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Abstract暋Thedistributionandabundanceofeuphausiidlarvaeandsalpswas
studiedfromsamplescollectedin2002and2006from PrydzBay,Antarctica.
LarvaeofThysanoessamacruraandEuphausiasuperbaweremainlydistributed
inthenorthofthecontinentalshelf.T.macrurawasmoreabundantandhada
relativelywiderdistribution.In2006,withicehavingretreatedandhighersea灢
watertemperaturesandchlorophyllalevels,E.superbaandT.macruraoc灢
curredinhigherabundancesandatmorematuredevelopmentalstages.Euphau灢
siacrystallorophiaswasmainlydistributedintheneriticregion.In2002,with
severeiceconditionsintheneriticregion,abundanceofE.crystallorophiaswas
only95.6ind·(1000m)-3.In2006whenapolynyaexisted,theabundanceof
E.crystallorophiasreached43966.6ind·(1000m)-3.Thepopulationmainly
consistedofmetanauplius (MN)andcalyptopisI(CI).Salps,mostlySalpa
thompsoni,hadalowabundanceinPrydzBay.In2002,S.thompsoniwasonly
foundatonestationinthenorthofthebaywithanabundanceof10ind·(1000
m)-3.In2006,S.thompsoniwasfoundatthreestationslocatedneartheconti灢
nentalslopeandaverageabundancereached146.7ind·(1000m)-3.Environ灢
mentalfactors,suchasthetimingoficemelt,polynyaformationandfoodcon灢
centrationappeartohaveamarkedeffectonthedistributionandabundanceof
euphausiidlarvaeandsalps.
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1暋Introduction

EuphausiasuperbaandSalpathompsoniareconsideredastwoofthemostim灢
portantfilter灢feedingspeciesintheSouthernOcean[1].TheirimpactontheAntarctic
ecosystemhasreceivedagreatdealofattention[2,3].Ithasbeenpostulatedthatkrill
andsalpsmaydominatethezooplanktoncommunityinsomeareasoftheSouthernO灢
ceanalternatelythroughcompetingwithoneanotherorspatialsegregation[1,4].Krill



recruitmentbenefitsfromareaswithlargeseaiceextentinthepreviouswinterand
highprimaryproductionduringthesummericeretreat.Salpstendtooccupyoceanic
regionswithhighertemperatureandlowerprimaryproduction[1].Withthedecrease
ofseaiceextentintheAntarcticPeninsularegionduringthelasthalfcentury,krill
stockshavedeclinedwhilesalpshaveappearedtoincrease[4].Thesechangescould
haveprofoundimpactsonthefoodwebofthewholeSouthernOcean.

Muchresearchhasshownthatkrill,mainlyEuphausiasuperba,ismostlydis灢
tributedintheproductiveAtlanticsectorofSouthernOcean[5,6].Krillresearchinthe
SouthernOceanhasfocusedonthewestAntarcticregion.Sincethebeginningof
1980s,workhasbeencarriedoutonthekrillecologyofPrydzBaylocatedintheIndi灢
ansectorofSouthernOcean.Manyresultsregardingreproductiveecologyandage
determinationofE.superbahavebeenobtained.Howeverthedistributionofkrill
larvaehasbeenpoorlydocumented[7灢10].ForSalpathompsoni,onlyalittleresearch
onfeelingecologyexistsforPrydzBay,from1999[11].

Thisstudyprimarilyaimedtodescribetheabundanceanddistributionofkrill
larvaeandsalpsinPrydzBayduringtheaustralsummerandtoexaminetheirrela灢
tionshipswithenvironmentalfactors.ZooplanktonsamplescollectedinPrydzBay
duringtwoseparatecruisesin2001/2002and2005/2006wereusedintheanalyses.

2暋Materialsandmethods

暋暋Zooplanktonsamplesfrom30stationsalong70.5曘Eand73曘Etransectsofthe
PrydzBayregionwerecollectedusingaNORPACnet(0.5m2netmouth,mesh330
毺m)fromadepthof200mtothesurfaceduringtheperiod9to13January,22to24
February2002and17to24January2006(Fig.1).Thevolumefilteredbythenet
wascalculatedusinganelectronicflowmeterpositionedinthemouthofthenet.Sam灢
pleswerepreservedin5%bufferedformalinandexaminedinthelaboratory.E.su灢
perba,T.macruraandEuphausiacrystallorophiasweresortedintodifferentdevel灢
opmentalstagesandcounted.

Fig.1暋Surveystations(曶and〇)usedin2002and2006,respectively.
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暋暋Temperature,salinityandchlorophyllaweremeasuredsimultaneouslyateachstation.CTDdatawas
providedbytheOceanUniversityofChina,chlorophylladatawasprovidedbytheSecondInstituteofO灢
ceanography,StateOceanicAdministrationofChina.Atthesurfaceandatdepthsof25m,50m,100m,
150mand200m,watersamples(500ml)werecollected.ThesesampleswerefilteredthroughGF/F
membranes,andchlorophyllextractedusing90%acetonefor24h.Extractswerethenmeasuredusinga
TurnerDesignsFluorometer,Model10.SeaicephotosforeachhalfmonthwereprovidedbyNationalO灢
ceanicandAtmosphericAdministration,USA (NOAA).

3暋Results

3.1暋Environmentalfactors

AccordingtoseaicephotosprovidedbyNOAA,theiceedgeofthefirst,middle
andlast10dayperiodsofJanuaryin2002wasapproximatelylocatedin66曘S,66.5曘S
and67曘Srespectivelyandapolynyadidnotappearintheneriticzone.In2006,the
iceretreatedearlierandapolynyaappearedintheneriticregion(Table1).In2002,
averagetemperatureintheupper200moftheoceanicregionwas-0.80曘C(-1.82
~0.98曘C).In2002,temperaturewashighestat64曘Sandwashigherinoceanicre灢
gionsthanthatinneriticregions.In2006,averagetemperaturewas0.61曘C(-1.59
~0.17曘C)andthelowesttemperatureappearedat67曘Swheretheshelfbreakisloca灢
ted.Temperatureincreasedfromtheshelfbreaktotheoceanicandneriticregion.
Averagesalinitiesin2002and2006were34.31(34.23—34.39)and34.04(33.53—
34.34),respectively.Thechlorophyllaconcentrationoftheupper200mwaslowin
theoceanicregionandhighintheneriticregion.Theaveragechlorophyllaconcen灢
trationwas0.31mg·m-3(0.14~1.43mg·m-3)in2002,whilein2006itreached
0.76mg·m-3(0.18~2.64mg·m-3)(Fig.2).

Table.1暋Seaiceconditionsin2002and2006
firstten灢dayofJanuary secondten灢dayofJanuary lastten灢dayofJanuary
iceedge polynya iceedge polynya iceedge polynya

2002 ~66曘S inexistent ~66.5曘S inexistent ~67曘S inexistent
2006 ~66.5曘S existent ~67曘S existent ~67.5曘S existent

3.2暋DistributionandabundanceofkrilllarvaandSalpathompsoni

LarvaeofE.superbaonlyappearedattwooceanicstations(>3000m)andthe
averagedensitywas125ind·(1000m)-3(Fig.1,Table2),populationcomposition
wasmainlycalyptopisI(CI)in2002.In2006,larvaeofE.superba,withanabun灢
danceof891.4ind·(1000m)-3,werecollectedfromsevenstations.Thepopula灢
tionwasmainlycomposedofcalyptopisII(CII),calyptopisIII(CIII)andasmall
sectionoffurciliaIII(FIII)(Fig.3andFig.4).

T.macrurawasawidespreadspeciesinPrydzBay.In2002,thisspecieswas
collectedfrom11stationslocatednorthoftheshelfslope(1000misobath).Theav灢
erageabundancewas666.9ind/1000m3andthedevelopmentalstagesweremainly
CII灢IIIandFI(Table2,Fig.3).In2006,T.macrurawasfoundin10stationsand
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Fig.2暋Average(a)temperatureandchlorophyllaconcentration(b),integratedovertheupper200mof
thewatercolumn.Temperature:曘C,chlorophylla:mg·m-3.

Table.2暋Meandensitiesforeuphausiidlarvaeandsalps,butonlyatsiteswhereaparticularspecieswas
collectedandusedforestimatingthemean
species year n mean(ind/1000m3) sd min max

Euphausiasuperba 2002 2 125.0 106.1 50.0 200.0
2006 6 1038.3 1189.4 130.0 3400.0

Thysanoessamacrura 2002 11 666.9 889.1 30.0 3000.0
2006 10 1195.0 595.1 200.0 1950.0

Euphausiacrystallorophias 2002 3 95.6 74.3 40.0 180.0
2006 6 43966.7 49305.4 300.0 133200.0

Salpathompsoni 2002 1 10.0
2006 3 146.7 203.1 10.0 380.0
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Fig.3暋Spatialdensitydistributionofeuphausiidlarvaeandsalps(ind·(1000m)-3).

231 YangGuangetal.



Fig.4暋Percentagefrequencydistributionofdevelopmentalstageswithineachspecies.

appearedsouthoftheshelfslopecomparedwith2002.Theaveragedensitywas1195
ind·(1000m)-3andthemaincomponentswereCIIIwithlowerabundancesofFI灢III
(Fig.4).

E.crystallorophiaswasadistinctneriticspecies.In2002,theaveragedensity
was95.6ind·(1000m)-3and90% ofthepopulationwascomposedofCIII.In
2006,averageabundancewasashighas43966ind·(1000m)-3andthepopulation
wasmostlycomposedofmetanauplius(MN)andCI灢III(Table2,Fig.4).

S.thompsoniwasveryrareinPrydzBay.Itoccurredatonlyoneoceanicstation
in2002andthedensitywas10ind·(1000m)-3.In2006,itwasfoundatthreesta灢
tionslocatedattheshelfbreakandshelfsloperegionandtheaverageabundancewas
146.7ind·(1000m)-3(Table2,Fig.3).

4暋Discussion

暋暋MostresearchhassuggestedthattheabundanceofadultE.superbaismuch
lowerintheIndiansectorcomparedwiththeAtlanticsector[6].Thedistributionof
krilllarvaeinPrydzBayrecordedinthisstudyconfirmedthesefindings.Various
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mechanismshavebeenproposedtoexplaindifferencesintheterritorialdistributionof
Antarctickrill.Theextentoftheseasonalicebeltandthesouthernboundaryofthe
Antarcticcircumpolarcurrentandotherenvironmentalfeatureshavebeensuggested
asimportantfactors[12,13].Thesehavegenerallybeenascribedtobottom灢upcontrol
inwhichfoodavailabilityaffectstheabundanceofkrill.Seaicebenefitspopulation
recruitmentinE.superba.Duringwinter,seaiceprovidesE.superbawithashield
frompredatorsandplentifulfoodfromicealgae.Theseasonalphytoplanktonbloom
accompaniedbytheiceretreatinginsummerprovidesafurtherfoodresource.From
theicephotographsprovidedbyNOAA,iceconditionswereseverein2002astheice
didnotretreatcompletelytothesouthof65曘Sduringsampling.Thenortherlydistri灢
butionofE.superbacorrespondedwellwiththis.Iceretreatedearlierin2006andE.
superbalikewiseexhibitedawiderareadistributionarea;theabundanceofE.super灢
balarvawasalsohigher.

TheresultsofthisstudyandpreviousresearchhaveshownthatT.macrurais
consistentlythemostabundanteuphausiidlarvatypeinPrydzBay[14].LikeE.su灢
perba,T.macruraundergoesdevelopmentalascent.Germcellssinktothedeepwa灢
terbeforeincubation.ThelarvaeascendanddeveloptoCIwhichisthefirststageto
appearinthephoticzonetofeed[15].Thisprocessbenefitspopulationrecruitment
throughenhancingthehatchingandsurvivalrateoflarvae[16].Manystudieshave
shownthatforE.superbaandT.macrurathenaupliusandmetanaupliuslarvaeoc灢
curmainlybetween500mto1000mdepth[15].Soitisnotsurprisingthatfewnaupli灢
usandmetanaupliuslarvaeappearedinsamplesfromthisstudywhichwerehauled
from0~200m.ThelarvaldevelopmentofE.superbaandT.macrurawaslaterin
2006thanthatin2002.In2006,theearliericeretreatandhighertemperatureand
chlorophyllamayhavecausedearlierphytoplanktonbloomsandearlierkrillonto灢
genesis.InmostoftheSouthernOcean,E.superbaisregardedasthekeyspeciesof
zooplankton[16].However,T.macruramaybethemajorfoodsourceforthehigher
trophiclevelsinPrydzBayecosystems,althoughthisrequiresfurtherstudyforclari灢
fication.

Asthedominanteuphausiidoftheneriticregion,E.crystallorophiasmayplay
amajorroleintheturnoverofenergyandmatterintheAntarcticcoastalecosys灢
tem[17].Fromtheicemapsof2006,alargepolynyaexistedinthesouthernpartof
PrydzBay.Theneriticregionhadbeeninastateofopenwaterwhenthenorthernice
edgewasstillmovingtothesouth.Steadyenvironmentsprovidegoodconditionsfor
phytoplanktonbloomsandthuspolynyasarehotspotsforalltrophiclevels[18].The
highchlorophyllaconcentrationsrecordedfortheneriticregionin2006wereproofof
theincreasedphytoplanktonproduction.E.crystallorophiasrecruitmentbenefited
fromthisandcorrespondinglyabundantmetanaupliusandCIdevelopmentalstages
werecaptured.

S.thompsoniprefersregionswithhighertemperatureandlowerfoodconcentra灢
tionscomparedwithE.superba[19].Theremaybedirectcompetitionandspatialsep灢
arationbetweenS.thompsoniandE.superbathroughoutthemajorityoftheSouth灢
ernOcean[20,21].Salpsmaypreyoneggsandearlylarvalstagesofkrillaskrilldebris
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hasbeenfoundingutcontentsofsalps[22].Advectionofdifferentwatermassesmay
alsocausespatialsegregationofthesetwospecies[1].Lowiceextentintheprevious
winteraffectskrillrecruitmentandincreasesthefrequencyof‘salpyears暞[20].The
shelfslopedistributionofS.thompsoniin2006maybeassociatedwithlargescaleice
retreat.IntheAntarcticPeninsularegionwithanobviouswarmingtrend,iceextent
hasdeclinedandbiomassofS.thompsonihasincreased.Thiscouldhaveimportant
implicationsfortheSouthernOceanecosystem[1].

Fortherelativelysmallsamplingregionandnarrowtimespanofthisstudy,we
cannotconfirmeithercomplimentaryoralternaterelationshipsbetweendifferentkrill
larvaeandsalpsinPrydzBay.Studiesoverlongertimescalesandlargerspatialcover灢
agearerequired.

5暋Conclusion

暋暋(1)TheeuphausiidlarvaeofPrydzBayweremainlycomposedofEuphausiasu灢
perba,ThysanoessamacruraandEuphausiacrystallorophias.T.macrurawasa灢
bundantandwidelydistributed.E.crystallorophiaswasrestrictedintheneritcre灢
gion.Salpathompsoniappearedinonlyafewstationswithlowabundance.

(2)Inyearswithearlyandlarge灢scaleiceretreat,T.macruraandE.superba
hadearlierpopulationrecruitmentandtheabundancewashigher.

(3)PolynyaprovidedagoodenvironmentfortherecruitmentofE.crystal灢
lorophias.
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