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LAURENCE MASSAUT 

INTRODUCTION 

OBJECTIVES 

~I IRII\IP FARMING \XIORLO\XIIDE I accused of 
threatening mani,:rove foresi:s, and in some regions, it is ~a id co 

be a maior cause of their destruction. Recent efforts by the 

aqu,1culture industry and some governments have concenLr.1red 
on idcncificurion or t rareg1es chat c:rn be usccl co minimi:e or 

eliminate clanwgc to m:mgrove,. In Lhe general conrexr of 

increasmg 1ntere t 111 ecosy-rem on erva11on and susi:ainable 

explollation. specific managemcnr procedures that will rnitigare 
potential impaccs o( ,hnmp aquaculu1rc on mangrove fore, r: are 
needed. 

Shrimp can be formed 111 an em·ironmenrally oafc and 
sustainable manner. ln coumrics where pr:icciced. Lhe shrimp 

farming indu try is prov1d1ng nwny jobs :ind conrrihmes gremly 

ro economic dc\·elopmem. On the other hand, mangrove, are 

imporrant lxcau,e of their invaluable resources and ,crvices, 
and their proLcC[ion is highly cle,irnhle. Mangrove wedaml arc 

abo impon<.1nt for hrimp fa rmer,. They arc the nnrurnl cnvi­
ror11111.:n t \\'here po~t-lan ·ae and Jll\·ende shrimp dwell, chev pro­

tect rhc con, 1c1 l environ111enr from , rorms, and ,hey serve as 

hiofdters ro 1m1x,J\'e quality of coa,rnl warer . 

Recent literature on techniques for mangrove rcior­

estat1on and managemcnr chm could be applied by ::iquacu!LUr· 

iscs to help chem minim1:e impact. on mangrove forcscs are 

reviewed. The objective of chi, publ1cacion are the fo llow111g: 
I. To g1\·e general background informa1ion on mangro\'l; 

ecosystems. 
2. To ummari:e the 111ceract1011s between shrimp aqu,1cul­

cure and mangrove forest, . 

3. To present a review on mangrove refore cation and man­
agen1c•m techniques. 

SHRIMP AQUACULTURE 

In the la~t decade, onccrns rega rding the rapid 
del'elopmenc of the aquacultllre industry, ,md especiall y of 

co,1 cal shrimp farming, ha\·e appeared (Bailey 1988; FAO 

1991; Pritnal'e ra 199 1; Phillips et al. 1993; Pull in 1993; 

Primavera I 995: Roye! 1997; D1crberg and Kiartisinikul 1996). 

Concerned group. have poimcd out damage cau,eJ co the 
environment and ha,·e ra ised quesuons on the susra inabdity 

ot a~111aculrure projecL,. They now recognize that en\'lr0n-

111\C'nrn l cl,rn1agc and soc1,d mi,conduct have occurred bccau,e 

of ,hri mp (arming projecb m ~ome area,. However, ·uch 

imp::icts ll'cre more common in rhe early clays of nquaculwre. 
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Tecbn1c:i l knowkdge for aquacu lt1m.: is well e Labli, hed. and 

shrimp can be produced in a su, 1ainable and re punsible 
manner (130yd and Ma~s3uL 1997; Clay I 997). In fact, rhc 

recenr adoption o( better sire .,election, pond con,crucLion, and 

producrion techniques has •1gn1iicamly reduced rhe occurrence 

of environ me11tal impacts a sociated previously with aquacul­
ture dcvt:lopmenr. 

Although dii. 1s not the focus of Lhe pre enc docu­
ment, a shorr lisL of the major envi ronmenta l concern~ ofLen 

a,sociated \\'ith coa,tal aquaculture follow, (Boyd et al. 199 ): 
• on version of mangrove forests and other wc1 lands LO 

aqua ul tu re (arms. 

• Eurroph1carion of narur:il w;m::rs by efll uems from aqua­

culture operntions. 
• Increased sedirnenLaLion in natural water bodies as a 

result of pond cfnuent and disposal of pond sediment. 
• Sa lin1:a1ion offre hwa1er by pond efnucnt, and seepage 

inro aquifer . 

• egauvc effec1s on nati ve fisheries and 61od1vers1cy 
through habirnt desrruccion. warer pllllution, irnpinge­

mem by pumps, use or wild-caught broods1ock and posc­
larvae, large by-catch when colleC[ing wild pose-larvae, 

and imroclucrion of non-narive ~pec1es. 
• Use o ( potenually rox,c and b1oaccumul:rnve che micals. 

• Conversion of crop and pasture land ro aquaculture 
farm . 

• Excessive II e of rc~ources such as freshwater, ieed mgre­

clienrs, elecLncity, ere. 
• ~oc 1al misconclucL. 

lmpacc.s o ( shrimp (arming on mangroves are more 

Lhan just cutting trees and cleanng land. Sometimes the con ­

truccion of a fa rm can result in warer logging and hydrologLcal 
change~ that can impair mangroves :H some distance from the 

farming sir.e. For example, fo rm con rruction may cau e salin i­

ty changes and stress mangrove trees not adapted co the~e new 

sa lmiry levels. There are al o concerns about diseases spread mg 
from farmed hrimp inro wild shrimp populaLion. 

Problems listed above hould I e adclre sec! bv both 

governments and 1.he shrimp indust.ry. Negative environmen­

ta l impact of shrimp farming can be alleviated through good 
site select1on, u e of aclequaLe design and con 1.ruct1on meth ­

od , operation according Lo best management practices, and 

consideration for the environment. Although there have 

been problems w1d1 sustainability of shrimp farm ing 111 some 

locations, ocher shrimp fa rm operations have been sus1amable 
and prof1wble. Techniques for reduc111g acl vc- rse environmen ­

L,d impac1 and enhancing s11scamc1bili ry need to be appl ied to 

the shrimp 111dusu y 11·o rld\\'1de. 

RATION ALE FOR CONSERVATION 

In rhc earlv 1970 as commercial shr imp (arming 
began, mangrO\·es 11·ere generally cons1clerecl as wa~re lands 
with l11tle intnnsic value, so their clestruc1ion was not di cour­

agecl b\' governmems and planners (1' 11LSch and Gos el ink 
1993 ). This arn1 ucle did l,rcle tO ensure productive and rns­
rn inable use of mangrove ecosy, terns and was responsible for 
major k.,ss in mangrove fore t during thi time. 1 lowever, 
roclay mangroves are recogn i:ecl a econom1cally and ecologi­
call y import.am, and common sense dictme, tha1 their use 
should be managed carcfull v. T he ecological and social impor­
tance o { mangrove ecosy terns is clearly recognized and rhere 1s 
an urgenr need for intern:u ional cooperation, incegrarcd man­
agement, conservaC1on , and 1.hc collecC1on and exchange of sc1-
enrific cbra useful for their managc:111ern. 1 lowever, there is lir­
de agree merit on the soluuons and de bare is fierce among sci­
entist , e.::onom, t,, ,oCia! planners, poli t1c ians. conservation­
ists, :me! developers as to rhe acuons th3t need tO be tr1ken. 

Tropical m3ngrove forests are vim! for Lheir wealth ol 
genetic diversity. nur~ery functions for aquat 1c specie,, protec­
tion of the coas1 from swrm surges, conservation, and envi ron­

memal value . Large human populat.ions in coasLal areas of 
tropical coumne are dependern upon che mangroves for fire­
wood, con u uccion materials, food, and medicinal resources. 
i\ langrove exploitation can be usLamable 1f based on sound 
management procedures (Mitsch and Gosse! ink 1993 ). 
Mangrove fo rests can generate social and economic benefi ts co 

many tropical countries and serve import ant purposes for 
shri mp farming, 1.herebv reinforcing rhe int erest in thei r main ­
tenance for all concerned. T he difficul ty is how LO convince 
governments, developers, hrimp farmers, and local inhab,cams 

chat mangroves are a valuable resource and co persuade them LO 

adopt be L practices ll'hen cleciclmg land urili:ation practices. 
There 1s an urgem need for w1 e utilization and susra inable 

management of 1n:mgrove resource . 
!\ growing number of aquaculturists reali::e that better 

managemem pracuces need LO be adopted. Aquaculture associ­
ations worldwide are trying 1.0 develop fnvironrnenca l guide­
lines for the industry. The purpose of such odes is to promote 

greater environmental awareness within the hrimp farming 
inclustrv and tO pro tect mangrove forests from adverse impaccs 
oi coa cal aquaculwre. Some of the managemem pracrices rec­
ommended may ca ll for reforestauon of :ibandoned ponds or 
any area that can sustain mangrove ll'ithout adversely affecttng 

the efficient operat 1un o( the shrimp fa rm. uch efforrs should 
be encouraged and their development promoted, not just: 
among aquacul tun rs and conservauoniscs. but aim 11•1thin che 
larger communit y. 
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MANGROVE SYSTEMS 

THE MAr GROVE F RE T I an a soci tion 

halophyti tre , shrubs, nd ocher plane (including ~ ms and 

palm ) growino in br cki h to llne tid I warer on mudtlai:s 

riv rbanks, aml coa tlines in the tropt al and ubtropical regi ns 

(1 litsch and o se l111k 199 ). Thi vegecacion i found in the 

z ne ini.mdaced by the h tghest ides nd exp sed by che lowest 

cide . le exh1b1cs physical nd phy 1olog1cal adaptanon to ii: 

uni u envir t menc. Th word mangrove refer to both rhe 

d rninanr rree and to rhe en tire plam community. Terms f r 

the e communitie include man,,rove, mangrove fore· t. coa cal 

wood lanJ, mtc: rtidal fore t, tida l forest, mangrove ·1vamp, man­

grove w dand, and m ngal (l\fa ch. and Go link l99J) . 

The pecie, of pl nrs known as mangrove bel ng t a 

wide var iety of plane fa md ies with a common chc racter isci of 

tolerance tO air and br cki h warer . .-\ r und event pecies 

o rn angrove lanes are r ogniz d ar 11nd the wor ld, wich r.he 

hiohest oncemration of pecie be ing en uncered in 

~outhea c Asi and r\u cra l ia ( raiding et al. 19 7 . A c m­
plcre li· r of mangrove p cie i found in App nd ix l. Th · 

laro t mangr ve fo resrs are 111 lndone ·i , Br, :ii, and rhe 

S11 ndarban ot' [ndia and 13anghdesh. \X/1 1:hin th s for ~st live 

a ho·t of nimal , omc of rhem lcr ive I from tb.e lanrl , but m t 

coming from t:he sea (M acNae I' 6 ). 

Mangrove wanilJ$ are found ::i long cropi al and ubtr p­

ica I, shelt red coastli nes Lhrough ut the world uswi lly b tween 

30°1 1 and .,l: 0 larirude. Wi Lh in these limi they ar widely 11, -

triLuted, alchough n::i.LUral mangr JV\.'. comrnun iucs ;:ire ab -nc fr 111 

mdny Pac ific i b nd ( palding et al 1~97). Table 2. 1 r resent 

estimate· of 1.mal m:mgro e area m Lhe w rid c1 nd ompan.:. 

reg i nal t ca l from differen t rerer nee (: pc1 l lin et al I 97) 

The late t estimate oft ra l area of mangr ve foresL 
tn th e wo rld is arot md I 1, 0 km 2 (T: ble 2. l ). Tb i figu re i 

thought co be a reasonab le a se men t, bm there are likely to 

be onsiderable margin. of error ( pa ld ino et al. 1 7). 

Because o diffic ulties in mangr ve id ntifi tion from arel­

lire photo0 raphs and differences in definition, age, cale and 

accura y f differe nt national sour es, the u e of global om­

posit ran ncs a a ba ·eline for m nit ring changes in man­

grov area hould be emp loyed with. ex crem caution. 

I lowever, the ar a rhat: mangrove occupy i· f great interesL 

m quan ti fyino th 1c pre ence and changing st ws. There i an 

urge nt need in. mo t place fo r mo1.· accu rate mapping o( man­

grove area at mu h higher levels of re luc1on. 

Th re are cw main center of dive r icy for mangrov· 

c mrnu nit ie whi ch h ve b-en te rmed 1.h e we· tern and easte rn 

groups (1v(1Csch and ,osselin.k 1993). The ea· cern group 

broad ly corresponds wich th lnd -Pacifi c an I is b und ro the 

ea t by the limit to natural manarove ccurr nee in the wes t. 

nnd centra l Pa ·ifi , and to the we c b che ouchern tip of 

Afric . T h western 0 rnup fr ing s the A fr ic. n and Ameri can 

oa. r of cht: Aclamic cean, the _aribbean. a and th Gu lf 

f Mex ico , and the we· tern ( Pa ·i li c) coast of the Amert as. 

The e cwo reg ion ha c quire d1ffc:rent f1or i ric invcn rorie , 

::md the ea cem r<:gion ha· pproximat ly five rim the num -

1· er I spec ie that ar f und 1.n the we t ·rn reg ion (App ·ncl ix 

I; -'='P lcling et a l. 1997). 

cries: 

( lJ ,4 

Tot I rn angn ve ar·::i is predom inar,,cl by fou r cou n­

lndonc 1a (42,5-l) km-), A11 ualia ll,5 km2), Bra:il 
0 krn 2 , and Nigeri::i ( ll,5 15 km 2). In cora l, these fo ur 

ouncrie rep resenr. 4 % of d1e wo rld 1nang rove-- and each 

accounts for 25 -60% f the m ngrov1: in chei r re pecci vc: 

region Spa lding ··r al. 1997) . M::i.11ag ··mcnt cl e isi ns r I t in ,., 

LO mangrm·e in each of th<.:~ coumrie will h ve a 1gntlkant 

ffe t: on th globa l · t::m1s n ( ma ngrove: 

ec syst m in the future . 
TABLE 2.1; ESTIMATES OF MANGROVE AREAS (IN KM 2), TOGETHER WITH PERCENTAGES OF 

GLOBAL TOTALS (FROM S PALDING ET AL. 1997). 
ouch and_ ouchea t As1 hav ~ 

a rora l mangrove area (75, l 7 J km- ;J nd 
r pre m --1 2% of Lh e world m::u1_grov 

h re t (Table 1.1). Very Ion -oa tlines, 

I rge num ber of I lands, and good shel­

rer fav r rhe d v lopm m of manorove 

1n chi reg ion He weve r, t rOJ,ic::i l 

cyclone are common in the n.:giun and 

prese nt: a th rea t r. mangrove deve l p­

m.:=nt a long ome er astlinc . l'vlany 

Mangrove area Mangrove area Mangrove area 
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 ( I 0.4%) 
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 ( I 5.5%) 
East Africa and 5,508 (3.3%) 6,661 (3.4%) I 0,024 (5.5%) 

the Middle East 

Total Area 168,810 198,818 181,077 
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authors consider the lndo-t- lalavan region 10 be the maior 
center ol origin for mangrove rnx::i, and chat d1 persal from 

here to orher areas OCClim::d parucularl y during I he Tertiary 
and Q uaternar\' geological periods (MacNae ] 96 ; Spalding er 

al. 1997) . Tracl irional exploitation of mangrove fo rests can be 

traced back many centune and includes wide, pread use as 
lumber, thatching m::i terials, luelwoocl, charcoa l, leather tan• 

ning, fodder, med icine, capcure fi herie , and brackishwa rer 
pond for aqnaculrure. Increasing populat1on and economic 

growth have led LO high pres ure on mangroves and an 

increase m rheir explo1tat1on . Extensive mangrove areas have 
been lost as a result of the5e pres ures. I lowever, there is a 
growing awaren<:' s of rhe importance of mangroves in 

Southeast. Asia, :rnd 1nce the 1970s, mangrove commi ttees 

ha,·e been establi heel w11 h m government deparcments 111 

many countries. Sustai nable forestry pracrices are being 

encouraged and appear to be working successfully 111 a number 
of ~itrs (, paldi ng et al. 1997). Bangladesh and V1ecnam have 

undcrraken large mangrove refore;tation programs for at least 
15 years with similar, though smaller, operations occurring in 
m her countries (Field I 996 ). 

T he Australas ian region 111cludes .Australia, Papua 

Ne11• Guinea , J\:ew Zealand, and the 1sla11ds of 1.he , ourh 
Pacific (Spr1lding Cl al. 1997 ). The total area ot mangroves 111 

th is region I l , 7 9 km 2 which represents I 0% of the global 

mangrove area (Table 2.1 ) . .Austra lia dominate. the region in 
mangro,·e coverage. Oirecr use of mangroves in .A uscral1a has 

never been import.ant and vasr areas of mangrove roresrs 

rema111 in pristine state. However. in some region or 
A ustralia, mangrove loresb have been cleared for urban deve l­

opment, pon s, airports, and tourist resorts. In the ··ouch 

Pacifi c, mangrove are traditional grounds for fishing and col­

lecu ng crab, and have been exploited for firewood and t imber 
for con t ruct 1011 of houses and boats. Recencly mangrove 

fo rests have been cleared for coastal development. 

i\ langro,·c fo res ts 111 th e Americas stretch from 

Mex ico, the southern Un ited Scates and Bermuda 111 the north 
to Peru and Brazil 111 rhe Oll[h. The tot.al area of mangroves 

in this region is 49,096 km2 which represcnr 27% of rhe glob­

al mangrove area (Table 2. l ). Hurricanes are a maior natural 
phenomenon affecting mangrove systems, par1.1c11 larly 111 the 

Ca ribbean, and their frequency wi ll dicta te mangrove growd1 

and de1·elopment. Traditional use of mangrove fo rests in the 
region are traced b:.ick many cenrurie- and include timber har­

vc~ting. fishing 111 surround111g warers, ovster harvesung, and 

use a, resins, fibers, rannins, dye , and medicine (Spalding el 

al. 1997 ). Recentl y, large area~ o t mangroves have been 
cleared for the development of land for agriculLU re, gra: ing. 

urban deve lopmem, shrimp farmmg, and the booming tourist 

111dustrv, as well as for umber and fuel. )\ langrove lo.ses have 

also occurred when u ed for solid waste disposal. l:mdfi ll for 
urban development, and from pollution broughL by agricultu ra l 
runoff and the o il indu trv. There is now a wide range of legi • 

lat ion in place th.roughour the region co conserve mangroves, 

includmg protection of mangrove areas, coastal zone manage­

ment planning and restriction of land clearance, waste disposal, 
and 11111 ber cutt ing (Spalding er al. 1997). However, unlike 

Southeast Asia, few areas have been replamed with 111angroves 

and there has been lirtle silv1cultural effon (Field 1996). 
In \'(le r Africa, mangroves are found 111 all countries 

from t-!aur1 ui nia in rhe north to Angola in the solllh 
(Spald111g ec al. 1997). The rota! area of mangroves in th1, 
region is 27 ,995 km2 which represents 16% of the global man­

grove area (Table 2. J ). Aridity and freshwater influence are 
the 1r1a1or factors com roll ing mangrove distribution and 

development In the region ( t-1 itsch and G osse I ink I 993 ). 

Coastal people depend on mangrove forests for fi rewood, rim­

ber for con t ruction, fishing, and she llfish harves ting. 
Mangrove wood alrn 1s used exren ivcly as fi rewood in 1.he 

producrion of salt. It appears that mangroves in West Africa 
are threocened by over-curring. conversion of land for agricul ­
tural purposes, and by pollurion in areas where oil i being pro­
duced ( 'palcling et al. I 997 ). 

East .Africa an.cl the Middle East are dominated by 

arid cor1srl ines and so, despite having long coasrlmes. the 

region ha a relativel y small area of mangroves. The LOta l area 

of mangroves in th is region is 10.024 km2 which represents 
5110 of che global mangrove area (Table 2.1 ). The harsh envi­

ronment.al condirion , i.e., h igh salin it ies, minimal freshwater 

input . and hot and cold temperature extremes, are responsi­

ble for che low diversity and relatively low Loral areas in the 
Arabian Peninsula (Spalding et al. 199 7). Typicall y, chcse 

mangroves are stu nted and cannot be used for timber, but are 

rradiuonally used fo r gra:ing and fi rewood. On the Indian 

Ocean i lands, 1.he cleve lopmcnc of mangroves is variable anJ 

is related ro e irher the morphology of particular island or ro 
their 1solation (Spa lding et al. 1997) . Kenya, Tan:an1a, 

tvlo:ambique and the western coast of Madagasca r, have the 

best developed mangroves of th is region in terms of area, 
species diversity, and forest srructure. Coasta l populatioris are 

often not large and there 1s little pressure LO convert man• 

grove 10 01.her uses. Howeve r, mangrove areas have been lo,t 

LO urbani:ation, degradation due to ~a ir production, overgra:­

ing, un u"ramable collection of fuel wood, or pollution from oil 
or urban sources. It I ancicipared char population growth in 

orne areas will increa e thee pressure (Spalding et al. 1997). 
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To develop, mangrove forests reyuire adequate prOlec­
tion from wave act1on. ~everal phys1ograph1c sectings favor the 

protection of mangrove forests, including protecreJ shallow 

bays, protected estuane , lagoons, the leeward sides of peninsulas 
and islands, protected seaways, and beh111d offshore shell or shin­

gle islands (Miesch and Gosselink l 993 ). The range and dura­
tion of floodmg t1des also exerr a s1gn1f1canc 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 salintcy. Most mangroves are found ma tidal 
range of 0.5 co 3 1n and more (lv!icsch and Gosselmk 1993). 
However, mangrove vegetation, pamcularlv the dominant trees. 

has several adaptations char al low it to survive in 

environments characterized by occasional harsh 

we,ither, high sali111ty, and anoxic Oll cond1t1ons. 

Saltwater is not necessa1·y for the survival of 

any mangrove species, but gives mangroves a com­
petitive advantage over vascular plants that do not 

colerate salt (Mitsch and Gosselink 1993). Seasonal 

oscillations ll1 soil salinity are a function of the 

height and duration of tides, che seasonalttv and 
intensity of rainfall, and the sea onali ty arid arnount 

of fre hwacer chat enters the mangrove 

rhrough nvers, creeks, and runoff. T he abrl­

ttY of mangroves to live in al111e sods 
depends on their abrl11v Lo control the con­
centration of salt in rheir tis ut::$. Mangrove 

trees can prevent sail from entermg the plam 
ai ,he ro0Ls (,ale exclusion) and excrete ,alt 

from the lraves (salr s..:crecions) (M ies h and 
Go elink 1993). ' omc aULhors menuun 

leaf fall a anmher mechanism for discharg­

ing ail and argue that it could be of ignifi­

canc.e because mangroves produce e5 cmia lly t\\"O crops of 
leaves per year (Spalding et al. 1997) . A lrhough mangrovcs :ire 

adapted to saline and brnckish environments, th..: high sali ni1y 
in ~ome and region, can rescrkt their growth. 

Anoxic co11d 1tions exist in most rnangro\·e soi ls when 
chcv arc flooded. T he degree of anoxia dqx:nds on the durntion 

o ( flooding, rhe fre hwater rnfluc11ce. and ndal flows accessible to 
,he mangrove (M ir,ch and Gossclink I99 l). When creek;: and 

urfacc runoff pass 11,1ter through mangrO\'e fore-,1', the reduced 

conditions Jre not a:, sc\·crc because o( irn:rease~I drainagt and 
conrinual imporr ot oxygenated \\'arer, . M.mgrove sorls arc often 

acidic, re.,ultmg from highly reduced condmon~ .. md the suhse­

qui:nr accun1ulatron oi" reduced . 1il(iclcs. ~oil~ in nwngrovc :m.:as 

are frne grarned. often semi-flu rd and rll -consoltclmed, with abun­

dam hum11s composed largely of the remams of roots and other 

woody structures (MacNae 1968). Mangroves survive in these 

anoxic conditions by developrng prop roots, drop roots, and sn1.all 
pneummophores (Fig. 2. l, 2.2). O xygen can enter the plant 

th rough small pores, called lenucels, that are found on both 
pneumamphores and on prop and drop roots. \Vhen lemicels are 
exposed m che atmosphere during low tide, oxygen is absorbed 

from the air and some of tt 1s transported to and diffuses out of the 
roots through a sy tern of aerenchyma tissues (Mitsch and 

Gosse link 1993 ). This maintains an aerobic micro-layer around 

the root system. \Vhen the prop roots or pneurnatophores of 
mangroves are continuously flooded, mangrove soon die. 

Another adaptation mangrove trees have developed is 

vtviparous seedling. T he seeds or propagules germinate whrle 

C lockwise from top left: 
Figure 2. 1. Numerous prop roots 
of Rhizo/Jhora 111cmgle with you ng 
tre<es successfull y es1abli hed 
behind thi natural barrie r. 
Figu re 2.2. Pn..:umatophorcs of 
Al"ice1111io s/>/>. 
Figure 2.3. Young seedling; of 
Rhi~o/Jhora uum,1:le str.indcd m 
shallow water. 

they arc ~trll on the parent rree wid,out rhe intervcnr1on of" a 

re. t 111g swgc. This allows incrc:asecl seedling sue ·css where shal­

low anaerobic water and sediments would ocherwi e inhibit ger­
mination (1' lac1 ae 1968). Once npc, propagules \\'ill cven[IJ­

ally ta ll and root if tbcy land on sediment; or will floar and drift 

1\"lth currents ii they fall inro the sea. After a cime, if the float­

ing seedling becomes scrancl..:d ;mcl the \\'at.er is sha llow enough. 

the ,ccd ling will ::m ach co rhc sediments and CJkc root (Fig. 

2 . .l). It i nor \\'ell unclerswod wbccher rhc contact w1d1. the 

sedimcncs stirnula1c, che roo1 growrh or if the: soil conrains 

chemical compounJ rhat prvmote root cle\·elopmcnr (tv!ir ch 
anJ Go,,elmk 1993). Floaung ,eedlrng~ al,o are imporu1111 111 

mangrove disp.::rsa l and im·asion of newly cxpo,ed substrates. 
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tvlangrove forests fo llow rather rhan precede the silting 

up of a coastal area and accelerate the accumulaLion of mud or 

oi:he r soil. The development o f mangroves is affecred by topog­

raphy, substrate, and Freshwater hydmlogy as we ll as tidal 

acr io n . Mitsch and Gossel ink ( 1993) reviewed rhe dassifica­

tton of mangrove ecosystems accord ing co their physica l condi­

tio ns: 

• Fringe mangroves are found a lo ng protected sho relines 

a nd alo ng some ca nals, rivers, and lagoons. They are 

commo n along sho relines adJ3cem ro land higher than 

mean h igh tide but are exposed to dai ly tides. They 

tend to accumu late o rg:rn ic debris because of rhe low­

energy udes and the dense develo pment: of prop roots. 

Because these sires are open , fr inge mangroves a re ofrcn 

exposed 10 storm, and strong winds that lead ro the fur­

ther accumulatio n o f debris. T he fringe forests a re 

do minated by mangrove species with a prop root system 

Lhc1r o bstruct~ the uda l no w and dissipates wave energy 

dunng periods of heavy seas. These mangroves a re par­

ti cularl y sensitive LO the cffecrs o f ocean pollution . 

11 Riverine mangroves arc found along the edges of 

coastal rivers and creeks, ofrcn several mi !es inland 

from th e coast. T hese mangroves may be d ry for a con­

siderable time, alrhough the water table 1s general ly just 

belo w the soil surface. They a re affected by up land 

freshwater runoff and Lhe adjacen t ri ver and can some­

t imes be sign ificantly influenced by upmeam activity 

or stream alteration. The combination of adequate 

freshwater and high inputs of nutrients fro m bod, 

upland and e tuarine sources causes these forests to be 

generally very productive, supporting large (16-26 m 

tall) man grove Lrees. Riverine mangroves export a sig­

nificant a mo unt of o rganic matter because of the ir high 

productivity. Salinity varies but is usually lower than 

char of o ther mangrove ecosystems. 

• Basin mangroves occur in in land depressions or basins, 

oft.en beh ind frtnge mangrove forests, and in dra inage 

depressions whe re water is stagnant o r slowly flowing. 

These basins are often iso lated from a ll bur the h ighest 

rides and yet remain !looded for lo ng periods o nce r.ide 

warer does nood Lhcm. The ground surface of such 

forests is often covered by pneumaropho res fro m Lhe 

dominam trees. 

• Dwarf o r scrub mangroves arc examples of isolated, 

lo\\'-productivity mangrove wetlands 1.ha t are usua lly 

limited in producti l'iLy because of the lcick o f nutrients 

o r fresh w::icer mnows. Dwarf mangroves are dornma r.ecl 

by sca rtered, sma ll (often less Lhan 2 m La ll ) mangrove 

trees. l lypersaline conditions and cold a t the no rthern 

ex.cremes of the mangroves range can also prod uce 

"scrub" o r stressed mangrove trees in riverme, fr inge, or 

basi n mangroves. 

Distribution o f mangrove trees and thei r zooation is 

the result of rhe interactions becween the frequency o f tidal 

noodmg, ph ysico-chemical characteristics and, water-logging of 

the soil (Mac 1ae 1968). Al l of these parameters are in turn 

modi fied by rhe presence of creeks, r ivers, and channels and the 

amount of rainfa ll , evaporation, and transpi ratio n. Mitsch aod 

Gosselink (1 993) described a typical zonaLio n as fol lows: 

Rhizophorn is found in che lo wesr zone, wirh 

seedlings and small trees sprouring even below the 

mean l0111 i:ide in marl soils. Above the low tide level 

but wel l wi thin the intert ida l zone, ful l-grown 

l?hizotihora wirh wel l-deve loped prnp roor.s predo m i­

nare. Tree h eight is approximately JO m. In rhe 

general public mind this zone is visua lized as the 

typical rn,m grove fores r dominated by arching prop 

roots making passage di fficu lt. Behind the 

l<hizo{Jhora zone and the natural levee Lhat o ften 

fo rms in fringe mangroves, basin rnangrove wet­

lands, dominated by Avicennia and Brnguiera with 

numerous pneurnatophores are fou nd where nood­

ing occ11rs o nly during h igh tides. There is usually a 

transiLio n zone between Lhe mangrove zones and 

upland ecosysrems where nooding occurs only dur­

ing spring tides or during storm surges and soils are 

of Len brackish r.o saline. At th is most landward mar­

gin , it is common to find stands of L1mmi1:;::ern and 

Xylocw{J1is. 

Variar io n in development of these zones is to be 

expccLecl. In genera l, a co mplete zonation wil l o n ly be found in 

an area with a considerable in tertida l range, with an excess of 

water ava ilability over loss by evapornLion and transpiration 111 

a ll seasons. and where sti r in suspension is available to ensure 

that depositio n of rnud on the surface of the soil is a lways rais­

ing the soi l level and enabling che mangrove to ex tend sea\\·ard 

(MacNae 1968) . Succession can some times be hard to recog­

nize because of human interference. 

Zonacion of mangrove rrees is predominantly regula t­

ed by tida l flooding. T he zones will vary in width 11ith 1.he 

natu re of the s lo pe of the sho re and wit:h Lhe r;:ingc of the tide. 

Variation in t idal inunda rio n influences a number of edaphic 
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factors including so il redox potentia l, salinity, pH, and concen­

trations of nu triem s and phyt0toxins such as sul fide that are 

known tO influence growth and distri bution of mangrove vege­

tation (McKee L995). In add ition , b imic factors such as seed 

predation may vary across the intertida l zone and influence 

mangrove species distribucion patterns. Erosion pa tterns on sea 

shores a re also recognized as an importan t regulator fo r man­

grove zonation. \Xfhen a soil is eroded, either by wave action o r 

by current from rivers o r tida l ch annels, species of mangrove 

will resist differently. Species of Avicennia and Sonnerana are 

more vulnerable than species of Bnigu1era which are n:i.ore vul­

nerable than species of Rhizophora (MacNae 1968). Hard iness 

is d irectly related to the depth of roocing of the different tree 

species. It will take a slightly longer period to breach a 

Rhizoplwra zone but once this is done the remainder of the man­

grove forest is quickly destroyed merely because the soil is 

washed from under the trees. 

The zona tion pan:ern of parent mangrove trees will in 

Lum regulate seedling development and d1srribution . Physico­

chemical characteristics of the soi l, light a nd nutrient ava ilabil­

ity, and proximity to reproductive adulc trees are all facmrs 

determining the spatia l patterns and density of seedling (McKee 

1995). Seedling es tablishment along tidal gradients and their 

success in being stranded depend on propagule characteristics 

(e.g., size, specific gravity, and flotation ), current actions, pre­

dation pressure (e .g., by crabs o r sna ils), a nd their resistance co 
desicca tion. A recem study in Kenya (Van S peybroeck l992) 

confi rms that propagule dispersal is the result of both "self­

p la nting" and "stranding'' factors . "Self-p laming" refers lo Lhe 

development of seedlings under the parenta l trees. "Stranding" 

refe rs Lo seeds and propagules that: are washed away by r.he Lida! 

action a nd dispersed by the water to anchorage places away 

from the pare ntal trees. "Self-planting" is the maior mechanism 

of propagule dispersal in undisturbed mangroves, where only Lhe 

seaward margin is exposed co strong wave action and where the 

mangrove foresL as such provides suffic ient protection co pre­

vcn[ uproo[ing of newly esta bl ished seedlings in the intertidal 

zone ( Van Speybroeck 1992) . O n rhe ocher ha nd, "stranding" 

i mo re imporrant in places wir.hout a direcL input of ''se lf­

planting" propagules suc h as in over-explo ited o r cleared man­

grove forests (Va n S peybroeck 1992) . New seed ling protection 

from wave action is critical tn the success of r.he ir establishment, 

because of the risk of strong waves to uprooL no r-fixed seedlings. 

After establishme m , di ffe rential seed ling tolerances co phys ico­

chem1ca l conditions, hcrbivory pressure, lighr availabil ity, and 

nutrien t concentrations t"11rther refine surviva l pa [tcrns a nd spa­

tia l distribution of each species (1'-lcKee I 995 ). 

Re,earche rs are still debating the significance of the 

:onation of plams in ma ngro, ·e foresr,; (Mi rsch and Gossclink 

1993). Some consider each zone to be a step in an aurogen ic 

successional process that leads to freshwate r wetlands and even­

tua lly to tropical upland forests o r pine fores ts. Other 

researchers consider each zone to be contro lled by its phys ical 

environmem to the po int char it 1s in a steady state and repre­

sents the oprnnal and self-maintaining ecosyste m for these low­

energy, tropical , sa line environmen ts (M irsch a nd Gosselink 

1993 ). In such a s ituation h igh ra res of mortality, dispersa l, ger­

mination, and growth are the necessary tools of surviva l. 

MANGROVE fUNCrtON~ 

~ lIB.A,hJ,=t:LJ,.L..1..>s1.;.->. 

iv!angrove forests are generally recognized as p laying 

key ro les in coastal ecosystems. Researche rs have established 

the ir importan ce 1n serving as habitat to a large fauna and 

flora, tn providing phys ical sea b i lity and erosion contro l to cer­

tain shorelines, in protecting inland a reas from severe damage 

dur ing storms and strong tida l waves, in exporti ng organic 

matter co adjacent coasrn l food ch ains, a nd in serving as sinks 

for nutrient:s and carbon . lvlangroves have a lso been identified 

as regulators for adjacent ecosys tems. such as terrestrial wet­

lands, sa ltmarshes, seagrass beds, and coral reefs (Mitsch and 

Gosselink l 99J) 

Mangroves are located in the region be tween the sea 

and d ry land and so contain many anima ls and plam s deri ved 

from both environmem s. In genera l, a wide diversiLy of a11imals 

is found in mangrove we tlands. Thei r distribution some nmes 

para llels the plane zonarion described above (lvlitsch and 

Gosselink 1993). Mangroves provide borh she lter and food for 

res ident animals (Lewis l 982). Many of the anima ls found in 

mangrove forests are fil te r-feeders o r detritivores. Barnacle, and 

oysters attdch themselves co the stems a nd prop roots of man ­

grove trees 11·ithin the intertida l :one and filter o rgaruc matter 

from the ll"a ter during high tide (M iLsch and Gosscl ink 1993). 

Fiddler crabs ( Uca spp.) and mudcrabs (Scylla semna) are ab,111-

dant in mangrove wetlands in outhe::isL Asia , living on the 

prop roots and high ground during high tide and bu rrowmg in 

th e sedimem , du ring l011· tide (MacNae 1968). ~vl::iny other 

invertebrates, includi ng snails, sponges, fl ::mvorms, annelid 

worms, anemones, mussels, sea urchins, and tunicates are found 

growing on. roots and stems in and above the intertidal :o ne. 

Birds are maybe the most no ticeable inhal)l[ants of mangroves. 

It i~ common to observe large flocks of cormorants, herons, o r 

egrets in the even ing corn mg to nest i11 mc1ngrovc forests. 

Pe licms, ibis, spoonbills, hamme r-head. sea eagles, ospreys, 

kingfishers, woodpeckers, pigeon,, and passeri ne bird, are just a 

few orher examples of birds frequent ly found in ma ngrOV<.'.S. 

13.::cause of rhe aquatic co111 poncnt of the mangrove forests, it iA 
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also ommon co fin ampbi ian and reptil e such a crocodi le . 

alli ar rs, wa Ler snak s, vipers. [UrLl e5, and frogs. Lher ve rr -

brar s rh ac in habir mangrove wamps include monk v , 

macaques, otters, hi1 popmamu e , wi ldca t. r urna , rats, m n­

goo e , wild pigs , and bear . In.sect are f course common in 

manorove . Some bee VI IL th, newer f Rl1 izophora nd 

Aegi .era spe res and produ e honey that 1 ften harvested by 

co::na l peopl . Mangrove wedand upport a colllplex aq u uc 

ood web an their urrounding waLer are (L n ri ch rn fi h and 

he! lfi h. 

Tr pping pa rti culaLe materials by mangr e plan LS is 
an im portant dimenrary and bioge hemi al proc tudie 

esc im,i red that ac r non in fri nge mangrove. i le s than l 

mrn/y r, l to 2 mrn/yr 111 ba in mangr v , and grea ter than 2 
mm/yr in ri verine m ngrov (Twil le et a l. 199 _). edim ·nts 

uspe1 ded in Lh e water column are d I osi r0 I in m ngr v du r-

ing fl oding, enri hing mangrove ds. Th exten ive root · -

Lem of mangrove nhan e d,i_ trapping proce and rel ards 

the i rces of rosion along Li,e . horeli ne . .A lthough rhi. unc­

tion hr1s be n over rared to the ex t.enc ol ca lltng mangr ves 

"wa lking trees'', roor. do conrribute ro ecl imcnca rion in e LU , r­

ie (Twilley eL al. 1992). 

' 
Cerra in fun tions {mangrove ~ res rs such as prin,ary 

produ riv rt y, roa 111 c produ non, and lmer decomp 1r ion have 

be n well d cum em d, pa rti cularl y or uth rn Fl orrcla 

(Mic ch and ,os li nk 1993 ). cudie have demon traced the 

1mpon ance f phy i o-chemical ndit i n , incl uding olar 

radiaLi n, temperatu re, cide , sa lin i y level , nutrient con en­

crau ns, oi l type, drainage, x gen oncenrrar ion, and pH for 

the c r cro l { these natural fun cions (Twilley et al. 1 92). The 

individual plam spe I pre enc in the int rudal z ne can ::i l o 

affect patterns f procl univ r y, becau, · some plants hav gr wch 

race chat are imnn_i ll v higher than other . Ta I _,2 urn ­

rn ari z dail y produ ti vity and litter I rod ucuon dara for river­

ine. 1 a in, and crub manorove" from a number of field . Lu ies. 

It is rmportanL to n c1 e thaL the producti 11 y valu . oiven m 

Tab le 2. are average for Florida and rhac due co d iffi ulLic in 

rnea uremenc. I roduct iv1Ly v lue c n be ex tremely va riabl 

(Field I 96) . '"'i ross and nee primary producrr vicy is th highest 

in rive r111e mangrove-, rmerme l1ate in bas in mangr ve , and 

th lowe t in dwar m ngrove ta nd . Higher productivtry ar 

the ri verine site can e attribute to 1he greater influ nee ( 

nucriem load ino and fre hwate r turn ve r (tdrt ch and 

osse link 19 ). The , , me nnectr n (riv rine > ringe > 

basin > crub was ob rved fo r organi I rodu c1on mea ured a 
litter fa ll ; the gr ·acer the hyd rologi wrnover, d, e gr acer 1.h ­

litter pr ,duccion i . T h e data onfirm the tm[ rtance of rid , 

freshwaLer run I, and water hem,stry as fa Lors c nt.roll ing 
mangrove product iviry. Tidal 11 w and uplan.d runoff will influ­

ence waLer ch ·mi cry and hence pr du ci viLy by transporting 

xygen co the r OL sy rem, by remov ing the bu ildup of tox i 

materi 1 and le from the soi l wa ter, I y concr lli ng the rat f 
ed rm enr. accumulation r r i n, and 1 y indirectl y regenerat­

ing nurriencs lo r from Lhe r0or zone ( liL h and ,o elmk 

1993 ). However, -ali nity level i re ognized a a key parameter 

in mangrove pr ductiv,c . Mangrove trees put le s of th ir ener­

gy inco phys i I grcal maintenance when rh water i low in 

le . 1,espi ra i n g n r lly in rea a a mecaboli . co c 

adapu, g ro hrgh al imt ie (. 1it h and Gosse! mk 19 1 
). The 

pr dunivi ry of a mangr· ve fo r ·c caJ1 be very low if the env i­

ronment 1 conditions ar adver e, but under me c ndrtion. rt 

an ompare w 11 with upland Lropi ~al oresrs ( pa lding et a l. 

1997). The pattern of z nation of mecabo li m fi llows the zona­

ti n of pecies· -p cies hat are i nmd gr wing out o( 1.heir zo, e 

will have lower produ uvity than tho c: chat are adr1pted t 

those ond11. i n , and mpeuu n wi ll eventuall y elimina1. 

them fr m char: ne. ( 1i t ch and Gos el ink J 9 
. urnent ex ·hange b rween mangroves and near­

hore waters is poorl y un lersco I be au e of difficu ltie in m a­

urrng nuuient Ouxes in oa tal water (Twille 19 c , River -

!vlonroy eL al. .l 9 5 ). I,. is genercrl ly agreed that mangroves are 

areas o a ri e nutrient u-an fo rmation and exhibit a net export. 

of detritus (Rivera- 1onro er. al. l9 5). However, trde and 

runoff nrrol the exch nge of material aero · the bounclari e f 

the rnangrove-e tuarine e o~y rem (Twil ley 

TABLE 2.2: PRIMARY PRODUCTIVITY, RESPIRATION, AND LITTER FALL MEASUREMENTS 198 '). The amount of war r cransporte I 
FOR THREE TYPES oF MANGROVE WETLANDS (FROM MITSCH AND GossELJNK 1993). 1.hrough mangrove~, eswarie , and the conci-

Gross primary productivitya (kcal m ·' day") 
Total respirationa (kcal m·' day·' ) 

Net primary productivity" (kcal m ·' day-') 

Mangrove Wetland nenr.al helf i dependent on the hyd rologi 

Rive rine Basin 

108 81 
51 56 

57 25 

Scrub 

13 
18 

0 

rumovt:r and the geoniorphology of th region. 

The hydrolog1 1.urn ver of riverine mangrove 

Litter productionb (kcal m·' day·' ) 14 ± 2 9.0 ± 0.4 1.5 

, h igh becau it i dominated by river flow and 

ridal rnundati n, whil fring mangr ves ar 

influenc cl main ly by fr quent tidal inundation. 

Basi n mangr vo.::s b ve lower hyclrologi 

turnover be au e they are I aced inland ( 

fri nge or riverine communici and a re 11lL 

3 From several sites in Florida; based on CO2 gas-exchange measurements; 
assumes I g organic matter= 4.5 l<cal. 
bAverage ± standard error from several sites in Florida and Puerto Rico; mea­
sured with litter tra ps; assumes I g organic matter= 4.5 kcal. 
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are less frequently inundated by either tides or n ver fl oods. Rates 

o ( organic export from basin mangroves are dependent on the 

volume of t idal water inundating the fo rest each mo nth , and 

accordingly export rates are seasona l in response to the seasonal 

rise in mean sea leve l (Rivera-Monroy et al. 1995 ). Rainfa ll also 

increases o rgan ic carbon expo rt from mangroves, especially d is­

solved o rganic carbon. .As hydrologic turno ver increases, both 

the magnitude of litte r produced with in mangroves and the pro­

portion of the litte r that is exported increase (Twilley 1988) . 
Estimates of net ecosystem production berween a fringe and 

basin mangrove suggest that a large proportion of the net prima­

ry productivity in the more inundated forests is exported , while 

in basin forests more of the net produc tion is accumulated o r uti­

lized within the system. 

The idea that in te rtidal wetlands may be a nucrient 

sink is particularly confusing because it contrad icts the "out­

we l I ing" concept of decriu.1s exchange for mangroves established 

above (Twilley 1988) . .A study of a fr inge ma ngrove showed 

that the re was an uptake in dissolved inorganic n itrogen from 

the tidal creek and an export of part iculate n itrogen to the 

uda l c reek (Rive ra-Mo nroy er al. [995) . Thus, th is particula r 

mangrove forest contributed detritus to the estuarine wa ter 

column and served as a s ink of inorganic nutrients. Studies 

indicate that mechanisms which conserve nutrients may vary 

a lo ng a tidal con t inuum (Twilley [988, Twilley er a l. 1992, 
Rivera-Monroy et a l. [995) . ln areas of high tida l frequency, 

highe r recycling effici ency may occur i.n the ca no py whereas 

in lower tida l activ ity, nutrient recycling may occur o n the for­

es t floor. The impo rtance o f the tota l fl ux of de trit us from 

mangroves to 1:he o rgan ic mau.e r budget of estuarine ecosys­

tems depe nds a lso on the re lati ve size of bo th systems. It h as 

been suggested tha t the ratio of mangrove a rea to the s1trface 

wa t.c r area o ( estuaries rnay be indica ti \'e of the impo rtance of 

mangroves to the productivity of aquatic ecosys tems (Twilley 

1988) . Field ( 1996) concluded t hat gene rall y where the 

amount of mangrove forest area is h igh compared to the area 

of open water, then mangrove production is the major source 

of carbon e ntering the aquatic food c ha in. Probably on ly in 

large lagoons with thin strips of mangrove at t he edges of the 

wa ter is the production of rn rbon by other sources, such as 

phytoplankton, g reater than that produced by the ma ngroves 

(Field 1996). Using a technique 111vo lving t he measurement of 

lJC/12C ratios of o rganic matter, Fleming Ct a l. ( 1990) found 

th at ma ngroves were providing 37% and seagrass 63% of rhc 

ca rbon to org::mi ms 111 a n adjacen t bay, suggesting chat man ­

grove cletr iral export is important to offshore water only in 

regions local to rhc mangrove forests and th::it it may be unim­

pon anr re lat ive to o ther ca rbon sources farthe r offshore. 

Poren fr1 lly. the export of organic matte r from man-

groves can sti mulate aquatic prima ry productivity. sustain sec­

ondary productivi ry in estuarine and coasta l wa ters, and buffer 

inputs of nutrients and other materials from terresuial sources 

(Rivera-Monroy et al. 1995). Studies in south Florida reported 

that about 50% of the above-ground productivity of a mangrove 

forest was exported to the adjacent estuary as particulate organ­

ic matte r (Mitsch and G osselink 1993 ). Examina tion of stom­

ach contents of estuarine animals showed that mangrove detri­

tus is the primary food source in the estuary. These primary con­

sumers of mangrove litter serve Lil turn as food 10 game fish and 

commercial fisheries species (M itsch and Gosselink 1993). 
These findings led to the reasonable extrapolation that man­

grove detrital export is unportan t co offshore water and that lit­

ter produced in the canopy of mangrove forests represents an 

important source of nutrients to the foodweb of adiacent coas tal 

waters (Twil ley et a l. 1992). T his theory led then ro the state­

ment that the remova l of ma ngrove forests would cause a sig­

nificant decline in sport and commerc ia l fisheries in adjacent 

open waters. The theory is further supported by the fac t that 

mangrove ecosystems (mainly fr inge and rive rine man.groves) 

have been documented as impo rtant nursery areas and sources 

of food for spo rt a nd commercial fishe n es (Mi tsch a nd 

Gosse link 1993 ). However, there is no d irect evidence of a 

cause and effect re lationship for mangroves and fisheries 

(Twi lley 1988) . Eva luaring the importance of mangroves to sus­

tain ing secondary productivity in estuari ne and coastal ecosys­

tems depends on the rransport and util ization of o rganic matrcr 

from mangroves and on the type of mangrove . onside ring 

mass balances, some mangrove-estuarine ecosystems transport 

substantial amounts o ( organic mate ria l to estuarine and coast.al 

wate rs. However, the mass balance approach does not indicate 

d irectly the util ization of th is mate rial by higher trophic levels 

(Twilley 1988). 

Historica lly, h uman pressure on the mangro,·es has 

been lim ited and, except for some subsistence populations, the 

people aw mangrove areas as inhospitable, unhealthy, and dan­

gerous (Field 1996) . Mangrove forests a rc no t easy places to 

penetrate and few communities of people ac tually live wi thin 

th e mangroves (Kunstadter 1986) but many people live in close 

proximity. During the last sixty years, the pressures of increasing 

population, shortage of produc tive land, for agriculture in trop­

ica l countries, and industrial and urban de,·elopmcnt have led 

to a signific mt proportion of the world mangrove resources 

being consumed (Fie ld 1996). The lntern:Jtional U nion for 

Conservation of Nature ( IUCN 1983) esttm::ites rhac JS much 

as 50% of the origina l mangro l'e ex tent has been lost. Today, 
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mangroves an: I gged fo r tim ber, fu !wood. lc::i ther Lanning, nd 

chc1r oa l producti on , chi1 peel fo r paper produ u on. and 
reclaimed ro prov ide land fo r agriculture, aquaculture, and rhe 

consu-u ri on o mine:, port , mun, L resorts, and h using (Fig. 

_-4) _ ::itural disa. rer· mclu ling typhoons, cropi ·al vclone· , 

hurricanes, dwughL leacl111g Lo hypersa l111 conditi ons, and 

microbial di eases, are also impon an 1 factor, onrrolling rn an­

orove abundance ( 11r.ch and Go link 19 3). 

Figutc 2 .4. In te nse oasta l deve lopment in a former mangrove 
area , Ma nila Ba ·, Phi lippines. 

There is a o nera l agreement rhaL the gl I al area of 

mangro\·e i decl inmg (Field 1996 , alth ugh some regi n 

may have seen a neL increas in mangrove covera,,e. For exa m-

le ob ervaLi n of area phorograph and Id map show an 

increa c in m:1ngrove devel I ment over Lhe last 150 y ar in 

the inu Ri ver estuary on th · aribbe:an coa L of lombia. IL 

is th ught thoL xpl itation ( upl n I fore t· , increase in _ il 

erosi n, and ~ub_equ nt increase in ·oa· Lal accreti n a llowc:d 

the d veloprn nr ( 111 angro\'e in th i particular wary (] .V. 

Mog II n V I z, Mini. ter of d e Environmem, olombia, per­

onal communication) . T h, example il lu trare the highly 

dynarnic nmur of mnngrove wetlands and the facL that a pre­

c ise figure on mangrol'C lo i· often re. tricted co the region con­

.erned. In l '- 2, ng ( 1982 ) esLimated th.at the rate of 111 an-

TABLE 2.J: 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 

Southern Vietnam 286,400 104,123 -64 

grove de rru LI n in l'- lalay 1a was around I '10 p r vea r. 

l brn ining estim re5 of declin ( r other areas of rhe w rid is dii'­

fi ulr 611[ ,r i. probabl reasonal I L s ume char th · race of 

decline in th e A ia-Pacifi r ·gi n is r.h e higbe t (Lewi 19 2, 
S aiding er al. J 997 . Lewi~ (l' _) oave a Ii t of ava il ble fig ­

ures for documenred lo e (Table _J). The Ii tis quite shor1 

I ccau·e rnosc of th cl a1 on mangrove lo· e have n r be n 

ga Lhere l in ci nt ific publica1 i ns nr ys temartc studies, buL 

re ult 111 in ly from ane docal in fo rmation. umber can b 

made to ay many things, but th y wi II never ace unr for all rhe 

rea l soc ial and enviro11rn nrnl problem emerging fr 111 man­

gr ve lo - . There I liLrle cornf rt m a number indi aLing a 

mall pn1 oni n f mangrove lo if rl1 . reg ion ( in tere t is seri­

ou ly affec ted b the wed· nd de u uct i n. How ver rhe increas­

ing area ( mangrove re. torauon sires in ome r gion is worLl1 y 

of n JLe. Ref re rntion areas in Bri nglade h, \/iem m, and 

I ak,stan nO\I' c ver ov r I 7L,,00l ha, whi le uba 1s rep reed r 

have plan1 ed ar und 25 ,700 h< ( mangroves (Field 1 %). 

TJMBER Mangrov tim ber wa and Lill i widely used 

I y coa wl communi t1e . 1-- langro e gen ra pr ducing vri luabl 

1mber ar Avicem1ia, Brn.gnieru, eriO/Js, Henr.iera, Rl, i:;:opliora, 

,onnerwia, and 'X.y locarp11 Ma 1ac: 1974). I ngrove trees ar 

LU t and u eel a takes r hor -based (i , h rnip , pare- canoe: 

and boa1 , poles, po cs f r building on rru ri n, ource of bark 

fo r tannin ex tra ti n, and firewood for daily o ki ng needs or 

u eel in i:he production of air (MacNae 1974, T horhaug 19 , 

go ile and hunula 199- , 1itsch and elink 1993 . 

Rhizo/Jltorn rnucronaw and eriops wgul are the tw I referred 

I ec ie fo r tanni n ex rrac rion in A ri ca and 11adaoasca r 

/'.lac 'a' 1974). Th b rk is cripp d off th· rrees (Fig. 2.5 ), 
p uncled and mi xed with lime, and oaked in metal or c ncr r 

tr ughs int \,·hi h anin rn l skins are imm reel and lefr t soften 

( r one r two weeks (Ngoile and Shunu la 1 c 2). 1-h wever, 

mmerc1al exploita tion o( rannin from mangrove rr e ccnr 

unabl t compete with that from a ac ia and its pr ctice i 

cl dining (Mi •ch and vo el ink 1993 ). ln ia and Africa, rhe 

l aves of the mangro\·e p:, lm tree, ypa frucican , are extensive­

ly used ~ r d1aLching and h u e building t\ lac. ae 1974). 

c. ometime rhe innore ence f the pa lm 1.r • are r ppc:d ~ r 

uga r and fo r al· hol production ( la ·Nae 1974 . X ·loca1p11S 
granowm and Herinern liuoralis ar u eel m Afri ·a tor medicinal 

purpose . .A p wder brained from the eed • at from both 

peci I dis ... Iv d and orall y adm in i r r cl fo r the trea rmem 

abdominal ailm nts ( goile and hunu la 1992 ). 

The 111 t consumpnv u.e of mangro\·e riml er coday 

i f r fir wood, · h ,·coa l, and pap ·.r pr ductio n (MacNac 1974 , 

go ile and hun11la I 92, M1t:,ch and o, link 1993) . F r 

rh e purposes, the Rl11zophoraceae are preferr cl . ln most of 
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Figure 2.5 . Mangrove bark used in tannin extraction. 

Figu re 2.6. Fishermen scttlcmem inside a ma ngrove fo rest where 
fisb cage culture is a lso pract iced. 

Figure 2. 7. Mud crab fa rming in Ranong, Thailand. 

.Sou[heast A sia, forest manageme nt. procedures a nd s ilvic ultura l 

rotation are implemented [0 ensure susta ined production and 

maximum econo mic yield of the tree species of cho ice ( Field 

1996). For example, in com pliance with the Indonesian 

Mangrove ilvicultural .Sysi:e.m, logging activ ities in Indonesia 

wil l have a rotation cycle of 30 yea rs (Field l 996). O nly trees 

that reach a d ia meter at breast heigh t (dbh) of l0 c m o r more 

arc al lowed ro be cut and forty trees per hectare arc lefr intacr 

ro func[ion as seed producers and allow ~uffic ient natura l re.gen -

eration . Observations in rhe field suggest that these seed pro­

ducers should be distributed in groups of four to fi ve trees, 

instead of being distnbuted equid istantly from one tree to the 

next, to be able rn withstand strong wind. T ndones1an regula­

tions also ca ll fo r a U 0-meter stri p of mangroves at 1:he seaward 

edge along the coastline and a SO-meter S[rip along [he rive r­

bank w be left undisturbed ( where avai lable) to function as 

greenbelts (Fie ld 1996). These g reenbelts maintain primordial 

functions such as protenion of shorelines and natural habirar 

for fish and she llfish. Field ( 1996) concluded Lhat silvicul cure 

success will depend on various facmrs of which rhe most impor­

tant are the accessibil ity of the forest and consequem removal 

of timber, and then the ease and degree of regeneration , e ither 

nawral or e ncouraged by planting. For 1:hese reason s, mangrove 

forests co mmercial ly exploi[ed for timber wil l be divided inw 

mangrove su ips by canals and cut out by rota[ion when the 

trees reach an economic size. 

FIS HING . A rrisana l and corrunerc ial fish ing rake 

place e ither within o r in the vic mity of [h e mangrove stands 

and some coasrnl communities depend solely o n these resources 

w supplement protem ( Fig. 2.6; MacNae 197-1, Turner 1977, 
Kunstad[er 1986, Ngoile and Shunula 1992). The mudcrab of 

mangrove wetlands, Scylla serraw, is considered m be a grea t 

delicacy (MacNae 1974). In some pans of Asia . an mdus try of 

fattening crabs LS expand ing (Fig. 2.7). ln S ingapore, small 

crabs of 5 cm in dian1e ter are ca11gh t in creeks m local man­

groves o r in adjacent wa[ers, placed for fattening in ccmem 

tanks where they are feel on trash fd, or offal umil they have 

reached a marketable size (i'vlacNae 197-1 ). Females, be ing larg­

er [ban males, fetch higher pr ices. In addition r.o the conven­

tional fisheries, molluscs are also harvested from mangrove 

areas. The large biva lve Geloina is harves ted for local con­

sumption from Ind ia w Ausrralin (MacNae 1974 ). In A frica 

and Madagasca r, Pymz11s sp. , Pincw&i sp., Mocliolus sp., and 

Crassomeu sp. a re a ll mo lluscs harvested by coastal people 

(Ngoile a nd Shunula 1992) . .Somet imes, these mol lu,cs are 

then used as bait: fo r fishing, bur more often [hey arc harvested 

for local consumption (Mac.Nae 1974, Ngoile and Shun ula 

1992) . In O man, wrrles found in mangroves are hunted for 

the ir meat, shell, and oi l. Fishermen never hcsir:n e w catch a 

sea turtle during the ir fishing trips and col len 1:heir eggs for food 

and medicina l purposes (Fouda and AI-Muharrami 1995). The 

human pressure on [hesc natural resources has increased over 

the last decades. ln some regions, r.he combination of tr:1d1-

tiona l ha rvest and cornme rc ial ex plo itation has reached un~us­

tainab le levels and is considered an impon.an t cause for the 

col lapse of subsistence fishe ries along [he Eastern coasr o f 

Afric;:i a nd in some parts o f ~outheast Asia. 
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Esruaries and lagoons are 11 eel by species of (ish and 
crustaceans lor feeding, reproduction. and a~ nur ery ground< 
(1' lacNae 197-+ ). Like crustaceans and molluscs, many species o ( 

fish are closely associated wi th mangroves bur lew are truly 

mangrove L"esidcms (MacNae 1974, Primavera 1993). Quali ­

tative and quantitati ve data on rhe importance of mangrove 

\\"etlands co commercial fisheries are difficult lO find. bur 
ressearchers ofren agree that mangrove areas are imponam 

refuges for many varieties of fish at a time when they are partic­

ularly vulnerable lO predator . ornc: genera seem charact.ensu­
cally to inhabi t estuaries and these genera may contain fish and 
crustaceans of commercial value, includmg among others clu­
pe id , mullets, cacfishe~. Indian shad, mdkfish , tilapia, prawns, 

and penaeid shrunps (MacNae 1974 ). An analysis of the L9S I 

landing; 111 t- lalaysia shows t.hat 32% may be as oc1a1t:d wirh 
mangrove~. while in the Phi li ppines, 72% of the catch from 

1982 to 1986 has some: close a sociation with mangroves 
(Prnnavera 1993). In Florida, USA , about 80°0 of the marine 

commercial and recreat.ional carche; are dependent on man­

groves for at least some crn 1cal stages o( the species life cycle 
(Lell'iS 19 2, Primavera 1993 ). 

._ cicnti LS oft.en argue thaL there is a posiuve re lation­

,hip be'tween commercial yields of fish and cru taccans and the 
area of int.ertidal vegeca110n (i.e., vegetated salt mar-h w1rh 

macrophyt.es and/or mangrove uee ). Lewis ( 1982) reports a 

20% decline in commercial fisheries cat.cl1es along Florid,:i 's 

Gulf Coast after rwo peaks of around 60,000 ions 111 1960 and 
1965. During the same period, 40% of the mangroves of one 

main estuary (Tampa Bay) in the area was lost 1.0 residential and 

commercial developmem (Lewis I 9 2). Turner ( I 977) found 
that, on a regional basis, annual shrimp yields inshore are 

directly related Lo rhe area of estuarine vegetation whereas they 

are not correhced with the area, average depth, or volume of 

cHuarine water. The analysis of the da ta com mg from 27 loca­
tions worldwide supported the hypothe is that the abundance 

and type of commercially valuable quantitie of penaeid shrimp 

are di rectly related to the absolute area and the type of estuar-

111e-interridal vegetation. Turner (I 977) concluded that the 
good co1Telat1011 with the measurement of intertidal areas 

rcsulcs from the (act that it is an indirect 111easuremem of 

penaeid shrimp habitat, and 1.har substrate selection is an 

important process affecting shrimp disrribuuon. O ften, correla­
Lion between mangrove losses and cleclrne in fisherie is com­

plicated by ocher human impacts such as overfishing. DeSy lva 
and 1' lichel ( 1975, as reported in Lewis 1982) were unable to 

demonstrate conclusively that the parual or complete defoli:i -
11011 of 104, I 23 ha of mangroves 111 'oud, Vie t.nam permanent­
ly damaged the estuarme ecology o( rhe are;i , alt hough they 

noted increased turbidi ty and erosion because of the lack of veg-

etanve cover and a dramatic decrease in fisheries harvests. In 

this panicular example, 1t was not po -ible to separate overfi h­
ing impacts from social and/or defoliation causes (Lewi L982). 

PONDS AND AGRICULTURE. For cenrurie· in 

Java and the Phil ippines, mangrove wetlands have been trans­
formed into ponds (known 111 Java as tambaks) for the cultivc1-
Lion ol finfish , penaeicl shnrnp, and prawn (t-lacNae 19i4). In 

Java the ~pecies cult ivated most commonly is C/ianos cha.nos 
(milkfish) 11·hich breed Just offshore in shallow water of sandy 
bays. Mad -.:ac (1974) reports a highly divided labor distribu­
tion in milkfish culture: fry are colltcted by one group of peo­

ple, transported to the ponds hy a second group of people, and 

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

pond caretakers oft.en live in houses bui lt on Lhe banks and d1 -
pose of human and dome uc anima l excrement in th<.! ponds 
(1vlacNae I 974 ). Ponds are generallv 0.5 ro 2 ha in area. narrow 

in shape, and cornmunicate by way of sluice gates with a system 
of tidal canals. The average milkfi h product.ion in Indonesia 1s 
around 400 lO 500 kg/ha per ytar (MacNae 1974). Culture of 

shrimp and prawn is more recent and 1101 resn:icred 10 SouLheast 

Asia. Culture type and intenmie will be discu sed in more 

deca d in the next: chapter. 
O ver rhe centuries, mangrove forests ha ve also been 

cleared for agnculrure. In .Africa, it i common to find tree 
crops in former mangrove area , the mosr importalll of which 

are cashewnuts, mangoes, and coconuts (Gang and Agatsiva 

1992). Coconucs are very much valued tn 1':enya and provide 
essential items such a cooking fa t, fuelwood, building 1natenals, 

extract for loca l beer, and o il for ha il" (Gang and Agatsiva 
l 992 ). l n Asia, some mangrove have been cleared for paddy­

field cultures (Mac.Nae I 974) or transformed into rubber and 
palm oil plamanon (Pongthanapanich 1996). Direct grazing 

of livestock on mangroves is practiced in 1.he ~ undarbans of the 
Ganges and 13rahmaputra River delras of India and Bangladesh 

(Siddiqi and Khan 1996. Untawale 1996). Leaves of Avicennia 

are comparable in numtive value to alfa lfa , and in Asia, man­

groves have served over the years as fodder and green manure 

for livestock. ln areas wi th 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 East Africa. Salt also may be extracted from man­
grove plant.S in the humid tropics. Rhizomes of Nypa palm are 

allowed ro stand in seawater to absorb salt, they are then 

burned, and salt 1s extrac t.eel from the ash (MacNae 1974 ). T his 

procedure is quite destructive for mangroves because large quan­
tities of fuelwood are required. Salt production in salinas in 

1'lozamb1que vanes between rs and 40 1ons of salt per hectare 

acavalueof U :i,16 roU $1 pert.on(1'1acNae l 97-f). 
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ECOLOGICAL FUNCTION AND VA LUES. 
Benefics f mangrove wer.lands are no t li mited to the ir various 

direct uses , but also result from some of the ir eco log ica l func­

t ions and values . A list of eco log ical func tions of maogrove 

includes: wi ldlife h abi tat, fish and c rustaceans ha bi tat, sedi ­

men t trap, flood mitigat ion , storm protection , prevemion of 

saline intrusion, nutr ient export, support o f complex aquatic 

foodwebs, removal of nutri en rs and toxicants. More recencly, 

the b io logical di versity of mangroves has beeo recogn ized, and 

areas for research , ed ucation , cooservation , and tourism have 

been allocated. 

T hese vari o us d irect and ind irec t values of mangroves 

have long benefited coasta l communit ies . It is then temp ting to 

estab lish an overa ll economic value of mangrove wetland to 

help dec ision makers in the ir ass ssmenr of the best poss ible 

use(s) fo r rhe e lim ited resource . Table 2.4 summarizes the var­

ious economic values of mangrove . Difficul t ies in measuring 

th e true economic value of mangrove ar ise because some prod­

ucts or ervices do nor have market prices and the good and 

services produced occur both within and outs id e Lhe mangrove 

( Primavera 1993 ). T n additi on, that d iffe rent types of mangrove 

will have diffe rem eco logical ignificance make it difficult ro 

rion , or importance fo r subs isten ce and in local e onomy are 

nm aclclre sec! ystemarically in economic studi es (Primavera 

1993, Ham brey 1996). 1evertheless, th ese contributio ns may 

b quire 1mporrnn t m term, of the total benefits produced by the 

mangrove ecosys tems and deserve a fu ll and comprehensive 

descrip tion in economic evaluat ions (l-l ambrey 1996). ln a 

recent study, Constanza et a l. ( 1997) give a tota l va lue fo r man­

grove ecosystems of US$ 11 ,029 per hectare per yea r, witb a 

range of USSi l ,106 to US'.£24,210. The Un ited Nation 

En v iro nment Program has placed an annua l va lue of 

U $ 15,000 per h_ecrare on mangroves and seagrass beds 

(Thorhaug 1988). This last estima te appea rs too high . 

To illustrate the complexity in esta bl ishing a va lue fo r 

mangrove services, I will u e ca tch fisher ies as an example. 

Fish.ery and marine products, bo th wii:hin the mangrove a nd in 

nea rby waters, a r frequencl y much more va luable rban fo rest 

products. Primavera (19 3) reports an a nnua l economic value 

range fo r fo restry products of US$ 10 ro US$400 per hectare and 

of US$125 to U $2.000 per hectare fo r fishery prod ucts. 

However, l~lambrey 1996) warns aga inst direct esr i.mares of the 

tota l value o f th e o ffshore fishery d ivided by th e a rea of man­

grove on nearby coast and cons iders them misleadi ng. The eco-

nomic benefit i ca lcu l::i tecl as the fi sh ­

TABLE 2.4: APPLICATION OF ECONOMIC VALUES OF MANGROVE GOODS AND SERVICES 

ACCORDING TO TYPES AND LOCATION (MODIFIED FROM PRIMAVERA 199]). 

eries card, sssocia t cl with mangroves 

and then frequen tly mul t ipli ed seve ra l 

order of magnitude to account , for the 
Location of goods and services 

nu rse ry function of th e hab ttat 
On-site Off-site 

Marketed Usually included in economic 
analysis ( e.g., poles, charcoal, 
wood chips, crabs, and oysters) 

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

(Tho rhaug 1988) . Th es est imates 

assu me cha r th e bulk of nurseri es is fou nd 

1n ma ngrove. In fact, man y nurseries a rc 

in sh allow coast.a l waters, es tuaries, 

lagoons, and seagrass beds wh ich may or 

may not be associated 1-v ith mangroves 

( Harnbrey 1996). In addit ion , most 

Non-marke ted Seldom included in economic 
analysis (e.g., medicinal uses, 
domestic fu e lwood, fish nursery 
area, wildlife sanctuaries, 
biodiversity attributes, 
education, and research) 

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

ge nera li ze. To a large ex ten t, the with in-mangrove , n -s ite 

goods and s rvices ar land ba eel, wh ile the off-s ite effecr.s a re 

usua ll y aq uaric or coas ta l (Tab le 2.4 ). W hen th e value of an 

e.\ ist ing mangrove fores t is asse sed, the analys i traditional ly 

has included onl y those marketed items like po les, charcoa l, 

wooclch ips, crab , and oy r.ers (P rimavera 1993, 1-l ambrey 

1996) . As know I clge has been ga ined on the in teraction 

be ween mangroves and adjac nt c astal wacers, grea ter arten­

tion h::is been pa id to serv ices that occm off- ire and that 3re 

marketed (e.g., fish and , he ll fish ca ught in coasta l waters) . 

O the r less ta ngible va lues sud , as biodiversity, physical prmec-

stud ies of fishen es in mangroves o r sea­

grass bed- do not prec lude th e pre ence 

of r.h other habita t, a lthough they cen­

te r on th primary habitat (Thorh aug 

1988 ). Hambrey ( L996) further caut ions aga inst ext rapo la ti on 

from these general es i:imates beca use a ll mangroves sho uld nm 

be regmdecl as equ:i l in va lue. Ir is evid nt th at: the nurse ry func­

ti on of mangrov ' will va ry with the penctwtio n of coasta l cur­

rents, the local hyd rograph y, rhc phys ico-chernica l conditions, 

and Lhe cc logica l im portance of the type of mangrove consid -

red. T ho rhaug ( 1988) insisrs o n th e fact: that the nursery func­

non of ;:i dense, l::irgc, inte rt icb l mangrove sw;:imµ is fr1r grea rer 

rhan for a thin , pa tch y layer of shoreline m:mgroves. ,A. similar 

a sertion can b · m::ide for ti K importance of ma ngrove out­

welli ng and its role in supporting adpccnr coast.al fooclweb~ . 
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TABLE 2.5: GROSS ECONOMIC VALUES OF MANGROVES FOR FISHERIES BASED ON VALUES OF 

LANDINGS ( F ROM KAPETSKY 1985, IN THORHAUG 1988). 

Country/Region Value in US$ Basis for value measurements Year of estimate Principa.l gene ra 

PANAMA 
Gulf of Panama 
Gulf of Pa na ma 
Gulf of Panama 

26,350 per km 
65 , 164 per km 
3,114 per km 

Value per km of mangrove shoreline 
Va lu e per km of mangrove shoreline 
Value per km of mangrove shore line 

1978 
1978 
1978 

Penaeus, Trachypenaeus 
Cetengraulis, Mysticatus 
Micropogon, Tut/anus, Cantropomus 

BRAZIL 
Cururuca Estuary 76,886 pe r km 2 Include only finfishes.Value based on 

area extent of open water 
1981 /82 Mugil, Canyactemus, Macrodon, 

Sagra, Macropengenisa 

MALAYSIA 
Sabah 133 per km 2 Value based on area extent 1977 Scylla serrata 

of mangroves 
Peninsula 277,235 per km 2 Value base d on area extent 1979 Penaeus, Scolopherus, Pampus, 

of mangroves, p lus estuaries Polynemus, Lucjanus 
and lagoons 

THAILAND 
Khiung District 3,000 per km 2 Value of fishery products captured 1977 Lita, Eleutheroneus, Arias, 

I 0,000 per km 2 
inside the mangrove system O phichchus, Lates 

Khiung District Value of mangrove-associated 1977 Penaeus 
spe cies ca ught elsewhere 

BANGLADESH 
Sundarbans 2,076 per km 2 Value based on mangrove area 

plus open water area 
1982/83 Hilsa, Penaeus 

PAPUA NEW GUINEA 
Gulf Province 426 per km2 Value of shrimp caught outside 

the mangroves, and of subsistence 
fishing and crabbing inside 

1977 Penaeus, Metapenaeus, Scylla 
serrota,Ambassids, Gobies, 
Gudgeons, Catfishes 

For in rma1ion, Tab le 2. ~ g1v • va riable e rirnar o ·con rn1 c 

va lues o( mangrove based on va lue ( fisheri e- landings. 

Amid t thee difficulLies in e rimaci ng Lhe 'true' e o­

no1ni va lue of mangrove "\' tern s tO ociety, resul t fro m su h 

,tudie could g1 \·e neral d1recti n concern ing dec1 1 n 

pro s relm cl r,o mangrov ma nag ment. ften, cradi tional 

pattern of land own r hip and land use wer not re gn ized I y 

nuthoricies and mangroves wer con 1dered as wa celands w1Lh 

low inLrins ic va lue (Kumtadtcr 19 ). IL wa th n an ea 

deci I n LO turn mangr \·es er LO n 11• 01n1er or nces i n­

a ires fo r more "efficiem" econ mic exploitation. Exploitati n 

of uch mangrove are:-i. cau ed not onl y ecol gi al degradation 

I uL w::L a Lo re, ponsib le fo r negative ocio- conomic impa t 

( Ba il 19 }. Akh ugh mmercial exploicacion of m n­

grov prov1 fod wag -labor ppomm1t1es ~ r loca l mmuni -

1 ies, it often did nor vupport a man ' people were upported 

l y traditional I nd-u e y tern · nd f-e n re.tri Led rJ, ac - t0 

trad i1ional mangrove area (Kunscadter 19 6). u h impa t 

were C le stronger in rea wh · re Lh r mova l left c a ml com-

1.nunir.i withe uc alternati ve m an, o( employment ,_ r food · 1-

lecti n (Bai l , 19 ). 

Th ,:omplexi ty of valuati ng an I manag ing man­

grove. make government imerventi n e encia l 1f mangr ves 

re to c use I rr1 ti onall y (Kunstadte r I 9c6, Thorhaug 19 , 

Hambr y I 996, Pon0 Lh napanich I l' ). For exarnpl , me uci -

11:auon of mangrove in Tha iland i guid d by a abin ·c 

R olun n ( 1 • I cember l ~7) wh i h las, 1(1 s mangrove 

inro 3 zones (Pongthanapanich l L 6 : conservation z ne, eco­

nomic : ne A, and economic , ne B. The con ervation zone is 

k pt as a natu ral f"orest and is a ciaeed with a high con erva-

ei n valu . le cov r 43 - ha or 12% of the coral mangro 

c ve rag in Thailand . The e anomic z ne A allow fo r fore r 

u1il i:aeion under a sustainable yi Id ba i , main ly fo r wo d con-

e ion or conse rvation. !r ov rs 200,00 h or 53% of the 

total mangrove area of th country. Finall y, th onorni zon 

B is an ar a of low va lu or degraded rnangr vc where other 

for ms of exp loiLaLi on are all owed, inc luding conv rsion co agri­

culture, ::ilt produ tion, urban r mdu crial cl velopmen1, and 

aq uaculture. Thi lase zone v rs ] ,600 ha or 35% of ch , 

actua l m ngrove coverage m T hai land . lndone ia and Viernam 

have ask cl for maimenan e of greenbelt or buffe r zone· a Ion 

shi..re line co pr cect coa5cal ar a from corm and eros i n. 

H wever, in many countrie. mangr v si te a sociat cl with 

high value hav not been identi iecl . The pro _ of mangrov 

zonmg may nor be easy bu t is con· idered a critica l tep in redu -

ing confli t am ng the man· mangrove u es . Hambrey ( 1996) 

r comm nd thac an · z ning wh ich migh t be: introduced to 

ra ci [i ra te a more ration I and planned developmem of the 

111du~tr - hould be very iinple. 

Mangr ve now appear LO be affect d by th same 

pr oc1acecl with mod rnizati n and c nomi elev 1-

opmem th L h;:iv led co th ~ rapid los , ocher L ypes f ~ res t in 
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che trop ics. These in lude rapid growch of human population , 

expansion of agricultw-al land-use, use of modem earth-moviog 

machinery and o ther new harvest ing technol gies, growing 

demands for raw materia ls and for food (espec ially high-quality 

MANGROVES AND SHRIMP 

AQUACULTURE 

[N THE NAT RAL ENV [RONME1 T, most shrimp 

mate in the open cean. and the fema les spawn L00,000 ggs or 

mo re ac a time . The eggs h a ch. inco naupl ii, the first larva l 

stage, wi thin 24 hours. During th e next 12 to l6 days, the lar­

va l shrimp changes fro m a nauplii, co a zoea, and fin ally to tbe 

m ys is stage . The larvae feed on phy toplankton and zoop lank­

ton. Af er my i srnge, the young shrimp metamorphose from 

la rva l stages and are called post- larvae o r PL. Post- larvae hrimp 

migrate into the nurricrn-rich waters of coasta l estuari es where 

they live as benrhic o rga nisms. O n e th e post- larvae become 

Ju veni le ;md subad ulL shrimp, they return to the 

anima l protein ), and an increase in urban izat ion and industrial­

izat ion (Kunsr.adte r 1986, Field 1996) . Ocher serious threa ts are 

mdirecr effects o f human activities, such as agriculwra l runoff, 

indu:mial p llution, and h ydrological alteratio ns. 

cycle will decermine th e intensity of culture. C ultme techniques 

normally are classified as exten sive, semi-i ntensive, and inten­

ive (Tabl e 3.1). 

In an ex tens ive producti on sys tem, tocking rares usu­

all y are !es th an 5 PL/rn 2, lit:cl e o r no fert:ilizer and feed a re used, 

wat r is often exchanged at low races if at a ll , and there is no 

mechanical aeration. Productio n is se ldom greater than 200 to 

JOO kg/ha per c rop and so farme rs tend to compensa te by con­

structing large ponds, with some up to 100 ha. Extensive shrimp 

far ming is often refe rred co as the "traditional" sys tem and i 

wid ly practiced in As ia. Fa rms a re ge nerally bui lt on inte r-tidal 

flats or in mangrove a reas . ln Indones ia, mangrove trees some­

times are reta ined within the shrimp ponds and the production 

system is referred to as ''silvofishery" (Fitzgera ld L997). 
In semi -intens ive shrimp culture, 5 to 15 iDLs ar 

stoc ked per m2. Fertil izers and/or feeds are app lied , water may 

ocean where they rnawre into adu lts and mate to 

perpecuate the life cycle. 
TABLE ] . J: SUMMARY OF GENERAL INFORMATION ON SHRIMP FARMING INTENSITY. 

h rirn p fa rming dup lica tes in pond the 

portio n of the shrimp I ite cycle that occurs in estu­

ane . Producti on po nds a re bu ilt in coasta l areas 

where there is a ready suppl y of brackish or ea 

wate r. Pos e- larvae a re aught from the wi ld or pro­

duced in hatcheries and toc ked in ponds whe re 

th ey a re culwred to marke t size . General ly, afte r a 

growing pe ri od o{ 120 to 150 days, cultured sh rimp 

reach a weight of 13 to 25 g at harvest. Fertilize rs 

and fee Is norrn a lly are app lied r.o po nds to pro­

mote r;ipid growth of sh rimp. Water exchange is 

commonl y e mployee.! in ponds rn enhan e water 

qu ali t y. /vi chanical aerarion is ofren used in 

intens Lve po nds to supplement natura l uppli es of 

d isso lved oxygen. Disc harge from ~hrimp ponds 

d uring water exchange and at h::irvcst is re tu rned 

to coasta l wmers. The type and intensity of man­

agement pract i . ..::es used dur ing che prod ucti on 

Variable 
Production Level 

Extensive Semi-intensive 

Pond size (ha) 5 to I 00 5 to 25 

PL stocking density (PLs/m 2) 5 5 to I 5 

Management inputs (+ = used, - = not used) 
Stocking + + 
Fertilization + + 
Water exchange + + 
Feeding + 
Use of chemicals 
Aeration 

Production of whole shrimp per year 
(metric tons/ha) 0.5 to I 

Value of crops 
(thousands of US$/year) 

Pond siting 

4 to 8 

inter-tidal 
flats 

I to 5 

8 to 40 

inter-tidal flats 
and above high 

tide mark 

Intensive 

0.5 to 2.5 

20 to 70 

+ 
+ or -

+ 
+ 
+ 
+ 

5 to 20 

40 to 160 

above high 
tide mark 
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Figure 3 . I. I ntens ive shrimp farm located above high ride mark, 
Ra nong, Thailand. 

be exchanged at 5 to 10% of pond volume per day, buL 
mechanical aeration is nor used. Produc11on may be as high as 
2,500 kg/ha per crop, buL II is usually less. Sem1-1men. 1ve 
ponds Lend to be smaller in ,ze than extensively managed 

ponds and are located both in inrer-1 ,dal land. wh ,ch may 

include mangrove, and on land loca ted above the high t ide 

mark. em1-1ncensive shrimp farm ing 1s practiced in Laun 
/\merica an~I SoutheasL Asia. 

In imensivc shri mp fa rming, PLs are stocked at 20 LO 

70 per m2 (Fig. 3. 1 ). Li1 de ferril1:er 1s used, but large amounrs of 

feed are applied. \Xlacer exchange rates may reach JO% of pond 
volume per day, especiall y at Lhe end of Lhe product 1011 cycle 

when the daily feed input i aL 1cs maximum. However, there 1s 

a growing Lrend to reduce waler exchange rates. Aeration typi­

cally i applied at 8 co 16 horsepower/ha. Production ranges 
from 4,000 LO 10,000 kg/ha per crop, and generall y, two crops 

are produced per year in Lrop1ca l regions. The best locanons for 
mLensive farms are above the high tide mark where ponds can 

be easi ly drained and their bmt0ms d ried between crops. 

Individual pond si:es are usually le-s than I ha. lmen_iveshnrnp 
farm ing is practiced prima rily ,n Asia, Ausrralia, and die United 

Su:i res. 

Over 1.he ld&t few years, global land111gs of shrimp from 
the capture f1 heries have ma1ma111ed a plateau of around 1.9 

mil lion ton s (Lucien-Brun l 997 ). It is generally recognized that 

aquaculwre wi ll play an 111creas111g role 111 the future 111 meeung 
the world fisheries demand for shrimp product.:, (Pi llay l 996). 
After enjoying rapid growLh dunng rhe l 9< Os, annual aquacul­
Lure production of ohnmp leveled off at around 700,000 rons 

tr0 111 1991 onwards ( ew 1996). Currentl y, fa rm-raised shri,np 
represem roughly JO% of the world shrimp production .. Around 

90% cl the hrin11' production ,s absorbed by three principal 

markets: the U A (36%), Japan (34%), and Europe (20%). 

The principal fa rmed species are Penae11.s monodon m 

A ia and Penaeu.s vmmamei in Latin Amenc::i. The ocher ma1or 
farmed spec1.es are: Penaeus styl1srostris in Latin America (main­

ly Mexico, Ecuador, and ew Caledonia); Penaeu.s chmensis 111 

China and Korea; Penaeus Japonicus in Japan, Korea, China, 
Taiwan, and Australia; Penaeu.s onemalis in C hina; Penaeiis pern­
cillatus in China and Taiwan; Penaeus mergwensis and Penaeus 
111d1cus 111 extensive farms throughout. outheast A ia (Lucien­

Brun 1997). 
hnmp are fa nned in over 50 tropical and sub-tropical 

nations, hm around 75°0 oi the farmed shrimp come from on ly 
10 countries. l n 199 , rornl production of fa rmed hnmp wa 

750,000 Lons, of which 530,000 tons (71 %) came from Asia and 
220,000 cons (29<}o) came from Latin America {Jory 1999). 

There are noticeable differences between the cwo regions in 
term of producrion system . In Asia, the maJOrtlV of the farm 
are ma ll -scale, family operations (Lucien-Brun l 997). In Latin 

America, the pnnc,pa l producers are often large, 111regrat:ed 

companies wid1 hatcheries, em1-imens1ve farms, packing 

plan Ls, and even feed mills (Lucien-Brun I 997). For the major­
ny of rhese operanon , capital 111vesrment is national wid1 for­

eign participat:ion (Lucien-Brun 1997). However, it 1s difficult 
to generalize ancl striking examples 111 each region conrrad,cr 

wh::it was just mentioned. 
Table 3.2 lists the major shrimp fa rming coumnes 1n 

Lhe world in order of im portance: Thailand, Ecuador, India, 

Indonesia, Phil ippines, Mex ico, Colombi a, Honduras, 
I\ la laysia , and Panama (Jory 1999) . O nly Colombia , 

Thailand, l\lalays1a, and Phil 1pp111es have an average annual 

y,dd higher than 1,500 kg/ha. It appears. thus, rhar the 

majority of the farmed shrimp worldwide are produced under 
semi -intensive systems. However. it is very difficu lt LO arrive 

at reliable production data of fa rmed shrimp: private compa­

nies that are engaged in rhe production of high-va lue species 
like marine shrim p, which typical ly are exported, are obvi­

ouslv reluctant co provide production data; . ubstannal quan­

titie of farmed slrnrnp are often exporLecl illega lly, with 
amounts under-reponed or not reported ar all to evade pay mg 

tariffs and taxes; many counr.rics typically fail co maintam 

aquacu lture d::i ta current, with available data typica lly being 

a few years old , and produ~tion is often under- or overesti­
mared (J ory l 999). 

mce 198 ', culnvared shrimp in nea rl y all producing 
countries have been afn,ctecl with bacterial and vi ral infec tion 

(Qingyin et al. 1997). The yellow head viru· h, t Taiwan and 

C h111a in I 988. /\fore recently Lhe while spot d1sea~e has 

emerged in Asia and th.: Taurc1 Syndrome V1rns in Laun 
America. In each of these new d,~ease , a deteriorated environ-
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TABLE 3.2: PROFILE OF THE IO MAJOR SHRIMP FARMING COUNTRIES IN THE WORLD (LAND AREA AND MANGROVE 
AREA FROM SPALDING ET AL. 1997; AREA OF SHRIMP PONDS, SHRIMP PRODUCTION, AND YIELD FROM JORY 1999). 

Country Mangrove area Area of shrimp ponds Shrimp production Shrimp production Yield 

(ha) in production (ha) in 1996 (metric tons) (% world's production in 1996) (kg/ha/year) 

Thailand 264, I 00 70 ,000 
Ecuador 246,900 160,000 
India 670,000 140,000 
Indonesia 4,255,000 200,000 
Philippines 160,700 20,000 
Mexico 531,500 24,000 
Colombia 365,900 3,200 
Honduras 145,800 14,000 
Malaysia 642,400 3,000 
Panama 181,400 8,500 

TOTAL 7,463,700 642,700 

me nr may be prov iding t:he llecessary conditions for growrh of 

pa thogens (Qingy in e t a l. 1997). Many facto rs contribute to 

environ mental deter io ration and the princ ipa ls amon g them 

a re little corn ide ra t ion co the eco logical carry ing capaci ty of a 

spec ific area and po ll uti on from industrial , mun ici pal, o r even 

aq uaculcu ra l origin. 

Shrimp [arming generates mar1y di recr and ind irect 

jo bs in related busin esses uch as feed manufacru ring, processi ng, 

uansporcat ion , and marketing a well as 111 con cruction, engi­

neering, and manufacturing. ln Ecuador for exa mp le, it is esti­

mated that shrimp fa rming ge nerates approximate ly 200 ,000 

direct. jobs and 17,000 indirect on es (Lucien-Brun [997). 

Rosenbe rry ( 1996) reports tha t the 78 packing p lants of Ecuador 

employ 12,000 people, 80% of Lhem women. To prese nt. it fro m 

another pe rspective: a general evaluar i n of the aquaculture sec­

Lor in Ecuador revea l that 7% of the activ . popular ion is 

emp loyed directly o r indi rectl y in jobs generated by th is sector 

(Luc ien-Bnm 1997). In C hirw . sbrimp fa rm ing is an im pornmt 

ind usuy in the coasta l area employ ing, direc tly and indi rectl y, 

an e tirnated one milli on people (Qingyin t a l. 1997). 

REASONS FOR SHRIMP AQUACULTURE 

bal Aq uaculture Al liance 

(a group formed ins ide the sh rimp industry) sponsored a meet­

ing of mangrove and shr imp aquacu lture ex perts ro prepare a 

report o n fa · ts conce rning the ma ngrove situatlo n and shrimp 

aquacu lture. The parr.ic ipants a r this meet ing furcb r di scu sed 

the basis for a Code or Practice on Lh Siting and operation ot 

shrim p fa rms in re lat ion to coasra l mangrove fo rests. 

S iring of shi:imp ponds in coasLal · reas is governed by 

many fo cco rs, in · luding cl imate. elevation, water quality, so il 

type, l,rnd avJ ilabi lity. infrasuuci:ure development, popuL1tion 

210,000 28 3,000 
130,000 17 813 
70,000 9 500 
50,000 7 250 
35,000 5 1,750 
17,000 2 708 
12,000 2 3,750 
12,000 2 857 
8,000 I 2,667 
8,000 941 

552,000 74 859 

pressu re, cultu re method , and legislat ive aspects. Shrimp ponds 

have been constructed o n many di ffe rent types of land, includ­

ing inter-tid al land (mangroves, mud fl at, and sa lt pans) and 

land above the b igh ride mark (n c fie lds, agr icul[Ura l and 

sa li ne lands) . Land use type [o r ' hrimp fa rm siri ng va rie from 

country co cou ntry and even within a country o ver rim e . mak­

ing it diffi cult co oeneral ize. 

A co mprehens ive srudy o f land used fo r hrimp 

aquac ul ture in Asia was undertaken through a surv ey of 

approx ima te ly 5,000 shrimp fa rms in 1994 and 1995 

(ADl3/NACA 1997). This tudy was conduc~ed m 

Banglad esh , ambod 1a, C hin a, India, lnclone. ia. Ko rea , 

Malays ia, Philippine , ~ri Lanka, Taiwan, Th aila nd, and 

Vietna rn. Table 3. summ arize re, ul ts o n t he land type used 

for sh rimp fa rm locat io n in th e. e countri es . Approx imately 

37% of a ll the po nds wcr consi:ructed in i'orm r mangrove 

1. etla nds and 90% of these po nds used extensive pract ices. 

T he surface occup ied by Lh ese ponds (approx im ately 400.000 

h a) rep rese n ts 5 .7% f th e tota l ex isting mangrove a rea 

(6,969,982 ha) in rh e e countr ies. Data fro m the sur vey gave 

n o in fo rmat io n o n th e quali t y of mangroves in te rms of 

spec ies d ive rs ity o r ecolog ical value , no r h ow m uc h of the 

mangrove land had been previ ous ly degra ded before use for 

shrimp farming. ln con trast, a great r propo tTion ( 1 %) of 

ponds managed intensively and semi - in te nsive ly occu pies 

non -mangrove land and la nd loca ted abov the hi gh t ide 

mark . ' uch land i, now w id e I y recog ni zed as being beu e r fo r 

shrimp po nd locatio n , a lrho ugh th survey data show that 

o rn e inrensive fa rms a re t ill located o n lowe r land. The high 

use of r ice tie lds for exte nsive shrimp cu lture is d ue to cen ai n 

types of shr im p fa rm ing ,ys te 1n- opera ted in Banglades h . 

1 nclia . and Vietnam, 1 here fo rm e rs prac t ice a l tern a tc crop­

ping, with ri c du ring the ra iny season at low sa lin ities a nd 

ex tensive shrim p fa rmin g clming the dry · ecison. 
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In Lati n .America , hr im fa rms o(Len cover eve ral 

hund red he ca res. It I nOL unu_ual to ind that a farm begin" in 

f rm r m ngrove area and extend on m high i: la11 'I. ln 

- uador, Lhe fav riL .ires we re originall alL pans di..:v id of 

ve etati n. Once LI e·e si t were u cl up, the 111du· Lry moved 

t , less (::ivorabl e a1·eas inc lud ing s me mangrove werla nds. 

'1a ny of the arm 111 the Guayaquil e cuar ar I uilcl on I land . 

and e1 ir led 

ya thi n trip of mangr ve. Many people b ve the mi taken 

id a rhac Lh island wa originally o ered c mµlerely by man­

grove, and all exc pt the frin ge had been cut down ro build the 

hr imp ( rm . p n exa minaLi n of the pond ii , it of Len i evi ­

dent th L Lhe cencral pa rt of die Hand had b en upra-n al land 

,i nd onl y a smal l per em age f Lhe sh ri mp fa rm area had accua l­

l been developed 111 mangrove wetland. 

Regard ing mangrove i ue , envi ronmencal 1 L often 

ex press ·one rn about c nv rsion ( mangroves t hrimp 

ond". \X/h ile rnangr ves have been ut to make way for pond , 

and rh i I rh rn t seriou impaCL, 1 he r may be other ways in 

wh ich hri rnp fa rming impacts mangrove ec ystem . These 

interacLion are p rl y tudicd, but need to be on ,dere I in 

ff, 1-rs t c nrrol dver e impacL wh re farm ::t r locat d in or 

n ar L'h ng rove fo r , L . For xarnple, when hr irnp farm _ are 

constructed on u ra-ndal land, ir ma he nece ary m con truer 

canals for 1nrnke w t rand effl uent di ha rge rhrough t.he man­

gr ve, r it may be ne essary co clear mang rove L bui l I pump­

mg tarion and erv ice docks fo r hrimp farms. At mo·r, areas 

!eared ~ r ca nals and o h r infra Lru ·rures w ulcl nOL xceed 

5% of t0tal pond area on a f rm. 

.., n tru uon o( nd , camil , or · cess road may 

a irer th al hydro logy f the area and cau e isolari n of 

ome mangrove rand· fr m bracki ·hwarer and/or fre hwate r 

no cl ing. IL may al resu li: 111 aliniry hange leadin g L man-

grove rress. An her cl::i of p remia l im r1cts, alth ugh n t 

documemed an I realistically le-s erious in volve nuem di -

haro with ris k f eutroph i ation, hange in sa lmn:y, or path ­

ogen pread fr m lirim 1 pond to mangrove fauna . 

D 

The re i no d ubt that sl rirnp f rm ing ha con­

rr ibured ro mangrove los .. particu l::i rl the exrensive ysrem 

requ1rin0 la rg areas o ( inLer-tid l land . Al Lbough blamed 

peciCi · a ll y in r · enr yea r , aq uacult.ure i ut one ource o( 

everal developniem anivit1e. wl11 h ha ve ontribut I to th 

huge 1 , of mangrove re ources worldw ide (Macinro h 1996). 
Duer che vari biliry an I general unreliab ility f data, I rric­

ularl , n the ualiLy of mangrov s, it i. d iffi ult t a sign 

glo ba l loss clue LO shrimp aquacu lture, let alone Lo a ses it 

cologi a l igniri ance. 

lobally, i ( it i sum cl that all of che 69,470 ha o ( 

pond (Jory 1 9 ) were c nvertecl fr ,m mangrove land , then 

hrimp r- onds w uld accoum for 4. % of th pre ent mangrove 

resour e. repre enLing le s than 4 o the L ral mangrove hi -

torical re ource (Bo cl and Ma aut l 97, Lassen 1997). 

Recent analy e undertaken for th World Wid Fund fo r 

Na ture ( lay 19 7) also c ncluded 1.h ar "the extent of man­

grov desLructi n worldwide re ulting from hrirnp farm ing i 

nly a tiny fra Li n of the ral lot t date ... globa lly, h ri1np 

forming i not i:e p nsible fo r even a quane r (perhap even a. 

liLtle a 10%) of Lhe mangrove !earing that have taken place 

ince l 9 ." Th"'re is li tt l hope th Lan exact figure will ever 

be known and th t the extent of rhe cial and ecol gica l siD­

nificance of u h lo evaluated. 

The g I era! appp r ach t mangr v . desrructi n and 

degradation ha b n ba ed 

TABLE 3.3: ESTIMATED LAND USE TYPE FOR SHRIMP FARMING IN 12 ASIAN COUNT RIES BASED 

ON A SURVEY OF AROUND 5,000 FARMS CONDUCTED DURING 199S (ADB/NACA 1997). 

on hort-term exp! irarion 

fo r imm ediate econ om ic 

benefit, raLhe r than long­

term, su tamab le X!J loita · 

tion (Jvla in tosh I 96) . .A 

l.ack f efi cuve regulanon of 

th mangr ve re urces m 

rn ny coun tr ies ha probably 

contributed ·o the onrinu-

Land use type prior to 

shrimp farming 

Intensive farms Semi-intensive farms Extensive farms 

Inter-tidal land 
Ex-mangrove 
Non forested wetland 
Salt pans 
Other inter-tidal 

Supra-tidal land 
Rice farm 
Other agriculture 
Non agriculture 

Area (ha) 

14,142 
8,669 
7,496 
6,470 

22,S IS 
8,432 
7,397 

Estimated total farm area 74,600 

% 

19.0 
11.6 
10.0 
8.7 

30.2 
11.3 
9.9 

100 

Area (ha) 

24,786 
25,206 
4,242 
14,603 

19,397 
4,603 

36,278 

133,000 

% 

18.6 
19.0 
3.2 
11.0 

14.6 
3.5 

27.3 

100 

Area (ha) 

359,118 
136,121 
20 ,649 
195,948 

122,087 
8,215 

25,601 

856,300 

Study conducted in Bangladesh, Cambodia, China, India, Indonesia, Korea, Malaysia, 
Philippines , Sri Lanl<a, Taiwan, Thailand, and Vietnam. 

% 

41.9 
15.9 
2.4 

22.9 

14.3 
0.9 
3.0 

100 

ing t ru ti n of rn ar1grove 

~ re t· 

!though 

t-.1larte 1995). 
law g vernin 

mangrove were p;:i sed in 

m countn · , a ombina­

t ion of exemptions ~ r mall-
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sca le explo iLation and lack of e nforcement led to the wrong 

impression that mangrove forests were essentially free resources 

(Fegan 1996). In Ecuador, the penalttes for cu tting mangrove 

trees a t present are sufficiently low that it can often be cheaper 

to break the ru les and pay minimal fines than to bO[her with 

compliance (Bamhizer 1997). During the 1997 Shrimp Tribunal 

ession , both the Ecuadorian government and the shrimp indus­

try representatives acknowledged the need for new and stronger 

penalties for vio lation of regulations governing and permitting 

mangrove cutting. Fortunately, there is increasing recogrnrion of 

the problem and positive effo rts are being taken to mitigate neg­

ative impacts caused by shrimp culcure . Such efforts need co be 

further strengthened. 

The negative environmental impacts o f the decline in 

mangrove areas have been widely publicized and include losses 

TECHNIQUES FOR 

MANGROVE REFORESTATION 

AND MANAGEMENT1 

FOR UNIFORtvlITY in the voc:ibulary, the words 

propag1tle and swl/ing wi II be used as defi nee! by Lewis ( L 982). 

The word propag11/e will refer ro the seeds o r seedl ings of a 

species rhaL arc coll cCLecl directly from the t:rcc, o r very soon 

thereafter, and have nO[ exhibited any add itional expansion o r 

rooL formation . This is preferable co using seed or seedling 
because these words a re often used interchangeably for the same 

thing, depending on the write r's determination as to how viv ip­

arous a particular spec ies is considered (Lewis J 982) The term 

seedling wi ll apply to propagules Lhar have gcnninated and show 

add iLional cha nges such as the loss of the test.a in Avicennia or 

rooc growth from the radic le in Rhi:;_oplwra. 

It is now well established that mangrove wedands play 

s1gn ifi canr roles in the coastal ecosys tem whether phys ica l, eco­

logical, or socio-economic. The recognition of this importance 

is d iscernible from the various measures currently dire..:tecl 

toward the sustcn:m ce of the mangrove re,ources suc h as 

issuance of rclevanr r<c:gulat:ions. enhancement of conservation 

of the various uses, func tions, and attributes mentioned in Lhe 

previous chapte r. It ts also 1mporcant to recogmze that sh rimp 

aquaculture has bo th conrribmed to a nd been affected by the 

mangrove degradation . Environmental damage impac ts nega­

tive ly on aquacu lture through wa ter po llution , potential loss of 

posL-larva l resources, and lack of protection agamst storm 

surges. Such eco logical c hanges can a lso have ser ious social and 

economic impacts, particularly on coastal inhabitants who are 

dependent on mangrove resources for livel ihood and food. 

These changes ma y be especial ly serious when there are limit­

ed opportunities for alternat ive em ployment and ources of 

food production in coastal areas, o r whe n changes in land use 

in mangrove a reas lead to coaswl people being den iecl access co 

areas which they have used for the ir livel ihoods for generat ions 

(Bailey 1988) 

programs, and restoration of degraded forest (Soemodiharcljo et 

al. 1996). Resroration can be deFined as the ac t of bringing a 

particular ecosystem back to use or as nearly as possible to it 

origina l condition (Field 1996). In che context of mangrove 

forests, restorarion wi ll seldom mean returning the ecosystem to 

its origina l condit ion, but will more often mean bringing it back 

to a state of effectiveness, ei ther for ecological o r socio-eco­

nomic purposes. The c reat ion of a self-sustaining and produc­

tive ecosy tern, where none exis ted before, must be considered 

as a successful ou tcome of any ma ngrove restorau on process 

(Lugo 1988). 

Mangrove restoration is a mu..:h younger technology 

than upland reforestation , especially in temperate zones, and 

has received far less attention, funding, and research efforts 

(Thorhaug 1988). In the incroduct1on LO his mangrove restora­

tion manual , Field ( 1996) refers 1.0 J .G . Warson as the pioneer 

in commerc ial mangrove pla ntations and reports that 1.he 

approach he rook 70 years ago remains essentially the same 

t0day, despite the e no rmous amo unt o f research on the bio logy 

1 This clw/Jcer i.1 based heavily on a recent publication 011 

iechniques for numgwve r,:Joresraiion by ch<' /nremariona/ Sociery for 
1\.fongrove Ecosystems: Rcswra,ion of iv!angrove Ecosystems. C. 
Field (ed.), 1996. The mllnual cornwn.s dewilecl 111forn1mio11 on 
rn,mgrow resrurwio11 rcchnir/l teS anJ /)res.:nts case-s111dies Ji·um 13 
co11mrics ro il/11s1rn1e the t'ariery of ('rub/ems and solwiom enco101-
1ered cl11ri11g reswrar.ion progrnms . 
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and ecology of mangroves. \Xlal.Son made the fo llowing com-
1nems: "\X/here ,eed-bearers of rhe Rh,zoph, ,ra are wanting, 11 

may he: necessary to collect germinating (propagules) from trees 

nearbv, and st ,ck chem in the mud ... care should I e ca ken to 

select those healihy (propagule·) for the purpo e, and to use only 

those that have recently fallen from rhe trees or chat will come 
away w11.hout riulling ... t.he (propagules) should be s1.uck in to a 

depth of a few inches onl y. so that they will not fall over; deep 
inseni0n is not recommended ... the (propagules) are thrust irn o 

rhe mud at intervals oi 40 co 100 cemimeters ... voung planta tions 
are protected from damage by floating objects" ( Field 1996). 

The approach adopted to restorarion will depend on 
rhe local cond1rions and che rationale for re~torauon ( Field 

1.996, R. Lewis, LC'wis Environmental Services, Inc., Tampa, 
Florida, USA, per·onal commu111carion). It is. therefore, very 

diffi ult co genera lize on the techniques i:hac should be adopted 

for che reswrauon of a mangrove ecosvscem at a parucular ,re 
(Soemodihardjo et al. 1996). However, there are some genera l 
principles that should be followed wh_en comemplacing 1 he 

re coracion of a parucular mangrove site. 
• The objective of the restorauon program must be clear­

ly defined before any proiect 1s undertaken, a this will 
largely define the chosen approach (Field 1996 ). 

• fr 1s cnc1cal co have a clear understanding of 1 he nature: 

and dynamics of locally occurrmg mangrove ecosystems, 

as this will be Lhe best guide ro any re toranon program 
(Lewis 19 2, Field 1996, Soemodihard10 et al. 1996). 

• lnvestigauon on th.e local hydrology should guarantee 

chat it 1s adequate LO upporc the mangrove species of 
choice. As a rule of t humb, if rhere is no naLUral colo­

nization on the site. the hydrology i, nor adequate and 
di rect plan1 ing with no artempr to restore good ndal 

tloodmg cond iuons will fai l (R. Lewis, Lewi 

Environmemal Services, Inc., Tampa, Floncla, USA, 

personal communica uon). 
• The planting 1ech111ques themselves, once established, 

are 1101 difficul t. However, the overall design, including 

choice or prepararion of plan1 mg site, choice of spec ie . 

planting method, and anchoring systems, is still on ly 
well executed by experts in restoration of mangroves 

(T horhaug 1988) . 
Mangrove restoration programs have been sr::med for a 

wide va riety of reasons includmg: protection of coastal areas, 
scabi l1z1ng land and reducing erosion, creauon of habitats for 

terre~trinl animals, providing nursery and breeding grounds for 

aquatic resources, supplymg pan. of the demand for fi rewood 

aquaculture. and 1111ect111g resources into narional economy. 
The primary obiecrives of mangrove reforestauon can he sum­
marized ,mo rwo categories: (I) co re.,rore the ecological func­

uon of degraded mangrove land, and (2) ro obtain forr:s1 prod­

ucts chat r1re of commercial va lue .. In a general comexc, com­

mercial value means foreH produces tha t meet the needs o( 

coastal vill::igers fo r sources of energy :mcl housing marerial, as 

well as the needs of mdu u:v for raw marerial (Soemodihardjo et 
al. 1996). The general guidelines robe given here pertain more 

to [he re toratton of a narural mangrove ecosystem on an 

impaired site, where mangroves have been disturbed or degrad­
ed by hu111r1n activities or natural causes, chan LO the mainte­
na nce of a commerc,al mangrove forest, although there are s1rr1-

ilariries in rhe approach. Foresters interested in che production 
of commercial quantities or umber and charcoal from the man­

grove forest. use clear-fell 111g and replarn ing rechniques ch r1 t wi ll 

aLh1eve urnform stands of trees. These approaches have their 
::idvanrages and disadvanrages and concem rate on the produc­

t ion of forests for co111merc1al explo itation only, with little 
a1 cempt co restore fu ll ecological value (Field 1996). 

Two approaches can be used in the restoration of 

degraded or reclaimed mangrove areas: natural regeneration or 
art ificia l regenerauon (Field 1996). N~LUral regeneration 

depends solely on nacuralry occurring propagules as 1.he source 

for seedlmgs, and the mix of species regenerated wi ll be depen­
dem on the species left 111 the resrorac,on area. T he main advan­

tage of natural regeneration is that the resulting forest i likely 

to be more akin to the original mangrove vegetation, unless 

there have been severe changes in the damaged foresr (Field 
1996). Other advantages of this method are that it is cheap to 

establi h , requires less labor, and results in less sod disturbance 

(F,eld 1996). However, i1 is dependent on the number of seed­
bearing rrees left on the Sile, and because it ,s not auended, 

propagu le establ,shmenL wil l depend on the extent of pests 

occurring ac the site. Artificial regeneration 1s the primary 

merhod of reforestation discussed in thi chapter. This method 

mvolves planting propagules or seedlings 111 areas where there is 
insufficient natural regenerat1on (Field 1996). The advantages 

of artificial regeneration include control of species composition 
and distribution, 1mroduction of genetically improved stock, 

better control of pests, and restoration of sites pre encing non-
optimal conditions. 

and poles, reducmg the pol luuon caused by agncultural and ~1T E SELECTION. The planung of mangroves 
induscnal wasres, creation of employment. improving the scan- cannot be done in eve ry blan k spot or empty mudllat and a 

dard of l1 v1 ng for rural mhalmants th rough ilv,culture and careful evaluation of porentia l s ites is a cnucal element in 
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restorat ion programs (Qureshi l 996). O ptima l c haracte ris­

tics of a site will vary greatly with loca l conditio ns and the 

mangrove species to be planted (Field 1996, Saenger 1996). 

A number of physico-ch e mical factors at the pla rning site 

should be cons idered because of their ro le as primary deter­

rnrnancs in mangrove growth a nd developme nt. They shou ld 

include temperacure, insolacion, stability of the s ite, expo­

sure to wind a nd coastal currents, rate of s iltatio n, evapora­

tion , na[Ure of the soil, height of the water tab le, tidal con­

ditions, proximity of freshwater source , salin ity o f the soil 

wate r, presence of pes ts, signs of nacural regene ra tion, and 

availability of propagul es (Field 1996, Padron 1996, Quresh i 

l 996, Saenger 1996). 

Some gene ra l criteria in the selection of a mangrove 

restoration s ite are listed be low: 

• The best sites for plan ting lie between the mean sea 

level and the mean high water level (Q ureshi [996, 

Siddiqi and Khan 1996). Young seedlings should be 

rnundated regularly by the tide (Field 1996). T he 

optimal degree of inundation needed will depe nd o n 

the ma ngrove species to be planted . Genera ll y, 1:h e 

Rhizophoraceae can be planted in zones o f longer 

inundation than species that are usua ll y found in the 

upper tida l zone such as h;icennia a nd Laguncularia 
(Lewis 1982, Field 1996) . 

• Mangroves thrive best on slightly sloping ground, 

whtch drains tidal water back into creeks, rather than 

flat ground whe re the water remains and stagnates 

(Fie ld 1996, Qureshi 1996) 

• The presence of seagrass, naturall y occurring seedlings. 

o r scatte red growth of salt-tolerant grasses indicates 

th at the s ite may be fit fo r mangrove reforestation 

(Fie ld 1996) 

•The soil must be s tructurally s ta ble, whe the r it is 

sandy, muddy, OL clayey (Field 1996, Qureshi 1996) 

Howeve r, the planting of mangro ves can stabilize 

loose soils a nd make chem firmer. 

•The planting site needs co be sh eltered and erosion at 

the si te minimal (Field 1996). Strong winds and tida l 

currents can seriously affect the survtva l a nd growth 

of mangrove seedlings. 

• Heavy emphasis on planting a n area with a species 

that will naturally flood the site with propagules and 

regenerate quickly a nd natura lly is obv iously a waste 

of money (Lewis l 9S2) 

Because of high population densities, urban spread, 

:ind traditi onal uses of mangrove resources, there is often a 

lack of sui table nacura l habitat for restora tion (Lewis 1982, 

-·nedaker and Bibe r 1996). In Thailand, the Fores trv 

Department has difficulties in identifying potential ites for 

reforestation because of a regulation that grants prope rty right 

to any person tending, cultivating, o r occupying a piece of pub­

lic land. They have to experiment on new techniques for restor­

ing suboptimal sites such as extending mudflats. In Florida, 

US.A, when no suitable site can be identified, coastal upland 

areas are often chosen . T hese sites need to be scraped to lower 

elevations to permit tidal flooding and the planting of man­

groves (Snedaker and Biber 1996). Restoration of such sites will 

obviously mcrease the cost of the operation. 

A fi na l consideration, but one that is essential for 

nea rly all restoration projects, is the level of cooperation from 

the local comm.unities (Lewis 19S2, Field I 996). If the local 

communities are persuaded that the restoration project will 

ben efit their lifestyle and environment, then they are more like­

ly to ensure that the resmration effort is a success. Cooperation 

may involve supplying labor during ite preparanon or collec­

tion of plant material, limiting damage to the site by preventing 

grazing o r collection of firewood, and protecting the site from 

illegal accivitie (Fie ld l996). 

SELECTION OF MANG ROVE SPECIES. The suc­

ces fu l growth of any partic ular species of mangroves depends 

largely on its to le ra nce r:o certain en vi ro nme ntal factors 

(Saenger 1996, S iddiqi and Kh an 1996) . As a consequ,mce, LO 

ma intain a mangrove communiLy, data are required on rhe envi­

ronmental c haracteristics of the s ite a nd on the intrinsic attri b­

utes of the plants bemg considered for the site (Saenger 1996). 

Field ( 1996) recommends that the selection of mangrove 

species to be planted should be based on the fo llo wing three fac­

tors in decreasing o rder of importance: 

•The mangrove species occurring nacurally in the locali ­

ty of the restoratio rl stte. 

•The availabili ty of propagules. 

• The objective of the restoration program . 

For example, Aksornkoae (1996) recommended the 

planting of Rhizophora apirnlata on a s ite fringing the coastl111e 

in Tha iland, if the restoration site needed to serve as a source of 

wood for charcoal, inc reased fishing opportuniues for mangrove 

dwellers, and protected the coas t from storms and soil eros ion . 

Thts particular mangrove species already occurred at the high­

est density in the local mangrove forests. Its root system bas a 

capacity t:O resist erosion and withstand wave acrions, bo th fac­

tors be111g characteristic of the chosen restoration site. It also 

produces dense hardwood and good qua lity charcoal wi th high 

calo rific va lue and little smoke (Aksornkoae 1996). In ,mother 

case-study, S nedake r and Biber ( 1996 ) recomme nded 

Wuzophorn mcmglr over the three other ma ngrove species occur­

ring natura lly in Florida as the preferred species in resror:ition 
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TABLE 4.1: ZONATION OF MANGROVES IN THE PHILIPPINES (FROM FIELD 1996). 

Zone Tidal inundation regime 

Seaward Daily, including 
neap tides 

Middle Daily, except 
during neap tides 

Landward Inundated only 
during spring tides 

Riverine Variable inundation 
brackish/ freshwater 
influence 

Soil types 

Coral rubble, 
sandy, sandy loam 

Silty to silty clay 

Silty to silty-clay 
to clay 

Sandy to silty clay 

proiects in ch is region , becau. of iLS higher surv ival por ·n ual 

over a ll'id rang~ of c nd icio11 . 

T he : n · in ll' h1 ch th 111 ngrove houl I be planted , 

such as all'ard , mid II , landward , or riveri ne upstrea m or 

down-Lrcam, can be d t rmintd by observa t:1on f the rnan­

grov spe ie o -urring naturally (Lewis I 2, Field 1996, 
Sc1 nger l ). Table 4.1 give a um, ary of Lhe b ervmion on 

che 2onali n of mangro e in che Phil ippine and pro ide a 

helpful m del of Lhe typ of in fo rmation that i- require I b fo r 

dec iding on rnangro,·e plantino. 

Fi lei (1 9 ) , ives a Ii t of 1wmgrov pe ·ies tb 01r have 

been ucc full y !ante at01111d cl1e world , 1 ich an md1 acion 

of th aim, of the re t ration program (Tab! 4.2). It i note­

~,· rch y chat rhe number of , pe 1es mat have been I lam d rep­

re. ems onl y av ry sm II proport ion f the t ca l num ber oi man­

grov , pecic_ char are known t exi l ( i.e., around 31 °o; refer LO 

Appendix I fo r compan m) . 

PROPA ULE C LLE TI O AN T R. 1 -

PORTATl ON. Fre hly fall en propaoule 1r ri e pr pagule­

whi h are easil y decached from the I arem tr c can be u d in 

resc ration programs ( Fig. 4. l; Th rhaug 198 , Fi Id 1996, 
Qu rc hi l 6, 'aenge r 1996, ,' id l1qi and Khan 1 9 ). It i 

imp ream rhac th fru itmg ti me fo r rhe mangrove pecie r.o be 

pl nee I are arei'u ll • ol erved ro ensure pr pagule va il bi li cy 

and ·1ptim 1m t im fo r ll ect:i n (Lewis l9 2. Field l 91). lf 

I ropaoules are collect d from a tree when they are LOO ung, 

1.hey will n t be ab le t wke ro t or ma1r di son1l: week · after 

being planred (Field 1 6, Hong 1996, Umawale I 96). 

Common mangrove species occurring naturally 

Avicennia marina, Rhizophora apiculata, Rhizophora stylosa, 
Sonneratia alba, Sonneratia caseoloris 

Aegiceras comicu/atum, Aegiceras floridum, Avicennia alba, 
Avicennia officinalis, Bruguiera cylindrica, Bruguiera 
gymnorrhiza, Bruguiera parviflora, Bruguiera sexangula, 
Ceriops decandra, Ceriops tagal, Excoecaria agallocha, 
Lumnitzera racemosa, R. apiculata, Rhizophora mucronata, 
Xylocarpus mel<ongensis 

A. alba, B. sexangula, C. tagal, £. agallacha, Herit iera 
littora/is, Nypa fruticans, Scyphiphora hydrophyllacea, 
Xylocarpus granatum, X. mel<ongensis 

River mouth: 
A. cornicu/otum, A. floridum, A. marina, A. officinalis, 
Camptostemon philippinensis, R. apiculata, R. mucronata, R. 
stylosa 
Upstream forebank and backbank: 
A. corniculatum, A. floridum, A. alba, A. officinalis, 
B. cylindrica, B. gymnorrhiza, B. parviflora, C. philippinensis, 
£. agallocha, H littoralis, N . fruticans, R. apicu/ata, 
R. mucronata, X. granatum, X. mel<ongensis 

Maru rat i, n of pr I agules will depend on cl1e sea, on, the loca­

tion, and rhe sp, ie of hoic . For xa n11 le, a lengt.h/weight 

racio f 1 .40 ro 1.55 is .. n indi .at ion J1at I ropagu le of 

R/u~ophora mangle:> are ri pe ( B horque: l 996). However, rhe np 

index is seldom u ed and propagu le co llen rs rely on external 

charaneri tic o the fruit LO decid on it ripen , . Table 4.3 
Ii l d1 e cha,·aueri tics ripe propag1 des (or a va rier of com ­

m n mangrove pecie . 

Afrer o llect ion, pr pagule should b arced and 
checked for e,·idence of di, ea e, deformiue , or d. m aae 

(Th rhaug 19 , nedaker and Bil er l ). Small, n n-un i­

formly olored, broken, 1r bru t d propagule bould be di -ca rd ­

ed (Ak rnkoae 19 6, Field 1 L 96, Hong J 96, Padron J 9 6). 
1'1at:ure propagu l showing igns of atLack by I orer insect 

hould not be incl uded in the refor sration effort (Lewi 19 2, 
Field 1996, Padron 199 ). I propagu le ar colle red r m che 

mangrove orest noor or the water urhce, the chance of inse t 

atca k and fung I disea are greacer (Field l99 , }long 1996). 
If propagules have co be Lransport~d over ignificant 

di Lance, care mu t be taken to pre erve Lheir viabi lity (Fi Id 

1996). I c often, th large propagule of Rhizoph raceac 

-, e 1es muse be kept m isc (but n I wet) and r cecr d from 

overheating (Hong 19 , ~aenger 1 6). It i r commended 

ch t they are pla ed ind mp, jute bag_ r r red in ba,kec made 

of bamboo or b:rnana hJves (Fie ld ]l 6). Howev r, thi damp 

environment wil l aLo en ourage in ct and fu nga l area k. Th 

viab ili ty f the pr raou le after oll ection decl ine" quite fasc; 111 

an xperimenr in Banglade·h ( icld1 1 nd Kh n l SI ) n se cl 
wa- fuun I to oc: rminare when sown l da ,- a ter oil rion. 
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TABLE 4.2: THE MAIN SPECIES OF MANGROVE PLANTED IN COUNTRIES AROUND THE WORLD (FROM FIELD 

1996). 

c rage for more i:han _o da v is 

n t recommended ( nedak r 

and Biber 19 1) . 
Country 

Australia 

Bangladesh 

Ben in 

China 

Colombia 

Costa Rica 

Cuba 

India 

Indonesia 

Malaysia 

Myanmar 

Pal<istan 

Panam a 

Philippines 

Main Mangrove Species Planted 

Aegiceras corniculatum, Avicennia marina 

Avicennia officinalis, Heritiera fomes , 
Sonneratia apeta/a 

Rhizophora mangle, Rhizophora racemosa 

Kandelia candel 

R. mangle 

Rhizophora harrisonii, R. mangle 

Avicennia germinans, Conocarpus erectus, 
Laguncularia racemosa, R. mangle 

A. marina, A. officinalis, Rhizophora apicu/ato, 
Rhizophora mucronata, Sonneratia caseo/aris 

Brugulera gymnorrhiza, R. apicu/ata, 
R. mucronata, Rhizophora stylosa 

R. apiculata, R. mucronata 

A. officinalis, B. gymnorrhiza, Ceriops decandra, 
K. candel, R. apiculata, R. mucronoto, S. apetala 

A. corniculatum, A. marina, Ceriops ta gal, 
R. apiculata, R. mucronata 

R. mangle 

C. toga/, Nypa fruticans, R. apiculata, 
R. mucronoto, R. stylosa 

Sierra Leone R. mangle, R. racemasa 

Sri Lanl<a R. apiculata, R. mucronoto 

Thailand 

USA 
Vietnam 

R. apiculata, R. mucronata 

A. germinans, C. erectus, L. rocemoso, R. mangle 
Avicennia alba, C. decandra, K. cande/, 
N. fruticans, R. apiculata, R. mucronata, 
R. stylosa, S. caseolaris 

Aim(s) of planting program 

Enhancement of natural regeneration 

Sustaine d yield of forest products; 
coastal protection 

Restor ation of d egraded a reas; 
introduction in new locations 

Coasta l protection 

Restoration of a national park 

Timber production 

Barriers to erosion; restoration of 
degraded areas; timber 

Resto ration of degraded areas 

Restoration of degraded areas 

Timbe r a nd charcoa l production 

Restoration of d egraded areas; timber 
production; firewood production 

Restoration of degraded areas; 
timber production 

Re storation after a n oil spill 

Restoration of degraded areas 

Restoration of de graded areas 

Protection of lagoons and estuaries 

Timber and charcoal production 

Restoration of natural areas 
Restoration of degraded are as; 
sea dike protection; mixed shrimp 
farming-mangrove areas 

PREPARATlO. 
REFO RESTATI ON 

OF 
!T E. 

O nce the · iLe and th e I ecie t 

b plamed have been idenr i­

fi d, a site i1 p cci on hould be 
m<1de LO gee a oeneral p1c tun:: o( 

the env ir n menra l ecting and 

th phy· ica l condirion of th 
a rea ( oern d ihardj et a l. 

19 6) . In the case o( large area 

to I e plant d, a working map 

howing lo a lirie ne ding full 
p lanting a nd cho ·e n ee 1mg 

on! enri hmenc plant ing ca n 

be produ e I. T be sir.c: shou ld 
al be d ivided by wo rking trnil· 
(Fig. 4.2)inr mai ler ompan­

m nts, o chat the larg area i" 

manageable and ea ily ace · d 

by plamer ( han l 6, Duk 

l 6, Fi Id l 96). 
could lacer be used f, r moniw r­

mg and ma intenance a ·civiu e 

of the p lan tat io n (Soemodi ­
h ardjo et al. 1996). I reparat io n 

f h ·it ' will clcp nd on 1hl 

env ironmenr ! con !iti n pr -

sen1 a t the ire, the ·pe ies, and 

1.h refore, tat i n methods co be 
em ployed (Padron 1996 . In 

mo t of the ca e 

preiJarn ti n f ch 
nee ary ( Field l 

cud1e r 

plant ing 

6) 

viewed, v ry lied ~ 
·ice wa. nsider l 

Befo re planti ng , he sire must I c: 

leared I all d br i suc h a .. coconm ,r banana 

trunk , l amboo, tree I ran hes , • nd un ler­

grow rh (Du ke 199 1, F ield 199t, 

rnod ih:1rdjo et , I. l 996 . Dc:bri· left o n r.he 

ite w i 11 11 at and ·h iic back a nd f rrh wi1 h 
t ides and water ·urrents , d cl ir. er.in destr \' 

newl , planted eedlings ( 'ot..:modihardjo cc l. 
1 96). I anng ,..,f pl an t deb ris by burn ing 

f igu re 4. I. Propagu lcs of Rh i~oJJ/10rn 

rill ;Htachcd ro the mothe r Cree. 

Figun'. 4 .2. \.Yo rki ng tra il for a res toration 
site, u lti ng through ;1 m.i ngro \·e wetland, 
Carragcna , Colomb ia. 

ho uld b' avo ided tf n a tu ral rege n<.:ration i;, 

, · urrino o n the ire. AL o me 1t nea r the 

c a tlin , that ar Le rn poraril y flooded , coasrnl 
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TABLE 4.3 : CHARACTERISTICS Of RIPE PROPAGULES 

(ADAPTED fROM flELD 1996 ). 

Mangrove species 

Aegiceras corniculatum 

Avicennia spp. 

Bruguiera spp. 

Ceriops decandra 
Conocarpus erectus 

Heritiera fomes 
Kandelia candel 

Laguncularia racemosa 

Nypa fruticans 

Rhizophora spp. 

Sonneratia spp. 

Xylocar-pus granatum 

Condition for collection 

Fruits become lightly pink to brown on 
maturation 

Seed coat changes from green to light 
yellow - seed coat becomes wrinl<ly 

No abscission collar - hypocotyl changes 
color from green to brown 

Yellow abscission collar 
Seed capsule becomes dry and cracked -

color changes from pale green to brown 
Mature fruit is dark brown in color 
Mature propagules display a reddish hue 

and fall easily - reddish abscission collar 
Green fruits become tinged with red and 

brown 
Seeds change color from light brown to 

dark brown upon maturation 
Ring-like mark (red to yellow in color 

depending on the species considered) on 
the hypocotyl adjacent to the pericarp 
with swollen basal portion of pericarp 

Fruit changes color from light green to 
dark green with maturation 

Fruit changes color from light brown to 
dark brown upon maturation 

ing, or seed lings or trees grown in nurseries- wi ll 

depend o n the primary objective of the restorat ion 

effort ( aenger 199 ). Costs, expected success, and 

time lapse unt il the plancing is mature musr. be bal­

anced (Lewis 1982) . For example, if the primary 

object i v of the reforestati on effort is to stabi lize 

ri verbanks, larger spec imens exhi biting good devel ­

opment of their root system are recommended 

(Saenger 1996). In sites with ha rsh environmental 

condit ions, nur ery grow n eed l.mgs show h igher suc­

cess rates ( i.e., greater survival and growth) than 

d i recc plancing of propag ules (Th orhaug 1988, 

Saenger 1996). 

urse ries normally are for med when regen­

era ti on by direct plant ing of propagul.es is an ticipa t:ed 

to be diffi cu lt or when it is neces ary to produce 

seed lings of a required ize befo re planting (Field 

1996). Nurseri es ar particu larly use ful for mangrove 

species, such as Aegiceras, Aq1icennia, or Sormeratia, 

which have relative ly small seeds chat are eas ily 

washed away when d irectly sown (Fig. 4.3; Field 1996, 

grass such as Spartina spp. may grow and should be left o n the 

si te because they will protect new ly establi shed propagul es 

from bei ng washed o ut, and from d irect sunshine and desicca­

ti n (Padron 1996, nedaker and Btber 19 6) . 

Planting sites on dry margin al land, such a abandoned 

paddy fields, may be covered by the mangrove fern, Acrosr:ichum 

pp. (Chan 1996, Field 1996, 'oemodihardj o et al. 1996). The 

fern can smother propagules and seedl ings. Acrostichu.m spp. is 

diffi cult: to erad icate and it may only be possible to clear patches 

around the individua l seedlings ( han 1996, Field 1996). TI1e 

fronds may be cleared manua lly. They can be cut with machetes 

(Soemod ihardj o et a l. 1996) or up root:ed with a wedged iron ba r. 

However, man ual mer.hods are not always effective and are labo­

riou (Chan l996). Th he rbicide Hexazinone (trade na me 

Velpar 90) has been fou nd effective in the eradica tion of the 

mangrove fern and is employed in different counrries in A ia 

(Chan. 1996, Field 1996, Soemod ihardjo er al. 1996). However, 

its potenci al negative effects on the aquatic en viron ment are not 

known. For this rea on , C han (1 996) recommends th t the her­

bi.cide use be confined to inland areas where tidal inundation is 

infr quent. 

Q ureshi 1996). They can also be beneficial if they 

prov ide young plants that are more resistant co pests (Thorh aug 

19 8, Soemodihardj et al. 1996). For an y large scale re torati n 

program, nurseri es are essen tial because they prevent the risk of 

not finding enough suitab le propagules m nearby natural fo rests 

and will ensure a regular supply of seed lings of different man ­

grove pec ies (Saenger 1996, Umawale 1996). ln addition , 

growing eedling in nurser ie rela ti vely simple (Saenger 

SEED­
LINGS. The type of plant mat ri al to use- e ith er propagu les, 

seedl in gs, o r tra nsplants o llec ted from the wi ld fo r d irect p l nt-

1996). 

These va rious advantage men tioned above make nur -

ery grown seedling an extremely useful source for replanting 

programs. H owever, higher nursery costs and increased cl ifficul-

Figure 4 .3 . Seed trial in a nursery, Ran ong, Thai land. 
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ties in planting when compared co propagule , may offset the 
advantages in certain 1tuacions (Thorhaug L9 8, Saenger 

L996). 

NURSERY SITE SELECTIO1 . The first thing co do 

when preparing mangrove nurseries is co select an appropriate 
site (Soemodi hardio et al. 1996). One of the most imponam 
cm eria in the nursery site se lection 1s chat the s1ce hould be 
as close as possible 1.0 che restoration area (Field I 996). [1. 

should also be flat and located on a proper muddy soil 

(Soemod1hardjo et al. 1996). The po~ition of the nur ery site 

compared w11.h the tidal inundauon level will depend on the 
type of mangrove specie reared an I 1t particular requiremenL. 

bur often it is recommended chat the site be flooded by che 
tide dai ly (Fie ld 1996, Quresh i 1996, Saenger 1996). Control 

of ndal water can be achieved by buildmg a small embank­
ment around the site. At the emly stages of propagu le devel­

opment, nur.serv beds are shaded co reduce stress by d1rc:ct sun­
light, such as desiccation (Fig. 4.4 ). For chis purpose, leaves of 

1.he pa lm tree, Nypa frulicans , or from the mangrove fern , 
Acrosiicll!!m, can be u ed ( oemod ,hardio er al. 1996). Pests 

rend to be a problem in the dense, monoculture s1tuanon 

encoumered in nurseries (Snedaker and Biber 1996). The si te 

location should favor maximum control on potential pests, 

such as crabs an I monkeys. 

NURSERY TEC HNIQUES. As alreadv mentioned, 
growing seedlings in nurseries 1s relauvelv simple (Saenger 
1996). Propagules are buried in a vertical posn ion to about one­

third of their cmal length directly in plaming beds with freely 
drain mg, good qua I icy mangrove sod. Planting beds can be ele­

vmed or not, and are often l. 2 m x 1.2 m. Th e beds are sepa­

rated by 30 cm wide and 20 cm deep channels to facili rnte 
water drainage (Field 1996). The seedlings are left to grow 

under ambiem weather conditions, but they shou ld be watered 
dailv, e1rher by the tide or nur ery attendants (Qureshi 1996, 
Soemodihardjo et a l. 1996). Brackish or sea water is prefer­

able, because 1c helps in suppres ing funga l infections and 
acclimates the seedlmg co rhe alme conditions inro which 

they are to be u ansplanted ( Hong I 996, Saenger 1996, 
nedaker and Bibc:r I 996). ometimes the propagules are 

tran planted 111 plastic bags ( 15 cm height x LO cm diameter or 
15 cm x 25 cm) and mangrove o il 1s replaced w1d1 pocung 

mixture of fre h oil and and. Holes are made in the bags so 
that water can dram ea,ily (Hong 1996). T he nursery beds are 

the same size as Lhat used for d irect burving but in this case rhe 
plastic bags are placed 1de by side 111 the bed. Tl11s technique 

will fac il itate Lransponation of the newly developed seedlings 

from the nmsery to the planting S1Ce. However, there are some 
111d1cat1ons that plasuc bags Ln nurseries could 111h1b1t root 

growth (Field l996). 

In ome commercial nurserie,, 

seedlmgs are ferul 1zed on average every 3 to 

6 monLhs once they have become e tablished 
111 u ee cones or sma II puts ( Field I 996). Th" 
specific fertilizers that are used varv among 

nurseries, some u,ing palm and citrus 1.ree fer­

t ilizer producLS ( :P:i--: = 7:2:7). others u,mg 

garden fertilizer (N:P:K: = 5:8:5) ( nedaker 
and Biber l996). Such nurserie wil l transfer 

eedlmg to larger pots generally every l Z 

month,, or when the root-ball exceeds the 

size of the pot ( nedak..::r and Biber 1996) . 

..:urviv:il of planr, at Lhe nurserv 

srnge is usually reported co be as high as 70 LO 

L00°o for all spc:cies (Field 1996). Regular 

control of weeds and in ect pests is required 
( Field L 996). On average, seedlings are readv 

for transplanting after 3 to 6 months, al 

which time Lht:y normall y have developed 

three pairs o( leaves (Aksornkoae 1996, 
~oemocl1k1rdjo et al. 1996). A summary o( 

the results of a wide rangi ng nursery trial 111 

Figure 4 .4. Nur, cr • located in the inl a-t i<lal :one, Ranong, Thailand. Banglack:sh 1s g1\·en m T3blc 4.-1. 
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TABLE 4.4: MATERIAL USED, WEIGHT OF SEEDS, VIABILITY, GERMINATION SUCCESS,AND SEEDLING 

GROWTH OF 17 MANGROVE SPECIES IN BANGLADESH (FROM FIELD 1996). 

Average Average 
Name of species Mate rials number of number of Sowing 

collected seeds/fruit seeds/kg materials 

Aegiceras cornicu/atum Fruit 800-1 ,000 Fruit 

Avicennia alba Fruit 300 Fruit 

Avicennia marina Fruit 300 Fruit 

Avicennia afficinalis Fruit 300 Fruit 

Bruguiera sexangula Propagule 70-80 Propagule 

Ceriaps decandra Propagule 150-200 Propagule 

Cynometra ramiflara Fruit/Pod 160 Pod 

Excoeccaria agal/ocha See d 2-3 4,000 Seed 

Heritiero fames Fruit 75-80 Fruit 

Lumnitzera Fruit 9,000 Fruit 

Nypa fruticans Fruit I 0-12 Fruit 

Phoenix paludosa Fruit 12,000-15,000 Seed 

Rhizaphora mucronata Propagule 12-15 Propagule 

Sonneratia apeta/a Fruit 50 22,000 Seed 

Sanneratia casea/aris Fruit 2,000 35,000 Se ed 

Xylocarpus granatum Fruit 5-15 5-8 Se ed 

Xylocarpus mekangensis Seed 8-10 100-125 See d 

TRA NSPLANTAT ION M ETH O D~. l n the earl y 

days of mangrove rcfore cation , propagules were simply broad ­

casr on mangrove forest noors (Unrn wale 1996) . T he su rv1 val 

rate was quite poor and the majority of the pro pagules were 

washed away by t idal cu rrents before hav ing a ch ance co roor 

(Snedake r and Biber J 996). This meth od i curr nt ly used on ly 

at sites covered by sa lr-to lcrant grasses that can se rve as anch ors 

fo r rhc propagules, with a success ra te for germination of 40-

60% (Qureshi 1996, Sn edaker and Bi be r 1996). T he three main 

n ansplanracion me th ods used in reforesta tion programs are as 

fol lows: d ireCL buryin g of co llected propagules; transplanti ng 

nursery-gro wn secd lmg ; o r transplanting small mangrove trees, 

e ithe r c llected fro m th wild or grown in a nursery. The la t 

rwo methods a re effect ive rech n iques in o ,·e rcoming problems 

re larerl to preda tion and are often recommended for problemat­

ic sites. U nder mos t CLrcumstances to da te, the decision on what 

cype of planr materia l to use has led to th e use of propagules or 

seed lings becau e of their ready avai lab ility, low CO' t, and ease 

of insta lla tion (Lewts 1982) 

Germination G e rmination 
period (days) success (%) 

Ini tiation Completion 

20 50 100 

3 10 90 

3 10 90 

3 10 90 

10 40 100 

10 40 95 
7 60 80 

5 21 75 

8 48 85 

7 60 20 

7 30 95 

70 150 80 

7 20 100 

4 7 75 

4 7 60 

20 90 60-65 

14 80 70 

Storage time Seedling height 
with watering after IO months 

(days) (cm) 

30 30-40 

15 50-80 

15 60-80 

15 70-90 

30 25-30 

30 25-30 

60 35-45 

30 40-70 

40 50-60 

15 20-30 

60 80-90 

60 40-50 

30 I 00-125 

30 80-100 

30 70-90 

60 80-120 

90 70-90 

Rhizophora mucronafa 

Lumnifzera recemosa 

Direct bur,'ing of propagules in vo lve, inserting ripe 

propagul es by their roonng end in to Lhe often soft and mo ist 

mud (Quresh i 1996). The depth of plan t ing i, usua ll y one quar­

ter to one th ir d of th e propag ul e length (Fig. 4.5 ; Fie ld 1996, 
Hong ] 996). If the propagule is bu ri ed too deep, mud will block 

the lencicels, th e hypo otyl canno t respire, roOLs do not fo rm , 

and 1.he propagule d ies (Sncdaker and Biber 1996) . If the Fig ure 4.5. Sketch of propagul es buri ed in so il. 
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propagule is inserrecl roo shallow, ir will be easi ly washed away 
by rhe waves and rides (Hong 1996). The planring of propag­
ules hould be clone ar a rime when the area is nor expecred m 

be flooded for at least a week or so, thereby allowing rhem ro be 
firmly established prior to inundation (Saenger 1996, Snedaker 
and Biber 1996). O n rarher hard or sandy soil , holes should be 
dug deep enough with a srick for the propagules to be held firm ­
ly (Field 1996, Soernodiharcljo er al. 1996). Losses are expected 
and re-seeding is frequently necessary (Snedaker and Biber 
1996) [f losses are high, propagules may need to be held in 
place temporarily using chicken wire or seagrass marring (Fig. 
4.6; Saenger 1996) . 

Use of seedlings ensures berrer survival and establish­
ment rates and more 1·apid growth, in comparison with di recr 

burying of propagules (Snedaker and Biber 1996). Transplant­
ing of nursery grown seedlings is carried out by creating plami­

ng holes and embedding the plug of soil carrying the seed ling 

(Unrawale 1996). If the ·eedling was grown in a plastic bag at 
the nursery, the bag should be removed prior to planting (Field 
1996, Soernodihardjo et al. 1996) . 

Figure 4.6. Newly planted seedli ng o f Rhiz.ophorn mangle stabi­
lized with branches . 

Young crees or wi ldings can be collected from nawr­

al mangrove areas by extracting them with a specially 

designed steel corer m avoid damaging rhe root sys tem (C han 

1996). If roots are broken during this process, salt warcr will be 

absorbed into the stem and leaves and some months later rhe 
plant will die (Hong 1996). Young trees can be planted with 

the mot-ball still attached or soil-free. T he first method is rec­

Figure 4.7. Permanently o pened 

e nt ran,·e gate to an abando ned 
sh rimp pond to reestablish good 
h ydrological cund irio ns for natur­
al mangrove regeneration. 

Figure 4.8 . Subsequent narural r,,gcn~ration of mangrove 
t rees in the abandoned shrimp pond ( 7 yea rs after rc.:es tab­
lishrne nt o f na tu ral flooding pattern ). 

ommended because it wi 11 yield 
higher surviva l rate and prevenr 

the root system from drying out or 

from overheating ( Bohorquez 1996, 
Snedaker and Biber 1996 ). Root­

ball transplants can be held in con­
ta i.n ers only for a I irnited period 

prior ro planting while survival is 

generally inver ely propom onal 10 

their size and the length of time 

held in contai ners (Saenger 1996). 
Planting consists of placing the 
transplant in a prepared hole at a 

similar tidal level as the original 

habirnt. Inclusion of a slow release 
fertilizer (N:P:K = 18:2.6:10) during 

planting appeared 1:0 assist in the 

recovery period (Saenger 1996) . 
Twig and branch pruning du1·ing 
transplanting apparently enhances 

recovery, and pruni ng up to two 

th irds of the original height has 
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been reco 111111 end ci (Sn .daker and Biber J 96) Anchor or 

· takt may be nece· arv to en ure the - tabd i rv of rhe y _ ung 

tree in high wave -ene rgy env 1ronm nts (f-ield 1 96). This 

meLh is u ful t r rep l cing I ad d ling in nearly e rnb­

li sh cl planrmions. le will re ult: in quicker can py coverage, 

mo re rap id gro wth, and qu icker ub cra te tabi li zat1on 

( nedaker and Biber 19 

In 1h parti cular ase or re, con ng forme r hnmp pond 

and urrounding a1· as, the gen ral princ iple pre ented above 

will pertain. How ve r, pecial anencion should be given to 

rernrn che hyd rological onditi ns t normal and allow I idal 

fl ow LO rea h the r rnra 1ion area (Fig. -1. , 4. ; R. L wi, Lewis 

Envi rcmm enta l rvice , Inc., Tampa, Florid ::i, U A, per na l 

communication). The m<lJ OriLy of die pre enc example wcr 

ondu red in abancl ne I hrim pond or in drainage canals 

( Fmgera lcl 1997; R. Lewi , Lewi Envi r nmemal '- e rvice, , Inc. , 

Tam , Flori da, ~A , per onal minun1ca1i0n) . 

TAB L E 4.5 : SPACING USED IN PLANTING MANGROVE SEEDLINGS 

AND PROPAGULES OF VARIOUS SIZES (FROM FIELD 1996 ) . 

Mangrove species 
Aegiceras corniculatum 

Avicenniq marina 
Avicennia officinalis 

Bruguiera gymnorrhizo 

Excoecaria agallocha 

Kande/ia candel 

Nypo fruticans 

Rhizophora apiculata 

Rhizophora mucronata 

Rhizophora racemosa 
Rhizophoro stylosa 

Sonneratia apetala 

Spacing (m) Seedling size 
1.5 X 1.5 

1.5 X 1.5 
1.0 X 1.0 

2.0 X 2.0 

1.0 X 1.0 

0.7 X 0.7; 0.3 X 0.3 

3.0 X 3.0 

2.0 x 2.0; I .8 x 1.8; 
1.5 X 1.5 ; 1.2 X 1.2; 
1.0 X 1.0 
2.0 X 2.0 ; 1.8 X 1.8; 
1.5 X 1.5 
1.5 X 1.5 
1.5 X 1.5; 1.0 X 1.0; 
0.8 X 0.8; 0.5 X 0.5 

1.7 X 1.7 
1.2 X 1.2 

30-50 cm 

30-50 cm 
70-90 cm 

propagule 

30-50 cm 

propagule 

80-90 cm 

propagule 

propagule 

propagule 
propagule 

60 cm 
30-60 cm 

EEDLING P C IN ~. Planting i genera ll y - rri ecl 

ouL al ng prede1er111ined lmes nd at fixed vpac111g b a plant­

ing crew 'han I 96). pacing of the seed li ngs i of critica l 

importance co 1he economi.c and ultimate u ce • f the 

restoration rogram (Sneclaker and Biber I 96). In terms o( 

o r, a deer a·e 111 the sp ing I y one third d uble 1he am um 

of plam material n eded. A Further r lucri n in the spa·ing b , 

50°0 111vol es n arly a ren-f Id increase in th numb r of 

eecllings r I ropagu les required. Failur to under t nd thi · has 

apparen tly au ed many ovtly se1back (Field 1996). The 

space berw en row and between propagule change ac ordi ng 

LO the local race of the land an I expo ure ro tide and marine 

acrion (Padron 1996 . D terrnining I roper pa ing h uld be 

ba,ed n LI e di stance th c will min1m1z arly compem1on 

(Saenger 'I 6). Thinning wi ll occur naturall y, and by proper 

pacing amficia l thinnin 0 can be delay cl lO later 1.age in the 

levtl . 1 ment ,frhe vegerncion. ln oeneral,ar mea n pa ing of 

mor than n m · rer, se lf pruning doe not .can until th sev­

enth year ( neclaker and Biber ] 96 . Table 4.5 ummarize~ the 

pacing an I eedling heights that hav been u eel in vari ty o 

plaming pr gram . 

is u uall y cl fined in L rm of ercent age urvival (typ­

i all y mandated at 0%) at the encl of a pecified peri d of 

t ime, usua ll y one r tw year ( nedaker and Biber 1 6). 

Survi\·al perform ances will grea tly vary (fr m O rn J 

accord mg to the Lechniqu and i:he type of plant materia l u ed 

in r f restacion Lewi, 19 _ . ·o m dihardjo t al. ( l 6) 

reported th foll wing urvi\' I rate f ) f a mangr ve planta ­

tion in Ma lays ia: 1 · % for natur I regenerari n, 70% for diren 

planung o( I ropagu les in shaded areas, and 55 % fo r d irect 

plancing of I ropagule~ in area with ut hacle. Table .J.6 illu ·­

trate· varyi ng survi va l ra 1cs of a mangrove I lama1 ion acco rd ­

ing L the Lechn ique u ·eel fo r transplaming in indhuro 

Discri cc, India ( ncawa le 199 ). 
Re ult 'from exLen 1ve r fo re cation 

TABLE 4.6: SURVIVAL RATE O F A MANGROVE PLANTATION IN 

SINOHURG DISTRICT, INDIA (FROM UNTAWALE 1996 ) . 

efforts in Vietnam sh w that 1:he urviva l rate 

of ecdli ng. an I every 10 1\· if Lhe nght proce­

dures are n t ~ ll owed (Hong 19 6). everal 

author have noted that the two m t crit i al 

fa ·11 rs in ucce sful pr . jeer arc a i1 e with li t­

tle r n wave rion aga in.st the hor t di -

Species 

Rhizophora mucronata 

Avicennia officinalis 

Transplanting technique 

direct sowing 
I-year-old naked seedlings 
I -year-old nursery-raised 
seedlings in plastic bags 

broadcasting 
I-year-old naked seedlings 
I -year-old nursery-raised 
seedlings in plastic bags 

Survival rate 

75 to 80% 
20 to 25% 
80 to 85% 

20 to 30% 
30 to 40% 
80 to 90% 

lodge young pl ming and rop 

within th intertidal zone (Le\\'i 

19 aenge r J 996 , Sneclake r :rncl Biber 

19~ ). - ometim , if pr per pr · rect1on i given 



MANGROVE MANAGEMENT AND SHRIMP AQUACULTURE 29 

to ensure good sur­

v1 val, che regenera­
uon and growch of 
mangrove plants will 

be much faster 
(Untawale l996). 
Other imponanc fac­

tors 111 che uccess of 

reforestation include 

low damage from 
natu ra I pests, se lec­

t1on of good propag­
u les, 111cens1ve care 

by foreseers, good 

design and execunon 

m Lhe JJrOJeCL plan­
ning, appropriate 

funding co complete 

th e rescoration 
process adequately, 

and good parcicipa• 

uon by villagers l,v-

Figure 4.9. Monitoring of growth a nd 
biomas production in a four-year o ld 
replanted sire. 

ing near Lhe restora­
t ion areas (Aksornkoae 1996, Snedaker and Biber 1996). 

There is a widespread feeling 111 the scientific and con­

servac,on comm11n1cies, char numerical su rvival cncen a are 

nor suffi tent in esLima[lng succe s of refore~racion programs. 
Smv1va l rates do not take 11\lo account important ecological 

aspect of Lhe mangrove eco v cem uch a~ Lhe presence of res­
idenr and migraLory wildlife and 1he esLabl , hment of marine 

and esLU::irine animals ( .... nedaker and Biber l996). For chis 

reason, reports on succes, oi reforestation should include data 
on survival and growth rares of individual seed li ngs (Fig. 4.9), 
on change in den icy and rand developmenL imiclc: marked 

plOLs, and on natural re-colon,:auon of the mangrove habit.JI 
by attached inverrebrares, 1t1arine animal, and 1erres1.riJI fau n;i 

(D11ke 1996, Padron 1996). R.:generacion e:,Limate could also 

present information as follows: 

• Recovery in ground cover: Lewis ( Lewis EnvironmenLal 

ervices, Inc., Tampa, Florida, U A, per onal commu111 -
ca1 ion) g::ive an example of shrimp ponds in osra RICa 

that were allowed co re1.um to mangrove fore Ll- bv natur­

al regeneranon, where 60°0 recovery in ground cover wa~ 

found afrer IO years. 
• acural recru1rment at the mangrove site: .'\t the 

Bnsh::ine airport reforesta tion itc (Au tralia} , n::uurally 

had been established (Saenger 1996) . 
• Ecologica l benefits from the restorauon program: Padron 

( 1996) noticed chat after reforestaLion of the study area in 

C uba, coasdme erosion ceased, salinity of nearby agncul­
wral soils was controlled, and manne and terresmal fauna 

came back. 
COMMON PROBLEMS E)JCOU1 TERED. The 

various problems affecting restoranon Sites can be grouped 

under abiotic and biotic factors (Hong 1996). 
The most common abiouc factor causmg high mon al-

1ty in replanred s1Les 1s the high degree of exposure to wmd, cur­
rents, and wave aC[ion (Field 1996). Efforts co restore sires on 

rapidly erodmg shorelines, exposed locattons, or 111 areas with 
heavy boar-wake washes meet with ltttle uccess (Snedaker and 

Biber l 996). Ideally, any planting in unprOLecred sires should be 
beh111d some Lype of a prmect1ve barrier to provide in1C1al wave 

and current protection or in substratum stabi lized by gra· 

(uncawale 1996). eedlmgs can also be anchored 111 pneu­
matophores of ex1 cmg mangrove trees or WLth rocks or other 

objects (Padron 1996). Floating debris such as algae, seagras 

wrack, or twig and branches can become enrnngled w11h the 

seedlings and propagules and cause breakage of Lhe tender 
shoors (Snedaker and Biber 1996). Coverage of young leaves by 

0oaung ;ilgae or sed1mencation on foliage will s1op the gas 

exchange at the leaf surface and reduce pho1osymhesis effici en­

cy, leadmg to eedling death. Problem with marme algae will 

be more marked tn rhe dry season when they ,Jre wa hed ashore 
( Hong 1906). Plan ring or propagule and seedlings at Lhe wrong 

ndal elevation could also result in phys1ol0g1cal sLre~s. 
Problems cau eel ro resLOration siLe~ by biotic facwrs 

are generallv co1nrnon anJ include a wide range of organ,~ms. 

.:'everal 111 ecLs and in ect larvae have been reported co ::i r1 ack 

v::irious parts oi mangrove plants. Most of 1.he time, 1 he prob­
lems will be associated with a cc:rcain ~cage in rhe 1mcc1 

development or restricred ro a specific eason (Hong 1996). 

In ect pests can be clas ii'ied as msecr uckers on yo1111g 
leaves, endoph) LIL herbivore~ on apical buds, and leaf or seem 

borer . lnren, 1ry of insect infestation 1s higher in a 111onospe­

c ific crop. Ra1s1ng a mixed plantation may be a sdvic11liura l 

method for controll ing inse<..t problem (Qure h1 1996). 
r\rrnck · by mangrove crab arc quite common (Soemodihardjo 

er al. 1996). The damages are inflicted 1ust above or below the 

mud surface, by crab eaung Lhe soft tissue around the cemral 

axi> o( rhe prop::igules until the\' are comple1cly girded or even 
bmcn through ( 'han l 996, Hong l 996) . B::imacle and ov ter 

often clmg firml1 co young stem or c1erial roots of 11 1:rngrove 
recrui ted sct:dl ings of bo1 h Avict'nnia and Acgicerci, clorni - growing at river mouth ;:mcl low IJying sea front area, ( Hung 

n::iteJ Lhe ~itc 6 vcar• ::ifrer Lhc refor~ tanon LOuk plJct:. l9Y(i, l ·nraw:,lc 1996). Their aLtJLhmen1 co young ,cecll111g, 

111d1cating th::ir a ,l•lf.ma111ra1n111g mangrove commun1L)' 1ni:erfen.:~ wiLh rcsp1rauon and photosynthes is, de layi11 ~ 
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~ r. he se d li ng 

growth. It 1 

common rn 
fmd tr op- of 

long tailed 

ma caques 

lvJacaca fascr ­
ularis) g th-

0ring in 

- newly planted 

areas aL l w 

t ide sea r hing 

fo r rab~ and 

m o llu scs 

(Hong l 

Figure 4 . 10. Attack by ma caque o n chc r ot of 
thi. newly transplan te I seedlin g. 

_. emodihar lj et al. 1996). 1lacaq uc wi ll damage newly 

plan red propagu le I snapping or shea ring chem ro devo ur 

ch pongy inner ti5 ue (Fi .,. 4.10; ' harr 19 ). ln more 

inl nd area .. which c1r · les frequently inundated, Acrosr1clwrn 

fern can. grow in dense thick LS and ompete with seedl ings 

f r li ving _ ce an light ( han 199 , Hong 1 6) . .A. um­

mary o I L. fo und in mangr ve 1 Ia n ation. wirh potential 

r:re rm nL 1s given in Tab le 4. 7. 

' Damag r rramplanred see Hing b)' the dir t or 

indi rec t in flu nee of man ha. aLo been rq orted a. a fact r for 
fai lure of :.me proje L ( ~nedake r and 13 ibe r l c 7 ). In r t ra­

tion ire Io e to hab1wuon 1c may be nece. ary to pr v m 

unwanted gr zing by attle and rl1er darn .sric animals. T h -y 

t rample 11 the pla nred seed li ngs and em the fo li age ([ long 

1996 . By gathering edib le moll us and fish in area close to 

chc rest.orat i n it. , vi llaoer may I reak an I darnag young 

ecl ling when pa ing through with che1r acs (Un awa le 

l CJ%). In Thai land , fi herm n using the "pu Ii-net" method 

fo r fishing ;:ii ng th coas t wi ll de troy , ny rec nd y es tab lished 

m ngrove eedlmgs ( Aksomkoae, Facultv o( F r rry, 

Ka er-art UnivenLy, Banokok Thai! nd, per-anal com muni­

cari n ) . Ji. may also be nece ry to en ure chat che land i no t 

u eel il legally by the local inhabi tant" for purpo e ali en co the 

re toration f the mangr ve ( n dak rand Biber J 96). 

PROBLE 1( F REMEDI ATIO ·. The main o lurion 

to prob! m caused by ab iotic facrnrs i r.o choo e good ire for 

tir e resr.ora1;ion pro r m. However, it i omerimes ne . ary to 

re -wre sul -opLimal ites. T his effon require- more Lh rougb 

planning and has higher c r r:han r t0racion of a good ire. If 
the area i ubject t wave ction and ero ion, protcct i n 61• 
I amers char. rnaimain a n rmal t id ;:i l inundation and drainage 

·h ,uld be installed during r.he fiJSL year (B horquez 1996, 
_ureshi 1996). R ck i. the pr ferred barrier, but log or andbag 

b 1Ti ers a I wi l I arrenuate wave ac Li on (- necl kcc and Biber 

6). In :w-·as with poten tial erocl il le sed iments, planting 

haloph -c1 , ra e. pr ior t mangrove cc !l ing he lps to ta ilize 

1.h edirnem and promote su it.able phy i al and chemi c I edi­

rnenc qua litie (c;nedaker and Biber L9 6) . A ll buoyam r mov­

ab l debri. hou ld be removed from che refore cati n ire co pre­

v nt damage to new seedling by tid I a r.ivi ty or wi nd ( ureshi 

TABL E 4. 7: SUMMARY OF PESTS THAT HAVE BEEN FOU ND IN MANGROVE PLANTATIONS (ADAPTED FROM FIELD f 996 ). 

Mangrove family 
or species 

General 

Rhizophora spp. 

Rhizophora mangle 

Kandel/a candel 

Sonneratia spp. 

Vulnerable 
part 

Seedling 

Propagule 

Leaf 

Leaf and stem 

Root 

Leaf 

Leaf 
Stem 

Pest 

- Soil dwelling organism, such as annelids 

- Competition with Acrostichum 

- Excessive growth of seaweed 

- Seed borer of the Coleoptera family 

- Crabs, Sesama spp. and Uca spp. 
- Barnacles 
• Monkey, Macaca fascicularis 
• Scale insects 
- Leaf sucker, Monolepta orientalis 
- Caterpillars of some bagworm and 
the moth, Streblote Ii-para 

- Boring insect, Sphaeroma terebans 

-Attack by the gastropod, 
Littorinopsis intermedia 

- Defoliator, Streblote siva 
- Bee hole borer, Zeuzera conferta 

Treatment 

- Prevent build-up of excessive 
amounts of organic matter around 
seedlings 
- Mechanical or chemical removal of 
the fern 
- Physical removal 

- Air dry propagules 7-14 days 
before planting 
- Shield propagule with bamboo tube 
- Avoid areas with barnacles 
- Physical protection of propagules 
- Destroy infected seedlings 
- Physical removal or insecticide 
- Physical removal or insecticide 

- Insectic ide 

- Physical removal or insecticide 

- Physica l removal or insecticide 
- Physical removal or insecticide 
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199 . For example, algae removal from the mudflat and the 

seedlings is d ne manuall y r low tid in Viemam (Hong 19 6). 

Thi activity ts lab r inren ive and bould be done w1rh are to 

avo id damaging the eed lings during the pr ess. 

u ·ce in com ro ll mg biOLic factor is extremely vari ­

able nd currently there is little su essful m ans ~ r their erad ­

ica ci n. lr appear char rhe be c control i inren iv ca re from 

fo re·cers and regular tending after plaming Table +.7). The ·ap 

of Excoecaria agallo !ta i known to either fo rce ba rnacle tO 

leave the mangrove eedlings or ki ll them . In severa l area in 

Viemam, t rester have tri ed to appl y the ap of ma heel 

Excoecaria tern on the mangrove rem ol nized by bama I 

at low ride without much ucce. (Hong l 96). In lndone ia, 

sever I methods were uied co over ome problem from crab 

acr k . Th · e included scoring the ~eeds in cool place fo r ne 

week, paiming the I wer h If of the propagule with car, r cov­

ering che planced se cl with a bamboo tub ( ~oem di hardJo er 

al. 1 96). It i believed chat taring eds fo r one week doe nor 

imp ir their urviva l and makes che prop gule much harder; 

hen e, they re not I referred by crabs. Painting pr pagule. with 

tar was nOL u ces fu l bee.au e the pamc did not la t long enough 

in the waler anc.l, when the tar was complete ly w sh d away, rh 

crab· returned . T:. ble 4. 7 give ummary of p -r fau n in man-

grov plaman ns wiLh porenn I treaunent. 

!A I T EN. CE OF 8 EFORE TED ~nE~. 
Mangr ve area requir proper care and end ing aft r plaming 
co achieve 11 cessful resmra ion. H ng (19 6) mention d 

that tend ing of mangroves requires le effo rt c nd uncls when 

compared m rend ing of terre trial fo re ts. The norm I activi­

ties th r muse be undertaken are clea ring ·lebn , weedmg, 

replacemem pl nring, nd thinning (Fi eld l 9 ). Weeding i 

u ually ca rri ed out period ica lly un til cbe pl ruation 1 5 yea r 

old ( h 11 199 , Padron l 9l6). On ex-N pa and Acroscic/lllm 

rand , clearing can be done a mu h a cw1 e a ear ( Hon 

199 ). T he e pl anes are we ll known fo r their -apaci cy to grow 

f t so chat within ev ral momhs the new fronds may have 

covered the planrat1on area ( oem cl 1harclj o er a.l. 1996). 
Thinning is importam in order m en ure primal growd1 ( 

rhe mangrove tree Un.caw le 19 )). However, it can be 

avo icle I in Lh.e fi rst few yea r by ch os ing a rope r eed ling 

pacmo (Tabl -t 5; idd1qi and Khan 19 6) . .=-nmetim 

TABLE 4.8: ACTIVITIES TO BE PURSUED AFTER THE ESTABLISHMENT OF A MANGROVE PLANTATION 

(ADAPTED FROM FIELD 1996 ). 

Action 

Monitor mangrove species that develop 

Monitor growth characteristics 

Monitor growth as a function of time 

Record level of failure of seedlings 

Record impact of pest and diseases 

Record leve l of detritus accumulation 

Adjust density of seedlings to an 
optimum level 

Record human impact such as illegal 
grazing, wood harvesting, and fishing 

Assess characteristics of the restored 
mangrove e cosystem 

Estimate cost of restoration project 

Objectively judge the success of the 
restoration project against the original 
criteria that were established 

Comment 

Check correctness of original source of propagules and seeds. Wrong 
identification of seeds and propagules can lead to failure . 

Determinations could include: stem structure, node produc tion, fruiting, 
and resista nce to pests. 

Common measurements are: density of seedlings or trees (number per 
ha), diameter at breast height (cm), height (m), and volume (m3/ha). The 
annual increments of these parameters should be determined . 

Provide a "scientific" reason for lack of success. 

Note nature of pests and diseases and steps taken to eradicate the problem . 

Note source of detritus and steps take n to minimize the problem. 

The degree of thinning, re planting or natural regeneration should be noted 
in detail. Subsequent growth should be monitored. 

Note source of such external pressures and the steps that were 
taken to minimize the problems, e.g., fencing. 

This involves detailed measurements of the fauna , flora and physical 
environment of the new mangrove ecosystem and comparison with nearby 
similar undisturbed mangrove ecosystems. 

The estimation of cost should include all aspects of the undertaking 
including the purchase of land and any legal costs. 

This is rarely done but is an essential outcome. 
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becau e of occurr nee f naLU r I eed ling at 1.he planting site, 

eecl ling den ity an be too hi gh and rh1 nning is then neces ­

. arv ( emodih rdj t a l. 1996). Dead or un u ces ful 

, eedling hould be replaced will, new nes fr m natural man­

groves r from a nurse r '· For II these a t1vicies robe done ea -

dy, the w rking tra il u ed aL rhe planting tage have co be 

maintained . 

le 1s al o ne e ar · to imp! mern pe. t and disea e 

contro l to guard aga in r seed and stem borers, leaf de~ liacors, 

rab , barna I , and orher animal attack (Field 1996) , 

l'vl on itoring of 11rviva l rates, gr wch haracteri tics, and eva l­

uation the po ~ible chan°e t the tructure and fun t ion of 

ex i t ing mangr :wc e o, y~ rems , dj acem to the planri ng site 

hould be done (Lewi 19 2 . A summary o a ti vitie that 

should be I ur ued afcer the ini tia l plant111g of a mangr ve ar a 

is given in Tab k: 4. 

As already mentioned , it i 1mpon anc co have th 

upport and under c:rnding of I ca l ommun itie. if uccess fu l 

re" rorarion i- L be impk:menred. ~ome intere ting measure 

have b en taken a1. the an Gi refo re tee! ice in Vietnam, to 

en ure g od management and procecti n of rhe replanted it~ 

Hong 19 ). In additi on co a mall m mhly ;i lary, the gu;i rd 

r eive ~5% of the ~ re t produce ming rom Lhinning, 

I etween ~ to · ha of land per household to leve lop aq uacul ­

tu re or a It pond , boat fo r fo r t prate cion. extra rewards f r 

oood pr Lection of the ( rest. money to I uild hou e on a ll 

aced land, and te hnica l help through short traini ng cour 

on Lhinning refore tation, and aquacu ltu re. A urvey ei 0 hr 

rypi al hou ehol L who re eived land ;:ind man rove area fo t 
proce rion has indicated obvi u im1 rovemenr in rhe1r 

inc mes. Funherrn re, job have been crea ted fo r a large num­

ber of poor peasants and fi hermen in the form '- f coll ctin 0 

and omng I ropagule, re( re tau n. guardin g the fore. r dur­

ing the day, utri ng (i rew d when chin ning or pruning. and 

ca t. hing mall crab , oy Ler. , and lam. on che ~ re c fl or. It 

appear chaL the e measure wer ucce fu l in e lucaring the 

hea l vi llager abou t the r le of the rn ngrov cosy tern in 

provid ing d ire ta well as indire t benefit (Hrng 1996). 

The co r f rest ration fo r mangrove is h igh ly vari­

ab le depending on factor uch a local labor c L , the har­

acte ri stic f rhe sire (i .e., it a e ibil1ty and ize) , its I rox­

imicy ro pr paoul ource , and whether propagul e , seed lings, 

or young rr e are to b u ed ( a nger I 96, nedak r and 

Biber 1996). Mangr ve r to rati n projec ts often are very 

lab r-imen ive and ondu ted under diffi cult conditions. • a 
r ulL, they an be qui r.e xpcn iv and co. t. ar not limired to 

re · hnica l a pecr.s I ut can involve land purcha nd li t i aLion 

(Field 1996). However, wi th relative ly simple ce I nique and a 

Lr ng commitment, there i a goo chance chat healthv, elf­

su tamino mangro e ecosy, tern can be r cored ac prev iou ly 

damaged or degraded site (Lewi 19 2). 

TABLE 4. 9: WORK FORCE ESTIMATES FOR MANGROVE PLANT MATERIAL COLLECTION AND INSTALLATION (FROM THORHAUG 1998). 

Species Plant material Tasl< Spacing Man-hours 

Rhizophora mangle Propagules Collection only 400 - 1,000/ha 
Propagule Collection and installation 0.8 - 1.0 m 1,828/ha 
Seedlings (0.4-0.8 m) Transplantation I .Om 3,098/ha 

R. mangle, Avicennia germinans Propagule Collection and installation 0.8 - 1.0 m 457/ha 

A. germinans, Laguncularia racemosa Seedlings (0.3-1. 9 m) Transplantation I .Om 2,541/ha 

TABLE 4. 1 0: ESTIMATED COST (US$/HA) FOR PLANTING MANGROVES BY USING VARIOUS TECHNIQUES (FROM THORHAUG 1988). 

Species and Technique 

Rhizophora mangle 
Collected propagules 
Purchased propagules 
Transplanted 3-year-old t rees 

0.30 

I 0, 175 to 26 ,000 
I 1,25 I to 30,000 

R. mangle, Avicennia germ in ans, Laguncularia race mosa 
Purchased 6-month-old seedlings 22 ,400 to I 07 ,593 
Purchased 3-year-old trees 

A. germinans, L. racemosa 
Transplanted 

Spacing (m) 

0.61 

2,470 to 13 ,000 
2,742 to 14,000 

32 to 5,400 

0.91 

1, 140 to 12,500 
1,261 to 7,000 

45,386 

2,5 IO to 12, I 03 
40,755 to 216,130 

11 ,459 
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Table 4.9 illu crates d ifference 1n work force es[i­

mates for plaming mangroves according LO the technique 

used. Per on-hour estimates range from 450 co 1, 00 per 

heccare for bo th collection and insta llan o n of propagules 

(Tho rhaug L988). From chis limited darn, 1t can a lso be seen 

that collectton and insta llation of propagules require about 

half the time of t ra nsplantatio n of eedlings o r srna ll trees. 

Thorhaug ( 1988) gives an average cost escnnate of 

about US$ I ,236 pe r hectare to rest0re ma ngrove in developing 

nations (Table 4.10). Constanza et al. ( 1997) gave a cocal value 

for the mangrove ecosystem of US$ I l ,029 per hectare per yea r. 

RECOMMENDATIONS 

FOR MITIGATION OF 

SHRIMP AQUACULTURE 

IMPACTS ON MANGROVE 

Mangrove provide several direct and ind irect benefits 

co shrimp aquaculture. These include a b11ffe r zone ro protect 

ponds agamst erosion and flooding, a n improveme nt in coastal 

water quali tv, a natura l habitat for shrimp , and opporLU ni tics co 

treat aquaculture effluen ts. However, it is importan t to recog­

ni:e that hri rnp fa rms can be successfully operated in areas 

where mangrove fore t has never occurred. Furthermore, man­

groves are of more benefi t 10 shrimp fa rms managed exten· 1ve­

ly a nd located within mangrove forests th an ro mre:ns1ve shrimp 

farm s ituared on the 11pra-u da l :one. 

Recogn i:ing the im portance of mangroves wichin the 

coasta l eco ystem, everal " odes o ( Practice" promot ing us­

tamable development of coa cal aquaculture operation have 

appcareJ over the l,n three years. The most notable one i. the 

FAO 'ode of Pracuce for Responsible Fi heries wi1h a section 

devoted to respon:,ihle dcvelopmenL of aquacul ture within 

national and transboundary aquatic eco~y cem ( refer LO 

Append ix :?. for a copy of the section concerning aquaculture) . 

The FAO code is a collecuon of principles for the wise man ­

ageme nt of aquacul tu re ope ra tion . These princ iples are ba eel 

upon rhe rccogni::ed importance of b1odiver, ity and the con~cr­

vauon and ~te\\'arcbh1p of eco y rems. Becau~e cond itio ns differ 

T herefore, 1t I of economic benefi t for govemmem , private sec­

cor, and c it izen groups who use mangroves co reswre them. 

To date, only limited q uanciLative tudies have been 

undertaken concerning the differences bet.ween rcscored and 

natura l mangrove populations in a location of a similar -ize and 

de nsity ( nedaker and Bibe r 1996). Few have noted marked dif­

ference between such ites if a proper time frame is considered 

and appropriate procedures for reforesta tion arc fo llowed 

(Thorhaug 19 ). H owever, a survey of restored sires in Florida 

has shown tha t a large number o f proieccs exhibited question­

able me rit (Lewi s 1982, S neda ker a nd Biber 1996). 

locally. such a code should be taken as general guide lines to be 

used as rhe basis tor formulation of more speci fic codes applica­

ble to a pecific country o r region. Duri ng the formulation of a 

national or regional code, collaboration among mangrove 

experts, environmencali rs, coasta l :one managers, aquacultur­

ists, and ocher parties is necessa ry co ensure chat it will reflec1 al l 

concerns in re latton to mangrove forests and adequare con 1d­

erarion of the social, econom ic, and ecologica l cond ition . 

A ustral ia is in the process of developing its own env1-

ronmen ra l code of praCLice for shrimp farming. T his procedure 

was in iuated by the Austra lian Prawn Farmers As ociat1on 

which seeks 1.0 become acknowledged as an en vironmentally 

11stainable indu. try. T he docu men t aim- co provide a mecha-

nism for en vironmental regular ion and optiom for management 

while taymg relevant to A ustra lian , hrimp formers. in a way 

that is flex ible and focu es on ourcomes (Donovan 1996) . le 1' 

che objec tive of the A ustralian Prawn Farme rs Associr.ici,11 1 co 

pursue~ linisten al approval for this Code of Pracrice, bopmg lO 

reduce the leve l of external rC'gulacion on th e ind11stry. le is 

belte\-ed cha t rhrough rh is Code of Practice, the A ustra lian 

prawn fa rming industry will be ::tble rn make subs1antia l progre, 

roward economic and envi ronmen ta l uscainabili rv of the 

industry, while e nsuring char. fa rmers meet the ir "Genera l 

Environmental Duty o f Care" (Donovan 1996). O ne of the 

expected environmenrn l outcomes o ( this code refcc pccifical­

ly to mangrove ecosystems: "All rea o nable and practical me~1-

ures mu t be adopted to ensure that a prawn farm operarion 

clGes not lead 1.0 unacceptable di rect o r 1ndirecr impact to man­

grm·e ecosy rems" (Donovan 1996). 
T he G lobal Aquaculture A lli:rnce ((;AA), an intcr­

nmional non-go\·ernmenra l o rgani:ation of Jquaculture pro­

d ucer· and marketers, ha adopted the fftt"s ion co foster produc-
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Lion of high qua li ty aquacul tu re produces 1n environmentally 

sustainable systems. To promote greater environmen tal aware­

ness with in the shrimp industry and to protect ma ngrove 

forests from adverse impacts of coasta l aquaculture , GAA has 

prepa red a Mangrove Code of Practice (see Appendix 3 for a 

full copy). The purpose of the code is to present principles for 

pro tec tion of mangrove forests and their multiple uses while 

still permitting shrimp fa nning and other types of aquaculture 

within the coastal zone. The code is based on guiding princ i­

ples leading to a list of rnan age rnenr pract ices at the shrimp 

farm level that should prevent adverse effects on mangrove 

ecosystems. The o biecn ves of the l'v!angrove Code of Practice 

are the fo llowing: 
0 Encourage the siting of sh rimp farms outside mangrove 

areas to prevent rhe removal of mangrove, except as 

specified in an approved mangrove management plan. 

• Operate existing fa rms in ways that do not damage 

mangrove areas. 

• Assure th at aquaculture opera tions do not infringe 

upon the rights of local inhabitams who depend for 

che ir livelihood upon mangrove resources. 

• Require a mangrove management plan , developed by 

an appropriate local group, for use in siting new farms 

and a mangrove audit for existing farms. O n ly fa rms 

that comply with the standa rds of a mangrove man­

agement plan o r mangrove audit will be in compliance 

with the Code. 

• Develop a loca l moni tonng program to verify the effec­

civeness of the mangrove management plan and man­

grove aud it. 

• Encourage education on the importance of mangrove 

forests and encourage their protect ion. 

• Ensure that coastal aquacu lture complies with appro­

priate laws a nd regulations regarding the use of man­

grove areas. 

T he expected outcomes from the development and 

adoption of this Mangrove Code o f Practice include: sustain­

able aquaculture; betLer management of coastal resources; 

socia l harmony in coastal areas; conserved mangrove and bet­

ter mangrove management; reswration of some degraded man­

grove habitats; mo re people educated about mangroves; bener 

public image for shrimp aquaculture; and poss ibly better prices 

fo r shrimp through environmernal "labe ling." 

Codes of practice are increasingly be ing developed 

worldwide and aquaculturists are ready to adopt chem. , uch 

efforts sh ould be encouraged and thei r developmem promoted. 

The shrnnp industry should play a n active role in the develop­

ment of en vi ronmen ta l codes and better ma nagement prac­

tices, if it wanes co reduce t:he level of external regulai:io n of the 

aquaculture production . The alcernative to a proactive 

approach by the industry to develop production me thods com­

patible with environmenrnl pro tect ion wi ll probably be more 

srringenc governmenta l regulations. 

FARM S ITING, CONSTRUCTION, AND MAIN­

TENANCE. Exten-sive shrimp farm ing in mangrove forests rep­

resents a major threat, although not the only one, and is like­

ly the most significant contrtbu tor t0 mangrove loss th rough 

shnmp aquaculture in Asia. G iven the impor tance in many 

counrnes of ex te nsive farm ing to coastal shrimp product ion 

and the commun1t1es involved, efforts should be made to 

improve the social and economic value of mangrove use from 

suc h systems. Integrated aquacu lture-ma ngrove forestry (s il ­

vofishery) offers one approach to conservat ion and utiliza t ion 

of t he mangrove resou rces. This approach he lps mainta in a 

re latively h igh level o f integri ty within the ma ngrnve area 

and capitalizes on the econ omic benefits of brackish water 

aquaculture (Fitzgerald 1997). Diversification to mixed cul­

ture systems and partia l o r comp lete reforestation of unpro­

duc tive o r degraded farming a reas sho uld a lso be conside red. 

Mangrove forests are nor opmnal sites for aquaculture 

ponds. Soils in such locations often are h ighly acidic and may 

contain large amounts of mganic matter. lt is cl ifficulr to drain 

and d ry soil to permit use of standard construction techniques. 

Water exchange by tidal flow in the creeks and channels of 

mangrove wetlands is incomplete and pond effluems may no t. 

be washed completely away when discharged. As a result, it 1s 

difficult w prevent cross-contamination of intake water and 

d ischarge water on fa rms located in the inter-tida l zone. 

Mangrove are located in low lands a nd pond dra inage in such 

areas may no t be complete. Where farms are located behind the 

mangrove fr inge, the water supply and disch arge canals sh ould 

be located to eliminate negative impacts on local hydrology, 

and in such circ umstances some method for m itigating t:h e 

impact on mangroves may be required. 

To summarize, the fol lowing criteria -hould be app lied 

when choosing the location of new shrimp ponds in re lation r.o 

mangrove ecosystems: 

• Locare new shrimp ponds outside mangroves o r other 

wetlands of significant ecological and socia l values. 

• Roads, canals and orher infrastructu res should nor 

change the natura l h ydrology m and around mangroves. 

• \X/here mangrove must be removed for access, replant­

ing in o the r avaibble areas with equivalent ecological 

va lue should be done as mitigation proced ure. 

• No n et loss of mangrove should be permitt:ed. 
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lrnpaC[S on mangrove foresLS and the la rger environ­

ment can happen during farm con rrucnon and farm operarion 
phases. le i important to rni.nim1ze potential disturbance of 
mangroves clo·e co rhe farm sire during bmh phases. 

During con· nuction , soil ero, ion can occur because of 
ratn and runoff, and nearby rnangrove srands could be adverse­
Iv affected bv flooding wi th water with high concentrations of 

suspended oil pa rLicles. The risk of erosion can be reduced if 

construction is clone dming the dry season and 1f surface runoff 

1 excluded from consLrucc1on areas. Precise cue and fi II ca lcula­
t ions will prevem piles oi excess soil and reduce t:he necessity co 

create borrow pir.s ro obtain earth fi ll. Good compaction of 
pond levees and cana ls is necessary. ~lopes of embankmem and 

canal sides should be adequate to prevent erosion. Top oil can 
be scockpiled during con truction and placed back on above­
water parts of canals and embankments and coverage by grass 

species w leranr ro the prevailing environmental conditions at 

the farm location encouraged. Th is pracuce can prevenr 

embankment erosion from diren rain and runoff and adverse 
impact on surround mg mangrove stands. I( pockets of acid-sul­

fare ·oil are excavated in the construction proce s, the potential 

problem of acid formation and conraminat ion through runoff 

~hould be avoided by only using rhis soil as in ide fill for 
embankments. Ir hould then be covered with well -compacted. 

good qu::dity soil and nor exposed to a,r so a ro avoid oxicbtion 

and development o ( acidic runoff. 

During the con. truction o( accc s roads ,rncl water 
, upp ly or drainage e,m als, there 1s rhe pOLcntiJl of 1,o laring 

mangrove stands from normal tidal 11nmdarion or fre hwater 
runoff. To prevenL d1is, the form layout: should be ck: igncd to 
en, urc normal hydrological condiLions in and arounJ rhe 

mangrove areas. If a road or canal i locarcd in a manner that 

mighr interfere with the loc:i l hydrology, culverts of , ufficicnt 
i:c should be in railed under the road or canal to en un: ade­

quate water exch.mgc. 

Shrimp frirm opcrnrion sho11lcl implement the fo llow­
mg gu1Jclincs to reduce negati\·e impacts on ad1ace111 man­

groves: 

• Proper attention hould be g1,·en to maintenance of 

embankment', and canals 111 order co reduce damage co 
1 he·c s1 rucrnres rind prcv<..!m high u, pt>nclcd sol id 

concentr<1t1on in outf1owing water to be discharged 

tn or near mangrove area,. 

• Warcr shou ld be relca, ecl slowly dunng rhe lina l stage 

o( har,·c,t ro avoid cro ion of pond hotrnm~ by out­
fl owing waters. Sc,dimcnr crnp.-; in canab :mJ ·enling 

ba~m may be in~rallccl co reduce so ltd concentr:u ion, 

1 n (i na I eftl u-:nr~. 

• Puncl cfllucm, should nor lJc• d ischarged inrn ,ragnam 

areas of mangrove where water logging will cause suf­

focation of the mangroves. 

• Sediments and/or garbage houlcl nOL be disposed of in 
mangrove areas. 

• Dead cul cured animals should be disposed of 111 a sani­
tary manner so as to avoid spread of disease tnto natur­
al shnmp populac1ons. 

• Use of drugs and chemicals should be limited. Active 

piscicides should noc be discharged through mangrove . 

• Polluc1on of mangroves through fuel or otl leaks should 

be avoided. 
\Vhen considering the development of coastal aqua­

culture, proper attention hould al:,o be given dunng the plan­
ning process t0 potential negative ocial inreraction . Shrimp 

farms hould be constructed and operated in such a way to avoid 
decl 1ne in mangrove productivity. Coastal communiries harvcsr 

a wide range of natura l produces from che ma ngroves and sur­

rounding waters, and their acces to mangroves should not be 
restricrecl by the development of shrimp farms. 

/\ !ANGROVE RESTOR.'\TIO, . I ABA D01 ED 

PONDS. There is an increasmg imerc t in rehabil iLation and 

resrorauon of idle, unproductive, or abandoned shrnnp ponds. 

In some countries, resLoration programs are already ·carting in 
shrimp farming areas (Thailand, Vic:rnam, and Ecuodor). In 

general term,, the need for resroracion of mangrove eco::y·­

tems in relation to aquacul ture mny arise under the fol lowi ng 

cond1uon : 
• Rescorarion of dcgr:ided areas or abandoned pond, dnd 

, 11rround111g area to mangroves. 

• Re coracion o ( excen 1vc ponds Lo si lvofi hery 

encerpri~es. 
• Rcstor:iLion of areas 111 compcn,atton for mangroves 

removed for wa1er supply and d ra111age >)'SLCrn,; for 

fo rms loco red beh ind mangroves. 

AQUACULTURE I. CLU-10 CO.-\STAL 
1v1ANAGEMENT PLANS. Mangroves arc clearly rm impor­
ranr re. ource, providing benefits ro c1quacul rurists nnd other 

people li\'111g in coastal area~. Bc:cnu,c aquaculture 1, onl y one.: 

of the aniv1ties occurring in coastal areas, and it mny affect 

and be affected by ocher acti ,·ir ic,. the de,·elopment of aqu<1 -

cu lturc needs LO be seen \\'ithm an 1ncegratcd coa.,rnl manag-:­

menc context. T he approach of many countr ies to acce lerdt· 

mg mangrove d<..!Strucuon is to adopt more I nngem and 

unen forceable rcgula1ion~ clcs ignc:J co prohib, r or severely 
limit nll human acrivin ~s in m:.inwove area,. An alrernauve 

rrateg)' that i- rapidly gaining ,upport ,1mong bu1h go,-crn-

mcnr agencies ~11d rhe pub I ic, is the J e,-c lopmem of mangru\'c 
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managemem techniques char promote a diversity of us­

ta in ab le activ it ie within the mangrove , o rganized and 

ad m in istrated at the communi ty leve l. 

The fo rmulation of communi ty-based coasta l 

resource man3gernent plans shou ld include a zoning 

process where ,demification an_d protecti on of key man ­

grove areas are a hieved, as we ll as the iden tifi cation of 

zones for sustainable developments. The aim of zon ing is 

ro e,tab lish clearl y demarcated geo0 ra[Jh ic zon s with spe­

cifi c µermiss ible and non-perrnined uses that cou ld 

include idernification of zones for aquacul ture deve lop­

ment. Wh il e such zones can be a potentiall y impon ant 

mea ns of protecnng mangrove resources, va ri ous exam­

ples in Asia show that they can be d ifficu lt to enforce. 

uch prob lems have led r.o more focus on local level par­

ti cipation in identifi ac ion, protection, and sustainab le 

exp lo ita non of mangrove forests . lL is ev ident that the 

governmen t h a a clea r ro le in policy fo r land u e plan ­

Figllre 5.1. Ge ne ra l view of th e est uary with s hrimp farm and rice 
di s tri c t loca tion s . 

n ing and des ignatio n of zones , but the sh rimp industry can play 

an irn portam ro le in encouraging the proper identifica tion f 

key mangrove resources and development of manage mem plan . 

CASE EXAMPLE OF BENEFICIAL 

Despit:e a widesp read view r.o che contra ry among con ­

servation ists, research in souLhern Tha iland and e lsewhere has 

shown that mangroves can be planted successfull y in sh rimp 

waste sludge d irected into h olding area i11 the intert ida l zone 

(Macintosh 1996). In add it ion , recent re~earch has shown 

chat: mangrove forests and other wetlands are highl y e fficient 

in enhan c ing th e remova l of s lid and nutri ents from a qu a­

cult u re e ((l uent (Robenson and Phil lips 1995, Schwa rtz 

and Boyd 1995) . This opens up the potencial for aquacu lLU rists 

operating fa rm located on appropriate oastal sites o promote 

green b Its of mangroves around the seaward edge of the ir ponds 

and us tbem as effluent treatment cools. A tri al started in June 

1996 on a sh rimp fa rm along the Caribbean coast of Colombia. 

The mangrove i.n tl11S particu lar esrua ry is composed of 

five species: Rhizophora mangle, Avicennia gern1i.nam , Conocarp1Ls 

erec ws, Laguncularia racemosa , and Acrostichwn aurewn. Trees of 

R. mangle are fo und on the sea front and a long ri ver banks influ ­

enced by sea water and C. ercaus wi ll prefer the river banks in 

areas with relat ively lower sa lin i.cy. Both A. gennincms and L. 
racemosa are fo und behind these frin g zones, in bas in mangrove 

ar as . The mangrove fern, A. aureum, is dominan t on h igher 

land, a t the li mi t wiLh the upper terrestria l ecosystem. This 

zonation pattern is similar LO that report:ed fo r other mangrove, 

in the Caribbean area (McKee 1995 ). 

The sh rimp fa rm i loca ted some 10 km ins ide the 

estuary alo ng a bay wirh litt le di rect in flu ence from the 

aribbean ea (Fig. 5. 1). In the same area , the Colombian gov­

ernmen t associated with the \Xlorld Bank deve loped a large pro­

ject of in tensive ri ce culi:ure in the I 9 Os, with th majority of 

the runoff drain ing i.n rn the estuary (Fig. 5. 1 ). The shrimp fa rm 

.tarted in 1986 and developed LO abou t 160 ha of pond urface 

over the years. Th e production sy tern is emi -intensive and th e 

yield va ri es between 2,5 0 a nd 3,500 kg/ha. In 1994, the h rimp 

farm expe ri enced fo r the first time problems with 

Cyanobaneri a development in the production ponds. These 

algae are associated in shrimp ponds with low sa lini ty and high 

di solved nutrient con centra ti ons . Some species are responsible 

fo r produc ing compound th at impart a musty or ea rthy- muddy 

taste to cu ltured h_ri mp. Thi phenomenon is referred to as off­

fl avor and postpone shrimp harves -unt il the shrim p recover an 

ace ptable fl avor. These a lgae were also flourishing in the water 

supp ly fo r the sh rimp farm, C ienaga So ledad (Fig. 51). 

Ba eel upon information gathered at the t ime, it 

seemed that the estuary, in particu lar C ienaga Soledad , has 

been unde rgoi ng eutroph ication from runoff of the n wly inten­

sive rice product ion development and fro m the h rimp farm 

effluents. Water c ir cu lation within the estuary, and e pecially 

the intrusion of sea water during the rainy season , is modera te 

at bes t. These condi ti o ns favo r the deve lo pment of 

Cyanobacreri a blooms and rep a ted ly, dunng the rain y season , 

caused off-flavor prob lems in t:he farmed shrimp. The fo llowing 

long-term poss ibiliti es were presented to the fa nner: 

• Divert runoff from the rice dis tric t around the estuary 

to reduce the rrn jor input of nitrogen and phosphoru 

imo the estuary ; or 
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0 Dive rt shrimp fa rm effluem s 

through the mangrove a rea co 

a llo w sed ime nta ti on and 

o ther natural puri fica tio n 

processes to enhance the 

qual ity of the effl uent befo re 

it flows back in to C ienaga 

Soledad, the water source . In 

this last case, pro viding 

greate r vege ta tio n density 

within the flow path was a lso 

recommended. 

In June L996, the fa rm er ~ 

tubes cross ing the erm ance canal of 

the shrimp farm (Fig. 5.4) . The d is­

charge fro m Biofil te r 2 was subdi vided 

into differen t na tura l channels a long a 

3 km front in the C ienaga Soledad . 

The total mang rove surface for th e 

two biofilte rs was around 250 ha . 

Pre liminary result fro m 

week ly water ana lyses taken in 1995 
and 1997 indicated a decrease in inor-

gan i.c nutrient loadmg from the shrimp 

fa rm effluents in the estuary (Table 

5.1). Ho wever, thi s experime m a l 

approach (co mpari ng the concentra­

tion of d issolved inorganic nutrients 

em ering and ex iting the biofi lter) does 

no r. account fo r the pa rt icu late organ ic 

matter resulting fro m li ve pl ankton 

and detr itus coritained in the efn u-

dec ided ro direct the shrimp farm 

efn uents thro ugh mangrove s tands 

dominated by Acrosrichum (80%) and 

Rhizo{Jhora (20%). After na tura ll y 

ente ring the mangrove a rea (Fig. 5.2), 
now refe rred to as "Biofilte r 1," the 

fl ow of efflu ents dra ined into ienaga 

Soledad and canal Pale rmo, a canal 

farm Effl f l ent:s. uents To m aquacu cure Figure 5.2. Effl uents from the sh ri mp 
en te ring Biofi lter 1.. 

ponds are often mo re concentrated in 

so lids and o rganic matte r tha n e nter ing wate rs (Z iemanri et a l. connected with th e Car ibbean sea th rough a network of lagoons 

and na tura l channels (Fig. 5.1). After an experimental phase, 

the fa rm er decided to build a ca nal along the south rn side of 

Bio fi lee r 1 ro a llow the effl uent to enter the mangrove at diffe r­

ent locations (Fig. 5.3) . This wou ld fo rce d ispersion into 

Biofil te r l which would enhance the 

natura l flow pattern and a ll ow fo r 

higher effi ciency in efflu e n t t reat­

men . Som areas ins ide Bi ofil te r l 
C) 

D 

l992). Remova l of substances from wate r by mangrove wet­

lands in vo lves a num ber of processes, inc luding sedimenta ti on 

of suspended partic les, filtration of suspended particles by 

plam materi a ls, up take of nutrien ts by plants and ,bactel'i a, 

Q 

were nor. co lon ized by mangrove trees 

and approx imate ly LO hecca r s we re 

re(o re ted with Rhizophorn, in an 

attem pL to inc rease the mangrove 

dive rs ity. N urse ry grow n seed lin gs 

we re tran ferred and held in place with 

branches to favor good root ing. A littl e 

more than a year afte r refores tat ion, it 

was e ti mated that the young seedlings 

were adapt ing we ll to the site and th at 

their gro wth ra te was sa t:isfacmry and 

compa rable to na tura l stands. l n th e 

nex t d evelopment phase , part of the 

farm d ischarge penetr::i ting Bi ofilter l 

was directed into a second mangrove 

area referred to a ''Biofilte r 2" to 

increase the t rcatmenc area (Fig. 5.3) . 

Cienaga Soledad 

Runoff rice district 

Shrimp farm 

Th e connect ion b , tw een the I. WO F igure 5.J . De tail ed sc hemat ic (>f the bi of ilte rs with co rres pond ing h yd ro log ical flow 
biofilters was through fl oa ting plas ti c pan.e ms. 
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TABLE 5.1: ANNUAL AVERAGE FOR WATER QUALITY PARAMETERS BEFORE AND AFTER THE INI TIATION 

OF THE 8 IOFILTER SYSTEM. ANNUAL AVERAGES FOR A SAME LOCATION FO LLOWED BY D IFFERENT SUPERSCRIPT 

D IFFER AT THE P = 0. 10 LEVEL AS DETERMINED BY THE STUDENT' S T·T EST. 

Soluble Reactive Phosphorus (mg/L) 
Total Ammonia Nitrogen (mg/L) 
Nitrate-Nitrogen (mg/L) 

Effluent discharge 
(entering biofilter I ) 

1995 1997 

0.22a 0.09b 
0.22a 0.08b 
0.8a 0.5 b 

Figure 5 .4. Floating pla t ic ru be ·onnecting the two biofiltcr . 

d ee mpo 1ti n o f roanic mauer, denitrifi at ion, nitr ification, 

and ad orption of ion by the o il. Prev ious cud i have · h wn 

chat wetl an I remove large am un r o( 1 otem ial m 11 riem s (rom 

th wa ter Lhrough n n-1 io logical proces e· of ed imenrnu n , 

tilu·ation, and oil ad orpti n (~chw rt.: and I oyd 19 ·) . 
/\ Ith ugh ch i prelim in.- ry rudy doe no t docum nc it, I re um­

abl t he rnaJ m y o[ the pam ulare matter contained in the 

hrirnp efn uems is lo t through ed imentat ion b fore r ·a h ing 

th ma ngrove e tuary. 

Resu lts from Lhe study how n ignifi ant change in 

rgan ic n.utnenc c nc n traci 11s in the main bay, C i naga 

o le la . Ai pa rend , the d1 charge from the nee production 

ar a , t ill contributes largely to d is olvecl nutr iern inpul int the 

estua ry. Month ly wa1 r 1ua lity measure men ts at th majo r d i -

c harge poinr ·amino from the ri e cli · tri L mdi ate h igh dis­

s lved inorgan ic nu rri m o n · nrra tio n , mai n ly a~ olul I 

ph phoru, (0.42 mg/L) . ln adcli~ion rh i. riverin -· mang rove 

Canal Palermo 
( exiti ng biofilter I) Cienaga Soledad 

1997 1995 1995 1997 

0.26a 
0. 18a 
0.7a 

0. 12a 
0.05b 
0.5b 

0.1 Sa 
0.09a 
0.6a 

0.1 6a 
0.07a 
0.5a 

arine our e re pon ible o r the high product1viry 

fren asso iaced with these e osy rem (Mic h and 

osse lin k 1 93). l n this particula r c e, 1.h produc­

uon of gua no by • very laroe poi u la1.io n of re idem 

bi rd heav ily comributes to rhe richne of th e water 

in ide th e mangr ve wed nd. Aver ge con encra­

c1 n fo r water ample rnken (rom a encral l carion 

in 1dc- Bio fi lte r 1 are the fo llowing: lub le re rive 

1 hosphorus = .4 mg/L, 1.01.al amm nia n itrogen = 
.91 mg/L, and nitr, te = 0.7 mg/L. These con nrra­

tion re fl CL th e rich ne of the mangrove and its 

p temial for na1.ur I contribu tion LO the e tuary 

nri hmem. 

The prob! ms asso ia ted with unco ncro lled 

yanoba r ria dev lopmenc tn the produ non ponds 

di appeared, even during low alinity ep i des. 

I robab ly 1.he shn m1 farm ernuent re cran ~ rmed 

in icle th n angrov biofi lter and top contributing to 

rl estua1·y eutroph1cat ion. H weve r, the con inu ou 

in1 uts from the nee ln ri cL connnue c I r sen t a long-term ri k 

of eutropb ication co th e stuary. By u ing the mangrove a a 

biofil rer for the fa rm effl uent , the pro l lems cm tO b mder 

conrrol at 1.he moment. 

Tin examp le illumares on of the lt re t benefits of 

mangrove tO sbr im1 aqua ulrure. J t sugges r that mangrov 

hab itats could be u cl to rrea r efflu en from hnm1 fa rm· and 

enhance o;u.al wa ler qual iry. B cau e th ese habitats r •quire 

a lmo t no maince n n e br Lhe fa rmer , they a r not pr n w 
me · h.ani ·a l fai lure r fa ti gue and even houlcl improve wi th age. 

1-1 weve r, moni tori ng of th e mangrove ins i .le the bi fi lters 

. h ulcl cont inue to en ure th L peci • compo tt1on, I io iver i­

ty, and 1 he a ociat cl faun a are not adve rsely af e ted. Further 

arch is t ill nece ary (e.g., e cabli h re lativ areas of sh rimp 

p nd and mangrove requ ired for effe u ve treatment and e· ti ­

mace to what degr · mangrL ve an abs rb nu tnencs, e pec ia l­

ly n itrooen and pho phoru ) b fo re u h a water treatment ys-

e o •stem i narnrally nch and conrnl u1.e its wn in1 ut of tern is re ommencl cl in va riou loca tio n . It i increa. ingly 

n u1.ri ~nts L Lhe es tu ar ine water. /\ com! inar ion f resh w 1: r 

run off and high inpu , of numcncs from th 11p l nd and . Lu -

be ing recogn ized th ar such an approach offe rs inr res ting (urure 

pos, ibiliri es and hou ld I ere earched (1'.fa mta h 1996). 
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MANGROVES AND 
SHRIMP AQUACULTURE 

A PERSPECTIVE 

Along with fulfilling important funcrions in coaswl 
ecosy tern , mangroves may provide ;everal direct and 111d1recc 

benefit co shrimp fa rm111g, including the fol lowmg: 

• Water quality can be improved through sedimenta­

tion and absorpuon of numems. heavv mew ls, and 
pestic1cles. 

• 1' langrove are narural habitars for -hrimps and con­

tnbute Lo the prov1s1on of post-larvae, Juveniles, and 

broodstock. 
• Aquaculture ponds located behind mangrove buffers 

may be JJrOtected agamsL ero~1on and corm urges. 
• Roots of mangrove trees can rabi lize banks cif' effluenr 

and mrake canals. 
• j\,{angroves support a detntus-ennchcd microbial food­

web which can promote productiv1tv of nearshore tish­
enes and exten 1ve aquaculture ponds. 

l'vlangrove are 1101 suitable areas for semi-inrensive 
and imens1ve shrimp aquaculrure, bc:cause of poor soils, higher 

conscruct1on co 1 , poor dramage and harve tmg conditions. 
and higher risk of fai lure. However, shrimp fo rming can be con­

ducted in areas awav from mangrove fore t . Past removal of 

mangroves for establishment of shnrnp pond ' has led ro user 
conflict and negative socic1 I impacts on lucc1l communities. 

However, coastal aquaculture can plav an imponanr economic 

role by creaung new economic niches, gcnerJung employmem, 
more effc:ccively ut1 li:ing lnca l resources. anJ prov1d111g local 

~ource of high-quality food and opporru111u.:-s for productive 
1nvestmenr 111 tlw local economy {B::iiley 1997). All ,•conomic 

acriv1t1e' , including aquaculture, h;:ive env1ronmenwl impact,. 

~ome pr:ictices, however. are more harmful Ll1dn other<. A pn -
111Jry goal of aqual'.ulLUriscs ~ind sh1·i mp fa rmer should be to 

commit LO cnvironmenrallv ~usramable and more economical ly 
\'table enterpnscs (Clay 1997). 

onfl ices :i sociacccl with aqu:iculturc: an: not rc~nict­
ed tu mangrove wetland~ or hnmp JCJUdcu lrurc. To rncnuon 

only one other example: producers ot' s:i lmon J nd shcllii,h have 

been bla111cd by local res1clc11Ls for altcnng the ae<rheu\- beau1 y 

of coasta l areas, rakmg comrol over procluc11vc coastal wntcr,, 
1mpa1nng navigation, :rncl inrroduc111g exotic d1se::ise, \\'hich 

threnten local st0ck.s (Hadev 1997).1'10,lcrn aq11dc11 lture 1, only 

about 25 ~cars old ,incl i, t1ll 111 its aclulescence cornpJrc:d with 

01:her animal hu bandry mdusrries. One challenge for the aqua­
culture industry is to change an existing perception that aqua­
culture may be in herentlv and necessarily unsustainable, a per­

ception created by early mistakes made by the industry and rem­

forced hv misinforrnac1on spread by the media (Pillay 1996). 
1',(any new and promising technologies and managemem prac­

uces are being developed to reduce environmental impact of 

aquaculture operations and increase efficiency and sustainabili­
ty. Through experimentation and carefullv designed studies, 
information is generated demonstraung that proper aquaculture 

farm management practices ensure susca111abili1v. Such 111forma­
uon should be spread ro the large community, includmg aqua­

culturists, govc:rnmental agencies, development agencies, and 

non-govermental organizations. 
Shrimp farmers cannot be expected to solve all rhe 

envi ronmental problems affening mangrove resources. 

Governments hould 1111tiate and lunher develop trategie. for 

a balanced use of coastal resources for va rious developments. 
incli1cling mangrove con ervatton and coastal aquaculture. 

Shrimp farmers should be encouraged to promote eflorr:, to 

rehabi Ii rare abandoned shnmp farms char have reverted to pub­

lic ownership and LO prevent further loss of ecologically impor­
tant mangrove~. \ !angrove experts shoul,l be actively encour­

aged to cooperate in the iclenc1ficacion of appropriai:e reforem~­
tion strategics for ,res selected. Hopefully, this document will 

be of help in future resrorar.1011 efforrs bv prc~enring basic tech­

niques for implerncnting rcforcstauon program . There 1s a gen­
eral lack of awareness and education among the shrimp farming 

1nclus1.ry obout the 1rnponance of mangrove conservanon and 
the value of mangrove to coastal communities and usrainable 

aquacu lrure development. l'-. lore mformation ~hould be collect­
ed and disse111111:J1cd on successful c::ise ru lies of mangrove 

managemem and benei'ir for aquaculture. 
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APPE DIX l: LIST OF MANGROVE SPE lES BY REG IO S ( PALDING ET AL. J 997). 

Acanr/11.1s ebrncteatus 
canrhm ilicifoli11 

Acroscichum aurewn 
Acrosuchwn pe iosurn 
Aegialiris an1111/ara 

egi liti rotunc/1/olia 
Aegiceras comiculatum 
A~gicera /Iorid1m1 
Avicennia alba 

vicenrnn bicolor 
Avicennia germinans 

i 1icenn ia mtcgra 
Avicennia mari1ia 
/ wicenni I officinali 
Av1cen11ia rumphiana 
. •vicenni(I ·clwueriana 
Bruguiera cylindri a 
Brnguicrt1 exarisuna 
Brnguier I gymnorrhi~a 

ouch and 

• 

• 
• 

• 
• 

• 
• 

• 
• 
• 

Ausu ala ia 

• 
• 
• 
• 
• 

• 
• 
• 

• 
• 
• 
• 

• 
• 
• 

The A m nca 

• 
• 

• 

• 
• 
• 

• 

• 

West A rica 

• 

• 

Ea t A.fri a 

Mid lle Ea c 

• 

• 

• 

• 
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APPEN DIX 1: LIST OF MANG ROVE SPECJES BY REG JONS (SPALDING ET AL. 1997 ). 

ou[h and A ustralasia T he A mericas Wes t Afri ca East Afr ica 

Southeas[ Asia Midd le Eas t 

Bruguiera hainesii • • 
Bruguiera parvij1ora • • 
Brnguiera sexangula • • 
Campwstemon Jihilippinense • 

amptostemon schulrvi • • 
Ce1iops arntralis • 
Ceriops clecandra • • 
Ceriops w.gal • • • 
Conocarpus erectw • • 
Cynometra iripa • • 
Diospyros ferrea • 
Dolichanclrone sparhacea • • 
Excoecaria agallocha • • • 
Excoecaria indica • 
Heritiera fames • 
Heritiera globosa • 
Heririera littoralis • • • 
Kandelia candel • 
Laguncularia racemosa • • 
Lumniczera litwrea • • 
Lumni,zera racemosa • • • 
L1mmiczera x rosea • • 
Mora oleifera • 
N ypa fruticcms • • • • 
Osbom ia ocwdonw • • 
Pelliciera rhi:::ophorae • 
Pemphis acidula • • • 
Rhizophora apic11lc1ta • • 
Rhizophora liarrisoni,: • • 
Rhizoplwra mangle • • 
Rhizophora mucronaw • • • 
Rhizophora racemosa • • • 
Rhizophora samoensis • 
Rhi.zophora stylosa • • 
Rhizophorn x l.amarckii • • 
Rhizophorn x selala • 
Scy/Jhi[Jlwm hyclrophyllacea • • 
Sonneracia alba • • • 
Sonneratia apewl.a • 
Sonneracia wseolaris • • • 
Sonneratia griffitliii • 
onneratia la1tceolata • • 

Sonneratia ovata. • • 
Sonneratia x gulngai • • 
Sonneratia x ·urama • • 
Tabeb11 ia palumia • 
XylocarJius granacum • • • 
X locarp1ts melwngensis • • 
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APPENDl.X 2: AQUACULTURE PART OF THE FAO 
CODE OF CONDUCT FOR RESPONSIBLE FlSl:-IERlES 

A RTICLE 9 . AQUACULTURE DEVELOPMENT 

I. Responsible developmen t of aquaculture, mcluding 

culrnre-basecl fisheries, in areas under national jurisdiction 
States should establish, mamtain and develop an 

appropriai:e legal and admirns1.rative framework which faci li -

1.a tes rhe developmem of responsible aquaculture. 
Stales should promote responsible developn,em and 

management of aquacul1.ure, mcludmg an advance evaluation 
of the effects of aquac11l[Ure development on genetic diversi­

ty and ecosystem imegrity, ba ed on the best ava il able scien-

1 ific mformat1on. 
States should produce and regularly update aquacul­

ture development strategies and plans as required, to ensure 

1.har aquaculture development is ecologica lly sustainable and 
co allow 1he ra1ional use of resources shared by aquacul ture 

and ocher act iv1cies. 
S cates hould ensure chaL the livelihoods of local 

comm urn Lies, and their access to fish mg grounds, a rc nor. neg­

at ivcly affected by aquaculrurc developments. 
S1.acc should establish effective procedure pecif1c 

ro aqua cu Ii ure to unden ake appropriate enviro11men1.al 

assessment and monitoring wi th the aim of rninimi:ing 
adverse ecologica l changes and rela1ed economic and social 

consequences re ulcing from water extraction, land use, cit, · 

t:harge of einuenrs, u~e of drugs and chemica ls, and other 

aquacu lture acLi\'i ties. 

II . Responsible de1·elopment of aquaculture includ­

mg culwre-based fi:,heries wichm transboundary aquauc 

,'cosystems 
rate should protect I ransboundary aquaric eco y~­

tems by suppomng responsible aqu::icu lcure practices withi n 

their national jurisdiction and by cooperation in the promo­

tion of ~usrainable aquaculture pracuces. 
rate should. with clue respect to their neighboring 

~tat~ and in accordance 1111th 111terna1.ional law, ensure 

respon ible choice of specie , siting a11cl management of aqua­

culture acciv1 u c:s ll'h1ch could affeCL t ransboundary aqualic 

ecosystems. 
rates hould con ult wiLh their ne1ghbor111g S tates, 

;:i, appropriate, before 1nrrod11cing non-ind igenous species 

111ro tran bo11ndarv aquatic ecosystem, . 
States ~hould establ1, h appropriare mechan ism , 

such a~ databa,cs and information networb to coll..:ct, sh::i re 
and d1~sem111ate data related to rhe1r aquaculture act il'it ie~ 10 

facd1 cace cooperation on plannmg for aquaculrure develop­

mem at the naLional, subregion;:i l and globa l level. 
S t.ates should cooperate in the developme nt of 

appropriate mech;:inisms, when required, LO 1nonitor the 

impacts of inputs u eel in aquaculrnre. 

11 I. Use of aquatic generic resources for the purpose 
of aquaculture mcluding culture-based fisheries 

Scates should conserve genetic diversity and main­

cam 111tegrity of aquatic communities and ecosystems by 
appropri ate managemenL. ln particu lar, efforts should be 
undertaken t0 m111irr11ze the harmful effects of imrod ucing 

non-native species or geneu cally alterer! stocks u,ed fo r aqua­

culture incl11ding cul[Ure-based fisheries into waters, especial­
ly where there is a s1gniiicanr potential for the spread of such 

non-native species or geneticall y al1.ered stocks in tO waLers 
under che Jurisd1c rion of od1er ~tare as wel l as waters under 

the jurisdiction of die State of origin. rates should, whenev­
er possible, promote seeps w mi111m1ze adverse genetic, d1 -
ease and other effects of escaped farmed fish on wild s1.0cks. 

Stares should cooperaLc in the elaborncion, adop­

tion and implemenrnt1on of 111 ternational code, of pracrice 
and procedures fo r introcluctton and 1.ransfers of aquatic 

organi ms. 
Scates should, in order ro minimize risks of d1sea e 

tran fer and orher adverse effects on wild and cultured stocks, 

encourage adoption of appropriate practices 111 Lhe geneti c 
improvement of brooclscocks, the introduction of non-naci1·e 

spec ies, and 111 1.he proclucrion, sale and transport of eggs, lar-
1·ac or fry, broodstock or other live materials. , tare should 

facilitate the prepa ration and implemema1 ion of appropriate 

nat ional codes of practice and procedures co ch is effecr. 
ra ces , hould promote the use of appropriate proce­

dure for 1.he selection of broodstock and the production 01· 

1:gg , larvae ::ind fry. 
races should, 11·hcre appropri::ire, promote research 

and when feasible, the development of culture rechniques for 
endangered spec ies ro protect, rehabilit ntc and enhance their 

stocks. c::ik ing into account the cri tica l need to con,en ·e 

genetic diversity of endangered specie~. 

IV. Respomible aquacul rure ar the production level 

Lates should pro 111o re responsi ble aquaculture prac­

n ces in ,uppon of rural communities, producer organizations 

and fish fo rmers. 
tares should prornott! active parcic1p,Hion of fish 

formers and their commun ities 111 the devclopmem of respon­

sible aquaculture manag.:menc pr::icrice . 
rates should promote effon s wh ich improve selec-
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tion and use of appropriate feeds, feed addni\·es and fertd 1:­

e rs, including manures. 

S tates should promote effecrive farm and fish health 
management practices favoring hygienic measures and vac­

cine . ~ afe, effecti\"l:: and minimal use of therapeurams, hor­
mones and drugs, anubiotics ::incl other disea e control chem­

ical hould be ensured. 
Scates ·hould regulate the u e of chemical inputs in 

aquaculture which are hazardous tO human bealrh and the 

environment. 

States hou ld require that the di posal of wastes suc h 
as offal, sludge, dead or di ea eel fish, exce veterinary drugs 

and other h ::i zardous chemical inputs doe not const1wte ::i 

ha:ard ro human hea lih and the environment. 

State should ensure the food safety of aquaculture: 
products and promore c:ffon s which ma intain product qua lit y 

and improve their value through particular care before and 

cluL" ing harvest:ing and on-site processing and in srorage and 
t ransport of the products. 

APPENDlX 3 : MA GROVE CODE OF 

MANAGEME T PRACTICE ESTABLISHE D 
BY THE G LOBAL AQUACULTURE ALLIANCE 

Purpose 

The code 1s Jesigned co fos ter grcau:r e1w1ronmenta I 
awareness wit hin the , hri111p farmin g industry co rt sme con­

unued prorecrion of mangrove forest from porcnt1all y 

adverse impact~ of coasta l ::iqu:1culL11rc:. Recognizing the mul­

ri rude of difkrc:m conditions impacting mangroves in difk r­
enr countries and reg ional loca t.ion , r.h i code is to be inter­

preted as a flex ible ·ct of criteria to be used ro assi t any ::i ncl 
all inte rested parties 111 formulating codes, regulauons, and 

pri nciples for prn tecting mringrove fores ts. 

Relationship to Guiding Principles 

T he Code helps to achiel'e rhe fo llowing G uiding 
rrinc1ples for companies and incli\·icluals eng::iged in aqu::1c11l­

ture, singularly and collecti\·ely: 

Th1.:y ~hall coopern1e with narional, regional and 

loca l governments in rhe development and implemenrarion of 

policies, regulations and procedures necess;.iry and practirnble 

ro ach11.:ve enviro111n enral. economic and social , ustain ::i bi li ty 

of aquaculture operauons. 

They ~ha ll util ize only rho~e site:, !"or ::iquacul ture 
f,1c il iLics who e char::icrernt1c, enable long term 511, rainablc 

operation 111 11h min imum ccolog1cal effe rs, pJ rticularly 

avo1cliog clesrruction of ma ngroves and ocher em·1ronmen­

t::i ll y sen itive areas. 

They shall stri ve for continuing imrrovemencs 111 

feed use and shall use therapeuLant agents judiciously 1n 

accordance with appropriate regulat ion . 
T hey shall rake all steps practicable to achieve envi­

ronmenta l. economic, and social sustainability. 

Management Practices 

It shall be the objective of all adherents to thi code 

to not harm, bur whenever possible preserve and even 
enhance the biodiver icy, and pre ervation of mangrove 

ecosystem . The following practices will ensure mangrove 

eco yste111 protection: 

W henever possible, hrimp fa rms should not be 
de\·eloped within mangrove eco·y tenr. 

\Vhenever mangrove reduction is necessary fo r rhe 

growth o ( shrimp aquaculture, a re-forestation commirment 

o( no nee loss of mangroves sha ll be ini tiated. 

Farms in operation ll'ill cont inue ongomg environ­

mental a sessmenrs ro recognize and alleviate any possible 

negative impact . 

All non-organic and solid waste marc: na ls ~hould be 

di~posed of in an environmentally re~ponsible manner, and 

wa te w::irer and secl imenrs shall be discharged in manner not 

J etrim enral to mangrove . 

The shrimp aquaculture mdustry pledge to work m 

concert with governments ro J evelop sound regularions to 

enhance the con crvation of m:rngrovc . 

Shrimp aquaculture industric~ will promote mea­
sures ensuring the rradtrional l1 vel1hood of loca l comnnmicic, 

in mangrove areris. 




