
1.Introduction

Worldcapturefisheriesisseentohavebe-

comestaticintherecentyearsandsignsofde-

clinehavebeenreportedinsomecountries

（FAO-FIES,2008;FAO,2009）.InthePhilip-

pines,artisanalfishcaptureproductionquality

andquantityhavedeclinedinthepastyears

from variousfishinggrounds（MINESetal.,

1986;LIM etal.,1995;KATON etal.,1998;

EVASCO,2000;FERNANDEZetal.,2000;PALMAet

al.,2002;NEDA,2005）.Specificallyforexample,

theBatanEstuaryinthenorthernPanayIs-

landin centralPhilippineswasknown for

abundantwildshrimps,includingthehighly-

pricedtigershrimpPenaeusmonodon,butde-

creasingcatchintherecentdecadeshasbecome

veryevident（ALTAMIRANO,2007;ALTAMIRANO

andKUROKURA,2008）.Thesteadylossand

overexploitationoflocalfisheryresourcesdi-

rectlyaffectsthelivelihoodofthealreadypoor

fishers.

Shrimprestockingcanbeaneffectivetoolin

enhancingwildstocks（DAVENPORTetal.,1999;

WANGetal.,2006）and,atthesametime,inal-

leviatingpovertyamongsubsistencefishers

throughadirectincreaseinshrimpcatches

（ALTAMIRANOandKUROKURA,2008）.Whilethe

practiceoffishstockenhancementhasbeen

donesincethe1960s,crustaceanstockenhance-

mentprogramsespeciallyforshrimps,have

beenlimited（BELLetal.,2005）.Forexample,

shrimprestockingprojectswereimplemented

forPenaeusjaponicusinJapan（HAMASAKI
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andKITADA,2006）,PenaeuschinensisinChina

（WANGetal.,2006）,PenaeusmonodoninTai-

wan（SU and LIAO,1999）and SriLanka

（DAVENPORT et al.,1999）,and Penaeus

esculentusin Australia（LONERAGAN etal.,

2006）.Althoughvariousmethodsandtechnol-

ogyhavebeenapplied,theproblemsinmoni-

toringstillremaintobeachallenge,evenfora

financially-capablecommunity.

Toevaluatethesuccessorfailureofshrimp
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Table1.Somestudiesondifferentmarkingandtaggingmethodsforcrustaceans.

Species1 MarkerorTag
Setup

（Duration）
Size

（mmCL）
Survival
（%）

Reten-
tion（%）

Reference

Neocaridina
denticulate（S）

Penaeus
monodon（S）

P.esculentus（S）
P.plebejus（S）
P.monodon（S）

P.esculenlus（S）

P.merguiensis（S）
Munida

rugosa（L）

Macrobrachium
rosenbergii（S）

Jesus
verreauxi（S）

Homarus
gammarus（L）

P.vannamei（S）

Litopenaeus
vannamei（S）

Callinectes
sapidus（C）

Litopenaeus
setiferus（S）

Litopenaeus
vannamei（S）

Penaeus
japonicus（S）

Laboratory

Tank（5-6mo）

Pond（5-6mo）

Tank（~2mo）
Pond（2mo）
Tank（2mo）

Tank（2-3mo）

Tank（2-3mo）
Tank（2mo）

Tank（2.5mo）

Tank（37mo）

Trays（3molts）

Tanks（3mo）

Tank（~2mo）

Pond（~4mo）

Lab（1.5mo）

Tank（1mo）

Lab（4mo）

Lab（~2.5mo）
Sea（12mo）

Trypanblue/red

Streamer

Streamer

Streamer
Streamer
Streamer

Streamer

Streamer
Streamer

T-bartags
V.I.Elastomer
V.I.Elastomer
V.I.Alpha
T-anchor,dart
Uropodtrim
Microwire

V.I.Elastomer

Rostrumcut

Branding

Streamer
V.I.Elastomer

V.I.Alpha

V.I.Elastomer
Microwire
Microwire

Uropodcut

Uropodtrim

Uropodcut
Uropodcut

15-30BL2

15
18
15
18
12-19
17-27
16-18
18-21
12-17
15-20
11-17
<27to>32

0.01BW3

<5.5BW3

90-104

5-8
12-16
5-8
12-16
5-8
12-16
12-16
16-19
16-19
<3.92BW3

21-47BW3

2.7BW3

21.5BW3

2.7BW3

21.5BW3

6-25
6-25
30-90BL2

13-16
28-29
13-16
28-29
21-73BL2

35-75BL2

31-35
37-70
30-44
44-59
~80
35-48
90
47
75-90
90-93
85-100
29

52
95
100
~99
43-51
47
82
97
68
97
80
99
57
90
97
99-100
100
81-92
68-74
90-93
80-88
~58-60
~47-60
81-100

~98
~63
~99
~53
92

100
100

100

100
100
79
60
78-82
77
97
97
100
100
0
0
0
0
100
91-93
93
92-98
80-83
93-97
83-85
~81-84
~92-93
95-100

0
~88
~91
100
96
2.44

Niwaetal.,1998

Benzieetal.,1995

HillandWassenberg,1985
MontgomeryandGray,1991
PrimaveraandCaballero,1992

WassenbergandKerr,1990

ClaverieandSmith,2007

Brownetal.,2003

MontgomeryandBrett,1996

LinnaneandMercer,1998

Godinetal.,1996

Arceetal.,2003

Davisetal.,2004

KneibandHuggler,2001

LeanoandLiao,2006

Miyajimaetal.,1999

1（S）=shrimps,（L）=lobster,（C）=crab;2BL=BodyLength（mm）;3BW=BodyWeight（g）;4recaptured



restockinginitiatives,anefficientmethodof

markingshrimpsisimportantinsortingre-

capturedstocksfrom wildcatch.Themain

challengeforshrimptaggingisthedifficulty

imposedbymolting.Anumberofmarkingop-

tionsforshrimpshavebeentestedandim-

provedsincethelate1950s,toincludevarious

modesofstaining,internalorexternaltags,

and cutting of body parts（NEAL,1969;

FARMER,1981）.Table1summarizessomeofthe

studiesonmarkingandtaggingofcrusta-

ceans,especiallyshrimps.Mostofthesestudies

usesub-adultsandlargerjuveniles,requiring

longerpre-releaseculturethatincreasescost.

Ontheotherhand,othermassshrimprestock-

ingprogramsusepost-larvaeshrimpsthatcan-

notbemarkedbecauseoftheirverysmallsize.

Therefore,shrimpsthataretobereleased

shouldbebigenoughtobetaggedbutshould

notrequirelongcultureperiods.Inthisstudy,

juvenileshrimpsofabout10mmCLorabout

60daysoldweremarked.

Themainconcerninchoosingamarking

methodortagisitsefficiencyintermsofre-

tentionandminimaleffectsonthecommodity・s

growth,movementandsurvival.Ithasbeen

recommendedthatvisualimplantelastomers

（VIE）andmicrowiretagsarethemoreviable

optionsforcrustaceans（GODIN etal.,1996;

LINNANEandMERCER,1998;DAVISetal.,2004）;

however,themainlimitationforthesetagsis

thecostrequiredforitsuse.Exceptthosein-

volvingablationofbodyparts,majorityof

shrimpmarkingandtaggingstudiesusespe-

cializedbrandedmaterialsthatareexpensive.

In addition,stock-enhancementprograms

arealsoviewedtohavebetterefficiencywhen

implementedandmanagedbyitsdirectbenefi-

ciaries thelocalcommunities（GARAWAYet

al.,2006）.Althoughcommunity-basedstock

enhancementmayhavepositiveprospects,its

implementation ismostly restricted finan-

cially.Therefore,forlocalstockenhancement

programs,theavailabilityandcostoftagsand

methodsarealsoveryimportantconsidera-

tions.

Inthisstudy,weattemptedtouseandcom-

parelow-costandreadilyavailableoptionsfor

taggingandmarkingsmalljuvenileshrimpsP.

monodon.Instead ofspecialized stains,we

opted to useordinary naturalfood color

（McCormickandCompany,Inc.,Maryland）

thathasalsobeendescribedinsomereports

andappliedtostainothertaxalikenematodes

（THIES etal.,2002）.OrdinaryplasticT-bar

tags（Bano・k,Japan）,commonlyusedintag-

gingclothingmerchandise,werealsotestedas

apossiblesubstituteforstreamertagsandspe-

cializedT-bartags（HallprintPtyLtd.,Aus-

tralia）.Uropodtrimming,discussedbyvarious

authors（MIYAJIMAetal.,1999;TOYOTAetal.,

2003;LEANO andLIAO,2006）,wasalsotested

becauseitinvolvesnoadditionalcostsformate-

rials.

2.MaterialsandMethods

Thisexperimentwasapartofaseriesof

studieson thestock enhancementoftiger

shrimpPenaeusmonodonintheBatanEstu-

ary,Aklan,PhilippinesledbytheLaboratory

ofGlobalFisheriesScience,theUniversityof

Tokyo,Japan.Thisstudywasconductedatthe

BrackishwaterAquacultureStationoftheCol-

legeofFisheriesandMarineScience（CFMS）,

Aklan StateUniversity,New Washington,

Aklan,Philippines.

2.1.Set-upandmonitoring

Hatchery-bred tiger shrimp P.monodon

porstlarvae（PL15）wereacquired（approx.

1000 pcs） from a local hatchery（wild

broodstockweresourcedlocally）.Thesewere

reareduntil2mooldinhapanetsinsidean

openpondwithhalf-openedgatestoallow

regularwaterchangefromanearbycreek.Ina

separateexperiment,2-month old juveniles

wereobservedtobetheoptimalageofshrimps

forreleaseintheimmediatelocalwatercondi-

tionsoftheBatanEstuary.Atthisage,the

studyshowedthatP.monodonjuvenileshavea

carapacelengthofabout8-10mm.From the

rearedstocks,shrimpjuvenilesmeasuring8.42

± 0.1（s.e.）mm meancarapacelength（CL）

andweighing3.4± 0.02（s.e.）mgmeanbody

weight（BW）wereusedintheexperiment.A

totalof12aquaria（140L）werepreparedwith

washedfinesandassubstrate（2cmdeep）then

filledwithfilteredwater（120L）fromthesame

rearing pond and creek.Waterfrom each

aquarium wasdrainedby10%dailyusinga
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siphontube.Waterwasrefilledthroughindi-

vidualdistributionpipesconnectedtoacentral

holdingtankwherethefilteredsourcewater

wascollecteddaily,aidedbyasubmersibleelec-

tricpump.Constantaerationwassuppliedus-

ingairstonespoweredbyanelectricblower.

Therewerethreereplicateaquariaforeach

markingtreatment,namely:staining,uropod

trimming,andT-bartagging.Anotherthree

aquariaweredesignatedasunmarkedcontrol

replicates.These12aquariawereplacedadja-

centtoawidewindowinthelaboratorytoal-

low naturaldielcycles,arrangedinonerow

andalternatingamongtreatments.

Priortotheactualexperiment,taggingtri-

alsweredoneaspracticerunsforeachtagging

methodtoachieveminimaltimeinmarking

andtoreducestressofshrimpswhileoutofthe

water.Inthefinalrun,twentyshrimpjuve-

nilesweretagged/markedaccordingly（asde-

scribedbelow）andplacedineachaquariumfor

adaytoacclimate.Thesamenumberwasalso

stockeduntaggedineachcontrolaquaria.Few

deadshrimps,asapossibleresultoftagging

shockoracclimationafterabout24hwasnoted

asimmediatemortalityandremoved.Those

thatsurvivedwerefurtherrandomlyreduced

to15individualsperaquarium asthefinal

numberusedinthisstudyforthenext8weeks.

Visualobservationswerecarriedoutdaily.

Monitoringforgrowthwasconductedweekly

intermsofcarapacelengthmeasuredwitha

digitalcaliper,andwetbodyweightusinga

digitaltoploadingscale（0.01gsensitivity）.

Shrimp・ssurvivalandmortalitywereassessed

from weekly totalcount.Examination of

markerretentionand/orvisibilitywasalso

doneeveryweek.Theexperimentlastedfor8

weeks,from20Aprilto15June,2008.

Finelychoppedfishmeatwasprovidedas

feeddaily（1800H）adlibitum.Uneatenfood

andunwantedparticulatesintheaquariawere

siphoned-outdailyduringeverywaterchange.

Waterqualitydata（salinity,temperature,DO,

pH）weremonitoreddaily（0900�1000H）using

aHoribaUX-21multi-parameterprobe.Adata

logger（ACT-HR,AlecElectronics,Japan）was

alsousedtomonitoradetailed（10mininter-

val）trendinsalinityandtemperature.

2.2.Staining

Biologicalstaininghasbeenusedtomark

shrimpssincethe1950s（MENZEL,1955;NEAL,

1969）andhasevolvedintousingsomeexpen-

sivepatentedmaterials.Inthisexperiment,

however,thecostofstainingagentmustbeaf-

fordableandlocallyavailable.Hence,thecom-

mon naturalfoodcolor（MCCORMICK）was

tested.Usingasmall（6.35mm）steriletuber-

culinsyringeanda30-gaugeneedle,asmall

amount（about0.01ml）ofredfoodcolorwas

injectedventrallythroughthearticularmem-

braneoftheshrimpbetweenthe1stand2nd

abdominalsegments.Stained shrimpswere

placedinaholdingpanwithaerationforabout

20min.Stainsspreadbeneaththeexoskeleton

andmostlyaccumulateinthegills.Onlythose

thatappearedstableandsurvivedtheinitial

shockofstainingwerereplacedineachaquar-

ium（20shrimpsaquarium－1）foradayofaccli-

mation.Then,onlythefinalnumberof15

individualswasretained peraquarium for

monitoringthroughouttheexperiment.

2.3.Uropodtrimming

Trimmingofshrimp・suropodwaschosen

rather than complete removalofuropod.

Trimmed uropod usually creates unique

regrowthsaftermoltingthatcanbeusedasa

markingindicator（LEANO andLIAO,2006）.

Trimmingwasdoneusingapairofsmallfine-

tipsurgicalscissors.Halfoftheleftouter

uropodwascut,adapting themethodsde-

scribedbyTOYOTAetal.（2003）andLEANOand

LIAO（2006）.Trimmedshrimpswereplacedin

anaeratedcollectionpanforafewminutesbe-

forereplacingintheirrespectiveaquarium.Af-

tergivenabout24htostabilizeandacclimate,

thenumberofindividualsineachaquarium

wasreducedto15,settingdayzerooftheex-

periment.Observationsandmonitoringpro-

ceededasdescribedabove.

2.4.T-bartagging

Physically-attachedtagshavebeenexten-

sivelyusedforstockenhancementmonitoring

purposesandanumberofthesehavebeenutil-

ized for tagging crustaceans, including

shrimps（NEAL,1969;HOWEandHOYT,1982;

HILL andWASSENBERG,1985;TEBOUL,1993;
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LINNANEandMERCER,1998;ARCEetal.,2003;

BROWNetal.,2003;CLAVERIEandSMITH,2007）.

Mostofthesespecialtagshowever,require

considerablecapitaltoacquire,makingitim-

practicalforlow-budgetstudies.Inthisexperi-

ment,ordinaryT-bartags,commonlyusedin

clothing・spricelabel,wereused.TheplasticT-

bartagswereabout0.3mmthickand11mm

long,givingenoughroomforshrimp・sgrowth

untilmarketablesize.Specifically,theBano・k

303XLT-barinjectorgunwaschosenbecause

ofitsthinandlonginjectorneedle.Thisinjec-

torgundrivestheT-bartagsfromasetofcar-

tridges.

A numberoftagginglocationshavebeen

usedforphysicaltags,suchasadorso-ventral

insertion of T-bar tags between the

cephalothraxand1stabdominalsegmentfor

squatlobstersM.rugosa（CLAVERIEandSMITH,

2007）,andhorizontaltaggingofstreamertags

betweenabdominalsegmentsonP.monodon

（BENZIEetal.,1995）primarilytominimizedif-

ficultyofsheddingexuviaeduringmolting.

However,thepresentstudyadaptedthemeth-

odsforstreamertagson P.monodon by

WASSENBERGandKERR（1990）andPRIMAVERA

andCABALLERO（1992）wherethetagwasin-

sertedlaterallythroughtheleftsideofthe

middleofthe2ndabdominalsegment,exiting

andofthebody.Thistagginglocationprovided

the leastresistance for movementofthe

shrimps.WASSENBERG andKERR（1990）also

foundthatthislocationhasthefastestwound

healing effect.TheT-bartag wasinjected

throughtheguideneedlewithasinglesqueeze

oftheinjectorgun,carefullyavoidingfurther

tissuedamage,andwasslowlyremovedafter

thetagwaslockedinplace.Sameastheother

treatments,T-bartaggedshrimpswereheldin

aeratedpansbeforereplacingintheaquaria.

Thefinalnumberof15individualswasmain-

tainedaday aftertagging andmonitored

throughouttheexperiment.

2.5.Dataanalysis

Waterqualitydata（waterpH,DO,tempera-

tureandsalinity）weresubjectedtotwo-way

analysisofvariance（ANOVA）withmarking

treatmentandmeasurementweekasfixedfac-

tors.

Initialandweekly growth parametersin

termsofCLandBW,aswellastotalcountof

survivingshrimps,wererecordedtodetermine

growth and survival rates, respectively.

Weeklyspecificgrowthrates（SGR）werecom-

puted forCL and BW using theformula

adaptedfromYEetal.（2009）:

SGR（%d－1）=100×（lnxt－ lnxi）/d,

whereSGR isSpecificGrowthRateforCL

（%CLd－1）orBW（%BWd－1）,xiisinitialmeas-

urementforCLorBW,xt=measurementfor

CLorBW atagiventimet,andd=numberof

daysbetweenmeasurements.Asimilarmeas-

ureforSGRwasalsousedbyPRIMAVERAand

CABALLERO（1992）topresentCL and BW

growth ratesofP.monodon markedwith

streamerstags.

Survivalwasrepresentedasapercentageof

remainingshrimpsfromtheinitial15individu-

alsduringeachweeklymonitoring.Markerre-

tention and visibility was examined and

recordedasapercentagefromamongthesur-

vivingshrimpspermonitoringweek.

Datawereinitiallytestedfornormalityus-

ing the Shapiro-Wilk test, and for

homoscedasticityusingLevene・stest.Percent-

agedatawerefurthertransformedtoarcsine

prioranalysestoimprovehomogeneityofvari-

ances（ZAR,1999）.Then,dataanalysispro-

ceeded with ANOVA. When significant

differencesweredetected,further analyses

withTukey・sHonestlySignificantDifference

（HSD）multiplecomparisontestswereper-

formed.Comparisonsweremadetodetermine

differencesamongtreatmentsandcontrolon

thesurvivalandgrowthofshrimps,aswellas

onthetagretention.Significancewasestab-

lishedatp<0.05.Statisticalanalyseswereper-

formedwithSPSSstatisticalsoftwareversion

14（SPSSInc.,Chicago,IL）.

3.Results

3.1.Watercondition

WaterpH,dissolvedoxygen（DO）,salinity

andtemperaturewereconstantlymonitored

andshowednosignificantdifferencesamong

treatmentsoneverymonitoringweek（two-

wayANOVA,treatment*week,p>0.05）.Aver-

agemeasurements（mean± s.d.）oftheseare

asfollows:pH,7.77±0.89;DO,3.83±0.66mg
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L－1;salinity,18.80±1.77;andtemperature,

26.96±2.59℃.Sinceaerationwassustained

andwaterexchangewasmaintained,DOwas

relativelystablethroughouttheexperiment,as

wellaspH.Somefluctuationsintemperature

andsalinitywererecordedbythedatalogger

especiallyduringthesustainedrainsinMay

butnodrasticchangesoccurredthatmayhave

affectedtheshrimps.

3.2.Shrimp・sgrowth

Specificgrowthratesintermsof%CLd－1

showednosignificantdifferencesamongtreat-

mentsandcontrolwithinthe8-weekperiod

（ANOVA,p>0.05）（Fig.1）.

ThetrendinCLchangesbetweenmonitoring

weekssuggeststwomoltingstageswithin8

weeks（Fig.1）.Resultsconfirmedrapidmolt-

ingandgrowthwithinthefirst2weeksafter

marking,reaching an overallaverage CL

changeof0.75± 0.03%CLd－1afterweek1and

1.29± 0.14%CLd－1onweek2.Observations

alsoindicatedthatabout75%oftheexperimen-

talshrimpsmolted within thesefirsttwo

weeks.Onweek3,zerogrowthratewasre-

corded which was significantly lower

（ANOVA,Tukey・sHSD,p<0.05）thanthepre-

viousweekindicativeofintermoltperiod（Fig.

1）.Afterweek3,anincreasinggrowthrate

wasagainmanifesteduntilweek6（0.69±0.11

%CLd－1）,highlightingthesecondmoltstage.

Althoughlesspronouncedandstatisticallynot

significant（ANOVA,Tukey・sHSD,p>0.05）,

anothercarapacerigiditystagefollowedon

week7asdenotedbyanotherzeroaveragespe-

cificgrowthrate（Fig.1）.Aslightincreaseini-
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Fig.1.Specificgrowthrates（SGR）intermsofcarapacelength（%CLd－1）of2-mooldPenaeusmonodonjuve-
nilesmarkedthroughstaining（STN）,T-bartagging（TBT）,anduropodtrimming（URT）togetherwith
untaggedcontrol（CON）within8weeks.Moltingperiodsareshown,terminatingduringthecarapacerigid-
itystages（zerogrowth）atweeks3,thenweek7.Similarsuperscriptsamongweeksarenotsignificantly
different（ANOVA,p>0.05）.Also,valuesamongmarkingmethodswerenotfoundtobesignificantlydiffer-
ent.

Table2.Specificgrowthrate（SGR）intermsofBW（mean±s.e.,%BW d-1）of2-mooldPenaeusmonodonjuve-
nilesmarkedthroughstaining（STN）,T-bartagging（TBT）,anduropodtrimming（URT）,including
untaggedcontrol（CON）within8weeks.

Week CON STN URT TB T

1
2
3
4
5
6
7
8

3.45± 0.38
1.80± 0.24
2.75± 0.35
1.48± 0.27
1.37± 0.30
0.42± 0.46
0.73± 0.46
0.75± 0.33

3.72± 0.73
0.58± 0.45*
2.28± 0.29
0.58± 0.49
0.82± 1.12

－0.51± 0.73
－0.79± 1.00
1.02± 0.47

3.57± 0.34
3.41± 0.26
1.44± 0.22
2.23± 0.72
0.35± 0.57
1.17± 0.92
0.83± 0.33

－0.08± 1.04

3.14± 0.52
1.43± 0.22
2.07± 0.38
2.50± 0.28
1.01± 0.68
1.50± 0.18

－0.49± 0.45
0.82± 0.23

*significantdifference（p<0.05）fromamongtreatmentsonthesameweek.



tiatedagainonweek8（0.12± 0.08%CLd－1）

thatmayhavebeenthestartofthe3rdmolting

cycle.

Specificgrowthratesintermsof%BW d－1

showedagenerallydecreasingtrend,from an

overallmeanof3.47±0.12%BWd－1duringthe

firstweektoonly0.63± 0.24%BW d－1during

thelastweek（Table2）.Generally,nosignifi-

cantdifferencesinBW-SGRwerefoundamong

treatmentsandcontrolthroughoutthestudy

period,exceptonlyforstainingatweek2.

3.3.Shrimp・ssurvival

Thesmallinitialsize（meanCL±s.e.,8.42

± 0.1mm;meanBW±s.e.,3.4± 0.02mg）of

shrimpjuvenileswasachallengefortagging.

Asaresult,highimmediatemortalitywasob-

servedespeciallyforstainingandT-bartag-

gingduringthepracticerunsasadirecteffect

ofmishandling.However,taggingefficiency

greatlyincreasedafterfamiliarizationofthe

taggingprocedure.Duringtheactualexperi-

ment,immediatemortality（<1hraftermark-

ing）wasverylowevenforT-bartagging（1to

3individuals）.

Survivalsteadilydeclinedandwasnotsig-

nificantlydifferent（ANOVA,p>0.05）among

treatmentsuptoweek5（control,84%;stain-

ing,73%;uropodtrimming,71%）（Fig.2）.Al-

though similarly notsignificantly different

fromothertreatments,T-bartaggingshowed

alowersurvivalof67%after5weeks.Thede-

creaseinsurvivalcontinuedwithsimilartrend

untilweek8forcontrol（58%）,staining（60%）,

anduropodtrimming（51%）.However,T-bar

taggingshowedsignificantlylower（ANOVA,

Tukey・sHSD,p<0.05）survivalratesofshrimps

fromweek6（47%）untilweek8（33%）.

3.4.Markerretention

Markerretentionfromsurvivedshrimpswas

significantlyhighest（ANOVA,Tukey・sHSD,

P<0.05）uptothelastweekforT-bartags,

where100%wereretainedthroughoutthe8-

weekexperiment（Fig.3）.However,visibility

oftrimmeduropodssteadilydeclineduntil65%

attheendof8weeks,whileonly14%ofstained

shrimpswereidentifiedashavingbeenmarked

afterthefirstweekandnoneshowedsignsof

stainingfromweek3.

Foruropodtrimming,markerretentionwas

determinedthroughabnormalregrowthofthe

trimmed portion（Fig.4）.Thedeclinein

markervisibilityforthismethodwascaused

bynormalregenerationofuropodsaftermolt-

ingonsomeshrimps.Inweeks2and3,after

thefirstmolt,88%ofthesurvivedshrimps（14

outof15individuals）showedidentifiableab-

normaluropodregrowths;whilefrom week4

untilweek7（afterthesecondmolt）,only75%

ofthe10survivingshrimpsfrom eachaquar-

ium retained abnormaluropod regrowth.

Lastly,atweek8,only65%wererecognizable

ashavinghadatrimmeduropod.Forthis

method,itisimportantthattheobserverbe

properlytrainedtodifferentiateanuntrimmed
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Fig.2.Survival（%）ofPenaeusmonodonjuvenilesmarkedthroughstaining（STN）,T-bartagging（TBT）,and
uropodtrimming（URT）,includinguntaggedcontrol（CON）within8weeks.Asterisks（*）denotesignifi-
cantdifferencefromamongothertreatmentsinthesamemonitoringweek（ANOVA,p<0.05）.



normaluropodandthatoftheregenerated

uropodandthatcarefulscrutinyisnecessary

duringmonitoring.

Ontheotherhand,stainingshowedverysig-

nificantly lower（ANOVA,Tukey・s HSD,

P<0.01）markerretentionratethantheother

methodsevenonthefirstweekwhereonly14%

ofsurvivorswereabletoretaintheredfood

colorstain,mostlyinthegills.Atweek2,only

3%wereobservedtohaveatingeofredintheir

body.Then,fromweek3onwards,noidentifi-

ablestainmarkswereobservablefromtheex-

perimentalsubjects.

4.Discussion

Althoughsomestudiesalreadyrecommended

theuseofmoreexpensivevisualimplant

elastomers（VIE）andmicrowiretagsforcrus-

taceans（GODIN etal.,1996;LINNANE and

MERCER,1998;DAVISetal.,2004;LEBATAetal.,

2009）,thecurrentstudyontheotherhand,

evaluatedtheutilityofmoreeconomicalop-

tionsformarkingshrimps.Threemarking

categoriesweretested in thisexperiment:

staining,taggingwithphysicaltags,andabla-

tionofbodyparts.Theuseofcommonfood

colorasastainingagentandtaggingwith
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Fig.3.Tagretention/visibility（%）fromsurvivedPenaeusmonodonjuvenilesmarkedthroughstaining（STN）,
T-bartagging（TBT）,anduropodtrimming（URT）,includinguntaggedcontrol（CON）within8weeksof
laboratoryexperiment.Similarsuperscriptsdenotenosignificantdifferenceamongtreatmentsinthesame
monitoringweek（ANOVA,p>0.05）.

Fig.4.（A）P.monodonjuvenilemarkedbyuropodtrimming（trimmedportionrepresentedbydottedline）.（B）
Aftermolting,abnormalregrowthfromthetrimmeduropodcanbeobserved（arrow）.



ordinaryplasticT-bartagshaveneverbeen

mentionedinpublishedliterature,especially

forsmallshrimpjuveniles.

Various stains such as trypan blue

（Hartman-Leddon Company, Philadelphia）

andsimilarothershavebeeninjectedtoaccu-

mulate in the gills of shrimps such as

Neocaridinadenticula（NIWAetal.,1998）.Lit-

eraturesearchofcurrentstudiesonshrimp

markingbystainingreturnednoresults.Ina

review byNEAL（1969）,hementionedthat

stainsappearedtohavelessutilityasthese

tendtofadeafterafewdaysalthough,insome

cases,itcanlastforaboutaweek.Theresults

inthecurrentstudyalsoconfirmedthisobser-

vation.Only14% ofshrimpsretainedtheir

stainafteroneweekandwerecompletelyfaded

startingthethirdweek.However,stainshave

practicalapplicationsforlaboratorystudiesof

a few days.Thecurrentexperimentalso

showedthatevenordinaryfoodcolorcanhave

thesameshort-term effectivenessasthatof

moreexpensivestainsalthoughadirectcom-

parativeexperimentisneededtoreallyprove

this.Inaddition,properstainingwithnatural

foodcolorseemedtohaveveryminimaleffect

onshrimpsurvivalandgrowth,wherecurrent

resultsforstainingwerenotsignificantlydif-

ferentfromthecontrolgroup（Figs.1,2）.

Physicalcuttingormodifyingbodyparts

such asrostrum ablation in lobsterswere

testedbyLINNANE andMERCER（1998）but

completeregenerationwasonlyasshortas

threemolts.Trimmingofuropodsinshrimps,

however,showedhigherretentionratessince

moltingoftenresultedindistinctabnormal

growths from cutor trimmed uropod in

LitopenaeusvannameiandPenaeusjaponicus

（MIYAJIMA etal.,1999;TOYOTA etal.,2003;

LEANO andLIAO,2006）.Similarresultswere

foundinthepresentstudyforP.monodonju-

veniles.Abnormalregrowthswerenoted,often

characterizedbyabranchedprotrudingexten-

sionfrom thetrimmeduropod（Fig.4）.The

firstmoltand regeneration was observed

within1weekaftertrimmingwhichwassimi-

larwiththatofL.vannamei（LEANOandLIAO,

2006）.Asidefromuniqueregrowth,MIYAJIMA

etal.（1999）alsomentionednoticeablediffer-

encesoncolorationoftheregenerateduropod

ofbigger（around60mmBL）P.japonicusbut

thiswasnotclearlyobservedinoursamples,

probablybecauseofrelativelysmallersizes.

Survivalofshrimpsforthismethodwashigh,

reaching98%forjuvenileL.vannameiafter4

mo（LEANO andLIAO,2006）.Inthepresent

study,survivalforuropodtrimming（51%）was

notsignificantlydifferentfrom thecontrol

group（58%）afterthe8-weekexperiment.This

suggeststhattherelativelylowsurvivalrate

maybeattributedtoexternalfactorssuchas

waterqualityandnaturalmortality,rather

thanadirecteffectofthemarkingmethod.

Onenoticeableimmediateeffectofuropod

trimmingonshrimpswastheinitialdifficulty

inswimming.Shrimpswereobservedtoswim

sidewaysbecauseoftheunbalancedtrimmed

uropods.However,afterafew hours,some

wereabletocorrecttheirbalanceandswimup-

right.Itisthereforerecommendedtoallowthe

uropod-trimmedshrimpstostabilizeforafew

hoursordaysbeforeactualreleaseintheopen

to minimize possible susceptibility from

predation.

Through-the-body externalmarkerswere

widelyused,especiallythestreamertags,not-

ingthatlargershrimpshavelowershort-term

orimmediatemortalityratethansmallerjuve-

niles （HILL and WASSENBERG, 1985;

WASSENBERG andKERR,1990;MONTGOMERY

andGRAY,1991;PRIMAVERA andCABALLERO,

1992;BENZIEetal.,1995）.AnchortagsorT-bar

tagsaresmaller;hence,short-term mortality

wassignificantlylowerthanstreamertagsas

used in squat lobster Munida rugosa

（CLAVERIE and SMITH, 2007） and Jesus

verreauxi（MONTGOMERY andBRETT,1996）.

Themainadvantagesofexternaltagsarehigh

retentionratesandeaseintagdetection.Inthe

presentstudy,observationsformarkerreten-

tionand/orvisibilitywereeasiestforT-bar

tagsbecauseoftheexternallyprotrudingplas-

ticwereeasytospot.Markerretentionforthis

methodwas100%fromthesurvivedshrimpsin

thepresentstudy.Thishighretention（100%）

ofthesimilarT-barorT-anchortagswasalso

trueforM.rugosaafter2mo（CLAVERIEand

SMITH,2007）,while78�82%wasretainedfor

shrimpJ.verreauxiafteralong-termstudyof

37mo（MONTGOMERYandBRETT,1996）.
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Oneconcerninhavingtagsinsertedthrough

thebodyisthenegativeeffectduringmolting.

LINNANEandMERCER（1998）observedthatcast

exoskeletonfrequentlybecameentangledon

thestreamertagsduringmoltingofHomarus

gammarusandthattaggedshrimpsneeded

moreflickstodiscardoldexoskeletononP.

esculentus（BENZIEetal.,1995）.However,this

effectseemstobeonlyminimal.BENZIEetal.

（1995）alsoshowedthattimetocompletemolt-

ingwasnotaffected,whilemoltingandgeneral

growthratewasalsonotsignificantlydiffer-

entbetween streamer-taggedanduntagged

shrimps（HILLandWASSENBERG,1985;BROWN

etal.,2003）.Thesameobservationswerealso

notedinthepresentstudyforP.monodonjuve-

niles,whereexuviaesometimesgetentwined

withtheT-bartag;however,growthratesand

intermoltperiodswerestillnotsignificantly

differentthan thecontrolgroup orother

marking methods（Fig.1,Table 2.）.P.

monodonhasbeenknowntomoltatanaverage

ofevery5daysduringpost-larvalstageand

aboutevery14daysforsub-adults（KIBRIA,

1993）.Forthisreason,longerstudiesandac-

tualreleaseexperimentsemployingthrough-

the-body markers like T-bar tags may

eventuallyhaveadverseeffectsonsurvivalaf-

terthesemultiplemoltings.Asshowninthe

currentstudy,themaindrawbackinusingT-

bartagswasinthesurvivalofshrimps.Asig-

nificantlylowersurvival（47%）wasrecorded

forT-bartaggingafter6weekscomparedwith

othertreatments（62�73%）（Fig.2）.Thislower

survivalwasestimatedtoroughly coincide

withthesecondmoltingoftheshrimpsat

about6weeksalthoughnofurtherconfirma-

tionwasconducted.Otherstudiesusingaspe-

cializedT-barorT-anchortagsproducedthe

sameresults,suchasforM.rugosawith52%

survivalafter2mo（CLAVERIE andSMITH,

2007）,andJ.verreauxiwith43�51%after37mo

（MONTGOMERY andBRETT,1996）.Thesehigh

mortalities,especiallyafteramonthorsocan

betheeffectsofdelayedinfectionandsome

studiesapplyingantibioticsdidnotseem to

have any major advantage（NEAL,1969）.

WASSENBERG andKERR（1990）alsoobserved

thatwoundsinflictedbytheinsertedtagsand

its constant movement hinders the quick

healingoftheinjuriesandtherebyincreasing

thechancesforirritationandinfection.High

mortalitieswerealsorecordedduringtagging

ofsmallershrimps（>10mmCL）inourexperi-

mentduringthepracticetaggingruns.During

theactualexperiment;however,survivalrates

werecomparablewiththecontrolgroupinthe

first5weeks.ForP.monodon,theminimum

sizeofjuvenilesforT-bartaggingwasestab-

lishedtobeabout9�10mmCLinthisstudybut

smaller shrimps where also successfully

tagged.WASSENBERGandKERR（1990）evenes-

timatedahighercriticalsizelimitforstreamer

tagsforP.esculentus（18mm CL）andP.

merguiensis（17mm CL）.ThismeansthatT-

bartags,streamertags,andsimilarthrough-

the-bodytagsmayonlybepracticallyusedon

largerjuvenilesorsub-adultsunlesssignificant

modificationsonthetagsizeorapplicatorde-

vicecanbedeveloped.However,T-bartagshave

practicalapplicationsforrestockingstudiesin

smallerareasthatexpectfullrecapturewithin

amonthorso.

Althoughthepresentstudywasdoneina

laboratory,naturalwaterconditionswereat-

temptedtobesimulated.Hence,onlycreekwa-

terwasusedwithnoothertreatmentsmade

asidefrom filtration.In effect,changesin

naturalwaterconditionswerealsomanifested

intheaquariathroughdailywaterexchanges.

Waterconditionisalsoanimportantfactor

thataffectsshrimpsgrowthandsurvival.At

30℃,JACKSON andWANG（1998）showedthat

P.monodoncangrowdoubleinweightthan

thatat20℃ within180d.Abruptchangesin

salinity also affects mortality although

youngerprawns（<40dayspost-metamorpho-

sis）cantolerateshortacclimationperiodsof6

hto3daysandcansurviveinlowsalinitywa-

terbetterthanolderanimals（CAWTHORNEet

al.,1983）.Somefluctuationsinbothtempera-

tureandsalinitywereobservedduringthe

study butthesewerestillwithin tolerable

rangesandwerenotobservedtohavedrastic

effectsontheshrimps.Dissolvedoxygenwas

alsofarfrom thelethallevelof0.9mgL－1

（ALLANandMAGUIRE,1991）,asthiswasmain-

tainedatabout4mgL－1withaeration.Other

biologicalandchemicalfactorsmayalsohave

affectedthegrowthandnaturalmortalityof
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theshrimpsinthisstudy.However,limitedby

resources,nomeasurementsweredoneonthese

aspects.Nevertheless,alltreatmentsweresub-

jectedtothesamewatercondition,hence,com-

parisons among marking treatments and

controlcanstillbedone,negatingotherexter-

nalcauses.

Generally,results in the present study

showedcomparableoutcomeswiththosemade

withconventionalyetmoreexpensivetagging

materials,asdiscussedabove.Ofcourse,direct

comparisonsamongdifferentstudiescannotbe

accuratelymadebecauseofdifferencesinlabo-

ratorysetup,shrimp・sinitialageandsize,

stockingdensityandwatercondition.Itisin-

terestingtoseethatshrimpmarkingactivities

donotnecessarilyneedproprietarytagsand

sophisticated equipment to implement.In

termsofcost,themostexpensiveequipment

usedinourexperimentwasperhapstheBano・k

303XL injector gun,purchased for about

US$25.Ofcourse,asimilarlocalbrandwould

haveevencostless.Othermaterialslikefood

colorandsyringeforstaining,T-barcar-

tridges,andsmallscissorsforuropodtrim-

mingcanbeeasilyandcheaplyacquired.

5.Conclusion

Staining isnotan effectivemarkerfor

shrimpsbecausemarkerretentiononlylasts

forafewdaysoratmostaweekortwo,limit-

ingitsuseforveryshort-termstudies.Exter-

nallyvisibletagslikeT-bartagshavevery

highretentionratesbutthereisasignificant

declineonshrimps’ survivalafterabout6

weeks.Thismaybeusedforstudiesrequiring

highmarkerretentionbutalsoonlylimitedfor

aboutamonth.Forinitialrestockingtrialsin

thecurrentsite,theBatan Estuary,this

methodcanbeappliedbecausetagdistinctionis

fairlyeasyevenforuntrainedlocalfishers.

Alsowiththecurrentstatusoffishingpres-

sureinthissmallarea（ALTAMIRANO,2007）,re-

captureofreleasedstockscanbeexpectedtobe

intheorderofafewweeksonly.Ontheother

hand,themorepracticalmethodmayaswellbe

thetrimmingofuropodsasthisprovidesboth

goodretentionandsurvivalofshrimpsevenfor

longertaggingexperiments.However,more

studyisrecommendedonfinermodificationsof

thesemethodsforapplicationsonspecificre-

stockingsitestoprimarilyincreaseefficiency

butwithequalconsiderationoncostofmateri-

alsandmethodsforcommunity-basedstock

enhancementprograms.
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