
1.Introduction

Japanisthesecondlargestshrimpimporting

countryintheworldandisimportingmore

than60％ oftheshrimpproducedinbrackish

waters from Southeast Asian countries

（HAMANOetal.,2010）.Therefore,shrimpaqua-

cultureisanimportantexportindustryin

thesecountriesandtheshrimpfarmingareas

havebeendevelopedinordertoacquireforeign

currency.Inthesecountries,however,man-

grovetreeshavebeencutdowninordertocon-

structshrimpaquacultureponds（BARBIERand

SATHIRATHAI,2004）,andthetotalareaofman-

groveinThailandhasdecreasedbymorethan

50％ sincethe1960・s（BHODTHIPUKS,1988;

CLOUGH,1993）.Mangroveforestshaveanim-

portantroleinthecoastaltropicalenviron-

ment for purification of effluents from

aquaculture and other terrestrial sources

（ROBERTSON and PHILLIPS, 1995; RIVERA�
MONROYetal.,1999）.

Intensive shrimp culture needs a large

amountoffeedandonly24％ ofnitrogenand

13％ ofphosphorusinfeedinputhasbeen

showntobeincorporatedintotheshrimpbody

（BRIGGSandFUNGE�SMITH,1994）.Theremain-

derofthefeedflowsoutintothesurrounding

watersorisaccumulatedinthesediment.After

shrimppondsareusedforseveralyears,they

aredisusedandleft（STEVENSON,1997;OKUBO

etal.,2004）evenifthesedimentisremoved

Lamer50:2335,2012

Soci�t�franco-japonaised'oc�anographie,Tokyo

Useofmangrovesfortreatmentofwastewaterfromshrimp

aquacultureponds:Nitrogenandphosphorusbudgetsunder

increasedarearatioofshrimpponds

ToruSHIMODA1）＊,YoshimiFUJIOKA2）,

ChumpolSRITHONG3）andChittimaARYUTHAKA3）

Abstract:Toassessthecapacity ofuptakeofnitrogen andphosphorusby mangrove

RhizophoramucronataenclosuresfromshrimpPenaeusmonodonaquacultureponds,wecar-

riedoutcultureexperimentsatSamutSongkhram,Thailand.Thearearatiooftheshrimpcul-

turepondtothemangroveenclosurewas1:1inthepreviousstudy.Shrimpfarmershopethat

theareaofthemangroveregioncanbereducedinviewofeffectiveeconomicmanagement.In

thisstudy,anexperimentalarearatiobetweentheshrimpaquaculturepondsandmangrove

enclosuresof2:1wasconductedandtheeffectwasevaluated.However,itwasshownthatthe

deteriorationofthepondsedimentscouldnotbepreventedinthecasethatthearearatiobe-

tweentheshrimpaquaculturepondstothemangroveenclosurewas2:1.Forsustainablepond

usage,thenecessityforincreasingthearearatioofmangrovestoshrimpculturepondswasin-

dicatedbasedontheseresults.

Keywords:mangrove,shrimpaquaculture,treatment,budgets

1）ResearchCenterforSubtropicalFisheries,Seikai

NationalFisheriesResearchInstitute,Fisheries

ResearchAgency（Ishigaki,Okinawa907�0451,Ja-

pan）

2）AquacultureSystemsDivision,NationalResearch

Institute of Aquaculture, Fisheries Research

Agency（Minami�ise,Mie516�0193,Japan）

3）Faculty of Fisheries, Kasetsart University

（Jatujak,Bangkok10900,Thailand）

＊Correspondingauthor:ToruSHIMODA

Tel;＋81�980�88�2571

Fax;＋81�980�88�2573

E�mail;t.shimoda@fra.affrc.go.jp



afterharvest.

In order to develop sustainable shrimp

aquaculturepractices,severalmethodshave

beenproposedtodecreasetheimpactofshrimp

effluent（BOYD etal.,1994;SANDIFER and

HOPKINS,1996;DIERBERG andKIATTISIMKUL,

1996;LINetal.,2003;TSUTSUIetal.,2010）.Al-

thoughintegratedmangrove�aquaculturesys-

temshavebeeninitiatedinSoutheastAsia

（RIVERA�MONROY etal.,1999;PRIMAVERA,

2000;PRIMAVERA etal.,2007;ALDON etal.,

2008）,theyarestillattheverificationand

earlydisseminationstageandtheuseofman-

groveareasfortreatmentofnutrientsfromin-

tensiveshrimpfarminghasnotbeenwide-

spread in tropical aquaculture regions

（HAMANOetal.,2010）.

Whenshrimpculturedensityishigh,disease

outbreaksoccur（SHIMODA etal.,2005a）,and

thefeedconversionratio（FCR）alsodeterio-

ratesandproductionefficiencydecreaseseven

iftheshrimpremainhealthy.Betweenthe

pondwherewaterwascirculatedwithman-

grovesandthecontrolpondwherewaterwas

notcirculated,theproduction,survivalrate

andFCRwereimprovedinthecirculatedpond,

andthereforetheaquacultureproductioneffi-

ciencywasimprovedbythecirculationwith

mangroveswherethenutrientswereutilized

for enhancing mangrove growth.RIVERA�
MONROYetal.（1999）suggestedthatanareaof

mangroveforestfrom 0.04to0.12hectaresis

requiredtocompletelyremovetheDIN load

from effluentsproducedbya1hectarepond.

Ontheotherhand,ROBERTSON andPHILLIPS

（1995）reportedthatbetween2and22hectares

offorestarerequiredtofilterthenitrogenand

phosphorusloadsfromeffluentproducedbya

1hectarepond.PRIMAVERAetal.（2007）sug-

gestedthat1.8�5.4hectaresofmangrovesare

requiredtoremovenitratewastesfrom1hec-

taresofshrimppondintheCentralPhilippines.

GAUTIER etal.（2001）reportedthattheeffi-

ciencyforeffluenttreatmentasabiofilterus-

ingmangrovewetlandsislesspredictablethan

expected.However,these calculations are

largelybasedonhypotheticaltheorybecause

modelexperimentshavenotbeencarriedout

quantitatively.

Thearearatioofshrimpculturepondsand

mangroveenclosureswascarriedoutataratio

of1:1inthepreviousstudy（SHIMODA etal.,

2005b;SHIMODAetal.,2007）.Needlesstosay,

shrimpfarmershopethattheareaoftheman-

groveregioncanbereducedinviewofeconomic

management.Inthisstudy,todevelopsustain-

ableshrimpculturemethods,anexperiment

using an arearatiobetween shrimpaqua-

culturepondsandmangroveenclosuresof2:1,

wasconductedandtheeffectwasevaluatedin

comparisontopondsofaratioof1:1andacon-

trolofshrimpaquaculturepondonly（nocircu-

lationtoamangroveenclosure）.

2.Materialsandmethods

Experimentsthatinvolvedthecirculationof

water between shrimp aquaculture ponds

stockedwithPenaeusmonodonandmangrove

enclosuresplanted with Rhizophora mucro-

nata, were carried out at the Samut

SongkhramCoastalAquaticResearchStation,

Faculty ofFisheries,KasetsartUniversity,

Thailand.Sixpondsof40×20mfortheupper

level,35×15m forthelowerleveland1.5m

depthwereusedforthisexperiment（Fig.1）.

Shrimpwereculturedinfourponds,andman-

grovetreeswereplantedintwo.InPonds1,2,

3and6,12,500shrimplarvaePenaeusmonodon

atthePL（postlarvae）20daysstage,were

stocked（about24shrimpperm2）andshrimps

wereintensivelyculturedforabout5months

fromFriday,September19,2003.Totalsof476

one�year�oldmangrovesaplingsRhizophora

mucronatahadbeenplantedineachofPonds4

and5inJune,2002.

Ponds5and6wereconnected,andthearea

ratioofshrimpculturepondandmangroveen-

closurewas1:1.Ponds2and3whereshrimp

wereculturedandPond4wheremangroves

wereplanted,andtheywereconnectedsothat

thearearatiowas2:1（Fig.1）.First,brackish

waterwasaddedtoadepthof110cm inthe

shrimpaquaculturepondsonthefirstFriday

andwaterwasremovedfrom themangrove

ponds.Pond1wasthecontrolpondandshrimp

wereculturedinaclosedsystem.InPonds4

and5,everyMonday,WednesdayandFriday,

about30％ ofthewaterinshrimppondwas

transferredbysiphonfromthemangrovepond

totheshrimppondandthewaterwaspumped
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backintotheshrimppondusingagasoline�
poweredwaterpump.InPonds2,3and4,

about30％ ofthewaterinPond2wastrans-

ferredtoPond4,everyMonday.WaterinPond

4waspumpedbacktoPond2everyWednes-

day.Afterthat,about30％ ofwaterinPond3

wastransferredtoPond4onthesameday.

WaterinPond4waspumpedbacktoPond3

everyFriday.Therewasnostandingwaterin

Pond4fromFridaystoMondays.

Monitoringofthewaterqualityandcollec-

tionofwaterandsoilsampleswereconducted

weeklybeforecirculationofthewaterbypad-

dlewheels.Thesurfacewatertemperature,sa-

linity,dissolvedoxygen,turbidity,andpH

weremeasuredwithaTOAmodelWQC�20A

waterqualitychecker.Watersampleswerecol-

lectedintwoplasticbottlesfromthecenterof

eachpond.Thesampleswereimmediatelyfil-

teredthroughWhatmanGF/Ffiltersforthe

collectionofchlorophylla＋ phaeopigment

（Chl.a＋ Phaeo.）,particulatenitrogenand

phosphorus.ForChl.a＋ Phaeo.analysis,the

filtersweresoakedinN,N�dimethylformamide

（SUZUKIandISHIMARU,1990）,andthenChl.a

＋ Phaeo.wasextractedinsolventandana-

lyzedwithafluorometer（TurnerDesignsTD�
700）.Particulatenitrogenwasanalyzedwith

anelementalanalyzer（FisonsEA�1108）.Par-

ticulatephosphoruswasanalyzedusingthe

methodofSOLORZANOandSHARP（1980b）.The

ammoniaconcentrationwasmeasuredimmedi-

atelyafterfiltrationusingamethoddeveloped

bySASAKIandSAWADA（1980）.Nitrate,nitrite

andphosphate（DIP）wereanalyzedbythe

standardmethod（PARSONSetal.,1984）usinga

spectrophotometer（ShimadzuUV�1201）.Af-

terpotassium peroxydisulfate（K2S2O8）was

addedtothesamples,anddigestionwascarried

outbyautoclaving,thenitrateandphosphate

concentrationsweremeasuredaccordingtothe

methodofSOLORZANO andSHARP（1980a）for

totaldissolvednitrogenandthatofMENZEL

andCORWIN（1965）fortotaldissolvedphospho-

rus.Dissolvedinorganicnitrogen（DIN）con-

centration was calculated from ammonia,

nitrateandnitrite.Dissolvedorganicnitrogen

（DON）andphosphorus（DOP）concentrations

werecalculatedfromTDN�DINandTDP�DIP,

respectively.Core�mudsamplesof3-cm depth

werecollectedfromthesurfaceusingasyringe

with23-mmindiameter.Thecollectedmudwas

dried,weighed,andcrushedwithamortar.The

nitrogencontentinthesedimentwasanalyzed

withanelementalanalyzer（FisonsEA�1108）.

Thephosphoruscontentinmudwasanalyzed

with the method developed by ANDERSEN

（1976）.N,N�dimethylformamidewasaddeddi-

rectlytothesurface1-cm depthmudsample

forChl.aandPhaeo.extraction.Aftercen-

trifugalseparation,thesupernatantwasana-

lyzed.
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Fig.1.Schematicoutlineofshrimpaquaculturepondsandmangroveenclosuresusedintheexperiment.



Thenetnitrogenandphosphorustransport

（NTandPT）from theshrimppondstothe

mangroveenclosureswerecalculatedasfol-

lows:

NTorPT＝（totalquantityofnitrogenor

phosphorus in water transported from a

shrimppondtoamangroveenclosure）�（total

quantityofnitrogenorphosphorusreturned

from themangroveenclosuretotheshrimp

pond）.

Themeanheight,numberofleaves,anddi-

ameterofthestalksof10mangrovetreeswere

measuredatthebeginningandendoftheex-

periment.Atharvest,shrimpandotherorgan-

ismsinthepondsweresampled.Thebiomass,

andtheirnitrogenandphosphoruscontents

wereanalyzedusingthesamemethodasthat

usedforparticulatenitrogenandphosphorus

analysis.

3.Results

Table1showsmean± standarddeviationof

height,numberofleavesandstalkdiameterof

mangrovetreesRhizophoramucronataatthe

beginningandendoftheexperimentinPonds

4and5forabout5monthsfrom19September,

2003.Allthevaluesincreased,showingthatthe

mangrovesgrew.Table2showsthenumberof

stockedlarvae,shrimptotalweightandindi-

viduals atharvest,survivalrate,average

shrimpsize,theamountoffeedandthefood

conversionratio（FCR）duringtheexperiment

inPonds1,2,3and6.Theshrimptotalweight

atharvest,survivalrateandFCRwere193.7�
194.6kg/pond,61.2�61.9％ and1.66�1.76in

Ponds2and3wherethearearatiobetween

shrimpaquaculturepondsandmangroveenclo-

surewas2:1,andtheywere264.8kg/pond,

71.8％ and1.51inPond6wherethearearatio

was1:1.Inthecontrolpond,theywere240.4

kg/pond,66.2％ and1.47.Therefore,aqua-

cultureefficiencywasbetterinPond6.

Thewatertemperaturedecreasedgradually

from30to24℃（Fig.2）,andsalinityincreased

from13to31intheaquacultureponds.Though

anoxicwaterdidnotoccurin theshrimp

aquacultureponds,lowlevelofdissolvedoxy-

genwereobservedattheendoftheexperiment

inPond4thatwasamangroveenclosure.The

pHshowedatendencytodecreaseslightlyand

turbiditytendedtoincrease.

DIN concentrationspikedoccasionallybut
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Table1.Mean± standarddeviationofheight,numberofleavesandstalkdiameterofmangrovetrees
RhizophoramucronataatthebeginningandendoftheexperimentinPonds4and5

Height（cm） Numberofleaves（no.） Diameterofstalk（mm）

Beginning End Beginning End Beginning End

Pond4

Pond5

89.4±9.8

94.1±12.0

110.5±13.9

111.5±16.4

41.2±14.0

40.8±14.7

82.5±34.7

79.4±28.4

27.8±2.7

24.8±3.4

31.4±3.3

27.3±3.7

Table2.Numberofstockedlarvae,shrimptotalweightandindividualsatharvest,survivalrate,averageshrimp
size,theamountoffeedduringtheexperimentalperiodandthefoodconversionratio（FCR）

Pond Thearearatio

Stockedlarvae Harvest Survivalrate

（％）

Average

size

（g）

Feed

（kg）
FCR*

（Individuals）（/m2）（kg）（Individuals）

1

2

3

6

Control

Circulatedwitharatioof2:1

Circulatedwitharatioof2:1

Circulatedwitharatioof1:1

12500

12500

12500

12500

24

24

24

24

240.4

194.6

193.7

264.8

8273

7733

7652

8971

66.2

61.9

61.2

71.8

29.1

25.2

25.3

29.5

352.8

345.4

320.6

400.1

1.47

1.77

1.66

1.51

*FCR＝（Weightoffeed）/（Weightofharvest�larvae）



thecontributiontoTNwassmall（Fig.3）.Af-

teraninitialdecreaseinDON,itshowedaten-

dencytoincrease.PN alsoincreasedinthe

cultureponds.Asaresult,thecontributionof

DON and PN waslargeto TN,and TN

concentrationincreasedfrom 2mgN/Lto5

mgN/Lonaverageinallaquacultureponds.

ThoughDIPconcentrationvariedlargely,both

ofDOPandPPconcentrationsgraduallyin-

creased（Fig.4）.Contribution to TP was
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Fig.2.Variationsof（a）watertemperature,（b）salinity,（c）dissolvedoxygen,（d）pHand（e）turbidity
duringtheexperimentperiod.



largelyinPP,andtheTPconcentrationinthe

culturepondsincreasedfrom 0.16mgP/Lto

0.42mgP/Lonaverage.Chl.a＋ Phaeo.con-

centrationinthewateralsoincreased（Fig.5）.

Thoughnitrogenandphosphoruscontentsin

mud（Fig.6）fluctuatedlargely,theyincreased

attheendofthisexperiment.Thelinearre-

gressionslopesbetweennitrogencontentand

Dayswere1.194×10－3μgN/cm2/days,5.300×

10－3μgN/cm2/days,3.862×10－3μgN/cm2/

days,and1.800×10－3μgN/cm2/daysinPonds

1,2,3and6,respectively.Andtheslopesbe-

tweenphosphoruscontentandDayswere1.387

×10－3μgP/cm2/days,8.996×10－4μgP/cm2/

days,�1.307×10
－4μgP/cm2/daysand2.510×

10－3μgP/cm2/days,respectively.Thoughthey

werenotsignificantstatisticallybecauseofthe

largefluctuations,theslopefornitrogenwas

smallandthatforphosphoruswaslargein

Ponds1and6wheretheaquacultureefficiency

wasbetter,andtheyshowedtheoppositetrend

inPonds2and3wheretheaquacultureeffi-

ciencywasworse.

Theamountoftransportednitrogenorphos-

phorus（Fig.7）fromPond6thatwasashrimp

aquaculturepondtoPond5thatwasaman-

groveenclosure,graduallyincreasedduring

theexperimentalperiod.InPonds2,3and4,

theamountoftransportedphosphorusde-

creasedtemporally.Thenetnitrogenorphos-

phorustransportswerelargeinPond6where

thearearatiobetweentheaquaculturepond
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Fig.3.Concentrationsof（a）dissolvedinorganicnitrogen,（b）dissolvedorganicnitrogen,（c）particulate
nitrogen,and（d）totalnitrogen.



andthemangroveenclosurewas1:1.

4.Discussion

Relativegrowthrate（RGRH）（HUNT,1982）

ofRhizophoramucronatawasnotsohighin

comparisonwithsomemangrovespeciesand

ratesof0.720±0.036and0.743±0.035（mm/

cm/mo）arereportedinThailand（Thampanya

etal.,2002）.Inthisstudy,RGRH wascalcu-

latedwith0.621±0.208inPond4and0.512±

0.184（mm/cm/mo）inPond5.Thoughman-

grovesaplingsgrew duringthisexperiment,

thegrowthratewasatacomparativelevelbut

slightlylowerinthemangroveenclosurescom-

paredtosaplingsundernaturalconditions.

Circulation of water between the shrimp

aquaculturepondsandthemangroveenclosure

simulatedthelevelofwaterexperiencedduring

atidalchange.However,theweeklycirculation

ofwatermightbeinsufficienttofullyenhance

mangrovegrowth.

ThedryseasonofThailandisfromNovem-

bertoFebruaryanditdoesn'trainaroundNo-

vemberandthetemperaturefalls.Therefore,

thewatertemperaturefellandsalinityrose

duringtheexperimentalperiod,thoughsalin-

ityfellslightlyimmediatelyafterthebegin-

ning oftheexperiment（Fig.2）.Penaeus

monodoniseuryhaline（0�52）（MOTOH,1981）

andthemostsuitablesalinityisabout15to20

andidealwatertemperatureisthoughttobe

25�30degrees（YOSHIDA,1987）.Therefore,the
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Fig.4.Concentrationsof（a）dissolvedinorganicphosphorus,（b）dissolvedorganicphosphorus,（c）par-
ticulatephosphorus,and（d）totalphosphorus.



watertemperatureandsalinitywereinasuit-

ablerangeforPenaeusmonodonduringthis

experiment.

ThoughbothDIN andDIPconcentrations

didnotincreaseinalltheponds（Figs.3and4）,

organicandparticulatenitrogenorphospho-

rusincreasedinwater.AndChl.a＋ Phaeo.

concentrationinwateralsoincreasedinthe

shrimpaquacultureponds（Fig.5）.Although

theirconcentrationsincreasedlargelyinthe

water,itwasconsideredthatwaterqualitywas

keptwithintolerablelimitsforshrimpgrowth

during theexperiment.Though Chl.a ＋

Phaeo.concentrationinthemudfluctuated

largely,therewasnotanincreasingtrend.

Penaeusmonodonisomnivorousandcanfeed

onbenthicalgae（YOSHIDA,1987）.Itwascon-

sideredtheyatethebenthicalgae.

InPond6wherethearearatiobetweenthe

shrimpaquaculturepondandmangroveenclo-

surewas1:1,theshrimptotalweight,thenum-

berofindividualsharvestedandthesurvival

ratewerehigh,andFCRwaslow.However,in

Ponds2and3wherethearearatiowas2:1,the

shrimptotalweight,numberofindividuals

harvestedandthesurvivalratewerelow,and

FCRwashigh.Thoughtheaquacultureeffi-

ciencywashigherinPond1thanPonds2and

3,the previous use history as a shrimp

aquaculturepondmighthaveinfluencedthe

nutrientbudgets.Fromthenitrogenandphos-

phorusbudgets（Table3）,thedifference（In�
Out）ofnitrogenwas�0.36kgN/pond/experi-

mentalperiodinPond6.Thismeansthatnitro-

genwasnotaccumulatedintothemudinPond

6,anditwasthoughtthatnitrogenwasre-

leasedbydenitrificationandammoniaevapora-

tion（BRIGGSandFUNGE�SMITH,1994）.Onthe
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Fig.5.Chl.a＋ Phaeo.concentrationin（a）waterand（b）mud.
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Fig.6.NitrogenandphosphoruscontentsinmudinPonds1（a）�6（f）.
Thesolidandbrokenlinesshowtheregressionlineofnitrogenand
phosphoruscontentsinmud,respectively.
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Fig.7.Nitrogenandphosphorustransports（a）from Ponds6to5,
（b）fromPonds2to4and（c）fromPonds3to4.



otherhand,thedifferenceofnitrogenwas�1.86

�0.64kgN/pond/experimentalperiodinPonds

2and3.Thisshowsthatnitrogenaccumulated

inthebottomanditmeansthatthesediment

environmentdeteriorated.Thedifferenceof

phosphoruswasnegativeinPond1thatwas

thecontrol,andthedifferenceofphosphorus

waslowinPond6wherethearearatiowas1:1

comparedto2:1.Phosphoruscontentinmud

decreasedinPonds2and3whileitincreasedin

Ponds 1 and 6.This means phosphorus

desorbedfrom thebottom inPonds2and3

wherephosphorushadaccumulatedinthepast.

Theresultsshowedthatthedeteriorationof

mudofthepondscouldnotbepreventedinthe

casethatthearearatiobetweentheshrimp

aquaculturepondsandthemangroveenclosure

was2:1.Thenecessityforincreasingthearea

ratioofthemangroveregiontotheshrimpcul-

turepondwasindicatedbasedontheseresults

forsustainablepondsusage.
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Table3.Nitrogenandphosphorusbudgetsintheshrimpaquaculturepondsduring
theexperimentalperiod.

Pondl Pond2 Pond3 Pond6

In

Nsuppliedfromfeed

InitialNcontentinshrimpatstocking

Out

Naccumulatedinshrimpatharvest

Naccumulatedinsnail

Naccumulatedinbarnacle

Naccumulatedinwater

Naccumulatedinmud

Ntransporttomangroveencclosure

Ndifferences（In�Out）

21.25

0.01

6.70

1.91

0.21

1.53

6.40

4.51

20.60

0.01

5.01

3.41

0.20

1.59

9.48

2.78

�1.86

19.00

0.01

5.43

2.89

0.22

1.82

6.77

1.24

0.64

24.10

0.01

7.29

0.19

0.17

1.87

�0.36

4.83

10.12

（kgN/pond/experimentalperiod）

Pondl Pond2 Pond3 Pond6

In

Psuppliedfromfeed

InitialPcontentinshrimpatstocking

Out

Paccumulatedinshrimpatharvest

Paccumulatedinsnail

Paccumulatedinbarnacle

Paccumulatedinwater

Paccumulatedinmud

Ptransporttomangroveencclosure

Pdifference（In�Out）

4.41

＜0.01

0.64

0.12

0.02

0.18

5.35

�1.89

4.28

＜0.01

0.48

0.21

0.02

0.20

�1.61

0.38

4.60

3.94

＜0.01

0.47

0.16

0.03

0.17

�0.90

0.24

3.78

5.00

＜0.01

0.69

0.19

0.12

0.11

2.25

0.83

0.81

（kgP/pond/experimentalperiod）
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