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Abstract暋Duringthe2006/07Antarcticsummer,thespeciespopulation,distri灢
butionandreproductivebehaviorofpenguinsinareasneartheGreatWallStation
wereinvestigated.Fivespeciesofpenguinwererecorded:gentoopenguin(Py灢
goscelispapua),adeliepenguin(P.adeliae),chinstrappenguin(P.antarcti灢
ca),Kingpenguin (Aptenodytespatagonicus)andEmperorpenguin (A.for灢
steri).Thefirstthreespeciesbredlocally,whiletheothertwospecieswereob灢
servedoccasionally.ArdleyIslandisoneofthemostimportantbreedingareasfor
penguins.Afterthebreedingseasonof2006/07,therewereatotalofabout17
234penguinsandthebreedingsuccessratewas0.40—1.41.Comparingwith
historicaldata,changesinpenguinspeciespopulationsanddistributionwereana灢
lyzed,andtheirrelationshipswiththeenvironment,climatechangeandhuman
activitywereinvestigated.
Keywords暋Antarctica,Penguins,SpeciesDistribution,BreedingSuccess,Envi灢
ronmentandClimateChange.
doi:10.3724/SP.J.1085.2010.00204

1暋Introduction

PenguinsareoneofthemostpopulousvertebratesinAntarcticaandaccountfor
morethan90%ofbirdsinAntarctica.Asseabirds,theyspendmostoftheirlivesin
andneartheocean.Penguinstaketheoceanastheirsolefood(e.g.,krill)resource
andareatthetopofthefoodchainintheSouthernOcean.Becauseoftheirparticular
statusintheAntarcticecosystem,includingintermsoftropiclevelandenergytrans灢
mission,theecologicalinvestigationofpenguins,especiallytheirpotentialasabio灢
logicalindicatorofglobalenvironmentalchange,isanimportantpartofresearchinto



thelifescienceofAntarctica.InternationalstudiesonAntarcticbirdshavefocusedon
(1)thelong灢termmonitoringofdynamicchangesofspecies,includingchangesinthe
populationofdominantspecies,distributionofspeciesandbreedingfactors[1],(2)
thestatusofbirdsinmasstransferandenergytransformationprocessesintheAnt灢
arcticecosystem[2],and(3)effectsofclimateandenvironmentalchangeandhuman
activityonAntarcticbirds,andeffectiveprotectivemeasures[3灢5].Thefirstinvestiga灢
tiononAntarcticbirdsaroundtheGreatWallStationwascarriedoutin1990[6].
Therehavesincebeeninvestigationsonecology[7],populationstructureandbreeding
success[8],preyactivityofdominantspecies[9],organochlorinepesticidesinpenguin
bloodinmonitoringtheenvironment[10]andotherworks.However,thereisstilla
lackofrelativelycomprehensivestudiesonthespeciesdistribution,breedingactivity
andsurvivalofpenguins,especiallyontherelationshipbetweenthedynamicchanges
ofspeciesandglobalclimatechange.Thispapersystematicallyfocusesonecological
studiesofpenguinsaroundtheGreatWallStationanddeterminesarelationbetween
speciesdynamicchangeandglobalclimatechangetoprovidescientificinformationto
internationalAntarcticorganizationsresponsibleforplanningenvironmentalprotec灢
tionofseaareasoftheAntarcticaandthelife灢formswithin.

2暋Studyareaandmethods

2.1暋Studyarea

AreaspreviouslystudiedarelocatedatandneartheGreatWallStation(62曘13曚
S,58曘58曚W),theice灢freeareaofFildesPeninsulaandArdleyIsland;mostworksto
datehavefocusedonArdleyIsland.ArdleyIslandwasdesignatedanecologicalre灢
servebytheScientificCommitteeonAntarcticResearch.Theislandisflat(withthe
highestelevationof70m)andhasanareaofabout2km2.Vegetationcovers70灢80%
oftheisland,mostofwhichismossandlichen.Regionalannualprecipitationisa灢
bout600—700mm,mostfallingassnow.Theaveragetemperatureinsummerisa灢
bove0 曟.TheeastcoastofArdleyIslandhasthebiggestpenguincolonyinthe
SouthShetlandIslandsatpresent,andisalsohometootherseabirds,suchasskuas
andswallows.ThewideMaxwellBayprovidesplentifulfoodsuchaskrillandfishfor
thepenguins.Penguinspreyonabout33170000tofkrilleachyear,whichaccounts
foralmost90% ofthetotalconsumptionbyAntarcticseabirds.Asoneofthetop
predatorsintheSouthernOcean,penguinsdirectlyaffectsubstancecyclesinthe
Antarcticseasandareasensitivebiologicalindicatorofenvironmentalchangeondif灢
ferentscalesbecauseofthelimitedbiodiversityintheSouthernOcean.

2.2暋Methods

Separatecoloniesweredirectlyobservedinabiologicalinvestigationofregional
penguins.Penguinspecies,activitytypeandcharacteristicsandbreedingperform灢
ancewererecordedduringtheperiodsofhatchingandfeedingandtheperiodshortly
beforechicksbeganswimming.Accordingtoweatherandtides,regularobservations
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weremadewithazodiacsuppliedbyBellingshausenStationandirregularobserva灢
tionsweremadeonfoot.When mostpenguinswerebroodingorguardingsmall
chicks,thebreedingsizewascountedaccordingtothemethodofnestcounting[11],
whichinvolvedsearchingforcolonies,countingthenestsineachcolonyusuallytwo
orthreetimestoensureaccuracy,andrecordingthenestcontentssuchasnumbersof
eggsandchicks.Itwasassumedthateachbirdattendinganestrepresentedabreed灢
ingpair.Wherecoloniesweredivided,breedinggroupswereassumedtobelongto
thesamecolonyunlessseparatedbymorethan50morbyamajortopographicalfea灢
ture[12].Theresidence,breedingperformanceandotherfactorsrelatingtobreeding
werealsorecorded.Onehundredortwohundredsnestswithinonecolonyofeach
penguinspecieswereselectedandthebreedingsuccessafterhatchingwasdeter灢
mined,wheretheaveragenumberofchicksinthelate灢cr湪chestage(about8weeks)
perbreedingpairwasassumedasthebreedingsuccessrate.

Fig.1暋GeographyofArdleyIsland.

3暋Resultsanddiscussion

暋暋ThroughbiologicalobservationofthepenguinsaroundtheGreatWallStation
fromDecember2006toFebruary2007,thepopulationsize,speciesdistribution,and
breedingactivityandtheirrelationshipswithclimate,environmentandhumanactivi灢
tywereanalyzed.

3.1暋Speciesandpopulation

Therewerehundredsofchinstrappenguins(Pygoscelisantarctica)inice灢free
areasofFildesPeninsula,ShihmenPeninsulaonthewestcoast,northwestcoast,
islestothenorthofHuashanPeninsulaandDartIslandduringtheinvestigationperi灢
od.TwopenguincolonieswerefoundneartheNelsoniceshelf,includingfivepen灢
guinfamiliesand mostbeingchinstrappenguins (dataprovidedbyEchoBase).
BreedingspeciesonArdleyIslandweremainlygentoo(Pygoscelispapua),adelie
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(Pygoscelisadeliae)andchinstrappenguins.Emperorpenguins(Aptenodytesfor灢
steri)weremainlyontheAntarcticcontinent,andveryfewappearedonArdleyIs灢
landaspassingmigrants;theydidnotpartakeinbreedingactivitiesontheisland.In
earlyJanuary2007,severalKingpenguinswerefoundneartheArdleysandbar,and
theyleftthreeweekslateraftermoltinginmid灢January.Kingpenguins(Aptenodytes
patagonicus)werefoundinBiologicalBayonthewestcoast,butnomacaronipen灢
guins(Eudypteschrysolophus)wereseen.Accordingtopreviouslyobtaineddata[9],
macaronipenguinsonceappearedonFildesPeninsula.Table1[8]comparesthepen灢
guinspeciesdistributionandresidenceinthevicinityoftheGreatWallStationinthe
2006/07seasonwithhistoricdata.

Table.1暋DistributionandresidenceofpenguinsinthevicinityoftheGreatWallStationinthe2006/07
seasoncomparedwithhistoricaldata

Species
1993/94 2006/07

Location Residence Breeding Location Residence Breeding

Gentoo
Pygosceli
papua

Ardley
island

Octoberto
February + Ardley

Island
Octoberto
endof

February
+

Adelie
Pygoscelis
adeliae

Ardley
Island

Octoberto
March + Ardley

island
Octoberto

beginningof
February

+

Chinstrap
Pygosceli
antarctica

ArdleyIsland
andits

surrounds
Octoberto

March +
ArdleyIsland

andits
surrounding

Octoberto
March +

Kingpenguin
Aptenodytes
patagonicus

Biological
Bay

Endof
Januaryto

mid灢February
- Biological

Bay
Januaryto
February -

Emperorpenguin
Aptenodytes
forsteri

Marsh
Base

Beginningof
Octoberto
mid灢October

- Ardleysand
bar

January,left
after3weeks
andonlyone
remained

-

Macaronipenguin
Eudyptes

chrysolophus
Ardley
Island

Endof
Januaryto

mid灢February
- Notseen

暋暋Notes:+ withbreedingactivity,- withoutbreedingactivity

暋暋Duringthe2006/07season,atotalof9724penguinswererecordedonArdley
Island,including4429pairsofgentoopenguins,423pairsofadeliepenguinsand10
pairsofchinstrappenguins.Therewereatotalof17234penguinsafterthebreeding
season.ItwasclearthatgentoopenguinsweretheabsolutedominantspeciesonArd灢
leyIslandandtheyaccountedformorethan90% ofallpenguins.Adeliepenguins
werethesecondmostdominantgroupandchinstrappenguinsweretheleast.Accord灢
ingtotheobservationsofWang[9],whorecordedthenumbersofgentoo,adelieand
chinstrappenguinsas4400810,and24pairsonArdleyIsland,respectively,the
populationsizeontheislandfluctuatedgreatlywithintheshortspaceof5years.The
populationofgentoopenguins,thedominantspecies,fluctuatedrelativelylittleand
theresultsofthetwoinvestigationsweresimilar.Thepopulationsofadelieandchin灢
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strappenguinsdecreasedsharplyinthe5years,andthe2006/07populationswere
onlyhalfthe2001/02populations,orevenless.TherewasasimilarsituationonBa灢
dunPeninsulaoppositeArdleyIsland.BadunPeninsula,whichis25kmfromArdley
Island,wasthemainhabitatforchinstrappenguins.Therewere5200chinstrappen灢
guinsonBadunPeninsulain2001[14],butonly2967in2006(dataaresupportedby
observationsmadeatKingSejongStationofKorea).

TheresultsshowthatArdleyIslandisthemainbreedingcolonyforpenguinsin
theregion.Duringhatchingandfeeding,therewasastrictboundarybetweennests
andthemaleandfemaleindividualsfedinturntoensurebreedingsuccess.Two灢
month灢oldchickshadsimilarindividualsizetotheirparentsandincreasedappetite.
Theylivedtogetherinalargegroupwithoutanestboundaryundertheprotectionof
severaladultpenguinswhenbothparentswenthunting,similartothesituationofa
kindergarten.Thefollowingarethebreedingperformancesdeterminedfromobserva灢
tionsonArdleyIsland.

(1)Gentoopenguinsusuallylaidtwoeggsfrom NovembertoDecember,and
seldomoneorthreeeggs.Aneggwasbluishwhitewithalongaxisof66.0to74.0
mm,shortaxisof56.0to60.5mmandweightof115.0to160.0g.Chickshatched
from NovembertolateJanuary,andmoltedafterabout105days.Breedingpairs
wouldmoltinFebruary.

(2)AdeliepenguinsusuallylaidtwoeggsinthemiddleofNovember,andsel灢
domonlyoneegg.Aneggwasultramarineincolorwithalongaxisof62.0to76.0
mm,shortaxisof48.0to60.5mmandweightof77.0to150.0g.Chickshatchedin
mid灢orlateDecember,andmoltedafterabout90days.Breedingpairswouldmolt
fromlateJanuarytoearlyMarch.

(3)ChinstrappenguinsusuallylaidtwoeggsinearlyDecember,andseldomon灢
lyoneegg.Aneggwasbluishwhitewithalongaxisof62.0to75.0mm,shortaxis
of50.0to54.0mmandweightof80.0to120.0g.ChickshatchedfromlateDecem灢
bertomid灢January,and moltedafterabout135days.Breedingpairswould molt
fromFebruarytoearlyMarch.

Theobservationsindicatethatabout7510chickssurvivedtothelate灢cr湪chestage
inthe2006/07seasononArdleyIsland,including7040gentoochicks,460adelie
chicksand10chinstrapchicks.Thebreedingsuccessratesforthethreekindsofpen灢
guinswere1.41,1.10and0.40chicksperpairrespectively.Comparedwiththehis灢
toricstatisticaldataonbreedingsuccessonArdleyIsland[13](Fig.2),thebreeding
successofgentoopenguinsontheislandwashigherthanthatoftheothertwopen灢
guinspeciessince1993/94,andthatofchinstrappenguinswaslowest.Thebreeding
successofgentooandadeliepenguinsdidnotfluctuatesomuchduringthestatistical
periodandtheyhadasimilartrendbefore2002/03.Afterthe2002/03season,the
breedingsuccessofgentoopenguinsincreased,butthebreedingsuccessofadelie
penguinsdecreased.Thebreedingsuccessofchinstrappenguinschangedsimilarlyto
thesuccessratesoftheothertwospeciesofpenguinsbefore1999/2000,butitfluctu灢
atedgreatlyafterward.Nochinstrapchickssurvivedinthe2003/04season,butthe
breedingsuccessinthefollowing2004/05seasonwasthehighestachievedinthepast
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13years.Therearemanyfactorsofthebreedingsuccessofseabirds,suchasspecies
population,guaranteeoffoodresources,climate,environment,breedingexperience
ofbreedingpairs,humandisturbance[14]andtheactivitiesoftheotherspeciesand
predatorsaroundthecolonies[15].Thehighbreedingsuccessseeninourstudywas
probablyduetothelargepopulation,whichhassuchadvantagesasbreedingexperi灢
ence,resistancetoabnormalclimateandpredators,andsourcingfood.Thesituation
forchinstrappenguinswithasmallpopulationsizeonArdleyIslandwastheopposite
andtheirbreedingsuccesswassignificantlyaffectedbytheclimateandenvironment.
The“zero暠breedingsuccessofchinstrappenguinsinthe2003/04seasonwasmost
probablyduetoespeciallyheavysnowinthewinterof2003andthedelayofthefol灢
lowingspring.TheaveragemonthlytemperaturesforDecember,January,andFeb灢
ruaryinthefollowingbreedingseasonswere-1.3曟,1.1曟,and1.5曟respec灢
tivelyin2003/04,0.3曟,1.3曟,and1.9曟respectivelyin2004/05,and0.0曟,
2.7曟,and2.4曟respectivelyin2005/06[13].ItisclearthatthetemperatureinDe灢
cember2003waslower,andthisunusualclimatephenomenonprobablyledtothe
lowbreedingsuccessofchinstrappenguinsinthatyear.

Fig.2暋BreedingsuccessofpenguinsonArdleyIsland[13].

3.3暋Effectsofclimate,environmentandhumanactivityonspeciespopulation

ThereweremainlythreepenguinspeciesbreedingonArdleyIsland:gentoo,
adelieandchinstrappenguins,withgentoopenguinsbeingthedominantspecies.The
differentspecieshavesimilarbehaviorintermsofforaging,usingresourcesandse灢
lectingnestsites,andtheyareespeciallysensitivetofood.ThefoodchainsinAnt灢
arcticaarerelativelysimplebecauseofthespecialgeographyandfragileecosystem.
ThemainfoodofpenguinsonArdleyIslandiskrill,althoughtheyalsofeedonfish,
amphipodsandcephalopods[6].Accordingtopreviousresearch,krillaccountsfor81.
79%,86.87%and100% ofthefoodofadelie,gentooandchinstrappenguins,re灢
spectively.Becausethemainfoodresourceiskrillforthethreepenguinspecies,
theremustbeintensefoodcompetitionamongthem.Asrelativelydisadvantaged
groups,adelieandchinstrappenguinsaremoresensitivetoachangeinfoodre灢
sources.Fromthemiddleofthe20thcentury,therehasbeenanobviousclimate
changeontheAntarcticPeninsulawithglobalwarming,andtheaveragetemperature
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inwinterhasincreasedalmost6曟[16].WarminghasledtorecedingoftheAntarctic
icesheetandithasreducedsignificantlythelivingareasavailabletopenguins.Ithas
alsoledtoareductioninthestocksofAntarctickrill.Thepopulationsofadelieand
chinstrappenguins,whicharemoresensitivetofoodresources,hasreducedsincethe
late1980s (Fig.3) with a sharp decline in the krill production since
themid灢1980s[17].However,thepopulationofgentoopenguinsonArdleyIslandhas
beenrelativelystableandevenincreasedslightlyoverthepast20years,whichwas
probablyduegentoopenguinsnothavingsuchstrongdependenceonicehabitats[16].
Robertson[12]reportedthatgentoopenguinswererareincolonieswithgreatnumbers
ofkingpenguinsandemperorpenguins.Hedeemedthattherewasprobablyintense
competitionforsurvivalbetweengentoopenguinsandtheothertwopenguinspecies
andthatgentoopenguinswereobviouslydisadvantaged.Moreresearchisneededto
determinewhetherthephenomenonofthepopulationofgentoopenguinsremaining
stableorevenincreasingwhilethepopulationsofadelieandchinstrappenguinsdra灢
maticallydecreasedrelatestotheadelieandchinstrappenguinsbeingdisadvantaged
inthecompetitionforsurvival.

Fig.3暋 PenguinbreedingpopulationonArdleyIslandduringthepast35years[13].

暋暋Theabovediscussionsuggeststhatthefluctuationinpenguinpopulationsizeis
closelyrelatedtoclimatechange.Scientistshavefoundthatclimateanomaliessuch
astheElNi昸o/LaNi昸a灢SouthernOscillationcouldchangetheclimateandenviron灢
mentinAntarcticatosomedegree,becauseEINi昸ohasacloserelationwithAntarc灢
ticcirculationandtheAntarcticseaice[18,19].Vargas[20]reportedthatElNi昸oaffect灢
edmarineprimaryproductivitythroughchangingtheequatorialcurrentandfurther
hadbiologicaleffectsonpenguinsthroughfoodchains.Figure3showsthatthepopu灢
lationofchinstrappenguinswasmuchsmallerinthefollowingnon灢EINi昸oyears
thaninEINi昸oyearssuchas1982/83,1986/87,1991/92,1997/98and2005/06.
Thepopulationofadeliepenguinshadsimilartendencytothatofchinstrappenguins,
butnottothatofgentoopenguins.Therefore,researchisrequiredtodetermine
whetherthedecreaseinthepopulationofchinstrappenguinswasdirectlyrelatedto
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anAntarcticclimateabnormityduringtheEINi昸operiodandwhytherewasnota
similarchangeforgentoopenguins.

SpeciesfluctuationsofpenguinsarenotonlyrelatedtotheAntarcticclimatebut
alsocloselytotheirlivingenvironment.Humanactivitycouldalsohaveadirector
indirecteffectonpenguinsurvival,butthedegreewouldbequitedifferentfordiffer灢
entspecies.Whenaresearchermovedaroundadeliepenguins,thelevelofvigilance
increased,whichwascommonbehaviorforthebirds,andreturnedtoitsoriginallev灢
elwhenthedisturbancedisappeared[21].However,the“vigilance暠levelofgentoo
penguinsremainedrelativelyhigh5minutesafterthedisappearanceofthedisturb灢
ance[15].Suchdifferentbehaviorindicatesthatgentoopenguinsweremoresensitive
tohumandisturbance.Atthesametime,thespeciespopulationalsoaffectedthere灢
sponseofpenguinstohumandisturbance.Giese暞sresearchcarriedoutintheVest灢
foldHills[14]foundthatresearchworksobviouslyreducedhatchabilityandthechick
survivalrateinthecaseofsmallpopulationsofpenguinspecies(withanaverage
numberofnestsintheregionof44),buthadalmostnoinfluenceinthecaseoflarge
populations(withanaveragenumberofnestsintheregionof70).Penguinsarea
speciallyprotectedspeciesofAntarcticbird,andtheyhavebeenprotectedforalong
timeandaremoreabundantthanotherbirdsinAntarctica.However,humanactivity
disturbspenguinstosomedegree,especiallyduringbreeding.Ourobservationsindi灢
catethatgentoopenguinswerethemostcowardlyandabandonedtheireggswhenfa灢
cingathreatduringbreedingseason;adeliepenguinswouldprotecttheirnestsand
chinstrappenguinsweremostwillingtoprotecttheirnestsandwerealsomuchmore
sensitivetohumandisturbance.Thepopulationofchinstrappenguinshasdecreased
rapidlysincetheendofthe1970s(Fig.3),frommorethan200pairstoonly10pairs
inthe2006/07season.GentooandadeliepenguinsmainlylivedonArdleyIsland,
wherelandingwaspermittedonlyunderofficialpermission.However,chinstrap
penguinspreferredtotaketheiractivitiestothebeachinfrontoftheGreatWallSta灢
tion[6],andthus,theywere much moredisturbedbyhumanactivity.Sincethe
buildingofBellingshausen—thefirstresearchstationbuiltbyRussia—in1968,more
andmorestationshavebeenbuilt,includingFreiStationandEscuderoStationof
Chile,ArtigasStationofUruguayandtheGreatWallStationofChina.Thebuilding
ofairportsandstations,increasednumbersofresearchersandtourism,andmore
frequentscientificexplorationactivity(involvingshipsandhelicopters)ontheFildes
Peninsulahaveadverselyaffectedpenguins.Becauseofthesensitivityandvulnerabil灢
ityofpenguinstotheclimateandenvironment,thefutureofthesespeciesisnotopti灢
misticwhenconsideringthegrowthofhumanexpeditionsontheAntarcticcontinent
withoutprotectivemeasures.

4暋Conclusions

暋暋Investigationscarriedoutintheaustralsummerof2006/07indicatethatArdley
Islandishometothemostimportantbreedingcoloniesofpenguinsinthisregion.A
totalof7510chickswerecountedtosurvivetothelate灢cr湪chestageofthebreeding
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cycleattheendofthebreedingseason,including7040gentoo,460adelieand10
chinstrapchicks,withthebreedingsuccessratesperbreedingpairbeing1.41,1.10
and0.40,respectively.Thepopulationswereslightlylowerandthebreedingsuccess
rateshighercomparedwith2005/06records.

Climatechange,foodsourcesandhumanactivityallaffectedthepopulationsizes
ofpenguinsonArdleyIsland.Chinstrappenguinsweremoresensitivetohumandis灢
turbancethantheothertwospeciesofpenguin,especiallyduringbreedingseason.
Increasedhumanactivity(e.g.,increasingtourism,disturbancefromshipsandheli灢
copters)wereprobablyoneofthemostimportantfactorsleadingtothedecreasein
thechinstrappopulation.However,inthepresentstudy,itwasdifficulttoestablish
whetherthedecreaseinthechinstrappopulationwasduetopressurefromtheclimate
andenvironmentorpartofthenaturalbiologicalevolutionofbirds.Morestudiesare
requiredtoclarifythis.Inanyevent,chinstrappenguinsareabiologicalindicatorof
acrisisfacingtheecologicalenvironmentatpresent.
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