses that can be made of the 
vegetation. 

Planning for resource development based on 
the guidelines provided in the following chapters 
should allow for a more balanced approach to 
sustained, multiple use of mangrove ecosystems. 
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SECTION II 
CHAPTER 2. Preservation 

Introduction 

Reserves have been established for the preser-
vation of mangrove ecosystems or to enhance 
the survival of particular species within those 
ecosystems in at least eighteen countries in the 
world. Details about individual reserves have 
been listed in the global status report (Saenger 
etal. 1983). In most of these countries, the indi-
vidual areas under preservation are less than 
1,000 ha. However, protection is afforded to a 
total of over 11,000 ha in four reserves in Vene-
zuela, and twenty-six reserves totaling more 
than 80,000 ha have been established in Aus-
tralia. Everglades National Park in the United 
States, containing almost 100,000 ha of man-
grove forest, is the world's largest mangrove 
preservation area. 

The total area of mangrove forests presently 
under some degree of preservation status rep-
resents less than 1 percent of the total world 
mangrove resource, and few reserves are sub-
ject to an adequate level of management. In ter-
restrial ecosystems, the preservation of such a 
small sample of a particular ecosystem would be 
regarded as inadequate. The importance of 
mangrove ecosystems and the broad objectives 
of mangrove preservation make the declaration 
of many more reserves a matter of urgency 
in virtually every country with mangrove 
resources. 

The Objectives of Preservation 

Mangrove preservation areas can have many 
objectives in addition to ensuring that essential 
ecological processes and genetic diversity are 
maintained (Table 4). While the full list of pres-
ervation objectives is not applicable in every sit-
uation, it should indicate that preservation 
areas are valuable economic and social assets 
and prevent the extinction of species that may 
be of tangible economic value in the future. 
Mangrove preservation areas should be seen 
not as a luxury only suitable for developed na-
tions but as essential and appropriate in every 
country with mangrove resources (see Figure 
2). Preservation areas should be incorporated 

Management - Preservation  

into management plans even where the re-
source has already been degraded but where a 
reasonable level of recovery in the future can 
be expected. 

Table 5 shows the mangrove areas of various 
countries, along with population density and 
per capita GNP. Because of the economic and 
population characteristics, and because of their 
wide geographical coverage, Australia, Vene-
zuela, and Gabon could be viewed as the three 
countries with the greatest prospects of achiev-
ing global significance as repositories of man-
grove-related genetic material. 

Planning Mangrove Protected Areas 

There are good reasons for designating not 
only a totally protected core or sanctuary area 
but also a buffer zone of protected or con-
trolled use that includes "linked habitats" such 
as adjacent seagrass beds, mud and sand-flat 
areas, reed beds, coral reefs, and such features 
as sand dunes, barrier islands, and beaches. In 
addition, the upstream watershed lands that 
provide the necessary fresh water, sediment, 
and nutrient inputs that maintain the system 
need to come under some control. If they do 
not, and serious alteration of these inputs oc-
curs subsequent to establishing a mangrove pre-
serve, then the core area could be totally and 
disastrously altered. Control of such distant, 
difficult-to-monitor activities clearly is very 
complex, but it is necessary. 

For delineating the core protected area, sur-
vey and assessment are necessary to determine 
such information as 

The type and location of valuable habitats 
for preservation and such characteristics as 
size, species diversity, degree of natural-
ness, uniqueness, representativeness, and 
the degree of dependence on them by any 
key wildlife species (critical habitat); 
The type, extent, and location of any exist-
ing human uses (recreational, commercial, 
or subsistence activities), their effects, the 
degree of dependence of local inhabitants 
on these uses, and the possibilities of shift- 



Table 4. Objectives and Uses of Preservation Areas 

Objective 	 Use 
Preservation of essential ecological processes 

Natural restocking of adjacent exploited areas 
Preservation of rare and endangered species and 
habitats and also the common "representative" 
species and habitats 

Protection of commercial and recreational fisheries 

Establishment of reserves for scientific study 

Establishment of reserves for educational study 

Maximization of recreational opportunities and 
preservation of aesthetic qualities 

Protection of coastlines and riverbanks from 
erosion and storm damage 
Containment of floodwaters within 
natural floodplains 

Maintenance of navigation channels  

Preservation areas can provide buffer areas to 
ensure that exploited areas remain productive 
Preservation areas can act as a vital "seed" source 
Preservation areas can provide a source for 
manually restocking exploited areas where 
economically important species have been 
depleted; they also ensure the survival of species 
that might be of economic benefit in the future 
Preservation areas ensure a supply of organic 
carbon for the benefit of inshore and offshore 
fisheries and can ensure that productive fry 
and nursery grounds are not alienated or 
overexploited 
Preservation areas are important to management of 
exploited areas as they can provide reference sites 
for scientists to compare unexploited areas and 
species to the exploited areas and species 
Preservation areas may provide students with their 
only opportunity to study the natural environment 
and to better understand the need for sustainable 
management of exploited areas 
Preservation areas offer far more for human 
enjoyment than degraded or altered areas and 
can be a tourist attraction 
Properly sited preservation areas offer maximum 
protection to human life and property 
Preservation of estuarine floodplain mangrove 
ecosystems can also maximize protection to human 
life and property 
Preservation of mangrove islands and coastal and 
estuarine vegetation can maintain the hydrological 
conditions necessary to prevent siltation in many 
navigational channels 

ing any of these uses to other areas or re-
sources if they degrade the habitat or de-
plete species stocks below sustainable 
levels; and 
Existing and potential threats to the area 
from activities outside the area. 

Once these facts are gathered, one may be-
gill designing the totally protected core and de-
lineating the buffer zone. 

Criteria and guidelines for the selection, de-
sign, and establishment of Biosphere Reserves 
under Unesco Man and the Biosphere Pro-
gramme are helpful. In particular, MAB Re-
port Series No. 22 of 1974, published in Paris by 
Unesco and a General Technical Report edited 
by Franklin and Krugman (1979) and pro-
duced as PNW-82 by the U.S. Forest Service 
may be obtained and consulted (see Refer-
ences). Available in 1984 from IUCN is Saim's  

book, Managing Coastal and Marine Protected 
Areas: Principles and Guidelines for Managers of 
NaturalAreas of the Seas. 

Additional Protection Measures 

Areas designated for protection are also sus-
ceptible to declassification and allocation to 
other development uses. Such action has re-
cently occurred in Sabah, where one of the larg-
est mangrove reserves in the world has been de-
gazetted to permit exploitation for wood chips. 
The additional protective layer of some kind of 
international designation may sometimes be ef-
fective in impeding such actions. Biosphere Re-
serve designation under the Unesco Man and 
the Biosphere Programme is one such possibil-
ity, since the program is attempting to include 
representation of all the world's biogeographi- 
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Table 5. Population Density and Economic Status of Countries 
with the World's Major Mangrove Areas 

Country 
Area of 

Mangroves 
(ha) 

Population 
Density 
(n/krn2) 

Per Capita 
GNP 
($US) 

Brazil 2,500,000 14.2 2,220 
Indonesia 2,176,271- 77.9 530 
Australia 1,161,700 1.9 11,080 
Nigeria 973,000 94.8 870 
Venezuela 673,600 16.9 4,220 
Mexico 660,000 36.1 2,250 
Malaysia 652,219 43.0 1,840 
Burma 517,077 50.4 190 
Senegal 500,000 30.1 430 
Panama 486,000 24.7 1,910 
Colombia 440,000 23.2 1,380 
Bangladesh 417,013 629.9 140 
Papua New Guinea 411,600 6.7 462 
India 356,500 209.9 260 
Malagasy 320,700 15.3 330 
Vietnam 286,400 168.8 - 

Gabon 250,000 2.8 2,420 
Pakistan 249,489 105.1 350 
Philippines 246,699 165.3 790 
Ecuador 215,852 30.3 1,180 
US 205,000 24.5 12,820 
Cameroon 200,000 18.3 880 
Sources: Area from Saenger et al. (1983); population density and real per capita, 1981 data from the 1983 World Development Report, 
World Bank, USA, Washington, D.C. 
a Official Indonesian figures indicate 3.6 million ha. 

Figure 2. "The tunnel" — a wild waterway in Caroni Mangrove Swamp Forest Reserve, Trinidad — proposed 
for total protection. 
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cal ecosystems. Countries may wish to have ar-
eas of outstanding international significance 
(including presence of endangered species) 
designated as World Heritage Sites. Even the 
relatively simple step of having the preserve 
area officially listed in the U.N. World List of 
National Parks and Equivalent Reserves may 
provide an extra measure of security. 
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SECTION II 
CHAPTER 3. Recreation 

Introduction 

Mangrove ecosystems, with their variety of sub-
habitats, offer a range of recreational opportu-
nities (Table 6) in at least sixteen countries. In 
some areas, the mangrove forests are managed 
to widen the scope of recreational experiences 
or to permit more intensive usage. Developed 
nations have been most active in this regard, 
but some other nations that have not previously 
stressed outdoor recreation as a development 
objective are realizing the advantages of doing 
so. In addition to providing temporary escape 
from the pressures of urban living for local resi-
dents, mangrove forests may have features that 
will attract visitors from other areas and pro-
vide an additional economic asset to the local or 
regional economy. 

Managing a mangrove forest for recreation 
can serve the needs of both residents and tour-
ists and can be compatible with preservation or 
nondestructive commercial uses such as honey 
production or fishing. In Trinidad, the Caroni 
Swamp attracts many foreign and local visitors 
to view the large, resident scarlet ibis (Eudocimus 
ruber) population while allowing for compatible 
multiple uses of the proposed national park. In 
the Philippines, residents now value the recrea-
tional opportunities developed at the intensively 
managed Mangrove Forest Research Center at 
Pagbilao. Some nations have protected man-
grove forests by establishing national parks over 
large areas, but recreational opportunities can 
also be developed in carefully chosen and man-
aged mangrove stands of relatively modest size. 
The tourist industry has found that cruises and 
tours through mangrove areas can be profitable 
enterprises. 

Evaluating the Recreational Potential 
of a Site 

In some areas it is easy to select a site for man-
aged recreational use because local residents 
have already established distinct patterns of rec-
reational use or because the site possesses an 
obvious natural endowment (such as a rookery 
site of an attractive bird species). If this is not the 
case, aerial photographic analysis and field sur- 

Table 6. Recreational Uses of Mangrove Areas 

Power-boating 
Canoeing 
Fishing 
Collecting molluscs and crustaceans 
Hunting 
Hiking 
Picnicking 
Swimming and snorkeling 
Birdwatching 
Wildlife observation 
Photography 
Nature education 

veys of potential sites will be necessary. The 
planner must also ensure that data are gathered 
on social and economic factors to determine if 
an area will fulfill human recreation needs. 

It is important to know if the managed recre-
ational resource will attract foreign tourists as 
well as domestic users and if one group of users 
will conflict with or reinforce the other's activi-
ties. It also may be necessary to ascertain 
whether local people are attracted by the same 
things as foreign tourists and if one particular 
user group is likely to make greater use of a spe-
cific feature of the site. 

Some of the more important attributes of a 
viable recreation area are shown in Table 7. 
Ideally, a site will possess all of these characteris-
tics, but often there is one favorable attribute 
that outweighs all others and negates any unfa-
vorable features. 

Recreational attributes may be qualitatively 
evaluated, or a proposed managed recreation 
area may be evaluated using one of the benefit-
cost analysis techniques developed specifically 
for recreational land uses. Some recreational 
management projects may not provide signifi-
cant economic benefits, particularly in the 
short term, but they can provide socially desir-
able benefits important to local people. 

Managing a Mangrove Recreation Area 

The first priority in developing any manage-
ment scheme is to define the objectives of man-
agement. Objectives will vary greatly between a 
large mangrove wilderness park and a remnant 
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Table 7. Important Attributes of a Recreation Area 

Attribute 

Biophysical 	Presence of life forms prized by consumptive and/or nonconsumptive users 
Presence of rare or exotic species 
Variety in vegetation, fauna, and landscape 
Aesthetic appeal of the scenery 
Favorable climate 
Uniqueness at the regional or national level 

Socioeconomic Proximity to population centers 
Easy access to the area by land or water 
Existing or potential access routes within the area (trails and waterways) 
Awareness of the site among potential users 
Compatibility of recreation development with current or projected uses, including 
traditional use by local people 

mangrove stand in an urban area. Nevertheless, 
the objectives must be consistent with the 
national mangrove plan and in harmony with 
coastal management plans. 

The management objectives may give first 
priority to preservation of the entire ecosystem, 
a selected component of that ecosystem (such as 
habitat for an endangered bird), or to the pro-
vision of one or more compatible recreation 
opportunities. The area may be managed spe-
cifically for birdwatching, fishing, public edu-
cation, or a wide spectrum of other uses. 
Attracting tourists might be an implicit man-
agement objective. 

Examples of management objectives for a 
mangrove forest are those contained in the 
Caroni Swamp National Park Management and 
Development Plan (Trinidad Forestry Division, 
MALF 1979): 

Protection: 	to protect the mangrove 
ecosystem including water 
quality, floral and faunal 
habitat, in particular that of 
the scarlet ibis. 

Education: 	to provide opportunities for 
environmental education 
and interpretation centering 
on the ecosystem of the 
mangrove swamp. 

Research: 	to provide opportunities 
for and actively promote 
research related to the 
mangrove ecosystem and 
the management of the 
National Park. 

Recreational: to facilitate the sympathetic 
development of the recrea-
tional attributes of the area. 

Traditional 	to accommodate regulated 
Production commercial fishing insofar 
Uses: 	as it does not conflict with 

the other objectives. 

Managing people is by far the most challenging 
part of recreation management. Comfortably 
accommodating visitors in mangrove areas is 
often more difficult than in a terrestrial ecosys-
tem (see Figure 3). Soft substrate and tidal in-
undation generally limit most visitor access to 
navigable waterways or artificial walkways. Con-
centration of users can lead to site degradation 
and eventually to a decline in ecosystem integrity 
as well as conflicts among user groups. These 
problems can be alleviated in several ways: 

• Limit the number of visitors in heavily used 
areas (this is done with a permit system at 
Everglades National Park in the United 
States), or rotate the use of sites. 

• Limit boat traffic to nonmotorized canoes, 
to licensed concessionaires, or use time 
period quotas. 

• Segregate incompatible uses through a zon-
ing system (e.g., fishermen use one area and 
birdwatchers another). Ecologically fragile 
areas can be zoned to exclude visitors. 

• Construct boardwalks or other infrastruc-
ture to protect the ecosystem in heavily 
used areas. 

• Educate visitors through information and 
communication programs. 

The method and intensity of visitor manage-
ment is dictated by management objectives. 
Mangrove recreation areas can be managed on 
a continuum from nature preserves to highly 
developed parkland. As the objectives become 
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Figure 3. Bathing and camping activity in area adjacent to main mangrove section of Morrocoy National 
Park in Venezuela. 

/ 

Figure 4. Visitor center at Mangrove Forest Re-
search Center, Pagbilao, the Philippines. 

more people oriented, more park managers are 
needed, as is a more thorough understanding of 
the environment. Good management plans are 
based on a detailed resource inventory and 
analysis and must indicate clearly how the 
objectives are to be achieved within the legal, 
fiscal, and ecological constraints that apply to 
the recreation area. 

Visitor facilities serve the dual purpose of 

improving visitor comfort and protecting the 
resource (see Figure 4). Facilities that should be 
considered by mangrove managers include the 
following: 

• Board walks to allow the greatest number of 
people to view and enjoy a mangrove eco-
system. Boardwalks have been successfully 
installed in the United States, Australia, 
New Zealand, and Trinidad. Boardwalks 
built of wood are likely to cause the least 
ecosystem damage during construction but 
need more maintenance than more dura-
ble materials (see Figure 5). Boardwalks 
with concrete posts, for example, require a 
greater capital investment and are likely to 
cause greater ecosystem damage on 
installation but require relatively low 
maintenance. 

• Hiking trails to be at least intermittently 
routed over areas of dry land adjacent to or 
within the mangroves. 

• Canoe or boat trails to lead visitors through 
winding mangrove waterways. 

• Dockingfacilities for canoes and other craft 
used in park operations. 

• Campgrounds and picnic sites established on 
naturally dry areas or on elevated wooden 
platforms accessible by boat. 
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Figure 5 Boardwalk in 1 rinidad's Caroni Swamp. 

Figure 6. Tower and shelter for viewing mangrove 
area. 

• Toilets and litter receptacles in areas of visitor 
concentration. 

• Viewing towers to permit observation of nest-
ing birds and other fauna and give an over -
view of the mangrove community (see 
Figure 6). 

The level of active management required 
within a recreation area will vary according to 
the activities permitted and the intensity of 
usage. Some periodic ecosystem monitoring is 
important to ensure that the recreational 
resource is not being damaged. Regular main-
tenance work will include trimming vegetation 
where it obstructs waterways or trails and con-
trolling exotic flora. Litter and garbage collec-
tion and disposal will probably be necessary. If 
fishing, hunting, or collecting of molluscs and 
crustaceans are permitted, it is necessary to 
monitor to ensure that such species are not col-
lected beyond their sustainable yield. It may be 
necessary to impose a limitation on the num-
bers taken or on specific catch techniques. In 
some cases hazardous fauna such as crocodiles 
may need to be moved from areas near boat 
ramps or swimming areas to ensure visitor 
safety, or it may be sufficient to erect warning 
signs that hazardous fauna occasionally may be 
present. Crocodilians can be a major tourist 
attraction, especially at night, as long as they 
can be viewed from the safety of large boats or 
hides built on boardwalks or viewing platforms. 

Insects are a controversial component of the 
mangrove ecosystem. While scientists recognize 
that insects form an important link in the food 
chain, visitors may be annoyed by mosquitoes, 
flies, and midges. Planners need to realize that 
tourists are often more sensitive to biting insects 
than local residents. Where and when insects are 
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a problem, visitors should be advised to use in-
sect repellents and wear appropriate clothing. 
Attempts to control insects are not recom-
mended unless the insects cause serious health 
problems, and in such cases control should be at-
tempted only with sound scientific advice. 
Spraying with insecticides is generally ineffec-
tive, harmful to nontarget organisms, and in the 
long term actually may promote an increase in 
problem from biting insects. Where new tourist 
developments intend to make recreational use of 
mangroves, planners should obtain professional 
advice to determine if biting insects will be a 
problem and if possible locate visitor center and 
overnight accommodation facilities beyond the 
habitats of the local species. 

A detailed compilation of national park plan-
ning and management methods for tropical 
countries has been prepared by Miller (1978) 
entitled "Planning National Parks for Ecodeve-
lopment?' 

Interpretive Programs 

Forming a link between land and sea, mangrove 
ecosystems have a great deal of educational and 
research value. Terrestrial, intertidal, and shal-
low-water marine environments exist very close 
to one another. Life forms from the land and 
sea coexist, and some species are unique to the 
mangrove ecosystem. The unusual adaptations 
of the mangrove flora and the role of the man-
grove ecosystem in the marine food chain are 
especially worthy of study and public educa-
tion. 

Self-guided tours on boardwalk trails with 
fixed signs and brochures are in use at Ever-
glades National Park in Florida in the United 
States and Waitangi Reserve in New Zealand. 
Ranger-guided tours of these trails are usually 
far more useful than self-guided tours, how-
ever, and they are often much more popular. 

Private tour boat operators also can play an 
educational role by having trained guides on 
the boats explain the natural history of the eco-
system. Special tours for birdwatching or snor-
keling are also possible in some areas. 

A visitors' center may serve as the central 
facility for slide shows, movies, or talks that in-
terpret information about mangroves for the 
public. Displays should be illustrated by pho-
tography or realistic artwork. Experience in Ev-
erglades National Park has shown that "impres-
sionist" interpretations of mangrove organisms 
may be difficult for park visitors to understand 
(Morehead 1983, pers. com .). 

Case Studies 

TRIN IDAD 

In 1936, the major part of the Caroni Mangrove 
Swamp was proclaimed a forest reserve. In 
1953, an area of 135 ha was declared a wildlife 
sanctuary for protection of the scarlet ibis (Eu-
docimus ruber). Extensions to the sanctuary were 
made in 1954, 1959, 1960, and 1966 because of 
the birds shifting their roosting areas, and this 
brought the total area to 200 ha. In 1972, the 
swamp was proposed as a national park. Be-
tween 1978 and 1980 management, site, and 
education plans were prepared. Legislation to 
protect the resource is now being drafted. 

Between 1950 and 1970, three boat houses 
and docking facilities were constructed at stra-
tegic points. During this same period, private 
tour guides developed a thriving tourist trade. 
In 1980-1981, a parking lot, a reception office, 
a rustic waiting shed, two small boardwalks, a 
picnic site with a shelter, and a bird viewing 
tower were constructed at an approximate cost 
of US $35,500. 

The main tourist attraction is viewing the 
scarlet ibis coming to roost in the mangroves 
every evening. Oysters on the prop roots of Rhi-
zophora, crabs scurrying on the muddy floor, 
herons, other birds and animals, and the scenic 
waterways are also major sources of interest to 
the visitors. A conservative estimate of the an-
nual number of visitors to the swamp is 18,000 
tourists and 12,000 residents. 

The area is administered by the Forestry Di-
vision but there are activities such as fisheries 
and effluent discharges within and outside the 
area that are not controlled by the division. The 
area is currently patrolled by a staff of seven 
who are equipped with radio sets, powerboats, 
and ajeep. This number, however, is inadequate 
for proper and effective management. 

The tour boat operators do not purchase 
permits or licenses for carrying on their trade 
in the area. However, visitors are charged be-
tween US$5 and US$10  per person depending 
on numbers, time, and interest. No self-guided 
tours are available. 

At the rustic shed, there are drawings, 
posters, and notices explaining the ecosystem 
and that cooperation is sought from the public. 
An educational brochure has been prepared. 

PHIL I PPINES 

In the Philippines, both children and adults 
make use of mangroves for recreational fishing, 
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Figure 7. Eiit rance an(l bridge over chan nd to isi-
tor facilities of Mangrove Forest Research 
Center, the Philippines. 

crabbing, swimming, and canoeing. The Philip-
pine government has established a special facil-
ity for research, recreation, and education at 
Pagbilao on Luzon Island. Facilities occupy 
about 0.5 ha in a mangrove reserve of 114 ha. 

The Mangrove Mini Park and Nursery, of the 
Agroforestry and Mangrove Forest Research 
Center of the Forest Research Institute of the 
Philippines, was conceived in 1977 and was 
fully developed and operational by early 1978 
(Figure 7). 

Despite the range of facilities provided, the 
cost for the park's establishment was only about 
US$3,000 including the installation of water 
pipes for a potable water supply and an electri-
cal system powered by a portable electric gener-
ator. The center is visited by approximately 
500-600 people every year including some for-
eign visitors. 

Facilities provided for recreational uses in-
clude treehouses with toilet facilities; picnic 
sheds and playgrounds; a children's swimming 
pool; cooking and dining sheds; canoes and 
motorized banca for boating on rivers and 
coastal waters; swimming and fishing areas; aq-
uaculture projects from which immediate food 
needs of visitors are met on special occasions; a 
jungle trail; toilet, water, and electrical facili-
ties; a maintained access road from the national 
highway and a foot bridge across a river leading 
to the center; and a natural lagoon seeded with 
brackish-water fish species. 

The main visitor activities are boating, fish-
ing, and relaxation and resting under trees, in 
reehouses, and in sheds. Some enjoy swimming 

and playing ball games on the playground. 
The natural features that attract visitors are 

the river and riverine systems; a relatively un-
1 isturbed second-growth mangrove forest; the 

lagoon system within the park; the established 
inangrovetum" that attracts scientists and re-

searchers, especially those who work on man-
groves; and the privacy and exclusiveness of the 
location. 

The Agroforestry and Mangrove Forest Re-
search Center manages the park and nursery 
and supervises the researchers and recreational 
users. There are five technical staff people at 
he center, and there are four support or main-

tenance personnel. The visitors are either 
guided into the area or are left to themselves to 
xplore the site with some restrictions to pre-

vent damage to vegetation and facilities. 
There is no central interpretive facility, but 

technical personnel at appropriate occasions 
do lecture on the importance of mangroves, 
their role in contributing to local and national 
socioeconomic stability, and their role in main-
taining a well-balanced ecosystem. To date, no 
leaflets on mangrove conservation have been 
produced for center visitors. 

In December 29, 1981, Presidential Procla-
mation No. 2151 was issued declaring certain is-
lands or parts of the country as "Wilderness Ar-
eas" for an aggregate area of about 4,326 ha. 
These areas are withdrawn from entry, sale, set-
tlements, and exploitation, subject to any exist-
ing recognized and valid private rights. 

These are potential areas for recreation in 
addition to their educational and scientific sig-
nificance. Their protection and maintenance 
are essential, and development plans for their 
effective management need to be formulated to 
determine the various nondestructive, alterna-
tive uses that could be derived from them. They 
serve as mangrove parks, although they are not 
designated officially as "national parks:' 

VENEZUELA 

Opportunities for recreational and educational 
use of Venezuelan mangrove forests are pro-
vided in the 4,580 ha of mangroves of the Par-
que Nacional de Morrocoy located in the Golfo 
Triste of the Venezuelan coast. In 1974 a Presi-
dential Decree was issued to protect Venezue-
lan mangroves. After removing a large number 
of private structures and stopping a major re-
sort development, the Morrocoy Park was es- 
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tablished to provide for public recreation. The 
park has high scenic value and motor boating, 
swimming, water skiing, diving, and birdwat-
ching are the major recreational activities. At 
present, there are only five National Park Ser-
vice staff members to manage the 32,090-ha re-
serve. Consequently, it is not possible to provide 
guided tours, and self-guided tour routes have 
not been established. There are no facilities for 
visitors, not even toilets. Despite these limita-
tions, the park has become so popular over the 
past nine years that there are now 250,000-
500,000 visitors each year. This level of use is 
exceeding the park's capacity to accommodate 
it and threatens both the mangrove forests and 
the adjacent coral reefs and seagrass beds. 

Future management of the park should be 
oriented toward sustainable use, which would 
include ecological monitoring and the applica-
tion of specific management measures, restric-
tions on the number of boats and marinas, re-
strictions on access to areas of critical ecological 
importance (e.g., nesting sites, overcrowded 
fishing grounds), greater development of recre-
ational activities with less severe impacts (en-
couraging swimming), and better interpretive 
efforts. The construction of an educational and 
research center is planned. 

AUSTRA LI A 

Mangroves occupy 22 percent of the Australian 
coastline and occur in all states except Tasma-
nia. The major use of mangrove ecosystems in 
Australia today is for recreation. Line fishing, 
generally from small boats anchored in man-
grove channels, is the most popular recrea-
tional activity in the mangrove area. Power 
boating and canoeing in mangrove channels 
and collecting mud crabs (Scylla serrata), other 
portunid crabs, oysters, and bait are also popu-
lar activities. Rental of boats and fishing equip-
ment provides significant employment and ec-
onomic benefits in coastal communities. 

Mangroves are used for birdwatching and in-
creasingly for education. There is some use of 
mangrove waterways for swimming in subtropi-
cal and temperate areas, but this is not as com-
mon a practice in tropical Australia because of 
the potential year-round presence of saltwater 
crocodiles (Crocodylus porosus) and the seasonal 
presence of box jelly fish (Chironexfleckeri). 

Crocodiles are, however, one of the major at-
tractions drawing tourists to mangrove river 
cruises. In the South Alligator River in the 
Northern Territory and at several localities 
along the Queensland coastline, specially de- 

signed shallow-draft boats carry thousands of 
tourists annually on guided tours of mangrove 
ecosystems. Small boats also can be hired for 
fishing on many of Australia's mangrove estu-
aries and bays. 

Mangroves are one of the recreational attrac-
tions in the Cooloola National Park in Queens-
land. There is an interpretive center with 
poster displays and models of wetland ecosys-
tems, including mangroves, and a boardwalk to 
a mangrove area and bird hide provided for the 
observation and photography of waterfowl. 
Other boardwalks have been built on Hinchin-
brook Island to serve research and tourist 
needs. 
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SECTION II 
CHAPTER 4. Wildlife 

F igui c S . Egiet and ihises in Ilialigiove fkrest. 

The animal inhabitants of mangrove forests are 
both valuable products and interesting and Va!-
ued amenities. They are "harvested" by captur-
ing them for food or other animal products (e.g., 
hides, animal trade), and they are also "har-
vested" by viewing, studying, or photographing 
them in nonconsumptive ways. Those compris-
ing a commercial or artisanal fishery are dis-
cussed in Chapter 5. In addition to shrimp, oys-
ters, clams, and mussels, crabs in mangrove areas 
are often harvested as food - in some places as 
an important local enterprise. Saltwater croco-
diles, long-tailed macaques, other primates, and 
a few other animal species are also harvested on 
a small scale in some places. 

Most of the wildlife of the mangrove system, 
however, is valued primarily for its role as a rec-
reational or scientific resource. The value may 
come from the sheer number or variety of wild-
life (usually birds) or from the rarity of certain 
species (see Figure 8). In the former case, as is 
true with the bird life of Morrocoy National 
Park in Venezuela, the management of man-
grove areas is oriented toward managing the 
human visitors, as discussed in Chapter 3, Rec-
reation. In the latter case, as is true with the 
Bengal tiger or the proboscis monkey, the need 
is for habitat protection in a mangrove pre-
serve, and this aspect was treated in Chapter 2, 
Preservation. Many species of fauna using man- 

groves exclusively or partially (e.g., for roosting 
but not for feeding) are rare or endangered. 
The Global Status of Mangrove Ecosystems pre-
sented a list of plants and animals "at risk' and 
the animal portion of that list is reproduced 
here as Table 8 (Saenger et al. 1983). 

Protection of the habitat is the principal tool 
for wildlife management in mangrove areas 
(Figure 9). A new publication by Salm on Man-
aging Coastal and Marine Protected Areas: Princi-
ples and Guidelines for Managers of Natural Areas 
of the Seas to be available in 1984 should be con-
sulted. It is essential to include an area judged 
to be large enough to sustain a viable breeding 
population of key species. Considerations in-
clude the number of species or genera present 
in a given area, some idea of population sizes, 
the distance of the site from human settle-
ments, the migratory patterns of key species, 
and the feeding patterns and ranges of key spe-
cies. It is also important to include all of the veg-
etation zones or inundation classes of the man-
grove complex and not merely the fringing 
forest or the basin mangroves or any other sin-
gle type. "Overwash" islands, however, due to 
their importance as bird rookeries, may be pro-
tected as one type of mangrove forest commu-
nity. In setting aside a protected area for wild-
life, it is important also to recognize the need 
for a buffer zone that includes a large part of 
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Table 8. Animals at Risk in Mangrove Areas 

Species Common name Status 

Mollusca 
Strombus gigas Botuto Vulnerable - Venezuela 
Terebralia palustns Mangrove whelk Vulnerable —South Africa 

Reptiles 
Alligator mississippiensis American alligator Threatened - Florida, USA 
Caiman crocodylus Baba Endangered —Venezuela 
Crocodyiws acutus Gran caiman/American crocodile Believed extinct - Venezuela 

Endangered - Florida, USA 
Crocod'lwc porosus Saltwater crocodile Vulnerable; protected within 

reserves - India and Malaysia; 
collecting prohibited —Australia, 
India, and Sri Lanka 

Drymarchon coarais couperi Eastern indigo snake Endangered subspecies - 
Florida, USA 

Epfrrates striatuifosteri Bimini boa Vulnerable - found only in 
Bahama Islands 

Nerodiafasciata taeniata Atlantic saltmarsh snake Endangered subspecies - 
Florida, USA 

Birds 
Agelaius xanthomus Yellow-shouldered blackbird Endangered - USA 
Agelaiws xanthomus xanthomus Puerto Rico yellow-shouldered Vulnerable - found only in 

blackbird Puerto Rico 
Amazona arausiaca Red-necked parrot/Jacquot Endangered - found only in 

Dominica 
Amawna vittata Puerto Rican parrot Endangered - found only in 

Puerto Rico; protected within 
a reserve 

Anas acuta Pin tail duck Endangered - Puerto Rico 
Anas bernieri Madagascar teal Vulnerable - found only in 

Madagascar 
Anas clypeatra Shoveler Endangered - Puerto Rico 
Anas crecca Green wing teal Endangered - Puerto Rico 
Anas platyrhynchos Mallard Endangered - Puerto Rico 
Ardea cinerea Grey heron Endangered - Malaysia 
Ardea herodias Great blue heron Endangered - Puerto Rico 
Ardea purpurea Purple heron Endangered - Malaysia 
Ardea sumatrana Dusky-grey heron! Endangered - Malaysia 

Great-billed heron 
Aythya collaris Ring neck duck Endangered - Puerto Rico 
Bebrornis sechellensis Seychelles brush warbler Vulnerable - found only in 

Seychelles; protected within a 
reserve; collecting prohibited 

Botaurus lentiginoswc American bittern Endangered - Puerto Rico 
Casmerodius a/bus Garza real/Royal heron Vulnerable —Venezuela 
Catoptrophorus semipaimatus Willet Endangered - Puerto Rico 
Circus buffoni Long-winged harrier Vulnerable —Trinidad and Tobago 
Coccyzus melacoryphus Dark-headed cuckoo Vulnerable —Trinidad and Tobago 
Cochlearis cochicaris Boat-billed heron Vulnerable —Trinidad and Tobago 
Columba leucocephala White crown pigeon Endangered - Puerto Rico 
Dendrocygna arborea West Indian tree duck Endangered - Puerto Rico 
Dendrocygna bicolor Fuluus tree duck Endangered - Puerto Rico 
Dendroica petechia petechia Barbados yellow warbler Endangered subspecies - 

Florida, USA 
Dichromanassa rufescens Reddish egret Endangered - Puerto Rico 
Dryolimnas cuvwri aldabranus Aldabra white-throated rail Vulnerable - found only in 

Aldabra; protected within 
a reserve 

Dupetorfiavicollis Black bittern Endangered - Malaysia 
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Table 8. (Continued) 

Species Common name Status 

Egretta alba Large egret/Great egret Endangered - Malaysia and 
Puerto Rico 

Egretta thula Snowy egret Endangered - Puerto Rico 
Eudocj,nus ruber Corcora/Scarlet ibis Vulnerable - Venezuela, Trinidad 

and Tobago 
Faico pereg-rinus Peregrine falcon Endangered - Florida, USA 
Fulica caribaea Caribbean coot Endangered - Puerto Rico 
Hak'on senegaloides Mangrove kingfisher Vulnerable —South Africa 
Haiiaeetus leucacephalus Bald eagle Endangered - Florida, USA 
ibis cinereus Milky stork Endangered - Malaysia 
lxobrchus cinnamomeus Common bittern Endangered —Malaysia 
1xobrchus involucris Stripe-backed bittern Vulnerable —Trinidad and Tobago 
Lateraliu.s jamaicensis jamaicensis Black rail Endangered - Puerto Rico 
Leptoptilus javanicus Lesser adjutant stork Endangered - Malaysia 
Lipn,wdromus griseus Short-billed dowitcher Endangered - Puerto Rico 
Lirnosafèdoa Marbled godwit Endangered - Puerto Rico 
Limosa haemastica Hudsonian godwit Endangered - Puerto Rico 
Mvcteria cinerea Milky stork Vulnerable - protected within a 

reserve on Pulau Dua off western 
Java; collecting prohibited in 
Malaysia except by aborigines 

Nurnenius phaeo pus hodsoniclLr Whimbrel Endangered - Puerto Rico 
Nvcticorax nycticorax Black-crown night heron Endangered - Malaysia and 

Puerto Rico 
Ortalis vetula deschavenseei Utila chachalaca Endangered - found only on Utila 

Island in Caribbean 
Ox-yura dominica Masked duck Vulnerable —Trinidad and Tobago 
Oxura jamaicensis Ruddy duck Endangered - Puerto Rico 
Pandion haliaetus Aquila pesadura/Osprey Endangered - Puerto Rico 

Vulnerable - Venezuela 
Paroaria gularis nigrogenu Red-capped cardinal Vulnerable —Trinidad and Tobago 
Pelecanus occidenlalis Brown pelican Endangered - USA 
Phalacrocorax carbo Common cormorant Endangered - Malaysia 
Piegadis/alcinellus Glossy ibis Endangered - Puerto Rico 
Pluvialis dam mica Golden plover Endangered - Puerto Rico 
Pod iceps doininicus Least grebe Endangered - Puerto Rico 
Porp/rruia martinica Purple gallinule Endangered - Puerto Rico 
Porzana carolina Sora rail Endangered - Puerto Rico 
Porzanajiaviventer Yellow-breasted crake Endangered - Puerto Rico 
Pseudocolopterxsclateri Crested doradito Vulnerable —Trinidad and Tobago 
Sterna albfrons Least tern Endangered - Puerto Rico 
Sterna hirundo Common tern Endangered - Puerto Rico 
Sterna maxima Royal tern Endangered - Puerto Rico 
Sterna sanvicensis Sandwich tern Endangered - Puerto Rico 
Xiphorhtnchus picus altirostris Trinidad straight-billed Vulnerable - found only in 

woodcreeper Trinidad; protected within 
a reserve 

Mammals 
Canis rufus Red wolf Believed extinct - Florida, USA 
Cyclopes didactylua Silky anteater Vulnerable —Trinidad and Tobago 
Felts concolor coryi Florida panther Endangered subspecies - 

Florida, USA 
Felis pardalis Ocelot Vulnerable —Texas to Argentina; 

collecting prohibited in most 
countries of its range 

Macacafascicularis Long-tailed macaque Protected within reserves - 
Malaysia 

Nasalis larvatus Proboscis monkey Found only in Borneo; protected 
within reserves 
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Table 8. (Continued) 

Species Common name Status 

Odocoileus virginianus claviurn Key deer Endangered subspecies - 
Florida, USA 

Panthera onca Jaguar Vulnerable —South American 
countries; protected within 
reserves in Colombia, Peru, Bolivia, 
and Brazil; collecting prohibited 
within most of range 

Panthera tigris sumatrae Sumatran tiger Vulnerable - found only in 
Sumatra; collecting prohibited 

Panthera tigris tigris Bengal tiger Endangered - protected within 
reserves in India, Bangladesh, 
Bhutan, Burma, and Nepal 

Presbytis cristata Leaf monkey Some geographic subspecies are 
vulnerable - Thailand 

Procyon cancrivorus Crab-eating racoon Vulnerable —Trinidad and Tobago 
Pleropws vampyrus Malaysian flying fox Protected within reserves - 

Malaysia 
Sciurus niger avicennia Mangrove fox squirrel Found only in southern Florida 

where two breeding populations 
remain; protected under Florida 
legislation 

Trichechus manatus latirostris Manatee Endangered - Venezuela and 
Florida, USA 

Source: Saengeret at. (1983) 

Figure 9. Mangrove forests provide all ofthe habitat 
requirements of many species of wildlife, 
and habitat preservation is the principal 
management activity. 

the watershed that is the source for fresh water, 
nutrients, sediments, and pollutants. 

Maintaining mangrove wildlife may involve 
law enforcement to prevent harvesting or to 
control harvesting at sustainable levels. Such 
actions may be brought to bear differentially 
within the same area. In Trinidad's Caroni 
Swamp, for instance, fishing and hunting of ibis 
are prohibited in the core wildlife sanctuary. 
The fishing prohibition is needed because of 
"fishermen" poaching the birds. Fishing and 
duck hunting are permitted outside the sanctu-
ary but still within the Caroni Forest Reserve 
during daylight hours. Outside the sanctuary, 
there are bag limits on migratory game water-
fowl, and there is a shortened hunting season 
to ensure that the arriving birds have "settled 
in" for at least a month before the season is 
declared open. Maintaining mangrove wildlife 
also involves continual monitoring to detect 
changes in populations. 

Some modest habitat ihiprovement is carried 
out for wading birds in the Caroni Swamp. 
Small, shallow feeding areas are regularly 
maintained, and new ones are established as the 
need arises. This involves controlling invasion 
by Rhizophora into these areas and removing 
fallen trees. 

During the nesting season, areas normally 
open to visitors may have to be closed. In 
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Caroni Swamp, aircraft using Piarco Interna-
tional Airport nearby are required by law to fly 
1,000 m above to minimize disturbance to the 
birds within the sanctuary. 

A common problem with the welfare of wild-
life in mangrove areas is the fragmented and 
sometimes uncertain responsibility for man-
agement. Separate departments or divisions of 
forestry, fauna, and fisheries may all be 
involved, and unless there is clear jurisdiction 
or well-integrated management, the forest, the 
wildlife, and the fishery may all or separately 
suffer by single-sector-management myopia. 

Wildlife management in mangrove areas 
seems singularly plagued by a lack of basic 
research on the ecology of the mangrove fauna. 
Increased research is certainly needed to  

enhance the wildlife products and amenities 
and to slow the slide toward extinction of many 
important and interesting species. 
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SECTION II 
CHAPTER 5. Fisheries 

Introduction 

Fishery activities within or dependent upon 
mangrove systems rarely require any major 
modification of mangrove forests or associated 
creeks and lagoons (see Figure 10). Commer-
cial, subsistence, or recreational fisheries gener-
ally are based upon the exploitation of one or 
more species of organisms in the mangrove 
ecosystem and merely harvest portions of the 
species populations. The success or failure of 
any fishery dependent upon the mangrove sys-
tem as a basic food source is influenced, how-
ever, by the impact of numerous activities gen-
erally unrelated to fisheries (for instance in the 
catchment area) that may singly or collectively 
alter the nature and productivity of the man-
grove system. 

The important role played by mangroves in 
the maintenance of fishery operations in many 
tropical and subtropical areas of the world has 
only recently begun to be widely accepted. Fish 
such as mullet and milkfish, which constitute an 
important source of high-quality protein in 
many parts of the world, utilize mangrove estu-
aries as a habitat and source of food. Banana 
prawns, barramundi, and bream in Australia 
have been considered to be linked to mangrove 
systems. Similarly, marine shrimp, a valuable 
source of foreign exchange, are highly depen-
dent upon mangrove estuarine areas during 
their postlarval and juvenile stages. Further, it 
has been estimated that 80 percent of all ma-
rine species of commercial or recreational value 
in Florida, U.S.A., are dependent upon man-
grove estuarine areas for at least some critical 
stage of their life cycles. In Fiji, approximately 
60 percent of the commercially important 
coastal fishes are either caught within the man-
grove zone, or the species involved utilize this 
zone at some stage in their lives; in eastern Aus-
tralia, 67 percent of the entire commercial catch 
is composed of species dependent upon man-
grove estuarine areas. 

The importance of general fishery activities as 
a source of income and protein cannot be over-
stated. It is estimated, for example, that five mil-
lion people are directly employed in full-time 
fishing in Southeast Asia alone. This number is 
magnified several-fold when one considers those 

Figure 10. Grouper have been caught by these fish-
ermen from an estuarine mangrove area. 

people engaged in support activities such as 
marketing, processing, vessel construction, gear 
manufacture, and repair activities. 

Fish harvesters capture the benefits pro-
vided by a natural system and exert little in flu-
ence on the basic productivity of that system .* 
Various mechanisms have evolved to increase 
the catching efficiency with which a fishery op-
erates, but the inherent abundance of impor-
tant species is affected by the basic productivity 
of the system and other factors, such as pollu-
tion, over which the fishing industry has no con-
trol. Human-induced alterations from activi-
ties unrelated to fishing and the adverse effects 
of such changes are often manifested in the 
fishing industry. 

The natural fishery benefits from mangrove 
estuaries may be and often are threatened by 
activities that destroy or significantly modify 
the system. In some instances, these activities 
have become large scale, as in the Philippines 
where almost 40 percent of an estimated 
450,000 ha of mangrove coastline are reported 

* There may be a few special cases of an in-situ fishery, such as the 
harvesting of oysters from proproots, where the mangroves are 
directly damaged or the food chain disturbed. 
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the water column. These unicellular organisms 
then form a part of the food base for primary 
consumers. 

Mangroves as Fish Habitats 

to have been converted to fishponds or other-
wise modified between 1967 and 1978. It also 
should be recognized that although a specific 
loss of mangrove area may not appear to be sig-
nificant on a national scale the repercussions on 
a local fishery could be considerable. 

The Support Role Mechanisms 

Mangrove systems are among the most produc-
tive natural systems on earth. The sources of 
this productivity are the mangrove trees them-
selves, algal colonies on the mangrove root sur-
faces and forest floor, and seagrass and phyto-
plankton communities in associated bays and 
lagoons. Productivity is usually enhanced by 
shallow waters, which are an important charac-
teristic of natural estuarine systems, favoring 
the survival and growth of most organisms. A 
combination of high natural productivity and 
shallow brackish-water bodies combine to pro-
ide a varied and favorable habitat that sup-

ports a wide variety of animal life in various life 
cycle stages. 

The primary food source for aquatic orga-
nisms in most mangrove-dominated estuaries 
occurs in the form of particulate organic mate-
rial (detritus) derived from the decomposition of 
mangrove forest litter (i.e., leaves, twigs, flowers). 
Annual litterfall normally ranges from 10,000 to 
14,000 kg dry weight per ha per year. 

During decomposition, mangrove litter be-
comes progressively enriched in protein and 
serves as a food source for a wide variety of 
filter, particulate, and deposit feeders such as 
molluscs, crabs, and polychaete worms. These 
primary consumers, which include representa-
tives of most phyla, in turn form the food of a 
secondary consumer population. The second-
ary consumer level is usually dominated by 
small forage fish species and by the juveniles of 
the larger predatory species that fbrm the third 
consumer level. In addition, there are impor-
tant Fishery species, such as the shrimps, which 
occupy both primary and secondary consumer 
levels. They feed directly on particulate organic 
detritus and also feed to some extent upon pri-
mary consumers. 

An additional source of nutrition for estua-
rine organisms is provided by dissolved organic 
compounds (e.g., amino acids), also largely of 
mangrove origin. Although relatively few spe-
cies of invertebrates or vertebrates are known to 
be capable of utilizing such dissolved material 
directly, it would be expected that fungi and 
unicellular organisms such as bacteria are able 
to assimilate dissolved organic materials from 

The importance of mangrove areas as habitats 
for commercially important fishery species is be-
coming widely accepted, but it should be recog-
nized that the primar'v habitats of these orga-
nisms are the shallow bays, inlets, and channels 
that are an integral part of the mangrove system. 
The intertidal mangrove forest contains few 
habitats used directly by species important to 
fisheries (a notable exception being the man-
grove oyster). Rather, mangrove forests provide 
the nutritional inputs to adjacent shallow chan-
nel and bay systems that constitute the primary 
habitat of a large number of aquatic species of 
commercial, subsistence, or recreational impor-
tance. It follows, therefore, that system altera-
tions or modifications that result in a decrease in 
the total area of shallow water estuarine systems 
or a decrease in their organic inputs may result 
in a concomitant decline in fishery benefits. 

Most estuarine areas are characterized by 
turbid waters that have reduced light transmis-
sion and hence reduced aquatic primary pro-
ductivity. Consequently, shallow waters within 
the mangrove systems become a paramount 
factor in overall levels of production. There ap-
pears to exist in most estuaririe areas thus far 
studied a recognizable relationship between 
available shallow-water habitats and the life cy-
cle patterns of commercially valuable species 
that live in these shallow-water areas. 

Detailed examination of an estuarine system 
indicates that the percentage of shallow waters 
(less than 1 m depth at mean tide level) in-
creases dramatically with increasing distance 
inland from the ocean coastline, with the result 
that greatly increased areas of favorable habitat 
become available. Quantitative sampling inves-
tigations at Rookery Bay, Florida, LLS.A., have 
demonstrated that the greatest number of indi-
viduals and highest species diversity occurs in 
estuarine areas at 0.3 —1.5 m depths. 

It would appear that numerous species, in-
cluding fish of direct commercial importance 
and those upon which the former group feed, 
benefit from the high natural productivity of 
mangrove-dominated estuarine systems and 
that these benefits are directly related to the 
shallow-water characteristics of such systems 
and the mangrove plants. Consequently, theju-
venile stages of many commercially important 
fish species, guided by instinctive migratory 
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mechanisms not yet fully understood and by 
availability of food, tend to congregate in shal-
low-water areas of high productive potential. 

The pink shrimp, Penaews duorarum, in the 
Gulf of Mexico and many others of the Penaeus 
species worldwide display typical behavior pat-
terns that take advantage of favorable shallow-
water habitats at critical life cycle stages. After 
offshore spawning and drifting of the pelagic 
larval phases, at the postlarval stage P. duorarum 
enter estuarine areas on flood tides, usually at 
night. With the onset of each ebb tide, they seek 
substrates such as mangrove roots to which they 
can cling and maintain their position until the 
subsequent flood tide. Thus, on successive 
flood tides, they penetrate shallower portions 
of the estuarine system. Eventually, they assume 
a benthic existence for several months while 
they grow rapidly in a shallow highly produc-
tive habitat. Thus, the instinctive tendency to 
proceed into the estuary on successive tides in-
creases the probability of encountering favor-
able habitats. 

This example of behavioral patterns is not lim-
ited to Penaeus or to other crustacean genera. 
The red drum, Sciaenops ocellata, of western At-
lantic waters can be taken as a further illustra-
tion of the migratory patterns of juveniles into 
estuarine areas. Red drum spawn in nearshore 
marine waters, and continuance of the life cycle 
is dependent at this stage upon tidal currents 
that convey the young fry into nearby coastal es-
tuaries. Data from Florida indicate that young 
red drum that fail to reach and penetrate estua-
rine regions do not survive. The individuals that 
enter estuarine environments penetrate far in-
land, often to fresh or nearly freshwater regimes, 
apparently in search of shallow-water habitats. 
This species spends up to three years of its early 
life cycle in estuarine environments and moves 
progressively seaward during this time. At the 
end of this juvenile estuarine phase the individ-
uals assume a more fully marine existence and 
are recruited to the commercial and recrea-
tional fishery industries. 

Similar inshore migrations occur with im-
portant tropical fish species such as mullets, 
milkfish, sea perch, and rabbitfish, although 
according to Pauly (1983 pers. comm.) most 
tropical Indo-Pacific fish species in mangroves 
do not reach three years of age. 

Fishery Considerations 

The capability of estuarine mangrove areas to 
support major fishery industries is widely rec- 

ognized. The fisheries may be inshore ones, 
which are generally artisanal or recreational in 
nature, or offshore fisheries, which can require 
a considerable capital input and relatively high 
technology. Inshore and offshore fisheries fre-
quently harvest the same species but at difkr-
ing stages of their life history, resulting in con-
flicting demands on availability of the resource. 

Artisanal fisheries are usually in inshore or 
estuarine waters and are frequently of major 
importance as a protein source for the local 
people. The product of off shore fisheries is fre-
quently a cash crop that is either exported, thus 
producing foreign exchange, or processed for 
distribution and marketing in inland areas. 
Both types of fishery, however, are ultimately 
dependent upon a common resource and upon 
the mangrove estuarine system that sustains 
that resource. 

Recent investigations in Indonesia indicate a 
close correlation between mangrove estuarine 
area and annual yields of penaeid shrimp. It has 
been estimated further that commercial yields 
of penaeid shrimp in equatorial regions reflect 
the nearby existence ofestuarine areas (Macnae 
1974). Estimates suggest that an annual shrimp 
harvest of approximately 160 kg can be derived 
from 1 ha of tidal marsh. It should be noted, 
however, that these figures represent gross esti-
mate correlations and do not necessarily reflect 
a true cause-effect relationship. 

Fisheries, both inshore and offshore, appear 
to be dependent in many areas upon mangroves 
for continued exploitation of fin fish stocks. Al-
though the correlation between the magnitude 
of catches and existing estuarine areas is not 
well documented, a list of species that spawn 
offshore and then utilize estuarine mangrove 
areas as larvae, juveniles, or adults and are 
taken by fishermen either inshore or offshore is 
exhaustive. Such a list would include bream, 
mullets, milkfish, mojarras, snooks, barra-
mundi, sea trouts, snappers, drums, croakers, 
seacats, groupers, and tarpon. 

In addition to fisheries for such motile spe-
cies, mangrove estuarine areas often support 
important harvesting Qperations of mollusc 
species that are largely sessile in nature and 
constitute an in-situ fishery. The bivalve mol-
luscs such as oysters, mussels, and clams are 
generally the most important harvest crops. 
Collection and sale of these organisms fre-
quently constitute a major fishery activity in es-
tuarine areas, such as those in Trinidad, Brazil, 
Venezuela, and the Philippines, and involve a 
large labor force. Often, harvesting activities 
merely involve the collection of animals from 
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naturally occurring surfaces. In many areas 
such as in Brazil, Venezuela, and Australia, 
however, the harvestable yields are augmented 
by the provision of artificial substrates in the 
form of rafts, simple stakes, or ropes placed in 
the shallow waters of mangrove estuaries for 
settlement and growth of bivalve molluscs. Har-
vesting of sessile organisms such as oysters re-
quires minimal capital input but is highly de-
pendent upon the suitable substrate and 
planktonic food source available in mangrove 
estuarine environments. 

Reduction of Fishery Potential 

Mangrove-associated fishery species are de-
pendent upon the mangrove habitat and derive 
essential nutrition, either directly or indirectly, 
from the primary or secondary productivity of 
the mangrove ecosystem during at least a por-
tion of their life cycles. The condition or well-
being of mangrove-associated fisheries is de-
pendent, therefore, upon the health and 
survival of the mangrove ecosystem. Unfortu-
nately, mangrove ecosystems and mangrove-as-
sociated fisheries are being subjected to human 
activities in upstream catchment areas (water-
sheds). These activities include dredging chan-
nels, constructing roads, and draining lands for 
land reclamation projects, primarily for agri-
cultural and industrial development. Other 
more subtle actions that may only alter the tim-
ing of water and sediment input may also be im-
portant. These activities are discussed in detail 
in the IUCN global status report on mangroves 
(Saenger et al. 1983). 

Such activities can result in altered fresh-
water inputs to the mangrove system, increased 
sediment loads, altered salinity regimes, intro-
duction of organic and chemical pollutants, or 
other things that can result in alteration of the 
mangrove ecosystem with consequent detri-
ment to associated fisheries. 

Development activities that alter the slope of 
the land, the natural vegetation, or the drain-
age patterns in catchment basins contributing 
to a coastal mangrove system can also alter the 
quantity and periodicity of freshwater inputs 
into a mangrove ecosystem. Depending on the 
specific work done, these activities may in-
crease or decrease freshwater runoff into the 
tidal creeks and lagoons of the mangrove sys-
tem, thus altering natural circulation and tidal 
flushing patterns and affecting natural salini-
ties and sediment loads. 

Mangroves may be damaged or killed by too  

much or too little freshwater input and subse-
quent low or high salinities. Losses from both 
extremes have been reported from Bangladesh, 
Fiji, and Australia. Such losses ultimately result 
in decreased plant litter in the mangrove eco-
system, which in turn reduces the base of the 
highly productive mangrove food chain upon 
which the fishery depends. Increasing or de-
creasing salinities also influence the species 
composition of the fishery catch and the suit-
ability of areas as spawning or nursery grounds. 

Dredging activities are another major cause 
of increased sediment load. The pattern of sedi-
mentation is determined by the amount of 
freshwater runoff, by the extent and pattern of 
tidal flow, and by existing geophysical features 
of the estuary; with sedimentation rates being 
highest where water movement is lowest. In-
creased sedimentation rates can lead to long-
term changes in water depth, and to changes in 
estuarine circulation and tidal flushing pat-
terns, any of which will ultimately affect the in-
habitants of the estuary. Although mangrove 
mortality from sediment deposition may not 
occur dramatically from increased sediment 
loads, increased sediment can severely reduce 
the net primary productivity of mangroves, 
upon which the fishery depends. 

Summary and Recommendations 

Fishery activities in many coastal regions of the 
tropics are highly dependent upon mangrove-
dominated estuaries. It is widely believed that 
these estuaries constitute an important habitat 
or food source for many of the species sought 
by the fishing industry. The success or failure of 
many marine fisheries may be closely correl-
ated with the viability of a productive man-
grove system. 

Management of a mangrove system for the 
benefit of inshore or offshore fisheries involves 
careful consideration of the effects of changes to 
the system. Such changes or disruptions gener-
ally are stimulated by modifications to the exist-
ing natural mangrove system or its upland wa-
tershed for purposes unrelated to fishery 
activities. 

These changes include such obvious activities 
as conversion to mariculture ponds, conversion 
of mangrove lands for agricultural purposes, 
placement of solid fill for housing develop-
ments, clearcutting large blocks for wood chips, 
or dredging to create navigational channels or 
port facilities. Other modifications may be less 
obvious in nature but may be equally detrimen- 
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tal to the overall productivity of the estuarine 
system. These may include diversion of fresh-
water sources from the system, activities result-
ing in significantly increased sedimentation, 
the introduction of toxic chemicals or other pol-
lutants, or alterations in tidal regimes resulting 
from dredging or spoil deposition. It is recom-
mended that careful consideration be given to 
the impacts on fisheries of activities in catch-
ment areas as well as those within the mangrove 
estuarine areas. 

Mangrove-based fishing generally exploits a 
resource that is produced at little direct cost to 
society. The magnitude of these natural bene-
fits, however, can be greatly reduced by ill-con-
ceived alterations that result in a diminution of 
the mangrove estuarine resource base. Man-
agement for maximizing natural fishery prod-
ucts involves avoiding, whenever possible, acts 
that tend to reduce the natural productivity or 
habitat utility of the mangrove system. A meth-
odology for analyzing the benefits and costs of 
alternative actions is described in the section on 
Economic Considerations in the Management 
of Mangroves. 
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Section II 
CHAPTER 6. Honey Production Techniques 

in Mangrove Environments 

Introduction 

Utilization of a honey resource by bee hunting 
occurs in many parts of the world and repre-
sents a traditional activity in certain regions of 
Africa and Asia. Bee hunting probably ac-
counts for a major portion of the honey harvest 
in the world's mangroves. Mangrove forests, de-
spite their potential for high honey production, 
however, are only lightly utilized for this pur-
pose, and the bulk of this appears to result from 
casual or incidental bee hunting, which is the 
first and lowest stage in the bee-human rela-
tionship. While definitive data are not available 
on the world potential for mangrove honey 
production, assessments from the global status 
report on mangroves (Saenger et al. 1983) show 
that of ninety-two nations having mangrove re-
sources, only five indicate the production of 
honey as a current use and of those only two 
(India and Bangladesh) identify honey produc-
tion as being of some national importance. In 
India where some information on honey pro-
duction is available, a 2000—km 2  tract of mixed 
mangrove species in the Sunderbans is re-
ported to produce about 20 tonnes per year 
(Blasco 1975). The bulk of this honey is pro-
duced from pollen of the Ceriops, which is a 
dominant mangrove form, but the best quality 
honey is apparently produced from Aegialitis 
rotundifolia and Cynometra ram!flora.  From April 
to June of 1971, approximately 2,000 people 
were employed in honey collection in the In-
dian Sunderbans. The average annual produc-
tion in the Bangladesh Sunderbans was 177 
tonnes of honey and 49 ton nes of beeswax dur-
ing 1957-1977 (FAO 1982). 

Beekeeping and honey harvesting are among 
the few uses of mangroves that have little or no 
negative impact on the basic functioning of the 
forest and the natural benefits and products 
that are produced there. On the contrary, be-
cause of pollination of the trees by foraging 
bees, beekeeping may exert a positive influence 
on the mangrove forest. This is particularly 
true for those mangrove species dependent 
upon insects for pollination. Thus, the basic re- 

sources taken from the forest are reproductive 
surpluses that through proper bee manage-
ment may be collected profitably as a renewable 
seasonal benefit without affecting or foregoing 
other useful forest processes and products. 

This review of honey production in man-
grove forests provides basic information on 
how honey is produced in these specialized en-
vironments and the various techniques used in 
maintaining and managing populations of bees 
with emphasis on methods that utilize readily 
available natural materials and require little or 
only modest capital investment. This chapter 
focuses on methods and estimated honey pro-
duction rates for the relatively sophisticated 
beekeeping operations in black mangrove (Avi-
cennia germinans) forests in southwest Florida in 
the United States. Significant increases in the 
quantity of high-grade, high-value honey and 
associated by-products may be achieved if it is 
more widely understood that mangroves repre-
sent a high potential for seasonal honey pro-
duction using a relatively low level of technol-
ogy with only moderate labor demands. 

Honey Production Methods 

The utilization of bees has evolved through 
three basic stages: bee hunting, bee mainte-
nance (or bee having), and beekeeping. In bee 
hunting, the colony is killed to harvest the 
honey combs and brood combs (combs contain-
ing young bees). In a raided wild nest, the sur-
viving bees are left without honey or brood; 
thus, the wild colony is destroyed. The continu-
ance of this source of honey harvest is solely de-
pendent on the vigor of the wild bee popula-
tions and their capacity to create new colonies 
since the hunters make little or no effort to con-
serve these populations. 

A variation on bee hunting is practiced in 
some parts of Africa where straw containers or 
clay pots are hung in trees to attract wild bees. 
After allowing sufficient time for the colony to 
accumulate a store of honey, the bees are killed 
and the honey harvested. This method elimi- 
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nates the searching effort necessary to find wild 
colonies of bees. 

Bee maintenance presents an improved rela-
tionship between humans and bees in which 
there is recognition that individual colonies 
may produce a continuing quantity of honey. 
Housing is provided for the bee colony that may 
take the form of hollow logs, clay pots, gourds, 
or containers fashioned from straw and mud. 
These are known as fixed-comb hives. Bees at-
tach honey and brood combs to the insides of 
the containers, and there is little or no opportu-
nity for inspection, manipulation, or manage-
ment of the colony. In harvesting these hives, 
only honey combs are removed leaving brood 
combs undisturbed. 

In bee maintenance the bee owner provides 
protection for the colony in return for periodic 
harvests of honey and wax. The significant ad-
vance in this technique is that the owner main-
tains the colony for future production instead of 
destroying it for a one-time harvest. While this is 
an important advance, it falls well short of the 
production possible from more sophisticated 
methods. The more advanced methods require 
considerable knowledge of the biology and be-
havior of the bee, however, thus the success of 
such methods is dependent upon the knowledge 
and accumulated experience of the owner. 

Beekeeping is the third stage in the evolution 
of bee utilization and involves the manipulation 
of the bee colony for the enhancement of honey 
production. There is an intermediate and a 
high technology used in beekeeping. The inter-
mediate level uses moveable-comb hives, which 
allow considerable manipulation of the colony 
compared with the fixed-comb hive. For small-
scale beekeeping in relatively undeveloped ar-
eas, this technique has a number of advantages 
which will be discussed in the section on Simple 
and Intermediate Technology Beekeeping. 
The high technology method utilizes the move-
able frame hive, which requires an advanced 
level of understanding of bee biology and be-
havior as well as carefully constructed hives and 
sophisticated equipment. 

In addition to making use of a largely unrec-
ognized and underutilized resource in man-
grove areas, there are a number of additional ad-
vantages in initiating a beekeeping effort in 
these regions. It is an activity that fits well with 
the concept of small-scale agricultural develop-
ment. It is a labor-intensive activity that inte-
grates easily into agricultural or forestry pro-
jects. Bees are well known to be of considerable 
benefit in the pollination of commercial crops, 
forests, and mangroves and they also make use  

of the otherwise unused resources, nectar and 
pollen. 

As an integrated small-scale activity, beekeep-
ing in general and in mangrove areas in particu-
lar can provide a number of agricultural, social, 
and economic benefits. These benefits include: 

• Supplying an additional nonperishable food 
for rural people; 

• Providing cash crops of honey and wax; 
• Providing gainful work when the farmer is 

not otherwise occupied with other crops; 
• Providing gainful work for local craftsmen 

who make beekeeping equipment;and 
• Increasing the production of other crops 

through improved cross pollination. 

From a social and economic perspective, 
beekeeping is basically a family activity and has 
the following advantages over other types of 
agriculture: 

It requires a relatively small investment. 
It uses little land and quality of the land is not 
critical. 
It can be done by both sexes and by adults of 
any age. 
It does not compete for space of resources 
with other types of agriculture. 
It is an income-producing activity based on a 
forest resource, yet it is not destructive to that 
resource. 

Types of Bees 

There are many different bee species, includ-
ing a large number of solitary species and the 
social bees that are used in beekeeping. All bees 
gather nectar and pollen but only a few of the 
social bees store the nectar as honey. Even fewer 
species store sufficient quantities of honey to 
make the harvesting worthwhile. 

The genus Apic is the most important group 
and contains four species. Three species ofApis 
are native to Asia and one to Europe and Af-
rica. All are similar in appearance with some 
variability in size and color, and all build verti-
cal combs that are two cells thick. 

The giant or rock honey bee (A. dorsata) and 
the little honey bee (A.Jlorea) are found in Asia. 
Both of these species build a single-comb ex-
posed nest, often seen hanging from tree 
branches. Because of the restricted size of the 
nest structure, the honey yield from these spe-
cies is not high. 

The remaining two species of Apis (rnel4fera 
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and cerana) build multicomb nests in enclosed 
cavities. These species can be kept in hives and 
offer the greatest potential for beekeeping. 

The western hive bee (A. rnellfera) has been 
introduced into most parts of the world includ-
ing the Americas, Australia, and Asia. Under 
favorable conditions, this species builds large 
colonies with yields under optimum conditions 
of 100-150 kg per colony per year. 

It should be emphasized, however, that in ini-
tiating small-scale beekeeping effort such as 
might be appropriate in mangrove forests, the 
species existing in the local area should be used. 
Local species are adapted to the climate and are 
resistant to existing diseases. Importing of bees 
for small-scale projects has high capital costs 
and risks that are probably notjustified. 

Climate, Environment, 
and Honey Production 

The relationship of climate to the activities and 
productivity of bees is associated with the avail-
ability of pollen, the nectar flow, and the honey 
flow. 

For most plant species, adequate rainfall pre-
vious to blooming and relatively dry sunny con-
ditions during the actual bloom promote pollen 
production and nectar flow (see Figure 11). 
Obviously, the timing and relative amounts of 
rain and sunshine vary from year to year, thus 
influencing the pollen and nectar production. 

Pollen is a powdery substance produced by 
the male organs of the flower and contains the 
sperm cell. Pollen clinging to the fine hairs on 
the bees' bodies is distributed widely among the 
flowers as the bees visit the flowers in search of 
nectar, thus aiding in the pollination and ulti-
mate fertilization of the blossom. Excess pollen 
is carried back to the hive by the bees in a spe-
cialized pollen basket on the hind legs. Within 
the hive, pollen (sometimes called "beebread") is 
used to feed young bees and is eaten in large 
quantities by workers (undeveloped female bees 
that dominate the colony population). It is nutri-
tious food containing 26 percent protein and a 
broad spectrum of vitamins and minerals. Pollen 
is virtually the only source of protein in the bee 
diet, and therefore it is extremely important in 
the seasonal buildup of colony population. 

The nectar flow is also a function of the 
plants and refers to both the quantity and qua!-
ity (dissolved sugar content) of nectar secreted 
by the plant. In general, climate and soil factors 
(and in mangrove areas, hydrologic factors as 

Figure 11. Flower of 1z'icennla germinans, one of the 
principal honey source species of the 
mangrove forest in Florida, U.S.A. 

well) determine the flora of the area and thus 
the potential nectar flow. Rainfall, temperature, 
and sunlight affect the plants directly and thus 
influence the actual nectar flow. 

The honey flow is a function of the relation-
ship between the colony and the plants and re-
flects the efficiency of the nectar-gathering ac-
tivities as well as the refinement of nectar in the 
hive to honey. While the beekeeper can do little 
to influence the weather and the nectar flow, 
good colony management will maximize the 
honey flow for the particular conditions. 
Strong colonies built up just previous to the nec-
tar flow are highly important to maximum 
honey production. 

The optimum areas of the world in terms of 
beneficial climate and potential honey produc-
tion are areas of deciduous forest in the tropics 
exhibiting a wet-dry seasonal pattern. Such ar-
eas have a long dry season that allows bee colo-
nies to build to their maximum strengths. 

Another factor that is somewhat climate de-
pendent is the availability of fresh water. Fresh 
water is a necessity and is carried to the colony 
in the honey stomachs of the foraging bees. In 
the hive, water is mixed with honey before the 
bees eat it or feed it to the brood. During hot 
weather, water droplets are placed about the 
hive and air currents are created by bees that 
stand and fan their wings to produce evapora-
tive cooling. 

In late spring and early summer when man-
grove nectar flows tend to be heaviest, these 
areas may also exhibit high temperatures and 
intervals of drought. In these circumstances, 
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care should be taken to protect the hives from 
high temperature extremes by placing the 
hives in cleared areas with some shade and 
ventilation. It may also be advantageous dur-
ing dry periods 3 provide a source of fresh wa-
ter near the hives. This will reduce or elimi-
nate extensive foraging for water and allow 
more effort for honey production. 

In mangroves areas, there may be some spe-
cial climate and environmental conditions of 
which the mangrove area manager should be 
aware. In most parts of the world, farming and 
other trades amenable to beekeeping are rarely 
practiced close to mangrove forests where low 
land and frequent flooding along with salty 
soils can inhibit plant growth. Thus, small-scale 
beekeeping in mangrove areas may, by reason 
of distance from an individual's home, be diffi-
cult to maintain. This problem may in part ac-
count for the extremely low utilization of man-
grove forests by beekeepers. Where a higher 
technology exists for small-scale beekeeping, 
hives can be moved on trucks to appropriate 
sites within or near the rnangroves. 

In selecting mangrove sites for beekeeping, 
care must be taken that the location is not fire 
or flood prone. High water tables and moist 
soils usually reduce the threat of fire in man-
grove areas, but flooding from heavy rains or 
high tides may be a problem. Flooding that cov-
ers the entry opening of a bee hive will cause 
mortality or destruction of the hive. If danger 
of flooding exists, hives should be moved to 
higher ground or placed on platforms. 

Because hive sites that are high enough and 
easily available may be rare, large areas (usually 
seaward areas) of extensive undeveloped man-
grove forests may not be accessible to the bee-
keeper. Until techniques are developed for 
safely placing hives in these remote areas, 
honey from wild colonies collected by bee 
hunters may be the only means of producing 
honey there. 

For the mangrove beekeeper, salt may be a 
problem to the health of the bee colonies. Salt 
is an everpresent mineral in most mangrove 
areas, and in a number of mangrove species it 
is excreted directly from the surface of the 
leaves and may build up visible deposits during 
dry spells. Foraging bees exposed to such accu-
mulation may bring salt into the hive. Bees are 
susceptible to relatively low concentrations of 
salt in their food and consequently may be ad-
versely affected by high salt accumulations on 
mangroves. Feeding studies have shown that 
salt concentrations as low as 0.125 percent in 
food produces mortality in bees (Dadant and 

Sons 1982). While the salt problem in man-
groves is yet to be researched, beekeepers who 
put hives in mangrove areas in southwest Flor-
ida believe that in dry years salt may be a factor 
affecting the maintenance of strength in the 
hives. However, the salt problem appears to be 
intermittent and generally minor in its impact 
relative to the usually heavy flows of honey 
that can be produced in mangrove areas. 

Diseases and Pests 

The diseases and pests that affect bees and 
honey production are numerous, and a detailed 
discussion of their types and complexities are 
beyond the scope of this chapter. A summary of 
the principal diseases that afflict the honeybee, 
the causes, and the most obvious symptoms are 
presented in Table 9. 

Pests that consume bees or disturb the inner 
workings of the hive are less serious than dis-
ease to the health of the colony. Pests are usually 
visible to the attentive beekeeper, their effects 
are direct and immediate, and the solution is 
generally more obvious. Notable pests include 
wax moths, beetles, birds, lizards, ants, toads, 
mice, and insect and honey-eating mammals. 
Additional information on these pests may be 
found in Gentry (1982). Among the mammal 
pests, Gentry mentions the honey badger of 
Asia and Africa, but no mention is made of 
bears. Root (1975) comments on bear damage 
in certain locations and advocates the use of 
electric fences to exclude such predators. In 
southwest Florida, bee yards (apiaries) are of-
ten extensively damaged by the Florida black 
bear seeking honey and possibly brood cells. 
This type of damage is prevalent in mangrove 
areas and as a result most mangrove bee yards 
in Florida are enclosed by a two-strand battery-
charged electric fence. 

In summary, pests (excluding predatory 
mammals) are generally of minor importance, 
having a serious impact only on colonies that 
have been allowed to decline in strength or are 
already affected by disease. Pests are usually 
controlled by removing them, preventing access 
to the hive, or excluding them from the area of 
the hives. 

Simple and Intermediate 
Technology Beekeeping 

To increase the utilization of mangrove forests 
for the production of honey and allied products 
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Table 9. Principal Diseases of the Honeybee, Causal Organisms, Affected Life Stage, 
Symptoms, and Treatment 

Lfe Stage Visible Prevention or 
Disease Causal Agent Affected Symptoms Treatment 

American Bacteria (Bacillus Late larval, early Many brood cells Application of 
foulbrood larvae) pupal empty terramycin and 

Brood cells have tylosin' 
foul odor 

Larvae are soft 
and ropy 

Broad cell caps are 
sunken with 
holes in them 

European Bacteria (Bacillus Early larval Many brood cells Application of 
foulbrood alvei) empty terramycin, 

Dead larvae have a erythromycina 
foul odor 

Dead brood in 
uncapped cells 

Dead larvae 
appear soft, 
watery to pasty 

Sacbrood Virus Late larval Dead larvae in Treatment 
tough skin methods are 

Brown to dark unknown 
brown in color 
in late stages 

Cells are mostly 
uncapped with 
larvae head 
upraised 

Chalkbrood Fungus Early larval White, mummi- Removal of 
(Ascosphaera apis) (unsealed; about fied larvae affected brood 

four days old) Usually found on comb 
outer fringes of 
brood comb 

Nosema Protozoa Adult Disjointed wings, Fumigation (acetic 
(microsporidian; number of bees acid, ethylene 
Nosema apis) unable to fly oxide)' 

Distended Sterilization of 
abdomens equipment' 

Absence of sting- Application of 
ing reflex fumagillina 

Varroa Parasitic mite Late larval, pupal, Presence of visible Treatment 
(Varroajacobsoni) adult mites on larvae methods are 

and pupae unknown 
Deformed wings 
Wingless adults 

Acarine Microscopic mite Adult Similar to Nosema Treatment 
(Acarapis woodi) methods are 

unknown 

Source: Adapted from Gentry (1982). 
aAdditional information may be found in Gochnaueret al., 1982. 
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on a worldwide basis, special attention must be 
focused on beekeeping that employs practical 
technologies commensurate with the skills and 
materials available in relatively undeveloped 
areas. Mangrove forests are often associated 
with undeveloped or rural societies that have lit-
tle knowledge of beekeeping and little capital to 
invest in such a venture. For these reasons, it is 
wise to start with small-scale projects using mod-
est technology and requiring few purchases. 

Small-scale beekeeping projects are some-
times started with the most advanced move-
able-frame hives, but with no experienced bee-
keepers or readily available continuing technical 
assistance, such a project is unlikely to succeed. 
This results in a situation where a relatively high 
investment is made in equipment that allows for 
a high return, but the technical ability to operate 
the equipment and realize its potential is lacking. 
From an economic standpoint, a cheaper and 
simpler system such as a moveable-comb hive 
would be better (Gentry 1982). 

The moveable-comb hive can be constructed 
of many materials, including straw, bamboo, 
mud-plastered baskets, metal, or wood. This 
type of hive has a series of wooden bars across 
the top that allow for the attachment of the 
comb. The bars are spaced to give the bees suf-
ficient room to build a comb centered on each 
bar and to leave crawl space for the bees be-
tween the suspended combs. 

Ideally, the sides of a moveable-comb hive 
should be sloped at 120 degrees to follow the 
natural curve of the suspended comb. This 
produces easier handling because the bees are 
less likely to attach the comb to the sides of the 
hive and thus break or complicate the removal 
of the comb. 

Moveable-comb hives offer a logical interme-
diate step between the primitive fixed-comb 
hives and the high technology moveable-frame 
hives. Moveable-frame hives offer a beekeeping 
method that is within the training level and eco-
nomic reach of bee hunters and bee maintain-
ers who use fixed-comb hives. 

The advantages of moveable-comb hives are: 

• The combs are removable and can be re-
placed without destroying them. Thus, 
beekeeping is possible. 

• They are simpler to construct because there 
are fewer critical dimensions. 

• They are easily made of readily available 
materials. 

• They offer a cheap and better alternative to 
more primitive methods such, as fixed-comb 
hives. 

• Beeswax production is relatively high. 
• Honey can be conveniently and quickly har- 

vested from new combs, thus producing a 
higher quality honey. 

• The top bars can be constructed so they 
meet, leaving no opening along the top of 
the hive. This makes it easier to work with 
more defensive strains of bees. 

The disadvantages of the moveable-comb 
hives are: 

• The combs are attached only to the top bars; 
thus, it is difficult to move the hive without 
damaging or breaking the suspended combs. 

• Since the combs are attached to the top part 
of the hive, the colony can only expand hor-
izontally along the wooden bar. This some-
what limits the expansion of the brood comb 
since the natural tendency is for the bees to 
expand the brood nest upward. This is not 
considered a serious disadvantage. 

Because of its simplicity, the moveable-comb 
hive does not allow sophisticated management 
options for the beekeeper. But in underdevel-
oped areas, these options are probably beyond 
the knowledge and experiences of the indige-
nous beekeepers. As local skills develop, more 
sophisticated methods and equipment become 
practical. 

Intermediate technology beekeeping meth-
ods offer an inexpensive incentive for those still 
hunting bees or using less efficient fixed-comb 
hives to make the transition to real beekeeping. 
Intermediate methods provide a relatively sim-
ple beekeeping system that is more within the 
economic and technical reach of most small-
scale projects while allowing the user to become 
familiar with and use the most current 
beekeeping knowledge. The system sacrifices 
some honey production for wax production, 
but wax is also a useful and valuable product. 

The moveable-frame system, the ultimate in 
beekeeping development, will remain economi-
cally and technologically Out of the reach of many 
people who need or want to improve their 
beekeeping capabilities. Until they acquire the 
necessary skills and capital to employ such a sys-
tem, an intermediate system can serve their needs 
and for honey production in mangrove areas. 

Mangrove Honey Production 
in Southwest Florida 

Beekeeping in southwest Florida is mechanized 
and highly developed using only the advanced 
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moveable-frame hives. It is inappropriate to 
compare these methods with the less sophisti-
cated techniques described earlier and used ex-
tensively in other parts of the world. Fairly de-
tailed information is available on techniques and 
honey production, however, and this provides 
some perspective on potential production. 

Mangroves that are known sources of pollen 
and nectar in Florida are listed by Sanford 
(1983) and include black mangrove (Avicennia 
germinans), buttonbush (Conocarpus ere ci us), and 
white mangrove (Laguncularia racemosa), with 
the former two identified as major sources. 
While Sanford does not include red mangrove 
(Rhiwphora mangle), local beekeepers regard 
this tree as also contributing to the nectar and 
honey flow. 

The mangrove honey season extends from 
mid-May to early August with maximum flows 
in June and early July. This corresponds well 
with the cyclic buildup in bee populations, which 
in Florida peak in late April (Sanford 1983). 

In practice, southwest Florida beekeepers 
move their hives from the orange groves in cen-
tral Florida at the conclusion of the citrus 
honey flow in early May to mangrove locations 
in mid-to late May. 

In 1982 and 1983, the records of a successful 
Florida beekeeper show that his hives were in 
place in the mangroves for approximately 
fifty-five days from early June to early August 
during both years. Production varied consid-
erably in the two years. Using approximately 
560 hives during both years, total production 
reached 17,700 kg in 1982 (approximately 32 
kg per colony) and declined to 6,980 kg in 
1983 (approximately 12 kg per colony). Both 
years were considered to be below the average, 
which is estimated to be 35-40 kg per colony 
per year. This average is well below the pro-
duction for tropical forests, which is estimated 
at up to 150 kg per colony per year. Care must 
be taken in this comparison, however, because 
the tropical forests referred to were not identi-
fied and were probably not mangroves. Early 
records for honey yields in south Florida man-
groves show extraordinary production (up to 
180 kg per colony) before the severe winter of 
1894. The unusual cold killed the mangroves 
to the ground. It is reported that in terms of 
honey production the forest required twenty-
five years to recover and even then only pro-
duced small quantities of nectar. Comparative 
data for recent periods on yields per colony 
per year for mangrove areas could not be 
found in the available literature. 

The existing information on southwest Flor- 

ida mangrove honey production allows some 
preliminary estimates to be made on the poten-
tial yield per unit area and on the yield per unit 
effort for the beekeeper using advanced move-
able-frame hives. 

If it is assumed that bees can range in all di-
rections up to 3 km from the hive, then these 
colonies have a maximum foraging area of ap-
proximately 2,800 ha. On this basis and assum-
ing there are fifty colonies in the bee yard, the 
honey yield for black mangrove areas in south-
west Florida can be estimated in 1982-1983 as 
ranging between 0.21 and 0.57 kg per ha. 

For the southwest Florida beekeepers, the 
production of 6,980 kg of honey in 1983 re-
quired an estimated 435 worker-hours from the 
setting of the hives to the extraction of the 
honey. Thus, even in a low yield year, prodiic-
tion averaged 16 kg of honey for each worker-
hour of effort. 

Summary 

Despite their potential for high honey pro-
duction, mangrove forests on a worldwide ba-
sis are only lightly utilized. In most mangrove 
areas, harvesting techniques are inefficient 
and primitive, often using methods that re-
quire the destruction of the colony at the time 
of harvesting. Beekeeping is among the few 
uses of mangrove forests that have little or no 
impact on basic functions of the forest or on 
the natural benefits that are produced there. 
Nectar and pollen are the basic resource har-
vested by the bees, and they represent repro-
ductive surpluses within the forest which 
through proper bee management may be prof-
itably collected as a renewable seasonal bene-
fit. With relatively little capital investment and 
training, small-scale, low-technology beekeep-
ing can be initiated with a number of eco-
nomic, social, and food production advantages 
for underdeveloped areas. In southwest Flor-
ida, using advanced beekeeping methods, the 
honey yield from black mangrove forest in 
1982-1983 ranged between an estimated 0.21 
and 0.57 kg per ha. In 1983, when honey pro-
duction was well below average, beekeepers in 
southwest Florida produced an average of 16 
kg of honey for each worker-hour of labor. 
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SECTION II 
CHAPTER 7. Utilization of Mangrove Foliage for Grazing, 

Stall Feeding, and as a Feed Supplement 

According to one biosphere estimate, there are 
about 1.2 billion head of cattle, 1 billion sheep, 
about one third as many goats, 42 million 
horses and asses, 14 million camels, and 13 mil-
lion water buffalo in the world (Janick et al. 
1981). Although livestock, including domestic 
fowl, represent an important source of protein, 
the feed and forage requirement frequently ex-
ceeds the available rangeland and grain supply 
in many areas of the world. In densely popu-
lated regions of the world, the subsistence re-
source base may be inadequate to support both 
the basic nutritional needs of humans and the 
feed and forage requirements of large numbers 
of animals. 

Even when a given country has a large area 
available for grazing, it may not support a large 
livestock population if the species of plants 
available are not suitable for livestock. Range-
lands are ideal grazing areas but they can be de-
graded gradually by the selective eating habits 
of grazers that tend to eat the most palatable 
and nutritious species first, leaving behind the 
less desirable ones (Wahid 1968). 

Another problem facing rangelands and pas-
tures is that of waterlogging and salinity, which 
is serious in some countries. For example, 7 mil-
lion ha of land in India are plagued with this 
problem (Kurian and Patolia 1980). In Paki-
stan, 4.2 million ha out of 16.6 million ha of irri-
gated land are affected by salinity (WAPDA 
1980). Generally, these saline soils are not pro-
ductive for either food or fodder crops. An al-
ternative source of forage and fodder in arid, 
semiarid, and saline coastal areas are the plants 
known as halophytes (salt-tolerant plants). 
There are numerous examples of domestic ani-
mals feeding on mangrove foliage —camels in 
the Middle East; camels, cattle, and goats 
throughout Asia; and water buffalo in parts of 
Asia and Australia. In addition, endangered 
manatee and dugong are known to graze on 
mangrove foliage bordering waterways. 

In Australia, for example, halophytes be-
longing to several species A triplex are grown on 
saline soils for use as fodder. Species of Atriplex 
are also cultivated on a large scale on saline soils 
in Tunisia and tropical Africa for the same pur- 

pose (Kurian and Patolia 1980). These halo-
phytes have been found to be very nutritious 
and comparable to the best types of nonhalo-
phytic forages. 

Among the halophytes, some mangrove spe-
cies can provide an excellent alternate food for 
livestock. Their use for this purpose has pre-
historic precedents (Kehar and Negi 1953), but 
their use as fodder is limited. Attempts are 
now being made to exploit mangroves on a 
larger scale. 

Nutritive Value of Mangroves 
as Forage and Feed 

Mangrove foliage can be used safely as fodder, 
feed, meal, concentrate, or roughage, since it 
contains significant quantities of all necessary 
minerals, vitamins, amino acids, proteins, fats, 
and crude fiber necessary for the growth and 
nourishment of livestock. A comparison of the 
chemical analysis of mangroves with that of al-
falfa reveals that mangrove foliage is even bet-
ter in nutrition than alfalfa, the "queen of for-
ages" (Janick et al. 1981). 

Table 10 shows chemical composition of 
leaves of three local species of mangroves grow-
ing in Pakistan. Avicennia marina is the most 
abundant of the mangroves and dominates per-
haps 99.9 percent of the total area of mangrove 
forest. Rhizophora rnucronata and Ceriops dean-
dra (roxburghiana) data are very rare and have 
been collected only from Miani Hor (Saifullah 
1982). Table 10 does not include a complete 
chemical analysis of the plants, but the major 
ingredients have been measured. The results 
strongly indicate the potential for use of all 
three species, especially A. marina, as fodder 
and feed. A. marina is definitely more nutritive 
than the other two species and is comparable 
with the best types of fodders available in Paki-
stan, such as alfalfa, clover, barley, cabbage, beet 
root, and sunflower (Malik et al. 1966). The 
other two species, R. mucronata and C. decandra, 
though not so nutritive are still comparable 
with fodders of average quality such as millets, 
sorghum, oats, and sugarcane leaves. 

Mangrove fodder appears to be superior to 
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Table 10. Composition Analyses of the Foliage of Three Mangrove Species from Pakistan 

Species 

Na K Moisture  
(% wet weight) 

Crude Crude Crude 
Fat 	Fiber 	Protein 

(% dry matter) 

Ash Digestability 
(%) 

Avicennia marina 	 65.41 	5.52 	0.45 	4.18 	16 . 043 	10.8 	16.30 	62.60 
Ceriopsdecandra 	 62.02 	2.76 	0.59 	5.35 	14.59 	5.9 	10.02 	97.38 

(roxburghiana) 
Rhizophoramucronata 	68.90 	3.45 	0.62 	2.68 	11.30 	4.7 	14.00 	77.10 
aCrude Fiber value for Avicennia is taken from Kurian and Patolia (1980). 

other types of fodders because it has significant 
quantities of common salt and iodine since it 
grows in the marine habitat. All other types of 
fodder contain little or no salt and animals 
feeding upon them must be given salt supple-
ments. Grazing animals not given salt supple-
ments often suffer from restlessness and must 
travel long distances in search of natural salt 
licks (Perry 1981). Iodine is also a necessary re-
quirement for the nourishment and growth of 
livestock, and a deficiency causes "big neck" 
disease in young livestock and the young ones 
are either born dead or malformed (Perry 
1981). Most nonhalophytic types of fodder are 
deficient in iodine. 

Feeding trials with mangroves have shown 
them to be nutritious for livestock. Morton 
(1965) found that when milk cows were fed on 
R. mangle, milk yields increased. Feeding trials 
of sheep with Avicennia spp. meal in Madras 
have also proved to be promising (Kurian and 
Patolia 1980). Poultry feed made from dried 
mangrove leaves and twigs has been found nu-
tritious and comparable to other high quality 
feed now in use (Allen 1981). When mangrove 
feed was used as a supplement to common poul-
try feed, the weight of the chicks increased (So-
koloff et al. 1950). Chemical analysis of man-
grove meal made by Morton (1965) indicates its 
suitability for use as a poultry feed because it 
contains all of the required nutrients. 

Grazing on Mangroves in Pakistan 

Perhaps no other country can provide a better 
example of large-scale grazing of mangroves 
than Pakistan, where thousands of camels have 
been grazing regularly for years. Here the 
mangrove trees grow all along the extensive 
coastline of Sind Province bordering the Indus 
Delta. According to Saifullah (1982), they cover 
a total area of several hundred thousand hect-
ares and are dominated by the single species 
Avicennia marina. 

Grazing by camels in Pakistan may be 

broadly classified into two categories-ordi-
nary grazing, and professional grazing. Ordi-
nar' grazing is restricted and local, involving the 
camels of fishermen living near the mangroves. 
The camels are few in number and swim across 
the narrow channels and gulleys to reach these 
areas. There are also sporadic instances of buf-
falo grazing. Professional grazing, on the other 
hand, is on a large scale. During the very hot 
and severe dry season, pastures and rangelands 
become barren, and the availability of forage in 
the area is drastically reduced. Thousands of 
camels residing in the interior of Sind face star-
vation as a result. In this situation, professional 
graziers belonging to the Jat community are 
hired by owners of the camels to herd them to 
the mangrove areas (Khan 1966). The camels 
reach there in June each year and remain there 
until October. They seem to have adapted very 
well to the typical muddy tidal habitat and the 
environment. At high tide, most islands are in-
undated, and even though the water level may 
reach the animals' thighs, they apparently are 
not disturbed. They are good swimmers and 
cross to the islands easily. Once they have 
reached the islands, only one or two watchmen 
look after the entire herd of thousands in this 
uninhabited area. Once each week the graziers 
bring in fresh water. At the beginning of the wet 
season the camels are herded back to their ori-
gin where they are an important part of the 
transportation system of the area. 

Approximately 5,000 camels graze on man-
grove islands situated mostly near the Indus 
Delta proper, about 200 km or so from Karachi. 
Keti Bunder defines the area where these cam-
els graze most extensively on A. marina, and 
signs of overgrazing are readily visible. Many is-
lands have become denuded, and others are 
partially defoliated. 

Stall Feeding 

Unlike grazing, which is observed on a large 
scale in a few countries, stall feeding using man- 
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grove foliage is practiced in many countries. Av-
icennia offwinali.s is generally considered to be 
the preferred fodder. Leaves of A. marina are 
also used as fodder in United Arab Emirates 
and Iran (Miyake and Kogo 1982). In peninsu-
lar India mangrove foliage is fed to goats and 
cattle (Sundararaj 1954). 

In Pakistan, stall feeding of mangroves is 
practiced only on a limited scale and is re-
stricted to local coastal settlements like 
Korangi, Ibrahim Hyderi, Rehri, and Lelet 
(Khan 1966). The leaves of A. marina are either 
lopped or twigs cut off by local people and are 
loaded on a boat and carried to the mainland 
where they are distributed in the area on camel 
backs and donkey carts. This forage is then sold 
to local consumers for nominal prices. The ani-
mals that are stall fed include cattle, buffalo, 
donkeys, sheep, goats, and camels (especially 
those too young to swim to the islands). All of 
these species mentioned seem to relish this nat-
ural diet, and their owners speak highly of the 
quality of the forage. 

Although Pakistan heads the list of the man-
grove fodder consumers, scientific feeding tri-
als of livestock with mangroves have not yet 
been carried Out. Nevertheless, prolonged suc-
cessful feeding of camels and livestock on these 
plants for so many years is itself evidence of the 
beneficial effects of mangrove forage. The 
owners of livestock fed on mangroves report 
that their animals seldom suffer from disease. 
The buffalo have adapted to the extent that 
they prefer mangroves to other fodders; the ex-
cess salts do not seem to have any purgative ef-
fect, and the quality and quantity of milk from 
cows, buffalo, and goats are either equally as 
good or better than when they were fed on 
other forages. Perhaps Pakistan is the only 
country where livestock consume mangrove 
leaves as a major fodder and not as a supple-
ment or as an alternative diet. 

Management and Conservation 

It is a general rule that consumption of forest 
products should not exceed sustainable yields, 
and the same principle holds true for man-
grove forests. The primary concern associated 
with the utilization of mangroves for forage and 
fodder is the ability to regulate the grazing and 
harvesting pressure to ensure a sustained yield. 
Because grazing animals frequently exploit the 
young, regenerated seedlings, management 
should be based on a rotation plan that ensures 
adequate regeneration. The rotation period 

will vary according to site conditions, but in 
general it should be long enough to permit the 
foliage of the developing plants to achieve its 
original density. 

In Pakistan and northwestern India, where 
there is evidence of overgrazing of mangroves 
by camels, the most alarming fact is that even in 
areas where grazing is not so severe, one does 
not find any young plants or seedlings of A. ma-
rina because the camels eat them first. The 
mangrove forests of the Indus Delta were dense 
and luxurious some decades ago, but with the 
decrease in the discharge of fresh water from 
the Indus River as a result of barrages and dam 
construction and overgrazing by camels, the 
forests are slowly giving way to wastelands. If 
proper measures are not taken soon to manage 
and conserve them, the Indus Delta mangrove 
resource will be eliminated. 

A number of measures have already been 
taken by the Department of Wildlife and Forests 
in Pakistan to control overgrazing by camels and 
to reforest the degraded areas. Revenues are 
charged for camel grazing for the whole season, 
but the amount is too small to discourage the 
graziers. Broadcast sowing of seeds and silvicul-
ture practices are carried out on the affected is-
lands, but all efforts have been unsuccessful be-
cause the camels consume the seedlings. 

Since stall feeding is practiced only on a lim-
ited scale in the area, harvest of mangrove foli-
age and twigs does not call for serious concern, 
yet minimal royalties are being charged per 
boat or camel load of leaves and timber. 

Measures taken so far to conserve and man-
age mangrove forests in Pakistan are insignifi-
cant and futile. Overgrazing by camels con-
tinues, and the affected areas are deteriorating 
rapidly. Because camels play an important role 
in the transport sector of the country and in fact 
are the lifeline of tran sport in inaccessible rural 
areas, overgrazing can only lead to a self-defeat-
ing loss of the resources on which they depend. 

In view of the importance of grazing and stall 
feeding of mangroves and considering at the 
same time the danger of their elimination due 
to their excessive exploitation, the following 
conservation and management procedures are 
recommended: 

• Grazing areas should be rotated on a sev-
eral-year basis to minimize the grazing pres-
sure and permit recovery during the inter-
vening period. 

• Mangrove forests of Pakistan are catego-
rized as protected forests. It is advised that 
at least certain areas that are seriously af- 
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fected should be treated as reserved for sil-
viculture purposes. When these areas have 
recovered, they may again be opened for 
grazing. 

• Exploitation of mangroves for any purpose 
in Pakistan should not exceed the annual 
sustainable yield of 14 m3 per ha. Similar 
limits should be established for other coun-
tries prior to utilization. 

• The growing tips of the trees should not be 
removed, older plants should be exploited, 
and only a part (less than one-third) of the 
canopy should be removed. 
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SECTION II 
CHAPTER 8. Management and Utilization of Nipa Palm 

Introduction 

One of the most common, widely distributed, 
and useful palms in the mangrove forests of 
the world is nipa (Nypafruticans Wurmb) (Fig-
ure 12).* 

The IUCN report on the Global Status of Man-
grove Ecosystems (Saenger et al. 1983) showed that 
nipa occurs naturally in two (Asia and Oceania) 
of the six regions of the world and that it was 
introduced into West Africa in 1906. Written 
materials on nipa indicate its occurrence in a 
wide range of countries - Australia, Indonesia, 
Papua New Guinea, Philippines, Thailand, Ma-
laysia, India, Sri Lanka, and Bangladesh. In ad-
dition, nipa is known to occur in Vietnam, 
Burma, the Carolines, and the Solomons, and it 
has been introduced into Nigeria. 

Uses 

This versatile palm historically has provided 
useful products to traditional peoples living 
near or in the coastal and estuarine mangrove 
forests. Products were obtained from the leaves, 
the juice or sap from the inflorescence stalk, 
and the fruit. These uses continue, and some 
have become the bases for cottage industries 
and commercial operations. Currently, some 
large-scale commercial interest has developed. 

Nipa palm leaves have traditionally been har-
vested in all of the countries in which it occurs 
for roof thatching and for dwelling walls. The 
leaves are dried, the pinnas folded at two-thirds 
of their length over a rod of hardwood or bam-
boo, stitched in place with overlap, and sewn to-
gether in lengths of 1-2 m to make shingles for 
roofing or walls (Figure 13). These last three to 
five years or more, and a commercial market 
has developed. In fishing, nipa leaf petioles are 
used as floats for fish nets, the main axes for 

*Short synopses of botanical characteristics of nipa are provided 
in Corner's (1966) The Natural Histort of Palms and in Whitmore's 
(1973) Palms of Malaya. Aksornkoae (1976) has discussed the 
ecology ofnipa in a mangrove forest in Thailand, and until more 
ecological studies are available over a wider geographic area, it is 
suggested that this work be consulted. For a concise account of a 
commercial plantation in Malaysia, a paper by Flinchy (1938) 
should be consulted. 

Figure 12. Nipa palm (Nypafruticans). 

Figure 13. Nipa shingle panels being dried in the 
sun. 

fish poles, and the leaflet midribs soaked and 
twisted as ropes. In the Philippines, dried peti-
oles and stalks are being used for fuel in fire-
wood-scarce areas. Young leaflets also are used 
as cigarette wrappers and older ones to weave 
hats, umbrellas, raincoats, baskets, mats, and 
bags. Leaves have also been tried in insulation 
boards, and it was found that the pith and leaf 
stalks were unacceptable but that the outer 

42 	 Handbook for Mangrove Area Management 



layer of the leaf stalk yielded pulps suitable for 
making good quality boards of intermediate 
density (Razzaque 1969). Leaves have been 
found to be unsuitable for paper pulp (Hossain 
and Siddique 1969). 

Young seeds (the gelatinous endosperm) are 
eaten raw or preserved in syrup, and in Malay-
sia they are used to flavor a commercial ice 
cream ("attap chi") and are added to local ice 
confections. The hardened endosperm of ma-
ture fruits is used as a vegetable ivory and for 
buttons. 

Young shoots, decayed wood, and burned roots 
or leaves have been used medicinally in various 
parts of Southeast Asia for herpes, toothache, 
and headache (Burkill 1935). Herpes is treated 
both by drinking the juice from the young 
shoot mixed with coconut milk and by applying 
the pulp from which thejuice is extracted to the 
affected area. 

Nipa sap is a source of sugar, around 14 to 17 
percent sucrose (Halos 1981). This is used to 
produce vinegar, alcohol, and in particular a 
widely used fermented beverage called "tuba" 
in the Philippines, "drak" in Indonesia, and 
"toddy" in Malaysia, India, and Bangladesh. In-
formation about the sap characteristics and 
chemistry has been compiled by Murphy (1981) 
going back to early work beginning in 1911 in 
the Philippines and in the early 1920s in Malay-
sia. Most of this early study was due to an inter-
est in fuel alcohol. Nipa sap also was considered 
promising for sugar production in the early 
decades of this century, again mainly in the 
Philippines and Malaysia. The high costs of fos-
sil fuel and fertilizers have initiated a new look 
at its fuel alcohol and sugar potential. 

There are currently two factories in Sarawak 
for the production of alcohol from nipa sugar 
(Chai and Lai, in press). Vinegar production 
from the sap is practiced in Papua New Guinea 
and the Philippines. A program to produce a!-
cogas from nipa stands is under study in the 
Philippines, and interest in nipa as an energy 
source has been shown in several other quar-
ters. For example, in Papua New Guinea, the 
Department of Primary Industry is planning an 
alcohol-from-nipa project (Fong, in press). 
Nipa alcohol may be blended with petroleum 
fuel up to a 1:4 ratio without the need to rede-
sign or adapt the carburetors of gasoline en-
gines (Government of Canada 1978). 

Cultivation and Management 

Much harvesting of nipa leaves, sap, and fruit is 
from wild stands where nipa may be a scattered 

member among mangrove or freshwater forest 
types, though it usually occurs in nearly pure 
stands. Salinity regimes in nipa stands vary dur-
ing a single year as the dry season comes and 
goes. Tree density is often up to 2,500 palms 
per ha or more, but only 700-750 will be pro-
ducing-palms for sap. Production apparently 
can be improved by wider spacing, anywhere 
from 500 per ha to 380 per ha. In thinning to 
the desired density, Gonzales (1979) in the Phil-
ippines recommends that the roots of the plants 
removed be cut up to prevent them from regen-
erating. Stands are planted in the Philippines at 
a spacing of 1.5-1.7 m, approximately 390 per 
ha. For planting, seedlings are grown in nurser-
ies until a hand-span high and are then trans-
planted into pockets in the sides of planting 
drains (Gonzales 1979). In Bangladesh, the best 
nipa germination and survival in the nursery 
has been obtained in locations that are sub-
merged at least 230 minutes per day. 

Pollination of nipa is by drosophila flies and 
therefore if mangrove areas are to be used for 
nipa sap production, it is unwise for managers 
to use contact insecticides for such problems as 
mosquitoes. 

The main pests of young seedlings are the 
grapsid crabs, which cut or girdle the plants. No 
reports of serious insect or disease problems in 
mature trees have come to light, but it has been 
reported that monkeys and pigs caused serious 
damage in North Borneo. 

When leaves are removed for thatching, ma-
ture leaves may be cut off near the ground, as 
long as two or three are left (Melana 1980). 
Palms tapped for sap should not be cut for 
thatch since loss of mature leaves reduces yield. 
Old leaves must be cut out before they fall natu-
rally, since a nipa's shape and unarmed petioles 
may direct the falling leaves from adjacent 
palms into its center where they may destroy the 
tapping stalks. Vegetation around the trees is 
cleared to allow free growth and access for tap-
ping. In developing an old stand, careful thin-
ning and clearing can bring many trees into 
bearing (Johnston 1975). In a new plantation, 
although trees may fruit as early as three years, 
fruit are full-sized only after five years. Tap-
ping for sap would not ordinarily commence 
before the fifth year. 

Tapping Nipa for Sap 

Sap is collected from nipa's mature fruit stalk 
after the almost-full-grown fruit head has been 
cut. The stalks grow from ground level, so 
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skilled climbers are not needed as in tapping 
for coconut sap. Mature trees average two tap-
pable stalks at any one time. When tapping be-
gins, the freshly cut stalk end is inserted into a 
hole in an earthenware pot or a bamboo con-
tainer. Each time after collecting the juice, a 
thin end slice of about 2 mm is removed. Skillful 
tapping, so that the thinnest slice is cut each 
time, can greatly prolong tapping life. It is im-
portant to disinfect the cutter, since flow is re-
duced by microbial growth. Cutter design de-
serves research. Stalks are quite long, ranging 
from .6 to 1.0 in in the Philippines to 1.4 in in 
Sumatra, and tapping life depends on the 
length of the stalk. 

Sap flow depends entirely on preparation of 
the stalk. Yield is low and lasts only a few days if 
this is not done. Traditional practice of kicking 
the tree sounds strange but has a sound logical 
basis. The base of the stalk is kicked about five 
times at weekly intervals, several kicks each 
time. It can also be beaten with a mallet. An 
early Malaysian description states: "The pro-
cess is started when the fruit-head is fairly well 
grown but before any darkening of the seed 
takes place. It consists of gently oscillating the 
fruit once a day. As the fruit grows, the violence 
of the operation is increased until it becomes a 
good hard kick or violent shaking by hand" 
(Dennett 1927). 

According to Melana (1980) in the Philip-
pines, the schedule of kicking is as follows over a 
three-month, ten-day period: 

Age of Stalks 	Frequency of 
from Flowering Kicking 

First month 
	

Once each week 
Second month 

	
Twice each week 

Third month 
	

Once every two days 
Fourth month 

	
Daily for ten days 

Evidently, this kicking or beating process-
called "gonchanging" - is very important, and 
it deserves research. Presumably, it prevents or 
destroys the embolism that would normally 
block the vessels before fruit abscission. The 
stalk is also progressively bent for tapping 
convenience. 

Sap flow is low for the first three weeks (about 
.5 liter per palm per day), rising to about 1 liter 
per palm per day throughout the life of the stalk 
(Johnston 1975). Yield is highest in cloudy 
weather, and it is claimed that transpiration com-
petes with sap yield but is partly compensated by 
variation in sugar content (Hinchy 1938). 

During the slow process of collecting, the sap 

begins to invert its sugar, ferment, and acidify. 
Although not a problem for alcohol production 
sap, this must be controlled if potential sugar 
yields are to be realized. Containers designed 
to exclude insects and allow continuous liming 
(to prevent fermentation) have been described 
by Dennett (1927). Enzyme inhibitors and dis-
infectants such as chlorine also are added, but 
collecting sap twice a day is recommended for 
the highest yields. Recoverable sugar means 
crystalizable sucrose, the most valuable market 
product, and for this, inversion must be mini-
mized. The success of a commercial sugar plan-
tation depends on attention to hygiene. 

Economics 

For the only nipa palm commercial plantation 
in the world before World War II (that in Kuala 
Selangor in Malaysia), figures for alcohol pro-
duction were close to 15,600 liters per ha per 
year, based on tapping twice daily for 340 days 
per year (Dennett 1927). Annual yield in the 
Philippines is currently somewhat lower, with 
traditional practice yielding 6,480 to 10,224 li-
ters per ha, though it is thought that under im-
proved management this could be pushed to 
18,165 liters (Halos 1981). Forcomparison, sug-
arcane is estimated to produce from 3,350 to 
6,700 liters per ha per year; cassava, from 3,240 
to 8,640; sweet potato, from 6,750 to 18,000; 
and coconut sap, 5,000 (Rosario in press). 

For sugar production, the Malaysian data 
cited would be equivalent to 20.3 tons per ha 
per year recoverable sugar. For a Sumatra es-
tate, Johnston (1975) used 22.4 tons as a con-
servative estimate, and assuming twice daily 
tapping, he proposed an estate labor force of 
thirty-eight per 10 ha plot (thirty on tapping/ 
collecting, five on "gonchanging" and mainte-
nance, two on syrup transport, and an over-
seer). With eight for a boiling station, and four 
extra for reserve, this corresponds to an average 
labor force of 5 per ha, which is much more la-
bor intensive than sugarcane. 

There are considerable advantages over sug-
arcane, however, at least for equatorial regions. 
Continuous productivity means no displaced 
labor, which is a major problem in sugarcane ec-
onomics. Production is not interrupted by re-
planting and rotation. There is no bagasse 
(waste from the crushing mills) disposal prob-
lem, and the sugar factory itself is greatly sim-
plified since there is no expensive crushing mill 
to maintain. Though bamboo is cheap and re-
usable, labor reductions by using PVC pipelines 
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and disposable polyethylene bags are worth in-
vestigating to replace the traditional vessels, 
and this might reduce tapping to once a day. 
Unlike cane, nipa does not compete with other 
crops for agricultural land except where total 
reclamation is undertaken. The sugar yields 
cited compare very favorably with comparable 
values for the cane industry in Indonesia where 
about 8 tonnes per ha per year are taken as 
standard, making no allowance for replanting 
or rotation. 

The shingle 'industry' is locally an important 
source of revenue. The shingle is usually 2 in 
long, though shorter lengths are also produced. 
In 1983, in some areas of the Philippines, prices 
for 2-rn nipa shingles were US$7-1  per hun-
dred. Production figures are difficult to obtain 
and are not always consistent, but the Philip-
pine Bureau of Forest Development Statistics 
shows increasing shingle production from 1976 
to 1980, with a 1980 figure of 2,978,000 pieces 
produced. One study of shingle production in 
Thailand reported a yield of 15,300 pieces per 
ha, with a value of US$230 per ha (FAO 1982). 

The annual production of thatching from the 
Sundarban forest of Bangladesh has varied from 
62,900 to 180,000 tonnes from 1957 to 1977, 
with an average of 81,600 tonnes (Khan and 
Karim 1982). The commercial value received 
from those in trade in 1976 was US$12,188. 
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SECTION II 

Li 

CHAPTER 9. Wood Production 

Introduction 

Forest management includes silviculture, a 
well-established practice having its origins in 
northern Europe several centuries ago and 
spreading to other continents primarily in the 
nineteenth century. Started as a horticultural 
art, forest management is now an established 
science based on a strong empirical knowledge 
base. The application of silvicultural methods 
to mangrove forests began in British-Colonial 
Asia in the mid-nineteenth century and to a 
much lesser extent in British Africa. In Asia, 
the British management plans developed for 
such countries as Bangladesh, India, and Malay-
sia formed the basis for the management plans 
that are presently being followed. In almost 
every instance, mangrove forests in these coun-
tries and Thailand also are managed on a sus-
tained-yield basis; some forests are now in their 
fourth thirty-year rotation. Although silvicul-
ture research continues to lead to improve-
ments in mangrove forest management, the 
most important aspect, that of management for 
sustained yield of the same major commercial 
species, remains the standard goal. Venezuela 
also is moving toward sustained-yield policies 
in some areas, using strip clearfelling and natu-
ral regeneration. 

Whereas sustained-yield management is the 
main if not most important objective of forest 
management, there is an increasing occurrence 
of commercial quality mangrove forests being 
consigned to large-scale clearfelling. This is un-
sustainable because it does not require approxi-
mately equal annual coupes, based on a con-
servatively conceived silvicultural rotation 
offering similar annual yields in perpetuity. 
Such nonsustainable harvesting is presently un-
derway in Indonesia, Sabah, and Sarawak and 
has been proposed in other countries such as 
Columbia and Gambia. Although the logged-
over areas may regenerate into a mature closed-
canopy mangrove forest, another harvest will 
not be possible for another twenty to forty 
years, and the total area consigned to harvest-
ing will be cutover long before that. By defini-
tion this practice does not meet sustained-yield 
requirements. The chances of successful regen- 

eration usually decrease as size of contiguous 
area cut increases, which adds to the problem of 
sustainability. Aggravating the problem is the 
fact that certain clearfelled mangrove forest 
habitats are being converted to other uses (e.g., 
human settlements, agriculture, aquaculture 
ponds), which effectively destroy the natural re-
source base that is capable of generating a vari-
ety of goods and services and wood and wood 
products. 

This chapter outlines the basic management 
and harvesting principles applicable to man-
grove forests that lead to and promote sus-
tained-yield utilization. It is only through the 
acceptance and implementation of proper, non-
exploitive silvicultural practices that mangrove 
resources, goods, and services can be perpetu-
ated for the overall benefit of society. 

Mangroves represent complex ecosystems. 
Though the number of plant species that can 
adapt to this unique environment is low com-
pared with many other ecosystems, those spe-
cies play an important role as a renewable re-
source of wood for a variety of uses, as well as 
the other uses and services described in Section 
II, Chapter 1. Thus, the long-term stability and 
productivity of coastal zones dominated by 
mangroves basically depend upon the stability 
and proper management of the plant commu-
nities. Even the productivity of many alterna-
tive uses (e.g., pond culture, apiculture, recrea-
tion, grazing) to which mangroves have 
increasingly been put depends to a great extent 
upon the stability of these plant communities. It 
is therefore imperative that a sound system be 
developed to manage the mangrove forests for 
wood production and other uses on a sustained-
yield basis. Lately, there has been a growing 
trend toward the conservation of these forests 
and their more rational utilization through 
technical management plans that offer guaran-
tees of a sustained and profitable yield. This 
chapter summarizes the present knowledge of 
techniques that have been applied to the man-
agement and harvesting of mangrove forests 
for wood production. The chapter concludes 
with a list of issues that need the serious atten-
tion of those entrusted with the management of 
the forest crops in this ecosystem. 
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In managing the mangrove ecosystem for 
wood production as well as other uses, the fol-
lowing are some of the important objectives: 

• To produce and sustain maximum volume 
of wood for conversion to charcoal, fuel-
wood, poles, wood chips, posts, etc., for local 
populations, domestic and industrial use, 
and export purposes; 

• To protect and preserve from physical dam-
age and chemical pollution the likely breed-
ing and feeding grounds for high-protein 
sea fauna and other wildlife by maintaining 
the ecosystem at productive levels; 

• To regenerate naturally (or reforest failed 
and poorly stocked areas) with marketable 
indigenous species; 

• To provide livelihood and employment to 
those dependent on the forest, especially the 
fishermen using the nearshore environment; 

• To preserve sufficient areas for research 
and training in mangrove ecology and man-
agement; and 

• To maintain the foreshore and river bank 
protective role in dampening the actions of 
wind, wave, and tidal currents. 

Basic Mensuration Requirements 

The rational management of any forest is based 
on an in-depth understanding of the forest and 
its environment that can be obtained through a 
series of observations and measurements relat-
ing to its composition, structure, and ecology. 
This permits a diagnosis of the present state of 
the forest and of the possibilities for future uti-
lization and development. 

Usually, the necessary irihrmation is col-
lected by carrying out a forest survey that in-
cludes direct field observation and measure-
ments and an analysis of aerial photographs of 
the area. This information consists primarily of 
the volume of the trees in a forest unit, its 
growth rate, the natural regeneration of the 
forest, the time required to reach maturity, the 
volume of products to be extracted, and the 
possible forms of management for its future 
development. The extent and frequency of 
flooding should be determined in order to clas-
sify the forest into inundation classes for man-
agement (usually five classes according to Wat-
son [1928] with class 1 being most frequently 
inundated by all high tides and class 5 by only 
the abnormal or equinoctial tides). 

Figure 14. Type-mapping of Venezuelan mangrove forest on stereo airphotos (A—Rhizophora; B —Avicennia; 
S - marshland). 
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INVENTORY AND TYPE MAPS 

In planning a forest inventory, it is useful to 
have a map of the area that contains the differ-
ent forest types present. This permits greater 
efficiency in the work and a considerable reduc-
tion in costs. 

The stratification of the forest is normally 
easily accomplished with the aid of aerial pho-
tographs or other remote sensing images, such 
as those derived from satellites or radar. The 
stratification criteria that are normally used are 
the landforms (physiography) and the appear-
ance of the vegetation (physiognomy). With 
aerial photographs of a suitable scale and a 
modicum of field checking, it is possible to sep-
arate forest types on the basis of tree height or 
crown diameter, density of trees or degree of 
crown cover, color, pattern, or texture of the 
crowns; occasionally dominant species can be 
identified and related to age classes or volume 
per unit area (Figure 14). 

In an inventory for a management plan of a 
mangrove forest area in Venezuela, it was possi-
ble to differentiate the three genera present 
(plus an unknown species) from black and 
white aerial photographs at a 1:25000 scale. 
The mangrove genera were easily recognized as 
follows by crown size and color and the relative 
heights of the trees: 

Genu5 of 	Crown 	Crown 	Tree Height 
iWangrove 	Diameter 	Co/or 

Rhizophora 	Small 	Dark 	Shorter 
Laguncularia 	Medium 	Gray 	Intermediate 
Avicennia 	Large 	White 	Taller 

Moreover, it was possible to separate different 
types in each genus based on height and crown 
density, which were measured (under a mirror 
stereoscope) with a parallax bar and a transpar-
ent grid, respectively. 

It should be noted that photo- interpre tat ion 
at that scale permitted the establishment of the 
spatial distribution and degree of mixing of the 
three genera of mangrove but did not allow dif-
ferentiation of the three species of Rhizophora 
(R. mangle, R. racemosa, and R. harrisonii) present 
in the area. Later, with a better understanding 
of the mangrove forest under study and espe-
cially the spatial distribution patterns of the 
three genera of which it is composed, it was also 
possible to differentiate these on smaller-scale 
aerial photographs (1:50000). It did not appear 
possible nor were attempts made, however, to 
differentiate the three species of the genus Rhi-
wphora on larger-scale photos (1:10000, for ex-
ample), nor did it seem necessary given the sim-
ilar use of the three species. 

Inventories are generally carried out at a very 
low sampling intensity of the survey area. This 
is especially true in the case of relatively homo-
geneous forests with species of moderate eco-
nomic value such as mangroves. A 2-percent 
sampling may be adequate for general manage-
ment purposes. 

Since mangrove species usually exhibit zona-
don parallel to watercourses, sampling should 
be oriented perpendicular to the coast, estua-
rifle shore, or river. Survey methods are well 
known to forest managers and will not be dis-
cussed further here. 

The commercial wood products extracted 
from the mangrove forest are highly varied 
(see Table 1). All of these products are of differ-
ent dimensions and often from different spe-
cies. Thus, the differentiation of the various 
sizes and species of trees surveyed is a very im-
portant operation in forest inventories. 

Generally, the classifjcation of the forest 
stand is done during the compilation of the in-
ventory results. The classes are established 
mainly as a function of products to be ex-
tracted. Normally, classes are established by 
species, form, and size. Sizes are established 
from the diameter and height of the stems; 
thus, the planning and execution of the inven-
tory should consider them. This is valid even in 
the case of products like bark, charcoal, and 
firewood, whose yield in some way depends on 
the species, size, and form of the trees. 

Diameter at breast height is usually measured 
1.3 in above substrate level or 0.3 in above the up-
permost prop root on large, prop-rooted species. 

While classes normally are established by 
species, form, and size, it is ultimately most de-
sirable to superimpose a site classification 
based on inundation classes. This latter classifi-
cation work can begin during initial forest in-
ventory work and then be improved upon as 
field indicators (such as presence of ferns and 
other weeds, build up of leaf litter, and hard-
ness of soil surface) become more apparent. 

ROTATION DETERM INAT ION 

The rotation age in the management of a forest 
should be understood as the predicted age for 
the final harvesting of the trees. That is, the ro-
tation length is the time required for the trees 
to reach the size, or the stand to reach the vol-
ume that corresponds to the financial maturity 
for the end use in mind. For any given mini-
mum final product size or volume per hectare, 
the rotation will depend on the growth rate of 
the trees. This in turn depends on the site qual- 
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ity and on the managed density of stems (con-
trolled by thinning). It also depends on how 
quickly regeneration can be obtained. Refores-
tation, rather than natural regeneration, has 
been used to shorten the rotation. In mangrove 
forests, products may be harvested over a wide 
range of ages. At ages of three to four years 
mangrove Christmas trees have been cut as 
thinning in the Philippines. It may require as 
long as forty years for construction timber and 
utility poles to grow in Fji. A list of various ages 
for several end products in selected countries 
where data were known is shown in Table 11. 

The determination of the rotation for the ex-
ploitation of a natural, tropical forest faces two 
fundamental difficulties. First, since the species 
composing the forest in a mixed forest grow at 
different rates, each species has its own rotation 
length. Second, prior information on the 
growth of trees is not immediately available (in 
contrast to temperate zone species), because 
tropical trees do not form annual growth rings, 
which facilitate this determination. Conse-
quently, it is unfortunately necessary to make 
periodic (successive) measurements of the 
trees, which require a certain number of years, 
in order to make more or less valid predictions 
of the rotation length. Measurements are usu-
ally made of the diameter (dbh) and height of 
the trees, in order to estimate their increments 
and corresponding volumes. 

Dixon (pers. corn. 1983) recommends a 
method known as "aberrant increment" as a 
useful tool, and one that was applied to the Ma-
tang Mangrove Reserve more than fifty years 
ago with good predictive ability. He outlines the 
steps as follows: 

For each important species select five to 
ten free growing trees within each 5-cm-
diameter class up to the largest significant 
class present (possibly 40-45 cm). 
Annually measure and record the diame-
ters (and preferably the merchantable bole 
length and total height as a basis for basal 
area/ form factor/volume relationship 
studies) of each sample tree. Recordings 
should be made for at least two years, and 
preferably five years or more, bearing in 
mind that the accuracy of forecasts based 
on the data will be considerably enhanced 
with the elapse of time covering the mea-
surements. 
Calculate the mean annual diameter incre-
ment for each species within each of-the 5-
cm-diameter classes covering the entire 
study period; use this figure to calculate 
the time necessary for each respective spe-
cies to pass through the diameter classes, 
i.e.: 	

5 cm 
Transit time in years = m.a.i. diameter cm. 

Table 11. Intermediate Felling Age or Rotations (in years) for Various End Products 
End Products 

Fence Posts, 
Corral Poles, 

Light Construdion Charcoal Poles and Railroad 	Construction Pulp 
Gountry Firewood Wood Wood Piling Ties 	Timbers Chips 

Fiji 15 20-25 40 40 40 
Thailand 30 30 30 
Peninsular 

Malaysia 30 15 30 15 and 20 
Sarawak 20 15-20 25 
Sabah 20-25 
Indonesia 20 35 20 
Philippines 7 8 15 
Venezuela 15 30 30 30 	30 
Puerto Rico 
Virgin Islands 25 
Gambia 30 30 30 
Vietnam 20 

Management - Wood Production 	 49 



Sum the transit times for each diameter 
class to produce successively a diameter 
class-age relationship up to the largest 
class considered, and thus provide a basis 
for determining an acceptable rotation. 
If merchantable bole lengths or total 
heights are also recorded, as well as diame-
ter increments, and in addition a separate 
study made to determine form factors for 
various size classes, it is possible to proceed 
one step further and produce diameter-ba-
sal area-volume relationships that provide a 
useful tool in attempting to develop thin-
ning regimes and make yield estimates. 

When urgency demands, it is customary to 
assume a rotation based on knowledge from 
other similarly managed forests on apparently 
similar sites and to plan the exploitation on this 
basis until it is possible to obtain the specific 
data permitting adjustment of the plan. Local 
people may have had experience that can be 
used as a first approximation. 

One should always bear in mind, however, 
that the most important consideration is not the 
growth and rotation of the existing trees, but 
rather the growth and rotation of trees that will 
be established after exploitation and that may 
have very different values from the present 
ones depending on the treatment applied to the 
forest stand. 

CUTTING CYCLES 

When the exploitation of a forest is not carried 
out through clear cuts, but by selective cuts of 
the largest trees over two or more stages or peri-
ods, the duration of these stages must be calcu-
lated. They are so-called cutting cycles that 
form part of the rotation and that like the rota-
tion are established based on the growth of the 
trees and the types of products to be extracted 
in each stage. 

In short, a cutting cycle is the time that 
elapses between two successive cuttings of a 
given plot or stand. It coincides with the rota-
tion when clearcuts and no thinnings are ap-
plied, but it is only a part of it in the case of se-
lective cuts, as when minimum diameter limits 
for cutting are used. In the particular case of 
mangroves, there is one particular rotation or 
cycle for fuelwood, another longer one for 
posts, and another one for saw-timber, for cx-
ample, which are carried out successively and 
whose duration depends fundamentally on the 
species being used. Such intensive partial cut-
tings with several cutting cycles on one area re- 

quire a high degree of supervision and control 
and are rare. 

FRUITING AND SEEDLING BIOLOGY 

Other basic information necessary for manage-
ment planning of mangroves includes fruit pro-
duction, fruiting periodicity, seedling viability, 
dispersal distance and method, and ease of es-
tablishment of tree species. All of these basic 
data have tremendous relevance to mangrove 
silviculture and management. For instance, 
knowledge of the timing of annual fruiting per-
mits foresters to prepare for collection of ma-
ture propagules or seeds, while the dispersal ef-
ficiency and establishment behavior sheds light 
on the number and pattern of mother tree re-
tentions for adequate and uniform natural 
regeneration. 

Techniques developed to prolong the storage 
capability of propagules (Rabinowitz 1978) 
would allow planting activities to be carried out 
for a longer period and not confined to the 
fruiting season. 

In addition, growth and early performance 
data for newly established seedlings are impor-
tant for judging whether reforestation will be 
needed and have a bearing on planting spacing 
on a commercial scale. 

Intermediate Cuttings 

PROGRESS OF STAND 

Very few systematic studies have been carried 
out to determine the progress of stands from 
the time ofclearfelling until the end of the rota-
tion cycle. Normally, visual evaluation is carried 
out after final felling (to determine the regen-
eration status of the area and whether it re-
quires planting). In the Matang Forest Reserve 
of Malaysia, it is also conducted before first and 
second thinnings (to determine roughly the 
number of poles available for royalty purposes) 
and at the time of third thinning and at the final 
felling (to determine the volume or weight of 
the wood extracted). At the time of the prepara-
tion and revision of the working plan, the whole 
area is inventoried to determine the crops un-
der various diameter and age classes and to fi-
nalize the working of the coupes. However, all 
these data, even if grouped together do not 
yield reliable information on the progress of 
the stand. 

Recently, a few studies by Srivastava and co-
workers and others have given a clearer picture 
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Table 12. Changes in Stand Characteristics Over Time 

Age 
(years) 

Sterns 
(per ha) 

Mean Diameter (dbh) 
(cm) 

Mean Height 
(m) 

6 8,371 3.2 6.34 
9 4,661 5.5 10.96 

12 4,181 6.9 12.62 
153 3,236 8.82 12.3-13.4 
20' 2,107 9.65 16.9-17.1 
25 2  1,321 13.90 17.1-21.0 
30 830 17.45 26.30 

aAfter  thinning 
Sources: Tay and Srivastava (1982). Saw (1981) 

of the progress of the stand (Table 12). The reli-
ability of the data is limited, however, by the fact 
that the studies of the different age classes were 
not conducted on the same plot, though the 
sampled areas were typical sites and more or 
less in the same inundation classes. 

The conclusion may be drawn that there is 
large-scale mortality between six and nine 
years. Moreover, forest managers believe that 
the number of trees for final felling is too low, 
hence the elimination of the third thinning at 
age twenty-five in current working plans. 

WEEDING. CLEAN ING, AND CULLING 

Normally, in areas either naturally regenerated 
or planted, no weeding, cleaning, or culling is 
carried out. Weeding is, however, recom-
mended in an Indonesian directive from 1978, 
according to which the young plants have to be 
tended for two years (Burbridge and Koesoe-
biono, in press). The competing vegetation, es-
pecially Acrostichum fern, should be cleared 
from around the trees. 

THINNINGS 

Except in Matang, Malaysia, where intermediate 
thinnings form an important activity in the cur-
rent clearfelling silvicultural system, nowhere 
else in the Southeast Asian region are thin nings 
practiced routinely. In Indonesia, one thinning 
is prescribed at fifteen years if approximately 
1,100 trees with a diameter of 10cm or more are 
present on a hectare. It is unknown whether it is 
currently being practiced. In Fiji, although 
three thinnings in fifteen-, twenty-, and twenty-
five-year-old stands are prescribed at 1-, 1.5-, 
and 2.4-meter-stick distances, respectively, they 
are not always carried out. 

The question of thinning has been discussed 
in Matang since Watson's classic work (1928). 
The main questions, which could never be an- 

swered with certainty even today, are timing of 
thinnings and intensity of thinning. There is no 
doubt that thinnings have a beneficial efléct on 
diameter growth and on natural regeneration. 
Several Malaysian studies have clearly shown 
that the yield was better in plots that had under-
gone a thinning compared with unthinned 
plots. 

Thinnings are prescribed at fifteen, twenty, 
and twenty-five years at Matang. In practice, 
however, thinnings are irregular, incomplete, 
and selective. This is because thinnings are 
commercial operations rather than silvicultural 
operations. The timings of the first two thin-
nings, when poles are extracted, are dependent 
upon the market demand. Thus, they may be-
come overdue for a number of years in different 
coupes. Moreover, due to transportation prob-
lems, the interior portions of the coupe gener-
ally are not thinned properly; only the areas a 
few hundred meters along the channels are 
thinned. Thinnings are also commercially se-
lective; often only trees of the diameter re-
quired by the market are extracted. In the cur-
rent working plan the third thinning has been 
dropped, but the timings of the first two thin-
nings have been retained. Further research on 
timing and intensity of thinnings could lead to 
alterations in the prevailing practice. 

Final Felling 

This is the principal cut, made at the end of ro-
tation, and may be performed as a total clearcut 
or by choosing trees of a certain size to be cut 
(selection cut). In the former case, unless there 
is a cover of advanced reproduction the whole 
forest floor is exposed to the elements (sun, 
rain, wind, etc.), which may affect it in an ad-
verse way. In the second case, a certain amount 
of cover and soil protection is maintained as 
well as an onsite seed supply. Either system is 
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acceptable and has been shown to work under 
appropriate circumstances. 

HARVESTING SYSTEMS IN USE 

The clearfelling system is being applied in Pe-
ninsular Malaysia. In Matang, a rotation of 
thirty years is followed, while Klang has a 
twenty-year rotation, and in Johore a twenty-
five-year rotation is prescribed. There are two 
thinnings in Matang but no thinning in the 
other two areas. 

In Sarawak a minimum-diameter system is 
followed with exploitation of all the trees down 
to 23 cm. Sarawak has a twenty-year final cut-
ting cycle. In most of the areas, natural regener-
ation is poor, and intensive trials are underway 
to regenerate the exploited areas artificially. 

In Sabah, traditional exploitation for char-
coal was on a diameter limit of 20.5 cm, while 
firewood and fishing poles were cut to 10.2 cm. 
In the larger coupes of 2,000-4,000 ha for 
wood chipping, a diameter limit of 10.2 cm is 
used, providing that 100 seed trees per ha are 
left. In addition, an uncut strip 10 in wide is re-
tained along coasts, estuaries, and waterways. 

In Vietnam, charcoal production forests have 
a diameter limit of 4 cm on a twenty-year rota-
tion with a minimum of thirty to forty seed 
trees per ha. 

In Bangladesh's Sunderbans, minimum di-
ameter limits are prescribed for all commercial 
species, varying between 11.8 cm and 56.3 cm 
in a selection system. 

In many parts of Indonesia, the community 
government (Marga) controls mangrove use 
and prescribes kind and amount of felling. 
Good natural regeneration has been obtained 
when sixty-four seed trees per ha over 45 cm in 
girth were left. Current large concessions not 
controlled by Marga generally require felling of 
trees down to 7 cm in 50-m-wide strips inter-
spaced with 20-m undisturbed strips on a pro-
posed twenty-year rotation. 

In Thailand and Venezuela, a strip clearfell-
ing system has been found to allow adequate 
natural regeneration (see Figure 15). The 
strips, varying in width from 20-50 meters 
may be at right angles or at 45 degrees (in Thai-
land) to the waterways. Also in Thailand, some 
seed trees are left in the logged-over strips. 
Thailand is also instituting an uncut 10-m strip 
along the edge of waterways. 

SIZE OF AREAFELLED AND REGENERATED 

The size of the annual coupe varies in majority 
of the cases with the rotation age of the forest. 
Determination of rotation age has been dis-
cussed earlier in this chapter. In the theory, for 

Figure 15. Clearfelling in strips 50 in wide and 300 in deep in the Guarapiche Forest Reserve, Venezuela. 
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sustainability, the annual coupe is 1 /Rth of the 
area under management (where R = number 
of years in the rotation). In Matang, the size of 
the annual coupe for charcoal and firewood 
during 1977-1981 was around 1,010 ha, 
spread out in a mosaic of a few hectares in each 
patch. In Sarawak, in areas leased to a chipping 
company, approximately 607 ha are harvested 
annually with a block size of 200-by-300 m. The 
average annual cut in Sabah in areas leased to a 
wood chipping company is more than 3,000 ha 
in large clearcut blocks. Even with the most op-
timistic rotation age it is difficult to see how 
such large cuts can be sustained. Due to sea-
sonal access difficulty, the annual coupe is split 
up and harvested at several localities simultane-
ously; there are thirty separate contractors with 
the company. In Klang, Malaysia, the annual 
coupe may vary from 250 to 500 ha. In Indone-
sia, in one area, a maximum of 1,000 ha is allot-
ted to be harvested annually (but with seed 
trees left). In one of the projects in East Venezu-
ela, the annual cut is 187 ha, which is split into 
alternate strip plots of 50-by-300 m perpendic-
ular to the streams and channels. 

As previously mentioned, in many cases irre-
spective of the size of the annual coupe and the 
silvicultural system, natural regeneration after 
the final cut is poor. No information is available 
from Indonesia, but the emphasis on "seed 
trees" and planting indicates that there are 
problems with natural regeneration. 

The size of the annual coupe and the strict 
adherence to the prescriptions of the recom-
mended silvicultural system in a particular area 
are strongly influenced by the products or end-
uses of the mangrove wood. A few examples 
from Malaysia will illustrate the point. 

1. It has been commonly observed in Matang 
that the thinnings, particularly the first 
thinning, are not carried out as silvicul-
tural prescriptions due to the following 
reasons: 

During thinning, no new canals are 
permitted, hence there are problems 
of transporting the poles from the 
inner areas that cannot be reached 
by boats. It has to be done manually, 
which becomes a costly and time-
consuming operation. In practice, 
therefore, thinning is confined only 
to the narrow strips along the 
streams, and the still usable rem-
nants of previous canals; the inner 
areas are allowed to remain over-
crowded. 

• Poles in first thinning are chosen on 
the basis of market demand. When a 
stand is ready for thinning 1, the 
stems have a dbh range of 3-12 cm; 
however, due to small demand for 
lower diameter class, only poles 
above 8 cm dbh are extracted. This 
results in a larger proportion of trees 
of smaller diameter being left. Thus, 
thinning becomes a highly selective 
operation, resulting in either over-
thinning or underthinning (Tay and 
Srivastava 1982). 

• Generally, thinnings are staggered 
according to the market demand and 
may become overdue from a silvicul-
tural standpoint (Srivastava and 
Singh, in press). 

Even for the areas marked for harvesting 
to feed the charcoal kilns, logging is car-
ried out at a slow pace according to the re-
quirements of the kilns. 
The most conspicuous influence of the 
product is visible in areas leased to chip-
ping companies where in order to feed the 
factory continuously, harvesting is done on 
a large area and at a fast rate. This poses 
serious problems of regenerating the 
logged over forests adequately. 

- 	
: 	 ---: 

- 	

.  

Figure 16. Prompt and adequate natural regenera-
tion is a key component of low-cost, sus-
tained-yield management for wood pro-
duction. 
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Natural Regeneration 

An important principle of sustained yield man-
agement of any forest type is ensuring that an 
adequate resource of advance growth natural 
regeneration survives harvesting operations at 
the end of a rotation so that an equally or even 
more productive successive rotation may de-
velop (Figure 16). 

Encouraging advanced reproduction by thin-
flings and then minimizing damage to it in final 
harvest is the surest way to regenerate the next 
crop at least cost. In its early ages, this regenera-
tion is capable of recovering from damage by 
sprouting from dormant buds and by bending 
itself upward to form erect stems from those 
bent over or pinned down by an obstruction 
(Dixon 1959 and pers. corn. 1983). Recruitment 
by casual waterborne propagules or seed may 
supplement this, but it is not usually the main 
source of regeneration. Dixon (pers. corn. 1983) 
feels strongly that this is the case, and states fur-
ther for Rhizophora: 

One needs little imagination, even after briefly 
studying the shape and deportment in the water 
of these propagules, to conclude that they most 
likely evolved on lines which allowed them to 
spear firmly into the mud and, for greater secu-
rity, within the radial ambit of aerial root spread 
where they are protected from tidal current 
and buffeting flotsam. Indeed the otherwise 
chances of a floating propagule coming to un-
disturbed repose long enough to attain secure 
root anchorage on a blank, sun-baked space, be-
fore the expiry of its vigour are rather remote. 
However, where some submerged slash exists 
there is the chance that a floating propagule 
may be halted and lowered down within to es-
tablish a firm hold. One can find sporadic evi-
dence ofthis phenomenon without too much ef-
fort. Another, but more remote, chance of 
survival occurs when a propagule is deposited at 
the extreme range of the tide during the regres-
sive period of its lunar cycle and can thus lie un-
disturbed for an extended period—and pro-
vided of course that soil and moisture 
conditions are not too inhibiting. 

The above principles and conclusions stem 
largely from observation and experience cover-
ing several parts of the world and, regrettably, 
still await conclusive evidence based on formally 
conducted research. However, they are ac-
cepted in the meantime for want of better 
knowledge. 

At least some supporting evidence comes 
from Malaysia's Matang Reserve where Srivas- 

tava and Daud (1978) reported that there was 
almost no addition to the natural regeneration 
in the form of new recruitment during the two 
years after felling. The crop of established seed-
lings, they found, was the one that had survived 
the effects of the final felling. Other recent 
works (Liew et al. 1975, Srivastava and Sani 
1979, Srivastava et al. 1980) have shown an ade-
quacy of advanced reproduction prior to log-
ging and its decline after logging to levels often 
considered inadequate without artificial plant-
ing. Table 13 presents some results from vari-
ous Malaysian studies on the average number of 
seedlings per hectare associated with various 
times of cutting. 

Various silvicultural systems have been ap-
plied in different countries in the management 
of mangrove forests to obtain adequate natural 
regeneration. Malaysia's Matang Mangrove Re-
serve, with the longest history of systematic 
management of mangrove forests, provides a 
good example where many theories "have been 
proposed, adopted, amended and discarded, 
sometimes to be revived and again discarded" 
(Noakes 1952), mainly to obtain natural regen-
eration over larger parts of the annual coupe so 
that artificial planting does not become a rou-
tine practice. Dixon (pers. corn. 1983) feels 
strongly that the lack of adequate regeneration 
results not from the specifications of the silvi-
cultural system, but in administrative failure to 
control damage to the site and postharvest un-
authorized reworking of the area. However, it is 
the general experience in all the mangrove 
growing areas in South Asia and Southeast Asia 
that regardless of the system applied, some 
planting is generally required (see Figure 17). 
Venezuela and perhaps some other areas of the 
world appear not to have this experience. 

Species that are favored in management of 
mangrove areas of Southeast Asia are Rhizophora 
apiculata and R. mucronata. In other areas such as 
the Americas, R. mangle, Heritiera, and even Avi-
cennia are utilized commercially. Nature assists 
in regeneration through such devices as profuse 
regular annual flowering, viviparous habit, and 
seed dispersal through water. 

The problem of natural regeneration needs 
attention because of its failure in some areas. 
For instance, currently more than 50 percent of 
the annual coupe in Matang is replanted. In Sa-
rawak, it was observed in 1974 that less than 10 
percent of the Rejang Delta exploited area 
showed successful natural regeneration (Chai 
and Lai, in press). Inadequate natural regener-
ation has also been reported from Sabah, Indo-
nesia, Burma, and Thailand. This is in part be- 
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Table 13. Average Number of Seedlings per Hectare Associated with Different Cutting Times 

Site or crop condition 
Rhizophora 

(seedlings/ha) 
B. parviflora 
(seedlings/ha) Source 

Six months before 18,563 8,215 Srivastava and Sani 
final felling (1979). Matang 

Mangrove Reserve) 
Six months after final 8,579 1,205 Srivastava and Sani 
felling (1979). (Matang 

Mangrove Reserve) 
Twelve months after 9,145 3,164 Srivastava and 
final felling Khamis (1978). 

(Matang Mangrove 
Reserve) 

Twenty-four months 8,342 150 Srivastava and 
after final felling Khamis (1978). 

(Matang Mangrove 
Reserve) 

After second 26,510 4,226 Srivastava and Singh 
thinning (in press). (Matang 

Mangrove Reserve) 
After third thinning 18,977 1,110 Srivastava and Singh 

(in press). (Matang 
Mangrove Reserve) 

After second and 6,066 2,630 Srivastava and Singh 
third thinning in (in press). (Matang 
Acrostichum infested Mangrove Reserve) 
area 
ClearfelledAcrosti- 1,777 222 Gan (1982). (Matang 
chum infested area Mangrove Reserve) 
Clear- felled Acrosti- 444 0 Gan (1982). (Matang 
chum infested area Mangrove Reserve) 
One year after final 249 667 Roland (1980). 
felling (Rejang Mangrove 

Reserve, Sarawak) 
Three years after 333 447 Roland (1980). 
final felling (Rejang Mangrove 

Reserve, Sarawak) 
Six years after final 2,201 442 Roland (1980). 
felling (Rejang Mangrove 

Reserve, Sarawak) 
Nine years after final 167 4,159 Roland (1980). 
felling (Rejang Mangrove 

Reserve, Sarawak) 
Two months after 6,148 Liewetal.(1975). 
logging in Bruguiera (Sabah) 
forest type 
Three months after 8,699 Liew et al. (1975). 
logging inRhizophora (Sabah) 
type 
MatureR. apiculata R. apiculata seedlings only Aaron (1983). 

25,327 (Rejang Mangrove 
Reserve, Sarawak) 
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Figure 17. Lack of advanced reproduction and fail-
ure of subsequent colonization following 
harvest mandate a planting effort to 
keep this area productive of wood. The 
light invasion of Acrostichurn fern can be 
controlled at the time of planting. 

cause of a desire for a high percentage of the 
two Rhizophora species in these countries. 

In Venezuela, the Philippines, and Bangla-
desh, regeneration of seedlings of desired spe-
cies is normally adequate in areas under man-
agement. This may be in part a reflection of a 
greater willingness to accept the species array 
that does naturally regenerate in the various 
zones, in part a limitation on the size of the 
coupe, or adequate control over the contractors 
(see Figure 18). 

SITE CONDITIONS FOR REGENERATION 

In mangrove environments, site conditions play 
an important role in determining the mix of 
species. The most important site conditions in-
fluencing the regeneration and the ecological 
succession gradient are the nature of substrate, 
age of swamp, inundation class, water salinity, 
and erosive and accressive action of the sea. To 
these might be added the presence or absence 
of canals, streams, and rivers. During the pio-
neer stages, some of these factors play a much 
larger part than others in determining the Ho-
ristic composition and rate of succession. 

J:i gure  1 S. A successful natura11 regenerated stand following harvest by alternate strip clearcutting at right 
angles to channel. 
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Recent large-scale exploitation by logging 
and allied activities may further disturb or com-
pletely alter the site conditions. Under such 
conditions, it may take from three to seven years 
for the annual coupe to be regenerated flaw-
rally. It is in these situations that the problem of 
deficient natural regeneration (e.g., in Thai-
land) is now of great concern, particularly when 
it involves economically important species. Ex-
traction methods must minimize damage to ad-
vanced reproduction. If adverse effects of these 
factors can mm irnized, natural regeneration 
probably can be obtained over large areas, and 
large-scale planting can be avoided. 

Several site factors are of particular impor-
tance to the success of natural regeneration. 
There are harvesting debris (slash), damage to 
the site from wood extraction, invasion by 
Acrostzchum fern, takeover by species of less or 
no commercial value, changes in the inundation 
regime due to lobster mounds, invasion by the 
strangling shrub Derris uliginosa, changes in fre-
quency of tidal inundation, and damage to seed-
lings by crabs. 

Slash. During harvesting in other parts of 
Southeast Asia typically only the large wood is 

- '-.4 

Figure 19. 1 na(Iequate natural regeneration in log-
ging slash requires that artificial plant-
ing be carried out. 

removed; the branches, leaves, prop roots, and 
stumps are left on the site. In certain localities 
where on-site debarking of the billets occurs, 
bark is also left in the area to decompose. This 
harvesting debris is called slash. Even walking is 
difficult due to huge quantities of slash immedi-
ately after logging. According to Watson (1928), 
Landon (1933), Noakes (1951, 1952), and Phil-
lipps (in press), thick deposits of slash act as a 
barrier to the dispersal of mangrove propagules 
and may be one of the most important causes of 
blanks in clearfelled areas. Moreover, unde-
composed or partially decomposed slash may 
destroy seedlings by its movement in deep-
flooding mangrove areas. There is very little 
progress in height growth or density of seed-
lings under the slash until the major part of the 
slash is decomposed, according to Srivastava 
and Daud (1978) (see Figure 19). However, Ong 
(pers. com. 1983) and Dixon (pers. corn. 1983) 
both question the evidence that slash impedes 
or damages reproduction based on their experi-
ence in Malaysia. Research on the extent of slash 
damage is apparently needed. 

In areas where there is a high local demand 
for fuelwood and homemade charcoal (as in 
many areas of the Philippines), there is no ma-
jor slash problem. Even stumps and prop roots 
are used for fuel, while dead wood is utilized 
for driftwood crafts and as orchid stands. 

Where the nature of the operations is such 
that managers feel that slash is a problem, the 
obvious answer is to reduce the quantity pro-
duced in the harvesting. In Matang Reserve in 
Malaysia one of the reasons given for reducing 
the rotation from forty to thirty years was the 
reduction in quantity of slash produced. Ap-
proximately thirty years apart, Noakes (1951) 
and Phillipps (in press) both called for closer 
supervision of contractors to ensure that they 
removed all useable wood from the coupe as a 
slash-reduction measure. Another alternative 
would be to have it finely cut (lopped) and scat-
tered over the cleared area. 

The disposal of slash must be decided on a 
site-specific basis because there is no general 
rule that covers all situations. The presence of 
slash left on site can, depending on the circum-
stances, promote or restrict subsequent regen-
eration. When relatively large blocks are felled 
in areas of no pre-existing regeneration, care 
must be taken to prevent the slash from becom-
ing a barrier to the on-site dispersal of propa-
gules brought in by tides and currents from dis-
tant seed sources. In contrast, slash dispersed 
over a barren site assists in the trapping of pro-
pagules and permits their establishment. When 
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Figure 20. Abundant natural regeneration in spite 
of fairly dense slash. 

an adequate population of seedlings and sap-
lings exists at the time of harvesting, the dis-
posal of slash is an inconsequential issue (see 
Figure 20). In areas where the weed palm Phoe-
nix paludosa is a management problem dried 
slash may be used as fuel to assist in burning 
and eradicating the palm. 

Wood Extraction Site Damage. In some places, 
artificial canals are dug so that boats may enter 
to remove the wood. These are usually dug at 
right angles to the natural waterway and are of-
ten about 200 in apart. Earth is thrown up to 
form banks that may impede both water move-
ment over the surface and the entry of water-
borne propagules and seeds into the felled 
area. These banks must be broached frequently 
or else made so that the earth is piled in short 
distances alternately on each bank. Paths may 
be cleared and even planked so that products 
may be hand carried or moved in wheeled carts 
to the water. If serious compaction occurs here, 
subsequent regeneration may be inhibited. 
Where stems are winched out to a barge site, 
continual ground dragging on one track can 
gouge a deep channel that does not easily re-
generate. On the other hand, dragging material 
over the entire area (instead of a few channels) 
can damage much advanced regeneration. 

Acrostichum species invasion. Another con-
spicuous feature of felled areas that has impor-
tant bearing on natural regeneration of eco-
nomic species is the invasion by the Acrostwhum 
fern. This fern occurs throughout the whole 
range of Rhiwphora forests of Southeast Asia, 

Figure 21. Heavy Acrostichum fern infestation in Ma-
laysian mangrove area. 

particularly in drier areas (higher inundation 
classes) and on prawn heaps and lobster 
mounds. It also occurs in South America but 
does not seem to be as severe a problem. It has 
two species, A. speciosum and A. aureum. The 
fern may occur as a small and tufted ground-
cover under the canopy. With the opening of 
the canopy, it forms tall (4 m), dense, and con-
tinuous thickets, with each plant developing 
into a large clump. This makes it almost impos-
sible for waterborne seeds to enter the area. 
Large areas have been rendered unproductive 
due to invasion of Acrostiehum in a former Rhi-
zophora zone. 

Recent studies in Malaysia by Srivastava and 
Sani (1979), Srivastava and Singh (in press), and 
Roland (1980) have confirmed the poor regen-
eration status in Acrostichum-dominated areas 
(see Figure 21). Gan (1982) concluded that (1) 
irrespective of the Acrostichum species, when-
ever the infestation is over 60 percent of area, 
regeneration of economic species is invariably 
inadequate; (2) the most important factor in-
fluencing the occurrence and distribution of 
Acrostichum is the frequency of inundation, fol-
lowed by the logging method (especially drain-
age effects) and the presence of crabs and 
prawns; (3) the main sources of natural regen- 
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eration in a clearfelled, Acrostichuin-infested 
area, in order of importance, are the seedlings 
from standards, recovery of partially damaged 
seedlings due to coppicing, and waterborne 
propagules; and (4) the best method of obtain-
ing natural regeneration in areas prone to 
Acrostichum invasion is to retain standards. One 
effect of the third thinning in the Matang for-
ests was the stimulation of seedling regenera-
tion, thus giving them a head start on the fern 
after final clearfelling. 

Noakes (1951) suggested immediate planting 
of areas prone to invasion after logging, al-
though this appears to be impractical because 
of slash. Srivastava (1980) suggested that stud-
ies were needed on site conditions that favor 
growth of Acroslichum, dispersal of seeds and 
progress of regeneration of seeds in infested ar -
eas after logging, minimum number of seed-
bearers to be retained on such sites, and eco-
nomically viable effective control measures. 

Currently in Matang such areas with poor or 
no regeneration are being planted with Rhi-
zophora apiculata after eradication of Acrosti-
chum. Two methods of control are being tried, 
namely: (1) manually uprooting the fern using 
a 1.5-rn-long wedge iron bar, costing about 
M$482 —1,568 per hectare (20 worker-days) de-
pending upon the intensity of Acrostichum, and 
(2) spraying with the weedicide Velpar 90, cost-
ing around M$494  to 988 per hectare. The sec-
ond method is still in the experimental stage, 
and the cumulative effects of the weedicide are 
not yet known. The extent of the fern problem 
seems to be closely linked to the inundation 
class. Managers should consider the fact that 
changed drainage and sedimentation are grad-
ually altering both water-salinity relations and 
relief. Natural succession may be changing the 
composition on a site to where it becomes in-
creasingly difficult to maintain a given com-
mercial species. Managers may face reduced 
amounts of advanced-growth Rhizophora and 
well-established fern understory on such sites, 
and it is a difficult problem to secure Rhizophora 
regeneration. Dixon (pers. corn. 1983) suggests 
that at some point it becomes unfeasible to at-
tempt standard management for wood, and 
that such sites might be classified by inundation 
criteria and be preserved as a seed supply and 
nature reserve. 

Takeover by Uneconomic Tree Species. Another 
factor inhibiting natural regeneration of more 
valuable Rhizophora spp. is the preponderance 
of less desirable tree species in logged-over 
areas. Large areas of potential Rhizophora  

stands in Matang have been classified as unpro-
ductive because of the dominance of Bruguiera 
parvflora (Dixon 1959, Mahmud 1969), a spe-
cies not preferred by contractors for conversion 
to charcoal. The main reason for the increase of 
this species is the ease in dispersal of its compar-
atively smaller seeds by water currents even in 
semidecomposed litter—similar to Laguncula-
na in Venezuelan mangroves. Under clear-
felled conditions when a site is exposed to full 
light, B. parvflora flowers, fruits, and colonizes 
rapidly. The only control measure is to instruct 
the contractors to destroy the seed trees of this 
species during thinnings and at the time of final 
felling. Even then it is common to see dense 
patches of this species in the young crops of Rhi-
zophora, particularly along the canals. In case 
the spread of this species cannot be controlled, 
its use on a large scale for wood chips may be 
considered. This is being done in Sabah and 
Sarawak. 

In many mangrove forests in Southeast Asia, 
B. gymnorhiza represents the last stage on the 
successional gradient. It can tolerate more 
shade than Rhizophora spp., and whenever this 
species finds a foothold in Rhizophora stands, it 
effectively inhibits natural regeneration of the 
more valuable genus. 

It must be recognized that different ecologi-
cal zones tend to be dominated by different spe-
cies and that one option is to develop uses and 
markets for the so-called "less desirable spe-
cies." For example, Excoecaria and Heretiera are 
used in Bangladesh as commercial woods. 

Lobster Mounds. According to Chai and Lai (in 
press) mounds built up by the lobster Thalassina 
anomala in felled areas in Sarawak changed the 
inundation regime. This resulted in poor re-
generation of Rhizophora. These mounds on 
silty clay soils were 0.3 to 1.5 m high. A survey 
in Rejang Mangrove in Sarawak found an aver-
age of 442 mounds in a 100-m2  area. Other 
mangrove tree species do grow on these 
mound-dominated areas, however (Ong, pers. 
corn. 1983). 

Derris uliginosa. This strangling shrub, 
wherever it is dominant, causes much harm to 
the advanced regeneration and even to poles 
through its smothering action (Saw 1981). If it 
is a serious problem Derris should be controlled 
in the weeding process. 

Frequency of Tidal Inundation. Tidal inunda-
tion is important not only in maintaining a con-
stantly soft and favorable substrate for seedling 
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establishment, but it is also an effective way to 
disperse seeds and propagules. Dixon (1959) 
has questioned the part played by waterborne 
propagules in regenerating the felled areas in 
Malaysia. According to him, few would survive, 
particularly those stranded on relatively ex-
posed sites where in addition to other disadvan-
tages, their horizontal position would render 
them more susceptible to dehydration by heat. 
In fact, sudden climatic exposure sometimes 
results in high mortality (Liew et al. 1975). No 
quantitative study has been reported on the 
role of water in regenerating the felled areas. 
Aksornkoae (1981) recently showed in Thai-
land that regeneration of Rhizophora, Bruguiera, 
and Avicennia was most abundant at the edge of 
the estuary and decreased inland, whereas the 
reverse was true for Xyiocarpus, Ceriops, and 
Lumnitzera, reflecting the normal zonation of 
these species. 

Crabs. In Malaysia, Thailand, and Indonesia, 
crabs have destroyed Rhizophora seedlings, par-
ticularly of planted ones, by eating the bark 
above the collar. It is estimated in Klang, Malay-
sia, that almost 25 percent of the planted seed-
lings are destroyed by crabs (Soo 1979), though 
Ong (pers. com. 1983) has pointed out that 
these mangroves are highly disturbed by hu-
mans and thus not typical. Crab damage may be 
fostered by a shortage of normal food supply. 

SEEDS AND PROPAGULES: THEIR 
INFLUENCE ON TIMING OF HARVEST 

In the unfelled areas, the main sources of seeds 
and propagules are the standing trees. The re-
productive ability of Rhizophora and many other 
species is high. Annual fruiting begins at about 
four years of age, but the amount of seed varies 
considerably from year to year. Trees along the 
canals and streams fruit more heavily than 
those farther inland. In Southeast Asia, there 
are no attempts to coincide the felling with 
fruiting season. In Venezuela, it is recom-
mended to coincide the felling operations with 
fruiting season of important Rhizophora spp. 
Logging in mangrove areas, particularly final 
felling, is controlled by demands of the market. 
Where advanced growth is present, coinciding 
the felling with fruiting season is not necessary. 
In logged areas, new (not advanced) regenera-
tion occurs three ways, from tidal currents 
bringing in seeds or propagules from adjacent 
uncut areas, from seeds or propagules from 
standards, and from coppicing of stumps (in 
some species) or broken seedlings on the cut- 

over area. The respective roles of these three re-
generation methods has been discussed by 
Noakes (1951), Dixon (1959), Srivastava (1980), 
and Gan (1982). A listing of some mangrove 
species and their ability to coppice is given in 
the section on Restoration and Establishment. 

A quantitative basis for the part played by 
these three sources for regenerative materials 
under a variety of situations has not yet been 
established. The consensus gaining ground, 
however, is that under most of the situations 
where no adequate advanced growth is present, 
standards are most effective in regenerating 
the logged area. The questions related to the 
standards (e.g., number, age, pattern of distri-
bution for varying situations) have yet to be 
worked out. In practice, a wide variation is seen 
in number and pattern of standards in different 
mangrove areas. For instance, in Sarawak, 
twelve trees per hectare are left. The latest reg-
ulations in Indonesia recommended forty trees 
per hectare. In Sabah, fifteen trees per hectare 
are retained. In Matang, Malaysia, in areas 
prone to Acrostichum aureurn invasion, seven 
trees per hectare are retained as a group in a 
corner or center of each coupe. In the Philip-
pines, eighteen to twenty seed trees per hectare 
are left to regenerate the area. 

In some areas (Sarawak, Thailand, Indone-
sia, Venezuela) an alternating strip clearfelling 
system is being tried to encourage natural re-
generation, with the strips approximately 40-
50 m wide, and as much as 300 in in depth. 

Natural Regeneration vs Planting 

Seed production of mangroves is generally 
abundant, and normally there should be no 
problems with the natural regeneration of ex-
ploited areas provided that sufficient numbers 
of existing seedlings or new ones survive the 
consequences of harvesting. Some of the prob-
lems have been discussed previously. Special sit-
uations exist in which one cannot totally rely on 
natural regeneration, either because it does not 
occur or because the regeneration occurring is 
insufficient or unsatisfactory for the desired 
result. These include cases in which species of 
lower value dominate the composition of the 
regenerated area, or when regeneration is not 
sufficiently abundant. Planting in an area occu-
pied earlier by the natural forest is a confession 
of a failure to lead nature to regenerate the area 
free of cost. 

In Malaysian mangrove forests in the past 
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Table 14. Planting Data for Malaysia's Matang Reserve 

Area Planted 
(including Cost of Planting Percent Planting 

Year refilling in ha) (Malaysian $) of Total Area 

1977 495 22,116 48 
1978 757 54,407 74 
1979 784 28,753 76 
1980 840 24,414 82 
1981 822 67,617 80 
Source: Perak State Forestry Department (Hassan 1981). 
Note: Annual coupe ofcharcoal and fuelwood = approx. 1,010 ha 

when the area of the annual coupe was not 
large, regeneration was not the problem. It was 
generally observed that 75 percent of the coupe 
was regenerated naturally within three to seven 
years after felling (Noakes 1952). The situation 
has changed in some areas because the area of 
exploitation has increased for the supply of fuel 
wood, wood chips, poles, and charcoal. Large 
wood chip concessions in particular have re-
sulted in clearcutting on an unsustainable basis 
in such places as Sarawak, Sabah, and Indone-
sia. This has resulted in an increased need for 
planting the understocked and deficient areas. 
All commercially exploited areas have strong 
planting programs due to failure of natural re-
generation, though this has not solved the 
problem of overcutting the growth capacity. 
The preferred species for planting are R. apicu-
lata and R. mucronata, depending on the inun-
dation class appropriate to the respective spe-
cies. In some areas B. parvflora has also been 
used. In Burma B. gymnorhiza, in addition to R. 
mucronata, has been tried. 

During 1977-1981, more than 75 percent of 
the annual coupe in Malaysia's Matang Reserve 
needed planting. Table 14 indicates the current 
magnitude of planting in this well-known area 
of mangrove management. 

Planting of inadequately regenerated areas 
in Southeast Asia is carried out from June to 
December, which coincides with the fruiting of 
Rhizophora species. After the area has been in-
spected by the field staff (normally one to two 
years after felling), small blanks are marked for 
refilling while the larger inadequately regener-
ated areas are marked for planting. 

Planting 
SITE PREPARATION 

be found on the soil and in the water, and this 
does not appear to seriously affect their viabil-
ity and capacity to germinate. Nevertheless, 
there exist indications for R. mangle that viabil-
ity is variable and that the floating angle of the 
Rhizophora propagules can be used as an indica-
tion of seeded viability (Banus and Koleh-
mainen 1975). Rhizophora propagules are large 
and visible and thus easily collected; they can be 
collected from the trees using boats, selecting 
only those propagules easily detached from the 
tree. Animals do not appear to cause serious 
damage (to seeds) in mangrove forests. 

Rhizophora starts flowering early (at four 
years) and continues to flower regularly. The 
trees along streams and channels produce more 
heavily than others. In recent years, however, in 
Matang, Malaysia, there has been some prob-
lem getting adequate amounts of good quality 
seed. Consequently, a seed stand of R. apiculata 
has been developed to ensure supply. Propa-
gules are procured by contracting with the lo-
cal people who collect them from the streams or 
shake them from trees along the stream. 

In recent years, due to an irregular supply of 
seeds, attempts have been made in some locali-
ties in the Philippines to raise nursery stock. 
Propagule planting success may range from 10 
to 70 percent. Rhizophora seedlings have been 
grown in pots and transplanted with survival 
rates of 80 percent. Propagules have been 
stored in dry rooms for up to two months with-
out loss of viability. 

Propagules of other species may also be col-
lected and used to produce plants for reforesta-
tion. Because of their ease of handling, species 
of Bruguiera, Ceriops, and Kandelia lend them-
selves to this. 

AVAILABILITY AND COLLECTION 
OF SEEDS AND PLANTS 

There is rarely a problem obtaining seeds or 
propagules in most mangrove forests. They can 

Normally nothing is done to prepare the site for 
planting, which is carried out two years after fell-
ing when most of the slash has decomposed. If 
logging has left excessive slash, however, it may 
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be advisable to eliminate or reduce it first to cre-
ate space for the new plants and to facilitate ac-
cess for later operations. In recent years, some 
attempts have been made to lop and heap the 
slash in rows perpendicular to the waterways to 
encourage access of waterborne seedlings from 
farther inland. The inflow and outflow of tidal 
water also create the salinity and substrate condi-
tions for proper growth of planted seedlings. In 
Indonesia, directives are given for clearing the 
site before planting. Areas invaded by Acrosti-
chum aureum, A. speciosum, or B. par-vflora are 
cleared of these species before planting with 
Rhizophora. 

PLANTING METHOD 

The planting operation is simple and can be 
carried out by even untrained laborers with 
brief instructions. The soft, moist soil facilitates 
the propagule placement and plantlet rooting. 
A crew, each with a small sack of propagules (or 
occasionally seedlings) on his or her hip, starts 
in a predetermined line. As they walk, they stick 
one propagule after another into the soft mud 
at their feet, at a specified distance (Figure 22). 
The operation is easy and rapid. The areas are 
inspected generally a year after planting to as-
sess the need for refilling (see Figure 23). 

SPACING ARRANGEMENTS: PURE VS MIXED 

Wherever planting must be done in Southeast 
Asia, a pure plantation of Rhizophora spp. is es- 
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Figure 22. l'laiiting operation in area lacking nat u-
ral regeneration. 

tablished. Mixed plantations in mangroves are 
rare or nonexistent. R. mucronata is planted 
along the channels in the softer mud while the 
rest of the area behind a few rows of R. mu-
cronata is covered with R. apiculata, the former 
at a spacing of 1.8-by-1 .8 m and the latter at 1.2-
by-1.2 m. in Sarawak both the species have 
been planted at 1.5-by-1.5 m. In Thailand a 
common spacing is i -by- i m. In the Philippines 
spacing of 1-by-i in and 2-by-2 in are used. 

SUBSEQUENT CARE 

Once planted, mangrove seedlings need little 
or no tending. Even the postplanting weeding 
of Acrostichum is rarely needed, especially if its 
eradication has been thorough before planting. 
Mangrove environments are so exacting that 
very few species can compete with planted Rhi-
zophora seedlings if they have been planted in 
suitable sites. It may be worthwhile, however, to 
weed out undesirable tree species and Acrosti-
chum during the first two years after planting in 
any refilled areas. It is interesting to note that 
weeding has been recommended in the Indone-
sian directive on mangrove management (Bur-
bridge and Koesoebiono, in press). 

SUCCESS OF PLANTING 

in Peninsular Malaysia Rhizophora planting is 
successful over most of the area. Only 20-25 
percent mortality has been reported, and dead 
trees are replaced after a year or two or the area 

Figure 23. Inspection of planted area to assess need 
for refilling or replanting. 
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is left to nature to fill in. This produces a uni-
form crop for the next cut. Crabs cause dam-
age, which is sometimes serious (Soo 1979). 
However, Phillipps (in press) in Sabah reported 
on much less successful experimental plantings. 
He suggested that crabs might account for 40 
percent of the mortality but that dessication 
and floating slash injury were also involved. Ge-
riops tagal had only a 5-percent survival, R. api-
culata had a 12-percent rate, and R. mucronata 
had a 17-percent rate. Crab damage and moth 
larvae attacking lateral and terminal shoots ac-
count for injury to 10-20 percent of planta-
tions in the Philippines. 

Mortality in R. apiculata, R. mucronata, and B. 
gymorhiza planted at 1-by-i in under forest can-
opy in Thailand from the edge of the estuary to 
inland during the first year was reported by 
Aksornkoae (1981) as 81, 18, and 80 percent, 
respectively. Planting in the open, however, 
gave respective mortalities of 5, 4, and 9 per-
cent. It is clear that planting under a canopy is 
not rewarding with possible exception of R. 
mucronata. 

Harvesting and Extraction 

NEED FOR RATIONAL EXPLOITATION 
OF MANGROVE FORESFS 

There is a strong need to develop proper and 
efficient logging practices to maximize produc-
tion and meet the increasing demand for man-
grove wood without sacrificing the other func-
tions or services that mangrove ecosystems 
provide. It is all the more compelling in the par-
ticular case of mangrove forests because of 
their invaluable protective function as a barrier 
against strong sea winds and tidal currents and 
their vital food link for marine fauna. 

Because of the fragile nature of the ecosys-
tem, the plastic nature of the soil, and the diffi-
culties and irregularities imposed on working 
disciplines by tidal forces, mangroves do not 
easily lend themselves to large-scale, capital-in-
tensive harvesting operations. On the other 
hand, they provide a unique opportunity for lo-
cal community development and responsibility. 
Mangrove forests are often fringed by small 
communities of people who derive a modest ex-
istence from the area in the form of food, build-
ing materials, and cash exchange items such as 
fish or wood. Some of these communities have 
been in place for centuries, and their popula-
tions are well accustomed to the unique condi-
tions in mangroves and understand the natural  

processes that occur there. It would be practi-
cally and economically prudent, as well as so-
cially just, to have mangrove management ob-
jectives that give high priority to local 
community involvement in working in, further 
developing, supervising, and policing the re-
source and the activities entailed. In many 
cases, there is wisdom in the suggestion of un-
ion between government authorities, indus-
tries, and local communities through the estab-
lishment of a common "board of control" that 
can draw technical advice and services from the 
government professionals when needed. 

Damage to the Site from Extraction 
of Wood 

The extraction of products always causes some 
negative effect on the forest soil unless it is done 
by special techniques using aerial cables (which 
is not common today in the logging of man-
groves except in Venezuela). 

Dragging trees and logs results in damage to 
advanced growth, removal of surface soil, and 
compaction of the upper horizons. The skid 
trails may become deep-flooding areas in which 
regeneration is delayed. The making and wid-
ening of canals may again, as stated earlier, pose 
the problem of natural regeneration by altering 
tidal patterns and micro-relief. 

No studies have been reported on the physi-
cal and chemical changes in mangrove soils due 
to logging, however, particularly in areas in-
vaded or occupied for shorter or longer dura-
tions by nonmangrove species, e.g., Acrostichum. 

INFLUENCES ON EXPLOITATION 
AND EXTRACTION METHODS 

The mangrove environment places many con-
straints on harvesting methods and practices. 
Use of modern equipment for logging and 
transport is not practical. Though the terrain is 
flat, it is inaccessible to most conventional 
means of transport. Small barges often traverse 
hand-dug canals to extract poles or billets from 
mangrove areas (Figure 24). Alternatively, light 
trolleys on wooden rails or small-wheeled carts 
pushed on wooden planking are used (Figure 
25). These primary systems of transport are 
augmented by shoulder carrying of billets or 
poles or use of wheelbarrows on planks. These 
operations are labor intensive and provide sub-
stantial permanent local employment when the 
mangrove management is such that the use is 
sustainable. In some large-scale operations, 
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Figure 24. Hand-dug canals are sometimes created 
to accommodate small boats that trans-
port the wood from the cutting area to 
the main channel. 

Figure 25. Extraction of mangrove billets on a cart 
pushed along plank tracks. 

barge-mounted winches moored in the stream 
or river are used to skid stems from the stump 
to the barge. The potentials for damage to ad-
vanced reproduction and for erosion to begin 
at the barge site are high, and the skidding and 
loading sites must be selected carefully. 

The wood products of most mangrove spe-
cies are not buoyant and therefore most trans-
portation from the cutting location to the utili-
zation site must be done using barges. In 
Bangladesh, however, one of the important 
commercial species, Excoecaria agallocha, has 
naturally buoyant wood, and poles and logs can 
be rafted long distances. 

It is not possible to maintain regular working 

hours in mangrove operations. Daily working 
routines are subject to the tidal pattern, which 
includes diurnal changes, lunar monthly 
changes, and annual changes. This pattern of 
tidal peak times and heights restricts daily per-
formance at best, and precludes it entirely for 
periods of several days at a time during monthly 
and annual extreme lows. 

The marine air and saltwater also cause seri-
ous problems of corrosion of equipment and 
tools that considerably reduce their useful life, 
with obvious economic consequences. 

MflI-IODS OF EXPLOFIAIION ANI) EXTRACI'ION 

Felting (Figure 26). The logging operation is 
usually carried out by a team of four to five 
workers with a leader who is responsible for en-
suring efficient timber extraction in the work-
ing area. Tree felling is done systematically and 
usually starts from the river bank and proceeds 
inland. For smaller trees, heavy-bladed ma-
chetes or axes are used while larger trees are 
usually felled with chain saws. Trees are nor-
mally cut 15 cm above the prop roots and are 
felled singly or in groups of two or four. Large 
prop-rooted trees must have their props cut in 
the felling operation. Group felling is done 
whenever trees are clustered together. 

Bucking. The mangrove timber is cut into the 
required lengths for its end use. Mangroves for 
poles are cut roughly into lengths of 6 m, while 
stems for charcoal or firewood normally are cut 

Figure 26. Felling in Guarapiche Forest Reserve, 
Venezuela. 
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Figure 27. In Venezuela's major commercial man-
grove operation a high-lead system us-
ing a boom on a floating barge brings 
stems to the edge of the channel where 
they are then loaded onto a transporta-
tion barge towed by a small tugboat. 

into billets of 180 cm length. Length sometimes 
depends on whether manual or mechanical ex-
traction is used. No bucking occurs when drag-
line winching is used. 

Transportation. Mangrove poles and billets are 
often carried manually from the felling site to 
the river bank where they are stacked for trans-
portation. This is tedious and laborious and be-
comes more taxing as the logging operation 
progresses farther inland. In Malaysia man-
grove billets for charcoal or firewood are trans-
ported to the loading site beside the canal, 
stream, or trolley way using wheelbarrows 
pushed on plank tracks (see Figure 25). This 
technique is more efficient than manual trans-
portation because of the weight of the billets. 

Canals may be created deep and wide enough 
to permit passage of a small, shallow draught 
boat, which is then loaded with wood for trans-
port Out to the main channel (see Figure 24). 

In Venezuela's San Juan-Guarapiche area, 
stems and poles are hauled to the stacking site by 
the river bank by using a high-lead system 
mounted on a floating barge with two barge set-
tings in each 50-rn-wide clearcut strip (see Fig-
ure 27). The poles and billets are transferred 
onto barges and transported to the jetty. Occa-
sionally, small boats are used to transport the 
timber to the barges, especially when stacking  

sites are on the banks of shallow creeks. A barge 
can carry a load of 400 to 450 pieces of poles or 
18,000 —24,000 kg of billets for charcoal or fire-
wood. In Venezuela, long-distance transport to 
the factory is carried out by floating platforms 
hauled by tugboats. In Bangladesh, the natural 
buoyancy of one of their commercial mangrove 
species permits long-distance rafting of logs. 

Improving Mangrove Management 
for Wood Production 

Sustained wood production in mangrove 
areas may be improved if managers take the 
following actions: 

• Place emphasis on sustained yield, holding 
the area harvested each year to 1 /Rth of the 
area under a management plan or conces-
sion. This is especially important in the 
large areas currently being allocated for 
clearfelling for wood chips. 

• Carry out thinning on a silvicultural sched-
ule rather than strictly on an end-use de-
mand schedule. 

• Retain sufficient numbers of seed trees to 
reduce reliance on artificial reforestation. 

• Design extraction methods to minimize 
damage to seed trees and to advance regen-
eration. One example of an attempt at this 
comes from Venezuela's Orinoco Delta 
where two barge settings instead of one can 
be used in each 50-rn clearfelled strip. 

• Adjust strip width in clearfelling to ensure 
supplementary adequate regeneration from 
adjacent uncut areas. 

• Retain buffer strips along rivers and water-
ways to stabilize the banks and protect the 
natural processes of the inland forests. 

• Minimize disturbance of the sediments in 
logging. 

• Attempt to reduce slash size and volunie. A 
large amount of logging slash represents not 
only an underutilized wood resource, but a 
damaging agent to regeneration until it has 
decomposed. 

• Conduct further study of Acrostichum con-
trol because of its severe infestation in some 
areas. 

• Study socioeconomic conflict between local 
traditional (and sustainable) uses of man-
groves and new large-scale commercial op-
erations (particularly for export) in a com-
prehensive economic analysis frame-work 
that includes all benefits and costs—direct, 
indirect, and intangible. 
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• Give major consideration to the role and in-
volvement of local communities in improv-
ing their livelihood and ensuring successful 
management. 

• Give due consideration to the practical abil-
ity to actually enforce management pre-
scriptions. So important are these forests 
that there is wisdom in appointing "Boards 
of Trustees" comprising all interested par-
ties to ensure that these prescriptions are 
being adhered to. 

• Make necessary arrangements for staff to 
receive special training in mangrove man-
agement and silviculture. 

• Make provision either in management plans 
or separately for program of mangrove and 
mangrove products research. Such should 
cover such items as growth and yield of 
wood, marine fauna production, plant and 
animal ecology, plant regeneration require-
ments, timber extraction methods and asso-
ciated site damage, timber utilization, and 
seasoning and preservation. 

• Governments should take steps to bring all 
available mangrove resources under protec-
tive and/or productive management plans 
as soon as possible and thus avoid the ever-
present danger of ad hoc decisions covering 
their use. Refer to Section V on National 
Mangrove Plans. 

• Devise management objectives to cover the 
total ecosystem with the subsequent prepa-
ration of composite or integrated plans ap-
plicable to prudent management of the total 
terrestrial and marine resources. 

The economic potential of mangrove forests 
sterns from three main sources: forest products, 
marine products, and tourism. In addition, to 
one extent or another, mangroves fulfill a fore-
shore protective role in dampening the action 
of extremes in wind, wave, and tidal current ac-
tivity. All of these aspects need to be given due 
consideration and prominence in prescribing 
the "objects of management" of any rationally 
based management plan. Otherwise, grave en-
vironmental and economic damage will cer-
tainly result. Mangroves must not be summarily 
regarded as solely forest estate nor their man-
agement the peerless jurisdiction of foresters. 
Fishery interests need to be covered adequately 
as well by marine biologists and ecologists not 
only to satisfy the prudence of total resource 
management but also to help defuse ever-likely 
dangers of ad hoc political decisions being 
made in cases where technical background in- 

formation and management prescriptions are 
deficient or incomplete. 
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SECTION II 
CHAPTER 10. Human Habitation 

Introduction 

Human habitation in mangrove areas ranges 
from traditional human settlements to large, 
industrialized cities. The latter often include 
harbors, airports, recreation centers, power 
plants, and residential developments. Few stud-
ies have focused on this subject, and there is a 
lack of integrated research that could lead to 
better planning. 

Traditional mangrove dwellers in Malaysia, 
Indonesia, and Venezuela have been studied by 
anthropologists. They constitute an essential 
historical aspect of the sociocultural impor-
tance of mangrove ecosystems. 

Since the beginning of the twentieth century, 
all over the world and for countless reasons, 
great urban centers have attracted manufactur-
ing firms, which in turn entice rural populations 
to urban areas. Satellite areas near the urban 
centers are generated by this process, and they 
commonly increase in size due to central depop-
ulation and, in developing countries, by a high 
demographic growth that results in excessive 
unemployment. Although tropical developing 
countries are mainly agricultural, the uncon-
trolled growth of their metropolitan centers 
poses a continuing problem to governments. 

Major cities (such as Bombay, Calcutta, Sai-
gon, Jakarta, Manila, and Guayaquil) with 
extremely high population densities are often 
located in sheltered coastal areas that offer 
ease of access, permanent supplies of fresh 
water, and rich fertile sediments. These also 
often happen to be the best habitats for man-
grove development. In Indonesia, 75 percent 
of the major cities having more than 100,000 
inhabitants are located in coastal areas. Even 
in small nations such as Fiji, major urban 
development has taken place along coastal 
areas - usually mangrove reclaimed areas. To 
some extent, mangrove swamps are considered 
as useless barriers, inhibiting the growth of 
urban centers. The example of mangrove 
areas of Florida, a region that has undergone 
great population growth, illustrates most 
aspects of the diversity of modern impacts of 
urban development on these ecosystems. 

Traditional Aspects of Human 
Habitation in Mangroves 

Traditionally, mangrove ecosystems have 
played an important role for rural coastal popu-
lations in Asia, West Africa, Australia, Pacific 
and Caribbean islands, and South America. 
Ethnic groups in these countries live within the 
mangrove environments, particularly at river 
mouths, and derive their livelihood from liar-
vesting products, mainly through fishing. In 
Malaysia, Thailand, and Indonesia the main 
form of human habitation is in permanent fish-
ing villages varying in size from a few houses 
built on a platform raised on stilts to several 
hundred families and houses constructed on 
stilts made of mangrove poles (Bruguiera and 
Rhizophora spp.) (Figure 28). Spectacular 
instances of these traditional mangrove dwell-
ers are found in south Sumatra at the mouth of 
the Musi River and in Port Klang, Malaysia. 

In tropical Asia, three major categories of 
permanently settled mangrove fishermen can 
be identified: 

Those using small rowing boats catching 
little with a wide range of rather primitive 
techniques, mainly passive gears. A sub-
stantial source of income is provided by 
mud crabs (Scylla serrata) and by cockles 
(A nadara granosa). 
Those using medium-sized boats 
equipped with seine, drift-gill, or cast nets. 
This group operates inside mangrove 
channels as well as in coastal waters near 
mangrove areas. 
Those using large trawlers with drag nets 
operating in deep waters several kilometers 
ofr the mangrove shores. They catch large 
amounts of prawns and fish, which often 
originate from mangrove communities. 

During the rainy season when fishing is often 
curtailed, the fishermen derive additional in-
come by cutting and extracting timber from the 
forest either for firewood, charcoal wood, or for 
poles, which can bring fairly high market prices 
(Figure 29). Besides the fishermen, there are 
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Figure 28. Many small fishing communities are in or in close association with mangrove areas and utiliie the 
many products and services provided by mangroves. Note that one resident has even planted some 
Rhizophora as a "garden." 

Figure 29. Charcoal wood cut by local fishermen awaiting pickup for the kilns. 



Table 15. Occupation of Mangrove Inhabitants in the Chanthaburi Mangroves, Thailand 
Main Income Additional Income No. of Households 
Fishing 27 
Fishing Wood Cutting (illicit) 5 
Wood cutting Fishing 4 
Wood transport 1 
Merchant 1 
Merchant Fishing 2 
Merchant Pond Culture I 
Worker Wood cutting, fishing 2 

Total 43 
Source: FAO(1982) 

people in tropical Asia whose livelihood de-
pends almost solely on harvesting mangrove for-
est products such as fuelwood, charcoal wood, 
fishing stakes, poles, nipa for thatching, and 
honey. Malaysia and Bangladesh are good exam-
ples. An example of a Thai community deriving 
employment and income from mangroves is 
given in Table 15. 
Many coastal communities are highly depen-
dent on the mangrove environment, and their 
habitation has minimal detrimental effects on 
the forest ecosystem. This fishery-forestry utili-
zation is consequently in almost total harmony 
with the ecological requirements of the man-
grove ecosystem. 

In some cases, such asJava, the traditional use 
of mangrove ecosystems takes the form of multi-
purpose conversion as shown in Figure 30. Here, 
human habitation in mangrove areas has 
entirely transformed the landscape and the 
resource, but basic ecological conditions (e.g., 
free water circulation, sedimentation patterns, 
coastal protection, nutrient cycling) have been 
maintained. 

Examples of semipermanent mangrove 
dwellers are found in Australia (especially on 
the Northern Coast of Arnhem Land and on 
Cape York Peninsula), Senegal (Sine Saloum 
Mangroves), Fiji, and Venezuela. In Venezuela, 
the Guaraunos community has become 
adapted to mangrove conditions over several 
thousands of years. Settled in the Orinoco 
Delta, their most specific behavior is that their 
villages are located at inner borders of man-
grove areas so that they can easily migrate from 
mangrove swamps to temporarily flooded 
savannas to meet their nutritional needs during 
the season of low catches in mangrove areas. In 
this specific case the Guaraunos (or Guaraos) 
are depending upon two adjacent ecosystems - 
mangroves and savannas. 

These few examples of traditional human 
habitation in mangrove areas show the exist-
ence of mangrove cultures based mainly on  

food and fresh water availability. Their survival 
depends on the sustainability of the ecosystem. 

These examples also illustrate the fact that 
humans can live in a mangrove-dominated 
coastal environment without destroying the 
habitat. In developing and developed coun-
tries, supposedly sophisticated and educated 
people destroy and convert the mangrove habi-
tat prior to occupying the coastal area. Possibly, 
the primary difference resides in the fact that 
"modern" humans are no longer so closely de-
pendent on the resource base they destroy. 

Direct Detrimental Effects 
of Modern Urban Development 

The most spectacular decline of mangroves due 
to the land scarcity and increased population is 
provided by Singapore where the ecosystem has 
decreased in 150 years from 12 percent (73 
km2 ) of the total land area (616 km2 ) to 3 per-
cent in 1978 and an estimated 1 percent in 1980 
(FAO/UNEP 1980). 

A comparable situation has been recorded 
in Hong Kong where mangroves are facing 
rapid destruction; the genera Rhizophora and 
Avicennia are already extinct in the territory 
(Hu 1974). 

Bombay, India, is an interesting example 
because at the beginning of the nineteenth cen-
tury, before becoming a large industrial center, 
the town was located on a rather small island 
(65 km2) with a population of about 250,000. As 
the island population began to grow (the popu-
lation rose to about 4 million in 1961; to about 8 
million in 1982), a Greater Bombay Plan was 
published (in 1948) but a decade elapsed before 
it was legally enforced, by which time specula-
tive and uncontrolled development had largely 
exceeded its provisions. As a result, probably 
more than 1,000 ha of mangrove areas were 
eliminated to provide space for dormitory sub- 

70 	 I-Ia n4 book for Mangrove Area Management 



ôTb 

1t 	
4;.g3 

Figure 30. Human interactions with mangroves in Tji Tarum Estuary, Java. 
A—Sea of Java, estuarine fisheries, shallow waters, 

high sedimentation rate. Permanent fishing ac-
tivity using bagangs. This compartment receives 
inputs from the sea and organic matter from B. 

B - Degraded mangrove, firewood, woodwork ac-
tivity. Avicennia are dominant (2) with some Son-
neratia (3) = S. alba?). This formation includes 
many more species (Acrostichum aureum 
[4]; Excoecaria agallocha, Acanthus ilicfolius), re-
taining alluvial sediments. 

C - Village. 

D - Principal waterway (brackish water).  

E - Agriculture. Rice plantation with cane-sugar 
and coconut palms. 6 Sonneratia (S caseolaris ?). 

F—Aquaculture. Drain with banks stabilized by 
Cyperaceae (7) receiving organic matter pro-
duced by G and containing shrimps and fish. 

G - Reforestation. Rhizophora plantation (8). 

H - Sheep rearing, in cages (goats). Mangrove by-
products are utilized as fodder, notably various 
graminaceae, Avwennia (90 = Pandanus, (10) = 
Hibiscus tiliaceus, riverbank species: fresh water 
or holigohaline water. 

urbs, vast worker tenements, and factories (tex-
tile, metal industries, chemicals, and pharma-
ceuticals). In northern Bombay, residences are 
now appearing on dry areas that bear stunted, 
overgrazed Avicennia. Even Thana and Ghod-
bunder, which are located about 35 km from 
the main city, are now congested satellites of 
Bombay, and beautiful stands of Sonneratia ape-
ta/a are slowly disappearing. 

The case of Banjul, Gambia, is entirely dif-
ferent because industries and marinas are 
almost unknown and population pressure has 
not yet reached a disproportionate level (about 
600,000 for the entire country living on either 
side of the Gambia River). Nevertheless, the 
construction of a bund road 3 km long along 
the southern and the western sides of the town 
has "trapped" and destroyed more than 200 ha 
of mangrove forests composed of Avicennia 
africana, Rhizophora mangle, and Laguncularia. 
Being surrounded only by water and by man-
groves, the ecosystem is intensively "tapped" 
for firewood (about 100,000 m 3  in 1980, 
mainly Rhizophora) and oysters and receives all 
kinds of urban and domestic wastes including 
solid wastes. 

In Fji, in the Suva Peninsula, more than 80 
percent of the mangroves have been reclaimed 
for urban development. 

In many countries harbors are now being 
constructed or enlarged in mangrove areas. Ni-
zampatnam is a fishing harbor in the Krishna  

estuary in India; Cotonou in Benin and Chalna 
in the Sunderbans (Bangladesh) are mainly 
commercial harbors; and Palembang in Suma-
tra, Bontang in Kalimantan, Miri in Sarawak, 
Port Dickson in Peninsular Malaysia, and Mara-
caibo (Venezuela) have either oil terminals, re-
fineries, or gas plants in mangrove areas. The 
increasing demand for petroleum products is 
such that the capacity of most existing plants 
has to be enlarged. As far as is known, no im-
pact assessments by mangrove specialists have 
been carried out in these areas. 

The widening and deepening of navigation 
channels up to 15 m deep considerably affect 
turbidity as well as sedimentation patterns. 
Dredged fines are spread freely throughout 
the neighboring ecosystem. No documentation 
is available on the coastal land loss or the biolog-
ical consequences of such disturbances. In the 
Sunderbans Chalna Port, which is now under 
construction by a Yugoslav firm, has been 
delayed because of unexpected heavy sedimen-
tation that will create navigation problems in 
the Passur River. The river links the port to the 
Bay of Bengal through about 60 km of man-
groves bearing the best developed stands of 
Heritierafomes in the world, and for as yet un-
known reasons many trees of this valuable spe-
cies died in 1982. 

In some countries the largest mangrove areas 
have become the most important ports and ter-
minals for international commerce. In Brazil 
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for instance, such important ports as Santos, 
Rio de Janeiro, Salvador, Sao Luis, and Paran-
gua are sited within present or former man-
grove areas. Urban growth and industrial 
development are constantly encroaching upon 
the remaining mangrove areas. In Suape in the 
state of Pernambuco a large industrial and com-
mercial terminal is being built on a former 
mangrove area; 1,200 ha of mangroves are con-
tained within the development scheme. 

In Malaysia, particularly in the state of Selan-
gor, mangroves have been extensively excised in 
land reclamation for industries, agriculture, and 
harbor extension. At Port Kiang, about 1,500 ha 
of mangroves have been reclaimed for harbor 
extension and industrial projects since 1974. 

Indirect Detrimental Effects 
of Urban Expansion 

A comprehensive account of the consequences 
of coastal development in mangrove areas has 
been published by the IUCN (Saenger et al. 
1983). These causes, linked to urbanization 
and industrialization, include solid and liquid 
waste disposal and oil and other hazardous 
chemical pollution. 

Channelization and drainage activities that 
short-circuit the freshwater input and tidal flush-
ing patterns have both direct and indirect effects 
(e.g., alteration of local hydroperiodicity, in-
creased salinity). Much of the estuarine habitats 
of southeastern Queensland, south Florida, and 
Singapore has been affected by these alterations. 

Although few in number, some new data 
are now emerging regarding thermal pollu-
tion. In Asia, this is becoming an important 
form of indirect impact on mangrove ecosys-
tems because of the construction of power sta-
tions in mangrove areas. Most power stations 
use sea water for cooling. On Trombay Island, 
in front of Bombay Harbor, are India's first 
two nuclear reactors. In the Strait of Johore, 
the Seneko Power Station recycles water that 
has a temperature of about 35-40°C at the 
condenser outfall. In the Philippines, a 
nuclear 620-MW power plant could be con-
structed at Morong in Bataan. 

In Indonesia, electric power production is 
likely to increase from about 5,000 MW pres-
ently to 64,000 MW in the year 2000. Accord-
ing to Soegiarto (1980), "by the year 2000, the 
annual volume of hot water being discharged 
from Indonesian nuclear power plants alone 
will be about 1,000 x 106 m3 . Almost all of this 
hot water is expected to be discharged into  

coastal waters:' It has been suggested that as 
tropical marine organisms live at environmen-
tal temperatures close to their thermal limits, 
the impact of thermal discharges into tropical 
waters may be greater than in cooler temperate 
countries. While relevant data are largely lack-
ing, it is clear that site-specific factors are 
involved. For instance, studies in Florida 
(Thorhaug et al. 1973) support this assump-
tion, while in Australia this does not appear to 
be the case (Saenger et al. 1982). Nevertheless, 
the potential for major disturbances to man-
groves and related ecosystems from thermal 
and other associated impacts from power sta-
tions (e.g., scouring, chlorination, screen 
impingement) is high and requires detailed 
investigations at each likely power station site. 

Several other forms of indirect impacts on 
mangrove fauna and flora occur, but they are 
not yet properly assessed. These include waste-
water effluents produced by factories, direct 
dumping of municipal wastes into rivers, pesti-
cide runoff from neighboring agricultural 
areas, and heavy metals accumulation. In the 
past few years, there has been a noteworthy 
increase in public concern, accompanied by a 
fast-growing scientific interest regarding these 
problems, particularly along the coasts of the 
Gulf of Thailand, of the Strait of Malacca, and 
of the Java Sea. 

Unavoidably, oil pollution is increasing in 
mangrove areas from shipyards, offshore oil 
wells, collisions involving oil tankers, and wash-
ing of tanks in coastal waters. In the Strait of 
Singapore, fourteen shipping casualties were 
recorded fromJanuary 1975 to November 1976. 
Little is known about their biological and physi-
cal effects, or that of subsequent cleaning opera-
tions using dispersants, on mangrove plants and 
soils, although some data are now available for 
tropical and subtropical America (Lewis 1983, 
Jernelov and Linden 1983, Baker 1983). 

Conclusions and Guidelines 

The increasing land reclamation in mangrove 
areas for urban purposes has led to a need for 
specific management systems that include the 
following elementary guidelines to minimize 
detrimental effects. 

• Every decision taken by coastal developers 
of housing, by port and harbor authori-
ties, and by sanitation officials must be 
submitted to trained scientists at the first 
phase of the project. 
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• The effects of any interference with the 
water flow (e.g., roads, construction, fresh 
water diversion) and with the water proper-
ties (e.g., salinity, turbidity, temperature) 
must be taken into consideration and care-
fully analyzed at the planning phase of 
urbanization projects. All necessary steps 
must be taken in order to maintain a free 
water and sediments circulation. 

• In order to avoid intensive bank erosion as 
well as in order to partly reconstitute the 
initial coastal protection against cyclonic 
storms and surges, the planting of selected 
mangrove trees could be advised mainly on 
embankment margins and on most exposed 
coastlines. 

• When residential developments are pro-
posed, priority should be given to those 
designs that provide for houses on stilts 
within the forest and that do not require 
dredging, filling, bulkheading, and the con-
struction of deadend canals. 

• Shallow water and the gently sloping littoral 
zones contribute to high basic productivity, 
a variety of viable habitats, and a nursery 
area for the young of gamefish and com-
mercial species. Management should be ori-
ented to protect shallow conditions and the 
natural slope of the littoral zone if high pro-
ductivity and fishery resources are to be 
sustained. 

• Mangrove areas seem to invite both individ-
uals and local governments to use them for 
solid waste disposal. Many otherwise attrac-
tive mangrove forests close to the centers of 
important cities have been rendered un-
sightly by their use as garbage dumps. A 
prime requirement is to prevent solid waste 
disposal in mangroves by regulations and 
enforcement of such regulations. 
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SECTION II 
CHAPTER 11. Mariculture 

Introduction 

Mariculture activities creating artificial pond 
systems for rearing specific marine or brackish-
water organisms are long-established practices 
of an imal husbandry and are practiced on a rel-
atively small scale in many parts of the world. 
The use of mangroves for mariculture dates 
back some 500 years to the rearing of milkfish 
(Chanos chanos) in Indonesia (Ling 1977). 

In most instances few species have been in-
volved, and the cumulative impact on the natu-
ral environment probably has been minimal. In 
the past decade, however, mariculture activities 
have intensified dramatically, particularly for 
high-value crops such as the penaeid shrimp 
species. The potential and actual economic 
gains involved indicate that even greater expan-
sion is to be expected, particularly in penaeid 
shrimp operations. These are generally large-
scale projects involving hundreds of hectares of 
ponds in any single locality, so the environmen-
tal effects on the mangrove ecosystem could be 
significant. The state of the art of shrimp cul-
ture is essentially in its infancy and although it is 
potentially a lucrative venture, this potential has 
essentially not always been realized as can be 
seen from the many failures. Although it has 
been estimated that yields of Penaevs monodon 
can be as much as 4,000 kg per ha per yr (Ged-
ney et al. 1982), actual yields are often up to an 
order of magnitude lower, and even in controlled 
stocking in coastal ponds in Taiwan (where the 
state of the art of aquaculture is generally ac-
cepted as being extremely advanced), Chen 
(1976) reported an average yield of 1,400 kg per 
ha per yr (also see Macintosh 1982). Thus, al-
though the principles addressed here may be ap-
plicable to many aspects of mariculture opera-
tions, primary emphasis will be on the culture of 
marine shrimps of the Fnaeidae family. 

The requirements for successful culture op-
eration almost inevitably result in the location 
of ponds in tropical intertidal areas, many of 
which are characterized by mangrove commu-
nities. Several costly experiences indicate that 
mangrove environments are not necessarily the 
optimum locations for mariculture ponds. The 
requirements for such operations are site-spe-
cific, but important general requirements and  

management practices are outlined in this 
chapter. 

Site selection is the single most critical factor 
since it closely governs cost factors such as land 
clearing, pond construction, water exchange, 
harvesting efficiency, and water quality. Analy-
sis of cost factors, pond management efficiency, 
and annual production levels has indicated to 
many large-scale commercial mariculture ven-
tures that the disadvantages of siting ponds in 
areas forested by mangroves may outweigh the 
advantages. As a consequence, sites for maricul-
ture ponds are sought landward of the man-
grove zones whenever possible. As Ong (1982) 
has pointed out, 

The mangrove is nature's own aquaculture sys-
tem, with a number of advantages: an artificial 
system enjoys relatively easier harvest and se-
lection of particular species, but the natural 
system is vastly more stable and less susceptible 
to disease and epidemics. Unless the artificial 
ponds can very significantly surpass the natu-
ral ecosystem, the establishment of aquaculture 
ponds may be a case of robbing Peter to pay 
Paul—with the possible added cost of having to 
compensate Peter later. 

Experiences in the Philippines and Bangla-
desh, however, indicate that the economic and 
social benefits may, in specific instances, out-
weigh any management problems incurred. 
Furthermore, national and local government 
agencies sometimes actively encourage the con-
version of mangrove forest areas to mariculture 
ponds since mangrove soils are widely consid-
ered to be of little agricultural value and thus 
are regarded as "wastelands." Much of the in-
formation on which corporate or government 
policy decisions are based is generally proprie-
tary, but the consensus appears to be that siting 
ponds in mangrove areas can be a costly mis-
take and should be resorted to only in the ab-
sence of other options. 

In spite of this, mangrove areas are being 
converted into shrimp or fish ponds at a consid-
erable rate. For instance, it is estimated that 
roughly one-third of the approximately 30,000 
ha of shrimp ponds in Ecuador are constructed 
in former mangrove forest areas. Many pond 
systems sited in mangrove areas seem to be 
owned by marginal operators who practice lit- 
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tie or no effective pond management and whose 
yields per hectare are correspondingly low and 
variable. Operations such as these often are 
sited in mangrove areas because more suitable 
land is either unavailable or unaffordable. 
Land tenure situations in some instances also 
result in the construction of mariculture ponds 
in areas that would otherwise have been 
avoided. 

On the other hand, mangrove areas are 
sometimes actively sought as sites for shrimp 
and fish ponds, and apparently successful oper-
ations evolve. It is estimated, for example, that 
approximately 172,000 ha of mangroves in the 
Philippines have been converted to culture 
ponds for shrimp and milkfish. These opera-
tions are mainly controlled by affluent land-
owners who can afford to employ trained per-
sonnel and a large labor force to ensure 
effective pond management. Many of these 
ponds, however, have been sited on acid sul-
phate mangrove soils, and unless adequate sup-
plies of fresh or brackish water can be intro-
duced into the ponds to control pond acidity, 
the harvests steadily dwindle and the ponds 
eventually are abandoned. 

The ultimate aim of the mangrove ecosystem 
manager is to develop or adapt successful aqua-
culture methods that have minimal impact on the 
ecosystem through compatible use strategies. 

Mangrove Mariculture Practices 

A variety of mariculture methods are practiced 
in mangrove areas. These may be put under two 
broad categories: (1) methods using mangrove 
estuarine waterways, and (2) methods using 
mangrove land areas. 

METHODS USING MANGROVE ESTUARINE WATERWAYS 

This category can be subdivided into methods 
using the substrate beneath the water, or bot-
tom culture, and those that rely on the water 
column itself. 

Bottom Culture. A good example of bottom 
culture is the culture of the cockle, Anadara 
granosa. This species is most extensively and in-
tensively cultured on the west coast of Peninsu-
lar Malaysia but is also cultured in Thailand, 
Kampuchea, and Vietnam. A nadara occur natu-
rally in some mangrove mud fiats and thus are 
often simply harvested rather than cultured. In 
areas where there is no natural spatfall, how-
ever, seeds (young cockles 6-12 mm in diame- 

ter) are collected from spatfall areas and sown 
(4.5 to 5.5 thousand liters per hectare) in shel-
tered mangrove mudflats. The cockles are 
ready for harvest when they reach a size of 
about 3 cm (8-12 months from sowing). Thin-
ning has to be carried out after about 3 months 
to a density of between 400 and 600 per m 2 . In 
areas where natural spatfalls do not occur, new 
seedings are done after each harvest. Yield of 
cockles is between 20 and 24 tonnes per ha per 
year (Sribhidhad 1973). Malaysia, the largest 
producer and exporter of both cockle seeds and 
adults, produced some 56,000 tonnes valued at 
US$10 million in 1978 (Fisheries Div. 1979). 

This form of mariculture has minimal ad-
verse ecological effects on the mangrove ecosys-
tem and is thus highly recommended. The 
main problem is the availability of seeds, which 
are decreasing in supply. This is aggravated by 
the destruction and deterioration of natural 
spatfall areas as a result of industrial pollution, 
overcollection, and illegal trawling activities in 
shallow water (Rabanal et al. 1977, Saraya 
in press). 

Open Water Culture. This utilizes floating 
cages or rafts and enclosures for the culture of 
fish, molluscs, and crabs (Figure 31). Fish (the 
grouper Epinephelus tauvina and the sea bass, 
Lates calcarfer are the two most cultured fish) 
are grown in floating cages (approximately 4-
5-by-5-6 m and about 2.5 in deep) while mol-
luscs (the mussel Mytilus viridis) and several spe-
cies of oysters are grown on ropes hanging from 
floating rafts (Figure 32). Sribhidhad (1973) 
has reported that the yield of mussels was 180 
tonnes per ha per year in Thailand. Enclosures 

Figure 31. Open-water culture using cages. 
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of synthetic net or bamboo screens measuring 
from 0.25 to 5 ha are seen in the Philippines, 
largely for milkfish (Chanos chanos) culture. 
Yields of up to 4 tonnes per ha per year can be 
obtained with minimal supplementary feeding 
(Delmendo and Gedney 1974). 

METHODS USING MANGROVE LAND AREAS 

As with the methods utilizing mangrove estu-
anne waterways, there are various forms of 
mariculture utilization of the mangrove land 
area itself. 

Small Fish Ponds. These ponds, which retain 
mangroves as part of the system, are used 
mainly for milkfish, but shrimp are also 
farmed. The ponds vary in size from about 0.5 
to 10 ha, and the mangrove trees often are not 
cleared but are retained on dikes between the 
ponds. The mangrove leaf litter provides nutri-
ents for the ponds. Most of these ponds produce 
at a subsistence level utilizing the inherent pro-
ductivity of the mangrove system. 

Trapping and Holding. Ponds of 1 to 25 ha (up 
to 900 ha in Bangladesh) are constructed by  

building mud bunds or levees. Sluice gates are 
open at flood tides to allow water and larval 
shrimp in. The gates are then closed and the 
shrimp are trapped and held. They are har-
vested by placing nets on exit gates during re-
ceding tides. In Singapore where this form of 
mariculture dates back to the turn of this cen-
tury (leMare 1950), shrimp are harvested up to 
20 days per month. In most other parts of 
Southeast Asia harvest takes place during the 
spring tides (at night when the mature shrimp 
tend to migrate seaward) (Cook and Rabanal 
1978). In Thailand, Phumipho et al. (1970) 
gave the mean yield as 184 kg per ha per year in 
Chantaburi Province, while the national aver-
age was 108 kg per ha per year (Fisheries Dept. 
1973). Yields with this method may be gener-
ally low and unreliable. Due to their high value 
when operated on a larger scale in Bangladesh 
and India, however, such ponds are not a subsis-
tence operation but are commercially har-
vested for the export market. 

Large-Scale Commercial Ponds. Although fish 
also can be cultured, these are more often than 
not used entirely for shrimp culture because of 
the better economic returns. In the Indo-Pacific 
region the major species is Penaeu.s monodon al-
though P. merguienis and P. indicus are also cul-
tured. In the eastern Pacific P. stylyrostris, P. van-
namei, and P. occidentalis are the common 
mangrove species, and in the Atlantic region P. 
aztecus, P. set ferus, and P. duorarum are common. 

POND CONSTRUCTION AND OPERATION 

In most schemes the mangrove trees are re-
moved, and sometimes the "top soil" is also re-
moved to increase the depth of the ponds (Fig-
ure 33). The engineering aspects of pond 
construction of this type are described by Jam a-
dre and Rabanal (1975) who contend that man-
grove areas with a tidal range of 1-3 in are suit-
able for pond construction since tidal exchange 
alone is enough for water circulation. This con-
cept of tidal exchange will be discussed in 
greater depth later. 

Culture operation involves draining the pond 
at low tide until only about 10cm of water is left. 
A piscicide is then added to kill off predators. 
Rotenone (final concentration of about 4 ppm) 
is often used and so is tea seed cake (saponin 
being the active component). A day after pisci-
cide treatment the pond is drained completely 
and left to dry for about a week (in ponds with 
potential acid sulphate soils, this practice of 
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Figure 33. Ponds created among mangroves. 

drying the pond is not recommended since oxi-
dation will cause acid formation). Liming of 
ponds, if they are susceptible to low pH, is done 
at this stage. Some .5-2.5 tonnes of lime per ha 
is broadcast in the ponds as well as on the 
bunds. Boyd (1976) gives an account on how to 
calculate the amount of lime necessary. 

Water is then slowly allowed in (passing 
through screens on the inlet gates to exclude 
predators) until the ponds are filled to a depth 
of 1 —1.5 m. In some operations, nylon mesh (2 
mm) enclosures are used as nursery pens, but in 
others there is no separation into nursery and 
rearing ponds. For Penaeus monodon, stocking 
rate is 2.5-3 million postlarvae per ha where 
nursery pens are used (Gedney et al. 1982). 
This is reduced to 30,000-50,000 per ha in 
rearing ponds when the fry reach a size of 2-3 
cm (after about one month). In systems where 
no nursery pens are used, the stocking rate is 
about 50,000 per ha, depending on the cost and 
availability of seeds. For Lates calcar!fer the 
stocking rate in rearing ponds is between 
30,000 and 50,000 per ha. 

For P. monodon, feed is usually chopped-up 
trash fish (although pelletized feed also is now 
used). In the first month, feeding occurs once a 
day (usually in the evening) at 50-100 percent 
shrimp body weight. After one month, feeding 
rate is reduced to about 10 to 30 percent of the 
shrimp body weight. L. calcar[er are fed until 
they are satiated. 

Productivity is dependent on good water 
quality (pH 6.5 to 8.5, dissolved oxygen greater 
than 3 ppm, and salinity varying by age and  

species, but roughly between 10 and 25 per-
cent). Pond water needs to be partially renewed 
each day, and a reticulation system should allow 
changing of bottom water. Most systems that de-
pend entirely on water exchange from tides 
cannot meet this optimal requirement. 

Depending on market requirements, prawn 
are harvested after three to six months (20-40 
prawns per kg). Harvesting is best done on 
moonless nights during spring tides (when ma-
ture prawns tend to move up and migrate to sea) 
by draining the ponds and collecting the prawns 
in bag nets placed at the outlet gates. Fish (L. 
cakarifer) are harvested after about one year 
when they attain a weight of about 1 kg each. 

Advantages of Siting Ponds 
in Mangrove Areas 

IANDCOSTS 

The advantages of a mariculture operation us-
ing mangrove areas are often limited to cost or 
ease of land acquisition. In many countries, the 
coastal mangrove zone is under government 
ownership and can be leased at nominal cost. 

Many governments actively encourage devel-
opment of ponds in mangrove areas, preferring 
to have more landward areas utilized for terres-
trial crops or human settlements. Thus the ex-
ploitation of "marginal" lands with saline soils 
is frequently regarded as a progressive policy. 
In other instances, private landowners are of-
ten willing to sell their mangrove holdings at 
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low prices or to enter into joint-venture opera-
tions in which they provide the land and 
thereby acquire equity. 

WATER EXCHANGE 

Locating ponds in tidal mangrove areas often 
facilitates daily exchange of a percentage of 
pond waters, desirable in maintenance of a 
high-standing crop and rapid growth rates. 
This practice is only viable, however, if incom-
ing waters are screened carefully to prohibit 
entry of potential predators and competitors. 
In situations where tidal ranges of 1 —3 in exist, 
tidal exchange often proves to be satisfactory. 
When tidal ranges are less than 1 m, very few 
ponds can benefit materially. For intensive 
pond operations and optimal conditions, 
pumping may be economically feasible; thus, 
the advantage of natural tidal exchange is lost 
and siting in mangroves becomes less desirable. 

SEED SOURCE 

Stocking of ponds with fish fry or postlarval 
shrimp (seed) can sometimes be facilitated if 
the ponds are located in mangrove areas, par-
ticularly in the vicinity of a tidal creek. The still-
widespread practice of simply opening gates, 
screened or unscreened, to allow an influx of 
postlarvae or fry is often counterproductive 
since predator and competitor organisms have 
similar unrestricted access. Proximity to the 
seed source does, however, reduce transporta-
tion time and hence stress and mortality be-
tween site of capture and the pond to be 
stocked. 

Recent advances in hatchery production of 
young stages of many species reduce these 
problems, but with few notable exceptions the 
techniques of maturation, spawning, and larval 
rearing have thus far failed to produce large-
scale and reliable sources of animals for stock-
ing ponds. 

It must be borne in mind that large-scale 
elimination of mangroves could result in dis-
ruption of the ecosystem to such an extent that 
the source of seeds could be drastically reduced 
or eliminated. It is fortunate that shrimps and 
the milkfish are extremely fecund species. 

Disadvantages of Siting Ponds 
in Mangrove Areas 

Several severe limitations to profitability may 
be imposed on maricukure ponds sited in man- 

grove areas. A successful operation depends 
upon (1) low construction costs, (2) rapid 
growth rates and low mortality rates, and (3) ef-
ficient pond management and harvest. Ponds 
located in mangrove environments often may 
not fulfill these requirements as effectively as 
more upland sites. 

LAND CLEARING AND CONSTRUCTION 

Land clearing, particularly areas characterized 
by Rhizophora spp., is difficult because of poor 
accessibility and the danger involved in felling 
large trees. Mechanized clearing is rarely possi-
ble because of the nature of the soils. Conse-
quently, clearing operations are time consum-
ing even though they frequently generate 
income for a local labor force. 

Most mangrove soils have a low bearing ca-
pacity, so heavy earth-moving machines can 
rarely be used. Although the costs of moving 
and shaping earth into useable ponds vary 
widely and are site-specific, the lightweight 
machinery that can be used or hand labor are 
inefficient and result in an extended and ex-
pensive buildup period and sometimes unac-
ceptably high construction costs. Satisfactory 
shaping and compaction of pond walls or levees 
are also difficult to achieve. Soft peats and peaty 
muds cannot be efficiently or effectively com-
pacted by hand or by small bulldozers, with the 
result that slumping later occurs, the levees be-
come impassable to wheeled vehicles, excessive 
seepage can occur, and water control structures 
become deformed and no longer function ef-
fectively. Surface stabilization by use of grasses 
and procumbent herbs often results in rapid 
erosion and deterioration of levees. Mainte-
nance is a virtually constant and costly require-
ment. In the case of a high-value cash crop such 
as shrimp, these costs may be acceptable, but 
this is not often the case in relatively high-vol-
ume, low-value finfish culture operations. 

POND CONDITIONS 

Maintaining water quality and perpetuating 
general pond conditions conducive to rapid 
growth and low mortality are of paramount im-
p()rtance. In this respect, mangrove soils fre-
quently pose severe limitations. 

The most severe limitation results from the 
development of high acidity in pond waters. 
This is a direct consequence of constructing the 
ponds in the potential acid sulfate soils that 
characterize many mangrove areas. The pH of 
pond waters frequently falls below 5 and may in 
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some cases fall below 4. Shrimp growth is slow 
in even slightly acid waters; growth ceases be-
low pH 5 and mortalities occur at approxi-
mately pH 4. 

Acidity can interfere with animal growth in 
many ways. Enzymatic reactions are highly sen-
sitive to pH. Thus, in addition to direct effects on 
the organism, acidity also inhibits the growth of 
microorganisms, including bacteria, fungi, and 
the protozoans, that form a considerable portion 
of the animal's diet. Acidity also affects the abil-
ity of microflora and microfauna to assimilate 
metabolites. Important chemical processes are 
also sensitive to changes in pH. When pH is low-
ered, the equilibrium point shifts in the carbon-
ate system and specific toxic heavy metals are re-
leased, whereas phosphate ions necessary for 
algal growth are immobilized. 

Highly acid waters have been observed fre-
quently in mariculture ponds, such as in shrimp 
culture ponds in Costa Rica and Ecuador. In all 
known instances, the ponds were constructed in 
mangrove soils of high organic content, which 
contributes to acid sulfate conditions. Most 
mangrove soils are potentially acid sulfate soils; 
that is, they become acid sulfate soils with low 
pH values when dried or otherwise oxidized. 

During the steady process of mangrove soil 
formation under anaerobic conditions, pyrite 
(FeS2 ) forms in the soils as a result of continual 
deposition of minerals and sulfates from seawa-
ter or from the decay of organic matter in the 
mangrove soils. Upon disturbance, which 
results in partial drying, the pyrite is oxidized 
by chemical and biological processes to pro-
duce sulfuric acid (Moormann and Pons 1975). 

The acidity of pond waters results from two 
distinct sources: (1) soils incorporated in the soil 
levees become dried, the pyrite contained 
therein becomes oxidized, and runoff waters in-
troduce the resultant acids into the ponds; or 
(2) soils forming the pond bottoms become oxi-
dized by the overlying waters, and the genera-
tion of acid from pyrite begins. 

In summary, the effects of acid conditions on 
mariculture ponds are that growth is drastically 
reduced or halted, mortalities occur if the 
problem becomes severe, and greatly increased 
quantities of phosphate fertilizer (Watts 1969) 
or artificial feed inputs are required to stimu-
late and maintain algal blooms. 

Several strategies have been suggested to 
prevent acid conditions. All are expensive, and 
only one is generally successful. The common 
practice of avoiding the acidity problem by leav-
ing mangrove stumps in place with no grading 
or leveling of the pond bottom has been fol- 

lowed for centuries in fish culture ponds in 
Asia. Unfortunately, this strategy is less than 
optimal in shrimp culture operations since it 
frequently results in a protracted harvesting 
period and low yields of a marketable product. 

Exposure of potential acid sulfate soils can be 
avoided by using inert materials such as con-
crete, cement-asbestos board, or butyl rubber to 
build levees; or nonacid soils can be transported 
to the site to line the pond bottoms and use in 
levee building. Cost estimates are not readily 
available, but even if suitable materials were to 
be available near the site, these measures would 
probably be too costly. Furthermore, use of arti-
ficial substrates may result in lower primary pro-
ductivity, which must be compensated by in-
creased feeding or fertilizing rates. 

An alternative strategy involves neutraliza-
tion of the acidity by applying agricultural lime 
or a similar chemical base. The efficacy of such 
treatment is currently unknown, but estimates 
are that up to 20 tons of lime per ha ad minis-
tered 2-3 times per year for up to five years 
may be necessary to condition the pond sedi-
ments. Given the relative scarcity of carbonate 
products near most shrimp culture sites, this is 
probably not economically feasible in many ma-
riculture operations. 

Even if the potential for acid generation is re-
moved during construction or its effects can be 
neutralized adding lime, the normal operation 
of saltwater ponds can regenerate potential acid 
conditions. It follows, then, that a dilution strat-
egy involving continuous and abundant flushing 
of the ponds with seawater, or with fresh water as 
is practiced in the Philippines, is the only effec-
tive and economic method. This, however, takes 
a long time if pond operators rely on natural 
flushing by rain and freshwater runoff. Water 
exchange rates of 25 percent volume per day 
have proved adequate in Costa Rica, but either 
large volume pumps must be installed, or the de-
sign and location of the ponds must permit tidal 
exchange of water every day. The former case in-
volves the use of electrical energy or hydrocar-
bon fuels, both of which are prohibitively expen-
sive in most parts of the world, and a pump 
mechanism, which requires constant mainte-
nance and is subject to failure. Tidal exchange 
strategies involve the construction of high levees, 
large conveyance canals, careful screening of in-
coming and outgoing waters, and, perhaps most 
important, the loss of flexibility in determining 
time and duration of harvest. 

Strategies for reducing the problems of acid 
sulfate soils are obviously site-specific and in 
some locations have been employed success- 
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fully. In the Philippines, for instance, a large 
percentage of shrimp and fish ponds are lo-
cated near major river estuaries that provide an 
abundant supply of fresh water. The adopted 
practice in the Philippine operations is to man-
age freshwater inflows carefully to flush and 
replenish pond waters. By such strategies, Phil-
ippine pond operators seem to have thus far 
avoided most of the problems of acid pond wa-
ters. It should be noted, however, that a dilution 
strategy using substantial volumes of fresh or 
slightly brackish water is not universally appli-
cable and can probably only be employed sea-
sonally, if at all, in many coastal areas. 

PONI) MANAGEMENT 

Although maintaining favorable water quality 
is a function of pond management, here it re-
fers primarily to the ability to manipulate har-
vest date and duration. In the opinion of many 
large-scale commercial operators, the siting of 
ponds in fully intertidal areas to achieve a mod-
icum of tidal exchange - to offset acid condi-
tions or for other reasons - imposes unaccepta-
ble restrictions on harvesting strategies. If the 
ponds are so situated as to receive daily tidal 
inputs, they cannot in some instances be 
drained completely at harvest. Consequently, a 
large proportion of the crop remains in the 
ponds and must be retrieved by hand-operated 
seines or cast nets. These procedures take sev-
eral days in a large (10 ha or more) pond and 
harvest an inferior product. More important, 
valuable growout time is subtracted from the 
subsequent crop, and profits are reduced ac-
cordingly. 

Where large tidal amplitudes exist and an ad-
equate labor force is available, such constraints 
are considerably lessened. Inability or unwill-
ingness to devote time to draining the ponds 
completely, however, results in the perpetua-
tion of populations of competitors and preda-
tors inadvertently introduced to the ponds dur-
ing filling or water exchange operations. 

Related Concerns 

REDUCTION OF RESOURCE BASE 

Mangrove systems are generally recognized as 
an important, sometimes vital, support ele-
ment in maintaining fisheries resources and 
fishing industries locally or regionally. In 
many locations, the fishery industries appear 

to be based in part upon the availability of in-
tertidal areas as nursery habitats for desirable 
species. Additionally, many mangrove systems 
export organic material with relatively high 
protein content that is easily available to pri-
mary consumers and that ultimately would 
maintain or supplement the resource base of 
desirable commercial fisheries, including 
shrimp fisheries. For instance, approximately 
90 percent of the diet of Penaeus merguiensis in 
estuarine regions of northern Australia. ap-
pears to be derived from mangrove sources. 

REDUCTION OF POTENTIAL SOURCES 

FOR STOCKING PONDS 

Of more immediate importance to the shrimp 
culture operation is the potential for reduction 
of postlarval seed sources for stocking growout 
ponds. The techniques of hatchery production 
of postlarvae have advanced to the point at 
which the stocking of a shrimp farm of 500 ha 
or more presents few difficulties. Such tech-
niques are capital-intensive, however, and are 
largely unavailable to small operators. The lat-
ter are dependent upon a wild source of postlar-
vae for pond stocking. 

Supplies of wild postlarvae are notoriously 
undependable, but thus far the vagaries of sup-
ply cannot be correlated with destruction of 
mangrove communities for shrimp culture or 
any other purpose. Postlarvae of the eastern Pa-
cific species Penaeus styl'rostrzs, P. vannarnei, and 
P. occidentalzs; the Indo-Pacific species P. mono-
don, P. indfrus, and P. merguiensis; and the Atlan-
tic species P. aztecus, P. set [erns, and P. duorarum 
tend to utilize tidal creeks within the mangrove 
zone and rarely penetrate the mangrove forest 
per se. Thus, supplies of postlarvae depend 
upon locating the right creek at the right time, 
an exercise that requires considerable fortitude. 

The same potential problems exist in fish-
pond operations, many of which are highly de-
pendent upon wild sources of fry or fingerlings. 
As in the case of shrimp postlarvae, fry and fin-
gerlings of most commercially desirable fin fish 
culture species occur most commonly in tidal 
creeks and are caught in these creeks prior to 
pond stocking activities. 

Even the siting of mariculture ponds on the 
landward side of mangrove forest areas may af-
fect the natural resource base of the system by 
diverting the surface flow patterns of fresh-
water runon. Such diversion can result in a re-
duction in net productivity of the mangrove 
forest, with consequent negative effects on har- 
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vestable yields of other valuable products such 
as timber and estuarine fishery species. 

Summary and Recommendations 

Mariculture using mangrove estuarine water-
ways (on-bottom mollusc culture, floating-cage 
fish culture, and floating-raft mollusc culture) 
has minimal effects on the environment. These 
culture methods are, however, only suitable in 
mangrove estuaries where the salinity does not 
fluctuate too widely. This type of mariculture 
should be encouraged in preference to pond 
culture utilizing mangrove land areas. 

There are basically two categories of pond 
mariculture using mangrove land areas; they 
may be termed extensive and intensive. The ex-
tensive category relies essentially on the natural 
productivity of the system. Production is often 
low and is essentially a subsistence or artisanal 
type of operation. The tambaks of Java and the 
rnilkfish ponds of Philippines are examples of 
this type of maricukure. The intensive category 
is by-and-large a relatively recent development. 
The cultural organisms (mainly shrimp) do not 
rely on the natural productivity (fertility) of the 
system. An external source of feed is provided 
so that the natural productivity acts only as a 
supplement. Even the seeds may be from hatch-
ery production. 

The effects of both the extensive and inten-
sive systems of pond maricukure on the man-
grove environment are obvious: mangroves are 
replaced where ponds and infrastructural facil-
ities are located, and the surrounding man-
grove may also be disrupted. 

Experience in Thailand, Ecuador, and Pan-
ama has shown that salt flats and other lands on 
the landward side of mangrove forests are suit-
able for pond prawn culture. Such areas have 
the advantage of being closer to such infra-
structural facilities as roads, electricity, and po-
table water as well as avoiding the acid sulphate 
problem so prevalent in mangrove areas. 

In places like Ecuador and Panama, however, 
many of those landward fringes of mangroves 
have been used so that there is now pressure to 
move into the mangrove areas. The best solu-
tion for mangrove conservation is to encourage 
a semi-intensive or intensive use of areas that 
have been converted to ponds. This is already 
the official policy in the Philippines where 
many of the accessible mangrove areas have 
been converted to nonintensive fish culture 
ponds. By practicing intensive farming it is pos-
sible to increase the yield per unit area by up to  

an order of magnitude. This will satisfy the 
need for increased fish production so often 
sought by many of the countries with man-
groves and at the same time take the pressure 
off what is left of the existing mangrove areas. 

Experience has shown that locating maricul-
ture ponds in areas of mangrove forest commu-
nities is in some instances counterproductive. 
The availability and low cost of land in such ar-
eas may be far outweighed by the incumbent 
costs associated with land clearing, pond con-
struction, highly acid waters, and the inflexibil-
ity of harvesting strategies. Consequently, large-
scale operators, particularly in Central and 
South America, have tended to avoid mangrove 
areas in recent years and have concentrated 
upon more suitable landward sites. In Southeast 
Asia, on the other hand, many operators of man-
culture ponds have proved willing to accept the 
incumbent costs of operations. As the market 
price of shrimp, for instance, continues to rise 
sharply an increasing number of operators will 
be prepared to accept the costs and difficulties of 
mariculture operations are established in man-
grove areas. 

Recommendations for managers of man-
grove areas in which mariculture operations 
are established include the following: 

• Note that floating-cage and raft cultures or 
on-bottom culture using mangrove estua-
rifle waterways have minimal ecological im-
pact on the mangrove ecosystem. 

• Avoid siting shrimp ponds in mangrove ar-
eas whenever possible. Lands with more 
suitable soils should be sought even if land 
costs are higher. 

• If more suitable land is not available, care-
fully assess the mangrove soils to determine 
their degree of potential acidity. If the acid 
sulfate potential proves high, the site should 
be avoided. 

• If siting of ponds in acid sulfate soils is un-
avoidable, incorporate into pond design the 
ability to exchange approximately 25 per-
cent of pond volume daily, either by tidal ex-
change or by pumping. 

• If adequate water exchange cannot be 
achieved, nonacid soils should be trans-
ported to the site to line ponds and build 
levees, or heavy applications of lime must be 
used to neutralize acids. 

• If pressures to convert more mangrove land 
area into mariculture ponds is great, con-
sider increasing the efficiency of existing 
ponds by moving into semi-intensive or in-
tensive methods rather than opening up 
new areas. 
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• For efficient harvesting, do not locate 
ponds much below the mean high tide level. 
Most ponds located below this level cannot 
be drained at will in areas in which tidal am-
plitude is less than 1 m. 

• Do not site ponds that will obliterate natural 
tidal creeks, since these seem to be the pri-
mary habitat of the postlarvae required for 
pond stocking. Such creeks also promote 
the flushing and water exchange in the ad-
jacent mangrove areas. 

• Be fully aware at the outset that such an 
action often involves high construction 
costs, inefficient pond management, and 
low yields. 

• Do not design or locate ponds in such a 
manner as to divert freshwater runoff from 
entering any mangrove forest seaward of 
the ponds. Any runoff waters diverted 
around the ponds should be redirected and 
dispersed to the mangrove areas by means 
of shallow lateral channels along the sea-
ward margins of the ponds. 

• Keep a careful tally of the total hectares of 
mangrove converted to ponds in any spe-
cific geographic area. While it is virtually 
impossible to determine the levels ofconver-
sion concomitant with safeguarding the 
postlarvae source and other local fishery ac-
tivities, it might be recommended that no 
more than 20 percent of the mangroves in 
any discrete system be converted to pond 
culture operations. Conversion should be on 
a small scale with careful ecological moni-
toring for impacts. 

• If mariculture ponds are abandoned for 
any reason, breach the berms and bunds at 
several locations to facilitate natural refor-
estation by mangroves and utilization of the 
former pond areas by estuarine organisms. 

• On tropical arid coastlines largely devoid of 
mangrove systems consider the possibilities 
of mariculture ponds in conjunction with 
mangrove planting programs. In such situa-
tions it may be possible to utilize solar or 
wind energy to provide fresh water or tidal 
exchange waters to mitigate the hypersaline 
conditions that preclude rapid growth of 
both mangroves and aquatic organisms. 
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SECTION II 
CHAPTER 12. Salt Production 

Introduction 

Salt is fundamental to life and a staple com-
modity in the diets and in the economies of peo-
pies throughout the world. Especially in the 
tropical developing world, salt serves not only 
directly in the human diet but also, and per-
haps more important, in the preservation of 
foods (notably fish and red meat) and in the 
maintenance of stock animals. 

Although modern, capital-intensive mining 
operations for rock salt may be cheaper where 
such a resource exists, the most common source 
of salt is still sea water, and the universal tech-
nique for extraction is solar evaporation. In In-
dia, 75 percent of the annual salt production 
comes from sea brine. 

Mangroves, as the most common littoral eco-
systems along tropical and subtropical coast-
lines, together with their economic resources, 
frequently are lost due to land-use conflicts 
stemming from the need to establish solar salt 
operations in the coastal zone. It often is diffi-
cult to resolve this conflict because of several 
specific conditions associated with salt extrac-
tion processes. 

First, salt production in mangrove areas re-
quires habitat conversion, and in almost all 
known cases the conversion process has been ir-
reversible. Second, climatic constraints on solar 
salt production require that such operations be 
implemented in arid to semiarid coastal envi-
ronments where the mangrove resource is al-
ready climatically restricted and probably un-
der exploitation for other resources not 
compatible with conversion. Third, the opera-
tion of salt processing in marginal climatic 
zones often requires the further utilization of 
limited mangrove timber resources for fuel 
wood to accelerate brine evaporation. Fourth, 
the establishment of industrial-scale operations, 
as in western India, involves such infrastruc-
tural and human demographic changes that 
any remaining mangroves are subjected to in-
creased exploitation pressures for alternative 
resources. 

This chapter focuses on solar salt extractive 
practices in relation to mangrove ecosystem con-
servation. It offers suggestions for the placement 
and design of these activities to assist in sustain- 

ing both local salt industries, where they are re- 
quired, and the adjacent mangrove vegetation. 

The Products of Salt Extraction 

Salts of chloride, sodium, magnesiUm, sulphur, 
calcium, and potassium comprise 99 percent of 
the chemical composition of sea water. In addi-
tion, holgens such as bromine and iodine are in 
sufficient concentrations to be economically ex-
tractable. Many of these mineral compounds 
have important economic uses. 

Sodium chloride is the most common prod-
uct and is used as noniodized or iodized table 
salts, in the preservation of foods (particularly 
red meats and fish), and as a supplement in the 
diet of stock animals (e.g., as in salt licks). 

Other salts have high commercial impor-
tance. In India, magnesium is used in the steel 
industry, and high-purity magnesium salts 
from sea water are employed in rubber and 
pharmaceutical industries (e.g., as magnesium 
hydroxide, magnesium trisilicate, and magne-
sium carbonate). Potash, or potassium chloride, 
is an essential source of potassium fertilizer, 
while bromine and bromo-compounds have nu-
merous applications in dyes, pharmaceuticals, 
and photography. 

On a national scale, these products have sig -
nificance within the Indian economy, and in 
Thailand 30 percent of the 406,990 metric tons 
produced is exported to neighboring countries. 
In relatively poor areas in Southeast Asia and in 
West Africa, the production of salt may be the 
basis of local village or regional economies. 

The Global Distribution and Scale 
of Salt Production 

A global assessment of the current significance 
of salt production on mangrove areas is difficult 
to obtain. Table 16 represents the most up-to-
date qualitative assessments available but fails 
to convey the dynamic and opportunistic na-
ture of this ancient industry. In the regions of 
Chaukoria Sunderbans and Cox's Bazaar in 
southeastern Bangladesh, for example, a recent 
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Table 16: Distribution and Significance of Solar 
Salt Operation by Country 

Country Signficance 

Australia Intensive operations of localized 
areas of the northeast coast 

Fiji Localized minor use 
India Highly intensive industrial opera- 

tions on northwest coast 
Bangladesh Widespread, major, and expanding 

use 
Thailand Moderate intensity in localized 

regions of the country 
Malaysia Localized minor use 
Philippines Widespread moderate use 
Indonesia Localized moderate use in eastern 

part of country 
Senegal Highly intensive but regionally 

localized industrial operations 
Benin Highly intensive and widespread 
Mozambique Intensive localized operations 
Tanzania Known to occur but no available data 
Bahamas Extensive operations on some 

islands, e.g., Andros 
Turks and 

Caicos Nominal to minor operations 
El Salvador Widespread and major use 
Honduras Localized minor use 
Costa Rica Localized moderate use 
Brazil Widespread moderate use in north 

and northeast states 
Venezuela Localized moderate use; large pro- 

jects under investigation 
Colombia Widespread moderate use 
Ecuador Localized minor use 

extended wet season and falling prices for salt 
are resulting in the expansion of an associated 
shrimp culture industry and the further con-
version of salt evaporation ponds to maricul-
ture. Subsequent dry years or better prices for 
salt may be expected to swing operations back 
to salt at a later date. In areas where a seasonally 
wet climate limits the production time for salt, 
ponds may be alternately used for shrimp or 
fish production. This is the case in Thailand, 
the Philippines, and Indonesia, and the impli-
cation of this strategy is a flexible multi-use 
management regime for intertidal lands that 
have already been converted. 

Elsewhere in the world, large-scale industrial 
solar salt production is still being viewed as a 
favorable economic enterprise. In Venezuela 
new, large-scale evaporation pond operations 
are under investigation. The project concerns 
coastal areas adjacent to mangrove forests in 
the Bahia El Tablazo in the region of Lake Mar-
acaibo and in Golfete de Coro. At this time, no  

accurate ecological investigations have been 
carried out in these areas, and the risks to adja-
cent ecosystems remain undefined. 

The Production Process 

The production of salt through solar evapora-
tion is an ancient process that has been applied 
with local variations throughout the world 
(See Figure 34). Artisanal salt extraction tech-
niques have been described from various coun-
tries in West Africa, Central America and the 
Caribbean, in South Asia, on some Pacific Is-
lands, and in parts of eastern Indonesia and 
the Philippines. In the Gulf of Kutch near the 
Indo-Pakistani border, a huge solar-salt indus-
try has been established (Figure 35) and large 
industrial operations are under way in many 
other countries where climatic conditions are 
appropriate. 

While the rudiments of the production pro-
cess are common to all these operations, impor-
tant differences in resource management do oc-
cur and will be elaborated here. They can best 
be understood by first considering the environ-
mental constraints to successful solar salt pro-
duction. 

Environmental Constraints 

CLIMATIC FACTORS 

The major environmental constraint to effective 
solar salt production is the amount and distribu-
tion of rain fall. In general, it has been found that 
most successful salt operations are in climates 
where average annual rainfall is less than 1,000 
mm with at least eight dry months. These condi-
tions occur in the huge sea-salt industrial corn- 
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Figure 34. West African countries where traditional 
salt extraction could have been carried 
out in mangroves. 
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Figure 35. Salt industry in the Gulf of Kutch (India). 

plex in the Gulf of Kutch in northwest India and 
in the region of Kaolack in Senegal where salt 
extraction has been carried out on an industrial 
scale since 1914. 

Where the coastal "aridity index" (expressed 
as R/ETP where R is rainfall and ETP is evapo-
transpiration) is greater than 0.75, solar salt 
production may need to be augmented by addi-
tional boiling of the brine solution. 

This is a practice widely followed in several 
African countries south of the fourteenth par-
allel. The process they have adopted and its im-
plications will be discussed later in this chapter. 
One method of locating climatically suitable 
sites for solar production is the comparison of 
ombrothermic diagrams of regional climatic 
conditions. This has been done for six localities 
in West Africa, and the results are shown in Fig-
ure 36. Kaolack is th•e only one of these sites 
suitable for solar salt production without addi-
tional energy inputs. 

SEA WATER QUALITY 

Salinities of nearshore marine and estuarine 
water in the tropics can vary significantly from 
place to place and between the wet and dry sea-
sons. This is primarily a function of total rain-
fall and subsequent freshwater runoff from the 
land, but coastal land formations also may have 
a significant influence. For example, where 
large freshwater swamps occur adjacent to 
beaches, freshwater seepage may be regulated. 

High seawater salinities (up to 40 ppt in the 
Gulf of Kutch) increase the efficiency of solar 
evaporation pond operations as, for example, in 
northwest India and in the Koalack region in 
Senegal. Where seawater salinities are low dur-
ing the dry season, it has sometimes been neces-
sary to develop other procedures. This appears 
to be the basis for the operations in West Afri-
can countries such as Benin and Gambia where 
mangrove sediments are turned and processed 

Management — Salt Production 	 87 



000~00,~O  ~ rwo,~, 

0 70/  P;44,000100,0040r( 
RINO  1111  rM.  20 

Ill's gO 
10'a 1144, 01  00.. 0 _n_n___nflfln_______ 

iiMWlwPWWIMMw 

20 

..1II•iiiiii 

-I- 
5111. 

1411444 , __ 
Ii 

Accra (Ghana) 

Ziguinchor (Senegal) 

Long. 16° 16 W. 
Lat. 12° 35' N. 
Alt. lOm. 

I 

500mm 

400 

300 

200 

100 

Conakry (Guinea) 

Long. IT 42' W. 
Lat. 9° 30' N. 
Alt. 16m. 

>0,75 Etp 

1500mm 

1000 

500 

100 

20 

10 

0 

Banjul 
(The Gambia) 
Long. 16° 39' W. 
Lat. 131  28' N. 

0,50<--<0,75 Etp 

20 " 

20 	io 	[ 0 	 0 Year 	 J  l F I M I A I M I JIJIA I S I O T  
1333 I 	o i 0 I 3 i 37 Iai 1571 ii4i6Iii62l766l49üt 27 	 26 1 27 1 27 1 2727 1 26 1 25 1 25 1 25 J 26 I 2  

500mm 	Cotonou (Benin) 

400 	 Long. 2° 31'E. 
Lat. 6° 24' N. 

	

/ Alt. 7m. 

300 	 \ 0,50<<0,75 Etp 

400mm 

300 

200 
200 

100 
	

100 

Figure 36. West African coastal climatic conditions. 



to extract the salt from the more saline intersti-
tial waters. This practice is potentially more 
energy-demanding with more serious envi-
ronmental consequences than seawater 
evaporation. 

Salt Extraction Procedures 

EVAPORATION PONDS IN UN VEGETATED ZONES 

For reasons related to local geomorphological, 
tidal, and climatic processes, saline plains are 
found at slightly higher elevations than the 
zone of the woody mangrove vegetation. These 
plains may be bare of vegetation or, in less envi-
ronmentally extreme cases, colonized by a se-
lection of low, shrubby, herbaceous, or grami-
noid halophytes. The extent of cover by these 
plants is variable from dense meadows to scat-
tered individual plants, depending largely on 
local rainfall and evaporation. The vertical ex-
tent of these habitats appears to vary from 
place to place but in general lies from some-
where above mean high water spring tides to 
below the level of the highest equinoctial tides. 

Depending on the nature of the physical pro-
cesses that formed these habitats, these areas 
can be very extensive. On the wide marine 
plains of northern Australia, they can be up to 
30 km or more in width, and similar sorts of 
habitats are found in north and west Africa 
where they are referred to as "tannes" and in 
South America where they are variously known 
as pampas, salitrales, salinas, or apicum. In the 
Gulf of Kutch in India, it has been estimated 
that they cover an area of at least 15,000 ha. 

This part of the intertidal zone is used suc-
cessfully for commercial solar salt production 
in northeastern and northwestern Australia 
where there are high tides of monthly or longer 
periodicity. It is in a similar set of environments 
that the large-scale salt production operations 
in West Africa have also been developed (e.g., 
"Les Salins de Saloum" at Kaolack in Senegal). 

Solar salt production operations of these 
types in these environments are the least poten-
tially damaging, and, depending on the scale of 
operation, coastal land-use conflicts will not be 
serious. 

EVAPORATION PONDS UNDER NONOPTIMAL 

ENVIRONMENTAL CONDITIONS 

Unfortunately, salt production has become a 
highly significant economic activity in regions 
where optimal conditions do not exist. Depar- 

:; 

Figure 37. Salt production from evaporation ponds 
in Indonesia. 

ture from the optimum involves the three sepa-
rate but interacting factors: (1) an insufficiently 
arid climate; (2) insufficiently saline coastal or 
estuarine flooding water; and (3) an absence of 
available, naturally unvegetated, high tidal sa-
line plain. Depending upon the regional combi-
nation of these factors, the following types of 
operations have developed. 

In Thailand, eastern Indonesia, and India 
moderate to very large-scale operations occur 
where physical environmental conditions are 
adequate to optimum but where conflict for the 
use of land in the upper tidal and adjacent su-
pratidal environments has forced the develop-
ment of evaporation ponds within the man-
grove (see figure 37). In South Sulawesi in the 
Jeneponto region, salt extraction is on a suffi-
ciently large scale to be a major export com-
modity, and salt is supplied to areas throughout 
eastern Indonesia from this source. In Thai-
land more than 10,000 ha of evaporating ponds 
have been established within the mangroves, 
and nearly 410,000 metric tons of salt are pro-
duced annually for both domestic and export 
markets (FAO/UNEP 1980). In India, produc-
tion of salt from ponds in the Gulf of Kutch is so 
large that hills of salt can be detected from 
LANDSAT imagery at a scale of 1:1,000,000. 

Operations of this kind represent a land re-
source conversion activity that maybe of signif-
icance to the sustainability of local, regional, or 
even national mangrove resources. In Thailand 
successful reestablishment of mangrove planta-
tions on abandoned salt pond areas has been re- 
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ported, but the conditions of management that 
have allowed this to occur require further 
study. This is not the case in the Indian example 
where the large, centralized industrial develop-
ments in the region have attracted high densi-
ties of people who find work as a result of this 
activity. Under these circumstances the man-
groves already represent relict communities 
that are under several physiological stress and 
are subjected to further human exploitation. 
This exploitation often takes the form of graz-
ing by domestic stock and fuelwood extraction 
for domestic use. Out of the 52,000 ha of man-
groves officially recorded in that part of the 
country, at least 30,000 ha already have disap-
peared and the remaining 20,000 are mainly 
composed of shrubby, discontinuous forma-
tions. The demand for salt despite suboptimal 
environmental conditions for salt production 
creates severe impacts by salt pond conversion 
on the mangroves of the coasts of Benin, Sene-
gal, Gambia, Sierra Leone, Ghana, and Guinea 
(Tomlinson 1957). In these areas, extensive 
conversion of mangrove lands to salt ponds has 
taken place, and it has been suggested that this 

Table 17. Procedure for Salt Extraction from 
Mangrove Soils in Benin, West Africa 

Step 	 Action 

1 A selected mangrove area ranging from half an 
hectare to 10 hectares is clearfelled at the begin-
fling of the dry season (December). This step 
concerns mainly the Avicennia africana zone, 
which is the driest and the saltiest. The topsoil, 
often rich in organic matter and containing veg-
etational detritus, is removed. 

2 The denuded mangrove subsoil is turned up 10 
cm in depth to soften the soil, to facilitate the 
ascension of salt water by capillary action. After 
a few days during the dry season the sodium 
chloride and other compounds concentrate near 
the surface. 

3 As soon as the salt content of the soil is consid-
ered sufficiently high, the loosened salt-en-
riched soil is raked and arranged in many small 
heaps and later into a few larger heaps. 

4 The heaped-up soil is leached either in situ or in 
nearby villages. This means that its salt has to be 
dissolved in water. This water often taken from 
the water table is heated or boiled. For centuries 
and until very recently, the water was collected 
in large baskets (120 cm in diameter, 90 cm in 
height) weaved from Rhizo/ihora prop roots and 
waterproofed by coating the inner part with a 
layer of clay about 15cm. 

Source: Paradis and Adjanohoun (1974) 

activity has historically resulted in the expan-
sion of the saline plains (tannes) in this region 
(Paradis and Adjanohoun 1974; Pales 1960; 
Paradis 1980; Rollet 1975). 

In contrast to the operations discussed previ-
ously, climatic conditions in much of West Af-
rica require that solar evaporation be enhanced 
by boiling the brine. This is a decisive addi-
tional process that places severe pressure on 
unconverted mangroves as a source of fuel 
wood. Because of the use of interstitial soil wa-
ter that has a higher salt concentration than the 
surrounding coastal water, the substrate is dis-
turbed during extraction. This further miti-
gates against successful reestablishment of veg-
etation after abandonment. Typically, the 
extraction procedure in this region is exempli-
fied by the practice in Benin. The main steps 
involved are summarized in Table 17. 

The impact of this practice in West Africa is 
alarming. In Benin, most of the 30 km 2  of man-
groves that remain are composed only of 
shrubby or herbaceous halophytic communi-
ties. Scattered Avicennia (to 3 m high) appear in 
immense stretches of a graminoid or herba-
ceous cover composed mainly of Paspalum Va-
ginatum. In Senegal, tannes now cover 25,000-
30,000 ha compared with a total mangrove 
cover of 56,000 ha. 

Environmental Problems in 
Salt Production: A Summary 

In the majority of cases where it is practiced, 
salt production is associated with the conver-
sion of mangrove forests in a way that often is 
irreversible. Because of the climatic require-
ments for economically efficient salt produc-
tion, the sites for such activities coincide with 
coastal environments where mangrove plants 
already are subjected to difficult ecological con-
ditions. In these circumstances, allocation of 
land for salt pond construction, combined with 
associated factors such as grazing, fuelwood ex-
traction, and freshwater diversion, creates con-
ditions in which mangrove ecosystems and all 
their benefits cannot be easily sustained. 

There is evidence that salt-extracting activi-
ties have been a highly significant factor in the 
loss of woody coastal vegetation in and and sub-
arid regions of the tropics. A West African ex-
ample of typical consequences of a salt extrac-
tion operation include the following: 

• Complete eradication of Avwennia trees and 
shrubs and the local diking of the land. 
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• Selective destruction of some or all available 
Rhizophora for the construction of baskets 
with silt-roots and subsequently for heating 
or boiling of concentrated brine. 

• Repeated soil raking and increased com-
pactness by continuous trampling, creating 
local, barren, poorly drained depressions 
flooded only during the rainy season. 

• Local mangrove woody species are replaced 
by herbaceous salt-tolerant pioneer plants 
usually common in the tannes such as the 
fleshy Sesuvium portulacast rum L. (Aizo-
aceae), Philoxerus verminalis (L). BEAUV. 
(Amaranthaceae), and some almost pan-
tropical halophytic grasses such as Paspalurn 
vaginatum Sw., Aeluropus lagopoides (L.) 
TRIN., and Eiaeocharis sp. 

The significance of this process is related to the 
scale of the operation. Negative effective are 
most severe today where large-scale intensive 
salt extractive industries are developing with 
their supporting social infrastructure. 

More research is necessary to describe the po-
tential scale of the problem globally, and atten-
tion must be given to the development of design 
guidelines that suit the physical, biological, so-
cial, and economic conditions under which hu-
man demand for sea salt is being met. 

Guidelines for Salt Production 
in Mangrove Areas 

Although specific social, economic, and ecolog-
ical factors will vary from place to place, it is 
possible to offer a series of management guide-
lines here that will contribute both to the effi-
ciency of the salt production activity and to the 
sustainability of both this industry and the 
many other uses that may be made of the man-
groves in the same region. The following points 
need to be considered: 

• Analysis of climatic conditions should pre-
cede the allocation of coastal lands for salt 
production. Experience indicates that the 
most efficient economic operations are 
maintained where ETP>R for a minimum 
of about eight months, or where R<1,000 
mm annually. 

• Climatic conditions conducive to evapora-
tive salt production are generally also con-
ducive to the formation of saline plains at 
the higher tidal levels. Aerial photography 
or other suitable remote techniques will be 
useful in determining the distribution of 

those areas that can best support such an in-
dustry. Optimal land-use practice would 
suggest that salt ponds should be located in 
these areas of saline plains with little or no 
halophytic vegetative cover. Although such 
a decision may be difficult in regions of high 
coastal population densities, it needs to be 
recognized that if more seaward mangrove 
communities are allowed to remain, other 
sustainable products, services, and benefits 
also will be sustained. 

• Where such a land-use allocation is not pos-
sible, mangrove planting should be under-
taken to seaward of the bund walls which 
surround the evaporation ponds. Planting 
will provide protection against erosion of 
the bunds and also will increase the poten-
tial of remaining mangroves to be sustained 
as multipurpose resources. Opportunities 
for tidal and freshwater exchange should be 
maintained, or where necessary, created to 
allow for the maximum expansion of the 
mangrove plantations. 

• Where possible, buffer strips of natural veg-
etation, reinforced where necessary by 
plantings, should separate the evaporation 
ponds from the coastline. 

• Planning for solar salt extraction industries 
should remain mindful of the value of 
multi-use management regimes with com-
patible uses. Many of these have been re-
ferred to in the preceeding text. Other ex-
amples include the culture of the 
unicellular alga Dunaliella for carotene ex-
traction (e.g., in Australia) or the cultivation 
of Artemia brine shrimp as fish food. 

• Where ponds in mangroves are abandoned, 
the walls should be breached to allow for 
seawater flushing and the possible subse-
quent recolonization of the area by local 
mangrove species. 
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SECTION II 
CHAPTER 13. Agriculture 

Introduction 

At best, mangrove soils can be considered a 
marginal resource for the sustained develop-
ment of agriculture in the tropics. Examples of 
"good" rice lands or other agricultural uses of 
soils successfully reclaimed from mangrove are 
rare. In any case, yields of paddy on former 
mangrove lands remain well below those on fa-
vorable inland soils. 

Mangrove soils often are characterized by 
properties that limit their agricultural value, in-
cluding potential acid sulphate clays, salinity, 
and shrinkage or subsidence when the soils are 
worked. 

The development of salt-tolerant plant vari-
eties may help to improve potential agricultural 
yields from former mangrove areas but such ar-
eas will continue to be subject to coastal storm 
hazards, periodic flooding from exceptionally 
high tides, or poor watershed practices. The 
combination of these factors reduces the poten-
tial agricultural suitability of mangrove areas. 

Historical and Traditional Practices 

In Africa and Madagascar, mangrove ecosys-
tems were almost untouched until the introduc-
tion of rice cultivation as a major food crop dur-
ing the course of the nineteeth century, first in 
Guinea and Sierra Leone (1855) and later in 
Madagascar (1935). 

In Asia, the decline of mangroves is concomi-
tant with the progressive increase in rice culti-
vation. The case of Gangetic Delta provides a 
clear example. Rice became a major food crop 
in the twelfth century (or earlier), and since the 
fifteenth century, half of the mangroves in the 
delta have been reclaimed (about 6,000 km 2 ). 
The process accelerated during the twentieth 
century due to the local exponential population 
growth. As a result of this rapid growth, the 
northern limits of the gangetic mangroves can-
not be delineated clearly because of the total 
land reclamation for agriculture (rice, coconut, 
Casuarina). According to Banerjee (1964), the 
total regression of mangrove ecosystems in the 
Indian Sunderbans during the last 100 years is 
of about 1,500 km2 . 

The production of rice is not the only objec-
tive of the conversion of mangrove soils by local 
people. In the third or fourth year after the rec-
lamation, coconuts (cocs nucfera) can be planted 
on slightly saline soils. In Chao Phya Delta in 
Thailand, on the northern coast of Sri Lanka, in 
Cambodia, in Vietnam, in India, in the Gulf of 
Papua, and in other locations coconut groves 
have replaced mangrove areas, but specific fig-
ures about areas involved are not available. In 
other locations like Trinidad, Martinique Is-
land, Fiji, and Puerto Rico, considerable areas 
of mangroves have been reclaimed for sugar 
cane production (Bacon 1975, Baines 1977, 
Vivas 1974, Kermarrec 1977), whereas oil palm 
(Elaezs quinensis) is also grown on reclaimed 
mangrove soils on the west coast of Peninsular 
Malaysia (Wong 1979) and in Senegal. 

The traditional conversion of mangrove soils 
to food crops is also often associated with the 
development of grazing lands. This is notewor-
thy in the Godavari Delta in India, and it has 
been recorded in Colombia (Las Barces, San 
Antonio) (Winograd 1982). A few spontane-
ously colonizing grasses (Aeluropus, Dactylocte-
nium, and Porteresia) and sedges (Scirpus, Fim-
bristylis) are able to grow on saline soils. 

The Quality of Mangrove Soils 
for Agriculture 

Mangrove soils may appear to have great poten-
tial for agricultural use. Factors such as flat 
topography, the potential use of tidal forces for 
drainage and irrigation, moderate to high nu-
trient levels, organic materials, or accessibility 
make them attractive. Closer examination, 
however, shows that mangrove soils can be diffI-
cult to manage due to problems of flooding, sa-
linity, and the formation of acid sulphate soils. 

FLOODING REGIME AND SALINITY PROBLEMS 

Cultivation on mangrove soils requires major 
modifications in tidal-flood regions. These in-
clude building dikes or bunds to stop saltwater 
from flowing into field areas and constructing 
drainage and irrigation channels. Dikes or 
bunds need to be high enough to prevent ex-
treme high tides from inundating the crops. 
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However, these dikes or bunds are often con-
structed in the cheapest way and are often so 
small and so unstable that fields are periodi-
cally inundated with salt water, which severely 
damages crops. In Senegal as well as in islands 
like Mindanao in the southern Philippines oron 
Java, Kalimantan, and Sumatra in Indonesia, 
such "tidal lands" used for rice production are 
commonly penetrated by saline water. In India 
and Bangladesh, tall embankments are used to 
protect areas of rice cultivation that occupy 
large stretches of mangrove, some of which are 
below the mean sea level. These embankments 
are often destroyed by cyclonic disturbances 
and it is also extremely difficult under these 
conditions to prevent seawater intrusion by 
seepage. Moreover, since embankments are 
usually constructed from mangrove soils, which 
are rich in organic matter, crustacean burrow-
ing activities lead to seawater seepage. 

In dry climatic regions (e.g. Mekong Delta, 
West Bengal in India, coastal areas in Thailand) 
strong seasonal salt accumulation is common. 
In humid regions where artificial drainage net-
works and empoldering works have been con-
structed (Musi River in Sumatra, Barito Delta 
in Dalimantan, Red River Delta in North Viet-
nam) the salinity has progressively decreased. 
Thousands of hectares of "mangrove rice 
lands" of India and Bangladesh have very low 
yields during the rainy season (about 1.5 tons 
per ha), and they are unproductive during the 
dry season due to the formation of a saline crust 
on the soil surface (Blasco 1975). 

Although the sensitivity of rice to salinity 
varies considerably among varieties and ac-
cording to the age of the plant, it appears that 
"soil solutions high in sodium chloride with 
electrical conductivity values of 5-10 milli-
mohs per cm at 25° C are associated with 50 
percent decrease in yield" (Moormann and Van 
Breemen 1978). 

Alteration of the hydrologic regime to suit 
the requirements of agriculture in mangrove 
areas can deprive other coastal lands of their 
normal supply of fresh water. The reduction of 
fresh water supplies can create serious prob-
lems of increased salinity in other coastal lands 
and can reduce the productivity of other pro-
duction systems, such as pond mariculture. 

Maintenance of the hydrologic regime is an 
important factor in sustaining development in 
coastal areas. The construction of the Farraka 
Barrage on the Ganges in 1975 has created a 
major impact upon downstream land uses and 
sparked a major dispute between India and 
Bangladesh (Abbas 1982). 

ACID SULPHATE SOILS 

A further factor that can limit the viability of 
agriculture in mangrove areas is the presence of 
soils that develop an acid sulphate condition 
when tilled and exposed to air. Countless fail-
ures to grow rice successfully on these soils are 
reported from West African countries as well as 
from Southeast Asia. The pedological pro-
cesses of acid sulphate soils formations, though 
extremely complex and diversified, are well 
known. Under anaerobic conditions, sulphates 
from the sea are usually reduced to iron sul-
phide or pyrite (FeS and FeS 2) by sulphate-re-
ducing bacteria belonging to at least two genera 
(Desulfovivrio and Desulfatomaculum). Natural or 
artificial drainage and aeration of these pyritic 
sediments leads to their oxidization and to for-
mation of sulfuric acid, which is abundantly re-
leased in the absence of calcium carbonates 
(CaCO 3 ) (Pons and Zonneveld 1965, Vieillefon 
1974, Marius 1977). 

When mangrove soils are in contact with the 
air, oxidation takes place in several stages which 
have been summed up by Beye (1973). Two of 
these stages are show below: 

FeS2  + H20 + 3½ 02 = FeSO4  + H2SO 4  
Fe2  (SO4 ) 3  = 6H 20 = 2Fe (OH)3  + H2SO4  

Some acid sulphate soils in Senegal in the To-
bor area have a pH of about 2.5. In the Plain of 
Reeds in South Vietnam pH values as low as 3.5 
have been recorded. Toxicities seem to be due 
also to a high level of dissolved aluminium re-
leased from aluminium silicate at low pH and 
which is toxic when it exceeds 2 mg per liter. In 
Vietnam low pH values are accompanied by al-
uminium concentrations of about 10-50 mg 
per liter. 

Many cases of major failures of conversion of 
mangrove lands to rice fields have been re-
corded in much of the tropical world (except 
Australia). Examples can be found even in the 
Americas, where little agricultural land is re-
claimed from mangrove soils. Bacon (1975) has 
reported an attempt to reclaim about 400 ha of 
mangroves in Trinidad in 1921 where the aim 
was to provide more land for rice and sugar 
cane cultivation. The scheme ran into difficul-
ties and was abandoned mainly because of low 
agricultural yields and sulphate soil formation. 
In Asia, major failures have occurred in 
Bangladesh in the Chittagong area and in Indo-
nesia where low yielding sawahs (less than 1,000 
kg per ha) have been abandoned near Banjar-
masin on Borneo and Palembang on Sumatra. 
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These abandoned fields have a typical appear-
ance because they are invaded by tall sedges 
(Fimbristylis) and sometimes also by Afe1a1euca. 
With the exception of Pakistan and the Philip-
pines, it seems that the majority of Asian deltaic 
regions are dominated by extensive areas of 
acid sulphate soils. According to Ponnam-
peruma and Bandyopadhya (1980), they affect 
more than 5 million ha in the region; 2 million 
affected ha have been recorded in Indonesia, 
and 1 million ha are affected in Viet Nam. 

In Africa, there are several examples of spec-
tacular human-induced acid soils formation (in 
Guinea, Wellington and Kokupr areas in Sierra 
Leone). One of the most striking economic and 
ecological mistakes in mangrove areas is proba-
bly that of Tobor, near Ziguinchor in Lower Ca-
samance (Senegal). About 200 ha of reclaimed 
mangrove soils have been significantly acidified 
(pH of 2.5), desertified and then abandoned 
(nothing else could have been done) after a pri-
vate company had tried in 1970 to drain the area 
and to convert it to rice land. Thirteen years 
later, the mud remained barren (Blasco 1983a). 

The reclamation of mangrove areas for rice 
has generally produced disappointing results, 
and the best yields from these soils remain be-
low 3 metric tons per ha. During the early years 
of the reclamation process, the farmers are 
compelled to plant the rice on small ridges to 
facilitate the leaching of acids and salts and to 
avoid periodic inundation (see Figures 38, 39, 
and 40). At this stage, in West African countries, 
the yields are often below 1 ton per ha. In Ma-
laysia, in the Merbok area, yields on recently re-
claimed soils do not exceed 1.5 tons per ha and 
remain about 2 tons per ha even after liming 
and use of fertilizers (Diemont and van Wijn-
gaarden 1975). 

One specific disturbance that now exists in a 
mangrove area of the Orinoco Delta in Venezu-
ela was caused by the closing of the Cano 
Manamo, one of the main branches of the On-
noco, with a dam primarily to increase the ara-
bic land. However, it has resulted in a remark-
able, unanticipated change in vegetation 
patterns and soil conditions in the affected re-
gion. Contrary to expectations, the area around 
the northern extent of the dam remained 
flooded because of persistent hydraulic condi-
tions created by a network of secondary water-
courses in that area. 

A drainage system was subsequently built to 
relieve the flooding and lower the water level to 
achieve what the dam had failed to do. That at-
tempt brought further complications because it 
created acid sulphate soils that negatively im- 

pacted the distribution of natural vegetation 
besides restricting the agricultural capacity of 
the area. The interception of sediments by both 
the dam and the drainage works has affected 
the local strips of riparian mangroves in the 
lower course of Cano Manamo and other neigh-
boring creeks (Pannier 1979). 

Control Measures Needed for Agricultural 
Development in Mangrove Areas 

If mangrove areas are to be developed for agri-
culture, drainage and water control measures 
will have four basic functions: (1) flood control, 
(2) saline water intrusion control, (3) water ta-
ble control, and (4) water pollution control. 
These control measures generally require so-
phisticated and costly structures. 

Drainage is required to remove excess water 
and to promote aerobic conditions. The depth 
of drainage required will depend upon the in-
tended crop and its rooting characteristics. The 
structure of the soil, its water retention charac-
teristics, and the distribution of rainfall over the 
growing season all have to be considered in the 
control of water levels. For areas directly in flu-
enced by tides, long-term cyclic variations in 
tidal range, daily and seasonal tidal flows, and 
the pattern and depth of field drainage will 
have to be balanced carefully. 

Tidal range is a key factor in determining the 
suitability of mangrove areas for agriculture. 
The construction of water-control structures is 
related to the low water level of the average tidal 
range and the peak flood level of extreme high 
tides. A base level is used to determine gradi-
ents of slope for drainage channels to allow a 
sufficient gravity-induced flow of water from 
the cultivated area during a falling tide. 

The elevation of the agricultural area should 
allow free drainage of the soil. If the elevation is 
too low, pumping will be required to ensure 
continuous leaching of acids or salts and to 
maintain proper water levels for crops. 

The elevation of the agricultural sites will 
also have a bearing upon the gravity flow of 
fresh water for irrigation or for flushing acids 
and salts from the reclaimed soils. A balance 
between peak flooding levels and extreme high 
tides and the elevation of the proposed agricul-
tural areas is required to allow free flows of 
fresh water and to avoid contamination from 
salt water. The seasonality of water flows and 
levels will also have a bearing on the determina-
tion of gradients for irrigation channels. 

To provide adequate protection for reclaimed 
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Figure 40. Mangrove, area temporarily reclaimed for rice production on ridges. Acid sulfate soils have 
caused much land abandonment in adjacent areas. 

lands, dikes or bunds need to be constructed that 
are sufficiently strong to withstand storm dam-
age. The elevation for these structures is deter-
mined by the water levels attained during cyclic 
tidal crests or flood periods. 

All of the characteristics of reclaimed agricul-
tural areas will be subject to the effects of up-
stream activities such as land clearance and ag-
ricultural, industrial, or urban development. 
Each of these disturbances will have a bearing 
upon the quantity and quality of water available 
for flushing and irrigating the reclaimed man-
grove soils. Data on these factors are often 
scarce and advice should be sought from hydro-
logical and meteorological agencies. 

Government-Sponsored Reclamation 
Schemes Affecting Mangroves 

In most of Asia, population growth is concen-
trated in coastal areas. On the northern coast of 
Java, in East Sumatra, South Kalimantan, Se-
langor in Malaysia, the mouth of the Ganges, 
and other locations, population densities have 
increased between 3 and 4 percent yearly. Until 
recently, the reclamation of coastal lands oc-
curred mainly on freshwater swamp lands ex-
ternal to the mangroves. This is no longer the 
case. Reclamation schemes are extending rap-
idly into tidal forests and mangrove areas. The 
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case of El Salvador, with a national average pop-
ulation density of about 200 persons per km 2  
and an annual population growth of about 3 
percent, is interesting because this country is 
the most densely populated of the Americas. 
Daugherty (1975) assumes that El Salvador's 
mangroves and adjacent forests have been re-
duced by nearly one-half in recent years; this 
means that at least 300 km2  of mangroves have 
been reclaimed primarily for cotton and coco-
nut plantations. A similar situation exists on the 
island of Martinique where hundreds of hect-
ares of "La Riviere Salee" have already been 
drained by a private society for sugar cane cul-
tivation (Kermarrec 1977). 

Population growth and plans to redistribute 
people to less populated areas are stimulating 
two of the world's major environmental trans-
formations of mangrove lands. In Indonesia, a 
major problem facing the government is the 
uneven distribution of population where about 
65 percent of its total population (about 160 
million) live on about 7 percent of its territory, 
mainly in Madura, Bali and Java. An ambitious 
"transmigration programme" has been under-
taken in order to resettle several million Java-
nese peasants in Sumatra, in Kalimantan on 
Borneo, and in Irian Jaya. Large-scale, highly 
mechanized, and capital intensive investments 
in dredging, opening of new waterways, and 
deepening of canals have been undertaken in 
these coastal areas of Riau, Jambi,, and Palem-
bang provinces in Sumatra, as well as in west, 
south, and central Kalimantan to prepare the 
swamp lands for agricultural settlement. The 
focus of these development efforts is the fresh-
water tidal swamps lying landward of the man-
grove area. The mangrove forest is being left 
intact, but it is not yet clear how it will be af-
fected by alterations in the freshwater flow, acid 
drainage from the cultivated peat soils, or pesti-
cides and herbicides. As a result of the First 
Five-Year Development Plan (1969-1974) al-
most 200,000 ha of tidal forests have been con-
verted into agricultural lands. In the Second 
Five-Year Development Plan (1974— 1979), an 
additional 15 million ha were converted into 
rice fields, fishponds, and other production 
purposes (Soegiarto 1980). 

Yields of rice remain low (1-3 tonnes per 
ha), but the government as well as local people 
(Bandjarese and Buginese immigrants in Kali-
mantan) continue to open more and more 
coastal forests for government-sponsored and 
spontaneous transmigration projects based on 
rice production. There are serious doubts con-
cerning the long-term viability of converting  

many of these coastal peat swamp soils for agri-
culture. Subsidence within the soil profile, acid 
sulphate conditions, seasonal salinity, and prob-
lems of water control pose management chal-
lenges that few developing countries have ei-
ther the financial resources or personnel to deal 
with effectively. 

In Indonesia there is no basic scarcity of land, 
and the development of the tidal swamp lands 
has associated opportunity costs formed by the 
loss of the returns from the sustained-yield 
mangrove forestry. This form of opportunity 
cost can be considerable and seriously dimin-
ishes the potential net returns from agricul-
ture. Coupled with the questions of the sustain-
able nature of the agricultural development of 
tidal swamp lands, this makes other alternative 
agricultural development options more favor-
able (Burbridge et al. 1981). Any damage to the 
mangrove system resulting from the reclama-
tion of the peat swamp forests should also be in-
cluded as a cost to be set against the potential 
agricultural returns. 

In Senegal, the "new innovation" is the con-
struction of antisalt barrages. The aim is not 
irrigation, flood control or power station con-
struction. The main objective is protection of 
upstream lands from brackish-water intrusions. 
Four barrages of this kind have been planned in 
the lower Casamance where the average water 
salinity during the dry season varies from 32 
ppt near the mouth of the river to about 60 ppt 
upstream at about 70 km from the sea. One of 
these dams (barrage de Guidel, near Ziguin-
chor) was constructed in 1982. All mangrove 
trees have been killed upstream in less than six 
months, and the general evolution of soils 
downstream is unfavorable because of the in-
creasing salinity. Until now, nobody knew to 
what extent the biology of plants and animals 
would be affected by this kind of human inter-
ference on the downstream mangroves. 

Altogether, the scheme that includes the con-
struction of barrages in the Baila, Ka-
mobeul, and Soungrougrou areas concerns 
100,000 ha of saline areas for which the govern-
ment hopes to gain water control and to gradu-
ally replace saline soils with good agricultural 
land. Needless to say, it is impossible to predict 
the future of the mangroves in lower Casam-
ance or the future of the 2,000 fishermen 
whose catch averages 1,500 tonnes of shrimps 
annually in the delta. At this stage, little is 
known about the long-term impacts of such 
large-scale conversions on the ecology of the re-
maining tidal forests and the surrounding ar-
eas, particularly the linked marine ecosystem. 
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Conclusion 

Even if conversions of mangrove ecosystems 
into agricultural land are poorly documented, 
the examples described here show clearly that 
ecological, cultural, and demographic factors 
encourage this type of substitution throughout 
much of the tropical world. The cost of reclama-
tion practices in mangrove areas is high, often 
exceeding the benefits because of problems re-
lated to flood regimes, to salinity, and to acid-
sulphate soil formation. Drainage and water 
control measures must deal with flood control, 
saline water intrusion control, water table con-
trol, and water pollution control. These func-
tions require a considerable expertise as well as 
sophisticated and costly structures. Good agri-
cultural lands reclaimed from mangrove areas 
are rare. In spite of spectacular and numerous 
failures, major reclamation schemes are being 
conducted in African and Asian mangrove ar-
eas leading to major environmental transfor-
mations that may have significant negative in-
fluences on coastal fisheries. 

data and tidal records to determine the fre-
quency and maximum flood levels to be ex-
pected in areas considered for agricultural 
use; storm surge levels, especially during cy-
clones need to be taken into account. 

• Construct all drainage channels to facilitate 
the leaching of acids and salts from the agri-
cultural fields and prevent formation of 
stagnant water or the intrusion of salt water. 
These drainage channels should flow into 
the larger rivers and not directly into sur-
rounding mangrove areas. 

• Be sure dry season freshwater flows are ca-
pable of sustaining the agricultural crops 
and preventing the seepage of saline waters 
into the agricultural soils. 

• Assure that the area under agriculture and 
the cropping patterns will not place de-
mands on the freshwater flows to rivers 
and increase saltwater penetration inland. 
Minimum freshwater flows must be main-
tained to prevent intrusion into ground-
water supplies, agricultural soils, and irri-
gation waters. 

Basic Guidelines 
and Site Selection Criteria 

The reclamation of mangrove areas for agricul-
ture should only be attempted once all other al-
ternative agricultural development options, 
such as intensification or expansion into upland 
areas, have been exhausted. If, after careful ex-
amination of the alternatives, it is decided to de-
velop mangrove lands for agriculture, the fol-
lowing guidelines may help to improve the 
sustainability of agricultural use and to reduce 
the impacts upon the mangrove system and as-
sociated estuaries: 

• Do not develop acid sulphate soils, but 
leave them undisturbed with mangrove 
vegetation. 

• Restrict the control of tidal inundation and 
provision of improved freshwater supplies 
to the areas where fields or paddy will be 
developed. In all other areas where man-
groves are to be left, the hydrologic regime 
should remain undisturbed. 

• Consider only soils above the mean sea 
level for agricultural use to avoid salinity 
problems. 

• Construct bunds, embankments, and pol-
ders to an elevation which will protect the 
agricultural uses from tidal inundation dur-
ing the major storms. Use meteorological 
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SECTION III RESTORATION AND ESTABLISHMENT* 

Introduction 

The restoration or establishment of mangroves 
is a management option that can be applied to 
stabilize unvegeiated areas (such as river banks, 
shorelines, canals, or spoil heaps) or to enhance 
or regulate natural regeneration. 

In general, planting of large tracts for non-
silvicultural objectives is best left to nature be-
cause of the expense involved. It is possible, how-
ever to prepare the terrain and accelerate the 
recovery of an area by planting in naturally 
"bald" spots or thinning dense clumps of arrivals 
to avoid "stagnation." If an area is subjected to 
stress (e.g., chemical pollution), then for restora-
tion to be successful the source of stress must be 
largely removed and only tolerable amounts left. 

Planting Propagules or Seedlings 

Rhizophora is one of the easiest and most eco-
nomical genera to use for planting. Propagules 
may be collected and stored for more than 
twenty days in a moist container before use, and 
they can be allowed to develop primary roots 
without impairing their vigor. Propagules also 
have been stored in dry rooms for up to two 
months in the Philippines at the Mangrove Re-
search Center. Mortality of these seedlings is 
site-specific and may range from 10 to 70 per-
cent. Although recently collected mature hypo-
cotyls are usually used for planting, in some cir-
cumstances there is a better survival rate and 
more rapid growth if they are grown in a nur-
sery before planting. This allows the seedlings 
to develop a healthy root system before implan-
tation. The higher nursery costs and increased 
difficulty of planting, however, may offset this 
advantage. 

Seeds of other species (e.g., Avwennia, Hen-
tiera, Lagunculania, Cynometra) may be sown by 
hand. They should be left on the surface and 
not buried, although gentle pressure may be 
used to push them into the soft sediments. They 
must be seeded at a time when the area is not 

Much of the material in this section is based on work carried out 
by one of the authors in a study sponsored by the U.S Coastal 
Zone Management Program (NOAA) and the Department of 
Natural Resources of Puerto Rico, 

expected to be flooded for at least a week so 
that the seeds are not dispersed before they be-
come established. It is to be expected that less 
than 50 percent of the seedlings will become es-
tablished so it is important to ensure that distri-
bution of seed to the site is repeated as neces-
sary. Use of nursery grown seedlings might be 
considered for these species. 

Transplanting Trees 

Small trees of Rhizophora mangle, Aegiceras corni-
culatum, Avicennia germinans, A. marina, and La-
guncularia racemosa (five or more years old, 
0.5-1.5 m high) have been successfully re-
planted. Planting trees of this size may be desir-
able where seedlings may be uprooted and 
washed away. The larger size of the trees and 
their more extensive root systems offer a prom-
ise of greater and faster shore protection than 
can be achieved using seedlings. This technique 
also may be used to salvage individual trees in 
areas to be used for other purposes, and the 
trees can serve as a source for restoration pur-
poses in other areas. 

Small trees of other species (e.g., Avicennia 
marina, Aegiceras corniculatum and Rhizophora 
stylosa) also can be transplanted. For plants less 
than 1 m high, success rates of approximately 
80 percent have been achieved for the Avicennia 
and Aegiceras in mixed plantings of more than 
50,000 plants. 

The survival of larger trees following trans-
planting appears to be poor. For example, in 
Puerto Rico, the transplantation of thirteen Avi-
cennia germ mans and Laguncularia racemosa 
mangrove trees 5-13 cm in diameter and up to 
6 m high resulted in the death of all trees within 
six months. These trees had been root pruned 
five to six months before transplantation and 
were top pruned to 1/4 to 1/3 of their height at 
the time of transplanting. Moving the trees 
rather than pruning caused the mortality. 

When root-ball and soil-free transplanting 
techniques for planting small trees are com-
pared, the root-ball method yields higher sur-
vival rates (85 percent vs 65 percent after three 
months) when the trees are planted at natural 
depths with leaves intact. Leaf stripping re-
sulted in an initial high rate of leaf production 
but after four months the normal (unstripped) 
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trees had more leaves. Leaf stripping did not 
seem to affect survival. 

Twig and branch pruning before replanting 
apparently enhances recovery; pruned trees 
grow better and suffer less defoliation than un-
pruned ones. Reduced foliage also decreases 
water loss during the adaptation period follow-
ing transplantation. Trees or bushes to be re-
planted should be pruned to two-thirds of their 
original height. 

Unpruned and some pruned individuals of 
R. mangle and L racemosa have exhibited defo-
liation following transplantation. In L racemosa 
and R. mangle defoliation has occurred within 
thirty-six days after replanting but in A. geT-
minans this occurred some eighty-four days af-
ter replanting. R. mangle suffers little defolia-
tion even if unpruned, and pruning resulted in 
a 23-percent decrease in growth after trans-
planting. Pruned and unpruned L. racemosa 
have had difficulty in becoming established, but 
pruning does increase growth rates of this spe-
cies following transplanting. Pruned and Un-
pruned Avicennia respond well to transplanta-
tion although some trees will show partial 
defoliation. 

Care must be taken in pruning Rhizophora. If 
branches greater than 2.0 in diameter are 
pruned back there will be no sprouting, and the 
branch will continue to die back. In contrast, 
Avicennia and Laguncularia are extremely toler-
ant of pruning, and this can include major 
branches as well. 

Where individuals are being pruned for 
transplantation the root ball diameter should 
be as large as possible, no less than one-half the 
original (unpruned) tree height. The root ball 
must be dug from a depth of at least 20-25 cm 
to reduce damage to the root system, and the 
root ball should remain intact. In the case of 
Rhizophora, prop roots should be included in 
the root ball, but if severed they should be left 
on the tree for possible regrowth. 

Replanting should be made at approximately 
the same tidal level as the original habitat. The 
root ball should be placed in the prepared hole, 
watered, and stamped on while replacing soil to 
seal the space between the root ball and the sides 
of the hole. During this stage, care must be taken 
not to bury or damage prop roots or pneuma-
tophores. Slow-release fertilizers maybe placed 
in the hole before planting to aid in the recovery 
process, although no data are available to dem-
onstrate the value of this practice. 

Spacing 

The determination of proper spacing intervals 
should be based on the distance that will mini-
mize early competition. Thinning will occur nat-
urally without human intervention; however, 
a stand can be managed to avoid periods of slow 
growth due to competition. By selecting an ap-
propriate spacing, artificial thinning is post-
poned to later stages of development of the 
stand. 

A planting distance of .4— .6 m has been used 
in plantations of Rhizophora mucronata in the 
Philippines. For mixed stands of R. apwulata and 
R. mucronata a spacing of 1.8-by-1. 8 in has been 
recommended. For mixed stands of Avicennia 
marina and Aegiceras corniculatum a spacing of 
1.5 in has been used in Australia. In general, at a 
mean tree spacing of more than 1 m, self-prun-
ing does not start until the seventh year. 

Habitat Selection 

Each species should be planted within its tidal 
and flooding tolerance range and in suitably 
sheltered locations. In most cases it will be pos-
sible to ascertain these site characteristics by ob-
serving the growth of mangroves nearby. If this 
is not possible, a manager must ascertain the el-
evation of the site above the tidal datum and 
predict flooding depths. Species tolerant of 
submersion should be planted at the seaward 
edge (e.g., Rhizophora mangle, R. stylosa, Avicen-
nia marina, Sonneratia spp.). 

Ideally, planting should be behind a protec-
tive mangrove fringe or a protective barrier of 
transplanted small mangrove trees or a native 
nurse plant species to provide initial wave and 
current protection (i.e. Spartina). 

At the landward margins, species tolerant of 
drier conditions should be used (e.g., Lumniizera 
racemosa, Cerwps spp., Excoecaria agallocha, La-
guncularia racemosa). 

Air Layering 

Air layering has been suggested as a promising 
technique to provide stock plants for trans-
planting without removing mangroves from a 
source area. It is a commonly used horticultural 
technique in which short segments of bark and 
phloem are stripped to the cambium and the 
exposed area is wrapped with sphagnum moss 
and aluminium foil or plastic to retain mois- 
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ture. This promotes root development at the 
girdled area and allows the branch (the layer) to 
be removed from the parent plant and planted. 
It has been suggested that this technique should 
be attempted at the beginning of the wet season 
to assure exposure to moisture (and in Florida 
to warm weather). Moisture appears to be a cru-
cial factor determining its success. Drying im-
pairs root formation, whereas too much water 
may promote fungal and bacterial infections 
and cause death of the branch above the wound. 
No branches greater than 2.5 cm in Rhizophora 
mangle have been used in experiments since 
there appears to be no regrowth on branches 
greater than that size. 

In summary, these investigations found that 
the girdling was more easily done in Laguncula-
na racemosa, followed by Rhizophora mangle and 
Avicennia germinans. However, the technique 
was most successful with R. mangle (rooting suc-
cess 39 percent) followed by L. racemosa (35 per-
cent) and A. germinans (6 percent). R. mangle 
produced the longest roots. These roots were 
firm, had good color, and often had short sec-
ondary roots. L. racemosa and A. germinans pro-
duced smaller roots. A. germinans often pro-
duced roots off the stem above the layer site. 
Callus formation occurred in 45 percent of the 
R. mangle airlayers, 20 percent of the A. ger-
minans, and 15 percent of the L. racemosa that 
had not produced roots. 

Additional work is needed to ascertain the 
practicability of this technique. Among the var-
iables that still need further experimentation 
are type of wrapping material (aluminium foil, 
plastic, or other), effect of application of rooting 
hormones, and whether the plants can be 
planted directly or need to be stored under mist 
conditions for some time. 

Costs 

The cost of restoration of mangrove areas is 
highly variable depending on such factors as 
the local labor costs, the characteristics of a site 
(its accessibility), its proximity to propagule 
sources, and whether propagules or more ma-
ture stock (transplanting) is used. 

In Malaysia, for example, at Port Klang, Se-
langor, contractors were paid M$99  per ha, 
while at Matang, Perak, the Forestry Depart-
ment staff undertook planting at M$74—$ 198 
per ha over a four-year period (1977-1981). 

For red mangrove (R. mangle) planting in the 
United States, restoration has cost US$10,175 
per ha for a spacing of 30 cm, US$2,470 per ha 
for6l cm,andUS$1,l4operhafor9l  cm.The  

costs of similar projects using black (Avzcennia 
germinans) or white (Lagunculania racemosa) 
mangrove were about twice these: US$22,400 
per ha for 30 cm distances, US$5,400 per ha for 
61 cm, and US$2,510 per ha for 91 cm spacing. 
The cost of planting three-year-old trees at 123 
cm spacing has been estimated at US$216,130 
per ha based on nursery-grown stock at a price 
of US$35 per unit. These costs were extrapo-
lated from small-scale experimental plantings 
and exclude profits and overhead. Other ex-
penses that can increase these costs considera-
bly are the need for preplanting surveys (bio-
logical and topographic), site preparation, and 
administrative requirements (e.g., permit 
transmittal). 

Actual costs for a red mangrove (R. mangle) 
planting project at a 91 cm spacing was US 
$12,500 per ha, more than ten times the cost of 
small-scale experimental plantings. This was 
based on the actual costs incurred until 1979 
for a large-scale mangrove restoration project 
on St. Croix (U.S. Virgin Islands). 

At the new Brisbane International Airport in 
Australia, 51,000 seedlings were planted at a 
total cost of A$228,271 at A$4.50  per plant 
(Australia Department of Housing and Con-
struction 1983, personal communication). The 
work involved collection of seedlings within the 
airport site of Avicennia marina and Aegiceras 
corniculatum, transportation, planting, and 
maintenance on a 1 0-m-wide bench for a length 
of 6.2 km on each side of a floodway. Plant den-
sity was 41 per 100 m2  (1.5-m spacing). On the 
other hand, in the same project, a nursery sup-
plied approximately 9,500 plants at a cost of 
A$1.33 each. 

Success of Restoration Efforts 

The success of planting efforts may be difficult 
to assess. The degree of exposure to wind and 
wave action is a crucial factor, and efforts to 
plant on rapidly eroding shorelines, exposed lo-
cations, or in areas of heavy boat washes have 
little success. When nature does the planting, 
the propagules disseminate over broad areas 
and only those that reach the proper locations 
develop into mature trees. This is achieved 
through massive plantings in space and 
through time so that opportunistic plantings 
can take place during unusual periods when 
conditions may briefly become conducive to es-
tablishment. Once established, these plants 
may fare better and have a greater chance of 
becoming mature trees than plants purposely 
planted. 
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Often, humans attempt to plant trees in areas 
where none are found. This invariably results in 
a waste of effort since the same forces that elimi-
nated nature's plantings may adversely affect 
human efforts. 

In 1938 John Henry Davis planted 4,100 R. 
mangle seedlings at Long Key, Tortugas, Flor-
ida. These were planted on calcareous sands 
and muds and on coral ballast where mangroves 
were forming a pioneer community. The plant-
ings were made to see if a thicker stand of R. 
mangle could be developed to hasten the natu-
ral process of establishment of the swamp. By 
July 1939 about 3,300 (80 percent) had sur-
vived. Thirty-two years later none of these 
planted trees could be found. 

At a high-energy site in the St. Lucie River 
(Florida), of 178 seedlings planted, all were lost 
within seven months. At a moderate-energy site 
where seedlings had been planted injute mesh, 
survival was less than 10 percent after one year. 
At a low-energy site on the U.S. East Coast (iso-
lated from public access) 90 percent of the 
plants survived after four years. At Charlotte 
Harbor (Florida) in a low-energy site 85-90 
percent of 60,000 propagules survived after 
one year, and the majority were alive after the 
end of the second year. 

On the south coast of St. Croix (U.S. Virgin 
Islands), of 86,000 red mangrove seedlings 
planted, 75 percent survived after one year and 
40 percent survived for two years. Success with 
A. germinans (sown by hand) was low (1 —2 per-
cent) and only successful where wave and cur-
rent energy levels were minimal. In some areas, 
growth of the black mangroves has been rapid, 
with some trees attaining 1 in in height in 
twenty months. Flower and seed production 
was seen at the end of this period in this species. 

Planting in a dredge spoil island in Florida 
resulted in survival of 15.7 percent of the 2,477 
trees planted 0.9-rn apart with root balls 20-38 
cm in diameter. Some of the transplanted trees 
had been treated upon planting with 100 g of a 
slow-release fertilizer. Three years after the ini-
tial planting there were only 389 survivors. The 
main factor impairing survival was attributed 
to the settling of the island, resulting in some 
submergence of the planted trees (possibly 
stressing the plants) and greater erosion. 

Planting in high-energy environments yields 
poor results; for instance, 920 seedlings of the 
three major mangrove species (red, black, and 
white) were planted at the Big Bend Power 
Plant, in Tampa Bay, Florida, U.S.A., and al-
though some of the seedlings were provided 
with artificial protection (such as stakes and  

rubber tires), the success rates were low. Only 11 
percent of the R. mangle, 16 percent of the Avi-
cennia marina, and 10 percent of the L. racemosa 
survived. The survival of planted R. mangle pro-
pagules was even poorer—only 2 percent. 
These low success rates were due to erosion 
caused by storm-induced waves and tides dur-
ing winter. 

Experimental plantings in an exposed area of 
North Biscayne Bay (Florida) resulted in a sur-
vival of only 7 of the 370 plants (red, white, and 
black mangroves) after ten months, and none 
survived after twenty-four months. In a low-en-
ergy canal site, survival after six months of 57 
red mangrove trees (0.6-2.7 in tall), 13 black 
mangroves (1.2 —2.5 m), and 18 white man-
groves (.3 —3.6 m) was 100 percent. 

Planting of more than 48,000 seedlings of A. 
marina and Aegiceras corniculatum to stabilize a 
relocated mangrove creek in Brisbane, Austra-
lia, showed survival rates in excess of 80 percent 
after four years, with most plants flowering and 
fruiting in the fourth year (Australia Depart-
ment of Housing and Construction 1984, per-
sonal communication). 

In Vietnam large areas of former mangrove 
that had been severely affected by herbicide ap-
plication during the war are currently being re-
habilitated. One of the large-scale planting 
projects was at Rungsat near Ho Chi Minh City, 
where crews of up to 1,000 persons were each 
able to plant 0.2 —0.3 ha with propagules of R. 
apwulata every three hours while the tide ex-
posed the area (Zinke 1983, personal commu-
nication). The success rate in these low-energy, 
diurnally flushed areas has been over 90 per-
cent at densities of 4,000, 6,000, and 8,000 per 
ha, and by 1983 some of the three-year-old trees 
were more than 3 in high. 

Experiments have shown that uprooting by 
waves and erosion is a crucial factor impairing 
the success of many artificial restoration pro-
jects because planners attempt to plant trees 
along fringes where the rate of attrition is high 
and where restoration necessitates a continued 
planting effort with no guarantee of success. 
Planting efforts are most successful in riverine 
environments characterized by lower energy 
levels, low salinities, and high nutrient levels 
(See Figure 41). Even in these environments, 
planting is most successful when clearcutting 
has left a mature fringe of trees along the river 
banks to protect the inner areas from scouring 
and erosion. Mangroves often are planted in ex-
posed locations on marginal to poor substrates. 
Since the trees grow poorly and slowly in these 
environments, they are vulnerable to uprooting 
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Figure 41. Plantation of four-year-old Bruguiera 
gym norhiza in Bangladesh. 

for a longer time period while subjected to 
greater exposure. 

Planting on spoil islands has the risk that set-
tling will increase exposure and erosion and lead 
to loss of the planted trees. If it is to be planted 
with mangroves, the island must be provided 
with an overburden so that when stabilized it will 
have the proper elevation in relation to the tides. 
Since in most instances the trees grow from pro-
pagule sources, created and naturally stabilized 
spoil islands tend to become colonized by man-
groves. Such naturally colonized islands are 
common in dredged channels in Florida, Puerto 
Rico, and Venezuela (Lago Maracaibo). Vegeta-
tion becomes adapted to the characteristics of 
the islands. For example, in Venezuela the outer 
fringe was dominated by Laguncularia racemosa 
while the inner part of the island was colonized 
by Avicennia genninans. In Puerto Rico and Flor-
ida, many sandy dredge spoil islands have outer 
fringes of Rhiwphora mangle whereas the inner 
higher portion of the island is populated by the 
Australian pine (Casuarina). 

Aesthetic Enhancement of 
Mangrove Trees and Forests 

If restoration has been done near residences, 
there are many situations in which horticultural 
practices can be employed to enhance the aes-
thetic appearance of mangroves and create a 
panoramic view from inland sites. The practices 
can be divided into two types based on the ulti-
mate objective. First, individual trees or groups 
of trees can be pruned, trimmed, or shaped for 
aesthetic purposes in residential and waterfront 
settings in urban areas. In general, standard 

horticultural techniques can be employed with-
out any modification or concern about the foliar 
response of the trees. The only qualification is 
that some species of mangroves have regenera-
tive limitations which must be taken into account 
during the pruning or trimming. The regenera-
tive capabilities and limitations of selected spe-
cies are presented in Table 18. 

In the second type of horticultural manage-
ment, the objective is to reduce the height of a 
forested area for a panoramic view of adjacent 
areas. In general, this objective is met through 
the topping or removal of selected trees to stim-
ulate coppice regrowth or rapid growth and de-
velopment of seedlings and small saplings. 
When the coppice and new sprout growth form 
a full but lower-level foliage, the remaining 
trees can be topped or removed. Annual prun-
ing and trimming of the new growth maintains 
the vegetation at a desired height. Based on the 
regeneration characteristics of the species, dif-
ferent strategies are employed to achieve the fi-
nal result. For example, Rhizophora cannot sur-
vive a complete removal of branches and foliage 
(Table 18). However, when an abundant propa-
gule source is available, total removal of se-
lected trees (approximately 50 percent of popu-
lation on site) is recommended to stimulate 
seedling or sapling growth. In the event of an 
inadequate propagule source (unlikely in most 
areas) or where there is a high probability of 
competitive domination by other mangrove 
species, the Rhizophora should be pruned or cut 
back in stages over several years. 

An advantage afforded by the ability of man-
groves to be managed using standard horticul-
tural practices is that certain objectives, albeit 
limited, can be attained without the destruction 
or total removal of the mangrove forest. The 
practice has been clearly demonstrated and 
may be considered an alternative to the com-
plete removal of mangrove forests for compet-
ing aesthetic reasons. 

Suggestions for 
Mangrove Restoration 

Before attempting to restore a particular area, a 
manager should consider the following: 

• Select target sites carefully. If the area has 
contained mangroves before, determine the 
cause of loss and make sure the stressor has 
been removed. Naturally blank areas may 
be hypersaline or too elevated for successful 
establishment. Natural succession and ac- 
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Table 18. Regenerative Capabilities and Limitations of Mangrove Species 
Genus, 
Species Roots Stump Trunk Branches 

Loss of 
Foliage Remarks 

Avicennia 
alba yes yes yes yes 
germinans yes yes yes yes 
marina yes yes yes yes 
officinalis yes yes yes yes yes 
eucal'yptifolia yes yes yes yes 

Acanthus 
ilicfolius yes yes yes 

Bruguiera 
gymnorhiza yes yes yes 

Excoecaria 
agaliocha yes yes yes deciduous 

Conocarpu.s 
erectus yes yes yes yes 

Son neratia 
alba yes yes yes yes 
casiolaris yes yes yes yes 
apetala yes yes yes yes 

Lumn itzera 
racemosa yes yes yes yes 

Xylocarpus 
australasicus yes yes yes ? deciduous 

Laguncu lana 
racemosa yes yes yes yes 

Rhizophora 
mangle no no no yes yes 2 cm diame- 

ter limit for 
branch re- 
generation 

stylosa no no no yes yes 
Camptostemon 

schultzii no no no yes yes 
Aegialitis 

annulata yes yes 
Aegiceras 

corniculatum yes yes 
Hibiscus 

tiliaceus yes yes 
Ceriops 

tagal no no no no no 
Note: Blank spaces indicate that data were not available; a question mark indicates conflicting data 

cretion may have rendered the site unsuit-
able for the previous mangrove species. 

• Select the species to plant on the basis of the 
dominant species at nearby locations having 
similar elevations, frequency of inundation, 
and exposure. Because of their ease of han-
dling and planting, species of the Rhi-
zophoraceae (Rhizop/wra, Bruguiera, Ceriops, 
and Kandelia) are the most suitable species 
for restoration projects, but they may not al-
ways be appropriate. 

• Be sure soil elevat.ion is low enough so the 
area is flooded frequently by tidal water and 

there is adequate circulation. Stagnant areas 
tend to overheat. 

• Measure interstitial (soil) salinities. Intersti-
tial salinities will determine the most suit-
able species. For example, areas above 55 
percent are not suitable for Rhizophora man-
gle. Salinity tolerances for some mangrove 
species may be found in Snedaker and 
Brown (1981). 

• Shelter areas from wave action and current 
scouring. 

• Remove dead standing wood and clean up 
the area. Floating or falling debris will up- 
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root and damage planted seedlings. 
• Control the spacing of seedlings. Dense 

plantings result in slower growth due to 
competition. For Rhizophora spp. the recom-
mended spacing for seedlings is 0.6-1.2 m, 
and for mixed Avwennia marina and Aegi-
ceras corniculatum the spacing recom-
mended is 1.5 m. 

• Collect recently fallen propagules from 
nearby mangrove areas or from trees. Use 
only ripe propagules. For red mangrove (R. 
mangle), use those propagules in which the 
abscission layer has developed. (These are 
easily detached from the parent tree.) Select 
healthy propagules and discard malformed 
or damaged ones. Maintain the collected 
material wet and avoid exposing it to over-
heating during transportation and before 
planting. Propagules can be carried in a 
foam icebox or a wet burlap (hessian) sack. 

• Do not insert propagules too deeply into the 
substrate. For example, Rhiwphora should 
be planted only deep enough that it will not 
fall over. For a 20-30-cm seedling the plant-
ing depth should be 4-7 cm. 

• Use natural primary and secondary succes-
sion processes to improve planting success 
(e.g., use of "nurse plant" cover). 
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SECTION IV ECONOMIC CONSIDERATIONS IN 
MANGROVE MANAGEMENT 

Introduction 

There are basically three options for the man-
agement or development of mangroves. The 
first option is preservation of the ecosystem in its 
natural state. The second option is utilization of 
the system to extract various goods and services 
on a sustainable basis. The last option is the con-
version (or destruction) of the natural ecosys-
tem, usually for a single replacement use. Since 
these three management options are mutually 
exclusive, a framework is needed for evaluating 
the alternatives; economic analysis has a role to 
play in this process. 

In practice, ecological and economic consid-
erations cannot be separated in evaluating 
management alternatives for mangroves. This 
statement reflects the growing appreciation of 
the social and economic importance of man-
grove ecosystems and reverses the once-com-
mon view that mangroves were worthless unless 
developed for major single purpose activities or 
converted to alternative uses. To measure the 
value of mangroves accurately, the value of the 
goods and services produced by these systems 
needs to be considered and incorporated into 
the assessment of the relative merits of develop-
ment alternatives. 

This section explores the economic charac-
teristics of mangrove resource systems and dis-
cusses the use of economic analysis in weighing 
the costs and benefits of alternative forms of 
mangrove development. Although it may not 
be possible to put a monetary value on all rele-
vant factors, they must be explicitly recognized 
and be incorporated into an economic valua-
tion method to the extent possible. If planners 
and managers are aware of the uses and limita-
tions of economic assessments of complex bio-
physical resource systems, they can help im-
prove the expression of the social and economic 
significance of these systems to society. In the 
actual decision-making process the results of 
the economic analysis are normally evaluated 
and weighted along with political, social, cul-
tural, environmental, and bureaucratic factors. 

Mangrove ecosystems are difficult to value ad-
equately using conventional economic analysis 
techniques. The difficulties arise because of two 
separate phenomena: first, many of the goods 
and services produced by a mangrove ecosystem  

are not easily monetized, and second, many of 
these goods and services occur off-site, that is, 
they are external to the physical system and thus 
become economic externalities. This concept is 
illustrated in Figure 42. As shown, the goods 
and services produced by a mangrove ecosystem 
can be divided into four categories based either 
on their location (within or outside of the ecosys-
tem) and the extent to which they arepriced and 
marketed. The division of the goods and ser-
vices among the four categories is not unique; 
some goods or services will appear in one quad-
rant in one location and in a different one in an-
other place. This is no cause for concern. If the 
economic analysis is done carefully and the 
flows of inputs and outputs identified, all rela-
tive factors will be incorporated. The goal of an 
economic analysis of mangrove ecosystems, 
therefore, is to include explicitly all of the bene-
fits, as well as the costs of changes or loss of bene-
fits from these changes, and thereby better eval-
uate alternatives. 

If the full range of goods and services pro-
duced by mangrove ecosystems are included in 
an economic analysis of various management 
alternatives, quite different decisions may be 
made about how best to manage these unique 
ecosystems. The first task is to identify the im-
portant parameters involved and then discuss 
how they can be explicitly incorporated into an 
economic analysis. 

The Analytical Framework 

Economics, the science of the allocation of 
scarce resources, relies heavily on observed 
market prices to place values on various goods 
and services. This has been the conventional 
way that agricultural or natural resource devel-
opment questions are analyzed. The values of 
inputs required and the resulting goods and 
services produced are compared to determine 
if a proposed activity is "profitable." When sev-
eral options exist for use of the same basic re-
source (a field, a forest, a mangrove swamp) the 
net benefits of the various options are com-
pared to determine the most profitable way to 
use the resource. 

There are several problems with this ap-
proach when mangroves are the resource under 
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Location of Goods and Services 

On-site Off-site 

1 2 
Marketed Usually included in an economic May be included (e.g., fish or 

analysis (e.g., poles, charcoal, shellfish caught in adjacent 
woodchips, mangrove crabs) waters) 

3 4 ft 
Seldom included (e.g., medicinal Usually ignored (e.g., nutrient 

0 uses of mangrove, domestic flows to estuaries, buffer to storm 
Nonmarketed fuelwood, food in times of famine, damage) 

nursery area for juvenile fish, 
feeding ground for estuarine fish 
and shrimp, viewing and studying 
wildlife) 

Figure 42. Relation between location and type of mangrove goods and services and traditional economic 
analysis. 

consideration. The first, and a point that will be 
the focus of this section, is that only a few of the 
goods and services produced by the ecosystem 
are usually included in the analysis. For exam-
ple, a decision on whether to fill in a mangrove 
area for housing development that is based only 
on the value of lost charcoal production may be 
very different than if the value of fish caught in 
adjacent waters but dependent on the man-
grove for part of their food chain is included. 
Excluding the fish or shellfish in the analysis 
will understate the true cost of destroying the 
mangrove area. 

Another major aspect of this problem is that 
an analysis done from a private point of view (a 
financial analysis) may well give different 
results from similar analyses conducted from 
society's perspective (social or economic analysis). 
Since the wide range of goods and services pro-
duced by mangroves should be included in an 
analysis of development alternatives, the social 
or economic analysis is often the appropriate 
framework. 

In some cases, mangroves are privately 
owned. Private owners are usually concerned 
only with the commercial profitability of the use 
of the mangroves they control. As such, in assess-
ing the relative merits of different forms of man-
grove development, they are primarily con-
cerned with the financial aspects of the funds,  

material, and labor required and the resulting 
goods produced and the prices these goods re-
ceive. This narrow financial analysis ignores 
many of the off-site or nonmarketed goods and 
services of a mangrove ecosystem such as those 
in quadrants 2, 3, and 4 in Figure 42. 

Public bodies are also concerned with the fi-
nancial aspects of development projects; how-
ever, their perspective on the relative costs and 
benefits of alternative projects is more broadly 
related to the economic impact upon society as 
a whole. Society generally seeks to allocate its 
resources in a manner that makes the greatest 
possible contribution toward satisfying its 
needs and wants for goods and services. There-
fore, factors that often are excluded from fi-
nancial analyses by private owners - such as the 
off-site environmental effects of the pollution 
they may create —should be considered by pub-
lic bodies in an economic analysis as described in 
this section. 

There are, of course, direct parallels between 
financial analyses and economic analyses, but 
there are significant differences in the manner 
in which costs (inputs) and benefits (outputs) 
are identified and incorporated into the re-
spective analyses. There also may be differ-
ences in the way the costs or benefits are valued. 
In financial analyses, inputs (costs) are mea-
sured in monetary terms expressed as the price 
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of goods and services purchased in a market. 
The outputs are also valued in terms of market 
prices. An economic analysis uses consumer 
willingness to pay as a measure of value; in real-
ity such an analysis frequently uses market 
prices of inputs and outputs. However, addi-
tional concern is given to weighing what society 
gives up and what society receives in return 
from a specific form of resource development. 
This concern may be reflected by the use of 
"shadow prices" (adjustments to market prices 
to correct for distortions caused by government 
intervention or regulations) or by quantifying 
public opportunity costs. 

The relationship between the steps in a finan-
cial and an economic analysis are illustrated in 
Table 19. Although developed for economic 
analysis of forestry projects (Gregersen and 
Contreras 1979), this comparison is valid for the 
analysis of mangroves or other natural systems. 

Although this section concentrates on the 
construction of a broadly based economic 
appraisal, it is important not to lose sight of fi-
nancial considerations that may govern the 
decisions of private owners. A mangrove devel-
opment program that is considered economi-
cally efficient from a national viewpoint may 
not be attractive from a private viewpoint. Or, 
more likely, a development that is seen as attrac-
tive and profitable from a private perspective 
may have major negative externalities and 
therefore be undesirable from a social point of 
view. In this case, controls, taxes, or subsidies 
would be required to achieve the socially effi-
cient and desirable outcome. 

This section presents a framework for an ec-
onomic analysis of a mangrove ecosystem. The 
details of how shadow prices are derived or the 
technicalities of what to include or exclude in an 
economic analysis are not covered here. A 
trained economist should be able to carry out 
such an exercise, and various texts on project 
evaluation and natural resource economics 
provide detailed information on doing an eco-
nomic analysis (for example, see Gittinger 
1982, Hufschmidt et al. 1983, Squire and van 
derTak 1975, or Randall 1981). 

Economic Analysis of a Natural System 

Mangroves arejust one of many natural systems 
that are utilized or exploited for the benefit of 
society. As they would for any of these natural 
systems, the decision makers want to know what 
will be gained and what will be lost as the result 
of any decision. Because of the unique nature of 
natural systems (when compared with a factory, 

Table 19. Relationship Between Steps in a Finan- 
cial and an Economic Analysis 

Financial Analysis 	Economic Analysis 

Develop Physical Flow Tables 
(inputs and outputs) 

Direct inputs provided In addition to direct 
by the financial entity inputs and outputs, 
and outputs for which indirect effects are 
the entity is paid are included, i.e., effects not 
included, included in the financial 

analysis since they are 
not directly traded in 
a market. These are 
effects on others 
in society. 

Develop Unit Value Tables 
Market prices are used. Consumer willingness to 
For inputs and outputs pay (w.t.p.) is used as the 
that occur in the future, basic measure of value. 
future market prices In cases where market 
are estimated. prices adequately reflect 

w.t.p., such prices are 
used. In other cases, 
"shadow prices" are 
estimated to provide the 
best measure of w.t.p. 

Develop Cash Flow/Economic Value Flow Tables 
Inputs and outputs are Inputs and outputs are 
multiplied by market multiplied by unit 
prices to arrive at total economic values to 
costs and returns, which arrive at total economic 
are then entered in the costs and benefits, 
cash flow table, which are then entered 
Transfer payments in a total value flow 
(such as taxes, subsidies, table. Transfer 
or loan transactions) are payments are not 
added to the cash treated separately but 
flow table. are included only as 

part of the economic 
costs or benefits as 
appropriate. 

Calculate Measures of Project Worth 
Using cash flow table, Calculate chosen 
calculate chosen measure of economic 
measures of project efficiency or economic 
value or commercial value using the 
profitability. Test results information in the total 
for uncertainty by value flow table. Test 
varying values of key results for uncertainty 
parameters in a by varying values of key 
sensitivity analysis. relationships/parameters 

in a sensitivity analysis. 
Source: Gregersen and Contreras (1979). 

for example), new approaches have been devel-
oped to value the benefits and costs properly. 
Much of the recent work in environmental and 
resource economics has been directed to these 
problems. 
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An approach to valuing a natural system has 
been developed that consists of several s teps: * 

Identify the project to be analyzed as 
clearly as possible. For discrete projects, 
such as a port or pond development, this is 
fairly straightforward. For more extensive 
projects, such as wood harvesting or fish-
ing in a mangrove area, this requires more 
thought. 
After the project has been identified 
clearly, the physical boundaries of analysis 
need to be defined. The analysis should 
include major externalities generated by 
the project, and the boundaries should 
therefore be broad enough to incorporate 
most of the major effects. For example, a 
mangrove conversion project would have 
analytical boundaries broad enough to in-
clude the expected benefits and costs that 
occur off-site; examples of such benefits or 
costs are changes in coastal fish catch from 
conversion or destruction of mangrove-
based food chains or changes in saltwater 
intrusion, drainage, or storm surges fol-
lowing conversion. 
The next step is to identify all of the physi-
cal inputs and outputs of the system. This 
includes all possible factors that are impor-
tant, given the broad boundaries of analy-
sis referred to in the previous step. Many of 
these factors may be hard to measure, but 
an attempt should be made nonetheless. 
Social surveys are frequently a useful way 
to obtain information on how mangrove 
resources are utilized. These surveys 
should include local uses that may not oth-
erwise be recorded and help trace the flow 
of mangrove products beyond the man-
grove ecosystem itself. For example, man-
grove timber may be cut and then used for 
a variety of uses such as fuel, boards for 
furniture, poles for fish traps, or chipped 
and then used for the extraction of chemi-
cals, the production of pulp, or particle 
board. Surveys can be helpful in identify-
ing and quantifying these flows. 
The various factors are then quantified in 
physical terms to the extent possible. 
Changes in wood or charcoal production, 
changes in coastal fish catches, or any 
other factors identified previously are now 
quantified. 
The placing of monetary values on the 
physical quantities measured or alterna- 

* See Hufschmidt et al. 1983; Hufschinidt and Hyman 1982: 
and Dixon etal. 1983. 

live costs or benefits is frequently the 
hardest step. Again, when monetary values 
cannot be determined, even when using 
many of the newly developed valuation 
techniques, the data on physical flows can 
still be used in the decision-making pro-
cess. It should be noted that the goal is to 
include explicitly to the extent possible all 
benefits and costs in the analysis. When di-
rect measurements are not possible, vari-
ous surrogate measures or alternative cost 
or benefit estimates may be used (e.g., op-
portunity cost). 
The final step is that of economic evalua-
tion of the proposed project or projects. 
The techniques for economic evaluation 
are quite straightforward and well de-
fined. They rely on the measurements 
made earlier, especially in the third and 
fifth steps. Among the most commonly 
used approaches are forms of benefit-cost 
analysis including net present value, inter-
nal rate of return, and benefit-cost ratio. 
Other approaches, such as cost-effective-
ness analysis, also are used. 

These steps can be applied to most economic 
analyses. The discipline of conducting such an 
analysis forces the analyst to state explicitly his 
or her assumptions and to identify clearly those 
factors that are included in (or are excluded 
from) the analysis. A final point is important-
economic analysis does not provide "the answer" 
to a question. Rather, it should be seen as an aid 
to decision making and a means to provide more 
information, information that can be weighted 
with social, cultural, political, or other consider-
ations in reaching a final decision. 

The social dimension has not been included 
up to now. This is not to play down the very im-
portant role of social aspects. To the extent that 
social phenomena are quantifiable, they will be 
included (such as changes in income levels of 
mangrove area populations); those social phe-
nomena that are not quantifiable (e.g., disrup-
tion of traditional lifestyle of mangrove-dwell-
ing people) should be noted and included in the 
final package of factors that the decision maker 
will consider. Social considerations frequently 
can be very important and may have a decisive 
role in the final judgment. 

The Mangrove as a Natural System 

As stated previously, mangroves are a unique 
type of ecosystem—the combination of land, 
water, trees, animals, and humans results in the 
multiple goods and services that the mangroves 
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provide. They are also fragile ecosystems, and 
the change of one part of the system may have 
profound effects on other parts. This interde-
pendence of uses and production traditionally 
has been hard to communicate to policymakers 
and others who see the mangroves as a low-
value resource to be exploited. It is precisely 
this multiplicity of uses and interdependencies 
that a complete economic analysis strives to in-
clude - the benefits as well as the costs. 

This quandary was illustrated in Figure 42. In 
this two-by-two matrix, the goods and services of 
a mangrove ecosystem were divided into those 
that occur on-site or within the ecosystem, and 
those that occur off-site or external to what is tra-
ditionally defined as the boundary of a man-
grove ecosystem. These goods and services can 
further be divided into those that are marketed 
and therefore have observable prices and those 
that are either nonmarketed (because they are 
felt to have little or no value) or are difficult to 
quantify. The first category of goods and ser-
vices often is referred to as pecuniiry goods, that 
is, they can be exchanged and valued using exist-
ing market prices. The second category may be 
called environmental materials or resources. 
These would include the biological production 
of food that supports mangrove-dependent 
plant and animal species and the role of man-
groves as spawning or nursery areas for finfish 
and shellfish. Although these goods and services 
frequently are not priced, they still are valuable. 
A major task is the economic valuation of these 
environmental resources. 

The matrix in Figure 42 therefore breaks 
down into four units. Those in the first quad-
rant (on-site, marketed) usually are included in 
an economic analysis. The other three quad-
rants usually are not included in an analysis. 
The second quadrant (off-site, marketed) con-
tains goods and services that could be included 
in the analysis if the boundaries of analysis are 
drawn sufficiently broadly. Quadrants 3 or 4 
(on-site, nonmarketed and off-site, nonmarke-
ted) are either seldom included (quadrant 3) or 
are usually ignored entirely (quadrant 4) (see 
Figure 43). 

Tables 1 and 2 list many of the products of a 
mangrove ecosystem. Many of these products 
have been discussed in earlier chapters. What is 
striking is that almost all of the products listed 
in Table 1 (mangrove forest products) fall in 
quadrant 1 in Figure 42, that is, these products 
are produced on-site and can be valued using 
market prices. In Table 2 is a list of other natu-
ral products. Some occur both on- and off-site 
(for example fish, honey, wax, birds), and some 

F'igure 43 .A iioiimarketed resource, seldom in-
cluded in traditional economic analysis. 

can be valued easily while others cannot. These 
products fall largely in quadrants 2 and 3—off-
site and marketed, and on-site and nonmarke-
ted goods. 

One major set of goods and services is not in-
cluded in Tables 1 and 2. These are those in 
quadrant 4, the benefits or costs that occur off-
site and are largely nonmarketed. Examples of 
these goods and services include the value of 
mangroves as a storm barrier by reducing 
coastal storm damage, the contribution to nu-
trient flows in estuarine food webs, entrapment 
of pollutants in sediments, and nursery areas 
forjuveniles of valuable fishing species. 

Economic Valuation of 
Mangrove System Products 

The process of economic valuation of the vari-
ous mangrove goods and services presents 
many interesting challenges. For a wide range of 
products, the calculation is quite simple—a 
physical quantity of crabs or wood chips or 
charcoal is multi plied by the appropriate price, 
either a market price or a shadow price. Much 
of the previous discussion has been concerned 
with the explicit identification and quantifica-
tion of various goods and services produced by 
a mangrove system. These goods and services 
may occur on-site or off-site, but once identi-
fied, they are often readily amenable to quanti-
fication and valuation. 
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For example, a plan to fill in an isolated man-
grove community to develop an industrial or 
housing area could be evaluated within the pro-
posed framework. The benefits of the develop-
ment are known (the net benefit from the in-
dustries developed or housing built). In 
addition, some of the costs of the development 
also can be quantified and in most cases valued. 
These costs should include the lost annual pro-
duction of various mangrove products listed in 
Tables 1 and 2, the value of lost or decreased 
fish production in the surrounding waters, and 
other resource costs. Appropriately discounted, 
the present value of these lost "benefits" can be 
calculated. If physical quantities cannot be 
measured directly or values assigned, the val-
ues of surrogate (or alternate) goods and ser-
vices can be used in the analysis. For example, if 
a mangrove provides a storm barrier and with 
the mangrove removed a seawall must be built, 
the cost of this seawall serves as a proxy for the 
"lost" natural mangrove service. 

While it is true that there are theoretical and 
measurement problems with quantifying some 
of these goods and services (such as lost fish pro-
duction following mangrove conversion), some 
attempts have been made, and more research 
will lead to better estimates (FAO 1982). Valua-
tion problems become particularly acute when 
intangible, difficult-to-quantify phenomena are 
concerned. Examples of these are the value of 
mangroves to estuarine and coastal food webs or 
as habitat for an endangered species. 

In a case study of a mangrove system in Thai-
land (FAO 1982) an effort was made to identify 
and value both existing mangrove system prod-
ucts and the benefits from conversion. The val-
ues per ha per year ranged from US$30 to 
US$400 from charcoal (depending on intensity 
of development), US$30 to US$100  for on-site 
and off-site fisheries, and to as much as 
US$2,000 from intensive shrimp farming. Rice 
farming produced a relatively modest US$165 
per year. 

The environniental and resource economics 
literature illustrates a number of techniques that 
have been used to place values on difficult-to-
measure effects. For example, the value of man-
groves in preventing storm damage also can be 
calculated from an analysis of damage with and 
without the presence of mangroves. The value of 
damage prevented by retaining the mangrove 
barrier is an implicit valuation of one of the ben-
efits of mangroves. This value is of course closely 
linked to the presence of structures such as 
houses, roads, and factories, and herein lies a di-
lemma. Without such structures, the value of  

storm damage prevented may be quite small. 
With development, however, the value of the 
land may increase so much that the opportunity 
cost of preserving mangroves becomes too 
high - the land is more valuable if it is built 
upon even if there is a need for a protective sea-
wall or redress of periodic storm damage. 

One way to evaluate the wide range of goods 
and services produced by mangroves in their 
natural functioning state is the "with" and 
"without" concept. The "without" case de-
scribes what would happen if a proposed pro-
ject did not take place, while the "with" case de-
scribes the results of fully implementing a 
proposal. Here, the "without" state should be 
used to denote a healthy, fully functioning 
mangrove ecosystem and the goods and ser-
vices produced by that system. 

Any analysis of alternatives for converting 
mangroves (the "with" case) should begin from 
a perspective that clearly reflects the range of 
goods and services that would be lost with de-
velopment. Many of these goods and services 
have a common property or open access nature. 
For example, fish species that utilize a man-
grove for part of their life cycle normally are 
free to enter, use, and then leave the mangrove. 
They in effect cannot be owned by the man-
grove owner and are considered common prop-
erty resources, because once they leave the 
mangrove they are free to be captured by any-
one. In the same way, everyone can enjoy the 
benefit of reduced wind and wave damage to 
coastal lands due to the buffer activities pro-
vided by a mangrove forest without either own-
ing the mangrove or paying for the benefit. 

Proposed development projects need to be 
evaluated critically in terms of what will be 
gained versus what may be lost by altering the 
natural properties of the mangrove. For exam-
ple, in Bangladesh the withdrawal of fresh water 
upstream by the Farakha barrage affected the 
productivity of mangroves in the delta. Also, the 
construction of coastal embankments has greatly 
decreased the availability of shrimp and other 
saltwater fish that used the mangrove ecosystem 
for part of their life cycle (Khan and Karim 
1982). In all analyses, it should be remembered 
that conversion of mangroves or their utilization 
can result in sizeable economic benefits. These 
benefits have to be included in the calculations, 
just as the external costs caused by this conver-
sion also should be included. There is a symrne-
try between benefits and costs; just as a benefit 
lost can be counted as a cost, a cost prevented 
can be counted as a benefit. 

It is when more intangible benefits of existing 
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Table 20. Examples of Economic Values Placed on Mangrove Systems and Mangrove 
Ecosystem Products 

Type of Resource or Product 	Locatzon 	Date 	Value Placed on Resource (US$ per ha per year) 

Complete mangrove ecosystem Trinidad 1974 500 
Fiji 1976 950-1,250 
Puerto Rico 1973 1,550 

Forestry Products Trinidad 1974 70 
Indonesia 1978 10-20 

(charcoal and wood chips) 
Malaysia 1980 25 
Thailand 1982 30-400 

Fishery products Trinidad 1974 125 
Indonesia 1978 50 
Fji 1976 640 
Queensland 1976 1,975 
Thailand 1982 30-100 (fish); 

200-2,000 (shrimp) 
Recreation, tourism Trinidad 1974 200 
Sources: Fiji—calculated from information present in Baines(1979) and Lal(1983). 

Indonesia — Peter R. Burhridge(Pers. Comm. 1983). 
Malaysia —Tangetal. (1980). 

Puerto Rico - Baines (1979). 
Queensland - Baines (1979). 

Thailand - FAO (1982). 
Trinidad - Ramdial (1975) and Trinidad Div. of Forestry (1979). 

Note: All of these estimates are approximate and are presented to give a range of values placed on mangroves and mangrove ecosystem 
products. The values in each locale will vary. 

mangrove systems are considered that valuation 
becomes more difficult. Recreational values or 
genetic diversity and gene pool type arguments 
may be considerations. It is the duty of the ana-
lyst to recognize relevant factors, make explicit 
any assumptions, and then place monetary val-
ues when possible. Merely stating that the values 
of a natural mangrove ecosystem are large or in-
finite does not provide much assistance or guid-
ance to the decision maker. The emerging litera-
ture on valuation techniques provides 
considerable guidance in this area. 

What is quite surprising is the the extent to 
which conventional market-oriented tools of ec-
onomic analysis can be used to value many of 
the goods and services of mangrove ecosystems. 
Once a broader boundary of analysis is ac-
cepted and externalities are counted, the usual 
quantity times price relationships can be pow-
erful. The difficulty in valuing mangroves lies 
less with the availability of valuation techniques 
than it does with accepting the concept of a 
wider boundary of analysis —one that explicitly 
incorporates many goods and services that were 
formerly excluded or ignored. 

When attempts have been made to place val-
ues on the various goods and services produced 
by mangroves, reasonable answers frequently 
have been derived. As illustrated in Table 20, 
these values vary considerably, depending of  

course on the country, the type of mangrove sys-
tem, and the use of the product in each place. 

In a 1979 report on the Caroni swamp in 
Trinidad, values were placed on the annual 
production of various goods and services by this 
4,000-ha mangrove swamp (Trinidad Division 
of Forestry 1979). Values were assigned to fish 
catch in the swamp, potential forest product de-
velopment, and recreation-related benefits. 
The total annual value of these goods and ser-
vices was about US$2 million, or US$500 per ha 
(in 1974 dollars). Capitalized at 5 percent, this 
represented a capitalized value of US$10,000 
per ha. The analysis did not include the value 
of many other mangrove products or the terres-
trial and aquatic benefits of the mangrove. 

Attempts in Indonesia to place values on 
mangrove products have been hampered by 
lack of knowledge of the extent of utilization of 
Indonesia's 3.6 million ha of mangroves. In 
1978, for example, the catch of mangrove-de-
pendent fish species totaled US$194  million, or 
about US$50 per ha over the entire country. 
The exact relationship between the fish catch 
and the mangrove ecosystem is only poorly un-
derstood. It is very likely that this catch uses 
only part of the mangrove ecosystem as habitat 
or a food source. Similarly, estimates of sustain-
able mangrove wood chip and charcoal produc-
tion for 1978 indicated a potential of US$18 
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million worth of exports and an equal amount 
for domestic consumption of charcoal, tan 
bark, and other mangrove products. This sus-
tainable use rate equates to roughly US$10 per 
ha per year for these uses. 

These estimates indicate the need for more 
research on the actual physical productivity of 
mangroves and mangrove-dependent systems. 
Of particular need is more information on in-
cremental changes in a mangrove system. For 
example, if 10 percent of a mangrove area is de-
stroyed by conversion will this affect fish catch? 
What if 50 percent is destroyed? Such informa-
tion is valuable in balancing development and 
preservation needs. Use of an appropriate ana-
lytical framework and valuation techniques can 
lead to much better estimates of the values of 
the various goods and services produced by a 
mangrove system. 

Analyzing Management Options 
for Mangroves 

Having established that the products and ser-
vices provided by mangrove areas play an im-
portant role in many economic activities, we are 
in a stronger position to consider the relative 
benefits that would be gained by alternative 
forms of mangrove development. As men-
tioned earlier, there are three main manage-
ment options, namely: (1) preservation, (2)  uti-
lization of mangroves based upon the 
sustainability of the mangrove ecosystem, and 
(3) conversion (or destruction) of the mangrove. 
In addition, the appropriate use of design and 
locational variables can help to maximize the 
benefits (and minimize the costs) of both devel-
oprnent opportunities and the existing man-
grove resource. 

The management practice that offers the 
greatest potential for maximizing economic de-
velopment without reducing long-term devel-
opment options probably is based upon the sus-
tained management of the mangrove system. 
This option will most likely be the one that is 
attractive to planners who wish to conserve 
mangrove areas until it can be clearly demon-
strated that major alteration to the system is the 
only option available. It is important to recog-
nize, however, that all these options have related 
costs and benefits. 

These main management options can be pre-
sented as follows: 

1. Preservation—If preservation of man-
groves is determined to be a desirable ob-
jective, then future options still remain 

open. These options include using the 
mangroves for one or a series of sustain-
able forms of use, or converting the man-
groves. No options are foreclosed. This, 
however, imposes opportunity costs in the 
form of lost revenues from developing one 
of a number of nondestructive mangrove 
uses or even the revenue from total conver-
sion to a use such as a fish pond. Direct 
costs of preserving the mangrove (such as 
for policing) may, however, be small. 

The preservation option safeguards 
many of the off-site and on-site, non-
marketed and marketed values at rela-
tively small cost. 
Utilization under conditions of sustained 
management—A wide variety of single 
purpose activities may be able to occupy 
the same area of mangroves at the same 
time or at different periods without caus-
ing damage to the system. This implies 
reasonably sophisticated management of 
the individual activities and, depending 
upon the mix of activities (e.g., fuelwood 
cutting, gathering of medicinal materials, 
collection of fish fry), no single use can be 
maximized without constraints being im-
posed on other uses. A variety of activities 
can be developed and sustained, however, 
without foreclosing options to either 
change the mix and intensity of uses or to 
alter the overall use to either preservation 
or conversion. Care must be taken; utiliza-
tion can be pushed too far and can lead to 
irreversible economic or ecological results. 

The mix of management inputs (e.g., 
skilled management, other resources) usu-
ally will be higher than the preservation 
option and will vary with the uses adopted. 
Generally, the greater the range or inten-
sity of use, the greater the management in-
puts required. Similarly, the value of the 
outputs will rise if more people are given 
access to the mangrove and are allowed to 
utilize more of the goods and services. 
Conversion —The conversion of a man-
grove system generally so alters the condi-
tion of the mangrove ecosystem that all 
other potential uses are foreclosed. Irre-
versibility can take the form of biophysical 
conditions that cannot be reversed or that 
would be so costly to reverse as to be unac-
ceptable. The value of the mangrove uses 
is lost and represents a cost which must be 
subtracted from the benefits attributed to 
the conversion process. 

The inputs required to bring about the 
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conversion (land, labor, and capital) are 
likely to be very much higher than either 
preservation or sustained management. 
To these initial costs must be added ongo-
ing management costs that are required to 
counteract many of the biophysical fea-
tures of the mangrove area (e.g., storm 
hazards, flooding, saline conditions, acid 
sulphate soils) and to maintain the pro-
ductivity of the changed system under the 
new intended use. 
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SECTION V DEVELOPMENT OF NATIONAL 
MANAGEMENT PLANS 

Introduction 

In the majority of the countries containing 
mangrove resources, both the types of plants 
and animals associated with mangroves and the 
distribution and extent of the mangrove plant 
communities are poorly known. Such an inade-
quate knowledge of the resource, together with 
the intense pressure on the resource in many 
countries, is resulting in rapidly diminishing 
opportunities for integrated management of 
mangroves, including the early establishment of 
reserves that will protect unique and threat-
ened species and communities. 

In addition, decisions on future use of man-
grove ecosystems which are based on inade-
quate knowledge of the resource may result in 
unanticipated and irrevocable loss of valuable 
mangrove resources. An essential first-order 
priority for proper management of a nation's 
mangrove resources must be to develop a na-
tional mangrove management plan. 

Ideally, a plan for managing a country's man-
grove resources should be part of an integrated 
national coastal zone management plan. It is 
recognized, however, that coastal zone manage-
ment planning has not been undertaken in 
many countries. Such planning is difficult be-
cause it involves many interests (often ex-
tremely conflicting), resources, government 
agencies, and political jurisdictions. For smaller 
island nations coastal zone planning represents 
a national plan for land, water, and adjacent 
seas. Because of the particular vulnerability of 
mangrove ecosystems it is appropriate to pro-
ceed with the development of national plans for 
the mangroves and to integrate such plans with 
any existing national land-use policy or general 
coastal zone plans. If mangrove planning em-
braced the adjacent, linked, living resource 
systems such as coral reefs, seagrass beds, and 
lagoons, such a plan would be especially 
appropriate. 

The framework for the plan should be devel-
oped by an expert multidisciplinary group as-
sembled in each country. Some countries have 
already formed national mangrove committees 
(e.g., Indonesia, Malaysia, Thailand, Philip-
pines, Australia, Fiji) and in many cases these 
committees would be the most appropriate 
group to assume responsibility for the detailed  

preparation of a national mangrove plan. Im-
plementation of national plans must be a gov-
ernment responsibility. However, the planning 
process can allow specialists outside of govern-
ment departments to provide necessary infor-
mation for managing mangrove resources ef-
fectively for local and national (and 
international, e.g., India/Bangladesh or Vene-
zuela/Trinidad-Tobago) needs. It also permits 
integration of mangrove planning into general 
coastal zone and national land-use plans. 

The establishment of a mangrove data base 
should proceed hand-in-hand with the devel-
opment of a national mangrove management 
plan. Linkages to maintain an up-to-date flow 
of information between them are essential to 
ensure the incorporation of the latest findings 
into the management plans (see Figure 44). 
Even where resources for compiling mangrove 
data bases are limited, national management 
plans can still be developed, although later 
modification may be needed as more informa-
tion becomes available. 

Like the administrative arrangements for the 
formulation of national management plans, the 
content and approach must reflect the specific 
conditions in each country. For example, the ap-
proach in the Philippines, an archipelago of 
thousands of islands, will not necessarily be ap-
plicable in Australia, which is essentially a single, 
large island. Nevertheless, there are general 
guidelines that can apply to most countries. Na-
tional management plans should consist of two 
major components - the assessment of the man-
grove resources and the management of the re-
sources, and these steps are discussed here. 

Assessment of the Mangrove Resources 

In this component of the national plan the basic 
status of the resource is determined. Three as-
pects are relevant to this assessment - resource 
delineation, current and potential uses of the 
resource, and the international significance of 
the resource. 

RESOURCE DELINEATION 

Included here are the maps and inventories of 
mangrove communities throughout the coun- 
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Figure 44. Major features of national plans and mangrove data bases, with the most important linkages. 

try, including data on the flora and fauna of the 
mangrove ecosystems and their geographic dis-
tributions and extent. Methodologies will vary 
from one country to another but many include 
satellite remote sensing techniques, aerial pho-
tography, ground surveys, and data acquisition 
from the published literature. The choice of 
suitable methods will be determined by the 
time, money, and personnel available; the total 
area to be covered; and the level of detail re-
quired for the type of plan envisaged. The 
LANDSAT series of remote sensing imagery 
can provide a base for delineation of major bio-
physical types, separating mangroves from 
other major types such as seagrass beds, salt-
marshes, saltfiats, and freshwater swamps. The 

Philippine mangrove inventory, forming the 
base for its national plan, utilized LANDSAT 1 
and 2, supplemented with topographic maps 
and direct field observations (Bina et al. In 
press). Subsequent LANDSAT series are pro-
viding even a better basis for such inventories 
and delineations for other countries attempting 
this task. In Australia, with its predominantly 
linear coasts, air-photo mapping has been suc-
cessfully used (Galloway 1982). Large-scale aer-
ial photography can be used to delineate most 
community types and most dominant species. 

A variety of mapping scales are also re-
quired; regional mapping can be accommo-
dated on scales of 1:1,000,000; 1:250,000; 
I : 100,000; or 1:50,000, while mapping of local 
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mangrove communities will require smaller 
scales, possibly of 1:25,000 or 1:10,000. 

The mangrove area itself should not be 
mapped in isolation but should include related 
lagoon, reef, and delta systems and even related 
watersheds, since management activities have 
trans-system effects. 

RESOURCE UTILIZATION 

Planners need to quantify current and poten-
tial usage patterns and trends of the mangrove 
resource, both in direct and indirect products 
and in relation to other socioeconomic benefits 
(e.g., tourism) so that these present and future 
needs can be met on a sustainable-yield basis 
from managed mangrove ecosystems. 

This involves a broadly based assessment of the 
role of mangroves in the national economy. Site-
specific details should include the following: 

• Direct products (e.g., forest production) 
• Indirect products (e.g., fish, shellfish, 

honey) 
• Economic activities amenable to sustained 

yield management (e.g., recreation, flood 
control, education). Does not include con- 
version uses; may or may not include aqua-
culture, depending on how it is done. 

• Numbers of persons involved 
• Numbers of persons dependent on benefits 
• Mangrove extent and type involved 
• Potential substitute areas for any destructive 

activities. 
• Economic importance regionally and na-

tionally 
• Social importance regionally and nationally 
• Market trends for mangrove products 
• Current status of the area in present use 

(e.g., sustainable, presently not sustainable, 
threatened by conversion activities.) 

• Need for afforestation or restoration of new 
areas 

Decisions about the ultimate allocation of 
mangroves cannot be treated in isolation from a 
broad range of economic activities due to the 
direct or indirect dependence of those activities 
on the mangrove resource system. The eco-
nomic influence of mangrove resources can ex-
tend well beyond individual national bounda-
ries, and at the same time there can be a strong 
economic dependence on mangroves at the dis-
trict or local level. This dependence may repre-
sent a small portion of the total gross national 
product or, as in the case of the Philippines, 
where 60 percent of the total fisheries harvest  

comes from small scale artisanal fisheries, the 
dependence on mangroves can represent a ma-
jor contribution to both resource production 
and national income. Whether localized and 
small-scale economic activities represent large 
or small contributions to national economic ac-
tivity, the significance of mangroves to the eco-
nomic welfare and stability of local communi-
ties must be considered in evaluations of 
mangrove development options. 

NAFIONAL AND INTERNATIONAL SIGNI FICANCE 

The significance of the national resource needs 
to be assessed at the national and international 
level to assist government in formulating na-
tional policies that take into account the broad 
perceptions of the resource. 

At the national and international levels, the 
significance of the resource must be assessed in 
relation to several areas—waterfowl and ma-
rine species migrations, regional stability of the 
sediments, and genetic reservoirs. 

Waterfowl Migration. In many countries, spe-
cies of waterfowl migrate over short distances or 
widely, and many widely scattered mangrove or 
wetland areas are vital staging areas on these mi-
grations or terminal wintering grounds. Because 
each staging area is an important link in the over-
all migration route, all staging areas need to be 
considered in this wider context. For example, a 
bilateral agreement was signed by Japan and 
Australia in 1974 to protect migrating waterfowl 
(about 70 species) and to protect essential stag-
ing areas within their respective national bound-
aries. The Ramsar Convention for wetlands pro-
tection is another international vehicle, if 
tropical countries would become signatories. 

Marine Species Migrations. The essential fea-
tures of waterfowl migrations can also be ap-
plied to a number of migrating marine species 
of fish, crustaceans, reptiles, and mammals. 
Critical areas can also be identified for some of 
these species, and, like waterfowl staging areas, 
these need to be viewed in a wider context. 

Studies of coastal shrimp and fish species 
have demonstrated that many are dependent 
upon mangrove-dominated estuaries at some 
point in their life cycles (e.g., banana prawns, 
barramundi, bream, and mullet). Work defin-
ing the relation between mangrove and coastal 
fish stocks suggests that both the extent and 
conditions of mangroves influence the type and 
number of fish in nearby waters. These fish 
stocks migrate in response to factors such as 
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seasonal climatic changes, currents, food sup-
plies, and breeding requirements and may be 
found in different waters at different times of 
the year. 

If neighboring countries have fishing indus-
tries that capture fish from these migratory 
stocks, then they have a common interest in the 
mangroves that supports those fish stocks. If 
one country decides to convert its mangroves to 
some alternative use, the resulting damage to 
the coastal fish stocks will have an effect upon 
the fisheries of its neighbors. On a small scale, 
such changes have only a marginal impact and 
may not be recognized as the cause of poor fish-
ery yields. Such small alterations to mangrove 
add up, however, and the cumulative effect over 
time can have serious ecological, economic, and 
social implications. 

Therefore, where resources such as man-
groves have ecological and consequent eco-
nomic linkages that go beyond discrete political 
boundaries, their development and manage-
ment will involve a broader impact than is nor-
mally considered by individual nations. If this is 
recognized by politicians and policymakers in 
individual countries, then it can be used as a po-
tentially constructive political bargaining tool 
in developing improved international manage-
ment approaches to resources common to a se-
ries of nations. 

This point is important when we consider the 
management problems resulting from current 
attempts to create national territorial jurisdic-
tion over the seafloor and high seas areas for-
merly considered accessible to all nations. This 
can be demonstrated by the case of Thailand 
adopting a policy of converting mangrove areas 
to sites for aquaculture. This is being done to 
replace the loss of marine capture fisheries and 
fishermen'sjobs due to the loss of access to some 
6,000 km2  of former high seas fisheries result-
ing from the declaration of exclusive economic 
zones in the Gulf of Thailand by Thailand and 
its neighbors, Kampuchea, Vietnam, and Ma-
laysia. The reduction in area of Thai mangroves 
may result in a reduction of fish yields for Thai-
land's neighbors as well as for itself. This exam-
ple illustrates the often-overlooked interdepen-
dence of nations concerning the management 
of mangroves. 

Regional Sedimentary Stability. Areas of man-
groves within national boundaries of one country 
may be vital to the sedimentary stability in an ad-
jacent country via coastal currents, littoral sedi-
ment drift, or other geomorphological processes. 
Clearly, such linkages must be identified and eval- 

uated on a bilateral (or even multilateral) level. 
The Gulf of Paria may offer a case in point involv-
ing Venezuela and Trinidad-Tobago. 

Genetic Reservoirs. Each national mangrove re-
source undoubtedly includes species of plants 
and animals that are rare, endangered, or 
unique. Clearly, in that situation the mangrove 
resource of a particular country containing ge-
netic material of such a species has a greatly en-
hanced value that should be recognized. The 
preservation of such genetic material should 
have priority over other competing interests. 

Management of the Mangrove Resource 

Given adequate knowledge of what the resource 
consists of, how it is currently being used, and 
what the future demands are likely to be, ra-
tional management of the resource can be un-
dertaken within the context of national land-
use planning. Such management entails three 
steps: (1) define objectives, (2) formulate strate-
gies to meet those objectives, and (3) review the 
strategies on the basis of experience gained. 

DEFINE MANAGEMENT OBJECTIVES 

Management requires an objective. Because of 
the variety of values of the mangrove resource, 
it seems preferable to establish broad manage-
ment objectives and then to elaborate on them 
using a series of country-specific subobjectives. 

Broad objectives could be: 

To conserve the mangrove resource for 
maximum benefit to humans (involving 
preservation in some instances, sustainable 
product harvesting in others, and restora-
tion in still other instances); and 
To minimize those nonsustainable or con-
version activities that lead to the destruction 
of the resource. 

STRATEGY FORMULATION 

Having settled on suitable objectives for man-
agement, planners need to formulate strategies 
to realize those objectives. For effective man-
agement, strategies need to be formulated to 
cover ecological, socioeconomic, legislative, 
and administrative aspects. 

Ecological strategies must establish criteria to 
be satisfied before the resources may be allo-
cated for nonsustainable uses orconversion; de-
lineate areas necessary for sustainable uses and, 
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where compatible, for multiple-sustainable 
uses; and develop criteria for selecting neces-
sary areas for preservation. 

Socioeconomic strategies should include re-
quirements for extended benefit-cost analysis 
of proposed new uses or conversions, includ-
ing consideration of externalities and intangi-
ble costs and benefits. See the section on Eco-
nomic Considerations in the Management of 
Mangroves. 

Legislative strategies must consider the ade-
quacy of existing legislation to implement the 
ecological strategies, the design of resource 
regulation covering those activities, and the ef-
fective implementation of any bilateral or multi-
lateral agreements with other national govern-
ments. Certain international programs and 
conventions may be useful and helpful in assur-
ing long-term allocation of valuable areas to na-
ture conservation. These include Biosphere Re-
serves of the MAB program and World 
Heritage sites (both Unesco-sponsored) and of-
ficial listing on the U.N. World List of National 
Parks and Equivalent Reserves. 

Administrative and fiscal strategies must be 
concerned with the grass-roots implementation 
of the other strategies, their enforcement, qual-
ity control, and monitoring. In addition, the 
needs for training programs and experimental 
stations should be assessed. 

REVIEW OF STRATEGIES 

If they are to meet changing needs of the popu-
lation or changing conditions of the resource, the 
strategies to be implemented must remain flexi-
ble within the broad limits of the overall man-
agement objectives. Flexibility is best maintained 
through periodic reviews of the strategies. 
These should take the form of an evaluation of 
their performance, the identification of applied 
research needs that may have arisen during the 
period under review, and finally any necessary 
modification of strategies. The opportunity for 
interested parties to provide input to the review 
process is likely to be beneficial. 

Selling the Plan 

A national plan is a useless document unless im-
plemented. Implementation will not occur un-
less there is acceptance or support by the public, 
the political representatives at all levels of gov-
ernment, and the resource professionals plan-
ning or managing coastal resources. Presenta-
tions of a national plan for legislative action or 

even interagency adoption as policy must be 
preceded by an education program. Moreover, 
during the implementation of the adopted plan 
there must be a continual program of public ed-
ucation about mangroves, their uses and ser-
vices, and how to maintain them. 

Those interested in sustainable management 
and protection of mangrove areas and the fur-
therance of national planning activities for 
mangroves may wish to use two aids now availa-
ble for use to increase public awareness about 
the values of mangroves. A slide-tape program 
entitled "Understanding Mangrove Ecosys-
tems" has been produced for the IUCN Com-
mission on Ecology (Hamilton 1982). This 60-
slide, 18-minute program is available in 
English, French, and Spanish (and script and 
slides only in Indonesian) from WWF/IUCN 
International Education Project, Greenfield 
House, Guiting Power, Glos. GL54 5T7, United 
Kingdom. In addition, IUCN has published 
Global Status of Mangrove Ecosystems (Saenger et 
al. 1983) that provides useful background in-
formation for lay persons and decision makers. 
This report is available from IUCN in Gland, 
Switzerland. 

Another way to increase awareness and 
knowledge about mangroves among natural re-
source professionals is through nationwide sym-
posia on mangroves. Such programs could ap-
propriately be part of the plan development, as a 
state-of-the-art assessment, or they could be part 
of an implementation campaign. A good exam-
ple of the former was a national interagency 
symposium in Fji in 1983 (Lal 1983). 

A recent publication by FAO contains much 
information on use and management of man-
groves in many countries of Asia and the Pacific 
and a case study of a Thai mangrove area (FAO 
1982). The local, specific material in that publi-
cation could be useful in educational programs. 

The National Mangrove Committee in the 
Philippines, which oversees the national man-
grove plan development and implementation, 
has issued a quarterly newsletter to alert natu-
ral resource professionals, politicians, and in-
terested citizen user groups about recent devel-
opments and research activities (National 
Mangrove Committee 1980). The first issue 
(Vol. 1 No. 1) was published in December 1980 
and the series bears the title "Bakawan." This is 
an example of adroit continuing education. 

In preparation by the Mangrove Working 
Group of the IUCN Commission on Ecology is a 
brochure for decision makers that should assist 
in the task of educating high-level bureaucrats 
and politicians. The same IUCN group will also 
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develop an audio visual presentation on man-
grove management, based on this Handbook for 
Mangrove Area Managers. 
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