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Abstract  

AnaltitudinalchangeofthesnowalgaecommunitisonaHimalayanglacier，GlacierAXOlO（4950  
M5380ma．s．1．），ShorongregionofEastNepal，WaSquantitativelyanalyzedtoclarifytherelationship  
betweentheglacieralgalcomm11nityandglaciersummermassbalance．Theresultswerecompared  
withthatofanotherHirnalayanCieanTypeglacier，Yalaglacier（Yoshimtlraetai．，1997）．   

Inthisglacier，5species ofsnow algaeincluding4speciesreportedfrom Yalaglacierwere  
Observed．In both glacier，the algalbiomasses werein a simiiarlevelatthe same altitude and  
decreased as the altitudeincrease ata similarrate．  

ThestruCtureOfalgalcommunityrepresentedbytheproportionofeachspeciestothetotalalgal  
biomassdifferedbyaltitudeandsummermassbalanceestimatedbystakemeasurement．Thealgal  
COmmunityonthisglaciereouldbedividedintothefollowingtwc・tyl児S：Typelcommunitywith5  
SpeCieshighlydominatedbyCb磯issoldiobservedintheminusmassbalanceareafromterminusto  
5180ma．s．1．andType2communitywith4speciesdominatedbytheOscillatoriaceanalgaobserved  
in the plus mass balance area above5200m a息IvIn community struCture，Typeland Type2  
COmmunitycorrespondedtothecommunityobservedinthelowerpart（5100－5200ma．s．l．）andthe  
middle part（5200T5300m a．s．1．）of Yala glacier，reSpeCtively．Relationship between snowalgal  
eommunityandsunlnlermaSSbalancewasdiscussed．Theresultssuggestthatthesnowalgalcommu－  
nitycouldbeusefulasanindicatorofsummer massbalance andequilibriumlineofthistype of  
glaciers．  

1．lntrodu亡tion  

Though snow algae have been reported缶■Om  
Various parts of the world and many reports were  
published（Kol，1968），WeStillhavefewreportsfrom  
Himalayanglaciers．However，inaHimalayanglacier  
（theYalaGlacierinLangtangregion，CentraiNepal），  
Ⅹobsbima（1984a，1984b，1987a，1987b）folユndaspecial－  
ized animalcommunity consisting of cold－tOlerant  
insectsandcopepodslivingontheglacierbyfeeding  
Onalgaeandbacteriagrowinginthesnowandice；he  
pointed out that the glacier is a unique freshwater 
ecosystem with very simp】e and specialized biotic  
COmmunityonthebasisoftheprimaryproductionof  

thesealgae．Thestudyofsnowalgaeontheglacieris  
importantnotonlyecoIogicallybutalsoglacioIogica］・  
1y．SnowalgaeonYalaglacierwerealsoreportedto  
play animportant rolein melting process of the  
glacier；theyacceleratedglaciermeltingandaffected  
glacialmassbalancebyformingdarkrcoloredmate・  
rialsontheglacierandreducingsurfacealbedo（Koh－  
Shima L，t al‥1993）．Moreover，aS tlleSe algae were  
StOredinglacialstrataeveryyearandicecoresam・  
ples recovered from this glacier contained many  
layerswithalgaeofmanyyearsago；thealgaecould  
beanewinformationsourceforthepastenvironment  
Study of this aTea byice core analysis（Kohshima，  
1984b）．Sinceitiseasytosampleandanalyzethealgae   
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Onglaciers，the algalinformationwouldbeusefu1to  
theglacierstudiesinthisregion．  
Recently，Yoshimuraeial．（1997）showedthatthe  

biomassandcommunitystruCtureOfthesnowalgae  
On Yala glacier changed with altitude reflecting  
altitudinalchangeofthe algalgrowthconditions on  
theglacier．Theyindicatedthattheglaciercouldbe  
dividedintothreezoneswithdifferenttypesofalgal  
COmmunity：theLowerZone（5100▼5200ma．s．1．），the  
MiddleZone（5200－5300ma．s．1．）andtheUpperZone  
（5300－5430ma．s．1．），anddiscussedthatthisaltitudinal  
ZOnationofsnowalgalcommunitywasmainlydueto  
the differenceinthe effect ofsnow cover．Since the  
thickness and frequency of the snow cover on the  
glaciercloselycorrelatewiththemassbalanceatthat  
Site，theirresultssuggestacloserelationshipbetween  
thesnowalgalcommunityandtheglaciermassbal－  
ance at that point during the algal growth period 
（summer）．However，the relationshipis stillunclear  
becauseourknowledgeonsnowalgalcommunityof  
Himalayan glacierislimited tothat fromthe Yala  
glacier．   

In this study，We made community analysis of  
SnOW algae and mass balance measurement on  
anotherHimalayanglacierinShorongregionofEast  
Nepal，tOVerifytherelationshipbetweenglacieralgal  
COmmunityandsummermassbalance．   

2．Fielddescriptionandmethods  

之エ5勉め′α柁α  

The research was carried out at the Glacier  
AXOlO（4950－5380ma．s．1．）inShorongregionofEast  
Nepal（Figs．1and2）duringthe monsoonseason of  
1995．Glacier AXOlOis a smallglacier（1．7kmin  
length and O．57km2in area）without debris cover．  
AccordingtotheclassificationofHimalayanglacier  
byMoribayashiandHiguchi（1977），boththisglacier  
andYalaglacierare“Cleantypeglacier”（debrisfree  
type）．Recently（1978－1991）the glacier has reduced  
3×106m3involume（Kadotaetal．，1993，Kadotaet  
αJ．，1997）．   

2．2．助クク砂Jあg〆娩gαなαe  
Aquantitativesamplingofsnowandicecontain－  

ingsnowalgaewascarriedoutatfivepointsonthe  
glacier（4980，5040，5050，5180and5250ma．s．1．respec－  
tively，SlrS5inFig．2）from3to70ctober1995．Since，  
allarea ofthe glacier was coveredwith new snow  
duringthesamplingperiod，thesurfaceicewithdirt  

Fig．1．LocationofGlacierAXOlOandShorongregionin  
EastNepal，  

Fig．2．AmapofGlacierAXOlOshowingthelocationsof  
SamplingpointsontheglacierOctober1995．Dotsshow  
thelocationsofthestakesformassbalancestudy．  

（20cmsquare，2cminthickness）underthesnowcover  
（30－40cmindepth）wascollectedwithaniceaxe，and  
atS5uppermOStdirtsnowlayers（74cmbeneaththe  
Surface）werecollectedwithaspoon．Inthissampling，   
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the area ofsampled piotswas measuredinorder to  
Calculate the celinumber per unit area．Co11ected  
SamplesweremeltedandkeptinlOO鵬mLcleanpoly・  
et‡lylenebo出esandpreservedas3％払ma血soiu－  
tion．AllthesamplesweretransportedtoJapanarld  
analyzed at thelaboratory of Tokyo‡nstittlte Of  
Tec壬1nO王ogy．   

之3．A闇顔癒巧㍉砲閣   
Intbisstudy，払ealgalbiomassofeac王ISampling  

POintwasrepresentedbythetotalalgalvolumeper  
unit area．Cellcounts andestimations ofcellvolume  
Were Carriedoutwith amicroscope（NIKON OPTI・  
PHOT2）．In observation ofsmallsized blue－green  
algae（ト3jiminlength）aflorescencemicroscopewas  
used．Thesesmailalgaewereonlydetectedwithflo－  
rescenceofchlorophyllintheflorescencemicroscopy，  
Before microscopic observation，the samples were  
Stainedwith8．5％erytbrosin（8．5mLⅥ7aSaddedtol  
mL of洩e＄a‡Ⅵple）a黒d u㍑raso王Iicated fol－1Ini‡1．tO  
loosen sedimented particles．Sinailamount of tbe  
processedsamplewater（2≠5microliters）wasmounted  
Onaglassmicroslideunderacoverslip（8Ⅹ8mm），  
and the number of algae was counted．The algal  
densitywascalculatedas“CellsmL－1andCellsm山2”．  
Mean ce11volume WaS eStimated by meastlring the  
Sizeof50－10Ocellsforeachspeciesateachsampling  
point．Tbetotaialgalbiomass（mLm■2）wasestimated  
tosumupeachalgalvoltlmeWhichwascaiculatedto  
muitiply tbe mean ceilvoiume（mI」）by the algal  
derlSity（Cells m2）．Community stmctlばe WaS re－  
presented by the proportion of eacb species to tbe  
totaialgalvokmeateachsampiingpoi‡軋   

ユJ‥lJ√JJ∫ 毎／√川l、l、川川∫J／汀〃J√〃／√川（J（、∫／／仙J／J●tり＝す   
†ノムん／信用  

Massbalanceoftheglacierwasobtainedbythe  
Stake measurement during the period fromJune to  
October，1995．Eieve‡1StakesⅦereinstal王ed on tbe  
giacieratvariouselevationsfrom4980to5250ma息  
l，Massbalancein water equivaient（w．e．）was esti－  
matedたomthesl汀faceieveichangeandsnoworice  
dellSities∴【とisassumedもbattbedensityoficeねr払e  
SねkesbeloⅥr5080ma．s．1．is870kgm【3alldthedensity  
Ofsnowforthestakesabove5080ma．s．1．is500kg  
m¶3，reSpeCtively．  

Ablationateachstakeisestimatedbythefollow－  
ingequationwhichisderivedfromtheobservationon  
thisgiacierduringthemonsoonseasonof1978（Ageta  
gfαg．，1980）；  

α＝叩1・5（㌔十3．0）3・2  
（1）  

Where77zanda areandailymeanairtemperature  
averagedねr15daysarldaspecificab払tio‡ldl汀ing払e  
Same period．Data of air temperattlre tlSedねr tbis  
Study was recorded at the meteorologicalstation  
besidestbegiacier（5247ma．s．1．；Fig．2）たom2りune  
to30ctober，1995・AirteInperatureateaCbstudysite  
isestimatedtlSingtbelapserateofO．006℃m¶i，Vhi血  
WaSObtainedbythefieldresearchin1978（Ageta ei  
alリ1980）．Accumulationateachstudysiteisobtained  
from the observed mass balance and the estimated  
ablation．  

3．Results  

ユ7．∫JJ州・（ノ…／／（、＝埴1汀（血tlJ7・ハ／りノブ（品再．、／∴■l」てり川  
Thefo1lowingfivespecieswercobserved（Fig13）．  
As a11these species except the Chrococcacean  

a王gawerereported育omYalagまacier，SeeYoshiユⅥura  
gfαg．く1997）forprecisedescriptionof軌esespecies．   

L書5t（〉fatgalspecies  
CHLOROPHYTA  
q蘭ぬ如叩頭kわ儲ぬ抑砿（3ト53メJmin，25－34／パni‡1  
W麦dtb）  

肋¢おだ乃毎椚みg才翳柁邦ざg（15－21ダmirl王enがb，6－12βm  
inwidth）  
r和Cゐゐr衰sp．（9軸18J‡mindia‡neter）   

CYANOPHYCEAE  
Oscillatoriaceanalga  

Tricbomesl．0一－・1．5耳minⅥ7idi丸1ヱト2．8声min  
length．Cellsaboutaslongasbroad．Itseemedtobe  
thesamespeciesdescribedasOscillatoriaceanaigal  
inYoshimura et al．（1997）．  
Chroococcaceanalga（1．5－3．Opmindiameter）  

Thisa王gacot貢dbeobservedon主ybYflorescence  
microscopy．  

Someanimaiswereaisoobservedintbisgiacier．  
Tbe red colored copepods（Gおごわgおj鳩毎期5義）vhich  
baveb詑nrepOrtedi王1tbeYalagまacier（K主kllC壬Ii1994）  
Were trapped vitb a sma11neとat the meltⅥ7ater  
Stream at5100m a．s．1．Rotifers were observedin the  
dirt samples from the glacier surface，Howeverthe  
mi（短e（D毎mesakohshimai）whichhasbeenreportedin  
Yalaglacier（Kohshima，1984a）was not observedin  
も最sgiacier．   
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Fig，3．SnowalgaeinGlacierAXOlO．1：q′lind7Vq7Siis brCbissonii，2：Mesoiae兜ium  
beプ懲renii，3：71仰Chisciasp．，4：Oscillatoriaceanalga．Scalcbars＝10JLm．  

ユニ 〃／∫／J勅†かIJJt川g＝モ／▲（▼′打力即lT（イバ   

Figure4shows the distribution range of each  
algalspecies．C．bYCb＆soniionly distributedin the  
arealowerthan5200ma．s．l．andverycommoninthe  
lowerpart．Thoughother4specieswereobservedat  
allsampli重唱pOints，払e Oscil王atoriacean algaⅦaS  
verycommonespecialiyinthearealowerthan52OO．  
Theseresultswellagreedwiththereporteddistribu・  
tionrangeofthesespeciesonYalaglacier（Yoshimura  
etal．，1997）exceptingthefactthat77vchisc由sp．was  
observedeveninthe arealower than5200m a．s．1．in  
也isglacier．  

睡   49001¶   瑚Om   51叩m   5200IⅥ   馴m   

■▲■J●こ■■  

Chr000008aCOana蜘  

●■ニ．・▲←二二二・ニ  

蜘細ぬ那加喝脚好  
伽趣da坤  

ー 。n … 伽mm。n －－－－一触怜  

Fig．4．Algaldistriblユtionrangeandreiative育eqlユenCyOf  
OCCllrrenCeOlltheglacier．   
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′rablel．Li或Ofcoilectedsamples，a王galcelldensity，andalga壬biomass   
Sample Date Sampling Altitude Sampling  Condition  Celldensity Algalbiomass  

point   （m） area（cm2）  （103cellsmL‾l）（10…きmLm‾Z）  
4980  100  BlackishcryoconiteonIce，16cm  

below surface  
5040  100  BlackishcryoconiteonIce，23cm  

below surface  
5050  156  BlackishcryoconiteonIce，25cm  

below surface  
5180  100  Blackishcryoconiteonlce，39cm  

be王ow＄urface  
5250  140  BlackisbdirtysnoⅥr，74cmbeloⅥF  

stlrraCP  

23082  2256   

7121  1288  

11943  1412  

2822  74  

5056  78  

1  8－Oct S1  

2  8－Oct S2  

3  8－Oct S3  

4  10－Oct S4  

5  1（トOct S5  

a3．βわク那Sざ  
Tablelshowspopulationsizesincellspermi11i－  

1iterineachsamplewater andthe algalbiomass at  
each sampling pointinmi11iliter per square meter・  
Fi糾1re5shows the change of algalbiomass with  
altitude on this glacier．The data of Yala glacier  
（Yoshimuraetal．，1997）arealsoplottedinthesame  
figtlre．The figure showsthat，Onboth glaciers，the  
algalbiomassesrapidlydecreasedinasimilarrateas  
the altitudeinereased，andthealgalbiomassesat the  
satlle altitude werein a similarlevel．  榔¢ 帥 5即 さ1雄 51き¢ 5加 55格○ 榊  

▲l仙d●（叫  

八
V
 
 
0
 
 
0
 
 
0
 
 

鐘
V
 
 
】
5
 
 
▲
†
 
 
き
 
 
 

貰
㌢
急
き
豆
受
g
 
 

l
 
 
m
 
 

雷
－
J
∈
）
○
∈
ぷ
○
＞
 
 

Sl00  5150  5200  5御 5洲  53ら0 5●00  5▲50  
封馳畑可呵  

Fig．6．Altitudinalchangeofcommunitystructurewhich  
WaSrepreSentedbytheproportionofeachalgaetothe  
totalalgalbiomass（a）AXOlO（b）Yala glacier  
（modifiedafterYoshimura etalり1997）．  

The algaI community on this glacier could be 
CategOrizedintofollowingtwotypesニ  
Typel：払e community observed at tbe area  

lowerthan52OOma．s．1．（Sl－Si）thateonsistsLlf5algal  
SpeCiesdominatedbyC．わ1薙ぬ奔放‡n払istype，払e  
ratioofthemostdominantspecies（C brCbissonii．）to  
thetotalalgalbiomasswasveryhigh（70－93％），The  
Oscillatoriacean alga wasthe secondary dominant   

4900  50【船  5100  5200  狙00  5棚  5500  
AIt伽do（m乳乱I．）  

Fig．5．Altitudinalchangeofalgalbiomass（mLm，2）esti－  
matedbymeasuringthetotalalgalvolume．  

a尋．Agf血成乃αJcゐα聯q′co研桝〟乃卸ざ細C血柁  
Figure6showstheattitudinalchangeofcommtl・  

nit），StnletureWhiehwasexpressedbytheproportion  
ofeachspeeiestothetotalalgalbiomass．Thestrue－  
ture ofthe algalcommunity gradua11〉：ehanged with  
altitude．Forexample，aStheaititudeincreased，the  
ratioofC．byeb由sonii．decreasedandthoseofother4  
SpeCiesincreased．  
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4．Discussion  

J．ヱ∴1む‘7り7t〃〟（りJ仙・〃／J描Jん叩J7（直川叫－lTgん（イりS  
Out of5algalspecies observedinthis study，4  

species（C．brGbissonii，M．beナ苫g7mii，77t）Ch怨chlSp．  
and Oscillatoriacean alga）were also reported from  
YalaglacierinCentralNepal（Yoshimuraeial．，1997）．  
Thoughwestillhaveafewinformationonthesnow  
algalfloraoftheHimalayanglaciers，distributionof  
theseidenticalspeciesonthetwoglaciersindifferent  
reglOnSS噸geStStbattbeyarethemai‡lmemberofthe  
alga王 community cbaracteristic to tbe Himalayan  
CleanTypeglaciers．   

・g．ユ▲1／／〟〝（〟〃〝／減刑粁守f両町＝仙川聴   
Asfigure5shows，in both Glacier AXOlO and  

Yalaglacier，thealgalbiomassesrapidlydecrea＄edin  
asimi1arrateasthealtitudeincreased，andthealgal  
biomassesatthesamealtitudewereinasimilarlevel．  
Thissuggeststhat onbothglaciersalgalbiomasses  
were contro11ed by the same environmentalcorldi－  
tions．1’oshimurこl√′（l／‥（1997）an；ll）－Zed relationship  
betヽVeen algalbiい111aSSandenvir（一mllentalconditions  
onYalagiacierandsuggestedthatthealgalbiomass  
WaSmainlylimitedbytheamotlntOfsnowcoverat  
each altitudeduringsummer，because】ightintensity  
avai1able for the algalgrowthmainly depends on  
thicknessandfrequencyofsnowcoveronalgalhab・  
itat．   

J．ユ▲1也‘7／（、い〃〃〃J川中‘川√7g山（ゾげ∫J川川汀＝枇J∬占‘J／l  
〟タブ（’t’  

AititudinaldistributionofthetvotypesofsnoⅥr  
algalcommunityonGlacierÅⅩ018co汀eSpOndedto  
払atof払e汀1aSSもaianceduring払esとudypedod（Fig．  
6aandFig．7）；Typelcommtlnitywasot〉SerVedint壬Ie  
minusmassbalancearea（ablationzone，S卜S4）and  
Type2community was observedin the plus mass  
balancearea（accumulationzone，S5）．Theresultsug・  
geststhatthesnowalgalcommunitywasaffectedby  
the massbalance atthat site．   

Inthestudy ofanother HimalayanClean Type  
glacier（Yaia giacier，Larlgtang regionin Central  
Nepai），Yosbim11ra g才αg．，（1997）dividedtbegiacier  
intothreezonesfrom払edifferenceof払ealgalcom－  
m11nity（ぎig．6b）：払eLowerZoneく5100ー5200ma．s・1・）  
vitbsevenspeciesdominatedby C．あ紹あぬβ符才g，ぬe  
MiddleZone（52別ト5300ma息1．）w主也elevenspecies  
dominatedbyM．beナ苫gYmii，andtheUpperZone（5300  
－5430ma，S⊥1，）withfourspeciesdominatedby7bchik－   

SpeC主es（4－21％）．Ratesofotber3specieswerevery  
littie．  

Type2：thecommunityobservedatthehighest  
sampling point（S5，5250m a．s．l．）that consists of4  
algalspeciesdominatedbytheOscillatoriaceanalga・  
Inthistype，theratio ofthemostdominantspecies  
（theOsci11atoriaceanalga）tothetotalalgalbiomass  
wasnot＄Ohigh（56％）andthesubdominantspecies  
accountedforrelativelyhigherpercentage（Chroococ－  
CaCean alga：23％，7「ねごゐゐcぬsp∴11％andノ払  
bり好打〃i（：i㌔）compilredwithTlrPelcoI11mしmity・C・  
bl・（朝55（Vti！．．the most dominant speciesin T）TPel  
COmmunityⅥ7aSnOtObserved．   

．？．言．JんNわ（JんJ〃（、（・  
Figure7showsthealtitudinaldistributionofthe  

observed mass balance，the estimated ablation and  
accumulationduringtheperiodfromJunetoOctober，  
1995．Thefigureshowsthattheequilibriumlinealti－  
tudeduringthestudyperiodwasaround5230ma・S・lr  
ItwaslocatedbetweenS4andS5．Therebythesam－  
pli昭pOintsbeloⅥ75230m a．s．1．vasiocatedintbe  
ablationzone，andonlytbebigbe＄tSamplingpoi‡ltそS5，  
5250m a．s．1．）wasin th占acctmulation zone．Tbe  
ablation，Vhichisrelatedwiththemeitwatersuppiy  
foralgae，WaShighatal1siteduringthestudyperiod．  
Meltwater，Whichis2035mmw．e．atthelowestpoint，  
decreasesto645mmw．e．atthehighestpoint．Accu－  
mulation，Which would be zero below5040m a，S．1．，  
increasesto853mmW．e．atthehighestpoint（5250m  
a，S．l，）．  
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Ciasp．Theyreportedthatthemostdominantspecies  
occupiedthemostpartofthealgalbiomass（77－83％）  
in tile Lower Zone and偽e Upper Zorle，butin洩e  
Middle Zone，tbe percentage of tbe most do‡n三nant  
SpeCieswasnotsohigh（30－50％）andthesubdominant  
SpeCiesaccountedforrelativelyhigherpercentage．  
When we compared the algal communities on 

both glacier（Fig．6），Typelcommunity of Glacier  
AXOIO higM）T domi11ated b〉’C．blfbk（Ht［；．clearl）r  
COrreSpOndstothecommunityobservedintheLower  
ZoneofYalaglacier，andType2communityseemed  
to correspond to the community observed in the  
MiddlcZone；becausetheseconddominantspeciesin  
theMiddieZoneofYalaglacier（theOscillatoriacean  
aigal）was the most dominant speciesin Type2  
COmmunity，andin both community types，the sub・  
dominantspeciesaccountedforrelativelyhigherper－  
Centage．InGlacierAXOlO，however，the community  
that correspondsto the community observedinthe  
UpperZo‡1eOfYalagiacierⅥFaSIlOtObserve洩  

YosモIiml汀a gf αg．（1997）analyzed relationship  
between snow algalcommunity and environmental  
COnditions on theglacier and suggested thatthis  
Verticalzonationofthealgalcommunitytypereflects  
the differencein summer climatic conditions with  
altitlユde，eSpeCialiy tbickness andたequency of the  
SnOW COVer On algalhabitat becauseit drastically  
Changesthealgalgrowthconditions．Sincethethick－  
nessandfrequencyofthesnowcoverontheglacier  
Closelycorrelatewiththemassbalanceatthatpoint，  
their resuits also s噸geSt the close relationship  
between t壬1e SnOW aigalcommunity and the giacier  
summer massbaiance．  

Theypointed outthat the algalhabitats on the  
glacier canbe dividedinto two typeswith different  
COnditions；“ice－enVironment”withice substrate，  
mtにh and stable‡neltwater，aiong groⅥrt‡lperiod，  
StrOng radiation，and relatively ricb nuけient，and  
“snowrenvironment”with snow st血strate，1ess and  
unstablemeltwater，aShortgrowthperiod，Weakradi・  
ation，andrelativelypoornutrients．Theice－environ・  
ment and snow－enVironment corresponded to the  
Lower Zone and tbe Upper Zone，reSpeCtively．Tbe  
Middle Zone is an unstabIe transition area between 
these two environments，in which the two types of  
COnditionsexchangedfrequently．Theydiscussedthat  
inthestablesnowuenvironmentoftheUpperZone，a  
SnOWNenVironmentspecialist（ア和Chisc由sp．）becomes  
do‡ninantincoInpetitまonwitbgeneraiistspeciestbat  
moderatelycompetit主vebothinsnowandice，butin   

thestableiceNenVironmentoftheLowerZone，anice  
MenVironmentspecialist（Cbyebissonii）becomesdomト  
11a11t．andin the uIIStable condition of Middle Zonビ，  
generalistspecies（庇あg智柁乃gg）becomes dominant  
and opportunist species temporally survive．They  
explained the largest species number and the high 
percentageofsubdominantspeciesintheMiddleZone  
bythe“intermediatedisturbancehypothesis”（Connell，  
1978）tbaと払ebigbestdiversityismai王ぬinedatinter－  
mediatelevels of disturbance．They discussed that  
unstableconditionoftheMiddleZone preventsspe・  
Cialistsfromexcludingotherspecies．  

Ourresultsonaltitudinaldistributionpatternof  
eachspecies（Figs．4and6）stlppOrttheirviewthatC  
わ商豆由∂乃藷isanicerenvironmentspecialist，アねCゐぬぐぬ  
Sp．is a snow－enVirorment specialist and肱 be曙・  
gYmii，isageneralist．Though7bchisciasp．，aSnOW  
renvironmentspecialist only distributedin firn area  
above5200minYalagIacier，WaSObservedevenin  
tbeareaiowerthan5200ma．s．1．inGlacierÅⅩ010，it  
Canbeexplainedbytbepresenceoftbesnowcover  
during the sampling period．The characteristics of  
Type2communityalsosupportthcirviewaboutthe  
altitudinalzonationofglacialalgalcommunity．  

Thusourresultssuggestthatinthe Himalayan  
CleanTypeglacまers，也ecommunitystmcturebighly  
dominatedbyC．∂適ぬ乃才gobservedinTypelcom－  
munityofGlacierAXOlOandLowerZonecommunity  
OfYalaglacierischaracteristictotheareawithminus  
SummermaSSbalance（ablationzoneduringthesum－  
mer），and the community structure moderately  
dominated by generalist species（彪．お智柁邦書才，the  
Oscillatoriaceanalga，etC．）withhigherpercentageof  
Subdominantspecies observedinType2community  
and the Middle Zonecommunityis characteristic to  
theareanearzerosummermassbalance（aroundthe  
equiiibriumline during 払e summer），Increase of  
Tr（｝（、iLis（、h7Sp．atthehighestsanlPli11gpOintonGlacier  
AXOlO suggeststhatthisspeciesis a snow－enVironq  
ment specialist and the community structure highly 
dominatedbythis＄peCiesobservedintheUpperZone  
OfYalaglacierischaracteristictotheareawithplus  
SummermaSSbaiance（accum111ationzonedtlringtbe  
Summer〉intbistypeglaciers．Tbesecommunitytypes  
Canbecalled“ablationzonetype”，“equilibriumzone  
type”and“accumulationzonetypc”，reSpeCtively．   
InGlacierAXOlO，the“accumulationzonetype”  

algalcommunitywasnotobserved．Thissuggeststhat  
汰emassbalancewas‡1egativeimalmostail琉earea  
OfGlacierAXOlOduringthealgalgrowthperiodof   
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thisyear．Itwellagreedwiththeresult ofthe stake  
measurement（Fig．7）and the report ontheremark－  
able reduction of this glacier in the recent years 
（Kadotaetal．，1993，Kadotaetal．，1997）；theterminus  
retreated58m and thethickness decreased20－30m．  
3 ×106m3involume from1978to1991．  

J，イ．SJ川汁（J如＝7∫√川／JJd∫（・（J／（け（リ■gんれイけ∫J…川ノげ  
川（7∬ん7山JJぐl－  

Theresultsofthisstudyandpreviousstudy（Yo－  
Shimura et al．，1997）suggested that the snow algal  
communities on the Himalayan Clean Type glaciers 
reflectthemassbalanceduringthegrowthperiodat  
thatsite，andtherearethreetypesofalgalcommunity  
Characteristictotheablationzone，theaccumulation  
ZOneandtheareaneartheequilibriumlineduringthe  
algalgrowthperiod，reSpeCtively．Inotherwords，We  
can estimate the elevation of the equilibrium line 
duringthesummerbyanalyzingthealtitudinaldistri－  
butionofsnowalgalcommunityontheglacier．Snow  
algalcommunities onthis type of glacier can be a  
goodindicatorofsummermassbalanceandelevation  
Oftheequilibriumline．  

Sincesamplingandanalysisofthesnowalgaeare  
easierthantheusualmassbalancesurveythatrequire  
atleasttwovisitstotheglacierforstakesettingand  
remeasurments，thealgalinformationwouldbeusefu1  
totheglacierstudiesinthisregion．   
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