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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. 




