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I. INTRODUCTION 

Paleoclimatic comparisons between the west coasts of North and South America are difficult at the 

present.time, partly because of the incomplete data base, and also because of the natural asymetries 

and asynchronies of paleoclimatic events across hemispheres (Salinger, 1981 1. Asymmetries result 

malnly from the contrasting distribution of ocean and land masses in both hemispheres (Pinock, 

1978; Wells, 1986; other papers in this workshop). In addition, global climatic anomalies, such as 

the El Niiio-Southern Oscillation, which currently affect the Pacific coast of America (Aceituno et al. 

1991 1, could have had a different effect in the past (Martin et al. 1992, ~ g r n e r  1992). 

We will discuss here the vegetational history of southern South America in Full and Late Glacial 

times (18,000-10,000 vr B.P.). The discussion will be based mainly on the palynological evidence 

available from various sites ranging from subtropical to subantarctic latitudes (32-55OS) in South 

America (Fig. 1 I .  We will attempt to relate the vegetational changes observed during this period to 

the corresponding pa!eoclimates in the hope that these hypothetical scenarios can provide the 

groundwork for future comparative studies. 

11. FULL-GLACIAL VEGETATION AND CLIMATE 

A. Paleobioloaical evidence 

According to. palynological studies in lsla de Chilo6 (42- 43OS), hygrophilous plant formations 
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. fleisto*e in sdu'thern Chile. Worth Pa-onian-Subamarctic forests developed in Chi ld  liland F' 'C 

h 
.t &tween 40.000-331000 Yr B.P., probablv an intecstadial tVillagr$n, 1985, and unpubtished 

manuscriptl, at the sites Pid-Pid and Molulco (Fig. 1). This vegetation was composed mainly of 

Nothofagug woodland, associated with trees such as Podocarous, Lomatia Drimvs, 

Farova/Pil~erdendron, MWaceae. Herbs were mainiy Gramineae. The full-glacial section> 

!VlllagrBn, 1988b, 1 991 b; Heusser, 1990a) reveal the presence of a Magellanic Moorland. mosaic 

with wetlands, cushion bogs of Astelia and Dacrvdium, and Nothofaaus woodland. This type of 

!andscape suggests that cooler and wetter, but ice-free, conditions prevailed in the lowland sites of 

Chiloe during the Last Glacial Maximum. Between 1 2,000 and 10,000 yr B.P., Magellanic Moorlands 

pers~sted rn Chiloe Idand only on the mountaintops of the Coastal Range (Villagrdn, 1991~) .  Today, 

the center of distribution of Magellanic moorland vegetation is located about 6 O  further south, along 

the west coasr of Tierra del Fuego, where the maximal annual rainfall and the highest records of wind 

velocity have h n  recorded. - , I 
t/ ' 

Further north along the Chilean coast, between 37-42OS, late-glacial p o l l e ~ u e n ~  (Heusser, 

1956, 1974, 1981 ), indicate the dominance - of Nothofagrr~ dombevi-type, and substantial amounts. 

of nonarboreal pollen (Gramineae, Compositae and Cyperaceae). Evidence from sites east of the 

Andes show predominantly nonarboreal pollen during the same period (Markgraf, 1983, 19891. Both, -- 

Makgraf and Heusser have interpreted these vegetational patterns as evidence of a seasonally drier 

and overall cooler climate for the Late Pleistocene at mid latitudes. 

Based on the pollen sequence from the sediments of the now dry basin of Lake ~agua i~agua 

(34O30'S, 200 m altitude). Heusser (1 983, 1 990b) postulated that Late Pleistocene precipitation was 

vore abundant in central Chile than today, as indicated by the northward displacement of the 

distributional ranges of Nothofaaus dornbevi and N. obliaua-types, Podocar~us saliana and 

Prurnno~ttvs andina. These elements were then found 5 O  north of their present range. In association 

wtth this vegetation, a rich extinct megafauna, including mastodons, megatheria, giant ground sloth, 

native horses, Camelidae, and deer, has been documented (Moreno et al. 1992). The abundance of 
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predominated in Chile during this period, providing habitat and food resources for the extina 

rnqafauna. 

Phytogeographical evidence a k o  suggest wetter climatic conditions along the coast of central 

Chile during the Pleistwene. Patches of deciduous N o t h o f a ~ u ~  forests and of evergreen rain forests 

dominated by Aextoxicon Dunctatum occur today on the summits (about 600 m elevation) of  coastal 

hil!s and in some ravines in central Chile (VitlagrAn, 1990), near the coastal towns of  Zapallar, El Tabo 

and Pichilemu (32-34O S). These patches may represent remnants of a continuous band of rain 

forest found along the coast of central Chile during the Pleistocene. In the semi-arid None Chico, the 

po!!en record (Villagran and Varela, 1990) and paleontological evidence (Nuiiez U-, 1983) from 

Quebrada Quereo, near Los Vilos (32OS). also support the hypothesis that rainfall was more abundant 

in the semiarid coastal desert during the Late-glacial. Similar islands of relict vegetation from a more 

humid period are found between 400 and 700 rn on the coastal mountains of Chaiiaral and Talel  (25- 

t 
2Ei0S) in the soutt?ern Atacama desert (Johnyn  1929, Rundel et al. 1991 1. 

In contrast, north of 27OS. floristic evidence indicates that little if any climatic change 

occ~rred during the glacial age rn the inland Atacama desert and in the Andean slopes (Villagrdn 13 

d., 1983; Kalin u., 1988). Specific affinity between the floras of the Andean Attiplano (1 8°-260S) 

and the Andes of central Chile (30-33OS) is presently very low (up to 6.7%), despite the continuous 

connection through the Andes. We infer from this low floristic similarity that the extreme aridity, 

whlch prevails today in norrh-central Chile, reached the Andean highlands during the Quaternary, thus 

..... o b s t ~ f t i n g  the . @ ~ h ~ n , g e  of f l !  ..ktwe,e.n, xheLnort!ern A!$~lan,o and c ~ g a l  ,C hiie .,. F e s e  . . .  -. floristic . - 
. . . . , , , _ "_ . . , . . . .. - . . . -  . -  <! ' . : ,  ',. ! 5 .  , -  - .  . . . . . . .  , . ,  . . . . . .  - - 4 , ;  c . , , . : .. r . : , , , , , -;, 

. . .  . - .  . :- , - -. . ..,. , ,-.,.,.-, ..-,.-. ... ". . . . .  * : . 8 : , . > :  .- 

d!fferences are not the result '6f recent climatic shifts, because taxa from the mesic, northein"and 

southern ends of  the gradient do not show a discontinuity in their distribution along the Andes. 

A. Full alacral cl~rn- 
A .- 

What was the paleoclimatic scenario along the coast of southern South America during the Last 

. - . ,  . 
Maximum? CLIMAP's (1981 1 reconstruction of  sea surface temperatures (SST) at  the time of 

. . . . .  



. . . . . . 

Dcm this - g l ~ i j  -ws,%arb fit &h & p&p~ nl&brf- and 

and the presnt i  @f Nod'%&&@ p.rklsnd in the L.k. d.irlR rtd osntrd mila, emding 5' M the 

. MPth ~f thbifi WAsN du- gbiciat .times, hawe Wm #a aaSW @f tncmas& 
I-. 

'rainfall. These weaM cmditiw~s -&ere & a marth~d di t of the 

&s~a@s tkind kt& EC~vistIes 1972. 1390, I.kau6sw 1 

Ctuse m c h  rrf the win& peciR.ita%ion in wrrshe~~t& C%ik.. 

Daa fr?oblb 

- wstezlies during ~Iacial rws, A d-ste core t t r p t  end G t f t ~ ~ ~  'li%B), tsb 175 -Ism off the 

class af Vetpm&m t34a3WS-74Q2 WW, in the e a a m  Wfk 

probably because of increased ocean upwelling. These results strongly support the view that during 

g!ac!al times storm activity was more intense and displaced equatorward along the Pacific. coast of 

South America. Stronger westerlies during the full glacial has also been suggested by Thiede (1 979) 

to expla!n the patterns of deposition of wind-blown quartz particles off the east coast of Australia in 

the southwestern Pacific. 

Geological evidence documenting shifts in the position of modern and Pleistocene snowlines 

in the semiarid region of north-central Chile (Hastenrath 1971 1 .  provides additional evidence for the 

intensification and northward displacement of the westerly wind f low during full glacial times. 



depression was stronger on the eastern side, suggesting an easterly moisture source (Fox B ~t r&c&r  : ' ' 

1991). 

Although the evidence examined so far supports the proposed northward displacemerit of the 

westerlies wind belt, fossil pollen assemblages from subtropical and mid-latitudes introduce some 

questtons (Markgraf, 1989). Why are Valdivian rain forest and sclerophyllous taxa absent from the 

pollen - . profiles in the Central Depression? Instead, the landscape was dominated by Gramineae, 
., - . h "  . 

-7 . . 
~ompositae and Nothofaau!Conifers-Parkland. In both Chilean and Argentinean sites, Cyperaceae 

and other marshy and aquatic taxa are also well represented. Seasonal reconstructions of the 

SST for the last Glac~al Maximum (Climap 1981) show that the glacial Winters in the southern 

hemisphere were characterized by increased equatorward flow of cool waters t o  just above 30° S - , 

The thermal equator, and possibly the Intertropical Convergence, should have been displaced to  the 

north. In contrast, during the glacial summers of the southern hemisphere, the thermal equator was 

considerably further south of its present position, which is between O0 and 20° S, and nearer the 

eastern Pacific. h seems likely that the notable contrast between glacial summer and winter 

temperatures in the South Pacific caused a pronounced seasonality in south-central Chile,.during the 

glacial period. This marked seasonality is considered unprecedented today, except perhaps in the 

most continental sites, favoring the dominance of deciduous Nothofaaus and conifer species, rather - - - .  
':- ;; . . I - . -  - - .. 
&=n Valdv'ian r27n rdfes't s$ede'i Ghich thrive in more equitable climates. Local climatic differences 

between coastal and inland sites should have been important in supporting different forest types. 
1 '  - '>  .,* &. ; /  , . . 

- . .  
- - - , 1 

. .,. . . .  2.:- - 
x., ;:.": -<* -. . .. . :.: : 7 
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al&vian rain fdrest tax= h a y  have &rsist'kd 'in'~oasta1"re.fuges. Studies of  fossil pollen assemblages 

from coasta! locations, currently unavailable, are needed to test this prediction. 

Ill. ENVIRONMENTAL CHANGES DURING THE LATE GLACIAL 

- 
A. Palvnoloaical evidence 

All. the fossil pollen assemblages known from the Lake District (39-43OS) in south-central Chile, 

indicate that tree establishment leading rapidly t o  a closed forest began synchronously at around 
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trees betm$ed, meinly 

early presence of these 

rainy. ~egional differ 

maps of ~sopoHen-lines fvillagrdn, 1991 a). These maps 'show 'that Podocamus nubi~ena, 
. ?  ' 

Fitzrovac'Pilaerodendron and Nothofagus dombevi-type dominate first.,the montane, oceanic sites of 
- .  

the Lake Distfict. In lowland sites of the Lake District, the more therrnophylous Myrtaceae taxa were 

the first colonizers. In the wetlands closer to the lakes, the successional series began with aquatic 

and swamp taxa, suggesting the gradual filling of .lakes and ponds following ice melting (Villagriln, 

1988b, 1991 b1. On the summits of the coastal ranges there was a simuhaneous development of 

Magellanic moorland. Pollen spectra show an uninterrupted sequence of development o f  peatlands,' 

ranging from minerotrophic, with peaks of Astelia our&, to ombrotrophic characterized by 

successive peaks of Donatia fascicularrs and Gaimardia a u s t r h  (Villagrln, 1991~) .  - 
The beginning of the Holocene in the Lake District was marked by the rapid expansion of the .- 

more thermophylic Valdivian rain forest elements in all the pollen profiles. a- and 

Weinmannia trichos~errna were the most relevant taxa. These species are known to be more resistant 
> . 

to seasonal drought than the North-Patagonic species which prevailed in the  ate' Glacial (VillagrBn, 

1991 b). The Andean profiles show that deciduous N o t h o f a  'procera/obliaua dominated the 

mountain slopes at the beginnig of the Holocene (Fig. 21. Since 3,000 years B. P. these species 

beg~n to be replaced by North-Patagonic taxa in the Andes (Villagrln, 1980). 

In Central Chile, a t  Ouebrada Ouereo (3Z0S1, wet conditions prior to 10,000 yr B.P. are 
. . 

shown by the abundant pollen of swamp and wetland plants, such as Cyperaceae and JVlvrioohvllum, 

with only traces of arboreal pollen (VillagrBn and Varela, 19901. A trend towards radically drier 

cmditions began in the early Holocene, as implied by the substantial decrease of both arboreal and 

aquatic taxa and a general decrease m the diversity of shrubland indicators. The fossil pollen 
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change ' from woddlarid 
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indicators of warmer and dri 
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k When we compare fossil pollen assemblages from mediterranean and temperate latitudes of 

7 Chile, with sites located south of 500 S, we notice that paleoclirnatic changes have been 

asynchronous and unequal over latitudinal range analysed (Fig. 2, 3, 4). Pollen records from Tierra 

! del Fuego Ic. 55OS1, provide evidence for cold and dry conditions prevailing between 13,000 and 

$5: 1 O,OOj?- vears B. P., when sltes located at lower latitudes were more humid. The vegetation of Tierra >*-" **- - 
@ ~2% 

.a&- 

.-a ;- ,* . 
del Fuego durlng that period was dominated by Ernmtrum and Gramineae, Nothofaaus forests 

developed after 10,000 yr B.P. (Fig. 3), presumably as a response to increased precipitation (Heusser 

and Rabassa, 1 987; Heusser, 1989b. c; Rabassa and Clapperton, 1990). A t  Puerto Eden (c. 50°S), 

nonarboreal taxa dominate the pollen-profile before 13,000 yr B. P., whereas pollen of. Nothofaaus 

increased between 13.000 and 10,000 yr B.P. (Fig. 3). It was only from 10,000 yr B.P. on that 
A*woct 

Magella~~c mwrtand indicators become important (Fig. 41, suggesting wetter conditions 

r .  :,; ,*- --. ..,->?- 8 - ~ : . y - ' & ; & ~ ~ y -  i:t-+-- 5,- - L. -----. 
a,, 1991). .<*..: ,, .a c2 -, r - . ~  . i.,pb- k,:-4.L-?$2Ls *+.!, . -  , . . -  2-.yp::::;;- 3 ' . '  . , . . - - . ?.-*, 2 - 4  a~ , -  ,,.% .++&$$$ -3hv.-,:b.-,, 

c '* !$t?&-=G s *A ;=x? ..:--*%c 
I?.< 

tributi&"of ~a~ellanic'?iiborlands, and the latitudinal advances '%@ 2.  Fc . - 
retreats of the Nothofaaus parkland are the best indicators of changing patterns in precipitation in .: 
C Glacial-Holocene transition (Figs. 2, 3, 4). At the Glacial Maximum, moorlands were 

conspicuously present in lowland sites at 42% (Fig. 41. From 13.000 vr B.P. onwards Magellanic 

moorlands became restricted to the mountaintops of the Coastal Range in Chiloe Island. Finally, in 

the last 10,000 yr moorland taxa colonized the Chilean Channels Region, at 50° S, where this plant 

formation is a malor component of the present vegetation. Accordingly, the modern climate of austral 

Chile was established in the early Holocene:, , ,, 
( C  . . .. - .*-;>; -... yr-... . , >..:+ -.. - . . .. .A*- -... *- w,k-:,.* , . - +  ..*--!f$ :: ... . - . , .-: - ..- , . :.. -<.-.';.<2 $$$;* . . , , . - 7  - .. ' i, '. .. ' -  . -- 

--. , - ... . . . - .. 
Nothofaaus dombevi-type and dianiineae (Fig. 3) were the dorn'hant taxa of mediterranean as 

well as temperate regions in Chile during the full-Glacial forming a parkland. Subsequently, a rapid 

warming trend, associated with abundant rainfall favored the colonization of the North-Patagonic 

forest at mid latitudes. The N j Y  parkland extended southward, up to Puerto Eden, at 50°S, 
t * ,  
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(34°30'S) during the Pleistocene, expanded south along the Andes to mid-latitudes' {until 42O S) 

during the early Holocene, probably reflecting decreased precipitation during this period. 

B. Climate durina the Glacial-Holocene transition 

In rhis section, we present a possible scenario for the late glacial in southern South america. The 

timing of forest expansion in southern Chile during this period agree with the timing of glaciar- 

regressions in the Lake D~strict (Heusser, 1990a; Porter, 1981 ; Mercer, 1976, 1984; Clapperton, 

1990). These authors proposed dates between 15,000-14,500 yr B.P. for the latest advances of 

glaciers in the area. A rapid and uninterrupted deglaciation followed, in response to a warming trend 

that began about 13,000 yr B.P. This trend is supported by the record of SST inferred from a deep- 

sea core taken at 4Z0S, 80°W, in the Subantarctic region (Salinger, 1981; Shackleton, 1978). 

Around 15,000 yr B.P. SST's at that latitude were close to the glacial minimum, and by 10,000 yr 

B.P. they had raised to values near the Holocene maximum levels. 

A similar trend is show by two 65,000 yr-ice cores from Antarctica [Jouzel el &I., 1987, 

1989). These cores show a coinc~dent and pronounced increase in isotopic contents (018 and 

deuterium) at 15,000 yr B. P., when temperatures were the lowest. Maximum temperatures were 
au\A hk~.c\ etd. c\qQ4) 

reached around 9,502 years ago. Salinger (198l),,argued that changes in SST in the Southern 

Hemsphere preceeded changes In the Northern Hemisphere by about 3,000 yr. The Maximum 

Holocene warming in Chile occured around 9,500 yr B.P., about the same time as in blew Guinea, 

Australia and New Zealand. The warmest period in Europe and North America, in contrast, occurred 

on!y about 5,000 yr ago. 

The different timing of deglaciation processes and the thermal maximum in the northern and 

soufhem hemispheres can explain the increase in rainfall in Chile during the Glacial-Holocene 

tra~sition. Because of the asynchronous ice-melting in each hemisphere the position of the thermal 
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greatly weakened. - - 

Th~s paleoscenar~o for the last deglaciation period is supported by geornoahic data and 

studies of paleqsols in the semiarid region of Chile. Relict paleosols originated during a more humid 

period have been described for the end of the late glacial in the semiarid coast of Chile (27-33O S) 

(Veit, 1991). On the other hand, it has been documented that paleolakes in the Peruvian-Bolivian 

Alt!~lano covered an area about four times as large as their present one from 12,500 to 11 ,OQO yr B. 

P. (Hastenrath and Kutzbach, 1 985). tt was estimated that average annual rainfall must have been 

30-5096 higher than it is today. Increased summer rains, associated with a southward shift of the 

Atlantic Intertropical Convergence, may account for the wetter conditions in the Altiplano during the 
c.r? 

sler, 1 985; Servant d., 1981 ;,Servant and Villarroel, 1979). 
I 
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