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Abstract  

TreeringSamplesofincrementcoreswerecollecteddl汀ingtbeaustralsummerof1985－86，fromtenlocations  
aro11ndtbePatagoniaIcefields，Ofwhicbtboseoffもぁごぽゆ損得祝あ室如郡部S fromtbeareasarotユndSanRafaela11d  
SolerGlacierswereanalyzedandrespectivedendrochronologieswereestablishedforthepast250years．The  
mostoutstandingcharacteristicofthesetwodendrochronologieswasaveryunusualincreaseingrowthinthelast  
fewdecades．ThesynchronizedoccurranceofsuchanincreasedgrowthbothintheSanRafaelandSolerareas  
Separatedbythe3，000mhighSouthernAndesindicatedthatitwasnotalocalphenomenonbutlikelytobeamore  
extensive oneinduced by some climatic factor or factors．A comparison between the chronologies and the  
Climaticrecordsofthenearestweatherstationsdidn’tshowanydirectcorrelation，butadelayedcorrelationwas  
foundbetweentheprecipitationandtreegrowthwiththelatterlaggingbehindtheformerbylOto15years．  

1．lntroduction  

Duringtheaustralsummerof1985－86，atOtalof  
600incrementcoreswerecollectedbymeansofboring  
treesfromtensamplingsitesinChileanPatagoniaand  
itsnorthernvicinity．Thecoverageofthesesampling  
Sites ranged from Tierra delFuego（54OOO′S），the  
SOuthernmost tip of South America，tO tJake Chapo  
（43ロ30S）near Puerto Montt，butthe major emphasis  
WaSplaced onthe areasaround San Rafael（46O40’S，  
See Map2）and Soler（46055S，Map3）Glaciers，On  
vbichbothintensive and exte壬1Sive observations and  
SurVeyS Were Carried otlt SimⅥ1taneoljSly by fe1low  
ClimatologlStS，glacioiogistsandilydroiogists．  

San RafaelGlacier discharges westward，Whiie  
SolerGlacierdischargeseastwardfromthe4，500－km2  
NorthernPatogoniaIcefield（HieloPatagonicoNorte）  
WhichstraddlestheSouthernAndes．Beirlgtemper．  
ate glaciers．thelower halves of both glaciers are  
SurrOundedbylushforestsofprimarilytheNbthq詭密us  
SpeCies．Three dendrochronologlCalsampling plots  
were established in this forested area afound San 
RafaelGlacier andfour plots around Soler Glacier．  
Ofthere‡Ⅵalnlngtbree samplhg sites，One by Lake  
CllapO repreSented洩eIlOrtbern extrenlity and tbe  

Otber two tわe southern．One oftIleSe SOutbernmosも  
p王ots，locatedatthebaseoftbelVilcockPe11ins11ia絡げ  
40Sき，WaS Sampled by Mr．Adrian Newton of the  
CambridgeUrliver・SityExpeditionTeamandtheother  
in Tierra delFuego was sampled by Dr．Edmundo  
PisanooftheUniversityofMagallanes．Samplingln  
the remalnlng eight plots was done by the present  
author，  
Reflectingthisextensivegeographicalcoverage，  

the treespeciessampieddiffered considerably frorn  
Onelocationto another．The LakeChaposamples  
COnSistedof撤呵鳩Cgゆ閻8養お（locallycalledAler≠  
Ce），琉eSanRa払eisamplesoffもあ招珍猥乃〝あ如弼雛  
（Ma員io）inoIleまocationandofAも盆藤あg由あぬ  
（Coigue）iT－t‡－eremainingtⅥrO，andtbeSoiersamples  
Of入bg軸物〝ざタ柳7f′わ（Lengua）andⅣ∴転鮎如抜搭行  
Onelocation，OfPiなぜYVdend7Vn uV節nLm（Cypres）in  
anotherandof月フdomゆusnubなemusintheremaining  
two，ThesamplesfromtheWilcock Peninsula and  
TierradelFuegowerebothmke77）dend7VnuVifknLm  

A preliminary examination of these increment 
COreSreVealedthatinbroad－1eavedspecies，i．e，N  
あgおゐぬa‡－dⅣカ〟才乃g毎annuairingsweregenerally  
Widebuto鮎nveryobscureanddiffic111ttoidenti毎，  
On the other bandin coni短roⅥS SpeCies，；．e．   
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和痴乃♂和乃甜が酵撒桝，anntlalringswerege‡1eraiiydis－  
tinctive but were sometimes as narrow as a few  
hundredthsofami11imeter withseemingly frequent  
appearance ofね重se rlngS and possible presence oぞ  
misslngrings．These findings suggestedthatexact  
aTld complete crossdating of alltbe core samples  
WOuldbeasioⅥrandtediolユSprOCeSS．Imvi錯70ftbe  
time available for the present analysis，the species  
having払e most distinctive rings，i息」鞄虎闇坤購  
乃おあ如雛渥，WaSCbose‡1incombinationw主ththemost  
主mportantlocalities，主．e．San Rafaeland SolerGla－  
Ciers－ These two sets of samples are hencefortb  
refered to as San Rafaelmdoca7Pus and Soler  
薫）（わcαゆ鵬．  

OrSlightlyoldertbanitsSanRaねelcounterpart．In  
tムeevent，64coresrepresenti喝34treesweretlSedin  
theanalysis．  

Backinthelaboratoryeachincrementcorewas  
CrOSSdated against the palrまng COre frorn軌e same  
tree，aild stぬsequentiy yearly ring－Width was mea－  
St汀edcorebycoretoaprecisionofonellu†ldredt量10f  
amiiiimeterunderamicroscopew氾iaSemトautomaモー  
ic ringqwidth－meaSuring device．An avcrage ring・  
width chronology for a glVen tree WaS Obtained by  
Simplytakingtbearithmeticmeanofthetwoseriesof  
measurements from the same tree．Whenever the  
lenがhof払epairedc王IrOl10logiesdonotmatch血eto  
differentialinner decay the shorter ofthe two was  
adoptedasthe treechronology．On these averaged  
treecbro†10logies亨SuCbstatisticsasmeanring・Width，  
mean sensitiviもy，a‡ld at豆OCOrrelation coe撒cients at  
SuCCeSSively・increasinglagsofupto fiveyearswere  
Calculated．  

Toobtainaseriesofstandardringqwidthindices  
（RWI）whichissupposedtorepresentthedendrochro・  
nologyforagivensamp軌噂Site，thei‡1dividualtree  
CbroT10iogieswerehrt壬IerSubjectedtot壬1efollowing  
Standardizationand averaglng PrOCeSSeS．First，the  
individualサtreeChronologywasstandardizedbyf豆tiれg  
agrowthcurveandthenbydividingtheobservedring－  
widthbythecorrespondingmeanincremerlteXpeCted  
たom払efittedgroⅥ互hcurve．Thisprocessconverts  
tbeor唱1naiorrawcbro110logyi‡漉OanOt重1erCbror10lo一  
宮y ofindicesⅥrith meanl．0（dimensionless）．These  
まandardizedring－WidtbchronoiogiesⅥ7ere沈enaveト  
agedforeachsamplingsiteandthestandardRWIfor  
thatsite wasobtained．  

ThetwostandardRWIsthusobtainedwcreeo汀ト  
pared wi七重IClimatic records打om nearby weatber  
Statio‡lS，i．e．SarlRaねel薫〉（わcα痺捉ざWiththerecordof  
PuertoAisen（45024S，72q42rW）and Soler  
WitbtbatofChile Cbico（46036ち，7lO44職「）．Though  
PuertoÅise‡1is170kmnoれbofSanRa払el，botbare  
OnthePa（：漬ccoastfacingdirectlyintotheprevailing  
WeSteriy wifld主n fr（）れt Of theÅndes，Whicb briTlgS  
heavyprecipitaioninbothlocalitieswithmildoceanic  
Variationintemperaturethroughouttheyear．Onthe  
Otberhandbo軌SolerandCb主IeChico，118kmapart，  
are on tbeieeward side of琉e prevaiii‡1g WeSteriy  
behindtheAndesandarecharacterizedbyadrastical－  
1ydriercontiner托alclimate．Formoredetailsof血e  
ClimatologlCalcontrast across the Patagonia North－  
ernIcefield，SeeInoueetal．（1987）．   

2．Materialsand methods  

TheSanRafaelfbdbcaゆuscoresweresampled  
from amiⅩed stand of n）docaゆus and Noth廟  
locatedonacoastalalluvialplaiIISixkilometersaway  
fromtbetermi‡luSOfSan RafaelGlacier o‡1tbeeasも  
bankofLagoonSanRafael．Thestandwaspredomiv  
na11tlyof飽娩廟blユtfもあ毘珍雛treeSOfbeigbtlO  
to2lm andbreastThightdiameter（dbh）11to47cm  
WeregrOwingm玩edincanopyandsub－CanOpyStrata．  
Twoincrementcoreswereextra（：tedfromeacIlOf25  
treessampledaswasusuallythecaseinmostlocaliw  
ties，However，Since tⅥFelⅥ∋COreS from six trees  
WereSetaSideduetopoorlegibilityofringsrestllting  
fromincipienttointermediatedecayinsidethestem，  
38increment cores from19trees were usedin the  
presentaI－alysis．Inmostofthesesa王npまestherings  
Werelegiblerightbacktothepithandthetreeagesas  
COuntedonthesecoresrangedfrom230to308yearsセ  

The Soler fbdocaゆus cores were sampled also  
from amixed stand of fわdocaゆus and Noth廠us  
groⅥ7ingonagentlysouth－faci咽fan formedt〉y the  
RiverP清a oT‡t‡lele食bankoftbeS（〉ierRiver16km  
downstream from the termintlS Of Soler Glacier．  
Hereagain払estandwaspredo汀Iinantlyof助娩藤一  
uswithasporadicmiⅩtureOffbdoca7Pusofheightll  
to20manddbh17to61cm．DifferentfromtheSan  
Ra玩！alsamples，mOSt Of払e34trees sampled were  
Subjectedtofinaldecaytoward払ecenterofthestem．  
Thishinderedagedeterminationinmostofthesam－  
Pies，blユtjlユdgingfromthestemdiameterarldthering  
COuntOf2500rmOreeVenOnthetruncatedcores，the  
Soler月プdocaゆuspopulationisnearlythesameageas  
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cussedin the next section．  
Thisunusualgrowthpatterncastedaproblemin  

Standardizing the raw ring一width chronologiesinto   
indicessincenoneoftheexistingandcommonly－uSed  
growth curves such as the Mitscherlich，logistic，  
Gompertz or Richards fumCtions（Sweda and Koide，  
1981）wereapplicable．Thusinthepresentanalysisa  
simplestraightline・WaSuSedto representthe mean  
trendofgrowth．  

Thestatisticsondendrochronologicalcharacter－   
isticsofeachtreearegiveninTablelforSanRafael  
R）docaゆusandinTable2forSolern）docaゆus．The  
chronologylengthsgivenintheseTablesdonotrepreT  
senttreeageingeneral，thoughinsomecasestheydo．  
Owingtothedecayloss，theSolerchronologieswere  
shorterthanthoseoftheSanRafaeln）docaゆuswith  
the former mean at 146 years and the latter at 212 
yearS，  

The mean ringwidth for a1lof the San Rafael  
sampleswasO．74mm，WhileitwasO．86mm for the  
Solersamples．Thisdoesnotnecessarilymeanthat  
thegrowthwasgeneral1ybetterinthelatterlocality  
thanin the former but decayin the narrow－ringed   

Y E A R  

1900  1g50  2000  

3．Dendrochrono10gicalcharacteristics  

BothSanRafaelfbdocaゆusandSoler乃docaゆus  
showedveryunusualgrowthpatternswithasudden  
andextraordinaryriseinthelastfewdecadesaswill  
beseeninFig．1，inwhichtheannualincrementand  
yearlystemradiusofSanRafaeljわdocaゆusstemNo・  
5wereplottedasanexample．General1ygrowthof  
thetreeischaracterizedbyasigmoidskewedtoward  
younger ages when considered in terms of radial 
growth，Orby a sharp and short rise followedby a  
gradualnegativeexponentialdeclinewhenconsidered  
in terms ofradialincrement．However，in most of  
thepresentsamples，thegrowthpatternwasexactly  
theotherwayaround，i．e．aslowploddingincreasefor  
thefirsttwocenturiesorsotillaround1960，followed  
by an extraordinary rise and fal1in thelast few  
decades at the senescent age of200years or more．  
ThesynchronizedoccurrenceofsuchanextraordinaT  
ry growth pattern can’t be explainedwithout some  
correspondingchangeinenvironmentaswillbedis－  
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Fig．1．ObservedgrowthofSanRafaelDフdocaゆusstemNo・5；yearlyradialincrement（above）andradialgrowth（below）・   
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Tablel．Dendrochronologicalcharacteristics of San Rafaellbdbca7卸 Samples．  

STEM LGT MEAN   
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2  3  4  
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2  189．  1．16  
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5  212．   0．60  
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8  220．   0．65  
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0．78  
0．83  
0．91  
0．70  
0．79  
0．58  
0．65  
0．84  
0．43  
0．76  
0．83  
0．76  
0．75  
0．62  
0．75  
0．77  
0．59  
0．79  
0．57  

7
 
8
 
9
 
7
 
2
 
4
 
莫
U
 
O
 
1
 
9
 
1
 
1
 
8
 
9
 
1
 
7
 
9
 
1
 
2
 
 

6
 
5
 
7
 
6
 
6
 
2
 
A
－
 
7
 
2
 
5
 
7
 
5
 
5
 
3
 
6
 
3
 
2
 
5
 
4
 
 

0
 
0
 
0
 
0
 
ハ
U
 
ハ
U
 
O
 
ハ
リ
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
ハ
U
 
O
 
n
U
 
O
 
 

O
 
7
 
3
 
1
 
8
 
0
 
4
 
1
 
4
 
2
 
3
 
8
 
4
 
9
 
4
 
4
 
4
 
8
 
1
 
 

7
 
6
 
8
 
6
 
6
 
4
 
5
 
7
 
2
 
6
 
7
 
5
 
6
 
4
 
6
 
5
 
3
 
5
 
5
 
 

0
 
0
 
0
 
0
 
ハ
U
 
O
 
ハ
リ
 
O
 
O
 
O
 
（
U
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 

4
 
3
 
亡
U
 
O
 
3
 
5
 
8
 
8
 
7
 
4
 
9
 
4
 
6
 
9
 
9
 
4
 
5
 
〔
X
U
 
6
 
 

7
 
7
 
8
 
7
 
7
 
3
 
5
 
7
 
2
 
6
 
7
 
6
 
6
 
4
 
6
 
5
 
4
 
6
 
4
 
 

0
 
爪
U
 
ハ
リ
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
n
U
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 

Table2．Dendrochronologicalcharacteristics of Solerlbdoca7Pussamples．  
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heartⅥ700dintbelattersamplesprono11nCedtIlerepre－  
Sentationofwiderringsofrecentyears．Thisconjec－  
tureissupportedbythefactthatshorterchronologies  
arealmost always associated withlargemeanring  
width and standard deviation，Whereas thelong  
CbronologiesaretbeotberⅥrayarOtlnd．  

The mean sensitivity defined by and caiculated 
accordingto  

l ′L12（範十1－み）  

Steppe）wit王l払earidity主ndexりfdeMartonneranging  
from8、89（ChileChico）to33．O8（Balmaceda）whichis  
thethresholdfortreegrowthevenatitsmoistestend．  
Ourownexperienceandobservations（Fukamietalリ  
1987）suportthispresumption．Thusitisverylikely  
thatindryyearswbenphotosynthesiswasi血ibited  
bylackofmoisturethelittlepl10tO野Ⅵtbeticassilniia－  
tesbarelyproduced upi†1thefoliagecouldn’t reach  
downtothelowerportionofthestemwheredendro－  
chronologicalsamplesareusuallytaken，eSpeCial1yin  
suchtallandoldtreesasoursamples．Ofcoursethis  
resultsinlack ofanmlalrings，thenegiect ofwhich  
villcertainlyioⅥFertIleSe11Sitivityasmight weH be  
thecaseinourpresentsamples．Thesecondpossibil－  
ityisincidentalvariabilityin ring－width sensitivity  
which may account for the present difference as a  
realizationofrandom幻uctuation．  

J〃J，＝ 一一－一丁－∑  乃－1‾  策十1十み  

Whereみandみ＋1aretVO adjacentringwidthsina  
ChroT10log㌢Oflenがb符yearS，SerVeSaSameaSt汀eOf  
magnltudein the year－tO－year ring－width variation．  
As far as the calculated results are concerned，San  
Rafaelfわdocaゆus showed higher sensitivity than  
Solerfbdbcaゆ捕againstthegeneraldendroclimatolo－  
gicalexpectationtもatinresporlSetOamOrefluctlユaト  
ing arldlimiting continentalclimate，treeS grOWing  
undersuchconditionswouldshowahighersensitivity  
than those of the same species growing under wet  
oceanic conditions．  

There are two possible causes of this apparent  
discrepa11Cy．Tbefirstispossibiefailuretoaccount  
formissingrlngSintheSolersamples．Accordingto  
diCastriand Hajek（1976），the regionincluding our  
Soler samplingsiteisclassified as BSK（cooler dry  

4．Corre暮ation with crimatic variation and other ex・  
ternalfactors  

Figure2showsthestandardRWIreducedfrom  
琉eindividlは1cbronologiesforSanRa払elメもゐ招ゆ姉  
andSolerfも（わ躇坤裕，Tbeunuslユaii‡1CreaSeingrow－  
thin thelast few decades which has already been  
pointedoutcanbeseenasaconspicuoushumpeven  
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Fig．2．Standardring－WidthindicesforSanRafaelEbdocaゆus（above）andSolern）docaゆus（below），   
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COrreSpOndingtemperatureorprecipitation，COntrary  
towhatwasexpected、  

HoⅦeVer，tbedirectcorrelat主onisnoteverytbiI｝g  
thatcanbeexpectedbetweenthetreegrowthandthe  
Climatic factors．Owing to trees’physiology，the  
effect of climatic variation on radialincrement of  
treesmaylagbehindtheoperatingweatherbyayear  
OrtⅥFO（Frit晦1976）．Figs．3and4indicatehoⅥreVer  
tbatthistoois王10tlike壬ytbecasewitbtemperature－  
Ontheotherhanditseemsthatprecipitationismore  
stron虔1ycorrelatedwithRWIwhentirne・1agistaken  
imto consideration．Especially，a COmparison be・  
tween the San RafaelRWland thelongestTdocu－  
mented‡｝uertoAise11preCipitationsbowed acertain  
correlation between tモIeTn With tbe formerlagging  
behindthelatterbyadecadeortwo．TheconspicuM  
ousincreasing trendin Puerto Aisen precipitation  
beginninginthemidM1940s，Culminatinginthelate’50s  

1965  1975  

afterthemoderatingprocessesofstandardizationand  
averaging．Thecommonap鱒aranCeOfsuchcbarac－  
teristicbumpsbothintheSanRafaelandSolerareas  
Which are separated by the65－km一wide Northern  
PatagoniaIcefieldacrossthe3，000Lm－highSouthern  
Andesindicatesthatitisnotalocalbutrathertrans－  
Andeanphenomenoninducedbyafactororcombinar  
tionoffactorsoperatingoveranextensivegeograpIli－  
Calarea，mO或possiblyweather．   
In Figs．3and4，aVailable annualprecipitation  

andmean annualtemperaturefbrpuerto Aisenand  
ChileChicoarecomparedrespectivelywiththestan－  
dard RWIs for San Rafaelfbdom坤us and Soler  
～も（あ招ゆ〟ざtrunCated to tbelengtb of tbe available  
Climaticrecords．Altho11ghthescantinessinclimatic  
data，eXCept Puerto Aisen precipitation，makesany  
detailedcomparisondifficult，neithertheSanRafael  
nor Soler RWI showed any direct correlation with the 

】935  1945  1955  

ANNUAL RING－ulD丁目INDEX  

／－、｝′  

ANNUALPRECIPITAT‖川   

MEAN A洞NUAL TEMPERA了URE  

1940  1950  －960  1970  1980  
Fig．3▲ RecentSanRafaeiring－Widthindicesasco－叩aredwithannualprecipitationandmeanannuaitemperatureatPⅥertO  
Aisen．   
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Suchalong－1aggingeffectofprecipitationcan’t  
be explained bythe trees，physiology alone・The  
most probablealternativeis the huge mass of the  
Icefieldandtheoutletglacierswhichmighthaveacted  
asanenomousreserviortocausethelaggingeffectof  
precipitation upon tree growth・With our present  
knowledge，however，itis neither possible to deter，  
mine whether this lagged correlation between tree 
growthandprecipitationiscausalorjustincidental・  

Acloseexaminationoftheconspicuouspeaksat  
theendofthechronologleSinFig．2revealedminor  

1975  

anddecliningtowardthe’60s，COrreSpOndedwellwith  
the similarly conspicuous rise and fall in the San 
RafaelRWIduringthe1960sand’70s．Though1ess  
Obvious，aSimilarcorrespondencewasfoundbetween  
thegentlydecliningprecipitationthroughthe’30sto  
themid－’40sandthesimilarlydecling RWI15years  
later．Avisualcomparisonuslng remarkable peaks  
and troughs showed alag of15years，Whereas the  
COrrelationcoefficientcalculatedatsuccessivelagsof  
Oto20yearsculminatedtoO．49andO．48atrespective  
lagsof8and12years．  

1965  

1960  

Fig．4．RecentSolerring－Widthindicesascomparedwith annualprecipitationand  
meanannualtemperatureatChileChico．   
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butdefinitedifkrencesbetween SanRafaelプも（わa望r  
♪舶and Soler fもゐ甜坤猥．One of them was払e  
bimodalpeaksintheSolerfbdocaゆuswhichdidnot  
showintheSanRafaelcounterpart．Thisdifference  
maybeexplainedbydifferentia】fallout ofvoIcanic  
ashfromMt，Hudson（45054S，72O58W）whicherupted  
in the early1970s（Guzman，1981）．The nourishing  
effcctofvoIcanicashiswellestablished；aSamatter  
of fact，the yield of agriculturalcropin the area  
ar・Ound Coihaique，90km northeast of Mt．Htldson，  
imcreasedsignificantiy for someyears following払e  
eruption（Åguilera，perSOnalcommunication），Tbe  
Soler area，100km due solぬof Mt．Hudson and  
furtherleewardthantheSan Rafaelarea，WaSmOre  
likelytohavebenefittedfromthefauingash・  
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Resumen  

Dendrocronologia en ia zona de los Glaciares San 
Rafaet y SoIer，Patagonia  

Duranteelveranoaustralde1985－86serecolect6  
muestrasdendrocrono16gicasdetestigosdeincremen－  
toendiezlocalidadesalrededordeloscamposdehielo  
Patag6nicos．Enestetrabajoseanaliz61asmuestras  
dePodocarpusnubigemusdelaszonasalrededorde  
losGlaciaresSan Rafaely Solery se estableci6sus  
respectivasdendrocronolog壬asenlosaltimos250a鶉OS・  
La caracter吉stica m孟s sobresaliente fue un singular  
aumentode（：reCimientoenias缶Itimasd吾cadas．La  
ocurrenciasincr6nicadetalcrecirnielltOenlaszonas  
delosGlaciares San Rafaely So王er，蛍paradas por  
alturasde3．000mdelosAndesPatag6nicos，indica  
quenosetratadeunfen6menolocalsinoquem畠sbien  
de un fen6menoglobalinducido por uno o varios  
factorescliIn畠ticos．Noseencontr6ningunacorrelaq  
ci6ndirectaalcompararestacronolog壬aconelreglS－  
tro climatico de estaciones meteoro16gicas vecinas．  
Sinembargo，SeenCOntr6unacorrelaci6nrctardada  
delcrecimiento arb6reoconrespectoala precipita－  
ci6n，SierldoeldesfasedelOa15a缶os．   


