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Abstract  

Surfacealbedoandcharacteristicsofcryoconite（surfacedustonglaciers）wereinvesti卵tedon  
theGulkanaGlacierintheAlaskaRange，U．S．A．ThesurfacealbedorangedfromO．11toO．52（mean：  
0．32）intheicearea（belowthesnowline）andfromO．57toO．86（mean：0．71）inthesnowarea（above  
thesnovヱine）．TbeamotlntOfcryoconiteontheglacierslユrfacerangedfr（〉ml．OtolO2gm－2（mean：  
23gmJJl）intheiceareaandfromO．8tol．7gm．2（mean：1．2gm‾2）inthesnowarea．Theproportion  
Oforganicmatterinthecryoconitewashigherinthesnowarea（10．2to22．1％，mean：15．5％）thanin  
theicearea（2Atoll．0％，mean：7．1％）．Microscopyofthecryoconiterevealedthatcryoconiteonthe  
iceareaconsistedofmineralparticles，SnOWalgae，anddarkcoloredorganicmatter．Theresultsshow  
thatthesurface albedoin theice area was reduced approximately O．13by cryoconite．Thelarge  
amou戒Ofsnowalgaeandorganicmatterintbecryoconitesl喝geStStbatbiologicalactivitytakespart  
in thealbedo reduction．In the snow area，SpeCtralalbedo of the surface andmicroscopy of the  
CryOCOnite suggest that the surface albedo was significantly reduced by red snow algae  
（Chklnqydomonas nivalis）．TheresultswerecomparedwiththoseofaHimalayanglacier．  

1．1ntroduction  

Recentinvestigationsrevealedsignificantshrink－  
ageofglaciersinmanypartsoftheworld．Glaciersin  
Alaskaa王sogeneraliysbowedsubstantialtbinningand  
terminus retreat（e．g．Sapiano et al．，1998）．Since  
glaciershrinkagemaycauseglobalsealevelriseand  
WaterSOurCedepletion（e．g．Meier，1984），itisimpor－  
tant to study the processes associated with glacier  
Cba‡唱e．  
Glacier sbri王Ikage may result from climate  

Changesuchasglobalwarming．Factorscausinggla－  
Cierchangeareusuallythoughttobephysicalcondi－  
tionsaroundtheglaciers，SuChasairtemperatureand  
precipitation（e．g．OerlemansandFortuin，1992）．How－  
ever，reCent St11dies sbowed払at not oヱ11y physical  
ねctors，butalsoal如logicalねctormayaffectglacier  
Change（e．g．Kohshima et al．，1993；Takeuchiet alリ  
2001b）．Glaciersareinhabitedbyuniquelivingorgan－  
isms，SuCh as snow algae，insects，ice worms，and  
bacteria（e．g．Hoham and Duval，2001）．They are  
COInpletely adapted to tbe extremely cold e汀dron－  
mentandspendtheirwholelivesonglaciers．Organic  
matterderivedfromtheirbiologicalactivity，SuChas  
the organisms themselves，their dead bodies，and  
decomposed organic matter，Can aCCumulate on the  
glacier surface，1eading to cbangesin the surface  

albedooftheglacier．Thereductionofsurfacealbedo  
increasesthesolarradiationabsorbedbytheglacier  
Surface and resultsin more melting of theglacier．  
Althoughalargeamountofdel〕risontheglacierhas  
aneffectofbeatinsulationa‡ldinhibitstbeablationof  
S王iOWandice（e老．Mattsonβ≠αg，，1993），theamountof  
this biogenic debris is generally mucb smaller than 
thatamountretardingtheablationThus，thebiologト  
cal activity on the glacier would affect the surface 
albedo and accelerate ablation of the glacier．For  
example，SOmeglaciersint壬IeHi王nalayasarecovered  
With a dark－COlored biogenic material（cryoconite）  
derivedfromsnowalgaeandbacteria（Kohshima et  
al．，1993；Takeuchiet alり2001b）．The albedo ofthe  
intactsurfacebearingthecryoconitewassubstantiaト  
1），lower thallthat of thc surface fr（）1111＼Thich the  
CryOCOnitewasartificiauyremoved（5％versus37％）．  
Themeltingrateoftheintactsurfacewasreportedto  
be3timeslargerthanthatofthesurfacewithoutthe  
CryOCOnite（Kohshima et alり1993）．In contrast，On  
SOmeglaciersinPatagoniaandtheArctic，theamount  
Ofcryoconiteissmalla‡ldtbeglaciersurfaceisra払er  
Clean（Takeuchiet al．，2001a；2001c）．The effect of  
CryOCOniteonsurfacealbedointheseglaciersissmall  
probablyduetolowbiologicalactivity．Thesefacts  
SuggeStthatthebiologicalactivityanditseffect on  
albedo vary amo三唱glaciers．However，information   
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aboutcryoconiteonglaciersisstilllimitedandfactors  
affectingbiologicalactivityandtheformationprocess  
Ofcryoconiもearestillunciear．  
Thispaper aimsto describe the surfacealbedo  

andcbaracteristicsof cryoconite on an Aiaska gla－  
cier，the Gulkana Glacierin the Alaska Range．  
Aむぬolユgbthe柁areSOInerepOrtSOfsnowaigaelまving  
inÅiaskaglaciers（Kol，1942；TaketlCIli，2001d），their  
effectonthesurfacealbedoisunk11OWIl．Inthisstud）＼  
the spectral aIbedo and amount of cryoconite were 
measured at six sites of different elevation on the  
glacier．The biologicalcharacteristics of the  
cryoconitewereanalysedinalaboratory．Tbeeffect  
of tbe bio！c噂icaまactivity on t壬Ie S㍊rface albedois  
discussedintheiceandsnowarearespectively．The  
results are compared wit壬Itbose of a 王まimalayan  
glaciervheresignificantalbedore血ctionbybiologi－  
Calactivitybasbeenreported．   

2．Studysiteandmethods  

Tbeinvestigationwasca汀iedoutonぬeGt止kana  
Glacier，locatedinthecentralAlaskaRange（Figs．1  
and 2）from15to19AugⅥSt2008．Tbeglacierflows  
west t〔lSOuth fl・OmIcefallPeak（about2j4O m a，S．＝  
d（）WntOtheterminusat anelevationofabout122Ollヽ  
a．s．1．ThisglacieriseasiiyaccessiblefromtheRichar・  
dsonHighwayandhasl）eenmOnitoredforaiongtime  
bytbetJ．S▲GeologicalSurvey（e．g．Marcb，2000）．Tbe  
giacier has been generaliy receding duringlast50  
yearsandbasユostll±5miniceeqlまivaient七重Iick‡1eSS  
averaged over the whole glacier between1954and  
1993（DowdesⅥrellg才αg．，1997）．Mostoftbesuげaceis  
baIでiく二e Or SnOW Without debris cover（rocl（alld  
StOne）．Tbelen離ムandareaof汰eglacierareapproxi－  

Fig．1．ÅmapofGu王kanaG王acier呈nt王妃ÅiaskaRa罰ge，  
洩ow主ngsampihgsite§0‡l也eg王acierst汀face．  

mate！y4kmand21．8km2チreSpeCtively．Tbeequまiib・  
riumlineoftheglacialmassbalanceintheyear（2000）  
was approxi王nately1720m乱S．iY（USGS，perSOnal  
commtlnication）．St汀face albedo measlユreme‡1t and  
ice／SnOVSamplingwerecarriedoutatsixsites，iocaト  
edbetweell］2701n and1770111a．S．l．（Sl・L S6．F短．1）．  
TbesnowiineattはstimeⅥraSapprOXimately1650m  
a．s．1．，WhichislocatedbetweencollectionsiteS4and  
S5∴注ence，也esurねcecoI適itionof馳esamplingsites  
wassnowattheuppertwosites（S5，S6），andbareice  
at tbelower four sites くSl－S狙 Red snow vas  
Visually significant血ring tbe stⅥdy periodin the  
s‡10WareaarOund1700ma且しincludingS5．  
T王IeSurねcealbedooneacbstudysitevasmeか  

sl汀edwitbaportablepbotometer（mode12703，Abe  
SekkeiCo．Japan）wi七重Iin3壬10urSOfiocalsolarnoo王l  

Fig．2．ViewofGuikanaGlac主erfromapproximately8km   
aⅥ㌻ay from払e terminus（a）and tbebareice surface   
COVeredwithcryoconiぬ（b，nearS3，200i息7）．   
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under cloud free condition．The measured wave－  
1engthswere400，450，500，550，600，650，700，750，850，  
950，andlO50nm．Themeasurementsweremadeat3O  
cmabovethesurface．Tbealbedowascalclユ1atedfrom  
the totalof reflectedirradiance of the surface and  
that of a standard white reference plate．The mean  
albedo was obtained from values of 5 different sur- 
faces at eachsite．   
Inordertomeasuretbeamotlntく）fcryocoIliteon  

the glacier surface and organic matter content of  
CryOCOnite，ice／snowin surfacelayer was collected  
witha stainless－Steelscoop（approximately15×15  
Cminareaandl山3cmindepth）．Thecoilectedare  
orlthesurfacewasrneasuredtocalculatetheamount  
Of cryoconite per unit area．The collected samples  
Weremeltedandpreservedasa3％formalinsolution  
in125wmlcleanpolyethylenebottlestofixbiological  
activity．Allsamplesweretransportedbycar tothe  
InternationalArctic Research Center，University of  
Å1askaFairbanks，foranalysis，王nthelaboratory，the  
SamPles were dried（650C，24hours）in pre－Weigbed  
CruCibles．Theamountofcryoconiteperunitareaof  
theglacierwasobtainedfromthedryweightandthe  
SamPlingarea．Then，thedriedsampleswerecombusト  
ed forlbour atlOOOやCin an electric丸ⅣnaCe，and  
Weigbed again．Tbe amount of organic matter was  
obtained from the difference the weight of between 
thedriedandcombustedsamples．After combustion，  
Onlymineralparticlesremained．  

Thecompositionofthecryoconitewasexamined  
Vitbanopticalmicroscope桝ikonSMZ800andE600）．   

3．R¢Sults  

3．ヱ．」1撒〃わ（そr〟汀gん打ん▼J■∫JJ7カ（－‘？  
Figure3sbows the altitudinalcbange of mean  

surface albedo on Gulkana Giacier with error bars   

basedonstandarddeviatiorl．Thesurfacealbedoran．  
gedfromO．11toO．52（mean：0．32）intheicearea（Sl－  
S4）andfromO．57toO．86（mean：0．71）intbesnowarea  
くS5－S6）．Intheicearea，thealbedosatthelowestsite  
（Sl）andhighestsite（S4）appeartobelowerthanthat  
attheothersites．However，therewasnostatistically  
Significantdifferenceinthesurfacealbedoamongthe  
Sitesintheicearea（One¶WayANOVA，Statisticalf  
Value（幻ニ0．38，Probability（P）＝0．77＞0．05〉．Intbe  
SnOWarea，thesurfacealbedowassignificantiylower  
atthelowerelevationsite（S5）comparedtothatofthe  
higher elcvation site（S6）（statisticalt value（t）＝  
－3．17，P＝0．013＜0．05）．Thestandarddeviationof  
albedowascomparablylargerintheiceareathanin  
the snow area．Thestandarddeviationrangedfrom  
O．054toO．166intheiceareaandrangedfromO．053to  
O．054inthesnowarea．Thehigheststandarddeviation  
intheiceareaoccurredatsiteS3（0．166）．  
Figure4showsthespectralalbedooftheglacier  

Surfaceofeachstudysite．Intheicearea，thealbedos  
Of each site werealmost the same atlonger wave－  
1engths（750－1050nm），Whiletheyvariedat shorter  
WaVelengths（400－700nm）．In the snow area，the  
SpeCtralalbedosweregenera11yhigherthanthosein  
tbeice area．Remarkableligbt absorptioIIS Were  
SboⅦ1at500－550nmand700lmOntbespectrumof  
site S5．   
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Fig．4．SpectralalbedoofthestlrfaceonGulkanaGlacier．  
Tbe cur▽eS are mean Surface aibedo of5st汀faces aと  
eacbsite．  

∴二∴1川・州′／・！／－／／′‥・り・・吊り／／／．り′仙・予h・∴一・川ノノ．ノー．・  
Theamountofcryoconite（perunitarea）onthe  

glacierstirfacewasiarger主ntbeiceareat壬1alュintbe  
SnOWarea（Fig．5）．Theamountofcryoconiteranged  
froml．OtolO2gm．2（mean：23gm．2）intheicearea  
andfromO．8tol．7gmN2（mean：1．2gm仙2）inthesnow  
area．Therewasnoclearrelationshipbetweenaltitude  
and the amount of cryo（：Onite on this glacier．The   

1200 1300 1400 1500 1600 1700 1800  
Altitude（ma．s．l．）  

Fig．3．Change of surface albedo with altitude on the  
GulkanaGlacier．Solidandopenmarksindicateiceand  
SnOWarea，reSpeCtively．  
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amount ranged from6．3to39．8intheice area and  
fromO▲13toO・28inthesnoⅥrarea・Tbelargeststan－  
darddeviationwasobservedatsiteS3（39．8）．   
Inco‡1traStWitbmineralparticles，tbealtitudinal  

distribu七重onoforganicmatterwasdifferel豆fromtllat  
Ofcryoconite（Fig，7）．Theamountoforganicmatter  
rangedfromO．12to7．9（mean：1．34）intheiceareaand  
fromO．09to O．31（mean：0．18）inthesnow area．The  
amountsoforganicmatterwerelargerinthemiddle  
part of the glacier（S3，S娘andlower at thelower  
Sites（Sl，S2）andinthesnowarea，Thelargestamount  
OforganicmatteroccurredatsiteS3．Thepercentage  
Oforganicmatterindryweigbtislargerinthesnow  
areathanintheicearea（Fig．8）．Theorganicmatter  
CO王ュtent Ofthe cryoco‡滋te ranged from2．4toll，0％  
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Fig．5．Meanamountofcryoconite（dryweightgm¶2）on  
thesurfaceofGulkanaGlacier．Solidandopenmarks  
indicateice and snow area，reSpeCtively．Errorbar  
Standard deviatまon．  

1argestcryoconiteamotlntWaSObservedatthe壬owest  
Site（Sl）．Tbesta‡1darddeviationoftheamotlntra‡唱ed  
from6．7to43．1intheiceareaandfromO．14toO．37in  
thesnowarea．Thelargeststandarddeviationwasat  
SiteS3（43、1），Wberetbelargeststa‡idardde扇ationoぎ  
albedo occurred．  

エユCo〃砂05才如乃q′挽gビワOC∂刀グね  
The altitudinaldistribution of mineralamount  

WaSa王mostsame asthat ofcryoconite（Fig．6）．The  
amountofminera皇particlesrangedfromO，84to97Bg  
m－2（mean：21．6gm－2）intheiceareaandfromO．67to  
l．44gm‾2（mean：1．02gm‾2）intbesnowarea．T‡le  
largest amount of mineralparticl飴OCCurred at the  
lowestsite（Sl）．TlleStandarddeviatiolュOftbemiIleral  
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Fig．7．Meanamou王1tOforganicmatter（dryweig如gm‾2）   
On the surface of Gulkana Glacier．Soiid and（〉pen   
marksindicateiceandsnowarea，reSpeCtively．Error  
barニ＝Standarddeviaもion，  
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Fi宮嶋6．Mean amo11nt Of minera王parとicles（dⅣWeigbt g  
m馴2）on洩esurねceofGulkanaGlacier．So∬dandopen   
marksindicateiceandsnowarea，reSpeCtiveiy．Error  
bar＝Starldarddeviation．  
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ng．8．Per亡entage Of organic maモterin c巧rOCOnite on  
Gu王kanaGiacier．Solidandopenmarksindicateiceand  
SnOW area，reSpeCtively．ErTOr bar＝Standard devia－  
tion．   
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（mean：7，1％）intheiceareaandfromlO．2to22．1％  
（mean：15．5％）in払e＄nOWareaS．T重Ieia曙eStperCent－  
ageoccurredatsiteS5，Whereredsnowwassignifi－  
Cantユyvisibie（19．4％），T壬IeperCentageislowerintbe  
lowertheicearea（SlandS2，4．8仰臥0％）compared  
witb汰euppericearea（S3andS4，9．5－10、3％）．  
Microscopy of tbe cryoconite revealed tbat  

CryOCOniteintheiceareaconsistedofmineralparti－  
Cles，SnOW algae，and血rk colored o‡官anic matter  
げ短．9a）．Tb萬eCOmpOnentSappearedもObealmost洩e  
SameamOl唱thestud）TSitesintheicearea，Thedat’k  
COまoredorganic王natterVaStbe main componentin  
払ecryoco‡1ite．Theorganicmattervasustlallybiack，  
and40M800pm（mean：200pm）indiameter．Itwas  
tbeag許eg汲も拍noflivinganddeadunicellular≦汀een  
algaewithmucussubstances．Themineralparticles  
Were brovn，Wbite，Or tranSparentin color and  
approximately23≠480βm（mearl：92〟m）indiameter．  
Cryoconiteonthesnowareamainlyconsistedofcelis  

OfredsnolValgae（Cゐ毎鱒y（お鍋0抑那花gがαg怨，Fig．9b）．  
T！1eredsnowa短aewereobservedbo血atS5andS6，  
butweremoreabundantatS5攣Mineraiparticieswere  
a】so obser・Ved，but their arrlOuntis rather sIllall  
compared with the algal cells. 

4．Discussion  

∴J．／・二アナ∴＝：∴、j、り・・り．J′・・り＝畑、イ川‥Jノ∫ム‥イ．‥一′ ノふ、  
J（∵∵〝れ二（7  

yi卯relOa sbo耶tbe reiationsbip between汰e  
amount of cr），OCOllite and surface albedoin theice  
area．A statisticalanalysis revealed that the surface  
albedo negatively corTeiated with the cryoconite  
；1nlOuntOnthesurface（Speal－nlan－seorrelationcoeffi－  
cient（rs）ニ 岬0．826，prObabiiity（P）＜ 0．01）．Thi＄  
CO汀ela如nsllggeStSt壬Iat偽evariationoぎtbe＄urface  
albedoint‡leiceareaismair11ydueto偽eamolユntOf  
thecryoconiteonthesurface．Thecryoconite，there・  
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Fig．9．Microscopy of the cryoconite on tbe surface of  
GⅥ1kanaGユacier欄a：S量とeS4碑eicearea），b：惑短S5相通  
STIOWarea）．St：alehar＝O．5111111．Th（・Cr）TOeOnittlitlelude  
SnOWalgae，dark－COloredorganicgranules，andmineral  
pa托icles．王ntbesnoⅥ㌢area，ぬeceii＄Ofredcoユoredsnow 
aまgae〈Cゐぬ轡ゐ弼8邦お緒言びαぬ）weremaincomponenと．  

0．0  0．5  1．0  1．5  2．O  
Amountofcryoconite（gm2）   

Fig．1O．Rplationship bぐtWPen albedo and；1mOunt Of  
CryOCOnitein theice area（a）and snow area（b）of  
Gulkana Glacier．（rs＝＝Spearman’＄COrrelation coeffi－  
eient．Pニl）rObnbil恒・）   
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Snowalgalproductionisprobablythemainsourceof  
Organic matter on the glacier．Therefore，mOre  
Organicmattermaybeproducedattheupperpartof  
tbeiceareatba‡lt壬Ielowerpart．T壬Ielargemineral  
SupplyatsiteSlandthelargealgalproductionatsite  
S4maycausetheloweralbedoofeachsite．  
Thelargestandarddeviationofthealbedoatsite  

S3indicates that the surface albedois particularly  
irregularattbissite．TbeaInOlユ戒Ofcryoco‡litealso  
Showedalargestandarddeviation，SuggeStingthatthe  
albedovariationresultsfromirregulardistributionof  
CryOCOnite at this site．The patchy distribution of  
CryOCOniteis probably due to the effect of suprag－  
1acialstreams．Thereweremanysupraglacialstreams  
Of2O－10OcnlWidein thisarea．ThelLunning water  
CanWaShoutthecryoconlteontheglaciersurfaceand  
COnCentrateitincertainplacesalongthestreams．The  
irregulardistributionofcryoconitemaycausesurface  
roughnessinthisarea．Thesurfaceinthisareawas  
particularlyro喝bcomparedtootberareas．Tbelevel  
Ofthesurfacecoveredwithcryoconitewas30－100  
cmlower than thelevelof the surface covered with  
little cryoconite，Thisis probably caused by faster  
meltingofthesurfacecoveredwithcryoconite，relar  
tivetothesurfacecoveredwithlittlecryoconite．   
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The results of spectral albedo suggest that the 

Surfacealbedointhesnowarea（abovethesnowline）  
isre血cedbytheredsnowalgae．Mainfactorsaだect－  
ingalbedoofthesnowsurfacearesnowgranulesize  
andcontaminant（WarrenandWiscombe，1980）．The  
data of granule sizeis not availablein this study．  
However，thelight absorptionsat500L550nm and  
7OOnminthespeetralalbedo（Fig．i）suggestthatthe  
albedowasstrongiyaffectedbycontaminationfrom  
redsnowalgae（Chkt〝ぴdbmonas niva払）particularly  
at site S5，becausepigments of the algae havelight  
absorptionat390－570nmforcarotenoidand680nm  
forchloropby11（Bidigare ggαg．，1993）．Since compa－  
rabledataofsurfacealbedoofsnowwithoutalgaeare  
notavailable，quantitativeeffectofthealgaeonthe  
albedocouldnotbeobtainedinthisstudy．  
The surface albedo was significantly different 

between the two study sitesin the snow area：the  
albedoat thelowersite（S5．O．66）wasIowerthanthat  
Ofupperpart（S6，0．77）．Sincetherewasnosignificant  
correlation between the albedo and the arnount of 
CryOCOniteinthesnowarea（r匁＝－0．382，P＞0．05，  
Fig．10b）andnosignificantdifferenceintheamount  
Of cryoconite between site S5and S6（statisticalt  
Value＝1．114，P＝0，316＞0．05），thealbedodifference  
between two sites is not due to the amount of 
CryOCOnite（dryweight）asisthecaseintheicearea．  
Algalbiomassatsite S5wasreportedtobesignifi－  
CantlyiargerthanthatofS6（0，232verslユSO．084ce11ml   

fore，Substantiallyaffectthesurfacealbedointheice  
area．ThemeanalbedointheiceareawasO．32，Which  
islowerthanthatofcleanbareice．Ingeneral，Surface  
albedoofeleanbareieehasbeenreportedtobeO．34－  
0．51（Paterson，1994）．On thisglacier，the albedo of  
clean bareice surface，Where the amounts of  
cryoconitewerelessthan5gm▼2，rangedfromO．38to  
O．52（mean：0．45）．Thedifferenceofalbedobetweenthe  
mean and elean bare ice is likeIy due to the mean 
effectofcryoconiteontheicesurface．Therefore，the  
surface albedointheice area was reduced approxi・  
matelyO．13bycryoconite onthisglacier．The main  
component of the cryoconite was a dark colored  
organicmatter．Sincetheorganicmattercontaineda  
largeamountoflivinganddeadsnowalgae，biological  
activity has a partinthe albedo reduction on this  
glacier．  
Although large amounts of debris can act as a 

heat－insulatorandinhibittheablationofsnowandice  
（e．g．Mattsong≠βg．，1993），tbealⅥOuntOfcryocoIliteon  
this glacier is much smaller than tbat the amount 
retardingthe ablation．Accordingto Mattson et alリ  
（1993），debriscovermorethanapproximately30mm  
in thickness decreases ablation of glacier surface  
し1nderthedebris．Thelargestamountofcr）TOeOniteoIl  
theglacierwaslO2gm鵬2atsiteS3，Thisamo11ntis  
less than2mm thickness of debris cover and much  
lessthantheamountsufficienttoretardtheablation．  
Therefore，thecryoconite could acceleratethe abla－  
tionofthisglacier，  

Åitbough払ere was no sign迂icant differencein  
cryoconite amount amongthestudysitesin theice  
area，Characteristics of cryoconite varied with alti・  
tude．Therateoforganicmatterincryoconiteinthe  
lowerpartoftheicearea（SlandS2）iscomparatively  
lowertbanthehigherpart（S3andS4）．Tbisisprob－  
ablydlletOthelargermineralparticlesupplyinthe  
lowerareaand／orlargerorganicmatterproductionin  
the upperice area．One of the sources of mineral  
particlesontheglacieriswindblowndust．Soilparti－  
clesandfineglacialdepositsdownstreamofthegla－  
cierarelikeiyca汀iedbyⅥrindto払eglaciersurねce．  
Since these windblown particles come from down－  
Stream，largeramountsofparticlesmayaccumulate  
inthelowerareaoftheglacier．AIso，mineralparti－  
cles that come from side or mediaimoraine can  
accumu）ate on the surface atlower elevations．sinee  
the distance from tbe side and medial moraine 
becomessmalleratlowersamplingsites（SlandS2，  
Fig．1）．Infact，COarSermineralparticles（l－5mmin  
diameter），Which are toolarge to be picked up by  
Wind、＼＼TerビObservedin the cryoconite samples frt－m  
SitesSlandS2．Thehigherorganicrnattercontentin  
theuppericeareaislikelyduetothelargerproductiv・  
ityofsnowalgae．Thebiomassofsnowalgaeonthis  
glacierincreaseswithaltitudeintheicearea，andthe  
highestbiomassoccurredatsiteS4（Takeuchiき2001d）．  
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2腑1恥Theycarlentanglemineralandorganicparti－  
Clesandformagranularalgalmat（cryoconitegran－  
ule），Whichisamaincomponentofcryoconiteofthe  
glacier．て、bese cryoconite granuies seem to be all  
effectivemeansofavoidingwashoutfromaglacier  
by running meltwater and maintaining alarge  
cryocon主teamolユntOntheHimalayanglacier．Incon－  
trast，unicellulargreen algae can not from an algal  
matlike cryoconite granules．Some species of the  
greenalgaeformedasmallaggregationontheAlaska  
glacier，buttheaggregationseemstobeiesseffective  
とOpreVentWaSbot王t，Therefore，itispossibletbatthe  
smallamountofcryconiteontheAlaskaglacierisdue  
tothesmailbiomassoffiiamentouscyanobacteria．   

▲J．J．ヱ＿・1路〃わ“J（7（、J叩て、り〃正一わJ／ん∵封肌用「〟れⅥ  
Sincequantitativeeffectofthebiogenicmaterial  

onthesurfaceaibedoirithesnowareaisuncertainon  
boththeAlaskaandHimalayanglaciers，differenceof  
theeffectofbiologicalactiv圭tybetweentbeglaciersis  
unknown．However，Characteristics of the albedo  
reducing material in the snow area are different 
between tbe two glaciers．Tbered snow algalcells  
were the main component of the cryoconite on the  
Alaskaglacier，Whereastheredalgaearenotsignifi－  
cant on tbe Hima壬ayan glacier．Yosbiml汀a g～ βg．  
（1997）describedtheconditionofthesnowsurfaceon  
theHまmalayanglacierwherethesnowsampleswere  
COllectedtomeasurealgalbiomass．Accordingtothe  
description，redsnowwasevidentatonlyoneoutofll  
Sa汀1pledpointsinthesnoⅥrarea．T主IeOtberlOpoints  
were covered with blackish dirty cryoconite．The  
dirty cryoconite consisted of maiI11y dark－COlored  
organicmatter，andalsoalgae，bacteria，andmineral  
particles（Takeuchi，1999）．Theaigalbiomassinthe  
SnOWarea Onthe Himaiayanglacierissignificantly  
smaま1er tbantbat onGtllkana Glacier（0．0018－0．078  
versus O．060－OAlmlm¶2，reSpeCtively，Takeuchi，  
2001d）．Tbus，the snow surねce albedo on tIle  
Himalayan glacierislikely reduced by the dark  
Organicmatterratherthanthealgalcells．  
Åccordingtot壬IerepOrtOfsnowalgae（Takeuc払  

2001d），aloweredfrequencyofsnowcoverinsummer  
CatlSeSt王IelagerbiomassofsnoⅥraigaeinthesnow  
area on tbeÅ1aska glacier．‡n contrast，SnOW Often  
COVerSthesurfaceoftheHimalayangiacierinsum－  
mermonsoonseason，andredlユCeSthelightintensityof  
algaihabitat，andthenirihibitsgrowthofsnowalgae  
（Yoshimuraetalリ2000）．ThealgaeontheHimalayan  
glaciergrowmain王yinspringtoeariystlmmer，Wben  
precipitationis small（pre－mOnSOOn SeaSOn）．After  
SnOWCOVerStheglaciersurface，thedecompositionof  
Organicmatterbybacteriamaybecamemoresignifi－  
Cantthanalgalgrowth，andthedeadalgalcellsand  
t壬1eOtberorganまcmattermaychangetodarkcoまored  
Organic matter（humic substances）．On the Alaska  
giacier，the algalgrowth may continue unt最1ate   

m－2，Takeuchiヲ2001d）．Tberefore，a払edodif短rer王Ceis  
likely dtle tO tbelarger amolユnt Of the red colored  
algaeatsiteS5．  
Accordingtotbereportont‡leSnOWalgaeoftbis  

glacier（Takeuchi，2001d），thealgalbiomassdifference  
betweenthesetwositesisprobablyduetotheavaila－  
bilityofliquidmelトWater，Whichisoneoftheessen－  
tialfactorsforalgalgrowth．Duringthestudyperiod，  
tberedsIlOⅥ7WaSVisiblysignificanti‡ltbeareajust  
abovethesnowline（thelowestelevationinthesnow  
area）．Thisisprobablytheresultofmuchmelt－Water  
availat〉ilityatthisareaduetoabigherairtempera－  
ture．Therefore，thealgalbioomappearstoconsider－  
ablyaffectthesurfacealbedointhesnowarea，partic－  
ularlyattbeareanear払es‡10Wlineontbisglacier．   
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Althocyrh the results show significant surface 

aまbedoredtまCtionbybiogeniccryocon辻eontbisAlas－  
ka glacier，the effect of cryoconite appears to be  
SmallerⅥ7bencomparedtoaHimalayanglacier，eSpe－  
Cialiyint王Ieicearea，OnaHiInalayanglacierくYala  
glacier），the surface albedo of theice areais O．13  
（Takeuchiet al．，2001b），Whichislowerthanthatof  
tileG11汰arlaGlacier縛．32）．TbeamolユntOfcryoconite  
intheiceareaoftheHimalayanglacieris300gm‾2  
（mean，Takeuchietal．，2000），Whichisapproximately  
13｝01dlargerthanthatoftheGulkanaGlacier（23g  
mq2）．Thisindicatesthatthehighersurfacealbedoof  
the G111kana Glacier compared witb tbe Himalaya王1  
glacierisduetothelargeramount ofcryoconite on  
tbesurface．Hovever，theもOtalbiomassofsnowalgae  
intheicearea ofGuikana Glacieriscomparableto  
thatoftheHimalayang王acier．ThetotalbiomassisO，  
17－0．88cellmlm－2（mean：0，52）onGtlikanaGiacier  
（Takeucbi，2001d）arldO．22岬0．69（mean：0．42）ceilml  
m州2intheHimalayanglacier（Yoshimuraetal．，1997）．  
Aitbo喝b snow algaⅥraS repOrted to be a pri汀Ial  
SOurCe Of organic matter on the glacier surface  
（Takeuchiet al．，2001b；Kohshima，1987），this fact  
Shows t壬Iat the totalalgalbiomassis n（）t tbe onまy  
factoraffectingcryoconiteformation．  
Åitbougb tbe tota王 aigalbiomass was almost  

SamelevelintheAlaskaandHimalayanglaciers，the  
COmmunity structure of snow algae was different  
（Takeuchi，2001d）．The aigalcommunity of t‡1eice  
areaontheAiaskagiacierconsistsofmostlyunice111i－  
1argreenalgae，WhilethatontheHimalayanglacier  
COnSists of unicellular green algae and filamentous  
CyanObacteria（Oscillatoriaceae cyanobacteria）．The  
proportionofthecyanobacteriatototalalgalbiomass  
isless significant on tbeÅ1aska glacier払an the  
Himalayanglacier（0¶1％versus12－24％，reSpeCr  
tively）．Thefilamentouscyanobacもeriawerereported  
to play animportant rolein t壬Ie formation of  
CryOCOniteontheHimalayanglacier（Takeuchietal．，  
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Summer，because oflessfrequency ofsnowcoverin  
Summer．Thus，the different characteristics of the  
albed（一イeducing materialillthe snowこIreilbet＼、でell  
thビAlこISka之I11d Hilllalayan glaciers】11；ly be due to  
difねrence ofmeteorologicaiconditionin stlmmer Of  
theglaciers．   
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