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1. IT1RODUCTTON 

Anong the many environmental degradation problems facing the world today is man's 
interference of the coastal zone. This impact has renulted in the pollution and conta
mination of the coastal waters, and the critical. modification oI the coastal ecosystenms,
With the advent of industrialization mangrove zo.astlines too have con. under increasing 
pressure: for dcvelopnient. To accommedte 1andless people 1ove(rnmen t authorities are 
reclaiming mangrove land. Extensive areas of n-ingrove forest,; are boing reclaimed At an 
unprecedented rate in ir:ny parts of' "ol.th !X ;t Asit, iti Tcmplete disreqird of its actuail 
value to the coastal livIin rceources. I, otY.:or are-Is mangrove forests have been partially 
destroyed or sub jected to pollution. The ,r;cse of this reviev is to examine the value 
of the mangrove eco'yste!- to irkinkjrd, ,nl discuss ..omre of the pollution problems affectinl 
this ecosystem. 

2. 11.2-OFTAIICA. :CUVE TO -AN:CF :;P !o:.YSTEE3 

2.1 Mangroves 

Mangrove s are tr_-cs or bushes g.oWio' ir the intertidal zone of sheltered tropical 
and subtropical shores. Mangrove communities colonize about a quarter of the world's 
tropical shorelines. 

Mangrove s.,j,,nps are al-ort alwav; ei'ron,:ous]y re :arded as wasteland believed to be 
infested with snakes and other viciwus creatures, and newspapers have propagated curious 
stories about mangrove s.amps. One told of Lhree hundred homes blackened an(! two men 
killed by mangrove root gas (l, uqn and cnedaker, 1974). 5o'e regarded manqr3ves as 'freaks' 
and even government authorities in devefloped countries regardedmangrove land as wasteland. 
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2.2 Timber Products
 

Mangrove forests have many good uses. The wood is good fuel as charcoal or firewood 
and charcoal production is carried out extensively in South-East Asia. In peninsular 

Malaysia, the Matang man ;rove forests are harvested in rotation once every 30 years since 
of timbei i- assured. Mangrove timber is extensively used1900, so that a continuous supply 

and villages. In the Philippines,in house construction, particularly in coasts" tocms 

Rhizophora is used in the manufacture of synthetic fabric; and, more recently,extensive 

areas of mangrove forests in Sabah, Halayi,-,, have been harvested for wood chips which are 

exported to Japan (Liew et a!., 1975). The j-nual exploitation of between 2 000 - 4 000 

hectares of mangrove forests is viewed with con<er7t b1e'cause nf the limited availability of 

the resource and the 30-year perie,] necessary for rL-enexation. 

Apart from these 'mijor uses, r,)nerove leaves are Lsed as livestock feed and for various 

medicinal purposes while mnngrove bark in a comnmercial source cf tannin used in the tanning 

of leather and preserviat-on of fish nets.
 

2.3 Exploitation of Man qrove Land 

In many parts of Soutii-East Asia rru~qzCve ].and has been reclaimed for agriculture, 

especially in the maijor deltas of conLinental Asia (Moormann and Pons, 1974). The pioneer 

areas is rice which, being an aquatic crop, r,-quires temporary waterloggedcrop in there 
conditions. Rice cultivation is successful, provided salinity can be suppressed during 

the growing -voascn by adequate dr.-inage. Ir peninsolar ':aa/sja rice cultivation on re

claimed mangre land has ben tu.;occFul div, to th2 dpvel ;-mu!nt of acid sulphate -,oils. 

Pyrites (VCe2) a-e formed in the soil wiere it ;mount of c:,rborates (Coc.3; is too litl:le 
to neutral 'ze the acidity tnhat is released upon oxidatiomn ,f pyrites durin - recIauticr;. 

than 2 percent pyrites and no carbonates;Mangrove soils in peninsular M'alaysia contain more 
thus, acidity occurs after recla,,:tion as exemplified in the xierbok estuary and Batu Pahat 

(Diemont arod van Wi jnqaarden, 197.5). 

One cr.p which his been ;ucc(-,;:F-l in :-eclaimed mahEirovr land is coconut. Nere, sea 

water is prevented from flo,'ing in by bund!s :'r dykes. Uoconut is p],nted after the land has 

been left fallow for a ntumber (sf year-: :cndering the soil les acidic. 

The maior ccnstraiJnt in th, developmcrt of ma igrove soils for aqriculture are salinity,
 

acidity, toxicity and other limiting factors. Thus, from a technical and financial point
 

oraition of mangrove land for not
of view, large-scale ri,'c agriculture is recommended
 

(noorn,.nn and Fons, 1974).
 

2.4 A,,iuaculture 

In many parts of South-hast Asia, particularly in Java, southern Sumatra, the Philippines, 

Taiwan and Singapore, the culture of fi:;h avnd prawns is practised in ponds dug out of cleared
 
and prawn larvae are introduced or allowed to
mangrove forests (acnae, 1968). Fish fry 

The annual production of milkfish (Chanosenter the ponds at high tide through sluice ';ates. 


chanos) may be a,, high a! 33 gh':tar,. P awn ponds in Singapore have recorded maximum
 

annual yields of ' 200. k/i' . uv.l.,i s as much lovwer.
 

2.;, Man rve-deueidet.t FiI.eries 

A most important Fiinctic-r. '"the rru-ig:r-ove ecosystem is to provide food and shelter for
 

an 'infinite variety of c,mta fiire: ,ax shellfish. The pathways by which energy derived
 
from the mnngrove ecosy tem sup rt.-. i.:;taand estuarine Ni -herien has been worked out in 

5.howad that 95 of the leafdetail by Heald nd Oda;.i (1f:) for the iorida coast. They 


material from tiie man tr'.'Phi zcp oa wgle en*ers the (ioastal waters. leaves fJl or get
 

washed into the shalow wters A,t t1nua] rite of 5 metric lons per hectare (or 2.5 grans
,-

per mp per day). This leo'4etritus be.:ues ,is-ersed b',ti 4ai and coastal currents over
 

large areas o! estuarie, and 5Sf::1],OV eejist l] regions.
 

http:noorn,.nn
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The first liak in the food web is provided by bacteria a-nd fungi which convert the

indigestible lignin and cellulosc of' mangrove plant tissue 
into a pxtein source which can
 
be digested by the organisms of the scC(n'1 inkl: in the fool 1web. This link 
is oniposed of 
omnivorous crust ceans such as mp;?i pods, mysi ds, hlarpact icoid copepods , caridean and penaeid 
prawns and few errrivoroo, vJ .ietritiv:'rou f ihes. All these animanls inie,;t varyinq quan
tities of d:tritus particles which are cove ied by digiestible micro-organisms. While passing
through the dilestive t.,vw:t, these part ici.c; are e:h,-Ani,_1 I broken down into s'ailer
 
fragments and partially 
 rn:.cved ct the ,Jsolie, r.icVo-oT';. ris. Once tile particle is ex
creted as faecal t.. the re ,":
tt , ent:1- prc r-:.;:1ences again and may be repeated a number
 
of times so that a partric may be i sqested b-, several di ffere nt detritus feederC before it
 
is completely broker , 
.. : ''hTedutritu. c O, ne-';, .s, iigi{e t c,'i,".trmat w "!ijiaB include 
benthic uimali , Liivr ,ri iin;rtislen ;u's .]i,_ :n[urc, 'Jae. 

In the mansrove i,.rc tt vi d adjc ' water ,, tie ,:e-;t C,- st of peninstil r Mlaysia the
food web is more r:orrp)ex than that of Florida at due',-.L. ;_o t}he p-esence ol ,Vs'e srecies of 
crustaceans, gastrop,,s and flsihes. In tie sni2 river., ,rd creeks which drain. the .n,,n-ove
shore north of ?,-rz )}-ui 1, 1;re.minary studies hay: sho.. that there atri some 30 species of 
fishes and sever:i] speciven ,i pLr<,.n; (T;-.le I . 252.:, Xi,;. '1 the !-ut cor. nt f of the.e
fishes, zeveral of wEii arm i mpor-ant eCcnii shi. "r- 116 i ti' dependence (rn Irn7rove.
derived Qetritus ard i'lq In.i, rtr te..rrIve-(i.j 'fc qut cotent_ of some )knourovc 
water fishes i';jJve, i .; 'jab]e T'. in th lo lisa :-o : i t('r ,r L';, over ,il%c the diet
consisted of nanjrov, ')-f detrit. ('.'r, 1 , i, inshilc H..iochi)us me-actio it was 
over O'. Carii'crous fi .:h, such .- :'; to. b '-,ecrl (ris' cxriuT..Twar,: L.t,. depeindCent 
on inrirgrve ivsz'teb a., si4ch a'; nlai] , ',2r'.t;Ia obt1,!,:. 7'he diet of rUl/ athner fish 
included barnacles, fi( 1.,Ir ru i)r I,'tu:ic 1r.their ], Cccasionally, rr rcyveverte
brates such as mocd sl.pe -u" ,,re F i7.ti e t ih. food 
forest and a.djacent sh,, ''ters Inay be .1,-rtel 

ind 'is of The web in the nwrgrove 
crs in .iqure I. It show.s chat shallow 

water, fishes art! cepe;iruect oil rfMlagrove [nv,'',cates for t,-ir food and firlly denonstrates 
that the rr.ans:rove nhore makes a signif.rc,r ,t;tricoltion to tha co stda shal lu.i water food 
web of the west :o;t of peinr1ijar ala. -ia. 

A list of fish aind prawi spp. collectzd from the mangrove estuary/river 
(Sungei Sementa Besar), Yi par, Malaysia. Siviples wert collected using a cast net 

Arius sp. 
 Liza ineli.optera (Cu%. '. Val.)

Chorinemus sp. 
 Liza subviridi's (Vale-nciennes)
Pellona- kainpeni Web. & de Be iuf. Ambassis g'.TneccFhalus Bleeker
 
Haplochilus mlastigmas McClelland Ainbaqsi; '.r(taenia Dieeker
 
Anodontostcma chacurida ( 
 ajr.Bu.zh.' Pomada:;r-i.hla (1lioch)
Stolephorus coriur/.rsonii Laceptde Plotoo. , , m. 
Thryssa mynta:. (Schneider') Scatoph'.:U-, irjus Linnaeus
 
Eleotris .,'ti,. Car.t7,: 
 Sil~ogo "i, 0('or,.kal)

'crrcs lojc-.,,_ Cirv. 1. Val. . e],I.;pi;e: ,'C phSaiusI' B.eeler
 
Gobius koku PuE. 
 Si -anus j.',, (1innaeus)

Gobius sadnundi , B* :,r h Sphyraern-, el Cu %' r
 
Gobius viridipun,,';t-," Cur. & Val 'retrodon 'loriti is Han.
 
Boleophtrkain',;. boddaaerni. Cay. & Val. Therapon v.'-u F,,rsskal
Per'iophthaiiir-clo:.,chi erser loxote.; ;tor Pallas
 
Equula f-p. 
 Penaev; ne!-'uitnsin de Mlan
 
Leiognathus e'ju'ilusl (Forsskal) 
 ?enaew: i:.'dicus H. Milne-Edwards 
Lutjanus ,joihri (,l]ch) Metapen-reu brevicornis (H. Milne-Edw.)
Vatag'ngi] cunnesius (Valenciennes) Palae-o:; op. 

Parapeeours-I, maxillipedo Alcock 

http:ajr.Bu.zh
http:c,'i,".tr


S335 7.
 

benthic algae
 

mangrove leavesphytoplankton 

twigs, wood, 

f, 100 ,A, barnacles ) on trees
aceri a bivalves stems 

protozoa
 

crabs 

si
 

nematodes 

sipunculidis
harpacticoid 


fish spp.
copepods, etc. 


cApi ttllid 

polychaetes
 

prawns
 

DETRITUS CONSUMERS INCLUDING OMUIVORES (nematodes, polychaetes, snails, 
bivalves, prawns, crabs, sipunculids,# fish, etc.) 

SMALL, CARNIVORES (smalil firth, etc.) 

Periohtalmodon schlosz:ri (miu,1ski pler)
 
Periophthanlu5 vulqariT (dskipper),
 
Stolephorus coiTine rsonii (anchovy)-

Plotosus canius (barbel eel),
 
Pomadasvs hasta grunter,", etc.
 

LARGE CARNIVORES (game fish, iizh eating birds, otters, etc.) 

S11ir,-ea jel .o (barraciAda) 
Therapor, uc (crescent pe:'ch) 

Figure 1. The detritus food web based on mangrove plant material in the mangrove shore 
and adjacent waters of' the west coast of peninsular Malaysia (modified after
 
Odum, 1970) 
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Table II 

The principal components of the diet of some fish and a shrimp inhabiting
 
a mangrove river/estuary (Iungei .ementa BIesar), Kapar, ,1alaysia.

Values indicate percentage volurhe of diet in stomach or whole gut
 

0 *H 	 +-1U 
fU ".I-. 

4' '1 .Y. ":1 ". 

'0 
O 

d i i)) ,' ,, . ) ' 	 ,S 4 '- ', <i .', C.0 ,- . . . . .. LA 
. o. 0 V1 0 '-i

Ct 7 ,u Er, M 
j. 41, P L'.) M 

1)U M- Uf
 
\Species -, " "'1 


M CI) 

Liza melirnOptera-. 141.0 3. '. 

Cerres ltr'idus 47.0 

Anodontc'-;t, -. C cv1dA- 41.6 37.3 17.8 3.3
 

111a) .Il o:1 me ' a ', ii 5i i 11,-1 	 t !J2na 171.5 

Flotosus caljilv 77.5 12.5 10.0
 

Acetes erftiraez- ;. 11.4 22.4 25.2 2.5 

4Chonq (1077 

Anot'er irv L io :he 	 md;Yalt 11(fltiC of 	 co:y tem, incluIdoveoding the ;hallow and calm 
rivers and c ie:,i to) provide she Iter For the ,juvile stae; of many commercially

valuxable pra,,,'v;. 2t'ii in pro'ules,- on thu '..Ct coast of peninsular M1alaysia (Chong,

persona3 cciwrunict-ioi) 
 i;ave !:ho,nl 'hat the 'ost-: ;ivae and juvanile stac-s of the bi.uana

" 
pra,m (Feraeus 'me Mi', _5 ;htei' Sthe Ca.! mn rove .at',,rts. It is poss:bie tidIt tile

detri tus-ric bmth-,;,nd tii f'or. 
 c, ra, contrilutes substxartially tr the diet of
 
the younn prdv . 'i-  illus trate.; e tie cycle of the prari which r.maturity
 
migrates tO o'f L'C e I.tt- c- '
 

A ci ' "iti,.tht di- of .:unci1 .nd s ib-,dult cf Fenaeus merqipiensis, p.
indicun an-d other jr <,,-t I rr,:', ;rovc',te;, consiv; 1 of mangrove plant detritus.u.t:.tr' 

his observatior coAfi . .1I..t,' ;arv-ov.'e eCaoryrtem is as!sent ija for the sumrvival. of the
 

pTr,-n fi shery. h vie.. r r'ed'i - criarinq the ynel':,stcs ocL .he west
i '; Cir:' st.ata 

. *h h "o (f
t.. c . '., ' 'o-'t ' i); ar M±ay (}at ionsa. i , 1976). Prnw c itche'; ir. 

t
1971 totalJ'd '1, "r i .' 'i, 0'.,,.. ,:' l i,' ' t', t fo lil , ast c7 , itj. -it
 
on2ce obvioix; '.t the :2,:,0ro*,'e. -,,,':ichcu.,onize . ti,: eht-i--e
_;'-C.t -:i,'elte d wost coast of 
peninsular i tl 
fishery resource sirvU;, of 1''"! ,-' .p Li c H ;9 

i ." thehr cot, t r ,'i !' )t tl,' th; i i, pr'a',l fishe:-y. De Pie rsal 
',e r-v,: ( the co ;. reno 'ce )f t.c 

of the p2ninnii] a r (Imp and I at i f, 1 '76). The r-.:,] o; an * cves from a loc.a ilitv can
therefore brinq the 	 ofi ore ,m'-iabout deletion of ine il. riic -ie5 througih los of" food and 
shelter for the jnreniles of pr,:,aWn -k fvidm. 

An attemapt to e';tal i sh a rte)atioriship ,etwett Ccji[rercial, p'!-a'.i producticon and the total
acreaW' of mangrove fore: t was carried out in lnd,:,ne,ia (Martosubroto and Tlauni, 1976).
They found a significant linear rcItionc}ip where prawn production increased with the size 
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of the mangrove fore,;t acreage. The iRmplication is that any reduction in mangrove forest
 
acreage will cause a decre.ase in prai-, yield.
 

The recent wa- inoVietnam where about 36% of the nation's mangrove forests were de
foliated and destroye!d provided tn opporttoait, *to rtudy the consequences 
 of such destruction 
on coastal fisheries. 'The abL'ence of l.F , comparative baseline dclta precluded De Sylva and 
Nichel ( 974) F om giving mr, ood re rsonz 'or the dcline in the marine Fishery off Vietna.,,
but thit authors postui. .tedI th-t the decrease n marine fish -:it,.hsince 1;964 ma' be attributed 
to genera- p'luor4i, efe,'t cf DWll, m-iali-tion and herbicides or to sorme war-related socio
logical reatson. 

2 .6 thor Vulife,, 

Mro'.',-; Can affdi,rotectioa to coast.. Crom tidal waves. Foresberg (1971) and
 
Chapman (19/1) suggest that the devast, tirgj effects of the 1910 tidal wave which stmck
 
Bangladesh would have bee:. 
 less severe if the coastal belt of mangrove forests had riot been
 
converted into p-tddy fields.
 

,Lt'ijroves cat, s: iiz.e -reas of high accretion -id growth rates of mngrove shores ma,/

be substaxitial in rejini of ,ig, sedinenvation. Tn the central parts of tUiC west co.-at
 
peninsula., i:tlaysia rates 01 
 accretion have l:e jjr, ,-,',.':celerated due to !ii nininq
 
activity in],-od. Siobstant al amoarts ofC 'i t' sedi._a dIerived 
 from tii mi.n ing and de
forested areas ar, c,r r:-d out to the sf a by the 
wor y r".' rF, jhee sed(ir,2':.ts sub :equently
 
settle shore tid -- . noted
on the ti}ioaqh ,-atd wave ,ties1 . "' Ii:.:,n chal ez asong a
 
Stretch oc the coastV over .. eriod of' thirty years Lrodfound a ::et ain of oIrwland.
 
Accretion resilted jr. the fc:iwitcoi of 3 .6) acres of new '._.lest, whil,- erl'sion resulted
 
in loss of 1 6:.'0 acrt" of ilra;uiera for',st Ilirinq the samne poeriod.
 

j . POI,031h. ;TIE 2CgSYSTLMF'(A 'QON I!, '2 Ltvg 

3.1 Effluent Fol lotion 

An im.ortant source 0: polllution in the mangroves in an agricultucal country like
 
Malaysia is wacte frow. agricultural products such as natural rubber, palm oil, copra aid
 
pineapple . (f tse, palm oil s.;import .nt i ce cop i oru. 
 v..orts of it are ,roduc:ed. .1t
 
present lalays-i., jW (hcinq Wre thl-iae Cillion metric tons of palm
iiihi-.ou: .aorie,; ;ir,: 

oil per year and n estimat.d c.ii uerit waste .f 3.4; million metric tons is discha.qed e-tch
 
year witih ro pr,.-tieatntm t in to r'..t-ro an- . 'erie,; F ,lm oil effluent 
 is ;;viinl v ir:orjaiiic
 
nid - :
and has cher.,i i 1 >.';,.e a.: left :' d e 21 {ii_1 J!s (at .i,'h "JoyQ,1. 1.7 ; 

t1 :'t I tthough od'.:radb ' V.. e;d Ct d.; cause,:, : 1, 3 :e o.i u. IIy 

p IaL . A'.' CI;i C 1e ito 'n'r "N;Ik,,
 

An exar li I s tie tIfe:t of t iw o.f 1 rent a e iid u:i a ma.:r'ilro. estn4ary L.Agci
Puo) o,.' a- Fr L-'J.id '1. tit ILu per, ohsic,' , "- r.it ,y pirt5 !,e7 ho vu ao o:'A :1 lo.,er

reaches rO1:;pectively. c);,,17/t,) in t:dsId 'T
, a 't' he :t, cheni try of the estuary for a 
distance of . km -h-1,'d ;Jilt v ro,,it C ed ',,i tioe ti on the 
tide. The ILoche'racaiDt.:,. De,',-id at 

i,ou:; ,w - , Ch n th (:r0(1: of 
*if, tl 'a i ( c,.o 0 m/ I t all times. 

The maxir.un V lue of 14,." wa; ,bt ;rdluirg a n tLde when ert'lrsnV i:cnarrye ias 
hi gh . 130D vaine,, tay:e dqi;:i thf's ne-ap tid,: -howee th'It te iver was Io]loted for _
distance of 5 km wh. re a t,!) of tK mq/) -'as seco'ded. At all t itnes the etuarv was; polluted 
for a dist L.ce of a to ' .1n "io'r;trea. 

There wasn ''I,n; '-i alan tn, tutFa hi,I " no !i of i . it . Lb ,t a di ;tance oF .,iin dc nittre.im, 
three species (,f fish (Li 'a lr.'-,r ':,I:,',itot:nra da , H:racerflaplochi1u mf ,sti'ma) arid 
prawn (Penaeus Sp.) occuriel ii. jireat",r ,hr;. 1ce. r,r,.t':er, the pelagic fau. here was le.; 
diverse than in the unpollute,. rerlions of the :nanqrz. ve river (Seow, 1976). ?relirinary 
observations along the banks of thre rivei or r t:,oary din :,ted t:.e complete e1'.mir', taca 
of the burrowing vid surface--d,,ellin q faura. 'The r.n grove trees wS.thin the immediatse Vi,:1: , 
of the outfall ,ppeared nor,:sa[, but thtt -r.r faun. hal been deplet.o_,d or "1 ini ha ted. 

http:nittre.im
http:maxir.un
http:iiihi-.ou
http:r,2':.ts
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It is interesting to note the ability of the mangrove plants to tolerate palm oil

effluent, which had a BOD load several times higher than* sewage. This concurs with 
thesuggestion of Odunt and Johannes (1975) that the angrove ecosystejn may possess characteristics which facilitate its use for tertiary sewage treatnent in the tropics where good
sewage treatment facilities are often beyon6 economic 
 reach. lIhis suajestion ste%,,s from theconcept that the mangrove plant!: rec'.:-e i ste /iysupply of nutrients in c rlier to maintaintheir characteristic rates of growth (Lujo et .__,1974). Fine 5edmentr, which are typicalof mangrove shores;, are kno%.; to have a highiabsorption capacity for nutri,2ntjs. This wasconfirmed by Walsh (1967) whs. repoi ted that larmre aoui;ts of nitrates and phosphates were
removed from waters flowing 1hroui; a nqrove shore. 

Inherent in any suggestion t,)dump s,:wage in a mazgr zove shore is the danger of pesticidecontaination. Sewage effluents nora-ial', have high crincentrations of organochlorine pesticides (Portmnan, 1975). Therefore, use uf ,:an ,rove shores as sites fcr sewage treatmentcould lead to measurable increases in pesti':|de residue levelsq, not only in the mangrove
fauna but also in the coastal finh nd shellf'ish. 

3.2 Herbicidal Effect cn 11' : rove Fore';s 

Mangrove plants are v':, susceptible t(, iieri.icide,3. As mentioned earlier, militaryoperations during the recthL JteatvQ w,. d;-. strcyd over 10i0 (O() hnctames (36/,) of mangrove
forests (Ross, 1974). D2foliated mjajirove ,:aa,-,showed incr'easedi soil erosion. Earlier
observations by Westing (1V/1i inJi:,:.ted that herbicide sp;rayed areas were resistant to
recolonization. Iore recent 
reiort| indicate regeneration proceedjinq naturally in some
 areas while jireas further inland or, at 
 ',,;hsher( lvels ape Lbing recoloni zed mo2 slowly
(Ross, 15G4). Dely in x',colnizatio. is v1tribtUee to 
 A irt;e qutities of Wood dtcbris
which restrict seedl ing iplantatLion. Undobthedly, the n',st iisportat factor ay be the

absence of mature plants 
 t j supply teedlirgf for the vaSt denuded areas in the upper reachesof the shore. 

3.3 Cil Pollution
 

Oil poll.tion is a conitant thfeCt to the mangrove coinii ties, particularly in shippinglanes siuch as the nazrtw str ollsof hlIacz i. 'There wtxe twc oil spills by tankers ir, theStraits duin thr 1,st threte ',eais. The two tankers spilled , total of, 10 30o ton, of crude
oil which was-, dPr2i,'!ed 1DYtoxJaC < toiro t 
 *,0 informtion is available rn the" damnqe to
the mangrove euivironment tlauji there were prer-s reports tiooit xish resuurces 'i'ere iffected. 

~utzler a d Ste:x'r V,' i) r',<, c 'tK1 , UIt mriagrcve conmtmo;tie,; wer- ;re seriouslydamaged Ly an oil spill on the i'an::m ::.as th-I' 'I,. t sind beach o- rocky shore comamnities. lPhizoph,,a :,eed]i: ; r ieillf-d a] ng with a variety of intertidal invertebrates
and algal mats in the m,r,';t ve oi->. N-ati-i,v; (Tcmiieo out e:ieriments on seedlingsc. (V, /
of the pic ,eer na;love ,'nr.: i;,ter;'edi mr 4'; cil Kl n'I:r Witt ',ea water in various
ratios and fun1ld that (o-,:e'mmat'-m1;cj10 3OOo prm a''d hovi -i led seodli r.;s. 

3.4 Ability of Xan v,: lore;ts: to mse 

Mangrove forests po.ent; ti, rem rkable ability to regenerate when clear felled iortimber or for some 6ther purpose huoc r-'covery from herbicide destr~iction may be slow for
the reasonc discu,.ed earlier. 

From the silvicultcra! p int )f view, the wIngrove forests are the easiest to manage
since seed planting is easy if natural reqeneration is delayed (Dixon, 1959). Stands ofthe preferred Rhi'ophora npp. are planted by sticking foot-long fruits into ; mid. Thesetake root rapidly. White and 'hite (1976) reported the almo t complete natuial regenerationin 10 years of !ieveral sites in }-.ipuri New Guinea cleared! for oil drilling operations. Small areas still bare within the mangrove forest are believed to be oil polluted or roaded. 
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4'• CONCLUSIONS
 

The destruction of mangrove forersrs by reclamation for industrial or, agricultural 
u.ses is proceediiL at an unprecedented rite in South-East Asia. For example, in the most 
developed state o;, Selangor in Malaysia n.ore t.han "O%of the total mangrove land has been 
reclaimed for industrial and agriculturn3 purposes over the last decade. Of this, about 
50 km2 were filled with soil transporte? rn a coiiveyor belt system from a now flattened 
hill 10 kin inland. The -and reclaimed w- "--ed For low cost flats (four storey high), 
jodowns, indti t rial estates, etc. In Sin~j ,ar, tie :w:iz, idus:rilll estate ,f ,x4ron, st-wd 
on reclaimed m*?.ngrove IIi~, 

Very often thousands of hectre3 of ma;,grove forests have been reclaimed without any 
feasibility studies on th.z viability of the p!;,.iied plcjects. For example, at Kuala Selanqor 
of Malaysia, a 16 1'm2 urea wat7 cleared c' ir:vgrove. for ccnstruction of ponds for production 
of salt frcm sea water. A modein facto'y sw.ibuillt for purifying th, impuie salt, and 
foreign exiertise wa, soujht at consider ble !xpense to a slate corporation. The industry 
collapsed after functioning interiiitttnitly fo: a year when the authorities realized that 
the locality had a ru'can rainfall of" 200 rn; (it rained too often) with no di stinct dry 
climatic period to facilitate ccntinixous or 1f.'etn ,criolJ, ;,,Lt pi'cduction. 

There is cons" de.ab] ( wi Ouet; a (i(rL 5:.,ae:.'nt of mvqrove forests th 'uu.]hout the
 
tropics and sub-tropics. in order to :aate rtional2o;e of thef remaining urungrove forests
 
in the worno, Odum ur.nd ohanne'; ( 9'",) tailed for a t.4r' frl.ev;,Iuation of the man-rove
 

.ecosystem just as wa '.ua'ized for the tererate S:.t r ,,> (c',oselink et al., 1974). 
Such an evaluation wil] have to take irto ccnsideration tht. tir;-J.er production, the co°,stia 
fisheries, including shel]fish and manqrove :ral; (Sc'Li, -err'ta) production, the poteri al 

of the shallow water oyster aLnd nusie productio: .nd the potential of the :nanqancve shore 
as a land builder. t.nIes : nail,3j e bio, :i .:; nd cA',Vene.i ,thorities take inediate 

action to provide g va-im.,ut veith good of true oF mangrovcouthi'oriLies .- evidec:e thu value the 

ecosystem, the exi-tinmj rnvlrove ore.sts will v i.;hin the next: few decades.
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