
1.Introduction

Shrimpfarmingplaysanimportantrolein

the societaland economic developmentof

coastalcommunitiesinVietnam（JOHNSTONet

al.,2000a;SINH,2009）.Theareadevotedto

shrimpcultivationexpandedfrom90,000hain

1991to430,000hain2003（LOC,2003）,andthe

yieldincreasedfrom 55,316tonsin1995to

413,132tonsin 2009（ANONYMOUS,2010a）.

Shrimpexportvaluesin2007wereoverUS$1.2

billion（TUetal.,2008）.

In Vietnam,reported shrimp yieldsare

mainlyfortheblacktigershrimp（Penaeus

monodon）,becausethisistheonlyspeciesfor

whichfisherymanagershavecollecteddataand

conductedannualassessments.Thespecieshas

beenstudiedbyauthorsfrom bothVietnam

andabroadfrom manyviewpoints,suchas

fisherytechniques,marketfactors,andsocietal

andeconomicdevelopment.However,P.mono-

donisnotthesolecommercialshrimpspeciesin

Vietnam.Manyotherhigh-valuespecies（e.g.,

Metapenaeusensis,Metapenaeuslysianassa,

andPenaeusmerguiensis）arealsoharvested

onshrimpfarms.Theseedsourcesforthese

（non-P.monodon）speciesarewildpopulations,

referredtoas・naturalshrimp,・collectedby

tidalrecruitment（JOHNSTONetal.,2000b）.In

contrast,artificialseed has been used in

P.monodonsince1990（NHUONGandHA,2005）.

TheMekongDelta（MD）inthesouthernre-

gionofVietnam,withanareaofabout39,000

km2,contains70％ofthenation・sshrimpfarm-

ing.Avarietyoffarmingsystemsareusedin

thisregion.
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Intraditionalextensiveshrimpfarmingsys-

tems,thewildseedistrappedandhelduntil

harvest.Stockingdensitiesarelow,foodsup-

plementsarenotprovided,andthereisnofer-

tilization（BRENAN etal.,2006）.Inimproved

extensiveshrimpfarmingsystems,thetradi-

tionalsystem ismodifiedbysupplementation

withartificialstocksofP.monodon（stocking

density,1－7individuals・m－2）,eitherwith

or withoutfeeding（PHUONG et al.,2006;

ANONYMOUS,2007）.Finally,insemi-intensive

andintensivesystems,whichhavesteadilyex-

pandedsince2000（VIET,2006）,P.monodonis

culturedusingintensivefoodandhabitaten-

richmentschemestoproducerichharvests.

Metapenaeusensis,whichiscaughtandcul-

turedaspartofthetraditionalshrimpfarming

activitiesoflocalresidentsinSoutheastAsia

（LING,1973）,toleratesawiderangeofsalinity

（5－30）andisinhighlocalmarketdemandbe-

causeofitshighmeatquality（LIAOandCHAO,

1983;KING,2001）.IntheGulfofCarpentaria,

Australia,themaximum totallengthis154

mm for males and 189mm for females

（GARCIA,1985）.ThelongevityofM.ensisisap-

proximately 14months,asfound in Hong

Kong,China（LEUNG,1991）.Variousaspectsof

thisspecieshavebeeninvestigatedindifferent

countries,suchasitsreproductivebiologyin

Australia（COURTNEYetal.,1989）,itspopula-

tiondynamicsinashrimppondinHongKong

（LEUNG,1997）,andthemodelingofpopulation

dynamicsinOsakaBay,Japan（TAGUCHIetal.,

2002）.

Inthisstudy,wefocusedonthestatusof

M.ensisinimprovedextensiveshrimpfarming

systemsinVietnam.Thesesystemsconstitute

about75％ ofthetotalshrimpfarmingareain

MD.Theresultsofthisstudycontributetothe

developmentofacriticallyneededdatabaseon

resourcesvitaltothesocioeconomicwell-being

ofpopulationsinSoutheastAsia,especiallyin

theMDarea.

2.MaterialsandMethods

2.1.Studysites

Thisstudywasconductedin2010intheMy

Xuyen（MX）districtofSocTrangProvince

andintheDongHai（DH）districtofBacLieu

ProvinceintheMD（Fig.1）.Theselocationsare

representativeofthesocial,economic,andenvi-

ronmentalcharacteristicsoftheMD region.

MD,withitstropicalclimate,isbiseasonal

witharainyseasonfrom JunetoNovember

andadry season from DecembertoMay

（HUNG,2009）.Anestimated19％（786,329ha）

ofthetotalareaisaffectedbychangingwater

salinity,withpredominatelyfreshwaterinthe

rainyseasonandbrackishwaterinthedrysea-

son（VUONGandLIN,2001）.Themostimpor-

tantlocationsforimprovedextensiveshrimp

farmingsystemsare（1）inricepaddiesbyus-

ingshrimp-ricecroprotationand（2）ininte-

gratedshrimp-mangrovehabitats.

The shrimp-rice paddy rotation system,

whichwasintroduced30－40yearsago（VUONG

andLIN,2001;PRESTONetal.,2003）,consistsof

ricecultivationinthewetseason（onflat-form

areasinpredominatelyfresh-waterconditions）

andshrimpculturinginthedryseason（inpre-

dominatelysaline-waterconditions）（BRENNAN

etal.,2002）.RiceiscultivatedfromJune/July

toSeptember/October,whensalinityis0－3,

whileshrimp arecultured from January/

MarchtoMay/June,whensalinityisgreater

than3.

ThetotallandareaoftheMX districtis
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Fig.1.LocationmapofVietnam,theMekongDelta,
andsamplingsitesintheMyXuyen（MX）and
DongHai（DH）Districts.



54,450ha（ANONYMOUS,2010b）.Theareaof

shrimp-ricepaddy rotation increased from

500hain1982to6,635hain1988（PRESTON et

al.,2003）andto20,200hain2010（ANONYMOUS,

2011a）.Combinedshrimp-ricefarming pro-

videsenhancedincomeandeconomicbenefitsto

farmers,ascomparedwiththatprovidedbythe

cultivation ofeithershrimp orricealone

（VUONGandLIN,2001）.Mangroveforestsoc-

cupy52,786haintheDHdistrict（ANONYMOUS,

2010c）,inregionswheresalinityrangesfrom

28 to 34（ANONYMOUS, 2010d）. Shrimp-

mangrovefarmsaredesignedsothatman-

grovetreesoccupyflat-formareasandshrimp

areculturedthroughouttheyear.Theopera-

tionalprinciplesofthissystemaredescribedby

BINHetal.（1997）andJOHNSTONetal.（2000a）.

ThedesignofthesefarmsisshowninFig.2.

2.2.Datacollection

Informationwascollectedinasurveyof60

householdsfrom each district,itcontains

farmingarea,depthofflat-formandditch,fre-

quencyofwaterchange,yieldsandpricesof

M.ensisandP.monodonandothershrimps,

investmentandincome.Theparticipantswere

farmerswhowereapplyingtheimprovedex-

tensivesysteminthesedistricts.

Shrimpsamplingwasconductedatatotalof

8farmsintheMXandDHdistricts（4farmsin

eachdistrict）.Table1showstheareaofeach

farm.Thedistancebetweenfarmsinbothdis-

trictswasabout0.2km.Shrimpculturing/har-

vestinginMX occursonlyduringthedry

season;therefore,samplingwasconductedonly

betweenJanuaryandJune.Metapenaeusensis

inMXfarmswascollectedatnightbyusing

trapnets,asshowninFig.3（a）,withamesh

sizeof1.5－1.7cm.Thetrapnetsweresub-

mergedintheditch,asshowninFig.2（b－3）.

Samplingwasperformedon2nights,forap-

proximately8heachnight（9：00PM to5：00

AM）,byusing6trapnetsateachfarmduring

eachsamplingtime.

Incontrast,shrimpculturinginDHoccurs
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Fig.2.ConstructionoffarmsintheMyXuyenandDongHaiDistricts,designedforimprovedextensive
shrimpculturefarming.（a）Relativeproportionsofditchandflat-formareas;（b）and（c）Transects
ofashrimp-ricepaddyrotationsystemandanintegratedshrimp-mangrovesystemlocatedinMXand
DH,respectively,showing（1）ditchdepth;（2）depthofflat-form;（3）ditch;（4）flat-form;and（5）
sluicegate.

Table1.Areasandabbreviationsoffarmsinthetwo
districtswheresampleswerecollected.

MyXuyen DongHai

Farm

AMX

BMX

CMX

DMX

Area（ha）

1

1.5

1

0.6

Farm

ADH

BDH

CDH

DDH

Area（ha）

4.3

2.5

3

3.4

Mean± SD 1.03± 0.4 Mean± SD 3.3± 0.8



throughouttheyear,andsamplingwascon-

ductedinFebruary,April,June,August,Octo-

ber,andDecemberin2010.Thesamplingwas

conducted during thespring tideofeach

month,drainagewascontrolledusingasluice

gate,asshowninFig.3（b）,throughwhich

shrimp were recruited and harvested.

Metapenaeusensiswassampledon2nights,

for3－4hpernight,byusingasinglesluice

gateateachfarm.

Shrimpsamplescollectedinsidethefarmsin-

cludedshrimpobtainedvianew recruitment

andoldshrimpfrom previousrecruitments.

ThesamplesofM.ensiswerekeptiniceprior

tothemeasurementofcarapacelength（CL）.

CLwasmeasuredtothenearestmillimeterby

usingcalipersanddefinedastheshortestdis-

tancebetweentheposteriormarginoftheorbit

andthemid-dorsalposterioredgeofthecara-

pace.Inaddition,salinitywasmeasuredasan

importantphysicalcharacteristicofthewater

（MACIA,2004）.

2.3.Dataanalysis

Thenon-parametricWilcoxtestwasusedto

testthesignificanceofdifferencesbetweenthe

observedvariablesinthe2districts.Akaike・s

InformationCriterion（AIC）（AKAIKE,1973）

wasusedtoselectthevariablesthataffected

theyield,andthesevariableswereusedinthe

multivariateregression models（DALGAARD,

2002;FARAWAY,2005）.

Inthiscase,thedependentvariable,y,isde-

finedastheyieldofM.ensis,andthemaximum

numberofindependentvariables,whichwere

definedlater,is6.Thenumberofmodels,

whichareconstructedusingasingleindepend-

entvariable（x1,x2,…,orx6）,canbecalculated

bythecombinationC（6,1）＝6,i.e.,y＝f1（x1）,y

＝f2（x2）,…,y＝f6（x6）.Thenumberofmodels,

which areconstructedusing 2independent

variables（x1,x2）,（x1,x3）,…,or（x5,x6）,canbe

calculatedbythecombinationC（6,2）＝15,i.e.,

y＝f7（x1,x2）,y＝f8（x1,x3）,…,y＝f21（x5,x6）.The

totalnumberofmodelscanbecalculatedbythe

summationofthecombinations・
6

i・1

C（6,i）＝64.

WecalculatedtheAICvaluesforeachofthe64

modelsandselectedtheoptimalmodelasthe

onewiththelowestAIC（FARAWAY,2005）.

Whenthelinearregressionequationisex-

pressedasfollows：

�・・・・・・1x1・・・2x2・・・・・kxk

withk＋1parameters（・・,・・1,・・2,・,・・k）,andthe
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Fig.3.Trapnetdesignusedtocatchshrimpinditches（a）andsluicegates（b）.



residualsum of squares is expressed as

RSS＝ ・
n

i・1

（�i－yi）2,thenAICiscalculatedby：

AIC・log・RSS

n ・・2k

n

wherenisthenumberofsamples.

Thedensityfunctionwasusedtodetermine

thevariationsinCLforeachsamplingtime.

TheCLhadanormaldistribution;analysisof

variationandTukey・shonestlysignificantdif-

ferencetestwereusedtotestforthesignifi-

cance of CL variations between different

months.

Torelatethesedatatocharacteristicsofthe

shrimpculturesystem,8variables（defined

later）wereselectedfromthesurveysforanaly-

sis.Thesevariableswereconsideredtohaveef-

fectsonthesystemintermsoftheaquaculture

（MACIA,2004）,andtheywerehypothesizedto

haveeffectsontheyieldandCLofM.ensis.

Factoranalysis（FA）wasusedtoreducethe

originalnumberofvariablesandidentifynew

variablesthatexplainedthemostimportant

variancesinthedata.

3.Results

3.1.ContributionofM.ensistohouseholds

ThecontributionofM.ensistothetotal

shrimpyieldintheMX andDH districtsin

2009was6.0％ and 12.2％,respectively,in

termsofphysicalyield,and8.5％and7.3％,re-

spectively,intermsofcropvalue.Theyieldsof
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Table2.ParametersoftheimprovedextensiveshrimpfarmingsystemsintheMX（mainlyshrimp

�ricepaddyrotationsystems）andtheDH（mainlyintegratedshrimp�mangroveforest
systems）（mean±standarddeviation）.

Item
MyXuyen

（n＝60）

DongHai

（n＝60）

Periodofshrimpculture（month･year－1）

Farmingarea（ha･household－1）

Depthofflat�form（m）

Depthofditch（m）

Frequencyofwaterexchange（times･year－1）

YieldofM.ensis（kg･ha－1･year－1）

CoefficientofvariationofM.ensisyield（CV）（％）

PriceofM.ensis（US$･kg－1）

YieldofP.monodon（kg･ha－1･year－1）

CVofP.monodonyield（％）

PriceofP.monodon（US$･kg－1）

Yieldofaquaticotherspecies（kg･ha－1･year－1）

CVofaquaticotherspecies（％）

Priceofaquaticotherspecies（US$･kg－1）

Totalinvestmentfromshrimp（US$･ha－1･year－1）

Netincomefromshrimp（US$･ha－1･year－1）

CVofincomefromshrimp（％）

TotalcostfromricepaddyUS$･ha－1･crop－1）

Netincomefromricepaddy（US$･ha－1･crop－1）

Coefficientofvariationofricepaddy（％）

Totalofnetincome（US$･ha－1･year－1）

Totalofnetincome（US$･household－1･year－1）

6

0.9±0.3a

0.5±0.3a

0.9±0.1a

6.6±1.2a

31.0±5.9a

18.9

3.4±0.5a

539.5±265.7a

49.3

5.3±0.4a

30.5±.5.7a

18.8

1.7±0.2a

861.5±179.7a

2,380±1,666a

70

934±130

645.7±117.6

18

2,444.8±1,650a

2,716.5±1,485a

12

1.7±0.6b

0.4±0.1b

0.8±0.1b

19.5±1.8b

39.2±4.7b

11.9

3.5±0.1a

322.2±91.7b

28.4

6.7±0.7b

29.2±7.6a

26.0

1.5±0.1b

308.5±71.6b

2,108±741.8b

35.1

0

0

Invalid

2,108±741.8b

3,584±1,681b

CVofnetincomehousehold－1year－1（％） 54.6 36.3

Meanvaluesofparametersinthesamerowwiththedifferentsuperscriptsshowsignificantdifferent（p＜0.01）



M.ensiswerefoundtobemorestablethan

thoseofP.monodon.Thecoefficientsofvaria-

tionforM.ensisyieldswere18.9％ and11.9％

intheMXandDHdistricts,respectively,while

thoseforP.monodonyieldsinthe2districts

were49.3％ and28.4％,respectively（Table2）.

AccordingtofarmersinMX,themainpur-

poseoffoodsupplementsistofeedP.monodon,

becausethisspeciesisstockedatadensityof

5－6individuals・m－2.Incontrast,inDHthe

landareaperhouseholdislargerthantheland

areaofMX households（p＜0.01）（Table2）,

andP.monodonisstockedatlowerdensities

（1－3individuals・m－2）3－5timesperyear.

Thispatternofstockingisreferredtoasthin-

ning（byharvesting）andsubsequentstock

compensation,enablingshrimpfarmstomain-

tainalowdensityofindividualswithoutfood

supplements.

Thetotalinvestmentforshrimpculturingin

MX washigherthanthatinDH（p＜0.01）.

However,thesituationreversedwithrespectto

thenetincomefromshrimpculturinginthe2

districts,which wassignificantly different

（p＜0.01）（Table2）.However,farmersinMX

alsoobtainanincomefromricepaddyharvests

intherainyseason（Table2）;therefore,their

incomeperhectareisactuallyhigherthanthat

oftheDHresidents.WhileDHislocatedinthe

ecologicalmangroveregion,theregioncannot

growricepaddy.Besides,shrimpcultureactivi-

tiesoffarmersintheregionareuseddepending

muchonnaturalenvironment,lowinvestment

andlowyield,farmingareaofeachhousehold

inDHislargerareathaninMX,thus,theirin-

comeperhouseholdarehigherthaninMX

（Table2）.

FAwasusedtoidentify2orthogonallinear

combinationsofthe8originalparameters

measuredinMX（Table3）.These2factorsare

showninFig.4（a）.Factor1has3components,

representingapositivecorrelationbetweenthe

depthoftheditchandtheyieldofP.monodon

andnetincome.Factor2has2components,rep-

resentingapositivecorrelationwiththenum-

berofwaterexchangesand theyield of

M.ensis.Thesefactorsexplained42％ ofthe

originalvariance;factors1and2explained

26％ and16％,respectively,ofthevariancein

thedata.

Similarly,thefirst2factorsoftheFAinDH

explain58％ ofthevarianceinthe8original

parametersmeasuredinDH（Table3）.These

factors（Fig.4（b））showedthatfactor1has4

components,representingapositivecorrelation

amongtheyieldofP.monodon,thedepthof

theflat-form,thedepthoftheditch,andthe

nethouseholdincome.Factor2has2compo-

nents,representingtheyieldofM.ensisand

thenumberofwaterexchanges.Factors1and

2explained37％ and21％,respectively,ofthe

varianceintheDHdata.
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Table3.Resultsoffactoranalysis,basedoneightparametersobtainedfromthesurveyof120house-
holdsinMyXuyenandDongHai.TheeightparameterswereextractedfromTable2.

MyXuyen DongHai

Factor1 Factor2 Factor1 Factor2

P.monodonyield（kg･ha－1･year－1）

Depthofflat�form（m）

Depthofditch（m）

Netincome（US$･ha－1･year－1）

M.ensisyield（kg･ha－1･year－1）

Frequencyofwaterexchange（times･year－1）

Yieldofotherspecies（kg･ha－1･year－1）

Totalcostofshrimpproduction（US$･ha－1･year－1）

0.9

0.50

0.97

0.87

0.70

0.99

0.77

0.64

0.95

0.94

0.79

Coefficientofdetermination

Totalcoefficientofdetermination

0.26 0.16

0.42

0.37 0.21

0.58



3.2.VariablesaffectingtheyieldofM.ensis

FarmersinMX oftenaddmorewaterto

theirfarmsto compensateforleakageor

evaporation,andtheylimitthedrainageofwa-

terawayfromfarmsbecausebrackishwateris

scarceandthequalityisvariable.Wefound

thatthenumberofwaterexchangesinDHwas

higherthanthatinMX（p＜0.01;Table2）and

thatyieldsofM.ensiswerepositivelycorre-

latedwiththenumberofwaterexchanges

（Fig.5）.

Ditchesandflat-formsweredeeperinMX

thaninDH（p＜0.01）.Resultsofthemultivari-

ateregressionanalysiswereasfollows.When6

independentvariables（x1sr,x2sr,x3sr,x4sr,x5sr,and

x6sr）wereused,themodelexplained46％ ofthe

varianceintheyieldofM.ensis,wherex1sr,x2sr,

x3sr,x4sr,x5sr,andx6srdenotetherateofwaterex-

change,depthofditch,depthofflat-form,yield

ofotherspecies,yieldofP.monodon,andprice

ofP.monodon,respectively.Thenumberofwa-

terexchanges（x1sr）wassignificantinallthe

cases;thisvariableisasignificantpredictorof

M.ensisyields（p＜0.01）.Theoptimalmodel

thatminimizedtheAICvalue（AIC＝184,R2

＝0.45）wasasfollows：

ysr＝3.6＋3.18x1sr＋0.96x2sr＋11.35x3sr （1）
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Fig.4.Plotofthefirst2factoranalysisloadingvectorsforMyXuyen（a）andDongHai（b）.Me：M.ensis
yield;we：numberofwaterexchanges;Ot：yieldofotherspecies;fd：depthofditch;ffw：depthof
flat-form;tc：totalcost;ni：netincome;andPm：P.monodonyield.

Fig.5.CorrelationbetweenfrequeciesofwaterexchangeandM.ensisyieldsinMyXuyen（a）andDong
Hai（b）.



Thisoptimalmodelcanexplain45％ ofthe

varianceinM.ensisyields（Table4）.

Similarly,inDH,themodelconstructedus-

ing6independentvariables（x1sm,x2sm,x3sm,x4sm,

x5sm,andx6sm）explained59％ ofthevariancein

M.ensisyields.Theoptimalmodel（AIC＝138,

R2＝0.56）wasconstructedusingonlyonevari-

able,x1sm,andexplained56％ ofthevariance

inM.ensisyields.Themodelisrepresentedas

follows：

ysm＝1.167＋1.950x1sm （2）

Theresultsofbothunivariate（Fig.5）and

multivariateregressionanalyses（Table4）con-

firmedthatwaterexchangeistheprincipalfac-

tor thatenhanced yieldsofM.ensis.In

addition,theseresultsalsoshowedthatfarms

withdeeperflat-formshadhigheryieldsofM.

ensis than those with shallow flat-forms

（Fig.6）.Furthermore,yieldsofM.ensiswere

higherinfarmswithdeeperditches（p＜0.01）

inbothshrimp-ricepaddyrotationandinte-

gratedshrimp-mangrovesystems.

3.3.VariationsinCL

SizedensitydiagramsofM.ensisinMXare

showninFig.7,withCLfortheearlycropin

Januarywithapeakconcentrationof18.0－

23.0mm. Other months, however, show

broader（lessconcentrated）densitypeaksfor

CL.CLappearedtovarybetween18.0and30.0

mm,andthereweresignificantdifferencesin

CL betweenthedifferentmonths（p＜0.01）,
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Table4.PredictionsforoptimalyieldsofM.ensisintheMyXuyen（MX）andDongHai（DH）districts
withmultivariateregressionmodels.Subscriptionsofsrandsm denotetheshrimpriceinMX
andshrimpmangroveinDH,respectively.ydenotestheM.ensisyield.x1,x2,x3,x4,x5,andx6de-
notethefrequencyofwaterexchange,depthofditch,depthofflat�form,yieldofotherspecies,
yieldofP.monodon,andquantityofP.monodonstocked,respectively.

MX（N＝60） DH（N＝60）

Model AIC R2 Model AIC R2

ysr＝f（x1sr,x2sr,x3sr,x4sr,x5sr,x6sr）

ysr＝f（x1sr,x2sr,x3sr,x4sr,x5sr）

ysr＝f（x1sr,x2sr,x3sr,x4sr）

ysr＝f（x1sr,x2sr,x3sr）

188

186

185

184

0.46

0.46

0.46

0.45

ysm＝f（x1sm,x2sm,x3sm,x4sm,x5sm,x6sm）

ysm＝f（x1sm,x2sm,x3sm,x4sm,x5sm）

ysm＝f（x1sm,x2sm,x3sm,x4sm）

ysm＝f（x1sm,x2sm,x3sm）

ysm＝f（x1sm,x2sm）

ysm＝f（x1sm）

144

143

141

140

139

138

0.59

0.58
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Fig.6.CorrelationbetweenyieldsofM.ensisanddepthofflat-forminMyXuyen（a）andDongHai（b）.



exceptforFebruary�March（p＞0.05）.Simi-

larly,thesizedensitystructureofCLforthe6

samplingperiodsinDH（Fig.8）showedsig-

nificantdifferencesinCLbetweenthedifferent

months（p＜0.01）,exceptforJune�August

（p＞0.05）.

Differencesinsalinity,depthofditch,and

depthofflatformforfarmsinMXandDHare

showninTables5and6.Theflat-formdepthof

thefarmsanddepthoftheditchesinbothMX

andDHdidnotdifferwithrespecttolocation

orthemonthssampled.However,thesalinity

values were quite different between the

locations.ThesalinityvaluesinDHweremuch

higherthanthoseinMX.Furthermore,inMX,

thesalinitiesinApril�Junewerehigherthan

thoseinJanuary�February.

4.Discussion

CoastalshrimpfarmingstartedinVietnam

inthe1970s,withdevelopmentofextensive

farmingsystems.Metapenaeusensisfarming

hasdeclinedinrecentyears,possiblybecauseof

mangroveforestclearing,over-harvesting,and

urbanization（JOHNSTON etal.,2000a）.The

naturalshrimpharvestinMXwas181kg･ha－1
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Fig.7.Sizedensityofcarapacelength（CL）forM.ensisintheMyXuyenDistrictateachofthe6sampling
times;n：totalnumberofshrimpin4farmspermonth.

Fig.8.Sizedensityofcarapacelength（CL）forM.ensisintheDongHaiDistrictateachofthe6sampling
times;n：totalnumberofshrimpin4farms.



in1997（BEetal.,2003）.Currently,theharvest

isabout31.0±5.9kg･ha－1･year－1.Theharvest

ofM.ensisinmangrovehabitatswas100－600

kg･ha－1 in1993－1994（BINH andLIN,1995）,

whereasnow itisabout39.2±4.7kg･ha－1･

year－1.Thus,theincomegeneratedbyM.ensis

harvestsisdeclining.Thisspecies,however,is

stillveryimportanttolocalresidentsbecause

naturalstocks are free.The farming of

M.ensishasbeenasubstantialhelptopoor

shrimpfarmersintheMD,wheretheGDPper

capitawasUS$1,113in2009（ANONYMOUS,

2011b）.

Shrimp culturing istheprimary income

sourceforresidentsinbothMXandDHdis-

tricts,withcombinedM.ensisandP.monodon

polyculturescommoninallfarms.However,

variationsinP.monodonyieldsprobablyre-

flecthouseholdinvestmentlevels.Forthisrea-

son,theP.monodonyieldswereselectedasone

ofthemaincomponentsoffactor1andcould

explainthevariabilityintheM.ensisyields.

Multivariateanalysesconfirmed thatM.

ensisandP.monodonpopulationsonshrimp

farmsarenotincompetition.Thecorrelation

betweenM.ensisandP.monodonyieldsinthe

MX andDH districtswassignificantlylow,

i.e.,0.02and0.11,respectively.Thisisbecause

P.monodonwasstockedatalow densityin

thesesystems,andthewild-stockdensityof

M.ensiswasalsolow.

Waterexchangeisthebestmechanism for

recruitmentofpost-larvalM.ensisinfarms.

WefoundthatM.ensisyieldsdependstrongly

onthenumberofwaterexchanges.However,

thewatersoftheMDcoastalregionarehighly

turbid（ANONYMOUS,2010e）.Sedimentcan

quicklyfillditchesandaccumulateonflat-

forms,especiallyifwaterexchangesoccurmul-

tipletimesinayear.Farmersmustthenincur

thecostsofannuallyexcavatingthesediment

（PRESTONetal.,2003）.YieldsofM.ensisare

alsodependentonfactorssuchaswild-seed

abundance,thewaterlevelsoffloodedfarms,

farm design,andwaterquality（BINH etal.,

1997）.

Our results show that recruitment of

M.ensisisstronglydependentonthefre-

quencyandvolumeofwaterexchangeson

farms.ThesizedensitystructuresofM.ensis

populationsvariedthroughouttheyear,with

onetoseveralpeaksintheCLpermonth;CL

variedbetween18mm and30mm.CLvaried

frommonthtomonthinbothMXandDH,im-

plyingthatyieldsofthisspeciesaresustained

throughouttheyear.

TheyieldofM.ensisinMXwaslowerthan

thatinDHbecauseM.ensisinMXisaffected

toagreaterextentby naturalconditions.

Shrimpculturefarmingoperatesonlyduring
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Table5.Depthofditches（m）,depthofflat�forms（m）andsalinitymeasuredduringthesixsam-
plingperiodsinMX（mean±standarddeviation）.

January

（N＝16）

February

（N＝16）

March

（N＝16）

April

（N＝16）

May

（N＝16）

June

（N＝16）

Flat�formdepth（m）

Ditchdepth（m）

Salinity

0.4±0.1

0.8±0.2

15.5±2.0

0.4±0.1

0.7±0.2

15.5±1.5

0.45±0.1

0.8±0.2

15±2.2

0.5±0.1

0.8±0.2

19.7±2

0.5±0.1

0.9±0.1

20.0±3

0.5±0.1

0.8±0.2

19.5±2.3

Table6.Depthofditches（m）,depthofflat�forms（m）andsalinitymeasuredduringthesixsam-
plingperiodsinDH（mean±standarddeviation）.

February

（N＝16）

April

（N＝16）

June

（N＝16）

August

（N＝16）

October

（N＝16）

December

（N＝16）

Flat�formdepth（m）

Ditchdepth（m）

Salinity

0.4±0.2

0.8±0.2

25.0±2.5

0.4±0.2

0.7±0.5

30.0±2

0.4±0.1

0.8±0.1

31.0±1.2

0.45±0.2

0.8±0.1

30.0±1.2

0.4±0.2

0.9±0.2

29.0±3.1

0.4±0.2

0.8±0.2

29.0±2.2



thedryseason（6months）inMX.However,lo-

calresidentscangetotherincomefrom culti-

vatingpaddyriceinthesamearea.Itisan

effectivewaytouseagriculturalland,andit

canbeconsideredtobeapplicabletocoastalar-

eas.Theintegratedshrimp-mangrovesystem

alsohaslowyields.However,theaveragearea

perhouseholdis1.7ha.Theexistenceofinte-

gratedshrimp-mangrovefarmsnotonlypro-

videsalivelihoodforlocalresidentsbutalso

helpstosustainmangroveforests.Bothof

thesesystemsrequirelowinvestmentsandare

aconsistentincomesourceforlocalresidents.

AlthoughM.ensisyieldsarelowerthan

thoseofP.monodon,thespeciescontributes

significantlytothealleviationofpovertyin

coastalcommunities（JOFFRE and SCHMITT,

2010）.Metapenaeusensisnotonlysupplements

theincomesoffarmersbutalsohaspositive

impactsonregionalbiodiversityandcontrib-

utestothenaturalbalanceofecologicalsys-

tems（ISLAM etal.,2004）

5.Conclusions

PopulationsofM.ensisarecombinedwith

thoseofP.monodoninimprovedextensive

farming systems throughout MD.

Metapenauesensispopulationsrelyonthere-

cruitment of wild seed, with multiple

recruitmentsduringtheyearrepresentingthe

opportunityforsustainedyields.Metapenaeus

ensisculturesyieldsignificanteconomicsup-

porttolow-incomepopulations,requiringonly

smallinvestmentstorealizemodestreturns.

Theshrimpareharvestedforthemarket;how-

ever,yieldsofM.ensisarelowerthanthoseof

P.monodon.Forthisreason,farmerscannot

dependonM.ensisalonefortheirlivelihood.
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