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MANAGEMENT
AND
SHRIMP AQUACULTURE

LAURENCE MASSAUT

INTRODUCTION

OBJECTIVES

SHRIMP FARMING WORLDWIDE is accused of
threatening mangrove forests, and in some regions, it is said to
be a major cause of their destruction. Recent effores by the
aquaculture industry and some governments have concentrared
on identification of straregies that can be used to minimize or
eliminate damage to mangroves. In the general conrexr of
increasing interest in ecosystem conservation and sustainable
exploitation, specific management procedures that will mitigare
potential impacts of shrimp aquaculture on mangrove forests are
needed.

Shrimp can be farmed in an environmentally safe and
sustainable manner. In countries where practiced, the shrimp
tarming industry is providing many jobs and contributes greatly
to economic development. On the other hand, mangroves are
important because of their invaluable resources and services,
and their protecrion is highly desirable. Mangrove wetlands are
also important for shrimp farmers. They are the natural envi-
ronment where post-larvae and juvenile shrimp dwell, they pro-
tect the coastal environment from storms, and they serve as

biofilters to improve qualiry of coastal warers.

Recent literature on techniques for mangrove refor-
estation and management that could be applied by aquacultur-
ists to help them minimize impacts on mangrove forests are
reviewed. The objectives of this publication are the following:

1. To give general background information on mangrove
ecosystems.
2. To summarize the interactions between shrimp aquacul-

ture and mangrove forests,

-

To present a review on mangrove reforestation and man-

agement tECllﬂi(]L.[CS.

SHRIMP AQUACULTURE

In rthe last decade, concerns regarding the rapid
development of the aquaculture industry, and especially of
coastal shrimp farming, have appeared (Bailey 1988; FAO
1991; DPrimavera 1991; Phillips er al. 1993; Pullin 1993;
Primavera 1995; Boyd 1997; Dierberg and Kiattisimkul 1996).
Concerned groups have pointed out damage caused to the
environment and have raised questions on the sustainability
of aquaculture projects. They now recognize that environ-
mental damage and social misconduct have occurred because
of shrimp farming projects in some areas. However, such

impacrs were more common in the carly days of acquaculture.
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Technical knowledge for aquaculture is well established, and
shrimp can be produced in a sustainable and responsible
manner (Boyd and Massaut 1997; Clay 1997).

recent adoption of better site selection, pond construction, and

In fact, the

producrion techniques has significantly reduced the occurrence
of environmental impacts associated previously with aguacul-
ture development.

Although this is nor the focus of the present docu-
ment, a short list of the major environmental concerns often
associated with coastal aquaculture follows (Boyd et al. 1998):

e (Conversion of mangrove torests and other wetlands to
aquaculture farms.

s [Futrophicarion of natural waters by effluents from aqua-
culture aperations.

® Increased sedimentation in natural water bodies as a
result of pond effluents and disposal of pond sediment.

e Salinization of freshwater by pond effluents and seepage
into aquifers.

* Negative effects on native fisheries and biodiversity
through hahirat destruction, water pollution, impinge-
ment by pumps, use of wild-caught broodstock and post-
larvae, large by-catch when collecting wild post-larvae,
and introduction of non-native species.

s LUse of potentially roxic and bioaccumulative chemicals.

e (Conversion of crop and pasture land to aquaculture
farms.

® Excessive use of resources such as freshwater, feed ingre-
dients, electricity, etc.

*  Social misconduct.

[mpacts of shrimp farming on mangroves are more
than just cutting trees and clearing land. Sometimes the con-
struction of a farm can result in warer logging and hydrological
changes that can impair mangroves at some distance from the
farming site. For example, farm construction may cause salini-
tv changes and stress mangrove trees not adapted to these new
salinity levels. There are also concerns abour diseases spreading
trom farmed shrimp into wild shrimp population.

Problems listed above should be addressed by both
governments and the shrimp industry. Negative environmen-
tal impacts of shrimp farming can be alleviated through good
site selection, use of adequate design and construction meth-
ods, operations according to best management practices, and
consideration for the environment. Although there have
been problems with sustainability of shrimp farming in some
locations, other shrimp farm operations have been sustainable
and profitable. Techniques for reducing adverse environmen-
tal impacts and enhancing sustainabiliry need 1o be applied to

the shrimp industry worldwide.

In the early 1970s as commercial shrimp farming
began, mangroves were generally considered as waste lands
with lictle intrinsic value, so their destruction was not discour-
aged by governments and planners (Mitsch and Gosselink
1993). This artitude did lirtle to ensure productive and sus-
tainable use of mangrove ecosystems and was responsible for
major loss in mangrove forests during this time.  However,
today mangroves are recognized as economically and ecologi-
cally important, and common sense dictates that their use
should be managed carefullv. The ecological and social impor-
tance of mangrove ecosystems is clearly recognized and there is
an urgent need for international cooperation, integrated man-
agement, conservation, and the collecrion and exchange of sci-
enrtific data useful for their management. However, there is lit-
tle agreement on the solutions and debate is fierce among sci-
entists, economists, social planners, politicians, conservation-
ists, and developers as to the actions that need to be raken.

Tropical mangrove forests are vital {or their wealth of
genetic diversity, nursery functions for aquatic species, protec-
tion of the coasts from storm surges, conservation, and environ-
mental values. Large human populations in coastal areas of
tropical countries are dependent upon the mangroves for fire-
wood, construction materials, food, and medicinal resources.
Mangrove exploitation can be sustainable if based on sound
1993).

Mangrove forests can generate social and economic benefits to

management procedures (Mitsch and Gosselink

many tropical countries and serve important purposes for
shrimp farming, thereby reinforcing the interest in their main-
tenance for all concerned. The difficulty is how to convince
governments, developers, shrimp farmers, and local inhabitants
that mangroves are a valuable resource and to persuade them 1o
adopt best practices when deciding land utilization pracnces.
There is an urgent need for wise urtilization and sustainable
management of mangrove resources.

A growing number of aquaculturists realize that better
management practices need to be adopred. Aquaculture associ-
ations worldwide are trying to develop environmental guide-
lines for the industry. The purpose of such codes is to promote
greater environmental awareness within the shrimp farming
industry and to protect mangrove forests from adverse impacts
of coastal aquaculture. Some of the management practices rec-
ommended may call for reforestation of abandoned ponds or
any area that can sustain mangrove without adversely affecting
the efficient operation of the shrimp farm. Such efforts should
be encouraged and their development promoted, not just
among aquaculturists and conservationists, but also within the

larger community.
= ]
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MANGROVE SYSTEMS

4

THE MANGROVE FOREST is an association of
halophytic trees, shrubs, and other plants (including ferns and
palms) growing in brackish to saline tidal waters on mudflats,
riverbanks, and coastlines in the tropical and subtropical regions
(Mitsch and Gosselink 1993). This vegetation is found in the
zone inundated by the highest rides and exposed by the lowest
udes. It exhibits physical and physiological adaptations to its
unique environment. The word mangrove refers to both the
dominant trees and to the entire plant community. Terms for
these communities include mangrove, mangrove forest, coastal
woodland, intertidal forest, tidal torest, mangrove swamp, man-
grove wetland, and mangal (Mitsch and Gosselink 1993).

The species of plants known as mangroves belong to a
wide variety of plant families with a common characteristic of
tolerance to salt and brackish warters. Around seventy species
of mangrove plants are recognized around the world, with the
highest concentrations of species being encountered in
Southeast Asia and Australia (Spalding et al. 1997). A com-
plete list of mangrove species is found in Appendix [. The
largest mangrove forests are in Indonesia, Brazil, and the
Sundarbans of [ndia and Bangladesh. Within these forests live
a host of animals, some of them derived from the land, but most
coming from the sea (MacNae 1968).

Mangrove swamps are found along tropical and subtrop-
ical, sheltered coastlines throughout the world, usually between
30°N and 30°S latitude. Within these limits they are widely dis-
tributed, although natural mangrove communities are absent from
many Pacific islands (Spalding et al. 1997). Table 2.1 presents
estimates of total mangrove area in the world and compares

regional totals from different references (Spalding et al. 1997).

The latest estimate of toral area of mangrove forests
in the world is around 181,000 km? (Table 2.1). This figure is
thought to be a reasonable assessment, but there are likely to
1997).

Because of difficulties in mangrove identification from satel-

be considerable margins of error (Spalding et al.

lite photographs and differences in definition, age, scale, and
accuracy of different national sources, the use of global com-
posite statistics as a baseline for monitoring changes in man-
grove area should be employed with extreme caution.
However, the area that mangroves occupy 1s of great interest
in quantifying their presence and changing status. There is an
urgent need in most places for more accurate mapping of man-

grove areas at much higher levels of resolution.

There are two main centers of diversity for mangrove
communities which have been termed the western and eastern
groups (Mitsch and Gosselink 1993).
broadly carresponds with the Indo-Pacific and is bound to the

The eastern group

east by the limits to natural mangrove occurrence in the west
and central Pacific, and to the west by the southern tip of
Africa, The western group fringes the African and American
coasts of the Atlantic Ocean, the Caribbean Sea and the Gulf
of Mexico, and the western (Pacitic) coast of the Americas.
These two regions have quite different floristic inventories,
and the eastern region has approximately five rimes the num-
ber of species that are found in the western region (Appendix
l; Spalding et al. 1997).

Total mangrove area is predominated by four coun-
tries: Indonesia (42,550 km?), Australia (11,500 km?), Brazil
(13,400 km?), and Nigeria (10,515 km?). In total, these four
countries represent 43% of the world mangroves and each
accounts for 25-60% of the mangroves in their respective
region (Spalding er al. 1997). Management decisions relating
to mangroves in each of these countries will have a significant

effect on the global status of mangrove

TABLE 2.1: ESTIMATES OF MANGROVE AREAS (IN KMZ), TOGETHER WITH PERCENTAGES OF
GLOBAL TOTALS (FROM SPALDING ET AL. 1997).

ecosystems in the future.
South and Southeast Asia have

b b o Al
a total mangrove area of 75,173 km= and

Mangrove area Mangrove area

Mangrove area Sy o
represent 42% of the world mangrove

Region IUCN 1983  Fisher and Spalding 1993 Spalding et al. 1997

South and 51,766 (30.7%) 76,226 (38.3%) 75,173 (41.5%)
Southeast Asia

Australasia 16,980 (10.0%) 15,145 (7.6%) 18,789 (10.4%)

The Americas 67,446 (40.0%) 51,286 (25.8%) 49,096 (27.1%)

West Africa 27,110 (16.0%) 49,500 (24.9%) 27,995 (15.5%)

East Africa and
the Middle East

Total Area

5,508 (3.3%) 6,661 (3.4%)

168,810 198,818

forests (Table 2.1). Very long coastlines,
large number of islands, and good shel-
ter favor the development of mangrove
However, tropical

in this region.

10,024 (5.5%) cyclones are common in the region and
; >
present a threat to mangrove develop-

ment along some coastlines.  Many

181,077
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authors consider the Indo-Malayan region to be the major
center of origin for mangrove taxa, and that dispersal from
here to other areas occurred particularly during the Tertiary
and Quaternary geological periods (MacNae 1968; Spalding et
al. 1997). Tradirional exploitation of mangrove forests can be
traced back many centuries and includes widespread use as
lumber, tharching materials, fuelwood, charcoal, leather ran-
ning, fodder, medicine, capture fisheries, and brackishwater
ponds for aquaculture. Increasing population and economic
growth have led to high pressure on mangroves and an
increase in their exploitation. Extensive mangrove areas have
been lost as a result of these pressures. However, there is a
growing awareness of the importance of mangroves in
Southeast Asia, and since the 1970s, mangrove commitrees
have heen established within government deparrments in
many countries. Sustainable forestry practices are being
encouraged and appear to be working successfully in a number
of sites (Spalding et al. 1997). Bangladesh and Vietnam have
underraken large mangrove reforestation programs for at least
15 years with similar, though smaller, operations occurring in
other countries (Field 1996).

The Australasian region includes Australia, Papua
New Guinea, New Zealand, and the islands of the South
Pacific (Spalding et al. 1997). The total area of mangroves in
this region is 18,789 km? which represents 10% of the global
mangrove area (Table 2.1). Australia dominates the region in
mangrove coverage. Direct use of mangroves in Australia has
never been important and vast areas of mangrove forests
remain in pristine state. However, in some regions of
Australia, mangrove forests have been cleared for urban devel-
In the South

Pacific, mangroves are traditional grounds for fishing and col-

opment, ports, airports, and tourist resorts.

lecting erabs and have been exploited for firewood and timber
for construction of houses and boats.  Recently mangrove
forests have been cleared for coastal development.

Mangrove forests in the Americas stretch from
Mexico, the southern United States and Bermuda in the north
1o Peru and Brazil in the south. The total area of mangroves
in this region is 49,096 kin? which represents 27% of the glob-
al mangrove area (Table 2.1). Hurricanes are a major natural
phenomenon affecting mangrove systems, particularly in the
Caribbean, and their frequency will dictate mangrove growth
and development. Traditional uses of mangrove forests in the
region are traced back many centuries and include timber har-
vesting, fishing in surrounding waters, oyster harvesting, and
use as resins, fibers, tannins, dyes, and medicine (Spalding et
al. 1997).

cleared for the development of land for agriculture, grazing,

Recently, large areas of mangroves have been

urban development, shrimp farming, and the booming tourist

industry, as well as for timber and fuel. Mangrove losses have
also occurred when used for solid waste disposal, landfill for
urban development, and from pollution brought by agricultural
runoff and the oil industry. There is now a wide range of legis-
lation in place throughout the region to conserve mangroves,
including protection of mangrove areas, coastal zone manage-
ment planning and restriction of land clearance, waste disposal,
and tmber cutting (Spalding et al. 1997). However, unlike
Southeast Asia, few areas have been replanted with mangroves
and there has been little silvicultural effort (Field 1996).

In West Africa, mangroves are found in all countries
from Mauritania in the north to Angola in the south
(Spalding et al. 1997). The total area of mangroves in this
region is 27,995 km* which represents 16% of the global man-
grove arca (Table 2.1). Aridity and freshwater influence are
the major factors controlling mangrove distribution and
development 1n the region (Mitsch and Gosselink 1993).
Coastal people depend on mangrove forests for firewood, tim-
ber for construction, fishing, and shellfish harvesting.
Mangrove wood also is used extensively as firewood in the
production of salt, It appears that mangroves in West Africa
are threatened by over-cutting, conversion of land for agricul-
tural purposes, and by pollution in arcas where oil is being pro-
duced (Spalding et al. 1997).

East Africa and the Middle East are dominated by
arid coastlines and so, despite having long coastlines, the
region has a relatively small area of mangroves. The total area
of mangroves in this region is 10,024 km? which represents
5% of the global mangrove area (Table 2.1). The harsh envi-
ronmental conditions, i.e., high salinities, minimal freshwarter
inputs, and hor and cold temperature extremes, are responsi-
ble for the low diversity and relatively low total areas in the
Arabian Peninsula (Spalding et al. 1997). Typically, these
mangroves are stunted and cannot be used for timber, but are
rraditionally used for grazing and firewood. On the Indian
Qcean islands, the development of mangroves is variable and
is related to either the morphology of particular islands or to
their isolation (Spalding et al. 1997). Kenya, Tanzania,
Mozambique and the western coast of Madagascar, have the
best developed mangroves of this region in terms of area,
species diversity, and forest structure. Coastal populations are
often not large and there is little pressure to convert man-
groves 1o other uses. However, mangrove areas have been lost
to urbanization, degradarion due to salt production, overgraz-
ing, unsustainable collecrion of fuelwood, or pollution from oil
or urban sources. It is anticipated that population growth in

some areas will increase these pressures (Spalding et al. 1997).
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To develop, mangrove farests require adequate protec-
tion from wave action. Several physiographic settings favor the
protection of mangrove forests, including protected shallow
bays, protected estuaries, lagoons, the leeward sides of peninsulas
and islands, protected seaways, and behind offshore shell or shin-
gle islands (Mitsch and Gosselink 1993). The range and dura-
tion of flooding rides also exert a significant influence over the
extent and functioning of the mangrove forests. Tides are impor-
tant to mangroves, importing nutrients, aerating the soil water,
and stabilizing soil salinity. Most mangroves are found in a tidal
range of 0.5 to 3 m and more (Mitsch and Gosselink 1993).
However, mangrove vegetation, particularly the dominant trees,
has several adaptations that allow it to survive in
environments characterized by occasional harsh
weather, high salinity, and anoxic soil conditions.

Saltwarer is not necessary for the survival of
any mangrove species, but gives mangroves a com-
petitive advantage over vascular plants that do not
tolerate salt (Mitsch and Gesselink 1993). Seasonal
oscillations in soil salinity are a funcrion of the
height and duration of tides, the seasonality and
intensity of rainfall, and the seasonality and amount
of freshwarer that enters the mangrove forests
through rivers, creeks, and runoff. The abil- [
ity of mangroves to live in saline soils
depends on their ability to control the con-
centration of salt in their tissues. Mangrove
trees can prevent salt from entering the plant
at the roots (salr exclusion) and excrete salt
from the leaves (salt secretions) (Mitsch and
Gosselink 1993).

leat fall as another mechanism for discharg-

Some authors mention

ing salt and argue that it could be of signifi-
cance because mangroves produce essentially two crops of
leaves per year (Spalding et al. 1997). Although mangroves are
adapred to saline and brackish environments, the high salinity
in some arid regions can restrict their growth.

Anoxic conditions exist in most mangrove soils when
they are flooded. The degree of anoxia depends on the duration
of flooding, the freshwater influence, and tdal flows accessible to
the mangrove (Mitsch and Gosselink 1993). When creeks and
surface runoft pass water through mangrove forests, the reduced
condlitions are not as severe because of increased drainage and
continual import of oxygenared waters. Mangrove soils are often
acidic, resulting from highly reduced conditions and the subse-

quent accumulation of reduced sulfides. Soils in mangrove arcas

PO :

are fine grained, often semi-fluid and ill-consclidated, with abun-
dant humus composed largely of the remains of roots and other
woody structures (MacNae 1968). Mangroves survive in these
anoxic conditions by developing prop roots, drop roots, and small
pneumatophores (Fig. 2.1, 2.2). Oxygen can enter the plant
through small pores, called lenticels, that are found on both
pneumatophares and on prop and drop roots. When lenticels are
exposed to the atmosphere during low tide, oxygen is absorbed
from the air and some of it is transported to and diffuses out of the
roots through a system of aerenchyma assues (Mitsch and
Gosselink 1993). This maintains an aerobic micro-layer around
the root system. When the prop roots or pneumatophores of
mangraves are continuously flooded, mangroves soon die.
Another adaptation mangrove trees have developed is
viviparous seedling. The seeds or propagules germinate while

B it g

Clockwise from top left:
Figure 2.1. Numerous prop roots
of Rhizophora mangle with young

trees  successfully  established
behind this natural barrier.
Figure 2.2. Pneumatophores of
Avicennia spp.

Figure 2.3. Young seedlings of
Rhizophora mangle stranded in
shallow water.

they are still on the parent tree without the intervention of a
resting stage. This allows increased seedling success where shal-
low anacrobic water and sediments would otherwise inhibit ger-
minarion (MacNae 1968). Once ripe, propagules will eventu-
ally fall and root if they land on sediments or will float and drift
with currents if they fall into the sea. After a time, if the float-
ing seedling becomes stranded and the water is shallow enough,
the seedling will artach to the sediments and rake roor (Fig.
2:3)

sediments stimulates the root growth or if the soil contains

It is not well understood whether the contact with the

chemical compounds that promorte root development (Mirsch
and Gosselink 1993). Floating seedlings also are important in

mangrove dispersal and invasion of newly exposed substrates.



6 MANGROVE MANAGEMENT AND SHRIMP AQUACULTURE

Mangrove forests follow rather than precede the silting
up of a coastal area and accelerate the accumulation of mud or
ather soil. The development of mangroves is affected by topog-
raphy, substrate, and freshwater hydrology as well as tidal
action. Mirsch and Gosselink (1993) reviewed the classifica-
tion of mangrove ecosystems according to their physical condi-
Lons:

* Fringe mangroves are found along protecred shorelines
and along some canals, rivers, and lagoons. They are
common along shorelines adjacent to land higher than
mean high tide but are exposed to daily tides. They
tend to accumulate organic debris because of the low-
energy tides and the dense development of prop roots.
Because these sites are open, fringe mangroves are often
exposed 10 storms and srrong winds that lead to the fur-
ther accumulation of debris. The fringe forests are

dominated by mangrove species with a prop roat system
that obstructs the tidal flow and dissipares wave energy
during periods of heavy seas. These mangroves are par-
ticularly sensitive to the effects of ocean pollution.

® Riverine mangroves are found along the edges of
coastal rivers and creeks, often several miles inland
from the coast. These mangroves may be dry for a con-
siderable time, although the water table is generally just
below the soil surface. They are affected by upland
freshwarer runoff and the adjacent river and can some-
times be signtficantly influenced by upstream activity
or stream alteration. The combination of adequare
freshwater and high inputs of nutrients from both
upland and estuarine sources causes these forests to be
generally very productive, supporting large (16-26 m
tall) mangrove trees. Riverine mangroves export a sig-
nificant amount of organic matter because of their high
productivity, Saliniry varies but is usually lower than
that of other mangrove ecosystems.

* Basin mangroves occur in inland depressions or basins,
often behind fringe mangrove forests, and in drainage
depressions where water is stagnant or slowly flowing.
These basins are often isolated from all bur the highest
tides and vet remain flooded for long periods once tide
water does flood them. The ground surface of such
forests is often covered by pneumatophores from the
dominant trees.

® Dwart or scrub mangroves are examples of isolated,
low-productivity mangrove wetlands that are usually
limited in productivity because of the lack of nutrients

or freshwarer inflows. Dwarf mangroves are dominated

by scarrered, small (often less than 2 m tall) mangrove
rees. Hypersaline conditions and cold at the northern
extremes of the mangroves range can also produce
“scrub” or stressed mangrove trees in riverine, fringe, or

basin mangroves.

Distribution of mangrove trees and their zonation is
the result of the interactions between the frequency of tidal

ging of

&

floading, physico-chemical characteristics and, water-log
the soil (MacNae 1968). All of these parameters are in rumn
maodified by the presence of creeks, rivers, and channels and the
amount of rainfall, evaporation, and transpiration. Mitsch and
Gosselink (1993) described a typical zonation as follows:
Rhizophora is found in the lowest zone, with
seedlings and small trees sprouring even below the
mean low tide in marl soils. Above the low tide level
but well within the intertidal zone, full-grown
Rhizophora with well-developed prop roots predomi-
nate. Tree height is approximately 10 m. In the
general public mind this zone is visualized as rthe
typical mangrove forest dominated by arching prop
Behind the

Rhizophora zone and the narural levee thar often

roots making passage difficult.

forms in fringe mangroves, basin mangrove wet-
lands, dominated by Awicennia and Bruguiera with
numerous pneumatophores are found where {lood-
ing occurs only during high tides. There is usually a
transition zone berween the mangrove zones and
upland ecosystems where flooding occurs only dur-
ing spring tides or during storm surges and soils are
often brackish to saline. At this most landward mar-
gin, it is common to find stands of Liymnitzera and
Xylocarpus.

Variation in development of these zones is to be
expected. In general, a complete zonation will only be found in
an area with a considerable intertidal range, with an excess of
water availability over loss by evaporation and transpiration in
all seasons, and where silt in suspension is available to ensure
that deposttion of mud on the surface of the soil is always rais-
ing the soil level and enabling the mangrove to extend seaward
(MacNae 1968). Succession can sometimes be hard o recog-
nize because of human interference.

Zonation of mangrove trees is predominantly regulat-
ed by tidal flooding. The zones will vary in width with the
nature of the slope of the shore and with the range of the ude.

Variation m ridal inundation influences a number of edaphic
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factors including soil redox portential, salinity, pH, and concen-
trations of nutrients and phytotoxins such as sulfide that are
known to influence growth and distribution of mangrove vege-
ration (McKee 1995).
predation may vary across the intertidal zone and influence

In addition, biotic factors such as seed

mangrove species distribution patterns. Erosion parrerns on sea
shores are also recognized as an important regulator for man-
grove zonation. When a soil is eroded, either by wave action or
by current from rivers or tidal channels, species of mangrove
will resist differently. Species of Avicennia and Sonneratia are
more vulnerable than species of Bruguiera which are more vul-
nerable than species of Rhizophora (MacNae 1968). Hardiness
is directly related ro the depth of rooting of the different tree
species. It will take a slightly longer period to breach a
Rhizophora zone but once this is done the remainder of the man-
grove farest is quickly destroved merely because rthe soil is
washed from under the trees.

The zonation pattern of parent mangrove trees will in
turn regulate seedling development and distribution. Physico-
chemical characteristics of the soil, light and nutrient availabil-
ity, and proximity to reproductive adult trees are all facrors
determining the spatial pacterns and densiry of seedling (McKee
1955,

success in being stranded depend on propagule characreristics

Seedling establishmenr along tidal gradients and their

(e.g., size, specific gravity, and flotation), current actions, pre-
by crabs or snails), and their resistance to
(Van Speybroeck 1992)

dation pressure (e.g.,
desiccation. A recent study in Kenya
confirms that propagule dispersal is the result of both “self-
planting” and “stranding” facrors. “Self-planting” refers to the
development of seedlings under the parental trees. “Stranding”
refers to seeds and propagules that are washed away by the tidal
action and dispersed by the water to anchorage places away
from the parental trees. “Self-planting” is the major mechanism
of propagule dispersal in undisturbed mangroves, where anly the
seaward margin is exposed to strong wave action and where the
mangrove forest as such provides sufficient protection to pre-
vent uprooting of newly esrablished seedlings in the inrerridal
zone (Van Speybroeck 1992).

1s more important in places without a direct inpur of “sell-

On the other hand, “srranding”
planting” propagules such as in over-exploited or cleared man-
grave forests (Van Speybroeck 1992). New seedling protection
from wave action is critical in the success of their establishment,
because of the risk of strong waves to uproot not-fixed seedlings.
After establishment, differential seedling ralerances to physico-
chemical conditions, herbivory pressure, light availability, and
nutrient concentrations further refine survival parterns and spa-
(McKee 1995).

Researchers are still debating the

rial distribution of each species
significance of the

zonation of plants in mangrove forests (Mirsch and Gosselink

1993). Some consider each zone to be a step in an autogenic
ss that leads to freshwater wetlands and even-

Other

researchers consider each zone to be controlled by its physical

successional proces

tually to melcal upland forests or pine forests.

environment to the point that it is in a steady stare and repre-
sents the oprimal and self-maintaining ecosysrem for rthese low-
energy, tropical, saline environments (Mitsch and Gosselink
1993). In such a situation high rates of mortality, dispersal, ger-

mination, and growth are the necessary tools of survival,

Mangrove forests are generally recognized as playing
key roles in coastal ecosystems. Researchers have established
their importance in serving as habitat to a large fauna and
flora, in providing physical stability and erasion control to cer-
tain shorelines, in protecting inland areas from severe damage
during storms and strong tidal waves, in exporting organic
matter to adjacent coastal food chains, and in serving as sinks
for nutrients and carbon. Mangroves have also been identified
as regulators for adjacent ecosystems, such as rerrestrial wet-
lands, saltmarshes, seagrass beds, and coral reefs (Mitsch and
Gosselink 1993).

Mangroves are locared in the region berween the sea
and dry land and so conrain many animals and plants derived
from hoth environments. In general, a wide diversity of animals
i5 found in mangrove wetlands. Their disteibution sometimes
parallels the plant zonation described above (Mitsch and
Gosselink 1993). Mangroves provide both shelrer and food for
resident animals (Lewis 1982). Many of the animals found in
mangrove forests are filter-feeders or detritivores. Barnacles and
oysters attach themselves 1o the stems and prop roots of man-
grove trees within the inrertidal zone and filter organic matrer
from the water during high tide (Mitsch and Gosselink 1993).
Fiddler crabs (Uca spp.} and muderabs {Seylla serrata) are abun-
dant in mangrove wetlands in Southeast Asia, living on the
prop roats and high ground during high tide and burrowing in
1968).
, flatworms,

the sediments during low tide (MacNae Many other

invertebrates, including snails, sponges annelid

worms, anemones, mussels, sea urchins, .'-m-ci runicates are found
growing on roats and stems in and above the intertidal zone.
Birds are maybe the most noticeable inhabirants of mangroves.
[t is common to ohserve large flocks of cormorants, herons, or
egrets in the evening coming o nest in mangrove forests,
Pelicans, ibis, spoonbills, hammer-head, sea eagles, ospreys,
kinghishers, woodpeckers, pigeons, and passerine birds are just a
few other examples of birds frequently found in mangroves.

Because of the aquatic component of the mangrove forests, it is
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also common to find amphibians and reptiles such as crocodiles,
alligators, warer snakes, vipers, turtles, and frogs. Other verte-
brates that inhabit mangrove swamps include monkeys,
macaques, otters, hippopotamuses, wildcats, pumas, rats, mon-
gooses, wild pigs, and bears. Insects are of course common in
mangroves. Some bees visit the flowers of Rhizophora and
Aegiceras species and produce honey that is often harvested by
coastal people. Mangrove wetlands support a complex aquatic
food web and their surrounding waters are often rich in fish and
shellfish.

Trapping of particulate materials by mangrove plants is
an important sedimentary and biogeochemical process. Studies
estimated that accretion in fringe mangroves is less than 1
mm/yr, 1 to 2 mm/yr in basin mangroves, and greater than 2
mm/yr in riverine mangroves (Twilley et al. 1992). Sediments
suspended in the water column are deposited in mangroves dur-
ing flooding, enriching mangrove soils. The extensive root sys-
tem of mangroves enhances this trapping process and retards
the forces of erosion along the shoreline. Although this func-
tion has been overstated to the extent of calling mangroves
“walking trees”, roots do contribute to sedimentation in estuar-
ies (Twilley et al. 1992).

~ Certain functions of mangrove forests such as primary
productivity, organic production, and litter decomposition have
been well documented, particularly for southern Florida
(Mitsch and Gosselink 1993). Studies have demonstrated the
importance of physico-chemical conditions, including solar
radiation, temperature, rides, salinity levels, nutrient concen-
trations, soil type, drainage, oxygen concentration, and pH for
the control of these natural functions (Twilley et al. 1992). The
individual plant species present in the intertidal zone can also
affect patterns of productivity, because some plants have growth
rates that are intrinsically higher than others. Table 2.2 sum-
marizes daily productivity and litter production data for river-
ine, basin, and scrub mangroves from a number of field studies.
It is important to notice that the productivity values given in
Table 2.2 are averages for Florida and that due to difficulties in

measurement, productivity values can be extremely variable
(Field 1996). Gross and net primary productivity is the highest
in riverine mangroves, intermediate in basin mangroves, and
the lowest in dwarf mangrove stands. Higher productivity at
the riverine site can be attributed to the greater influence of
nutrient loading and freshwater turnover (Mitsch and
Gosselink 1993).

basin > scrub) was observed for organic production measured as

The same connection (riverine > fringe >

licter fall; the greater the hydrologic turnover, the greater the
litter production is. These data confirm the importance of tides,
freshwater runoff, and water chemistry as factors controlling
mangrove productivity. Tidal flows and upland runoff will influ-
ence water chemistry and hence productivity by transporting
oxygen to the root system, by removing the buildup of toxic
materials and salt from the soil water, by controlling the rate of
sediment accumulation or erosion, and by indirectly regenerat-
ing nutrients lost from the root zone (Mitsch and Gosselink
1993). However, salinity level is recognized as a key parameter
in mangrove productivity. Mangrove trees put less of their ener-
gy into physiological maintenance when the water is low in
salts.  Respiration generally increases as a metabolic cost of
adapting to high salinities (Mitsch and Gosselink 1993). The
productivity of a mangrove forest can be very low if the envi-
ronmental conditions are adverse, but under some conditions it
can compare well with upland tropical forests (Spalding et al.
1997). The pattern of zonation of metabolism follows the zona-
tion of species; species that are found growing out of their zone
will have lower productivity than those that are adapted to
those conditions, and competition will eventually eliminate
them from that zone (Mitsch and Gosselink 1993).

Nurrient exchange between mangroves and near-
shore waters is poorly understood because of difficulties in mea-
suring nutrient fluxes in coastal waters (Twilley 1988, Rivera-
Monroy et al. 1995). 1t is generally agreed that mangroves are
areas of active nutrient transformation and exhibit a net export
of detritus (Rivera-Monroy et al, 1995). However, tides and
runoff conrrol the exchange of materials across the boundaries of

the mangrove-estuarine ecosystem (Twilley

TABLE 2.2: PRIMARY PRODUCTIVITY, RESPIRATION, AND LITTER FALL MEASUREMENTS
FOR THREE TYPES OF MANGROVE WETLANDS (FROM MITSCH AND GOSSELINK 1993).

1988).

through mangroves, estuaries, and the conti-

The amount of water transported

nental shelf is dependent on the hydrologic

Mangrove Wetland
Riverine Basin Scrub turnover and the geomorphology of the region.
Gress primary productivity® (keal m* day’) 108 31 13 The hydrologic turnover of riverine mangroves
Total respirationa (kcal m* day™) 51 56 18 is high because it is dominated by river flow and
Net primary productivity® (kcal m? day") 57 25 0 tidal inundation, while fringe mangroves are
Litter production® (kcal m* day") 142 9.0%0.4 1.5 influenced mainly by frequent tidal inundarion.

2From several sites in Florida; based on CO, gas-exchange measurements;

assumes | g organic matter = 4.5 kcal.

bAverage + standard error from several sites in Florida and Puerto Rico; mea-
sured with litter traps; assumes | g organic matter = 4.5 kcal.

Basin mangroves have lower hydrologic
turnover because they are located inland of

fringe or riverine communities and as a result
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are less frequently inundated by either tides or river floods. Rates
of organic export from basin mangroves are dependent on the
volume of tidal water inundaring the forest each month, and
accordingly export rates are seasonal in response to the seasonal
rise in mean sea level (Rivera-Monroy et al. 1995). Rainfall also
increases organic carbon export from mangroves, especially dis-
solved organic carbon. As hydrologic mrnover increases, both
the magnitude of litter produced within mangroves and the pro-
portion of the litter that is exported increase (Twilley 1988),
Estimates of net ecosystem production between a fringe and
basin mangrove suggest that a large proportion of the net prima-
ry productivity in the more inundated forests 1s exporred, while
in basin forests more of the net production is accumulated or uti-
lized within the system.

The idea that intertidal wetlands may be a nutrient

¢

sink s particularly confusing because it contradices the “out-
welling” concepr of detritus exchange for mangroves established
above (Twilley 1988). A study of a fringe mangrove showed
that there was an uprake in dissolved inorganic nitrogen from
the tidal creek and an export of particulate nitrogen to the
ridal creek (Rivera-Monroy et al. 1995). Thus, this particular
mangrove forest contributed detritus to the estuarine water
column and served as a sink of inorganic nutrients. Studies
indicate that mechanisms which conserve nutrients may vary
along a tidal continuum (Twilley 1988, Twilley et al. 1992,
Rivera-Monroy et al. 1995). In areas of high tidal frequency,
higher recycling efficiency may occur in the canopy whereas
in lower tidal activity, nutrient recycling may occur on rthe for-
est floor. The importance of the total flux of detritus from
mangroves to the organic matter budget of estuarine ecosys-
tems depends also on the relative size of both systems. It has
been suggested thar the ratio of mangrove area to the surface
water area of estuaries may be indicative of the importance of
mangroves to the productivity of aquatic ecosystems ( Twilley
1988). Field (1996) concluded that generally where the
amount of mangrove forest area is high compared to the area
of open water, then mangrove production is the major source
of carbon entering the aquatic food chain. Probably only in
large lagoons with thin strips of mangrove at the edges of the
water is the production of carbon by other sources, such as
phytoplankton, greater than that produced by the mangroves
(Field 1996). Using a rechnique involving the measurement of
BC/C ratios of organic matter, Fleming et al. (1990) found
that mangroves were providing 37% and seagrass 63% of the
carbon to organisms in an adjacent bay, suggesting rthat man-
grove detriral export is important to offshore water only in
regions local ro the mangrove forests and that it may be unim-
portant relative to other carbon sources farther offshore.

Potentially, the exporr of organic matter from man-

groves can stimulate aquatic primary productivity, sustain sec-
ondary productiviry in estuarine and coastal waters, and buffer
inputs of nutrients and other materials from terrestrial sources
(Rivera-Monroy er al. 1993). Studies in south Florida reported
that about 50% of the above-ground productivity of a mangrove
forest was exported to the adjacent estuary as particulare organ-
ic matter (Mitsch and Gosselink 1993). Examination of stom-
ach contents of estuarine animals showed thar mangrove detri-
tus is the primary food source in the estuary. These primary con-
sumers of mangrove litter serve in turn as food to game fish and
commercial fisheries species (Mirsch and Gosselink 1993).
These findings led to the reasonable extrapolation that man-
grove detriral export is important to offshore water and thar lit-
ter produced in the canopy of mangrove forests represents an
important source of nutrients to the foodweh of adjacent coastal
waters (Twilley et al. 1992). This theory led then to the state-
ment that the removal of mangrove forests would cause a sig-
nificant decline in sport and commercial fisheries in adjacent
open waters. The theory is further supported by the fact that
mangrove ecosystems (mainly fringe and riverine mangroves)
have been documented as important nursery areas and sources
(Mitsch and

Gosselink 1993). However, there is no direct evidence of a

of food for sport and commercial fisheries
cause and effect relationship for mangroves and fisheries
(Twilley 1988). Evaluaring the importance of mangroves to sus-
taining secondary productivity in estuarine and coastal ecasys-
tems depends on the transport and utilization of arganic marrer
from mangroves and on the type of mangrove. Considering
mass balances, some mangrove-estuarine ccosystems transport
substantial amounts of organic material 1o estuarine and coastal

waters. However, the mass balance approach does not indicare

directly the urilization of this material by higher trophic levels
(Twilley 1988).

Historically, human pressure on the mangroves has
been limited and, except for some subsistence populations, the
people saw mangrove areas as inhospirable, unhealthy, and dan-
gerous (Field 1996). Mangrove forests are not easy places to
penetrate and few communities of people acrually live within
the mangroves (Kunstadter 1986) but many peaple live in close
proximity. During the last sixty years, the pressures of increasing
population, shortage of productive lands for agriculture in trop-
ical countries, and industrial and urban development have led
to a significant proportion of the world mangrove resources
being consumed (Field 1996). The International Union for
Conservarion of Nature (IUCN 1983) estimates that as much

as 50% of the original mangrove extent has been lost. Today,
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mangroves are logged for timber, fuelwood, leather tanning, and
charcoal production, chipped for paper production, and
reclaimed to provide land for agriculture, aquaculture, and the
construction of mines, ports, tourist resorts, and housing (Fig.
2.4). Natural disasters including typhoons, tropical cvclones,
hurricanes, drought leading to hypersaline conditions, and
microbial diseases, are also important factors controlling man-

grove abundance (Mitsch and Gosselink 1993).

Intense coastal development in a former mangrove

Figure 2.4.
area, Manila Bay, Philippines.

There is a general agreement that the global area of
mangroves is declining (Field 1996), although some regions
may have seen a net increase in mangrove coverage. For exam-
ple, observations of area photographs and old maps show an
increase in mangrove development over the last 150 years in
the Sinu River estuary on the Caribbean coast of Colombia. It
is thought that exploitation of upland forests, increase in soil
erosion, and subsequent increase in coastal accretion allowed
the development of mangroves in this particular estuary (J.V.
Mogollon Velez, Minister of the Environment, Colombia, per-
sonal communication). This example illustrates the highly
dynamic nature of mangrove wetlands and the fact that a pre-
cise figure on mangrove loss is often restricted to the region con-
cerned. In 1982, Ong (1982) estimated that the rate of man-

TABLE 2.3: REPORTED MANGROVE LOSSES (FROM Lewis 1982).

Location Original area  Existing area Loss (%)
cover (ha) cover (ha)
USA, Florida
Tampa Bay 10,053 5,630 -44
Biscayne Bay 63,300 11,100 -83
Puerto Rico
Main Island 24,300 6,405 -74
Vieques Island 446 367 -18
Australia
Botany Bay 1,500 1,000 -33
SouthernVietnam 286,400 104,123 -64

MANGROVE MANAGEMENT AND SHRIMP AQUACULTURE

grove destruction in Malaysia was around 1% per vyear
Obraining estimares of decline for other areas of the world is dif-
ficult but it is probably reasonable to assume that the rate of
decline in the Asia-Pacific region is the highest (Lewis 1982,
Spalding et al. 1997). Lewis (1982) gave a list of available fig-
ures for documented losses (Table 2.3). The list is quite short
because most of the data on mangrove losses have not been
gathered in scientific publications or systematic studies, but
result mainly from anecdotal information. Numbers can be
made to say many things, but they will never account for all the
real social and environmental problems emerging from man-
grove losses. There is little comfort in a number indicating a
small proportion of mangrove loss if the region of interest is seri-
ously affected by the wetland destruction. However, the increas-
ing area of mangrove restoration sites in some regions is worthy
of note. Reforestation areas in Bangladesh, Vietnam, and
Pakistan now cover over 170,000 ha, while Cuba is reported to
have planted around 25,700 ha of mangroves (Field 1996).

TIMBER. Mangrove timber was and still is widely used
by coastal communities. Mangrove genera producing valuable
timber are Avicennia, Bruguiera, Ceriops, Hentiera, Rhizophora,
Sonneratia, and Xylocarpus (MacNae 1974). Mangrove trees are
cut and used as stakes for shore-based fish traps, parts of canoes
and boats, poles, posts for building construction, source of bark
for tannin extraction, and firewood for daily cooking needs or
used in the production of salt (MacNae 1974, Thorhaug 1988,
Ngoile and Shunula 1992, Mitsch and Gosselink 1993).
Rhizophora mucronata and Ceriops tagal are the two preferred
species for tannin extraction in Africa and Madagascar
(MacNae 1974). The bark is stripped off the trees (Fig. 2.5),
pounded and mixed with lime, and soaked in metal or concrete
troughs into which animal skins are immersed and left to soften
for one or two weeks (Ngoile and Shunula 1992). However,
commercial exploitation of tannin from mangrove trees scems
unable to compete with that from acacia and its practice is
declining (Mitsch and Gosselink 1993). In Asia and Africa, the
leaves of the mangrove palm tree, Nypa fruticans, are extensive-
ly used for thatching and house building (MacNae 1974).
Sometimes the inflorescences of the palm tree are tapped for
sugar and for alcohol production (MacNae 1974). Xvlocarpus
granatom and Heritera lioralis are used in Africa for medicinal
purposes. A powder obtained from the seed coar from both
species is dissolved and orally administered for the treatment of
abdominal ailments (Ngoile and Shunula 1992).

The most consumptive use of mangrove timber roday
is for firewood, charcoal, and paper production (MacNae 1974,
Ngoile and Shunula 1992, Mitsch and Gosselink 1993). For

these purposes, the Rhizophoraceae are preferred. In most of
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Figure 2.6. Fishermen settlement inside a mangrove forest where
tish cage culture is also practiced.

Figure 2.7. Mud crab farming in Ranong, Thailand.

Southeast Asia, forest management procedures and silvicultural
rotation are implemented to ensure sustained production and
maximum economic yield of the tree species of choice (Field
1996). For example, in compliance with the Indonesian
Mangrove Silvicultural Svstem, logging activities in Indonesia
will have a rotation cycle of 30 years (Field 1996). Only trees
that reach a diamerer at breast height (dbh) of 10 ¢m or more
are allowed to be cur and forty trees per hectare are left intact

to function as seed producers and allow sufficient natural regen-

eration. Observations in the field suggest that these seed pro-
ducers should be distributed in groups of four o five trees,
instead of being distributed equidistantly from one tree to the
next, to be able to withstand strong wind. Indonesian regula-
tions also call for a 130-merer strip of mangroves art the seaward
edge along the coastline and a 50-meter strip along the river-
bank to be left undisturbed (where available) to function as
greenbelts (Field 1996). These greenbelts maintain primordial
functions such as protection of shorelines and natural habitat
for fish and shellfish. Field (1996) concluded thar silviculture
success will depend on various factors of which the most impor-
tant are the accessibility of the forest and consequent removal
of timber, and then the ease and degree of regeneration, eicher
natural or encouraged by planting. For these reasons, mangrove
forests commercially exploited for timber will be divided into
mangrove strips by canals and cut out by roration when the

rrees reach an economic size.

FISHING. Artisanal and commercial fishing take
place either within or in the vicinity of the mangrove stands
and some coastal communities depend solely on these resources
to supplement protein (Fig. 2.6; MacNae 1974, Turner 1977,
Kunstadrer 1986, Ngoile and Shunula 1992). The mudecrab of
mangrove wetlands, Scylla serrata, is considered to be a great
delicacy (MacNae 1974). In some parts of Asia, an industry of
fattening crabs is expanding (Fig. 2.7). In Singapore, small
crabs of 5 ¢m in diameter are caught in creeks in local man-
groves or in adjacent warters, placed for fattening in cerent
ranks where they are fed on trash fish or offal until they have
reached a markerable size (MacNae 1974). Females, being larg-
er than males, fetch higher prices. In addirion to the conven-
tional fisheries, molluscs are also harvested from mangrove
areas. The large bivalve Geloina is harvested for local con-
sumption from India ro Australia (MacNae 1974). In Africa
and Madagascar, Pyrazus sp., Pinctada sp., Modiolus sp., and
Crassostrea sp. are all molluscs harvested by coastal people
(Ngoile and Shunula 1992).

then used as bait for fishing, but more often they are harvested

Sometimes, these molluscs are

tor local consumption (MacNae 1974, Ngoile and Shunula
1992).
their meat, shell, and oil. Fishermen never hesitate to carch a

In Oman, turtles found in mangroves are hunted for

sea turtle during their fishing trips and collecr their eggs for food
and medicinal purposes (Fouda and Al-Muharrami 1995). The
human pressure on these natural resources has increased over
the last decades. In some regions, the combination of tradi-
tional harvest and commercial exploitation has reached unsus-
tainable levels and is considered an important cause for the
collapse of subsistence fisheries along the Eastern coast of

Africa and in some parts of Southeast Asia.
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Estuaries and lagoons are used by species of fish and
crustaceans for feeding, reproduction, and as nursery grounds
{MacNae 1974). Like crustaceans and molluscs, many species of
fish are closely associated with mangroves bur few are truly
mangrove residents (MacNae 1974, Frimavera 1993). Quali-
tative and quantitative data on the importance of mangrove
wetlands to commercial fisheries are difficult to find, bur
ressearchers often agree thar mangrove areas are important
refuges for many varieties of fish at a time when they are partic-
ularly vulnerable to predators. Some genera seem characterist-
cally to inhabit estuaries and these genera may conrain fish and
crustaceans of commercial value, including among others clu-
peids, mullers, catfishes, Indian shad, milkfish, ulapia, prawns,
and penaeid shrimps {(MacNae 1974). An analysis of the 1981
landings m Malaysia shows that 32% may be associated with
mangroves, while in the Philippines, 72% of the catch from
1982 to 1986 has some close association with mangroves
(Primavera 1993). In Florida, USA, about 80% of the marine
commercial and recreational carches are dependent on man-
groves for at least some critical stages of the species life cycle
(Lewis 1982, Primavera 1993).

Scientists often argue that there is a positive relation-
ship berween commercial yields of fish and crustaceans and the
area of intertidal vegetarion (i.e., vegerated salt marsh with
macrophytes and/or mangrove trees). Lewis (1982) reports a
20% decline in commercial fisheries catches along Florida's
Gulf Coast after two peaks of around 60,000 tons in 1960 and
1965. During the same period, 40% of the mangroves of one
main estuary (Tampa Bay) in the area was lost to residential and
commercial development (Lewis 1982). Turner (1977) found
that, on a regional basis, annual shrimp yields inshore are
directly related 1o the area of estuarine vegetation whereas they
are not correlated with the area, average depth, or volume of
estuarine water. The analysis of the data coming from 27 loca-
rions worldwide supported the hypothesis that the abundance
and type of commercially valuable quantities of penaeid shrimp
are directly related to the absolute area and the type of estuar-
ine-intertidal vegeration. Turner (1977) concluded thar the
good correlation with the measurement of intertidal areas
results from the fact that it is an indirect measurement of
penacid shrimp habirat, and that substrate selection is an
important process affecting shrimp distribution. Often, correla-
tion between mangrove losses and decline in fisheries is com-
plicared by other human impacrs such as overfishing. DeSylva
and Michel (1973, as reported in Lewis 1952) were unable to
demonstrate conclusively that the partial or complete defolia-
tion of 104,123 ha of mangroves in South Vietham permanent-
ly damaged the estuarine ecology of the area, although they

noted increased turbidity and erosion hecause of the lack of veg-

etative cover and a dramatic decrease in fisheries harvests. In
this particular example, it was not possible o separate overfish-
ing impacts from social and/or defoliation causes (Lewis 1982).

PONDS AND AGRICULTURE. For centuries in
Java and the Philippines, mangrove wetlands have been trans-
formed into ponds (known in Java as tambaks) for the cultiva-
tion of finfish, penaeid shrimp, and prawn (MacNae 1974). In
Java the species cultivated most commonly is Chanos chanos
(milkfish) which breeds just offshore in shallow water of sandy
bays. MacNae (1974) reports a highly divided labor distribu-
tion in milkfish culture: fry are collected by one group of peo-
ple, transported to the ponds by a second group of people, and
f The

pond caretakers often live in houses built on the banks and dis-

a third group of people rears the fry to marketable size.

pose of human and domestic animal excrement in the ponds
(MacNae 1974). Ponds are generally 0.5 to 2 ha in area, narrow
in shape, and communicate by way of sluice gates with a system
of tidal canals. The average milkfish production in Indonesia is
around 400 o 500 kg/ha per vear (MacNae 1974). Culture of
shrimp and prawn is more recent and nat restricted 1o Southeast
Asia. Culwre types and intensities will be discussed in more
derail in the nexr chapter.

Over the centuries, mangrove forests have also been
cleared for agriculture. In Africa, it is common to find tree
crops in former mangrove areas, the most important of which
are cashewnuts, mangoes, and coconuts (Gang and Agatsiva
1992).

essential items such as cooking fat, fuelwood, building marerials,

Coconuts are very much valued in Kenya and provide

extract for local beer, and oil for hair (Gang and Agatsiva
1992). In Asia, some mangroves have been cleared for paddy-
tield cultures (MacNae 1974) or wansformed into rubber and
palm oil plantations (Pongthanapanich 1996). Direct grazing
of livestock on mangroves is practiced in the Sundarbans of the
Ganges and Brahmaputra River deltas of India and Bangladesh
(Siddigi and Khan 1996, Untawale 1996). Leaves of Avicennia
are comparable in nutritive value to alfalfa, and in Asia, man-
groves have served over the years as fodder and green manure
for livestock. In areas with a strong difference in seasonal cli-
mate, cleared mangroves and dried out areas are made into a
series of shallow evaporation ponds for salt production, called
‘salinas’ in Fast Africa. Salt also may be extracted from man-
grove plants in the humid tropics. Rhizomes of Nypa palm are
allowed to stand in seawater to absorb salt, they are then
burned, and salt 15 extracted from the ash (MacNae 1974). This
procedure is quite destructive for mangroves because large quan-
tities of fuelwood are required. Salt production in salinas in
Mozambique varies between 15 and 40 tons of salt per hectare
at a value of US$16 to USHLS per ton (MacNae 1974).
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ECOLOGICAL FUNCTIONS AND VALUES.
Benefits of mangrove wetlands are not limited to their various
direct uses, but also result from some of their ecological func-
tions and values. A list of ecological functions of mangrove

includes: wildlife habitat, fish and crustaceans habitat, sedi-

ment trap, flood mitigation, storm protection, prevention of

saline intrusion, nutrient export, support of complex aquatic
foodwebs, removal of nutrients and toxicants. More recently,
the biological diversity of mangroves has been recognized, and
areas for research, education, conservation, and tourism have
heen allocated.

These various direct and indirect values of mangroves
have long benefited coastal communities. It is then tempting to
establish an overall economic value of mangrove wetlands to
help decision makers in their assessment of the best possible
use(s) for these limited resources. Table 2.4 summarizes the var-
ious economic values of mangroves. Difficulties in measuring
the true economic value of mangrove arise because some prod-
ucts or services do not have marker prices and the goods and
services produced occur both within and outside the mangrove
(Primavera 1993). In addition, that different types of mangrove

will have different ecological significance makes it difficult to

tion, or importance for subsistence and in local economy are
not addressed systematically in economic studies (Primavera
1993, Hambrey 1996). Nevertheless, these contributions may
be quite important in terms of the toral benefits produced by the
mangrove ecosystems and deserve a full and comprehensive
description in economic evaluations (Hambrey 1996). In a
recent study, Constanza et al. (1997) give a total value for man-
grove ecosystems of US$11,029 per hectare per year, with a
range of US$1,106 to US$24,210. The United Nations
Environment Program has placed an annual value of
US$215,000 per hectare on mangroves and seagrass beds
(Thorhaug 1988). This last estimate appears too high.

To illustrate the complexity in establishing a value for
mangrove services, | will use catch fisheries as an example.
Fishery and marine products, both within the mangrove and in
nearby waters, are frequently much more valuable than forest
products. Primavera (1993) reports an annual economic value
range for forestry products of US$10 ro US$400 per hectare and
of US$125 to US$2,000 per hectare for fishery products.
However, Hambrey (1996) warns against direct estimates of the
total value of the offshore fishery divided by the area of man-
grove on nearby coast and considers them misleading. The eco-

nomic benefit is calculated as the fish-

TABLE 2.4: APPLICATION OF ECONOMIC VALUES OF MANGROVE GOODS AND SERVICES
ACCORDING TO TYPES AND LOCATION (MODIFIED FROM PRIMAVERA [993).

eries catch associated with mangroves
and then frequently muliiplied several

orders of magnitude to account for the

Location of goods and services

nursery function of the habitar

On-site Off-site

(Thorhaug 1988). These estimates

Marketed Usually included in economic
analysis (e.g., poles, charcoal,

wood chips, crabs, and oysters)

Seldom included in economic
analysis (e.g., medicinal uses,
domestic fuelwood, fish nursery
area, wildlife sanctuaries,
biodiversity attributes,
education, and research)

Non-marketed

May be included (e.g., fish
and shellfish caught in
adjacent waters)

Usually ignored (e.g., nutrient
flows to estuaries, buffer to
storm damage)

assume that the bulk of nurseries is found
in mangrove. In fact, many nurseries are
in shallow coastal waters, estuaries,
lagoons, and seagrass beds which may or
may not be associated with mangroves
(Hambrey 1996).

studies of fisheries in mangroves or sea-

In addition, most

grass beds do not preclude the presence

generalize. To a large extent, the within-mangrove, on-site
goods and services are land based, while the oft-site effects are
usually aquatic or coastal (Table 2.4). When the value of an
existing mangrove forest is assessed, the analysis traditionally
has included only those marketed items like poles, charcoal,
woodchips, crabs, and oysters (Primavera 1993, Hambrey

1996).

between mangroves and adjacent coastal waters, greater arten-

As knowledge has been gained on the interaction

tion has been paid to services that occur off-site and that are
marketed (e.g., fish and shellfish caught in coastal waters).

Orther less tangible values such as biodiversity, physical protec-

of the other habitat, although they cen-
ter on the primary habitat (Thorhaug
1988). Hambrey (1996) further caurions against extrapolation
from these general estimates because all mangroves should not
be regarded as equal in value. It is evident that the nursery func-
tion of mangrove will vary with the penetration of coastal cur-
rents, the local hydrography, the physico-chemical conditions,
and the ecological importance of the type of mangrove consid-
ered. Thorhaug (1988) insists on the fact that the nursery func-
tion of a dense, large, intertidal mangrove swamp is far greater
than for a thin, patchy layer of shoreline mangroves. A similar
assertion can be made for the importance of mangrove out-

welling and its role in supporting adjacent coastal foodwebs.
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TABLE 2.5: GROSS ECONOMIC VALUES OF MANGROVES FOR FISHERIES BASED ON VALUES OF
LANDINGS (FROM KaPETSKY 1985, IN THORHAUG 1988).

Country/Region Value in US$ Basis for value measurements  Year of estimate Principal genera
PANAMA
Gulf of Panama 26,350 per km Value per km of mangrove shoreline 1978 Penaeus, Trachypenaeus
Gulf of Panama 65,164 per km Value per km of mangrove shoreline 1978 Cetengraulis, Mysticatus
Gulf of Panama 3,114 per km Value per km of mangrove shoreline 1978 Micropogon, Tutlanus, Cantropomus
BRAZIL
Cururuca Estuary 76,886 per km? Include only finfishes.Value based on  1981/82 Mugil, Canyactemus, Macrodon,
area extent of open water Sagra, Macropengenisa
MALAYSIA
Sabah 133 per km? Value based on area extent 1977 Scylla serrata
of mangroves
Peninsula 277,235 per km? Value based on area extent 1979 Penaeus, Scolopherus, Pampus,
of mangroves, plus estuaries Polynemus, Lucjanus
and lagoons
THAILAND
Khiung District 3,000 per km? Value of fishery products captured 1977 Lita, Eleutheroneus, Arias,
inside the mangrove system Ophichchus, Lates
Khiung District 10,000 per km?  Value of mangrove-associated 1977 Penaeus
species caught elsewhere
BANGLADESH
Sundarbans 2,076 per km? Value based on mangrove area 1982/83 Hilsa, Penaeus
plus open water area
PAPUA NEW GUINEA
Gulf Province 426 per lim? Value of shrimp caught outside 1977 Penaeus, Metapenaeus, Scylla

the mangroves, and of subsistence
fishing and crabbing inside

serrata, Ambassids, Gobies,
Gudgeons, Catfishes

For information, Table 2.5 gives variable estimates of economic
values of mangroves based on values of fisheries landings.
Amidst these difficulties in estimating the ‘true’ eco-
nomic value of mangrove systems to society, results from such
studies could give general directions concerning decision
processes related to mangrove management. Often, traditional
patterns of land ownership and land use were not recognized by
authorities and mangroves were considered as wastelands with
low intrinsic values (Kunstadrer 1986). It was then an easy
decision to turn mangroves Over to new OWners or concession-
aires for more “efficient” economic exploitation. Exploitation
of such mangrove areas caused not only ecological degradation
but was also responsible for negative socio-cconomic impacts
(Bailey 1988).

groves provided wage-labor opportunities for local communi-

Although commercial exploitation of man-

ties, it often did not support as many people as were supported
by traditional land-use systems and often restricted the access to
traditional mangrove areas (Kunstadter 1986). Such impacts
were felt stronger in areas where the removal lefr coastal com-
munities without alternative means of employment or food col-
lection (Bailey 1988).

The complexity of evaluating and managing man-
groves makes government intervention essential if mangroves
are to be used rationally (Kunstadter 1986, Thorhaug 1988,
Hambrey 1996, Pongthanapanich 1996). For example, the uti-

lization of mangroves in Thailand is guided by a Cabinet

Resolution (15 December 1987) which classifies mangroves
into 3 zones (Pongthanapanich 1996): conservation zone, eco-
nomic zone A, and economic zone B. The conservation zone is
kept as a natural forest and is associated with a high conserva-
tion value. It covers 43,200 ha or 12% of the total mangrove
coverage in Thailand. The economic zone A allows for forest
utilization under a sustainable yield basis, mainly for wood con-
cession or conservation, It covers 200,000 ha or 53% of the
total mangrove area of the country. Finally, the economic zone
B is an area of low value or degraded mangrove where other
forms of exploitation are allowed, including conversion to agri-
culture, salt production, urban or industrial development, and
aquaculture. This last zone covers 129,600 ha or 35% of the
actual mangrove coverage in Thailand. Indonesia and Vietnam
have asked for maintenance of greenbelts or buffer zones along
shorelines to protect coastal areas from storms and erosion.
However, in many countries mangrove sites associated with
high values have not been identified. The process of mangrove
zoning may not be easy but is considered a critical step in reduc-
ing conflicts among the many mangrove uses. Hambrey (1996)
recommends that any zoning which might be introduced to
facilitate @ more rational and planned development of the
industry should be very simple.

Mangroves now appear to be affected by the same
processes associated with modernization and economic devel-

opment that have led to the rapid loss of other types of forest in
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the tropics. These include rapid growth of human population,
expansion of agricultural land-use, use of modern earth-moving
machinery and other new harvesting technologies, growing

demands for raw materials and for food (especially high-quality

MANGROVES AND SHRIMP
AQUACULTURE

IN THE NATURAL ENVIRONMENT, most shrimp
mate in the open ocean and the females spawn 100,000 eggs or
more at a time. The eges hatch into nauplii, the first larval
stage, within 24 hours. During the next 12 to 16 days, the lar-
val shrimp changes from a nauplii, to a zoea, and finally to the
mysis stage. The larvae feed on phyroplankton and zooplank-
ton. After mysis stage, the young shrimp metamorphose from
larval stages and are called post-larvae or PL. Post-larvae shrimp
migrate into the nutrient-rich waters of coastal estuaries where
they live as benthic organisms. Once the post-larvae become

juvenile and subadult shrimp, they return to the
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animal protein), and an increase in urbanization and industrial-
ization (Kunstadrer 1986, Field 1996). Other serious threats are
indirecr effects of human activities, such as agricultural runoff,

industrial pollution, and hydrological alterations.

cycle will determine the intensity of culture. Culture techniques
normally are classified as extensive, semi-intensive, and inten-
sive (Table 3.1).

[n an extensive production system, stocking rates usu-
ally are less than 5 PL/m?, little or no fertilizer and feed are used,
water is often exchanged at low rates if at all, and there is no
mechanical aeration. Production is seldom greater than 200 to
300 kg/ha per crop and so farmers tend to compensate by con-
structing large ponds, with some up to 100 ha. Extensive shrimp
farming is often referred to as the 