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Abstract  

Biologicalobservationandanalysisofsurfacedustanddirtlayerdustparticlesinglacialstratawascarried  
OutatYala（Dakpatsen）Glacier，Langtangr’egion，NepalHimalayas，inthe1985monsoonseason．MicroMplants  
SuChasblue－greenalgaeandbacteria，themaincomponentsofthesedustmaterials，arethoughttogrowonand  
intheglacialstrataduringtheperiodwhenmelt－Waterandsunlightareavailabiethere，andhaveanimp（汀tant  
roleindirtlayerformation．王rlthemonsoonseasorl，COnSiderablestlrfacedust，COntainingmicroTPlants，SOmtlChas  
tocovertheglaciersurface，WereObservedintheablationarea．Thegrowthofthesemicro・Plantsseemedtochange  
thesurfacealbedoofthisglacierarldaccelerateglacicrablationinthisseason．  

1．Introdu亡tion  

Sincetheglac竜crhaslongbeenbelievedtobean  
almostnon－biologlCalenvironment，allcomponentsof  
Surfacedustanddustparticlescontainedintheglacial  
Stratahaveunanimouslybeenbelievedtobeairborne  
materia王s（Grove1960，Orheim1975）．However，reCeIlt－  
1y，Variovs cold・tOlerant animals and micro－plants  
Which spend their entirelivesin theglacier were  
discovered in Himalayan and Patagonian glaciers 
（Kohshima1984a，1985）．Thepresentauthorshowedin  
thepreviousresearchonYaiaGlacier，Carriedoutin  
thepost－mOlュSOOnSeaSO†10fi982，tbataneⅥ7SpeCiesof  
COld tolerantinsect（awingless midge，D由m瑚SPリ  
Chironomidae）inhabitsthisglacier，feedingonmicroq  
plantsgrowingthere（Kohshima1984a）andthatthese  
micro・Plantsaremaincomponentsofthesurfacedust  
anddust part主clescontair主edintheicecore samples  
takenbyfulldepthboringintheacctlmlユ1ationarea，  
SuggeStingthebiologicaloriginofthesematerialsfor  
thefirsttime（Kohshima1984b）．Thepresentresearch  
aimedtoclarifythegrowthconditionofthesemicro－  
Plantsin themonsoon season，their estimated main  
growtbseasor主．  

2．Field description and study period  

The research wascarried out on Yala（Dakpat－  
Sen）Glacier（5，100－5，700maltitude）intheLangtang  
regionofNepal（Fig．1）betweenJuly27andSeptem－  
ber281985，fromthemonsoonseasontothebeginning  
Oftbeposトmonsoo11SeaSOn．  
Thisglacierisplateau－Shapedglaglacier，Without  

a debris covered area，and has many flat tcrraced  
plateausdivided byicecliffs and crevasses（Fig．2）．  
The research was concentrated on three plateaus  
termedPl，P2，P3（招．5，13（）m，5，200m，5，400maltittlde  
respec扇veiy），T王1eeqlユilibriumlineoft壬Ieglacまerirl払e  
Study period was between P2and P3（ca．5，300m  
altitude）．Thoughtheaccumulationareawascovered  
Withsnowduringthestudyperiod，the ablationarea  
was a bare ice area without snow cover before the 
Sn8Wfaiiof Septemberl（）．After tbat s‡10WねIl，the  
glacierwascompletelycoveredwiththicksnow．  

3．Dirtlayersanddustparticle   
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ToinvestigatestrllCtureandconditionofthenew  
dirtlayers，the surface snow strata of the accumu・   
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Fig・1・MapofLangtangregionNepal，Showingthe10CationofYalaGlacier．  
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Fig．2ガ OutlineofYalaGiaciαSbow重罰g払e；ocatio‡10ftわestudysites．  

1ation area were observed and dust particles were  
colまectedat3siteson‡）3．  

Fig＿3s主10ⅥrSthesurねcesr10WStratareCOrdedaモ  
Site20nAugust71982．Thereweretwoobviousdirt  
layers（s王10WOricelayerscontainingdustparticies）i†l  
the strata．Thc upper one（DLl）is thought to have  
beenformedinユ985，andthelowerone（DL2）in1984．  

Thestructureofthesurfacesnowstratadidnotdiffer  
amoTlgtbethreestudysitesonP3intileStudyperiod・  

Newdirtlayers（DLl，DIJ2inFig▲3）consistedof  
horizonta11yarrangedlargegranularicegrains（2－8  
mmin dia汀Ieterきvi魚many smailverticalcavities  
between them which seemed to be formcd by meltr  
waterpercolation．Individualdustparticlestendedto   
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DEPTH SURFACE  
ごタ．ユ凡「けJ′〟ん川〆′ガタナん町′ざ  
ThewetgranularsnowlayersonDLlarethought  

tobesnowofthismonsoonseason（1985）andindicate  
meltdWaterperCOlationinthisseason（Fig．3）・Snow  
temperatureofthesurfacesnowstratawasconstantly  
OOCtbroughoutthest11dyperiod．Inthisstratum，there  
aremanylCelayerswithicebarsandgranularsnow  
grains between them，located jlJSt tlnder the dirt  
layers．Thissuggeststhatthesedirtlayersbegantobe  
formedinthepre－mOnSOOrl紀aSO†l，Whenthesestruc－  
tures were formed by melt－Wfter percolation and  
refreezing（Iidaetal．1987），and fragmentsofmicro・  
plants as wellas other airborne materialsmight be  
accumulatedonthestableglaciersurfaceinthedry  
seasonⅥrith scarcesnoⅥFfall－  

Afterthis一一firstprocess”，themicro－plantSmight  
gr（）WintbedirtlayerllSi†喝melt≠Waterarld†lutrients  
accumulatedin the samelayer，and make the dirt  
layer more obvious（t一駅COnd process”）．However，  
because sufficient sunlight for algalgrowth cannot  
reach thedirtlayerunder the50cm monsoon snow  
COVer，photosyntheticaigaigrowthinthedirtlayerof  
thissiteisthoughttohaveoccurredduringa period  
一軒hen tbis site ⅥraS COVered with thirlner m（〉nSOOn  
SnOW COVer．At Sitel，near thclower end of the  
acetlmulation area，Where this monsoon snow cover  
WaSthinner（26cmonAu糾1St4and5cmonAugust  
17），the snow of the dirtlayer was tinted green by  
much algalgrowthin themiddle of August．The  
monsoon snow cover at Site2and Site3also dec－  
reased during thestt】dy perioduntilthesnowfailof  
SeptemberlO（16cmatSite20nAugust25）．  
Aigaeiflthedirtlayerare払oug如togrowd11ring  

When the sufficient melトWater and sunlight are  
availableinthedirtlayer．Suchaconditionsufficient  
foralgalgrowthinthedirtlayermightbeavailable  
mainlyinthepre－mOnSOOnandmonsoonseasons．  

However，formationofdirtlayerisnotlimitedto  
thepre・mOnSOOnandmonsoonseasons．Onedirtlayer  
was observedir王S‡10W Strata aCCumuiated o†lPland  
Onthegroundneartheglacierterminusinthewinter  
く王ida gfαg．1987and personalcommunication）．That  
dirtlayer waslocated between the snowlayer  
accumulatedattheendofthemonsoonseasonandthe  
wintersnowlayer．Thissuggeststhat thisdirt】ayer  
WaSformedinthepost－mOnSOOnSeaSOn．Analysis of  
t‡ledustpartic主esofthis’てね11dirtl野er”reveaiedthat  
these dust particles contained different species of  
micro－pla王1tSfrom tboseintheて1summerdirtlayers”．   

R
 
 

圧
G
S
闇
錮
 
 

●
－
 
 
●
＿
 
 
 
●
■
 
 

バ
．
．
■
▼
▲
 
 

2
 
 

L
 
D
 
 

メ
■
亀
1
可
■
勺
■
 
 

くI く ■q  

■  く】  

Fig，3・StructureofthesurfacesnowstrataatSite2recorded  
onA喝u或71985・GS‥granularsnow－‡L：kelayer・DL＝Di托  
7ayer．Smalldots＝Dustparticles・   

be separatedin tbese cavities．Tわe cllaraCteristic  
granularform（0．1－0．5mmindiameter）ofdustparN  
ticlesseemedtobeformedinthesecavitiesbymelt－  
water．Fig．4is amicroscopic photograph ofa dust  
particlecontainedinDLlformedin1986，CO】1ectedat  
Site2．Main componentsare fiiamentousblueTgreen  
algae（mormidium spp．）and bacteria（unidentified，  
Kohshima1984b）．Thisphoto酢aph wastaken a托er  
ultra－SOnicationofthe particleto unfasten the tight  
ag酢egationofa短aeanddarkcoloredbacteriaandto  
clarifythevolumeofthealgaeJtisdifficulttobelieve  
thatauthesemicro－plantsareairborneaccumulation，  
Rather，itismorereasonabletothink thatairborne  
fragmentsofthesemicro－plantsgrewonthcglacier・  
Int‡lisresearch，Smailinsects（Coilembola）livingin  
thedirtlayersnowcavitiesandfeedingonthedust  
particleswere†leWlyfo11nd，  



（i（て丁  Buiまet…n ofGlacier Researcb  
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F短」．1liぐr（lSt：Ol）it：PtWtO灯aph11rこIdustp；lrtiL：lぐt：O11tl・tlYl；lt L）t．1illFiゞ∴ミ．Thisいhtlt（）粁・叩llWilさtakHl  
afterultra・SOnicationoftheparticletounfa＄tenthetightaggrregationofal卵eanddarkcoloredbacteria  
andtoclari抒軌evo呈umeoftわeblgae，  

AmouritOfmicro－piantscontainedinthedu＄tparticles  
oftbeねIldirtiayerⅥraSVerySmaままcomparedⅥritb  
thatofthestlmmerdirtlayers，anddustparticIesof  
tbeねildiTtlayerdidnottakegranuiarねm．′rbe紀  
resuitssugges毛tbattわeモモfirstproce∬”ofthisfaま1dirt  
layerformationoccurred主ntheposトmonsoon舐aSOn  
（dryseas（）n）andperiodofく！父COndprocessプ’wasvery  
sho吾becalユ饉，inⅥrirlter，meit一Vater and s11rliight  
werenotsu輔c室entformicro－plantgroⅥrt壬l．  

t‡lebottomofsmaiipitsけucturesof払eglaciersur－  
ぬぐe（1…5mm主ndiameter，0儀5－3cmindeptぬ，Fig．軋  
Thesurfaceice ofthisareacontainednumerouspit  
sもructures of various sizes wi払 biackisb mud－iike  
granulesat軌ebottom，Whic！lSeemedtobe払medby  
SOlarradiaとio‡lheaぬgbiackishmaterialson血eice  
and me王ting払eice under them．This p辻strucもure  
SeemStOOffergoodcondition forgrowth ofaquatic  
micro－p重ants by prov童dingme王t－Water and bygatbe－  
ri一喝nutrients．Because ma】1y m呈cro・plants sucb as  
aqじa転blue－g代ena王gae（プ聴び紺㍑最怨雛Spp．）baveg主Ⅵ－  
乞inous materia王s around them，these micro－piants  
m主gbもget t（〉getber witb such airt〉Orne materiais as  
Sく）i王particiesandp王antflagmentsどれatthebottomof  
tbepitsandformmt鳶ふ！ikegranules．Thesemud－∬ke  
grantlies seem to be ca汀ied and gatわered by melt－  
Water幻owandfomlargepitstructureswheretbey  
are（まeposited．Intbeselargepits，ⅥumerOuSⅥring王ess  
midge】arvae（ガ由椚綴猫Sp．）aildnewlyfoundcopepoく箋s  
くCrustacea）were found tolive ぬeding om these  
granuies（Ko壬ISh責maunpublished）．  

Somepartofもhesemicro・p壬antsc（）†珪ainedintbe  
111udLlikt）grこ＝111（、SShしIuldぐ・州l（ゝ（ro‖lthぐ；lt：しTuIllul；ltion  
are乱Themicro－plamtsgrowir噂inthedirtlayer are   

4．Surface dustin the ablation area，  

イ．J．古りフ〃油山川卜肌巾汀止雨／1l・研ん・J什♪／‘川／ぶ■／州l仙   
In軌emonsooIISeaSOn，theablatiorla‡・ea Oftbis  

g主acier（㌘1and P2）was a dirty barei（：e area Wi洩  
bまa（：kisb mud－1ike materials（surface dust）on the  
Surねce（Fig．5）．Thesurfacedusもbadacharacter主stic  
gramularform（0、2劇3．Ommind主ameとer，Fig．軋Tbe  
maincomponents oftbeseくくmud－1ikegra‡iuies”were  
fiiamentousblue－greena！gae（き犠β押托ぬ郡Spp．）arld  
bacter董a（urlidentified），iustlikethe（まust parもiclesof  
洩eac（：㍑mulationarea（Kohshima1984b）．  
Tbesemud－ほkegrantliesseemedtobe払rmedat  
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Fig・5・YalaG】acierin洩emon勤OnSeaSOn．Theabiationarea召owerpa虎）isこ0Verdwjtbdarkcolored  
Surねcedl】StSCOntainirlgmanym主cro－plar王tS．  

イ．ユキ抑・／〃‾…ん、／什♪∧〃J／椚・州イブ＝り＝J′ノー汀〟仇－（ん  
（川J／‘7妬由りJ坤…／．  

These surface dusts（mud－iike granules）con－  
Siderablyaf毎cモedtheablatiorlareaStlrねcealbedoin  
themonsoon season．A preliminary experiment was  
carriedoutonPltoexaminetheeffectofsurfacedust  
OnSurfaceiceablationspeed．Inthisexperiment，the  
heightofthegapbetweenasmallcleanice area（50  
CmSquare）withsurねcedustscratcbedoffandcontrol  
areaヽVith stlrねce dtlStSintactlVaS meaSl汀ed after－  
Ward．TheexperimentstartedatO9：200nSeptember  
8．Theresultswereasfollows．Sept．815：33，3．Ocm．  
Sept．908：55，5．5cm．15：40，10．6cm．Sept．1009：40，12．  
O cm．  

TheresultssbowtbatsurfacedlユStaCCeleratedthe  
ab王ationspeedbyabout6cmperdayinthiscase，  

Theresultsofthisreportsuggesttheimportance  
OfbiologlCalfactorsonthisglacier．  

1cm   

Fig．6．Mud－iike granu重es モsurface（】usts）and sTnallpit  
＄truCtureSOr量theablation area surfaceice，   

StOCkedintheglaciericeannually，andarecarriedby  
glaciermovementtotheablationarea．ThesemicroM  
plantsshot11d be concentrated on the surface of the  
ablationareaassurねceablationproceeds．Inねct，at  
marlyplacesoftheablationarea，dirtlayersreleasing  
dust particlesto the surface were observed．By this  
process and partly by materialtransport of melt－  
Waterflow，theablationareaissoenrichedinmicro－  
plantsthatthesurfaceofthisareahasadirtycolorin  
汰emo11SOOn SeaSO11．  
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