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Abstract  

In order to evaluate the effect of cryoconite on surface albedo on glaciers，Surface albedo，  
Characteristics of cryoconite，and snow algalcommunities wereinvestigated on two maritime  
glaciers；WorthingtonandMatanuskaGlaciersinsouthAlaska，U．S．A．Thesurfacealbedointheice  
arearangedfromO．37toO．74andthemeanwasO．53．Theamountofcryoconiteontheglaciersurface  
rangedfromO．2to14gm2andthemeanwas3．8gm．2．Organicmattercontentinthecryoconite  
ranged froml．O to9．8％and the mean was4．7％．Snow algalcommunities on the glaciers were  
dominatedbythreegreenalgae，WhichwereMesoiaenium br喝gYmii，Anqlonemanordenskioldiiand  
Chhl〝叩domonasnivalis．ThecellvolumebiomassofthesnowalgaerangedfromO．015toO．056mLm▲2  
andthemeanwasO．039m‾2．Ascomparedwithaninlandglacier ofAlaska，Gulkana Glacier，the  
effectofcryoconiteonglacialsurfacealbedoseemedtobesmallerinthetwomaritimeglaciersinthis  
Study．Thesurfacealbedoishigherandamountofcryoconiteissmallerinthemaritimeglaciersthan  
theinlandglacier．Theorganicmattercontentandalgalbiomassaresmallerinthemaritimeglaciers  
thantheinlandglacier．Thesmalleramountofcryoconiteandalgalbiomassonthemaritimeglaciers  
maybecausedbywashingofcryoconiteandalgaeoutoftheglaciersbylargeamountsofrunning  
meltwateronthebareicesurface．Themeltwatercanbeproducedmoreonthemaritimeglaciers，  
Sincetheablationrateishigherthanontheinlandglaciersurface．  

1．lntroduction  

Cryoconiteisbiogenicsurfacedustontheglacial  
Surfaceandiscommononmanyglaciersintheworld  
（e．g．Gajda，1958；Wharton et al．，1985）．Cryoconite  
usually consists of mineral particles and organic 
matter．Theorganicpartofcryoconiteisderivedfrom  
biologicalactivityontheglacier andconsists ofthe  
Organisms themselves，their dead bodies，and  
decomposed organic matter（humic substances）．The  
Organismsinclude snow algae，insects，ice worms，  
protozoa，andbacteria（e．g．HohamandDuval，2001）．  
They are special species adapted to the extremely 
cold environment and spend their whole lives on 
glaciers．Cryoconiteis formed as a result of their  
biologicalactivityontheglaciers．  
Surfacealbedoofsnowandicecanbereducedby  

impuritiessuch as cryoconite（e．g．Warren and Wis－  
COmbe，1980）．Cryoconite can thereby contribute to  
acceleration of melting of the glacier surface．Espe－  
Cially，Organicmatterincryoconiteisopticallyeffec－  
tiveonthealbedoreduction，Sincetheorganicmatter  
is usually dark－COlored andlarge volume particles  

（Takeuchi，2002b；Takeuchiet al．，2001b）．Thereduc－  
tion of surface albedo increases the solar radiation 
absorbed by the glacier surface and result in more 
meltingoftheglacier．Sincetheorganicmatterinthe  
CryOCOniteis produced by the organismsliving on  
glaciers，thebiologicalactivity ontheglacierwould  
affect thesurface albedo and ablation oftheglacier  
and then may affect shrinkage of glaciers．Recent  
investigationsrevealedsubstantialthinningandtermi－  
nusretreatofglaciersinmanypartsoftheworld（e．  
g．Arendt et alリ2002）．Thecryoconitemaytakepart  
Oftheshrinkage ofglaciers．Thus，itisimportantto  
Study the formation processes of cryoconite on the  
glacier．  

Recent studieshave revealed thatcharacteristics  
Ofcryoconitedifferamongglaciers．Forexample，aS  
CryOCOniteonHimalayanglaciersisdark・COloredand  
denselycoverstheglaciersurfaceintheablationarea  
（Kohshima et al．，1993；Takeuchiet alリ2001b），the  
CryOCOnitesignificantlyreduces8－15％ofthesurface  
albedo on the Himalayanglaciers．The melting rate  
WaS repOrted to be3timeslarger than that of the  
Surfacewithoutthecryoconite（Kohshimaetalリ1993）．   
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Fig．1 Maps of Worthington and Matanuska Glaciersin  
theChugachMountains，Alaska，Showingsamplingsites  
（WOl，WO2，andMAl）ontheglaciersurface．  

MountainsinsouthAlaska（Figs．1and2）onSeptem－  
ber7L9，2000．WorthingtonGlacierisasmalltemper－  
ateglacier andflowswest to east from a mountain  
peak（2550ma．s．1．）towardeastdowntotheterminus  
atanelevationofapproximately820ma．s．1．Thesize  
Oftheglacierisapproximately8kmlongwithlkm  

In contrast，On SOme glaciersin Patagonia and the  
Arctic，the amount of cryoconiteis sma11and the  
glaciersurfaceisratherclean（Takeuchietal．，2001a；  
2001c）．Theeffectofcryoconite onsurface albedois  
Smallintheseglaciersprobablyduetolowbiological  
activity．Furthermore，thecryoconiteonTibetangla－  
CiershaspalebrownCOlorationduetolessamountsof  
darkTCOlored humic substances（Takeuchiet al．，  
2002b）．Thistypeofcryoconiteislesseffectiveonthe  
Surface albedo due toits high reflectivity oflight．  
Thus，theeffect ofcryoconite onthe surface albedo  
differsamongglaciers．Thevariationofcryoconiteis  
importanttostudytheglacialmassbalanceandheat  
budget．However，information about cryoconite on  
glaciersisstilllimitedandfactorsaffectingbiological  
activity and the formationprocess ofcryoconite are  
Stillunclear．  

This paper aims to describe and understand the  
relation of the surface albedo，Characteristics of  
CryOCOnite，andsnow algalcommunity ontwo mari－  
timeglaciersinsouthAlaska．Inthisstudy，thespec－  
tralalbedoandamountofcryoconiteweremeasured  
Ontheicesurfaceoftheglaciers．Thecharacteristics  
of the cryoconite and snow algal community on the 
glacier surface were analyzedin alaboratory．The  
resultsarecomparedwiththoseofaninlandglacierof  
Alaska，Whichisindifferentgeographicalandclimate  
COndition．  

2．Studysitesand methods  

TheinvestigationwascarriedoutontheWorthin－  
gtonandMatanuskaGlacierslocatedintheChugach  

Fig．2 View of Worthington（a，September，2000）and  
Matanuska Glaciers（b，August2001）．The picture of  
Matanuskawastakenayearafterthisfieldwork．The  
Samplingsitesareshownineachpicture．   
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SekkeiCo．Japan）within3hoursoflocalsolarnoon．  
The weather condition was cloudy on Worthington  
Glacier and clear on Matanuska Glacier．The mea・  
Suredwavelengthswere12pointsinvisibleandnear  
inferred region（400，450，500，550，550，600，650，700，  
750，850，950，andlO50nm）．Themeasurementswere  
made at30cm abovethesurface．Themeasuredarea  
WaSapprOXimately80cm2．Thealbedowascalculated  
from the totalof reflectedirradiance of the surface  
and that of a standard white reference plate．The  
mean albedo was obtained from values of5different  
Surfaces，Which were randomly selectedin an area  
approximatelylOOxlOOm2ateachsite．   

Inordertomeasuretheamountofcryoconiteon  
the glacier surface and organic matter content of  
CryOCOnite，iceinsurfacelayerwascollectedwitha  
Stainless－Steelscoop（approximately15×15cminarea  
andl－3cmindepth）at the area wherethe spectral  
albedo was measured．The five samples were coIT  
lected at each studied site．The collected area onthe  
surface was measured to calculate the amount of  
CryOCOnite per unit area．Cryoconite also existed at  
thebottomofcryoconiteholes，Whicharewater－fi11ed  
Cylindricaldepressionsontheglaciersurfaceofboth  
glaciers．Thesizerangedfrom7to13indepth，from  
3to8indiameter．Thecryoconiteincryoconiteholes  
also was collectedwith a pipetin five holes at each  
Studiedsite．The collected samples weremelted and  
preservedasa3％formalinsolutionin125mLclean  
polyethylene bottles to fix biologicalactivity．All  
SamplesweretransportedbycartotheInternational  
Arctic Research Center，University of Alaska Fair－  
banks，for analysis．In thelaboratory，the samples  
Weredried（650C，24hours）inpre－Weighedcrucibles．  
Theamountofcryoconiteperunitareaoftheglacier  
WaS Obtainedfrom the dryweight and the sampling  
area．Then，the driedsampleswere combustedforl  
hour atlOOO OCin an electric furnace，and weighed  
again．The amount of organic matter was obtained  
from the difference the weight ofbetweenthe dried  
andcombustedsamples．Aftercombustion，Onlymin，  
eralparticles remained．The composition of the  
CryOCOnitewasexaminedwithanopticalmicroscope  
（NikonSMZ800andE600）．   

Inordertomeasurealgalbiomassontheglacier  
Surface，anOthersetofsurfaceicewascollectedwith  
astainless－Steelscoop（ト2cmindepth）．Thecollected  
area on the surface was measured to calculate the  
amount of the algalvolume biomass per unit area．  
Thefivesampleswerecollectedatrandomlyselected  
Surface at each studied site．The collected samples  
Weremeltedandpreservedasa3％formalinsolution  
inclean125mLpolyethylenebottles．Theseformalin  
Samples were used for cellconcentration counting．  
Foridentificationofalgalspecies，Othersampleswere  
COllected and kept frozenin a cooler．Allsamples  
were transported by car to the International Arctic 

Wide．Thesnowlineatthestudiedtimewasapproxi－  
matelyl150m a．s．1．Matanuska Glacieris along  
valley glacier and flows from some mountain peaks 
（around3200－3700ma．s．1．）towardsnorth．Thetermi－  
nusis at an elevation of approximately500m a．s．1．  
The size of the glacieris approximately130kmin  
lengthwith3kmwide．Thesnowlineatthistimewas  
approximately1650m a．s．1．Both the glaciers are  
easilyaccessiblefromhighway．Mostofthesurfaceof  
both glaciersis bareice or snow（Fig．3）without  
debris cover（rock and stone）．Surface albedo mea・  
surement and ice sampling were carried out at two 
SitesonWorthingtonGlacier（WOlandWO2）andone  
Site on Matanuska Glacier（MAl），locating between  
550mandlllOma．s．1．（Fig．1）．Thesurfacecondition  
Of the sampling sites was bareice onboth glaciers．  
Thesesiteswererepresentativebareicesurfacesand  
Safely accessible．Red snow was visually significant  
duringthestudyperiodinthesnowareaabovesnow  
lineonWorthingtonGlacier．  
Thesurfacealbedo oneachstudysitewasmea－  

Sured with a portable photometer（mode12703，Abe  

Fig．3 Thebareicesurfaceofeachglacier（a，SiteWO20n  
Worthington Glacier；b，Site MAlon Matanuska Gla－  
Cier）．Cryoconite（dark－COlored dust）can be seen to  
COVerthesurfacepartly．  
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ResearchCenter，UniversityofAlaskaFairbanks，for  
analysis．Thefrozensampleswerekeptat－50Cina  
freezer．  

Thealgalbiomassofeachsitewasrepresentedby  
the cell number per unit water volume and algal 
VOlumeperunitarea．Cellcountsandestimations of  
Cellvolume were conducted with an opticalmicro－  
SCOpe（Nikon E600）．The samples were stained with  
O．5％erythrosine（0．1mL was addedto3mL ofthe  
Sample）and ultrasonicated for 5 min toloosen  
Sedimentedparticles．50－1000JLLofthesamplewater  
WaSfilteredthroughahydrophilizedPTFEmembrane  
filter（poresizeO．5JLm，MilliporeFHLCO1300），Which  
became transparent with water，and the number of  
algaeonthefilterwascounted（1－31inesonthefilter）．  
Thecountingwasconducted3－6times oneachsam－  
ple．Fromthemeanresultsandfilteredsamplewater，  
thecellconcentration（cellsmL‾1）ofthesamplewas  
Obtained．Meancellvolumewasestimatedbymeasur－  
ingthesizeof50－100cellsforeachspecies．Thetotal  
algal biomass was estimated by summing values 
obtained by multiplying algal concentrations by the 
meancellvolume．Thiscalculationwasdoneforeach  
SpeCiesateachsite．Toobtainspatialbiomassateach  
Site，the totalbiomasswas represent as cellvolume  
perunitareaofglaciersurface（JLLm‾2）．Community  
StruCtureWaSrepreSentedbythemeanproportionof  
each species to the totalalgalvolume at each sam－  
plingpoint．   

3．Res山ts  

3．JA／∂g（わ〆娩ggんzcわγ5〝，カce  
The surface albedo measured on both glaciers  

WaSShowninTablel．ThealbedorangedfromO．37to  
O．58andthemeanwasO．46forWorthingtonGlacier，  
and from O．55 to O．74 and the mean was O．66 for  
Matanuska Glacier．Thereis statistically no signifi－  
Cant difference between two sites on Worthington  
Glacier（t－teSt：Statistic tvalue（t）＝0．719，prObability  
（P）＝0．49＞0．05）．However，aStatisticalanalysisshows  
that albedos for two sites on Worthington Glacier  
Were Significantly smaller than that of the site on  

MatanuskaGlacier（t－teSt：WOIvs．MAl，t＝4．56，t＝  
0．006＜0．05；WO2vs．MAl，t＝4．15，P＝0．003＜0．05）．  
Figure4showsthespectralalbedooftheglacier  

Surfaceofstudysites．Thespectralalbedodecreased  
asthewavelengthincreased．Especially，atthesiteof  
Matanuska Glacier in which the highest albedo was 
Observed，thealbedowasparticularlyhighinshorter  
WaVelength（400－650nm）．  
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Fig．4 Spectralalbedo of theice surface of the three  
Sampling sites on Worthington and Matanuska Gla．  
ciers．The curves are the mean surface albedo of 5  
surfaces at each site．  

エフ（Ⅵ〟…（、／りブゞ／ん、∫（l／（、Jγ）（てけ血一口〃仙、gん7（、∫tりS  
Thedryweightamountofcryoconiteonthebare  

icesurfacerangedfromO．2to9．5gmL2（mean：4．Og  
m‾2）forWorthingtonGlacier andfrom O．2to13．9g  
m‾2（mean：3．3gm‾2）for MatanuskaGlacier（Table  
l）．There was statistically no significant difference  
between the studied sites（t－teSt：WOIvs．WO2，t＝  
1．96，P＝0．085＞0．05；WOIvs．MAl，t＝0．429，P＝  
0．679＞0．05；WO2vs．MAl，t＝0．809，P＝0．442＞0．05）．  
The mineralparticles containedin the cryoconite  
ranged from O．16to9．1g m‾2（mean：3．7gmL2）for  
Worthington Glacier and from O．15to13．2g m‾2  
（mean：3．2gm‾2）forMatanuskaGlacier（Tablel）．  

Organicmattercontentofthecryoconite onthe  
bareicesurfacerangedfrom4Ato9．8％（mean：6，2％）  

Tablel．Surface albedo and characteristics of cryoconite on Worthington and  
Matanuska Glaciers．SD＝Standard deviation．   

WOI  WO2  MAl  
mean（SD） mean（SD） mean（SD）  

Surface albedo O．48（0．04） 0．46（0．07） 0．66（0．08）  
Amountofcryoconite  （gm‾2）  2．10（2．61） 5．80（3．31） 3．35（5．92）  
Mineral  （gmL2） 1．97（2．47） 5．51（3．16） 3．19（5．66）  
Organicmatter  （gm－2）  0．14（0．14） 0．29（0．15） 0．15（0．26）  
Organic matter content  
（bareicesurface）  （％）  6．6（2．2）  5．8（2．1）  2．8（1．8）  

COntent 
（％）  3・8（0・3） 5・1（0・7） 4・1（1・0）   

it  
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forWorthingtonGlacierandl．Oto4．5％（mean：2．8％）  
for Matanuska Glacier（Tablel）．The content was  
larger onWorthingtonGlacier than Matanuska Gla－  
cier．  
Organic matter content of the cryoconite col－  

1ected from the bottom of cryoconite holes ranged  
from3．3to5．9（mean：4．4％）onWorthingtonGlacier，  
from2．8to5．2％（mean：4．1％）onMatanuskaGlacier  
（Tablel）．The organic matter contentin the  
CryOCOniteholeswasslightlysmallerthanthatofthe  
bareice surface on Worthington Glacier，While the  
Organicmattercontentincryoconiteholeswaslarger  
than on the bareice surface on Matanuska Glacier．  
However，the differences of organic matter content  
betweenthecryoconiteholeandbareicesurfacewere  
notstatisticallysignificantatanystudiedsite．   

ユJゴJ日付（J如／（、り〃川川，巾・りJJ〟汀gんJlイl）JS  
Three species of Chlorophyta（green algae）and  

twoofcyanobacteriawereobservedinthecryoconite  
Onbothoftheglaciers．ThespecieswereMesohlenium  
＝J．ノ われ紺ナで〃′J．．4〃りイ（りけJ〃（J「▲4．ノ 〃りJマムりJ∫かりんJメナ  
ChklnWdbmonas（C．）nivaliiasgreenalgae，andtwo  
Oscillatoriaceae cyanobacteria．The three species of  
greenalgaehavebeenreportedascommonalgaeon  
glaciersinNorthernHemisphereaswellasinAlaska  
（e．g．Yoshimura et alリ1997；Kol，1942）．  
Thetotalcellvolumebiomassofthesnowalgae  

WaSgenerallysmallonbothglaciers（Fig．5）．Itranged  
fromO．0004toO．24mLmL2（mean：0．051mLm¶2）for  
WorthingtonGlacier，fromO．OtoO．048mLm‾2（mean：  
0．015mL m．2）for Matanuska Glacier．There was  
Statistically no significant difference between the  
Studied sites（t－teSt：WOlvs．WO2，t＝0．194，P＝  
0．801＞0．05；WOIvs．MAl，t＝0．854，P＝0．441＞0．05；  
WO2vs．MAl，t＝1A5，P＝0．186＞0．05）．  

Thecommunitystructureshowedthatalgalcom・  
munities on the glaciers were dominated by three  
greenalgae（Fig．6）．Thespecieswere M．brewrenii，  
A．noYdenskioldii，and C．niualis．Two Oscillator－  
iaceae cyanobacteria were minor species on both  
glaciers（1ess than2％）．The most dominant species  
WaSdifferentbetweenthetwoglaciers．M．  
WaS dominant at both two sites on Worthington  
Glacier，While A．no7denskioldiiwas dominant on  
Matanuska Glacier．Percentage of M．b昭greniiin  
thetotalcellvolumebiomasswas70－81％onWorthin－  
gtonGlacierand26％onMatanuskaGlacier．Percent－  
ageofA．noYdenskioldiiwasllL14％onWorthington  
Glacierand66％onMatanuskaGlacier．C．nivaliiwas  
thethirddominanceonbothglaciers（717％）．  
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Fig．6 Communitystructureofsnowalgaeofeachstudied  
SiteonWorthington and Matanuska Glaciers（propor－  
tion ofcellvolumebiomass），Showingwiththat ofan   
inlandglacier（Gulkana Glacier）in Alaska（Takeuchi，  
2002a）．  

4．Discussion  

Thesurfacealbedoonthestudiedtwoglaciersis  
almost equivalent to the albedo of clean bare ice 
SurfaceofO．34－0．51byPaterson（1994）．Thespectral  
albedo of the studied sites alsoindicates cleanice  
Surface；namely，thedecreaseofspectralalbedowith  
WaVelengthobservedonthetwoglacierisacharacter－  
isticfeatureoftheclearglacialice（Zengetal．，1984）．  
Thus，itissuggestedfromthisstudythattheeffectof  
CryOCOnite onthe surface albedoissmallonthe two  
glaciersduetosmallamountofthecryoconiteonthe  
Surface．  
As comparedwith aninlandglacier of Alaska，  

Gulkana glacier，the surface albedois significantly  
higherin those studied maritime glaciers（Fig．7）．  
Accordingtothereportontheinlandglacier（Takeu－  
Chi，2002a），themeansurfacealbedoisO．32intheice  
area，Whichis significantlylower than that of the  
maritime glaciersin this study（0．53：mean Of the3  
Sampling sites）．A statisticalanalysis（one－Way  
ANOVA）showssignificantdifferenceofthe surface   
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Fig．5 Totalcellvolumebiomassofthethreestudiedsites  
OnWorthingtonandMatanuskaGlaciers，Showingwith  
that of aninland glacier（Gulkana Glacier）in Alaska   
（Takeuchi，2001d）．Errorbar＝Standarddeviation．  
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Thesmallerorganicmattercontentofcryoconiteon  
themaritimeglaciersmaybeduetothesmalleralgal  
productionontheglaciers．  

Asthecryoconiteisformedbybiologicalactivity  
assuggestedbypreviousstudies（e．g．Takeuchietal、，  
2001b），the relation of albedo，CryOCOnite，and algal  
biomassin Fig．7seems toindicate that the smaller  
algal production causes the smaller amount of 
CryOCOnite，andthenthesurfacealbedobecamehigher  
Onthemaritimeglaciers．Thesnowalgalactivityon  
theglacialsurfaceusuallydependsonnutrient，SOlar  
radiationintensity，and melt water disturbance（Yo－  
Shimura et al．，1997，Takeuchi，2001d）．Thenutrients  
data are not availableinthis study．Althoughthe  
radiation data are also not available，the radiation  
COnditionofthemaritimeglaciercanbeconsideredto  
CauSethesma11eralgalactivity．Generally，theclimate  
COnditionofthemaritimemountainregiontendstobe  
Cloudy as compared to the in1and region because  
clouds canfrequently formin this reglOn due to a  
large amount of water vapor came from the ocean  
（theGulf of Alaska）．For example，the mean annual  
precipitationinValdez City，Whichislocated25km  
WeStfromWorthingtonGlacier，is1584mmofwater  
equivalent（StretenandWendler，1968）．Thisislarger  
thanthatonGulkanaGlacier（1013mm，1968－98mean，  
U．S．GeologicalSurvey），SuggeStingcloudycondition  
On maritime glaciers．The cloudy condition would  
reduce the solar radiation on theglacier surface，  
COnSequently photosynthesis of snow algae would  
becomeless active．Thus，the radiation might cause  
thesmalleralgalbiomassonthemaritimeglaciers．  

Thephysicalconditionoftheglaciers，eSpeCia11y  
ablationoftheglacialsurface，ismorelikelytocause  
thedifferencesofbiologicalactivityandalsoamount  
Of cryoconite between the maritime andinland gla－  
Ciers．Themaritimeglacierischaracterizedbyalarge  
amount of annual precipitation due to water vapor 
COmlng from the ocean．Thelarge amount of snow  
accumulation enables the maritime glaciers to flow  
downlower elevation．For example，terminus eleva・  
tionsofWorthingtonandMatanuskaGlaciers（mari－  
time）are820and500ma．s．1．，reSpeCtively，Whilethat  
OfGulkanaGlacier（inland）is1220ma．s．1．．Hence，the  
altitude of the studied surface differed between the  
glaciers．The elevation of the studied sites on the  
inlandglacieris12701585m a．s．1．，Whichis much  
higherthanthestudiedsitesonthemaritimeglaciers  
（5001110ma．s．1．）．Sinceairtemperatureishigherin  
lowerelevation，theablationofglaciersurfacewould  
be greaterin the maritime glaciers．According to  
Summer ablation measurement on the maritime and  
inlandglaciers，theiceablationonWorthingtonGla－  
Cier，70mmdayrlistwofoldlargerthan29mmdayql  
On Gulkana Glacier（Mayo and Pさw6，1963；Streten  
andWendler，1968）．Astheresultoflargeablationon  
themaritimeglaciers，alargeamountofmeltwateris   
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Fig．7 Comparison of surface albedo（a），CryOCOnite  
amount（b），andalgalbiomass（c）betweenthemaritime  
glaciers（inthisstudy）andaninlandglacierinAlaska  
（Takeuchi，2001d；2002a）．Error bar＝Standard devia－  
tion．   

albedoamongtheglaciers（varianceratio（F）＝31．37，  
probability（P）＝0．000＜0．05）．Furthermore，the  
amountofcryoconiteissmallerinthemaritimegla－  
Ciers（Fig．7）thantheinlandglacier．Theamountof  
CryOCOnitein theice areais23g mJ20n theinland  
glacier，Whichis approximately6timeslarger than  
that on the maritime glaciers（3．8g mJ2）．Thus，the  
surface albedo and amount of cryoconite on the ice 
Surface differed betweenin1and and maritimegla－  
Ciers．The smaller amount of cryoconiteislikely to  
CauSehigheralbedoonthemaritimeglaciers．  

The biologicalactivityis alsolikely to differ  
between the maritime and in1and glaciers．The  
Organicmattercontentinthecryoconiteissmallerin  
themaritimeglaciersthanthatoftheinlandglacier．  
The organic matter content on theinland glacieris  
7．1％（Takeuchi，2002a），Whichislargerthanthat on  
thebothofmaritimeglaciers（6．1％forWorthington，  
2．8％forMatanuskaGlaciers）．Thetotalcellvolume  
biomass of thein1and glaciersis also smallerin the  
maritimeglaciers（Figs．4and6）．Thebiomassonthe  
inlandglacieris O．52mL m‾2as a mean（Takeuchi，  
2001d），Whichis13foldlargerthanthatofthemari－  
timeglaciers（0．039mLm‾2）．Onthe otherhand，the  
COmmunitystructureissimilarbetweentheinlandand  
maritime glaciers．The algalcommunities of both  
maritimeandinlandglaciersweredominatedbysame  
threespeciesofgreenalgae（Fig．6）．Thissuggeststhat  
thecommunityconsistingofthethreegreenalgaeis  
COmmOn StruCture On both maritime andinland gla・  
ciersin Alaska．The smaller algalbiomass on the  
maritimeglacierssuggeststhatthesnowalgaeonthe  
glaciersarelessactivecomparedtotheinlandglacier．  
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1ikelytoflowonthebare－icesurfaceoftheglaciers．  
Sincetherunnlngmeltwatercanwashthematerialon  
theicesurfaceoutoftheglaciers，thesmallamountof  
algalbiomass andcryoconite wouldpossiblyremain  
On theice surface of the maritime glacier．Thus，  
1arger ablation on the maritime glaciers may be  
responsible for the smaller amount of algae and  
CryOCOnite，COnSequently the surface albedo on the  
maritimeglacierscanbeashighasthecleanglacial  
surface．  

Sincethedatadiscussedinthispapercoveronly  
threeglaciersinAlaska，thecomparisonbetweenthe  
maritimeandinlandglaciersmightbelessconvinced．  
Forfurtherdetaileddiscussion，itisnecessarytouse  
moreextensivedataoftheglaciersinAlaska．Remote  
sensing technique would be useful to study surface 
albedoandcryoconitecontaminantinextensivearea．  
Thegeographicaldistributionofthecryoconitewould  
help to understand formation process of the  
CryOCOniteanditsrelationtobiologicalactivity．   
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