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Abstract暋Accordingtopalaeoclimaticandmoderninstrumentaldata,numerous
studieshaveindicatedthattheArcticclimatehasundergoneasignificantwarming
duringthepast100years,andthismayleadtosignificantimpactonthefragile
lakeecosystem.Inthisstudy,wecollectedalakesedimentcorefromtheNy灢
痄lesundofSvalbardanddeterminedtheconcentrationsoffourpigmentsincluding
chlorophyllderivatives,totalcarotenoids,oscillaxanthinandmyxoxanthophyllin
thesediments.Combinedwithotherphysicalandchemicalproxiessuchascalci灢
umcarbonate,totalorganiccarbon,biogenicsiliconetc.,wehavereconstructed
thehistoricalchangesoflacustrineprimaryproductivityinNy灢痄lesund,especial灢
lyforthepast100years.TheresultsshowedthatduringtheperiodofLittleIce
Age(LIA),theclimatewasunfavorableforthegrowthofthelakealgae,and
thusthelacustrineproductivitydeclined.Thisresultwassupportedbytherela灢
tivelylowcontentsofpigmentandbiogenicsilicainthesediments.Incontrast,
thecontentsoftotalorganiccarbon(TOC)andsedimentpigmentsincreasedsig灢
nificantlyintheupper5cm (~1890AD),reflectingtherapidgrowthofthelake
algae,thusthegreatincreaseoflacustrineprimaryproductivity,corresponding
tothewarmingclimateafterLIA.However,thebiogenicsilicaintheuppersedi灢
mentsstillhadarelativelylowlevel,andthismightberelatedtothegrowth
competitionwithotheralgaespecies.Overthepast100years,theratioofOsc/
Myxinthesedimentsdecreasedcontinuously,indicativeofdurativeincreaseof
myxoxanthophyllinblue灢greenalgalpigments,andthismightimplythatthehu灢
manactivityhadenhancedthenutritionlevelofthelakeintheArcticregion.
Keywords暋 Arctic,LakeSediments,Pigments,PrimaryProductivity,Climate
Change.

1暋Introduction

TheArcticisanimportantregionfortheatmosphere灢oceanmaterialenergyex灢
change,anditplayasignificantroleintheformationandevolutionofglobalclimate
system.Theclimaticandenvironmentalcharacteristicsaswellasthephysicaland
chemicalprocessintheArcticarecloselyrelatedtoglobalchanges,therefore,the
Arcticregionisanimportantcompositionoftheinternationalclimaticresearch,such



asGlobalAtmosphericResearchProgramme(GARP)、WorldClimateResearchPro灢
gramme(WCRP)andsoon.Lakesedimentsaregoodmaterialstoinferpalaeocli灢
maticandpalaeoenvironmentalchanges,whichcanfullyrecordabundantinformation
abouttheclimate,vegetationandhumanactivity.Atpresent,thelakesediments
havebeenwidelyusedtostudypastglobalchanges[1,2].Studiesonthevarvethick灢
ness,diatomsfossilcompositionandicecoreshaveshownthattheArctichasunder灢
gonesignificantclimaticchangesduringtherecent100years[3].Climaticchangeu灢
suallyhassignificantimpactonthefreshwaterecosystem.Underthebackgroundof
globalwarming,howcantheArcticfragilelakeecosystemrespondtothewarming
climate? ThespatialandtemporalscalesofsuchchangesintheArctic,however,are
stillpoorlydocumentedandunderstood,becauselong灢term monitoringdataarestill
scarce.

Lakealgaecontainalotofpigmentssuchaschlorophyll,carotenoidsandsoon,
andtheywouldbeburiedinlakesedimentsaftertheirdeath.Atpresent,thepig灢
mentsinthesedimentshavebeenwidelyappliedinpasteco灢environmentalresear灢
ches,suchastheevolutionoflakeprimaryproductivity[4,5],climatechange[6],eu灢
trophicationhistory[7,8],acidification[9],historicalultravioletradiation[10]andthein灢
fluenceofhumanactivity[11].Inthepalaeo灢pigmentstudies,sevenproxiesincluding
Chlorophyllderivatives(CD),TotalCarotenoids(TC),Myxoxanthophyll(Myx),
Oscillaxanthin(Osc),Nativechlorophyll(NC),CD/TCandOsc/Myxareusually
used[4].Itiswell灢knownthattheArcticsedimentsaredepositedunderrelativelycold
climateconditions,inwhichthepigmentsshouldbepreservedwell.Inthispaper,
weanalyzedthepigmentcontentsandothergeochemicalparametersinalakesedi灢
mentcorefrom Ny灢痄lesund,Svalbard,andfocusedonthelakeecosysteminre灢
sponsetoclimatewarmingoverthepast100years.

2暋Studyarea

暋暋SvalbardArchipelago(74曘灢81曘N,10曘灢35曘E),oneofthenorthernmostlandinthe
inhabitedworld,locatesbetweentheBarentsSeaandtheGreenlandSea,anditcon灢
sistsofSpitsbergenIsland,NordaustlandetIsland,EdgeoyaIslandandothersmall
islands.Thetotallandareaisabout61,200km2.About60% ofthelandisperma灢
nentlycoveredbyiceandglaciers,andthepermafrostisreachingto500 meters
thick,only2~3metersindepthcanbeunfrozeninsummers.BecauseoftheNorth
AtlanticOceanwarmcurrentflowingbythearchipelago,thewestpartoftheisland
hasthepolar灢maritimeclimatecharacteristic.Theislandhasabundantcoalandapa灢
titedeposits.Ny灢痄lesund(78曘55曚N,11曘56曚E)issituatedontheBr旿ggerhalvoyapen灢
insulaonthewestcoastoftheSpitsbergenarchipelago(Fig.1),anditisanexpedi灢
tionbaseonArctic.Thebedrocksmainlyconsistofpitcoal灢Permianlimestoneand
dolomite,andasmallamountofneogenestandstonescanbefoundsomewhere.The
averagesummertemperatureisaround5曟,whilewinteraverageisabout-14曟.
Themeanannualtemperatureisabout-5.8曟,6灢7曟higherthaneastGreenland.
Theannualmeanprecipitationisabout400mmalongthewestcoast,andgradually
dropsto200灢300mmtowardtheinlandareas.ComparedwithAntarcticaandother
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correspondinglatitude Arcticareas,Ny灢痄lesundispopulated with much more
plants,whichpredominantlygrowintheinlandfjords.ThespeciesofplantsinNy灢
痄lesundisrelativelysimple,andismainlycomposedofArctictundraandpolardes灢
ertcommunities[12].
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Fig.1暋ThelocationoftheNy灢痄lesund,Svalbard,Arcticandthesamplingsite.

3暋Samplingandmethods

暋暋KnudsenheiaLake(78曘56曚29曞N,11曘49曚16曞E,elevation35m),~3kmnorth灢
westtotheYellowRiverStationofChina,isarelativelylargelakelocatedalongthe
marginoftheBr旿ggerHillinNy灢痄lesund.A58灢cmlongsedimentcore,namedas
H2,wasretrievedfromthislakewithawaterdepthof1.5minJuly2006.Thesur灢
face20cmofthecoreisblacksapropel,andthefurther20cmofitisbrown灢yellow
mudwithafewgravels.Thesedimentcorewassectionedat1灢cmintervalsinthe
field.Thedividedsampleswerefrozenandbroughttothelaboratoryforanalysis.

Forgrainsizeanalysis,thesubsamplesaredispersedfullybydispersantafter
treatmentwithcarbonate,anddeterminedbylaserdiffractiononaWinner灢2116laser
particlesizeanalyzerwithanerrorlessthan3%.Pigmentswereextractedfromsedi灢
mentsamplesbyfollowingtheprocedureofSwainwith90% acetone[4].Basedon
thecharacteristicwavelengthofdifferentpigments,fourpigmentcomponenetsinclu灢
dingChlorophyllderivatives (CD),TotalCarotenoids (TC),Myxoxanthophyll
(Myx)andOscillaxanthin (Osc)weremeasuredbyultravioletspectrophotometer
(UV灢8500)andcalculatedthecontentsaccordingtotheformulaprosposedbySwain
(1985)[4].TheconcentrationsofOscandMyxinthesedimentswereexpressedas
毺g/gorganicmatter;CDandTC wereexpressedasabsorbancepergramorganic
matter.Totalnitrogen(TN)andtotalcarbonaredeterminedbyaNCSHelemental
analyzer(varioEL栿)withanerrorlessthan1%.Thewatercontents,LOI550曟and
LOI950曟aredeterminedbyHeiri暞smethods[13].Thepotassiumdichromateoxidation灢
chemicalvolumetricmethodsareusedtomeasuretotalorganiccarbon(TOC)witha
duplicationerrorof5%[14].Biogenicsilica(BSi)concentrationwasdeterminedusing
colorimetrymethod[15].
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Sedimentchronologywasestablishedusingboth210PbandAMS14Cdatingtech灢
niques.For210Pbanalysis,thetop10consecutivesedimentsamples(0-10cmcore
depth)wereprocessedtomeasuretheactivityoftheexcess210Pb.Themassdepth
willbecalculatedbasedonthedeterminationofthenetweightanddrydensity.The
drysedimentsubsamplesandstandardsampleswereputintothesameshapeofthe
tube,andtheradioactivitywasmeasuredbythe毭spectrometer.Unsupported210Pb
activitypersamplewascalculatedbysubtracting226Raactivityfromtotal210Pbactivi灢
ty.ThestandardradionuclidesampleswereprovidedandcalibratedbyChinaInstitu灢
teofAtomicEnergy.Theanalyticalinstrumentisthelowbackgroundandhighpuri灢
tyGermanium (HPGe)gammarayspectrograph(GWL灢DSPEC灢PLUS)producedby
AMETEKCompany,America.Allthemeasurementofradionuclideactivitieswere
performedinInstituteofPolarEnvironment,UniversityofScienceandTechnology
ofChina.Fourbulksedimentsamplesbelow10cmwereselectedforAMS14Cdating
atCarbonCycleAcceleratorMassSpectrometryLaboratory,UniversityofCalifornia
Irvine(KCCAMSUCI).

4暋ResultsandDiscussion

4.1暋Chronology

AsshowninFigure2,significantlevelsofunsupported210Pbweredetectedin
thetop5cmsedimentlayerandthetotal210Pbactivitieswereinequilibriumwiththe
226Raactivitybelow6cm.AsillustratedinFigure2A,theexcess210PbactivityofH2
sedimentcoreshowsasimpleexponentialcorrelationwithdepth,indicatingthatthe
chronologyofthisprofilecanbecalculatedusingConstantInitialConcentration
(CIC)model.Theagesoftop5cmsubsamplesaregiveninTable1,andthe5cm
sedimentdepthcorrespondsto117yrBP.

Fig.2暋Plotsshowingage灢depthrelationshipinthesedimentcoreH2.A:Thechangeofexcess210Pbactiv灢
ityagainstdepthinthetop5cmsediments;B:ThedeterminedAMS14Cdatesasafunctionof
depth;C:Both210PbandAMS14Ccalibratedagesversusdepth.

暋暋TheAMS14CdatingresultsarealsolistedinTable1.Thoseobtainedradiocar灢
bonagesarestratigraphicallyconsistent,perhapsindicatinggoodpreservationofsed灢
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imentsafterdeposition.Assumingthatthesurfacedatecouldbeusedtoestimatethe
lakereservoireffect,thereservoir灢correcteddatecanbebuiltupbysubtractingthis
agefromthemeasureddate.Followingtheconventionalprocessingmethod,there灢
gressionlinebetweendepthand14Cageshowsthattheageofuppermostsurfacesedi灢
mentscouldbe7408years(Fig.2B),quitedifferentfromtheresultsof210Pbdating
(Table1).Here,wesuggestthattheunmatchedresultsareprobablycausedbylake
reservoireffectsbecausetherearelargedistributionsofcarbonatefromthebedrock
aswellastheexposedcoal灢bearingstratainthisregion.Therefore,wesubtracted
thisvaluefromalldeterminedradiocarbondatesandthenconvertedthesecorrected灢
radiocarbonagestocalendaryearagesusingtheCalibprogramversion4.4(Table
1).Combinedwith210PbandcalibratedAMS14Cages,athirdorderpolynomial
curvewasfittedtotheagedepthdata,andtheage灢depthmodelisdescribedbythee灢
quation:Ages(aB.P)=-0.0293暳depth(cm)3+2.4829暳depth(cm)2+4.3011暳
depth(cm)(Fig.2C).

Table.1暋ResultsofAMS14Cand210PbcalibrationagesfortheH2sedimentsamples

Method Dated
material

Sediment
No.

Depth
/cm

Age

Corrected
age/aB.P

Calibrated
age/aB.P

Uncertainty
(1氁)/a

H2灢57 0灢1 20 20 暲7
H2灢56 1灢2 39 39 暲6

210Pbdating Bulksediments H2灢55 2灢3 61 61 暲5
H2灢54 3灢4 87 87 暲5
H2灢53 4灢5 117 117 暲5
H2灢38 19灢20 827 737 暲20

AMS14Cdating Bulksediments H2灢25 32灢33 1952 1907 暲20
H2灢15 42灢43 2367 2387 暲20
H2灢1 56灢57 2782 2890 暲25

4.2暋Changesofphysicalandchemicalproxies

Thegrainsizedistributionscandirectlyreflecttheenvironmentalchangeduring
thedeposition.Accordingtotheresultsofgrainsizecompositions,thesediments
predominantlyconsistofclayandsilt;theportionofclaysizematerial(<2um)va灢
riesfrom10.5to22.7%,andsilt(2灢63um)from68.6to89.5%,indicatingtherel灢
ativestablesedimentaryenvironment.Thedrydensityisabout2~2.5g/cm3.The
significantdecreasesofdrydensityareobservedinthetop6cmsediments,corre灢
spondingtoincreasesofwatercontentandorganicmatter.
暋暋Percentagelossonignitionhasbeenwidelyusedtorepresenttherelativecon灢
tentsoforganicmatterandinorganiccarbon[13].LOI550曟andTOCareplottedinFig灢
ure3versusdepth.Asshowninthisfigure,LOI550曟 andTOCdisplayverysimilar
changepatternswiththedepth,andtheresultofcorrelationanalysisshowsthatthey
havestrongly positiverelationship withacorrelationcoefficientof0.81.The
LOI550曟 valuesinthesedimentsarepresentatlowlevel(~9%)below15cmdepth,
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andriseto~14%at5cmandthenremainrelativelyhighlevelintheupper5cmsed灢
imentlayer(Fig.3).TOCreflectsthebalancebetweenorganicmatterproduction
anddecomposition,andcanpartiallytracksaquatic
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Fig.3暋ChangesofphysicalandchemicalproxiesintheH2sedimentcoreversusdepth.

production.TheincreaseofTOCinthesurfacesedimentsmayindicatethedevelop灢
mentoflakealgaeassociatedwiththewarmingclimate.Furthermore,TNissignifi灢
cantlycorrelatedwiththeTOC:TN(%)=0.0507暳TOC(%)+0.0185(r=0.866).
ComparedwiththeTNvalues(TN=0.169%~0.484%,averaging0.213%),the
smallinterceptof0.0185%indicatesanegligiblefractionofinorganicnitrogeninthe
sediments.Thus,themeasurednitrogenisassociatedwithorganicmatter,andthe
TOC/TNratios,orC/Nvalues,canbeemployedtodeterminetheoriginoforganic
matter[16].Generallyspeaking,C/Nratiosofaquaticorganicmatteraresignificant
lowerthantheterrestrialorganicmatter[17].IntheH2lakesediments,theC:Nrati灢
osrangefrom15.0~25.5,withameanof18.2.ThecatchmentofH2lakeispre灢
dominantlycoveredbymosswithC/Nvaluesof40灢50[18],muchhigherthanH2lake
sediments.Therefore,theterrestrialmossinputcannotbethemainsourceofor灢
ganicmatterintheH2sediments,andtheorganicmatterintheH2coremaybe
mainlyproducedinthelake.AsshowninFigure4,theC/Nratiosdisplayanotable
peakinthesedimentsbetween5and16cm.Basedonourage灢depthmodelmentioned
above,thesesedimentsweredepositedat1420灢1850AD,correspondingwelltothe
onsetofLittleIceAge.Thecoldclimatemightcauseareductioninthelakeproduc灢
tion,butanincreaseintheinputpercentageofterrestrialorganicmatterlateron,
andthusrelativelyhighC/Nratiosoccurred.Afterthat,theC/Nratiosgradually
declined,andreachedthelowestlevelintheupper5cmsediments(about1890AD),
indicatingenhanced contributions oforganic matter derivedfrom lake aquatic
sources,andprobablyreflectingtheincreaseoflakealgaeproduction.Asillustrated
inFigure3,CaCO3showsnegativecorrelationwithTOCbelow5cmsediments,but
positivecorrelationoccursapparentlyinthetopsedimentlayer,thismaybecaused
bythefactthatrecentprosperousgrowthoflakealgaehaspromotedtheprecipitation
ofcalciumcarbonateduetothenumerousabsorbtionofCO2inthewater[8].

4.3暋Pigments

CDandTCareusedtoinferchangesinlakeprimaryproductivity.Inlakeswith
highwatertemperatureandflourishalgaegrowth,highCDandTCcontentsshould
appearinthesediments[19].OscisonlyfoundinOscillariaandArthrospiraspecies,
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andOscillariaisconsideredtobeoneofdominantalgaesfirstlypresentinphyto灢
planktonduringtheperiodoflakeeutrophication,thustheOsccanbeusedtoreveal
thechangeofhistoricaleutrophication[11].Myxcanindicatethecontentsoftheblue灢
greenalgalinplankton,andthusthisproxycanprovidetheimportantsedimentation
evidenceforthechangeofblue灢greenalgaepopulation[20].

Thechangesofpigmentcontentsandbiogenicsilica(BSi)intheH2sediment
coreareplottedinFigure4.Asshowninthisfigure,allthepigmentconcentrations
displaynotablefluctuationsversusdepth.Thecontinuouslowpigmentconcentra灢
tionsbetween5~17cmwereprobablyassociatedwiththepresenceofglacierinthe
catchmentduringtheLIA.Duringcoldanddryclimateconditions[21],BSicontent
alsoexhibiteddecreasingtrendatthebeginningof17cm,reflectingdecreaseddiatom
populationinthelakes.From5cmdepth,thecontentsoffourpigmentsincluding
CD,TC,OSC,MyxandBSibegantoriserapidly.Accordingto210Pbresult,the
5cmsedimentdepthcorrespondedto1890AD,inconsistentwiththeendtimeof
LIA.Inthetop5cmsedimentlayer,allthepigmentcontentsshowrapidincrease,
especiallyforthemyxoxanthophyll(Myx),itsaveragelevelis35毺g/gorgintheup灢
permost4cmsediments,about3timeshigherthanthatinthelowerpartofthecore,
thisagreeswellwiththechangeoforganicmattercontent.Thenotablyincreasing
pigmentcontentsintheuppermostsedimentsmaybeattributedtotwopossiblerea灢
sons:anincreaseinthelakeproductivityandabetterpreservationeffect.

Fig.4暋Changesofsedimentpigmentsandtheirrelativeratios,biogenicsilicacontentThesummertem灢
peraturechangeintheArcticontherightredrewfromreference[22].

暋暋Thenativechlorophyll(NC)representsthecontentofthechlorophyllwhichwas
undecomposed,therebyprovidinganindexforpigmentpreservationlevel.Higher
NCcontentindicatesbetterpreservationconditionsforpigments[4].Thechangeof
NCcontentisplottedinFigure4.Asdepictedinthisfigure,onthewholethenative
chlorophyll(NC)exhibitincreasingtrend,indicatingthatthepreservationcondition
ofpigmentsintheH2sedimentcorebecamebetterfromthebottomtotop.There灢
sultsofcorrelationanalysisshowedthattheNChadnosignificantcorrelationwith
CD,TCorOsc,andaweakpositivecorrelationwithMyx,indicatingthatthepres灢
ervationconditionisnotthemaincontrolfactoronthepigmentvariationsintheH2
sedimentsequence.Accordingtothefieldinvestigation,H2Lakeisaclosedlake,so
theeffectofcatchmentshouldbeneglected.Inaddition,thereareonlysomemosses
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growingaroundthelakecatchment,andthedisturbanceofanimalsisunlikely.
Therefore,theenhancedlakeprimaryproductionshouldbethemaincauseforthe
rapidincreasesinpigmentcontentsoverthepast100years.

Accordingtopaleoclimaticandmoderninstrumentaldata,theglobalclimatehas
undergoneasignificantwarmingsincethe20thcentury,andtheArcticregionshave
beensubjecttolargerextentofwarmingrelativetootherglobalareas.Acompilation
ofpaleoclimaterecordsfromlakesediments,trees,glaciers,andmarinesediments
hasshownthattheArctichasundergoneamarkedwarmingfrom1840tothemid灢
20thcentury[22].A800灢yearicecorerecordshowedthatthecoldclimateonSvalbard
occurredfromaboutAD1500to1900s[23],andthecoldestlocaltemperaturestook
placebetweenabout1760and1900AD,andthentheclimatebecamewarmgradual灢
ly.Withawarmingclimate,thereisageneraltendencyforlakewatertobecome
warmerandtheice灢freeseasonbecomelonger.Thisincreasedbufferingreleases
morenutrientsanddissolvedsolidsintothelake,togetherwiththeincreasedsolar
radiationenergyfortheaquaticplantsgrowinginlake,resultingintheincreaseof
primaryproductivityandpigments.However,thecontentofbiogenicsilicadidnot
increasesignificantly,indicatingthatthediatombiomassremainedconstant,andthis
mightbeowingtothecompetitionbetweenthegrowthofalgae,thatistosay,the
largenumberofblue灢greenalgaegrowthrestrainedthebloomofdiatom.

Fig.5暋CorrelationsoftheCD,TC,OscandMyxwiththeNC.

暋暋Carotenoidsdegradefasterthanchlorophyllunderoxidizingconditionsandthe
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ratioofchlorophyllderivativestototalcarotenoids(CD/TC)islowerinlakesedi灢
mentsthanthatinsoils[24].ThehighCD/TCratiosindicatethelargeinputofexoge灢
nousorganicmatter,whereasthelowvaluessuggestthewellpreservedcondition
and/ortheincreaseoflakeprimaryproductivity[4].ThecontinuousdeclineofCD/TC
between16~5cmmightberelatedtothebetterpreservationoftotalcarotenoidsun灢
derreducingconditionsduringtheLIA.Incontrast,thecontinuedeclineofCD/TC
intheupper6cmmightbeattributedtotheincreasegrowthofthealgalandhighpri灢
maryproduction,whichwouldresultinthehighproportioninputofautogenousor灢
ganicmatterintothelakesediments.ThecontentsofOscandMyxarevariablebe灢
causeofthedifferentpreservationconditions,however,theirdecompositionratesare
similarinnature,sotheratioofoscillaxanthintomyxoxanthophyll(Osc:Myx)can
beusedtomeasuretherelativeproductionoftheoscillatoriaandblue灢greenalgaein
thelake[4].Thehigherratios(usually>1.0)indicatethedominanceofOscillatoria
anditsrelativelyhighproduction,andviceversa.Thedominanceofmyxoxantho灢
phyllpossiblycorrespondstotheincreaseoflakeeutrophication.Underthecondition
ofLittleIceAge,thedeclineoflakeproductivityandthecontinueddecreaseofOsc/
Myx,probablyreflectingthemorerapiddropofoscillatoriaalgaebiomassrelativeto
theblue灢greenalgae.Intheuppermost5cmsediments,theratiosofOsc/Myxare
lowerthan1,indicatingadurativeincreaseofmyxoxanthophyllinblue灢greenalgal
pigments,andthismayimplythatthehumanactivityhasenhancedthenutritionlev灢
elofthelake[25].

5暋Conclusions

暋暋(1)ThehighercontentoforganicmatterandthedecreasedC/Nvaluesinthe
top5cmsedimentsofH2corefromNy灢痄lesund,Svalbard,theArctic,indicatedthe
increasedcontributionsoforganicmatterderivedfromlakeaquaticsources.Com灢
binedwiththepigmentsresults,itwasrevealedthatthelakeproductionhadbeen
subjecttostrongenhancementoverthepast100years.

(2)Thecontentsoffourpigments(CD,TC,Myx,Osc)andtheirratiosinthe
H2sedimentswerecloselyassociatedwithArcticclimatechange.Duringthedeterio灢
rativeLittleIceAge(LIA),sedimentarypigmentcontentswererelativelylowasa
whole,reflectingthedecreasedprimaryproductivity.Incontrast,afterLIA,the
sedimentpigmentsincreasedsignificantly,inconsistentwiththerapidgrowthoflake
algae,indicatingthegreatincreaseoflacustrineprimaryproductivity.Thiswaslike灢
lyrelatedtotheprolongedArcticwarmingclimateinthepast100years.

(3)Theblue灢greenalgaeswerepredominantintheuppersediments,whereas
thediatomspecieswasstillscare,indicatingthattheclimatewarmingoverthepast
100yearsnotonlycausedtheincreaseinthelakeproductivity,butalsoresultedin
thechangesoflakeecosystemcompositionandfunction.Climatemodelsprojected
thattheArcticwouldexperienceprolongedlarge灢scalewarminginthefuture,soit
wasnecessarytopaymoreattentiontostudytheArcticlakeecosysteminresponseto
theglobalwarming.
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