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Abstract  

Cryoconiteholes．wこ1tビ「－filledeylindriぐalme］t－ho】es onice．are colllmOn features ofglaciers．  
Morphology，distribution，Stability，andorganismsoferyoconiteholesonaHimalayanglacier（Yala  
Glacier，LangtangregionofNepal）wereinvestigated．Onthisglacier，CryOCOniteholesweredistribut－  
edinthebare叫iceareafrom5110mto5240ma．s．1．inaltitude．Theirsizeranged3－0－12．Ocmindepth  
（mean5．3cm），1．Or36．Ocmindiameter（mean7．Ocm）．Atflatbottomoftheholes，darkcoloredmud  
－1ikematerial（cryoconite）vasdeposited．T主1ematerialcontainedInuCbfilamentousbltle一許eenalgae  
andorganicmatter・Besidestbebluergreenalgae，greenalgae，COpepOds，andinsectlarvaeWerefotlnd  
intheholes．   
Twenty山fivedaysobservationof17hole＄reVealedthatcryoconiteholesonthisglacierwereshort  

－1ivedandunstable；13holeswerebrokenduringtheobservationperiod．Hole－depthincreasedas  
albedooftheicesurfacesurroundingtheholesincreasedbysnowfall．Altitudinalincreaseofhole  
，・■・・depthalldrt）latiし一nShipbetweenhole－depthandheatbalanct）attheglaciersurfこlぐe，both of＼Vhich  
havebeenreportedonglaciersofotherregion，WerenOtObservedinthisglacier．Negativecorrelation  
betweenhole－diameterandsurfaceinclinationsuggeststhatlifespanoftheholesonsteepslopesis  
Shorterthanthoseongentleslopes．Results凱喝geStthatcryoconiteholesofthisglacierwereshallow  
andunstablebecausealbedooftheglaciersurfacewasreducedbymuchdarkwcoloredmaterialand  
itcoulddrasticallychangebysnowfallsand／orrelocationofthemateriai．  

1．lntroduction  

Cryoconite holes，Water fi11ed cylindricalmelt  
≠holes onice，bave been reported from glaciersin  
manypartsoftheworld：Arctie．Antaretic，Greel11and．  
Canada，Tibet，andHimalayas，（WillemandEIs，1994；  
Whartonet al．，1981；Wharton et al．，1985；Gribbon，  
1979；Kohshima，1989；Kohshima，1987b）．Atbottomof  
the cryoconite holes，dark colored materialcalled  
CⅣOCOniteis deposited．Ås tbe cryoconite absorbs  
SOlar radiation and promotes meiting of theice  
beneathit，thecylindricalholesareformed（Fig．1）．  

Cryoconite holes have been suggested to play  

important roles in the glacier ecosystems because 
many kinds ofliving organismshavebeen reported  
fromthisstructureontheglaciers，forexample，algae，  
r（一tifer．tardigrada．inseetsandiL：eWOrnl．Wharton（t  
α£（1985）suggestedthatcryoconite王101esareiIldividl  
ualeco＄yStemSWithdistinctboundaries，energyflow，  
andnutrientcycling．CryoconiteholesofHimalayan  
glacierswerealsoreportedtoprovidesemトstagnant  
aquatichabitatstovariousorganismsontheglacier  
SuCbasalgae，insectsandcopepodsくKobsbiTna，1987b；  
Yoshimura，1997），Thus，itisimportanttoknowthe  
basiccharacteristicsofHimalayancryoconiteholes，  
SuCh as morphology，distribution，and stability，tO   
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Fig．2 Locatぬn匝）and a schematic map（b）of Yala  
Glaciersbowi‡将Observationpointsofcryoconiteboies．  

mi（短especiesarldlcopepodspecieshavebeenreportサ  
ed（Kobsbima，1984a；1984b；1987a；and1987b；Yo－  
slliTllllrこIlイどJJ‥1耶眉．  

2．20おg膵α夏わ俗〆c野∂ごロガ言おゐ0お  
Maximumdiameter，depth，Water－1evelfrombot・  

tom，and depositthickness ofcryoconiteholes were  
measuredwitha scaleat7areasofdifferent altitude  
（5110m，5130m，5150m，5160叫5180m，5210m，and  
524Oma．s．呈．）．Ateacharea，10～14hoまes王argerthanl  
Cmin diameter were measured．The meastlrementS  
WereCarriedoutinthemorning（9：00q12：00）．Atthe  
Observationareas，maXimuminclinationoftheglacier  
SurfaceⅥ7aS meaSured witb a portabまe clir10meter  
（meanoffivepoints），  

Thesizeof17cryoconiteboles（11aも5150ma．s，1．  
and6at5240ma．s．1．）wasmonitoredfrom28Julyto  
21August（25days）．Longest diameter，depth，Water  
level，anddepositthicknessweremeasuredonceaday  
inthemorning（7：00山11：OO），  

SedimentsofcryocoIlitehoies（cryoco‡1i捷）Ⅴばe  
Sampledwithapipetteandkeptinplasticbottieswith   

Fig．1CryoconiteholesonYalaGlacier（a；5240m；31July  
1994）andschematiccrosssectionofacryoconitehole  
（帆  

uriderstandtheglacierecosystemoftbisregion．HoⅥr－  
ever，nOStudyhasbeendoneoncryoconiteholesin  
H呈malay那1glaciers．  
TbisstudyaiInedtociari毎払echaracteristicsof  

CryOCOnite boies observed on a Himalayan glacier．  
Theirmorphology，distributionpatternontheglacier，  
dailychangeintheirsize，andorganismslivinginthe  
holeswereinvestigated．Basedontheresultsandheat  
balance observation，Stability and factors affecting  
SizeofHimalayancryoconiteholeswerediscussed．   

2．Fielddescriptionandmethods   

之ヱ5如㊨ぶ言お  

ResearcbwascarriedolユtiIIYaiaGlacier（5110m  
－57¢O ma艮l．in altitude，Fig．2），Langtang region，  
CentralNepal，betwee‡128July and21Åugust19朗  
d11ring monsoon season．This giacieris a plateau  
Shapedsmallglacierwithoutrockdebriscover．The  
equilibriumlineinthestudyperiodwasatabout5300  
min altitude‥Theice surface was exposed at the  
abiationarea（5110m－5240ma息1▲）duri罰gtbestudy  
period．王n tbis glacieぢ，11species of snoⅥr algae，2  
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3％forma㍑nsolution．Tbesamplesweretra‡l＄pOrted  
toJapan．Organisms（microbes）ands如CtureOftbe  
CryOCOnitewereanaiyzedw主tbamicroscope．   

ユJJんイハけ1フん甲高了／仙7（7∫JJ作〃灯JJ／〟〃（／んt・（7／転ん川（・く1  

（t（Jん、JJ山／J（リノ  
Airtemperature（Ptthermo…SenSOr），andupward  

and downward shortAWaVe radiation were measured  
at5240montheglacierduringtheob＄erVationperiod．  
These sensors wereinstalled atlOO cm above the  
glacierslユrねce．TbeaveragevaluesofeverylOmin－  
utesⅥ㌢ereloggedⅥ7itb a data－iogger（DÅTAMARX  
3000ptv，Hakusa‡ikogyoCo．）．  
Heatbalanceat5240ma，Sエiscalculated．Basic  

equation of heat balance on the glacier surface is 
described as：  

彪首＝腫十£首十エ〟，  

WhereMHisheatusedformelt，Nだisnetradiation，  
SHisturbulentsensibleheat，LHi＄ttlrbulentlatent  
beat．  

A11componentsin rightside are positive when  
幻uxesaredirectedtoⅥrardsthestlrねce．Keatsupplied  
Withrainandbeatconductedinto／from漁eglacierare  
neglectedin払eequation．Netradiationcons主stsof：  

一＼丁〃＝5〃1－∫〃－十⊥尺・一エβT．   

Whereぶだ↓isincomingsborトWaVeradiation，ぶだ－is  
Ot噸OingshorトWaVeradiation，LRiisincomlnglong  
サWaVe radiation，LR↑is outgoinglongwwave radiか  
tion．  
BotbsborトWaVeradiationwereol）SerVedat5240  

m a．sエOutgoingio11g－WaVe radiationis caiculated  
fromthetemperatureofglaciersurfaceas：  

エ忍†＝£♂く㌫＋273．2〉4，  

Wheregisemissivityoficeそ1），ざisStefan鵬Bo王tzman  
COnStant（5．67×10嶋審Wm‾2K－4〉，′㍍istemperatureoぎ  
giacierstlrねce（OC）．  
SirlCe血esurねcewasaiwayswet（二㍍ニ0）dlユringt壬Ie  
Calculatioilperiod（26Julyto27A11guSt，1994），OtltgO－  
1nglong肌WaVeradiationisconsideredtobeconstant  
as315．6Wm‾2．   
Incominglong－WaVeradiationisevaltlatedfrom  

foilowingeqtlationspresentedbyKondo（1994）．  

£忍↓ニげ（㍍十273・2）トト壷）c〕   

し二＝0．い3片しⅧ．30げ＋l．コ5β－0．胴． β≧川3コ3：  
ニ0，  β＜0．0323：   

＼＼，ithβ…∫〟▲．一ふ情   

簡もere㌫isairte王nperatWe（℃），忍ふisgiobaま王ong  
－WaVeradiaとioninclearday，and5プむisglobalsoiar  
radiationinclearday．Tbeiヱ1鮎enceofcio11dfor£忍  
Iisevaluatedbythisempiricalequationderivedon  
thebasisoftberatio，β，Ofg王obalshortwwaveradia－  
tionobservedtothattheoreticallycalculatedonclear  
days．  

Turbulent sensible and latent heat fluxes are 
describedbytbebulkmethodas：  

£好＝C声β〃C乙7（7忘－㌫），  
⊥〃＝／．1f〕。仁一’（／J仙－げ∫）．  

Wberec声量sspecificbeatforair（1006Jkg皿IK≠ま），βα  
主sdensityofair（kgm〟3），Cisbtl王kcoefficient（0．002；  
Yamazakiどょαgリ1993），ぴisvi！ldspeed（ms岬l），㍍is  
airtemperature（OC），んislatentheatforevaporation  
（2．50×106Jkg鵬l），k，isrelativehumidity（nondimen－  
Sion），q。，Sissaturatedspecifichumidityofair（a）and  
Surface（。）（nondimension），  

Air temperature was observed at5240m a．s．i．  
1訂indspeedarldrelativebumidityareass㍊medtobe  
equalt（〉ti10＄eOb＄eⅣedatG王acierCa三Ⅵp（GC，5100m  
a．s．i．）．Saturaもedspecific壬Iumiditiesofairarldsur払ce  
arecalculatedfro汀まairtemperatl汀e．Daiまymeanvaiue  
Of air temperature，reiativeIlumidity，inco‡ning and  
Ot噸Oi‡噂ShorトWaVeradiationsaretlSedastbeinptlt  
variables．  

3．Results  

ユ上lんげ／J（－／一望二l・．∫た∴ √川（JJ厄汀洋丑信用！／■（り川・り〃砧！  
ゐβZゐ0宛娩ggぬ（滋㌢  

CryoconiteboiesⅥreredistributedin払ebare…主ce  
areabetweer15ユ10m（lowerterminusofthegiacier）  
and5240m aふま，On偽is glacier．Cryoco11ite boies  
Obser柁dintbisgiacierwerea王mostcircuiarorellip－  
SOiく王sbapein horizontalsection．Size of cryoconite  
holesranged3．0仙12．Ocmindepth（mean5．3cm），ユ．O  
－36．O cmiIldiameter（mean7．O cm）．Ⅵrater depth  
ra‡唱edO．ト6．1cm（meanl．9cm）．  

Numberdensityofcryoconiteholeswasnotuni－  
form on the glacier surface．Cryoconite holes were  
frequently found（approximately5－20holes m】‾〉2）on  
tbe幻atareawhereinciinationoftbeglacierslユrface  
WaSlesstban12degree，blltfewcryocon珪eboies（1ess  
tbanlbolesmw2）werefound onsteepslopeswbere  
inc】iTはtionoftbeg呈aciersurface wasmore tぬarl17  
degree．   
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Tablel Dataofcryoconiteholesindifぎerentaltitudeく）fYalaGlacier，1994．  
Aititude Surface Observed Numberof  
（m） inclination date observed  

（degree）  holes   

Mea†i  Mean  Mean  Mean  
diameter depth  water deposit  

（cm）   （cm）   1evel thickness  
（cm）   （cm）  

7．6  21 Aug 
l臥7  21 Aug 
ll．7  20 Aug 
17．4  20 Aug 
7．3   17A喝  
23．3  14 Aug 
5．0  4Aug  
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Tablelshowsthe王neanSizeofcryoconiteboles  
observed at70bservation areas ofdifferent altitude．  
Thesize ofthecryoconiteholes differed amongthe  
areas，particularly，in diameter，depth，and water  
level．Thickness of deposits was thin at 6 areas  
（approximatelyO．3cm），butthickat5210m（1．2cm），  
wheretheholeswereoftenconnectedwithmelt－Water  
StreamS and the deposition was probably conveyed  

fromtlpStreamarea．  
Figurc3shows altitudinalchange of the depth  

anddiameterofcryoconiteholes．Astatisticalanaly－  
Sis（onewwayanalysisofvariance）revealedthatboth  
deptb and diameter significantly varied arnong the 
Observationareas（varianceratio（F）＝2．26，prObabilT  
ity（P）＝0．032＜0．05；F＝2．26，P＝0，000＜0．05，reSpeC・  
tively）．However，neitherdepthnordiametercorrelat－  
ed with altitude（Sperman’s correlation coefficient  
（rs）＝血0．24，P＞0．85；rs＝0．14，P＞0月5，reSpeCtiveiy）．  

Figure4ist壬1erelationsbipbetween払ediameter  
and tbe stlrfaceinclination of tbe observation aI－eas．  
Therewasanegativecorreiation（rs＝J）．86，P＜0．05），  
Whichmeans a cryoconite holewith smalldiameter  
tendedtobeobservedonasteepslope，andlargeone  
is on a flat surface．  

rs＝〃、86  
P＜0．05  0
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Fig．4 Relationship between hole－diameter and surface  
inclirlationofYala Glacier．  
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At蔦atもottomofcryoconiteholes，darkcolored  
mud－1ikematerial（cryoconite）wasdeposited（0．1－3．O  
cmin thickness，mean＝0．3cm）．Most of the   

T
▲
▼
⊥
 
 

事
－
 
 

51（氾  5158  5200  5250  
A柑tlカe（ma．s．り  

Fig．3 Altitudiiュaldistrib雨ionofdepぬ（a）aTlddiameter   
（b）of cryoconite holesin Yala Glacier．（Error bar＝  
Standarderror，SamplenumberTニSeCtablel）  
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CryOCOniteconsisted ofdark coまoredsma王1granules  
rangingfrom8．1to3．針mmindiameter（meanO，5mm，  
Standard division＝0，2）．The dark colored material  
was also observed on ice surfaee around the 
cryoconiteholes．Theamountofthedirtmaterialon  
thesurfacevariedfrom50to900gmq2indryweight  
（mean300g mL2）．The granules contained organic  
matter（5A－9．9％indryweight，mean7．8％）．Micros－  
COpyOfultra－SOnicatedcryoconitcrevealedthatthe  
CryOCOnite contained 2 kinds of filamentous blue  
≠greenaigae（Osc主ilatoriaceanaigae）．  

8esides the biue－greellaigae，fotlr SpeCies of  
algae were observed in cryoconite boles separated 
fromthegranules，Tbealgaemostcommonlyobser－  
vedincryoconiteholeswereq′Hnd77）CyStis bYCbissonii  
（green algae）and Meso由enium be7隊renii（green  
algae）．AfewcellsofR卸hidonemasp．，Ancylonema  
SP．Werealsoobserved．Thesealgalcommunitieswere  
similartothecommunitieswhichwasclassifiedasice  
environment algae reported by Yoshimura et al．  
（1997）．  

Redcoloredcopepods（GhlCidh13Jaiens怨，repOrted  
by Kikucbi（1996））andiaryae of midge（i‡lSeCt，  
かぬ桝g鑓Sp．repOrtedbyKo壬IShima（1984a）きwereob－  
Seryedinthecryoconiteholeslocated5110－5200ma．  
S．1．oftheglacier．They were also observedinmelt  
Water StreamS On the giacier surface．Microscope  
observationrevealedthatarotifer（unknownspecies）  
and a tardigrada（unknown species）were also  
COntainedinthecryoconite．   

．？．、？上）′J小一九川g＝リ‾げ仙＝由一／＝／‘、∫  
Table 2 sbovs data of tbe cryoconite壬101es  

monitoredat5150m（11holes）andat5240m（6holes）  
from28July to21August（25days）．Duringthe  
monitoringperiod，130f17cryoconiteholescollapsed．  
Ratioofthecollapsedholesdifferedbetweenthetwo  
Sites．Allholes（1lofllholes）collapsed at5150m，  
whereas20f6holescollapsedat5240m．  

Breakdown of the cryoconite holes wasmainly  
CauSedbymelt－Waterflowontheglacierstlrface，In  
t壬Ie daytime，meit－Vater StreamS Often幻owediIltO  
cryoconite‡10ies，me王ttbewall，and wasbedoutt‡le  
cryoconite at也e botto王n，The breakdown by melt  
－WaternOⅥrOCCurredinaliofthellbolesat515（〉m．  
Anotherwayofthebreakdownwascausedbydepth  
reduction，Whichis probably due to the changein  
meltingconditions．Thistypeofbreakdownoccurred  
in2holes at5240m．  
After the breakdown of the holes，CryOCOnite  

particles were scattered over the surface and they  
started to form smallpits．New cryoconite holes  
developedagainfromtlleSeSmailpits．  

Figure5sbowsdailycbangeinmeandeptband  
diameter of6cryoconite boles observed at5240m．  
Thedeptぬandthediametercbanged主nthera喝e缶■om  
2．7to6．8cm（mean4．Ocm），from6．5to12．2cm（mean  
9．3crn）duringtheperiod，reSpeCtively．A statistical  
analysis（oneqwayanalysisofvariance）revealedthat  
thedepthswcresignificantlydifferentamongthedays  
（F＝1．64，P＝0．0002＜0．05），butthediameterswerenot  

Table2 Decayofcryoconiteholesmonitoreddllring25daysat2altitudeinYalaGlacier，1994．  

No，Altit11de Slユdace  Startof Dateof Observed Mean  Mean  
くmき  inclまnation ot〉SerVation decay  span  diameter deptb  

（degree）  （days）   （cm）  （c‡n）  

5  28Jul  ＞25  
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ぎig．5Ⅰ）aily deptb（a）and diameter（b〉 ci－ange Of  
cryoconite壬101es at5240m．（11Åug：nO da叫Error  
bar＝Standard error；Sample numberニ＝6（28Juト6  
Aug），ニ5（7Aug－21Aug））   

significantiydifferentamo喝thedays（F＝1・64，P＝0・  
872＞8，05）．   

ユ・JJムイ‘州）／（如、‘J／（山山（川‘J山－（Jし爪ハ・‘JJg山（イげ∫′′ト   
カrg   

Figure6血0VS tbe changesin daily mean air  
temperature，SOlar rad主ation and surface aibedo at  
5240m．Daまiymeanairtemperature，SOlarradiation，  
andsurface albedo duringthestudyperiods ranged  
froml．1to2．80C（meanl．7OC），from87to166Wm▼2  
（meanl16Ⅵ7m－2），from9to86％（mea†129％〉，  
respectively．Suddenincrea＄e Of albedo was due to  
snowfa11，Which occurredwhenthesurfacewascov－  
eredwi払newsnow．  

Figure7showstheheatfluxcornponentsatthe  
surfaceof5240m，Calculatedfromthemeteorological  
data．Netradiation，SenSiblebeat，iaterltbeatvaried  
from32．1to150．9Wm｝2（mean62．5Wm‾2），from軋  
3tolO．4Wm【2くmean2．3Ⅵ仁m‾2），たom仙・1．9to8．81好  

く○ ⊂〉 ▼－ m ln 卜 すl ▼・1M l∫） ト・ の －・            N （ウ                 †  ▼－ ▼－ ▼－ ▼－ N  

July，19糾  Augし応t，1994   

ぎig．6 Meteoroi喝ica王dataat5240minYalaGlacier（14   
Aug：nOdata），Daiまymeanairtemperattlre（a），dai王y  
mean downward shorトWaVe radiation（b），and daily   
mean albedo of the glacier surface（C）。Asterisks（り   
d舘Otetbedayvben洩eglaciersqrfaceⅥ7aSCOVered  
witb sno‘W．  
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F主g．7 Changesinda軸meanofheatbalancecomponents  
at5240王ninYalaGlacier，1994（14Alユg二nOdata〉．   



TこIkビし1亡hit・／．J／．  57  

negヱItivel）▼LtOrreLlateLd with th亡・11et radiation and t上Ie  
lllelting heat．In t：OntraSt，thtlholediameter showed  
no corrcLlatioIl＼＼▼ith any meteorologicalfaぐtOrSStud－  
ied．  

4．Discussion  

J．ノぶた√（？、′■叩・0（≠前行力血h  
イ．ノ．J〃（〕んナー（／tナ抽  

AecordingtoMcIl申▼re（198・1）．depthofcryoconite  
holeincreases as net radiation be（：Ome dominantin  
heaトflux こIt glacier surface．Hole－depthincreases  
when holebo＝，Onlmelts faster than theice surface  
s11l－rOunding the hole（see Fig．1）．Beeause oflower  
albedo at the hol（、－bottonlrelこIti＼でtO th亡・ice surface  
surrou11dingthehole．meltingbyradiationatthehole  
botto111islargビl－thallthatoftheicesurfaee，Otlthe  
otherhand．sビ11Sibleandlこ1tenttt：川Idensationlht、atare  
added to tleat budget oIltheict：Surfaee around theL  
holes．but not oIlthc hole－bottonl．Therefol・ビ，hole  
d叩thin亡reLこISビSlVhe11tlこIdi；ltionis dominantinin・  
comeheaトflux，Whereas，itdecreaseswhensensible  
and！’orlatent heatis d（1mina11t．Accol‾ding t（1this  
consi（kratiotl．hole→depthwouldincreasビWithaltitude  
because sensibie heat decreases wi漁alt珪ude as ail－  
temperaturビdecreaseswithヱlltihlde，but radiatio－1is  
almostindependentOfaltitude．1nfEICしhole－depthin  
Greenland giaciers was reported toincrease witb  
altitlユde（Gribbon，1979）．However，in Yaia Glacier，  
such telldぐIIC）・Of holビーーdt・pthinerease with altitude  
wasnotobserved↓ぎurthermore，dailychangeinboie  
rdepthwasnotrelatedwiththerこltioofheatbu（ket  
co‡npO王IentS、Sincetberadia蛍onalwaysdomまnatedin  
thetotalheatflux（morethan80％ofheatinput，Fig．  
8），itis exp餌ted tbat也e hoie叫dep仏woljld keep  
int：reaSing during the observation period．H州でVer．  
thehole－depthdidnoもkeepincreasing（Fig．5）．These  
factsstlggeSt that holendepthisぐOntrOtled b）■Other  
factorsi11tIlisglaciel∴  

TlleLPし）SitivecorrELlationbet＼＼でenhole－depthand  
aibedooftbegiaciersllrfacestlggeStSthatvariationof  
surfacピalbedois resp川1Sible for holビーdepth change・  
Since the radiatiollWaS the nlaillheat soLlree for  
meltingattht？glaciersurface．thビ山bedochangecould  
affectmeitingspeedoftheice＄urfacesurroundingthe  
CryOCOnitebole．Tbere女）re，albedocbangeattheglaサ  
ciersurfaceislikel〉T rOCauSビthビda巾▼ehangeinthe  
holeLdepth．Negative correlations of the hole－depth  
wiぬmeitingbeatandvi払netradiationincomeat洩e  
Surf；tCe；11sosupport thisidea．   
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ぎig，8 Changeofpercentage（〉着払eatbaia托CeCOmpOnentS  
inもOtaiheatinく：Omef王uxat5240minYalaGlac呈er（14  
Aug：nOdata）．   

m「コtmビan2．OWrll■2），reSpビCtivelr．Heatformeltwas  
ranged如m34．3to15臥91Ⅳm】2（mean66．8Wm‾2）．  

Figtll・e8showsthepereentage（一feaehheatsource  
in the totalincome heatrflux to the glacier surfactl．  
Althoughthepercentageofsensibleheat andiatent  
heこItehangedslightl〉＼netradiationkeptdomillantin  
theincollleheatflux（mし汀ethan紺？ム）ttlrOughoutthe  
Studyperiod．   

β．言（二「…7l7血／如ヱわぐ／汀（，ぐ〃んり／ぐ∫Jこ＝川（ブ加、（か．帝⊥rr（川‘打  
身わ那  
Table3showsPearson－s（linerlcoITelationeot・ffi－  

cientsbetweenholes呈ze（dailymeanat5248m）and  
heatfluxco11ditio11S．Thehole－depthwasnotcorrelaト  
edwiththepeT・eentageOfnetradiation、SenSiblehLLat，  
norlatentheat．However，thehole00depthwaspositive－  
1ycorreは短dwi払a馳edoof也eglaciersurねce，and   

Tabまe3 Co汀elat主on coeぞficient between s重zes of cryocon主短  
ho王飴and me胞）rOio感Caiconditions on Y農苫a Glacier．  
Asterisksい）dビIlいtlJPくい．05．  

Depth Diameter  
0．033   －0．129   
0．PJ3  し）．1．19  

…0．1ユ0  0．082  

Netra（まiation（％）  
Sensible hビat（やoI  
Lat亡・Ilt hea＝㌔1  
Ne【radialionlllT11l▼ご1  
Sensible heat（W nl→＝）  
l－ateIlt heこIt tⅥrIllべ）  
hTビ1ti噸heat（Wnl▼ヱ）  

－0．464静   州0．253  
－い．2ご7  （＝〕15  

鵬0．367   －OtO93  
】0．473＊  wO，24（〉  
－0．11ご1  い．265  

0．461寧  0．292  
－－n．1±）4  0．010  

Downwardsbo珪  
一ⅣaVeradiatio‡l（W酢う  

Å王b涙重0（％）  
Airtenlpビratt】re（て1  
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Thedailyalbedochangeislikelyduetosnowiall  
ontheglaciersurface．Justafterthesurfaceiscovered  
witbnewsnow，Wbicbhashighaibedo（70≠90％），tbe  
albedowouldbe壬Iigh，andwolユiddecreaseastbesn（）W  
covermelts．Infact，thetimingofaibedoincreasewell  
agreedwiththetimingofsnowfallevents（Fig．6）・This  
meansthat cryoconiteholes onthisglacier tend to  
becomedeeperjtlStaftersnowfallandbecomeshalト  
0下町eraStbesnov covermelts．  

Theirregular altitudinal distriblユtion of hole  
depthobservedintheglaciermaybeduetospatial  
variation of surface albedo．Inthis Glacier，Surface  
albedooftheablationareaissubstantia11ydecreased  
bydark≠COioredmaterial，andvariesfrom5to30％  
dependingonde王ISityof払ematerialくmateriala‡nOlint  
perunitarea，Kohshima et ai．，1993）．Theirregular  
altitudinaldistributionisprobablyduetothedensity  
variation of the mud－1ike materialon theglacier  
surface．  

イ．J．ごJ右）ん7（ブん7J軌，／け  
AccordingtoWhartonetal．（1985），diameterofa  

cryoconiteholeisenlargedbyradiationabsorbedby  
waterinthehole．However，Significantenlargement  
wasnotobservedinthisglacierinspiteofhighradia－  
tioninput duringthe stud），period．Furtherrnore．the  
dailyvariationofhole－diameterwasnotcorrelated  
withradiation，any Other meteorologicalconditions，  
nor heat balance compornents．These facts suggest  
thatthecffectoftheseheatfactorsonholepdiameter  
＼l▼こ1S S111all．  
Horizontalgrowlムofcryoconiteboieshasbeen  

reported to occur through fusions ofholeslocating  
closeeachother（GerdelandDrouet，1958；McIntyre，  
1984）．In this glacier，SuCh holefusions were often  
observedat5150mduringthe25daysob＄ervation．ln  
manycases，Smallcryoconiteholes（1－2cmindiame－  
ter）wasobservedtofuseintoaneniargedhole（3－9cm  
indiameter）withinseveraldays．Therefore，thediam－  
eterofcryoconiteholeonthisglacierlikelygrowsby  
fusions．Sincefusedholesarenot divided again and  
remarkabledecreaseinhole－depthwasnotobserved，  
diameterofcryoconitebo】esarelikelytoer11argevitI－  
time．  

ThenegativecorrelationbetweenholeMdiameter  
andinclination of glacier surface observedinthis  
glaciercanbeexplainedbythedifferentlifespanof  
the holes among observation areas．The cryoconite  
boieonaslopeseemstobeshorteriifespa‡ltbantbe  
holesonfiatsurface．Becausethecryoconiteholeson  

aslopewerefedbymuchmelt－Waterfromupstream  
Oftheslope．Theinflowofmuchmelトwaterislikely  
tocauselossofthecryoconiteiIltbeboleandcollapse  
of thビhole－Wこl＝．Furthermore，Since the bottom of  
CryOCOnite holesis horizontally flat，horizontal  
enlargementoftheholeonasteepslopeshouldcause  
CO11apse ofdownstream－Side wallofthe cryoconite  
hole．Therefore，CryOCOniteholeonasteepslopetends  
to bave shorterlife span and smalierilOle－diameter  
COmparedwi払thoseofflatsurねce・   

4．2劫5お∂ブ才物〆叩OCO〝才お如′由  
Our observation revealed that life span of the 

cryoconiteholesonthisglacierwasmuchshorterthan  
tbosereportedonglaciersinotberreglOnS，Forexam－  
Ple，aiifespanoflOO－200yearswassuggestedtobe  
possible for cryoconite hoies on Greenland glaciers  
（Nobles，1960）．In contrast，inYala Glacier，70fll  
holes（76％）collapsedand5newholesformedinthe  
observationareaduring25days．Thesefactssuggest  
払aもCryOCOniteholeson払isglacieraretlnStableand  
repeatcollapseandformation．  

Thelifespanofcryoconiteholesonthisglacieris  
so short probably because their hole－depthis very  
shallowandlargelychanges．Theamplitudeofdaily  
cbarlgeinbole－dept壬lVaSSimilartotbemeandeptbof  
thecryoconitebolesat5248mduri喝払estudyperiod  
（4．1versus4．Ocm）．Itmeansthatthecryoconiteholes  
wereeasytocollapsebydailyvariationofthehole  
…depth Furthermore，the shallow cryoconite holes  
seemtobeeasytocollapsebymeltwaterflowsonthe  
glaciersudace，‡ncontrast，CryOCOrlitehoiesofGreen－  
1andglacierswithlongiifespanwerereportedtobe  
muchdeeper（10山60cmindepth，GerdelandDrouet，  
1958；Gribbon，1979）thanthoseoftheYalaGlacier・  
Theshallowdepthandlargedepthchangeofthe  

cryoconiteholesareprobablyduetolowalbedoofthe  
glaciersurface．Åsmentionedabove，S11rfaceaibedoof  
thisglacierissubstantiallydecreasedbydarkcoiored  
material（Kohshima et al．，1993）．Thelow albedois  
responsibleforhighmeltingspeedoftheicesurface・  
Sincehole－depthisdeterminedbydifferenceofmelト  
ingspeedbetweenhole－bottomandicesurfacearound  
tbeholeプt壬Iehighmeltingspeedoftbeicesl汀facemay  
causeshallowhole－depth．Furthermore，albedoofthe  
bareice surfacecoveredwiththedarkcoloredmate－  
rialcandrasticallychangebysnowfallsand／orreloca－  
tion ofthe material．The drastic change ofsurface  
albedoislikelytocalユSetbelargedepthc王1angeOf魚e  
cryoconiteholes．Especiaily，thisglaciersuffersfrom   
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frequentsnowfallinsummerbecausetheregionofthis  
glacieris affected by Asian monsoon．The frequent  
SnOWfallinsummermayalsocausetheinstabilityof  
CryOCOnitebolesin払egまacier．  

Since cryoconite holes housed many kinds of  
Organismlivingin the glacier，instability of the  
CryOCOnite holes on this glacier may affect various  
bioticactivitiesintheglacier．Thoughmoreinvestiga－  
tionsarenecessarytotinderstandecologicalrolesof  
CryOCOrliteboies，itispossibie払atinstabilityoftモ1e  
CryOCOniteholesonthisglacieraffectsprlmaryPrO－  
duction and／or species composition of the glacier  
ecosystem．  
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