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FIRE HISTORY OF PATAGONIA: CLIMA TE VERSUS HUMAN CAUSE

ABSTRACT

Vera MARKGRAF

Lysanna ANDERSON

Human society' s concern about future environmental changes in response to both natu-
ral forcings, such as climate, and ever increasing human impact can only be addressed if the
interaction between the natural and man-made forcings are fully understood. One parameter
that lends itself for such analysis is fire. The historical record is toa short and ambiguous to
provide data adequate to discriminate between natural and man-induced changes in fire fre-
quencies. Paleoenvironmental records, inclusive of both the historic and the prehistoric past,
can provide an appropriate data set with which to address this questionoThese data include
paleoclimate reconstructions, pollen, and charcoal records from dated sediment sections, and
information on past human impact derived from historical and archaeological evidence. The
Patagonian region is well suited for such a study because of its climatic diversity, its wide
range of ecosystems, and the adaptation of its ecosystems to fire. Records from latitudes 36°
to 55°S suggest that a1thoughprehistoric human activities may have amplified extent of fires,
climate played the central role. Changes in patterns of climate variability were particularly
important. Whenever variability was high, during the late glacial and the late Holocene, fires
were abundant. Late glacial variability is probably related to fluctuations in the extent of
Antarctic sea-ice which in turn influences the latitudinal position of the westerly stormtracks;
late Holocene variability, on the other hand, is related to the influence of EI Nifío/Southern
Oscillation.

1 INTRODUCTION

One of the biggest challenges in predicting
future environmental response to ever increasing
pressure from human impact is how the effects
of natural. driving forces (e.g. c1imate)'interact
with the effects of anthropogenic forcing. One
parameter that lends itself to such analysis is
fire. Fire is related to both c1imate and human
activity. It alsohas a profound infIuenceon envi-
ronmental changes and ecosystem processes.

Changes in fire regime may have conse-
quences that extend far beyond a local or regio-
nal ecosystem scale change. Marked changes in
black carbon analyzed from the Antarctic Byrd
ice core (CHYLEK et a/., 1992) during the last
13000 years B.P. (Before Present) indicate that
charcoal partic1es, although produced regio-
nally, are redistributed globally. The black car-
bon component of aerosols originating from
forest fires represents a feedback mechanism
that influences c1imate on a global scale
(SCHNEIDER, 1976).

The quintessential question is, if and to
which degree human-induced fires interact or
even irreversibly alter the environment in com-
bination with, or independent of, concurrent

c1imate-inducedenvironmental change. To ade-
quately address this question we need to know
how different human activities, especially bur-
ning, affect different environments under diffe-
rent c1imatescenarios.

Most ecosystems in Patagonia, except the
most permanently wet rainforests, are adapted
to fires. Recent studies have led to a good
understanding of the dynamics of vegetation
response and adaptations to fire pressure
(ERIKSEN, 1975; VEBLEN & LORENZ,
1987;VEBLEN et ai., 1992). This adaptation to
fire suggests that for a given community, a
constant fire regime is not a "disturbance", but
an integral component of the ecosystem that
contributes to the maintenance of that commu-
nity (PICKETT et aI., 1989). As such, it is not
fire per se that may result in environmental
change, but changes in fire frequency and/or
intensity. The question of the degree and dimen-
sion of human impact, especially as it relates to
future global change, can not be adequately
addressed by historical records. Documented
changes in fire regime and corresponding chan-
ges in character and magnitude of environmen-
tal response represent only a limited range of
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scenarios. Long-tenn records of changes in c1i-
mate, fire history ( and changing patterns of
humanoccupation and land use maygive us the
broader picture needed to determine the relation
between fire, man and the ecosystem.

Patagonia is particularly well suited for
such a study due to 1) the diversity of dimates
and environments, 2) latitudinally distinct evo-
lution of environmentalchange and 3) .sensivity
of the natural system to fire (MARKGRAF,
1993a, MARKGRAF et ai., 1992; VEBLEN et
al., 1992). Paleoenvironmental records from
sites between latitudes 36°S and 55°S document
a long and variable history of changes in c1ima-
te and fire regime, extending back continuously
to about 15000 years B.P. (HEUSSER, 1987;
1990; MARKGRAF, 1991a; MARKGRAF,
1993a). Archaeological and historical data
throughout Patagonia document different pha-
ses of human occupation as far back as 13000
years B.P. (e.g. MASSONE, 1987; BIRD &
BIRD, 1978; LYNCH, 1983; MENA, 1991).
This combination - present and past diversity
of ecosystems and c1imateswithin and between
each latitudinal band, and the correlative
records of historic and prehistoric human occu-
pation - represents a significant opportunity to
assess the sensivity of distinct natural systems
to natural and anthropogenic changes in fire
frequency.

Thus, analysis of long-tenn changes in fire
regime in Patagonia offers a unique opportunity
to study interaction between c1imate and mano
Analysis of records of paleoenvironmentalchan-
ge and paleo-fire events from the wide range of
biota represented at these latitudinal segments
will address the following specificaspects:

1) Sensitivity of different ecosystems, from
temperate rainforests to Andean forests and
steppe, to present and past natural and man-
made fire disturbance and patterns of ecos-
ystem recovery;

2) The effect of c1imate, past and present,
from permanently wet to seasonally drought-
affected, and from temperate to cold conditions
on the frequency, amplitude, and recurrence of
fire disturbance; and

3) The influence of impacts from Paleoin-
dian, colonial, and modern land-use patterns on
fire frequency and its relationship to climate
change.

In this paper we will discuss the available
paleoenvironmental records as a means of dif-
ferentiating among these influences on environ-
mental change. First we will present a brief
summary of current theory Of}the controls of
fire/vegetation dynamics. Second we will
review the data and the interpretations of the
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timing and nature of changes in c1imate regi-
mes, fire regimes, and vegetation communities
throughout southern South America. Finally,
we will discuss these data in terms of their
implications for differentiating between the
influence of humans and climate on changes in
fire regime and plant communities.

2BACKGROUND

Controls on fire frequency and intensity -
Changes in fire regimes are the consequence of
external triggers (e.g. climate, man) interacting

. with predisposing characteristies of each speci-
fie ecosystem (PICKETT et al., 1989). These
characteristcs inc1ude fuel quantity and quality
and its spatial distribution, vegetation commu-
nity structure and patchiness, and local topo-
graphy, inc1uding presence or absence of fire
breaks (GRIMM, 1984; WRIGHT, 1981).
Much paleoenvironmental research in North
America has focused on defining the ecologieal
constraints on fire frequencies. Analysis of
periodicities of fires in Minnesota (CLARK,
1988; GRIMM, 1984), southern Ontario
(CWYNAR, 1978) and the Canadian northern
Territories (JOHNSON, 1979) showed fire fre-
quency to be driven by climate, primarily
recurrence of droughts, and regulated by the
dynamics of fuel regime. With other words,
every fire regime is related to the specific fuel
regime of a given vegetation. This implies that
under the same c1imatic conditions, fires will
show periodicities representative of fuel availa-
bility increasing with time. In the North
American hardwood forests fuel build-up rea-
ches a maximum after about 150 to 300 years.
To determine how a specific fire regime is
maintained, or changed, what the specifie for-
cings are, and how effects of different forcing
might interact, it is necessary therefore to make
use of long-tenn records of past change.

Pollen and charcoal as long-term records
- Records of past fires are interpreted from
changes in the abundance of charcoal in the
same sediment sections analyzed for pollen.
Combining pollen and charcoal data as proxy
data for the interpretation of ecosystem dyna-
mics assumes that the factors controlling the
abundance of both charcoal and pollen present
in the fossil record are similar. Most troubleso-
me among these factors is source area, as defi-
ned by the dynamics of partic1e motion and
deposition. Simply stated: if inferences about
the nature of a community's response to fire are
going to be derived from proxy evidence, then
the source area for the proxies must be 1) simi-
lar, and 2) limited to that community.
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The dynamics of pollen and charcoal trans-
port and deposition have been discussed exten-
sively. CLARK (1988) has presented a model
for deposition of charcoal partic1es of the size
found on pollen slides that suggests source
areas of up to several hundred kilometers dis-
tant. This is a much larger source area than has
been presented for pollen. PRENTICE(1985),
and JACOBSON & BRADSHAW (1981) have
developed models of pollen deposition in
which basins of greater than 100 m diameter
correspond to source areas of 20m to 200 km.
The percentage of the pollen in the sediments
derived from more distant source areas increa-
ses with increasing basin size. The difference in
dispersal betweeen pollen and charcoal is due
primarily to the effect on charcoal of the lifting
ability of fires. Heat from fires can set up con-
vection currents that may raise particulates
much higher than normal boundary effects
would 10ftpollen (CLARK, 1988).

Although these models suggest that the
source areas for pollen and charcoal may be
significantly different, a strong correlation has
been shown between influx rates of local and
regional pollen and pollen slide charcoal counts
(GREEN et al., 1988; GREEN & DOLMAN,
1988; DODSON, 1988; GREEN, 1983, Clark,
personal communication). These empirical data
support the assumption that pollen and charcoal
do have similar pattems of transport and depo-
sition, and that the fossil record in moderateÍy
size basins (100 to 300m diameter) is domina-
ted by a signal corresponding to a source area
extending from several 100m to a few kilome-
ters.

The use of pollen and charcoal as proxies
for vegetation/fire interaction - One of the
regions best studied for effects of fire on biota,
present and past, is Australia (GILL, 1975;
GIL L et al., 1981; GREEN & DOLMAN,
1988; DODSON, 1988). There, evolution of
distinctive fire adapted ecosystems during early
Tertiary times has been ascribed to changes in
fire -regime related to c1imate change, specifi-
cally to the onset of seasonally variable precipi-
tation (RECHER & CHRISTENSEN, 1981;
KEMP, 1981). During the more recent late
Pleistocene period, further changes in forest
composition and forest distribution reflecting
increasing fire adaptation were found coeval
with the peopling of Australia. At that point the
changes were attributed solely to systematic
buming by the aborigines (SINGH elal., 1981;
KERSHAW, 1986). Not only was the role of
climate considered far less important than man
in altering the fire regime, but the altered vege-
tation itself was made responsible for irrever-

sibly affecting c1imate such as the Australian
monsoon (MILLER, 1992). The debate on rela-
tive importance of c1imate versus humans in
changing fire regimes has continued, for
Australasia (e.g. McGLONE et ai., 1992) as
well as for North America (e.g. PATTERSON
& SASSAMAN, 1988; CLARK, 1988;
GRIMM, 1984) but to quantitatively differen-
tiate either forcing' s relative importance on the
ecosystem has remained difficult.

One promising approach which may provi-
de a means of distinguishing human and .c1ima-
tic influence is the use of time series analysis of
high resolution pollen records to reconstruct
vegetation dynamics within periods of relative
environmental stability (GREEN & DOLMAN,
1988; DODSON, 1988). These studies have
focused on the dynamics of fuel build-up and
fire intensity interpreted from relationships bet-
ween influx of charcoal, inorganics, and speci-
fie pollen taxa. Time series analysis techniques
were used to determine the periodicities and
temporal correlations within and between these
variations in influxo This innovative approach
to pollen analysis has provided an important
opportunity to observe the dynamics of ecolo-
gical processes that occur on time scales lon-
ger,not only than an observer' s life time, but
longer than the life span of individual members
of the community observed.

As yet Patagonia does not have the high
resolution charcoal and pollen records neces-
sary to support the use of this approach for
quantitative analysis. It may, however, be pos-
sible to use the conceptual aspects of this
approach to qualitatively interpret covariance
pattems of community assemblage and fire fre-
quency.

2.1 Modem environments

Southem South America exhibits a highly
diverse complex of vegetation communities, as
a result of a complex pattem of c1imatie diver-
sity. Between latitudes 36° and 55°S the princi-
pal c1imatic controls are 1) the westerly air
masses, and 2) the orographic c1imate gradient
produced by the Andes. Seasonal shifts in the
belt of westerly stormtracks produce different
seasonal patterns of precipiration at different
latitudes. At lower latitudes precipitation
occurs primarily in the winter. Precipitation at
higher latitudes occurs year-round. Conse-
quently, the lower latitudes are more likely to
experience drought conditions in summer than
the more southerly latitudes. On the other hand,
drought is common east of the Andes at alllati-
tudes due to the orographic precipitation gra-
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FIGURE1- Map of Patagoniawithmajorvegetationtypesandsitesmentionedin the texto1:TaguaTagua
(HEUSSER, 1990); 2: Caunahue (MARKGRAF, 1991a); 3: Puerto Octay (MORENO, 1993); 4: Rio Malleo
(HEUSSERet aI., 1987); 5: Lago Morenito (MARKGRAF, 1984) and Mallin Book (MARKGRAF, 1983);
6: Rio Negro (VILLAGRAN, 1988); 7: Taitao PeninsuIa (LUMLEY & SWITSUR, 1993); 8: Puerto Eden
(ASHWORTH et aI., 1991); 9: Torres deI Paine (HEUSSER, 1987); 10: Puerto Hambre and Punta Arenas
(HEUSSER, 1987); 11: Puerto Williams (HEUSSER, 1987); 12:Harberton (MARKGRAF; 1991b). '

dient. Frontal storms with lightning activity
have been documented to cause fires throug-
hout the Andean forests, especially in the mid-
latitudes along the eastern foothills (VEBLEN
& LORENZ, 1987).

These west/east and north/south precipita-
tion gradients are mirrored in the modern vege-
tation zonation and composition (figure 1). The
most diverse forest ecosystems are found in the
coastal ranges and lowlands west of the Andes at
latitudes 36° to 42°S, represented by different
warm-temperate and cool-temperate Nothofagus
rainforests. Annual precipitation ranges between
2000 and 5000mm and mean annual temperatu-
res are above 8°C. South of latitude 42°S and at
higher elevations, less diverse deciduous
Nothofagus forests replace the rainforests. Mean
annual temperatures are less than 8°C, but
annual precipitation continues above 2000mm.
Above treeline, where temperatures annually falI
below 5°C, Andean fellfield vegetationexpands.
Across the Andes to the eastwith annual precipi-
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tation decreasing below 1000mm a dry
NothofaguslAustrocedrus forest and ultimately
with less than 600mmannual precipitation step-
pe and steppe-scrub vegetation expands.

2.2 Paleoc1imates

Reconstruction of past c1imatesthroughout
the southern latitudes has been based primarily
on pollen records (figures 1 and 2) most of
which date back continuously to at least 15000
years B.P. Prior to that time glaciers extended
from the Andes far into the lowlands on either
side of the mountains, creating basins that began
to accumulate sediment after glaciers retreated.
Only north of latitude 43°S, where the ice-free
area was extensive even to the west of the
Andes, are there some records that extend back
through the last full-glacial interval dated to
about 18000 years B.P. (e.g. HEUSSER &
FLINT, 1977;VILLAGRAN, 1990).

It is importantto note that althoughthe timing
of changehas been synchronous,evolutionof cli-
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mate and hence vegetation since the last glacial
maximumhas been differentfor differentlatitudi-
nal segments (figure 2) (MARKGRAF, 1991a;
VILLAGRAN & ARMESTO, 1993). This has
been interpretedto relate to the changing strength
and latitudinalpositionof the westerlystormtracks
(MARKGRAF,1989;MARKGRAFet aI., 1992).

During full-glacial times, between latitudes
40° and 41°S, a 50% decrease in precipitation,
relative to today, is suggested by the expansion
of Nothofagus woodland to the west of the
Andes (Caunahue, MARKGRAF, 1991b;
Puerto Octay, MORENO, 1993) and by the
replacement of forest to the east of the Andes
by steppe and steppe-scrub (Lago Morenito,
figure 2). In contrast to this, just to the south in
the latitudinal zone between 41° and 43°S, rela-
tively closed Nothofagus dombeyi forests
expanded and moorland vegetation covered the
wetlands that are now Sphagnum bogs (e.g. Rio
Negro, VILLAGRAN, 1988, figure 2). This
implies annual precipitation similar to modem
conditions, but far greater windiness than is
seen today. These conditions are comparable to
the present day environment found over 5°
poleward.

South of latitude 45°S (Puerto Eden,
Harberton, figure 2; see also Taitao Peninsula,
LUMLEY & SWITSUR, 1993), the initial
vegetation after deglaciation (and probably also
during full-glacial times) was Empetrum heath,
with other taxa characteristic of open ground
conditions. This vegetation resembles biota
found today on pro-glacial outwash plains, or
on windy basalt plateaus east of the Andes
where freezing temperatures occur throughout
the year and precipitation is less than 300mm
annually. Modem precipitation at 45°S is over
5000mm mean annual. The full glacial vegeta-
tion suggests an environment which experien-
ced less than 10% of the modem precipitation.

From these records it appears that c1imates
during and shortly after deglaciation must have
been substantially colder, windier, and drier
than today throughout Patagonia, east and west
of the Andes, with the exception of a narrow
belt between latitudes 41° and 43°S (MARK-
GRAF, 1991a; MARKGRAF et aI., 1992; VIL-
LAGRAN & ARMESTO, 1993).

The development of modem forest vegeta-
tion south of 500Slagged behind the zone to the
north. Between latitudes 40° and 500S, forests
comparable to the modem types began to deve- '
lop around 12500 years B.P. both east and west
of the Andes. This implies that throughout this
latitudinal stretch precipitation levels were over
2000mm annually, comparable to today.
Temperatures also increased to modem levels.

40

South of 500S,however, forests did not develop
until after 9000 years B.P. This suggests that
effective moisture remained low well into the
early Holocene. Maximum moisture during the
early Holocene (9000 and 6000 years B.P.) was
restricted to the zone between latitudes 45° and
500S, whereas latitudes north and south of this
zone were dry reIative to today. Only during
the late Holocene, after about 5000 years B.P.,
did conditions become wetter along the whole
southem part of South America. This reflects
on one hand the onset of today's large seasonal
shifts of stormtracks, poleward in summer and
equatorward in winter, and on the other hand
the influence, especially at the lower latitudes,
ofthe EI Nifío/Southem Oscillation.

2.3 Fire history

AlI records from Patagonia analyzed to date
for charcoal are from peat cores that have also
been analyzed for pollen (figure 3). Charcoal
abundance in these cores records regional fires
as well as fires that have bumt along the bog sur-
face itself (MARKGRAF, 1993b). In the nor-
them region, a long paleoenvironmental record
from the subtropical thomscrub-forest environ-
ments at latitude 34°S (Tagua Tagua, HEUS-
SER, 1990) shows continuously high charcoaI
amounts only during the last 3000 years, with
few sporadic high levels during the early
Holocene and prior to 30000 years B.P. Despite
a substantial number of published paleoenviron-
mental records from the mid-Iatitudes between
39° and 43°S (HEUSSER, 1966, 1981, 1984;
MARKGRAF, 1991b; VILLAGRAN, 1988,
1990) charcoal has not commonly been found.
The charcoal records from this region are limited
to four sites. One record spanning the full glacial
to early Holocene isfrom the Chilean lake dis-
trict (Puerto Octay, MORENO, 1993).There are
two late Holocene records from near the steppe
ecotone at latitude 39°S (Rio Malleo,HEUSSER
et ai., 1987) and one record from 41°S (M.
Book, MARKGRAF, 1983). The Octay record
shows high charcoal amounts between 11000
and 10000 years B.P. The Rio Malleo record
shows high firefrequency throughout the last
3000 years, but no c1eartemporal pattem, and in
M. Book only the vast European burning is
recorded (VEBLEN & MARKGRAF, 1988).

In addition to these prehistoric records,
more recent records of fire history in this
region have been analyzed in studies of forest
dynamics during the historic period (VEBLEN
& LORENZ, 1987; VEBLEN et ai., 1992).
These records, along with the abundance of
charcoal in the uppermost parts of sediment
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sections (Mallin Book, MARKGRAF, 1983)
indicate that during the most recent past fires
have greatly intensified. Although lightning as
a cause of fires cannot be exc1uded - between

1938 and 1982 fourteen large-scale lightning-
ignited fires were documented in the Nahuel
Huapi National Park at latitude 41°S (VEBLEN
& LORENZ, 1987) - these historic fires were
at least in part related to European settlement
activities (VEBLEN & MARKGRAF, 1988).

The most detailed history of past fires has
been recorded for the southemmost latitudes in
South America, south of latitude 500S (HEUS-
SER, 1987). So far only one record, the
Harberton core (figure 2) has been analyzed in
detail for charcoaI and pollen (MARKGRAF,
1993a).

ln summary, for all the high latitude
records, high charcoal levels are characteristic

of the last 3000 years, and for the interval bet-
ween (12 000) 11 000 and 9000 (6000) years B.
P. (figure 3). Charcoal found during the last
400 years probably relates to forest c1earing
and ranching activities of European colonists
(VEBLEN & MARKGRAF, 1988). The late
glacial interval of high fire frequency occurs at
the time of the highest levels of black carbon
recorded in the Antarctic Byrd ice core
(CHYLEK et ai., 1992). This suggest that this
earliest increase in fire was very widespread, an
is most likely a response to c1imatechange.

2.4 Prehistoric human occupation

The presence of Paleoindians has been
widespread throughout southem South America
since about 13 000 yr B.P. (MASSONE, 1981;
1987; MARKGRAF, 1985; BlRD & BlRD,
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1988; DILLEHA Y, 1989; LYNCH, 1983,
MEN A, 1991). The initial period between
13000 and 10000 years B.P. has been named
the Fishtail Point Period after the characteristic
projectile points. Extant fauna as well as now
extinct megafauna were hunted (inc1uding
American Horse, Mastodon, Giant Grounds-
10th). After about 10000 years B.P. the lithic
components of the tool set changed, indicating
that with the megafauna' s extinction shortly
before 10000 years B.P. other hunting techni-
ques were adapted.

After about 8000 years B.P. indications of
a new cultural assemblage appear throughout
Patagonia. These peoples utilized more specia-
lized hunting techniques and tools, inc1uding
boleadoras (stone balls for throwing) used pri-
marily for guanaco hunting. Finally, ,about
2000 years ago other tool types characterized
by small and finely carved projectile points
became common, suggesting a focus on hun-
ting small fauna, birds and rodents.

Shortly after that time, but only as far
south as the mid-latitudes of about 400S, inci-
pient agriculture began with cultivation of
maize and squash. Pottery appeared simulta-
neously, suggesting the beginnings of perma-
nent settlements. This was the sÍtuation in sou-
thern Chile and Argentina when, in the 16th
century, the first Spanish contacts were made.
The European horse and sheep were introdu-
ced, as well as illness and competition for land
that ultimately all but eliminated the native
population. European impact throughout
Patagonia was very intense, involving extensi-
ve burning to create grazing land,. even within
the Andean forests, by the late 19th century
(WILLIS, 1914).

Thus, for most of the period since Paleoin-
dians were known in Patagonia, hunting and
gathering have been the primary human activi-
ties and the impact on the environment was
corollary. This impact may have been substan-
tial. Eyewitness reports from early explorers
and missionaries mention large-scale fires set
by Indians to hunt guanacos and rheas
(FONCK, 1990; COX, 1963; MUSTERS, 1871
etc.) and to c1ear the forest for cultivation
(FURLONG, 1964). Although hunting may
always have been most profitable in the more
open ecotonal forests where game was more
abundant and easier to hunt, such as along the
steppe/forest ecotone, in river valleys, and near
the upper treeline, even the western dense rain-
forests were at least seasonally visited (BOR-
RERO, 1983; MENA, 1983). This implies that
the Paleoindian impact through fires could well
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have been a widespread phenomenon in all
Patagonian environments. The intensity of the
Indian-set fires, however, and the regional
extent probably was substantially less than the
fires set deliberately by white settlers at the end
of the 19th century in the mid-latitudes in
Argentina (VEBLEN & LORENZ, 1988), and
in the 1930's and 1940's in southern Chile
(ELIZALDE, 1967). During that time many of
the forests burnt for decades. A 50 cm thick
charcoal layer near the surface in one of the
sediment sections near Bariloche (latitude
41°S) documerits the lenght and intensity of the
burning (MARKGRAF, 1983). Extensive areas
of standing burnt trees in grassland and scrub
communities throughout southern Chile and
Argentina are a permanent testimony to the
destruction. To this date forests have not reco-
vered from the severity of the impact, even in
the National Parks where for the last 80 years
burning other than lightning-caused fires were
discontinued.

3 DISCUSSION

Regional fire extent and fire frequency in
southern South America has varied markedly
during the last 15000 years. Highest fire fre-
quency and regional extent is recorded from
latitudes south of 500S during the late glacial
between 11000 and 9000 years B.P. At that
time the regional vegetation was still essential-
ly treeless. Low water levels in lakes and bogs
suggests low effective moisture, most probably
with the greatest moisture stress occurring in
summer. High charcoal was also recorded at
one site at latitude 41°S for the same time inter-
vaI, despite the fact that there the regional veg-
etation was already a dense Nothofagus-
Myrtaceae forest, suggesting the absence of
seasonal moisture stress (MORENO, 1993).

There is no simplistic explanation for such
simultaneous fire occurrences in greatly differ-
ent environmental settings and hence greatly
different precipitation and fuel regimes. Since
summer-drought conditions, commonly evoked
as a cause of fires, only occurred in the south-
ernmost areas of this region, they cannot be the
ultimate cause, although drought apparently
enhanced the frequency and spatial extent of
fires. Instead we suggest that the fire occur-
rences are related to marked increase in c1imat-
ic variability during the late glacial interval,
independent of the amount of precipitation or
the degree of moisture stress. Climatic variabil-
ity has been recorded for that interval in ice
records from both Antarctica (V ostoc,
JOUZEL, et aI., 1987) and Greenland (TAY-



Rev. IG. São Paulo, 15(112),35-47, jan./dez./1994

LOR et aI., 1993; GROOTES et aI., 1993); in
terrestrial records globally, using pollen (e.g.
PONS et aI., 1992); and in marine records (e.g.
LEHMAN & KEIGWIN, 1992).

This c1imatic variability is alSQdocument-
ed locally for southem South America. Using
deuterium analyses in one of our peat records
(Harberton,MARKGRAF & KENNY, in press),
interpreted to reflect temperature, repeated high
amplitude fluctations occurred between 12500
and 9000 B.P. Temperature in these high south-
em latitudes is linked to circum-Antarctic s~a
ice extent, which in tum influences the latitudi-
nal position of the stormtracks. Thus, cold con-
ditions would imply greatly extended sea-ice
and equatorward position of the stormtracks,
resulting in local dryness in the southemmost
latitudes. For warm conditions, reduced sea-ice
extent would allow a more southerly position of
the stormtracks and more precipitation.

From recent studies on fire occurrences,
inc1uding analysis of the EI Nifio/Southern
Oscillation (ENSO) anomaly it has been shown
that it is the altemation between wet and dry
intervals that causes high fire frequencies
(SWETNAM & BETANCOURT, 1992). The
onset of the ENSO variability is suggested to
have occurred around 5000 B.P. (McGLONE et
al., 1992). This suggests that the late Holocene
increase in fire frequency, this time throughout
southem South America is also due to c1imate
variability, in this case to the onset of ENSO.

Because lightning storms are rare at high
latitudes in modern c1imatic conditions, these
have not been çonsidered an important trigger
for fires. Satellite imagery from the U.S. Air
Force Defense Meteorological Satellite
Program (unpublished data) has documented
lightning in the Tierra deI Fuego region,
although far less frequent than at mid-Iatitudes.
Although lighting is not a significant factor
influencing high latitude fire frequency today,
c1imatic circumstances may have been suffi-
ciently different during the late glacial and

early Holocene that lightning did play an
important role in determining fire frequency.

With respect to the relative importance of
humans in prehistoric fires (sensu HEUSSER,
1987), at this stage there does not seem to be a
clear answer. Humans have been present
throughout the period of the paleorecord,
inc1udingthe period prior to the increase in fire
frequency. As historically documented, fire was
used for hunting practices, primarily in the
steppe regions, and could have escaped into the
forest regions. However, without receptive c1i-
mate conditions, man-set fires probably could
not have resulted in widespread buming, lasting
thousand years or more as shown in the pale-
oenvironmental records.

Except for the most recent period of
European colonization, there appears to be no
c1ear relationship between fire frequency and
cultural phases. The archaeological evidence
shows a marked change in the lithic tool kit from
the time of earliest human occupation to the peri-
od after megafaunal extinction. This change in
tool kit and available game animaIs suggests
changes in hunting strategy which very likely
inc1udedchanges in the use of fire as a hunting
too!. Yet the interval of highest fire frequency
bridges the period before and after megafaunal
extinction. High fire frequency during the làte
Holocene, on the other hand, falls into times
when the primary game, small animals and birds,
did not require fIre as part of the hunting strate-
gy. This lack of temporal correlation between
human activity and changes in fire frequency
suggests that the influence of humans has not
been a major control on fire regime. While
humans may have been the initiators of fIre in
many instances, the determining factor in the
spacial extent and intensity of burning has been
c1imaticconditions. Among the various aspects
of climate which may predispose vegetation
communities either to resilience and resistance
or vulnerability to fire,frequency and amplitude
of climatic variability is most signifIcant. .
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