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a b s t r a c t

We examine hydroclimate changes at centennial/millennial timescales since 16,000 yr BP in north-
western Patagonia based on the pollen and charcoal record from Lago El Salto, a small closed-basin lake
located in the Chilean Lake District (41�38048.0200S, 73� 5048.4200W). We observe cold/wet conditions
between 14,500e16,000 yr BP, followed by further cooling with increased precipitation until 13,000 yr
BP, enhanced precipitation seasonality and/or variability between 11,600e13,000 yr BP, and an extended
warm-and-dry interval between 7600 and 11,300 yr BP with peak paleofire activity. Colder-and-wetter
than present conditions and muted paleofire activity prevail between 5300 and 7600 yr BP, followed
by alternating cold/wet and centennial-scale warm/dry phases starting at 5300 yr BP with three con-
spicuous megadroughts since 2500 yr BP. The most recent megadrought occurred during the Medieval
Climate Anomaly.

We identify a cold reversal that spans the Antarctic Cold Reversal (ACR) and the Younger Dryas (YD)
chrons with stronger-than-present westerly influence during the former and enhanced variability during
the latter. These results extend the northern limit of strong cooling and increase in precipitation during
the ACR and the southern limit of influence of strong hydrologic variations during the YD in terrestrial
environments, suggesting an overlap in the spheres of influence of processes originating from southern
and northern polar latitudes. An extended warm southern westerly wind (SWW)-minimum interval is
evident between 7600 and 11,300 yr BP, followed by a rapid shift to cool-moist conditions between 5300
and 7600 yr BP brought by a mid-Holocene SWW maximum. Since then we observe centennial-scale
hydroclimate variability, which has driven biodiversity and fire-regime shifts of evergreen temperate
rainforests.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Numerical simulations of future climate change indicate a
warming trend and decline in precipitation in vast sectors of the
southeastern Pacific Ocean and adjacent South America (IPCC,
2013), eventually leading to historically unprecedented “mega-
droughts” by the end of the 21st century. The concept of mega-
droughts has been used in the literature to refer to large-magnitude
prolonged negative anomalies in precipitation relative to the cli-
matologic mean, normally referring to high-frequency (multi-year
or decadal) events. The currentmegadrought features a 30% decline
in precipitation over five consecutive years in central Chile
(27�e38�S), coincident with the warmest decade of the last 1000
years (CR2, 2015). This event, which has led to shortage in water
resources, heightened fire occurrence and increased societal
vulnerability, provides a potential analogue for future climate
change scenarios. The instrumental record, however, falls short in
capturing megadroughts and abrupt (natural) climate change at
timescales of several decades to centuries (lower-frequency
events), limiting our ability to anticipate the consequences of more
extended warm/dry conditions on terrestrial ecosystems in future
greenhouse-world scenarios.

Tree-ring chronologies from the Andes of northwestern Pata-
gonia (40�e44�S) identified an extended warm/dry interval from
1080 CEe1250 (~870e700 yr BP) (Villalba, 1990) which overlaps in
timing with the Medieval Climate Anomaly (MCA), a centennial-
scale paleoclimate event initially detected in Europe, North Amer-
ica and more recently identified in stratigraphic records from
central and southern Patagonia as low lake levels (Haberzettl et al.,
2005; Stine, 1994) and vegetation/fire-regime shifts (Moreno et al.,
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2009a,b, 2014). Available data suggest that the MCA constitutes the
most recent centennial-scale megadrought in the geologic record
and enables examination of natural climate variability and its
consequences on terrestrial ecosystems under natural boundary
not dissimilar to the 20th and 21st centuries.

How did megadroughts affect the biodiversity and functioning
of terrestrial Patagonian ecosystems? Palynological records from
the Pacific side of northwestern Patagonia between latitudes
41�300e43�S, i.e. the Chilean Lake District, show dominance of
temperate rainforests over the last 15,000 years with changes in
structure and composition that reveal important shifts in temper-
ature, water-balance, and fire-regimes. Despite the wealth of
palynological studies carried out in the Chilean Lake District over
the last five decades, we still lack adequate records to assess low-
frequency megadroughts since the last glaciation. One study from
the lowlands of northwestern Patagonia, Lago Condorito
(41�40014.9600S, 73� 4052.9500W, 80 m.a.s.l.) (Moreno, 2004), iden-
tified millennial-scale variability superimposed upon these multi-
millennial trends, with variations approaching the mean of the
last 15,000 years since ~6000 yr BP. The scarcity of high-resolution
precisely dated and sensitive records, however, impedes detection
and assessment of centennial-scale climatic anomalies during the
Holocene.

Another aspect insufficiently understood in northwestern
Patagonia is the anatomy of temperature changes during the last
glacial termination. Terrestrial palynological records from the
Chilean Lake District show onset of deglacial warming at 17,780 yr
BP that led to warm conditions between 14,500e16,800 yr BP fol-
lowed by a general reversal in trend with cooling events at 14,500
and 12,700 yr BP, and subsequent warming at 11,000 yr BP (Moreno
et al., 2001; Moreno and Leon, 2003). An alkenone-based sea sur-
face temperature reconstruction from marine core ODP1233 from
the southeast Pacific (Lamy et al., 2007), obtained at the same
latitude as the palynological records mentioned above ~160 km
westward, indicates warm pulses at 18,600 and 12,600 yr BP that
initiated and terminated the last glacial-interglacial transition. The
alkenone data also indicate a conspicuously stable sea surface
temperature (SST) interval between 12,700e16,600 yr BP lacking
any temperature reversals. These contrasts between terrestrial and
marine records highlight the importance of having multiple,
replicate records controlled with robust chronologies, along with
constrained marine surface reservoir radiocarbon ages to identify
regional-scale patterns, as they influence the discussion on the
mechanisms driving zonal, hemispheric and global paleoclimate
change.

In this study we investigate (i) the occurrence of strati-
graphically discernible centennial-scale hydroclimate changes
during the Holocene, including megadroughts, their likely origin
and their implications for assessing future climatic scenarios at
regional scale, and (ii) the timing and structure of climate changes
through the last glacial termination, utilizing pollen and charcoal
records from sedimentary cores we collected from small closed-
basin lake Lago El Salto (41�38048.0200S, 73� 5048.4200W, 70 masl).

1.1. Study area

The Chilean Lake District is located on the Pacific side of
northwestern Patagonia (Fig. 1) and features three main physio-
graphic units: the Valle Longitudinal, a north-to-south trending
tectonic depression bounded by Cordillera de la Costa to the west
and Cordillera de los Andes (Fig. 1) by the east. The lowlands of the
Valle Longitudinal reach their southern limit in the Seno de
Reloncaví seaway as a result of tectonic subsidence and give way to
a landscape dominated by fjords, channels and the Chilotan ar-
chipelago which contains a myriad of small islands, islets and Isla
Grande de Chilo�e (Fig. 1), the largest and westernmost island of the
archipelago. The adjacent Andean sector between 42� and 44�S is
locally known as Chilo�e Continental and features active volcanic
centers associatedwith the Liqui~ne-Ofqui fault zone, a major north-
south fault system that extends 200 km from 38�S to 47�S.

The climate of the Chilean Lake District is temperate and wet;
weather station data from Puerto Montt (41�260S, 73�070W, 90
masl) show a mean annual temperature of 10 �C (14.3�e6.5 �C:
mean monthly temperature in January and July, respectively) and
annual precipitation values of 1900 mm/year distributed through
the entire year, with minimum values during the summer months.
Regional precipitation is delivered by the southern westerly winds
(SWW), as revealed by positive correlations between zonal wind
speeds at 850 hPa and weather station measurements throughout
western Patagonia (Garreaud, 2007; Moy et al., 2008). This corre-
lation extends over a broad portion of the southern mid-latitudes
implying that local precipitation in the study area is a good diag-
nostic for the position and strength of the SWW at zonal scale.
Positive anomalies of El Ni~no Southern Oscillation (ENSO) and the
Southern Annular Mode (SAM) are manifested as negative anom-
alies in summer precipitation (Montecinos and Aceituno, 2003) in
northwestern Patagonia. Summer temperature anomalies, on the
other hand, are positively correlated with SAM at regional scale
(Villalba et al., 2012). Positive departures of the SAM, i.e. anoma-
lously warm and dry summers, generate conditions conducive for
wildfire occurrence along western Patagonia as revealed by climate
analyses and tree ring-data spanning several centuries (Holz and
Veblen, 2012).

Temperate rainforests were the dominant native vegetation
prior to Chilean-European settlement in the region from sea level
up to the treeline, located at ~1200 m.a.s.l. in Cordillera de los
Andes. The lowlands of the southern Chilean Lake District feature a
mosaic of Valdivian and North Patagonian rainforest communities,
attesting for a climatic transition between the central mainland and
the maritime provinces of austral Chile, manifested in this region in
variables such as temperature, precipitation, summer moisture
stress and windiness (Heusser et al., 1981, 1999; P�aez et al., 1994;
Schmithüsen, 1956). Although these rainforest communities share
many species, the presence of key diagnostic taxa enables their
distinction in palynological records. The palynomorph Eucryphia
cordifolia/Caldcluvia paniculata is a characteristic component of
Valdivian rainforest (VRF) communities which today dominate the
warm lowland sectors of Valle Longitudinal and the foothills of
Cordillera de la Costa and C. de los Andes in the Chilean Lake Dis-
trict, where relatively high temperatures and summer precipitation
declines aremost pronounced. North Patagonian rainforests (NPRF)
can be distinguished from the VRF in pollen records by the absence
of Eucryphia cordifolia/Caldcluvia paniculata, along with the pres-
ence of cold-resistant hygrophilous conifers of the family Podo-
carpaceae (Podocarpus nubigena, Saxegothaea conspicua) and
Cupressaceae (Fitzroya cupressoides and Pilgerodendron uviferum).

Disturbance is an important influence on the composition,
structure and dynamics of the rainforest vegetation. Ecological
studies have shown that rapid-growth, shade-intolerant, opportu-
nistic rainforest species commonly occupy high-luminosity gaps or
edges generated by disturbance, in otherwise continuous closed-
canopy forests (Veblen and Ashton, 1978; Veblen et al., 1996). A
gradient in disturbance regimes is evident from the warm/rela-
tively dry lowlands dominated by VRF, where fires are most prev-
alent, to relatively cool/moist NPRF at higher elevations in
Cordillera de los Andes and C. de la Costa where volcanism, land-
slides and wind throws tend to dominate. Fossil pollen records
from northwestern Patagonia commonly feature plant species
(palynomorphs) that exhibit that behavior, among them are several
species of the genus Nothofagus, along with the trees Weinmannia



Fig. 1. Schematic map of the study area showing the location of Lago El Salto (LES) and other sites mentioned in the text. LC ¼ Lago Condorito, HM¼ Huelmo mire, LL ¼ Lago Lepu�e.
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trichosperma, Eucryphia/Caldcluvia, Tepualia stipularis Drimys win-
teri, shrubs such as Embothrium coccineum, Fuchsia magellanica,
Escallonia spp., bamboo species of the genus Chusquea, the giant
herb Gunnera tinctorea, and ferns such as Lophosoria quadripinnata,
Blechnum spp., among other.
2. Materials and methods

We retrieved sediment cores from the deepest part of Lago El
Salto (5.5 m water depth) from an anchored coring rig equipped
with a 7.5-cm diameter aluminum casing tube, using a 5-cm
diameter Wright piston corer and a 7.5-cm diameter sediment-
water interface piston corer with a transparent plastic chamber.
The former were sent intact to the Paleoecology laboratory of the
University of Maine, USA, wrapped in aluminum and plastic foil and
kept in a walk-cooler at 5 �C; the latter was sampled and bagged in
the field at intervals of 1-cm thickness and then stored at 5 �C at the
Paleo laboratory of University de Chile. Lago El Salto is a small
closed-basin lake located in an intermorainal depression with
gentle sloping topography, the site is surrounded bymultiple ponds
and bogs separated by subtle elevation differences, suggesting
former hydrological connections at times of higher lake levels.

We characterized the stratigraphy and chronology of the Lago El
Salto record through textural descriptions, X radiographs, loss-on-
ignition analysis (Heiri et al., 2001) with sequential burns at 550 �C
for 2 h and 925 �C for 4 h, along with 210Pb and 14C AMS dating of
bulk sediment samples. Geochronologic and chronostratigraphic
controls allowed development of a Bayesian agemodel using Bacon
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for R (Blaauw and Christen, 2011) to assign interpolated ages to all
levels analyzed.

We developed palynological and macroscopic charcoal records
from the same levels by obtaining continuous/contiguous 1- or 2-cc
samples, respectively, from 0.25, 0.33, 0.5 or 1-cm-thick intervals
throughout the sediment core, depending on the local sediment
accumulation rate. We processed sediment samples following
standard protocols that include 10% KOH, sieving with a 120-mm
mesh, 40% HF and acetolysis (Faegri and Iversen, 1989). The con-
centrates were mounted in methylsilicone oil 2000 cs and analyzed
with a binocular transmission microscope at 400� magnification.
We counted aminimum of 300 pollen grains from trees, shrubs and
herbs (terrestrial pollen) for each level. The percentage of each
terrestrial taxon was calculated in reference to this sum. The per-
centages of aquatic and pteridophytes were calculated in reference
to hierarchically superior sums named Total pollen
(terrestrial þ aquatic pollen) and Total Pollen and Spores (total
pollen þ Pteridophyta), respectively. The results are presented in
percentage pollen diagrams made with Tilia 2.0.4.

The identification of palynomorphs was made on reference to
modern samples available in the laboratory of Quaternary Paleo-
ecology of Universidad de Chile, published descriptions and keys
(Heusser, 1971; Villagr�an, 1980). Most palynomorphs were identi-
fied to the family or genus level, in some cases we were able to
determine their identity to the species level (Podocarpus nubigena,
Saxegothaea conspicua, Drimys winteri, Tepualia stipularis, Wein-
mannia trichosperma, Hydrangea serratifolia, Raukaua laetevirens).
The palynomorph Nothofagus dombeyi type includes the species
Nothofagus dombeyi, Nothofagus betuloides, Nothofagus pumulio,
Nothofagus antarctica, Nothofagus alessandri, Nothofagus leoni and
Nothofagus nitida, Fitzroya/Pilgerodendron includes the cupressa-
ceaous conifers Fitzroya cupressoides and Pilgerodendron uviferum,
Eucryphia/Caldcluvia includes the species Eucryphia cordifolia and
Caldcluvia paniculata. We calculated the Eucryphia
cordifolia þ Caldcluvia paniculata to Podocarpaceae (Podocarpus
nubigena þ Saxegothaea conspicua) index, ECPI, which is a ratio
between diagnostic VRF and NPRF tree species converted to loga-
rithmic scale and then standardized to the mean of the last ~16,000
years. The ECPI allows quantification of the degree of mixture be-
tween VRF and NPRF communities (Moreno, 2004), which can be
used as a proxy of hydrological balance in the lowlands of the
Chilean Lake District. We applied a regime-shift-detection algo-
rithm (Rodionov, 2004) to the ECPI data to aid in the identification
of discrete departures from the continuously varying pollen
stratigraphy.

We tallied all macroscopic charcoal particles from 2-cc sediment
samples retrieved from continuous-contiguous sections
throughout the cores. The procedure involves defflocculation in
10% KOH, careful sieving through 106 and 212 mm-diameter meshes
to avoid breakage of individual charcoal particles visual inspection
on a ZEISS KL 1500 LCD stereoscope at 10� magnification. These
results are expressed as macroscopic Charcoal Accumulation Rates
(CHAR ¼ particles*cm�2*year�1). We performed time-series anal-
ysis of the macroscopic charcoal particles to detect local fire events
using the CharAnalysis software (Higuera et al., 2009), through
deconvolution of the peaks signal from slowly varying background
abundance. For that purpose, we interpolated samples at evenly
spaced intervals given by the median time resolution of the char-
coal series and subtracted the background component using a
lowess robust to outliers with a 1000-yr window width, and
calculated a locally defined threshold to identify charcoal peaks
(99th percentile of a Gaussian distribution) which we interpret as
local fire events.
3. Results

The sedimentary record from Lago El Salto consists of 280 cm of
organic-rich lacustrine mud that grades downward into organic
silts (280e318 cm), which coarsens downward into silty sands
(318e328 cm) and basal sand/gravel (328e400 cm) (Fig. 2). We
detect a 14-cm-thick tephra at 254e268 cm depth, which corre-
sponds to distal fallout deposits of a large explosive event origi-
nating from the Chait�en township area. The chronology of the
record is constrained by eleven 14C and eleven 210Pb dates (Table 1
and Fig. 3), which document continuous sedimentation of organic-
richmud in a constant lacustrine environment over the last ~16,000
years (Fig. 3). The pollen and charcoal records have a median time
resolution of 24 years between adjacent samples.

3.1. Palynology

In the following paragraphs we describe the pollen stratigraphy
of Lago El Salto on the basis of pollen assemblage zones (Fig. 4),
highlighting the three most important taxa in decreasing order of
abundance and indicating the mean abundance of important taxa
in parenthesis whenever pertinent.

Zone LES-1 (305e330 cm, 14,500e16,000 yr BP) features the
assemblage Nothofagus dombeyi type-Myrtaceae-Poaceae with the
lowest abundance of arboreal pollen (73%) chiefly Asteraceae sub-
family Asteroideae, Apiaceae, along with the aquatic Isoetes sava-
tieri (34%), Sagittaria (10%) and Cyperaceae (5%). The conifer
Fitzroya/Pilgerodendron reaches maximum abundance in this zone
(6%), along with the herbs Ericaceae and Gunnera and the evergreen
trees Drimys, Lomatia/Gevuina and Maytenus boaria type.

Zone LES-2 (275e305 cm,11,600e14,500 yr BP) is dominated by
Nothofagus dombeyi type-Myrtaceae-Podocarpus nubigena with
conspicuous increases in Hydrangea (11%) and prominent declines
in Myrtaceae and Fitzroya/Pilgerodendron and persistence of Dri-
mys. Isoetes savatieri increases to peak abundance (96%), while
Sagittaria and Cyperaceae diminish until they virtually disappear
from the record. We note increases in Nothofagus dombeyi type and
Misodendrum between 11,600e13,000 yr BP.

Zone LES-3 (265e275 cm, 10,700e11,600 yr BP) is characterized
by preeminence of the trees Myrtaceae-Weinmannia trichosperma-
Nothofagus dombeyi type, major declines in Podocarpus nubigena
and Nothofagus dombeyi type, disappearance of Drimys, and short-
lived increments in Myrtaceae, Raukaua laetevirens, Misdendrum
and Hydrangea. The aquatic Isoetes savatieri declines rapidly to 20%
during this zone.

Zone LES-4 (240e265 cm, 9500e10,700 yr BP) features domi-
nance of the Weinmannia trichosperma-Myrtaceae-Poaceae
assemblage, with increases in Escallonia (11%) and Maytenus boaria
type and Poaceae, along with a steady decline in Weinmannia tri-
chosperma from its maximum at the beginning of this zone. The
conifer Podocarpus nubigena is virtually absent from this zonewhile
Isoetes savatieri increases rapidly to ~80% during this interval.

Zone LES-5 (221e240 cm, 7500e9500 yr BP) is dominated by
the assemblage Eucryphia/Caldcluvia-Weinmannia trichosperma-
Myrtaceae. The conifer Podocarpus nubigena is absent from this
zone and we observe modest step increases in Raukaua laetevirens
and Embothrium coccineum, along with a sustained and irreversible
decline until the disappearance of Isoetes saviatieri by the end of
this zone.

Zone LES-6 (205e221 cm, 5300e7500 yr BP) indicates preem-
inence of Nothofagus dombeyi type, Podocarpaceae and Weinman-
nia trichosperma. The family Podocarpaceae, with the species
Podocarpus nubigena and Saxegothaea conspicua, increases sub-
stantially at the expense of Eucryphia/Caldcluvia, contemporaneous
with a step increment in Tepualia stipularis (from a mean of 3%e8%)
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Fig. 2. Stratigraphic column, loss-on-ignition data and uncalibrated radiocarbon dates from Lago El Salto.

Table 1
Geochronology of the Lago El Salto record. The upper table shows information on the 210Pb dates, the lower provides information on the radiocarbon dates. The radiocarbon
dates were calibrated using the southern and northern hemisphere datasets included in CALIB7.0.

Depth (cm) 210Pb dpm/g 137Cs dpm/g Unsupported 210Pb Age of sediment yr CE

1 22.20 1.34 15.43 2001
3 16.81 1.33 12.62 1997
5 16.59 1.77 12.87 1992
7 12.35 1.69 7.34 1985
9 8.80 1.39 4.90 1979
11 8.31 1.55 5.06 1970
13 7.21 1.35 3.21 1955
15 5.76 1.47 2.95 1938
17 4.86 0.80 1.18 1915
19 5.69 0.62 1.70 1882

Laboratory code Core Depth (cm) 14C yr BP ±1s error d13C ‰ Lower range cal yr BP Upper range cal yr BP Median probability cal yr BP

ETH-27278 LES-SC 65 970 50 �27,3 740 926 842
ETH-26142 PM07T02 103 1270 50 �32,4 992 1018 1144
ETH-25241 PM07T02 140 2765 50 �25,6 2750 2943 2826
ETH-25242 PM07T02 179 3940 55 �24,4 4151 4514 4325
ETH-26143 PM07T03 202 4445 60 �29,5 4850 5161 5003
ETH-25243 PM07T03 226 7815 65 �23,8 8407 8746 8549
ETH-27279 PM07T03 240 8625 70 �31,5 9446 9735 9558
A-8070a PM07T03 256 9680 85 10,705 11,123 10,922
ETH-27280 PM07T03 266 10,590 80 �23,5 12,240 12,719 12,562
ETH-25244 PM07T03 278 12,110 80 �22,5 13,760 14,162 13,966
ETH-27281 PM07T04 307 12,260 110 �29,5 13,821 14,766 14,232
ETH-25246 PM07T04 328 12,990 85 �23,7 15,249 15,825 15,536

a Minimum-limiting radiocarbon date for the thick tephra obtained from the Lago Condorito site and correlated to the El Salto stratigraphy.
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and a decline in Isoetes savatieri until its virtual disappearance.
Zone LES-7 (141e205 cm, 2600e5300 yr BP) shows dominance

of Nothofagus dombeyi type, which remains relatively invariant
(plateau at 29%), along with Podocarpaceae and Eucryphia/Cald-
cluviawhich vary in antiphase among them over this interval. Most
of the other trees, vines, herbs and shrubs exhibit little variation
during this zone.

Zone LES-8 (78e141 cm, 960e2600 yr BP) features the
Nothofagus dombeyi type-Eucryphia/Caldcluvia-Weinmannia tricho-
sperma assemblage, a decline in Podocarpaceae and rise in Aristo-
telia chilensis.

Zone LES-9 (38e78 cm, 200e960 yr BP) is dominated by the
assemblage Nothofagus dombeyi type-Weinmannia trichosperma-
Podocarpaceae and features a decline in Eucryphia/Caldcluvia from
a mean of 21% in the previous zone to a mean of 11%.

Zone LES-10 (0e38 cm, presente200 yr BP) is dominated by



Fig. 3. Age model from Lago El Salto. The blue zones represent the calibration probability distribution for individual radiocarbon ages; the grey scale represents the probability
density of the Bayesian age model applied to the radiocarbon and 210Pb dates, grey scale values are proportional to age probability. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

P.I. Moreno, J. Videla / Quaternary Science Reviews 149 (2016) 326e337 331
Nothofagus dombeyi type, Poaceae and Weinmannia trichosperma
with the second lowest abundance of arboreal pollen in the record
(79%), and features substantial declines in Podocarpaceae and
Eucryphia/Caldcluvia contemporaneous with rapid increments in
Poaceae, the exotic Pinus, Plantago, Rumex, and Asteraceae sub-
family Cichorioideae.

3.2. Paleofire

The macroscopic charcoal record from Lago El Salto (Fig. 5)
shows low-CHAR intervals between 10,500e16,000 and
1500e7500 yr BP, and high CHAR between 7500 and 10,500 yr BP
and since 1500 yr BP. Time series analysis of the macroscopic CHAR
identified 27 statistically significant charcoal peaks we interpret as
local fire events occurring within a few hectares around the study
site. Within the low-CHAR Pleistocene interval we note clustering
of low-frequency low-magnitude fires between 11,600e13,000 and
14,200e14,900 yr BP (featuring 3 fires each) and a fire-free interval
in the interim. The extended CHAR maximum at the beginning of
the Holocene features 7 local fires, followed by a single event be-
tween 5100 and 7500 yr BP and 13 events over the last 5100 years.
Within the latter we observe clustering of local fires at centennial-
scale intervals: 4500e5100, 3200e3600, 2200e2500,
1500e1200 yr BP, and the last 200 years. The largest-magnitude fire
on record occurred at 200 yr BP, followed by local fires at 9500,
1200 and at 11,600 yr BP.

4. Discussion

Lago El Salto records dominance of temperate rainforests in the
lowlands of the Chilean Lake District adjacent to Seno Reloncaví
over the last 16,000 years, with changes in composition ranging
from North Patagonian rainforests (NPRF) with cold-resistant hy-
grophilous conifers to Valdivian rainforests (VRF) dominated by
thermophilous species tolerant to summer droughts. The record
starts with abundant herbs (Poaceae, Asteraceae subfamily Aster-
oidae, Ericaceae) and pioneer Southern Beech (Nothofagus) pollen
prior to 15,300 yr BP, attesting for an open landscape dominated by
Nothofagus parkland/scrubland interspersed with herbs/shrubs
(Fig. 4). The exact age for this assemblage, located between depths
328e338 cm, is uncertain considering it underlies the lowermost
radiocarbon age at 328 cm depth and occurs within the coarse
sands unit that grades into basal gravel, rendering the extrapolated
basal age estimate (16,000 yr BP) as potentially equivocal, most
likely representing a minimum-age estimate. The pollen record
then transitions into a forested assemblage by 15,300 yr BP domi-
nated by Myrtaceae, the conifer Fitzroya/Pilgerodendron, the trees
Lomatia/Gevuina, Drimys winteri, and a short-lived peak of Apiaceae
herbs, while the remainder herbs plummet to their minima. The
podocarp conifers Podocarpus nubigena and Saxegothaea conspicua
remain in trace abundance (<2%) during this phase, the same ap-
plies to the tree Maytenus boaria type and the vine Hydrangea
serratifolia. These data suggest that tree taxa commonly found in
waterlogged (Myrtaceae, Fitzroya/Pilgerodendron) and upland en-
vironments characteristic of NPRF communities established in the
vicinity of Lago El Salto between 14,500e15,300 yr BP under cool-
wet conditions. We detect three low-magnitude local fires between
14,200e14,900 yr BP that did not trigger any discernable increases
in plants favored by disturbance.

Podocarpus nubigena increased between 11,600e14,500 yr BP
accompanied by Myrtaceae and Hydrangea serratifolia between
14,000e14,500 yr BP and by Fitzroya/Pilgerodendron, Nothofagus
and D. winteri afterwards. The P. nubigena rise coincidedwith a shift
from an aquatic macrophyte community dominated by Cyperaceae
and Sagittaria toward an Isoetes savatieri assemblage, suggesting a
lake level rise and flooding of the gently sloping morainal topog-
raphy surrounding the lake. P. nubigena remained abundant be-
tween 11,600e13,000 yr BP despite the occurrence of low-
frequency, relatively low-magnitude local fires. Previous studies
conducted in the Seno Reloncaví sector of the Chilean Lake District
indicate major vegetation changes, including a decline in
P. nubigena, contemporaneous with intensified fire activity at that
time (Moreno et al., 2001; Moreno and Leon, 2003). The lack of
prominent changes in the local vegetation near Lago El Salto



Fig. 4. Pollen percentage diagrams of the Lago El Salto record. X-axis scales and width vary to facilitate visualization of stratigraphic changes.
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indicates high heterogeneity in the rainforest ecosystem response
to disturbance regimes at small spatial scales (Fig. 6). This was
followed by recoveries in Myrtaceae and Hydrangea serratifolia,
which had declined during the previous stage, in addition to in-
creases in Raukaua laetevirens between 11,000e11,600 yr BP and
the onset of a multi-millennial decline in I. savatieri (Figs. 4 and 5).
An abrupt increase in the opportunistic, shade-intolerant tree
Weinmannia trichosperma from <2% to ~60% occurred between
10,400e11,300 yr BP, coeval with a prominent peak in macroscopic
CHAR and increasing Poaceae. We interpret increases in cold-
resistant hygrophilous trees and declines in relatively thermo-
philic NPRF taxa as consequences of cooling and increase in pre-
cipitation between 11,600e14,500 yr BP. This was followed by
reestablishment of relatively warm and less-humid conditions after
11,600 yr BP judging by the encroachment of Myrtaceae, which
commonly dominates waterlogged environments in the vicinity of
lakes and rivers, as well as the decline in I. savatieriwhich indicates
cessation of flooding in the gentle-sloping morainal terrain in the
periphery of Lago El Salto as a consequence of a regressive lake-
level phase. We interpret the rapid increases in W. trichosperma,
CHAR and Poaceae between 10,400e11,300 yr BP as a response to
increased rainfall seasonality that promoted forest fires in the Lago
El Salto area which, in turn, acted as a catalyst of rapid vegetation
change ~300 years prior to deposition of the 14-cm-thick tephra.
We note that local fires at 12,000 and 13,000 yr BP did not coincide
with major changes in the pollen record, suggesting that the
waterlogged environments surrounding Lago El Salto inhibited the
spread of fires and large-magnitude stand-replacing disturbance
events.

The cold-resistant hygrophilous conifer Podocarpus nubigena
plummeted to minimum abundance (<1%) between 7000 and
10,300 yr BP, coeval with high macroscopic CHAR (7 local fires) and
a rapid increase in the VRF trees Eucryphia cordifolia and Caldcluvia
paniculata (grouped in the palynomorph Eucryphia/Caldcluvia) that



Fig. 5. Macroscopic charcoal record from Lago El Salto. The black line in the lower part
of the figure corresponds to the interpolated CHAR, the blue line represents the
charcoal background, the red solid line shows the locally defined threshold. The arrows
indicate statistically significant charcoal peaks, as determined by CharAnalysis, as well
as the fire frequency curve and the magnitude bars. The upper curve indicates a
standardized synthesis of all charcoal records located south of 30�S along western
South America (Power et al., 2008). Below that curve we show a standardized Box-Cox
transformation of the raw CHAR record from Lago El Salto. The vertical dashed lines
indicate correspondence between the macroscopic CHAR peaks from Lago El Salto with
sub-continental maxima in paleofires at ~1000 (a), ~3100 (b), ~11,800 (d) and
~13,000 yr BP (e), and an extended maximum in fire activity between ~8000 and
10,800 yr BP (red dashed-line rectangle, c). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Variations in Podocarpus nubigena and Weinmannia trichosperma in pollen re-
cords from the Seno Reloncaví (Lago El Salto ¼ blue data dots and solid line repre-
senting a 7-point weighted moving mean, L. Condorito ¼ red, and Huelmo
mire ¼ purple), and Isla Grande de Chilo�e (L. Lepu�e ¼ black) sectors of the Chilean Lake
District. The dashed vertical rectangles define the Younger Dryas and Antarctic Cold
Reversal chrons. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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started at 9600 yr BP and reached maximum abundance between
7600 and 9000 yr BP (Figs. 4 and 5). These data indicate peak
paleofire activity and a shift from NPRF to VRF-dominated assem-
blages with thermophilous summer drought-resistant species,
implying a multi-millennial warm/dry interval between 7600 and
10,300 yr BP. Eucryphia/Caldcluvia then declined to minimum
abundance between 5300 and 7600 yr BP as Nothofagus and Sax-
egothaea conspicua increased substantially accompanied bymodest
increases in P. nubigena, Drimys and Misodendrum, while macro-
scopic CHAR attained minimum values. This reversal indicates that
cooler conditions and increased precipitation between 5300 and
7600 yr BP drove a shift from VRF to NPRF-dominated assemblages
and muted fire activity.

Eucryphia/Caldcluvia rose again at 5300 yr BP and established
mixed VRF/NPRF communities that have persisted in the study area
until the present. We observe successive centennial-scale maxima
in the VRF tree Eucryphia/Caldcluvia (between 4100 and 4500,
3300e3800, 1900e2400, 1000e1400 yr BP and over the last 150
years) in phase with Weinmannia trichosperma and successive
maxima in fire frequency during warm/dry intervals. These fluc-
tuations alternate with maxima in NPRF Podocarpaceae (Sax-
egothaea conspicua þ Podocarpus nubigena) during a relatively
invariant Nothofagus plateau (mean: 30%), suggesting cold/wet
phases. We interpret these results as the onset of centennial-scale
shifts in temperature and SWW influence that drove transitions
between VRF and NPRF-dominated communities starting at
5300 yr BP; these transitions represent southward or northward
shifts in the mixing zone between these vegetation units, respec-
tively. We note that the magnitude of warm/dry events increases
from 4500 to 1000 yr BP, followed by predominantly negative or
zero anomalies. The warm/dry event between 1000 and 1400 yr BP
features peak abundance in Eucryphia/Caldcluvia similar in ampli-
tude to the values observed between 7800 and 9300 yr BP.
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We calculated the Eucryphia/Caldcluvia versus Podocarpaceae
(Podocarpus nubigena þ Saxegothaea conspicua) index (ECPI),
standardized to the mean of the entire record, to quantify the po-
sition of each palynological level along a continuum ranging be-
tween the VRF and NPRF end members of vegetation and
hydroclimate variations (warm/dry, cold/wet conditions respec-
tively) in the lowlands of the Lake District (Moreno, 2004) (Fig. 7).
At multi-millennial timescales the ECPI shows slightly negative
anomalies between 14,500e15,300 yr BP, followed by a rapid
decline that led to strongly negative anomalies until 11,600 yr BP
(predominance of NPRF Podocarpaceae). These results indicate that
cold-wet conditions during the last glacial termination intensified
between 11,600e14,500 yr BP. A sustained increase in ECPI started
at 11,600 yr BP and led to peak positive anomalies between 7600
and 9100 yr BP indicating strongly positive anomalies in temper-
ature and low precipitation regime (predominance of VRF Eucry-
phia/Caldcluvia). At 7600 yr BP the ECPI descends rapidly toward
negative values defining a multi-millennial negative anomaly
(cold/wet conditions) that lasts until 4500 yr BP (predominance of
NPRF Podocarpaceae). Since then the ECPI exhibits variations
around the zero anomaly value, capturing the centennial-scale
fluctuations discussed in the previous paragraph.

4.1. Regional, hemispheric and global implications

The Lago El Salto area was covered by the Seno Reloncaví
piedmont glacier lobe during the youngest advance of the last
glacial maximum; local ice-free conditions have prevailed in this
sector since at least ~20,000 yr BP (Denton et al., 1999). Deglacial
warming at 17,780 yr BP caused rapid withdrawal of piedmont
glacier lobes deep into Andean valleys and cirques, and led to the
establishment of closed-canopy NPRF in the lowlands of the Chil-
ean Lake District within 1000 years (Moreno et al., 2015), if not
faster. A rise in precipitation of westerly origin occurred at
16,800 yr BP and led to relatively stable conditions until ~14,500 yr
BP.

Podocarpus nubigena increased between 13,000e14,500 yr BP in
Lago El Salto, in agreement with other records adjacent to the pa-
cific coast from northwestern (Fig. 6) and central-west Patagonia
(Bennett et al., 2000; Haberle and Bennett, 2004) between
41�300Se46�300S, and was coeval with glacier readvances in Lago
Argentino (Kaplan et al., 2011; Strelin et al., 2011; Strelin and
Malagnino, 2000) and Torres del Paine (Fogwill and Kubik, 2005;
Garcia et al., 2012; Moreno et al., 2009a,b). These results indicate
a cold and wet climate reversal during the last glacial termination
in southwestern South America between 41� and 51�S. A pollen
record from the Huelmo mire, a site located 3 km east of Lago El
Salto, shows a step increase in Podocarpus nubigena at 13,400 yr BP
superimposed upon the increase that started at ~14,500 yr BP
(Moreno and Leon, 2003) (Fig. 6), aspect that Hajdas et al. (2003)
interpreted as an intensification of the cooling trend that started
at ~14,500 yr BP and coined the Huelmo Mascardi Cold Reversal
(HMCR). Our data from Lago El Salto do not replicate such inten-
sification; we acknowledge, however, that the lower temporal
resolution of the pollen record and chronologic precision from Lago
El Salto might impede visualization of the HMCR intensification. A
chironomid study on the Huelmo core validated the HMCR as an
intensification of a cooling signal between 11,500e13,500 yr BP
(Massaferro et al., 2009) that had started at ~14,500 yr BP. In a
subsequent paper, Massaferro et al. (2014) attempted a quantifi-
cation of temperature changes through the last glacial termination
based on the fossil chironomid data from the Huelmo site and a
training set that included samples from lakes located along the
eastern flank of the northwestern Patagonian Andes. This temper-
ature reconstruction yielded unclear, inconclusive results regarding
the ACR and HMCR. Likely explanations for the departure from the
pollen- and chironomid-based stratigraphic interpretations
include: (i) millennial-scale changes in precipitation and deposi-
tional environments within the Huelmo mire (Moreno and Leon,
2003) that might have interacted with the effects of temperature
variations on the chironomid fauna, and (ii) the application of a
training set consisting almost exclusively (46 out of 47) of modern
samples located on the opposite site of the northwestern Patago-
nian Andes (Massaferro et al., 2014).

The data shown in this paper indicate that NPRF vegetationwith
abundant Podocarpus nubigena persisted near Lago El Salto be-
tween 11,600e13,000 yr BP under cold/wet conditions despite the
occurrence of paleofires at local and regional scale. Other pollen
records reveal large heterogeneity and stand-replacing fires during
this interval (Jara and Moreno, 2014; Moreno, 2004; Moreno et al.,
2001; Moreno and Leon, 2003; Pesce and Moreno, 2014), at times
when glacial recession was taking place in the Lago Argentino and
Torres del Paine sectors. Available data suggest high variability in
precipitation regime in northwestern Patagonia (40�e44�S) and
warming in southwestern Patagonia (50�e51�S).

In sum, the Lago El Salto record suggests that climate
approached the average of the last 16,000 years between
14,500e15,300 yr BP (Fig. 7) and then shifted toward cooler con-
ditions (negative ECPI anomalies) between 13,000e14,500 yr BP,
contemporaneous with the Antarctic Cold Reversal (ACR) and a halt
in the deglacial atmospheric CO2 rise. Negative anomalies in ECPI
persisted until 11,600 yr BP coupled with enhanced fire activity
(three local fires between 11,600e13,000 yr BP) driven by increased
precipitation variability/seasonality, while Antarctic ice core re-
cords show resumption of the deglacial rising trend in temperature
and CO2 which continued until a maximum between 9000 and
10,000 yr BP. In contrast, Greenland ice core records show extreme
glacial conditions during the mystery interval (14,600e17,800 yr
BP) (Denton et al., 2006), rapidwarming and interstadial conditions
during the Bølling/Allerød (12,700e14,600 yr BP), followed by
cooling during Younger Dryas (YD) time (11,700e12,700 yr BP) and
sustained warming that peaked between 8000 and 9000 yr BP.
From this comparison it is evident that the anatomy of changes in
the El Salto recordmatchesmillennial-scale climate changes during
the last glacial termination revealed by Antarctic (warm conditions
predating the ACR, ACR cooling) and Greenlandic records (persis-
tence of cold conditions during the YD chron).

The alkenone-based sea surface temperature (SST) reconstruc-
tion from offshore core ODP1233, located 160 km northwest from
Lago El Salto, indicates warm pulses at 18,600 and 12,700 yr BP and
SST stability between 12,700e16,800 yr BP (Fig. 7) (Lamy et al.,
2007). SSTs peaked between 9400 and 12,000 yr BP followed by a
multi-millennial cooling trend that persists until the present,
interrupted by a warm excursion between 6800 and 7800 yr BP.
These results contrast with paleoecological and glacial geologic
studies in the region during the last glacial termination and the
timing of peak warmth during the early Holocene (7600e9300 yr
BP in El Salto), not only in terms of timing but also the structure of
paleoclimate events. The alkenone data from ODP1233 show an
average of 13.2 �C in SST between 12.7 and 16.8 ka and a mean of
14.9 �C for the last 11,700 years (according to the original chro-
nology of the record), indicating that millennial-scale changes in
temperature in terrestrial sectors of northwestern Patagonia over
the last glacial termination occurred in the context of cooler-than-
present SSTs in the SE Pacific, the equivalent of ~30% of the total
temperature depression between mean Holocene and mean LGM
values (mean: 9.2 �C). Explanations for this divergence between
terrestrial and marine records may involve the lack of constraints
on marine surface reservoir radiocarbon ages (Siani et al., 2013) in
the published ODP1233 chronology during the last glacial



Fig. 7. Comparison of the ECPI and charcoal-accumulation-rate record from Lago El
Salto with (from top to bottom) the d18O record from NGRIP, Greenland (NGRIP
members, 2004), the ECPI from Lago Condorito (Moreno, 2004), an alkenone-based
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termination (Lamy et al., 2007), and the possibility that cold re-
versals during the last glacial termination in this sector of Patagonia
were transmitted/manifested via atmospheric, not oceanic
mechanisms.

A recent synthesis of paleoclimate records from the southern
hemisphere found a concentration of marine, ice core and speleo-
them studies showing strong ACR-age cooling south of 40�S, along
with glacial advances in New Zealand (~43�S) and Patagonia
(49e54�S) (Pedro et al., 2016). The same study found strong hy-
drologic variations during the YD as far south as 17�S, inferred from
stable isotope records from speleothems and lake sediments from
southern hemisphere sites located in the tropics/subtropics. Our
results from Lago El Salto, alongwith previous palynological studies
from northwestern Patagonia (Heusser and Heusser, 2006; Heusser
et al., 1999; Jara andMoreno, 2014;Moreno et al., 1999;Moreno and
Leon, 2003; Pesce and Moreno, 2014), extend the northern limit of
strong cooling and increase in precipitation during the ACR and the
southern limit of influence of strong hydrologic variations during
the YD (decline in precipitation/enhanced precipitation variability)
in terrestrial environments. Hence, palynological records from
northwestern Patagonia (40�e43�S) suggest an overlap in the
spheres of influence of high-latitude processes originating from the
southern and the northern hemispheres in the southeast Pacific
sector.

Because precipitation in northwestern Patagonia is positively
and significantly correlated to the intensity of the southern west-
erly winds (SWW), we infer changes in hydrologic balance as a
consequence from variations in the position or intensity of the
SWW with secondary contributions from temperature changes.
Consequently, we interpret conditions approaching modern
climate between 14,500e16,000 yr BP followed by enhanced pre-
cipitation brought by a northward shift or intensification of the
SWW at 42�S during the ACR, and decline in precipitation/
enhanced precipitation variability during YD time, most likely
driven by a southward shift of the SWW (Moreno et al., 2012).

A multi-millennial warm/dry phase with intense fire activity
occurred between 8100 and 10,800 yr BPwith peak values between
9300 and 10,000 yr BP in the Lago El Salto record (Fig. 5). This in-
terval corresponds to a minimum in SWW influence at 42�S and a
maximum in fire activity in South American records located south
of 30�S between ~8000 and 10,800 yr BP (Power et al., 2008), which
have been interpreted as a generalized weakening (Moreno et al.,
2010) of the SWW throughout western Patagonia. We also
observe correspondence with paleofires at millennial timescale
with prominent maxima at ~1000, ~3100, ~11,800 and ~13,000 yr
BP (Power et al., 2008), suggesting that changes in paleofire activity
revealed by the Lago El Salto record were widespread throughout
southern South America. Alternatively, Lamy et al. (2011) proposed
a southward shift of the SWW during the early Holocene based on
the interpretation of increased precipitation lake and marine
sedimentary records from southwestern Patagonia. Resolving
among these conflicting views requires improvement of our un-
derstanding of past hydrologic changes in the southernmost area of
influence in the South American sector, where divergences in the
interpretation of paleorecords are evident in the literature (Lamy
et al., 2011; Moreno et al., 2010, 2012).

Stronger-than-present SWW influence at 42�S started at 7600 yr
BP and persisted until 5300 yr BP, followed by an alternating series
SST reconstruction from ODP 1233 (Lamy et al., 2007), and the dD record from EDC,
east Antarctica (Jouzel et al., 2007). The red rectangles represent relatively warm/dry
conditions with enhanced fire activity, the blue rectangle represents a conspicuous
cold/wet anomaly at the end of the last glaciation. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)
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of cold/wet and warm/dry intervals attributable to changes in the
intensity and/or latitudinal breadth of SWW influence at millennial
timescales. The magnitude of the ECPI-defined warm/dry events
between 1900 and 2300, 1000e1400 yr BP and over the last 150
years exceed the mean of the last 16,000 years and thus qualify as
centennial-scale megadroughts. The warm/dry events in the El
Salto record correspond in timing and direction of centennial-scale
SAM-like positive anomalies in the southwestern Patagonian Lago
Cipreses record over the last 3000 years (Moreno et al., 2014). We
note, however, that the extended anomaly dated between 1000 and
1400 yr BP in Lago El Salto appears to be a composite of events CC2
and CC3 in the Lago Cipreses record, aspect that might represent
differences in sediment accumulation rate and dating uncertainties
among sites. This event overlaps in timing with the Medieval
Climate Anomaly.

Our results from Lago El Salto replicate the multi-millennial
trends revealed by the Lago Condorito record, and provide a more
detailed picture of the last glacial termination and centennial-scale
changes in vegetation, climate and fire-regime shifts since 5300 yr
BP. Fletcher and Moreno (2011, 2012) assessed past SWW behavior
based on a hemispheric-wide syntheses and analysis of paleo-
climate records from the southern middle latitudes and identified
zonally symmetric changes in the SWW at multi-millennial time-
scale between 5000 and 15,000 yr BP, and zonal asymmetry over
the last 5000 years. Based on the El Salto record we propose that
the apparent loss of zonal SWW symmetry since ~5000 yr BP re-
flects the onset of centennial and high-frequency variability related
to ENSO and SAM-like changes and the evolution of their
geographic teleconnections in the southern mid-latitudes.

The co-occurrence of modern and past North Patagonian and
Valdivian evergreen rainforest communities in the lowlands of the
Chilean Lake District since 5300 yr BP appears to be a consequence
of centennial-scale alternations between warm/dry and cold/wet
states and associated on/off switches in fire regimes. Similar results
have been reported from mixed evergreen-deciduous forests from
southwestern Patagonia, as revealed by the Lago Cipreses site
(51�1706.3100S, 72�51013.0600W, 124 masl), where climate- and fire-
driven changes in the degree of canopy openness/continuity
enabled the proliferation and boosted the diversity of understory
herbs and shrubs (Moreno et al., 2014). These data strongly suggest
that changes in climate and fire regimes at centennial timescale
have been important drivers in the composition and structure of
humid forests in northwestern and southwestern Patagonia over
the last five millennia.
5. Conclusions

The Lago El Salto record featuresmillennial andmulti-millennial
trends in vegetation, fire regimes and climate, including:

� Predominance of North Patagonian rainforest trees between
14,500e16,000 yr BP, implying cold-and-wet conditions.

� Increase in cold-resistant NPRF trees at 14,500 yr BP, indicative
of further cooling and increase in precipitation until 13,000 yr
BP, contemporaneous with the Antarctic Cold Reversal.

� Enhanced precipitation variability led to wildfires between
11,600e13,000 yr BP under cool-temperate conditions. Unlike
neighbouring sites, the vegetation from Lago El Salto escaped
the disturbance effects of wildfires over this interval, allowing a
more direct visualization of mean climate conditions during the
Younger Dryas chron.

� Dominance of thermophilous Valdivian rainforest trees and
enhanced paleofires between 7600 and 11,000 yr BP, suggesting
warmer-and-drier than present conditions.
� Increase in cold-resistant hygrophilous North Patagonian rain-
forest trees and decline in paleofires between 5300 and 7600 yr
BP, signalling the reestablishment of colder-and-wetter than
present conditions.

� Development of a mixed assemblage of Valdivian and North
Patagonian rainforest species, accounting for an average condi-
tion characteristic of the pre Chilean-European mosaic of native
rainforest communities present in the study area since 5300 yr
BP.

� Superimposed upon the multi-millennial rhythm of the last
5300 years we observe alternating cold/wet and warm/dry os-
cillations of centennial-scale duration at millennial timescales
since 5300 yr BP, with six conspicuous warm/dry events with
enhanced paleofire activity, the three most recent (<2500 yr BP)
qualify as megadroughts.

From these findings we identify an early Holocene westerly
minimum (7600e11,000 yr BP) and a middle Holocene westerly
maximum (5300e7600 yr BP), followed by an alternating series of
centennial-scale changes in SWW intensity or latitudinal position
since 5300 yr BP. We conclude that the most recent half of the
Holocene features enhanced climate variability, aspect that has
shaped the distribution, boosted the biodiversity of the rainforest
vegetation, and driven periodic centennial-scale changes in fire
regimes in northwestern Patagonia.

Comparison of the Lago El Salto record with an alkenone-based
SST reconstruction offshore from northwestern Patagonia reveals
contrasts in the timing and structure of events, aspect that high-
lights the lack of constraints on past marine reservoir ages and the
possibility that cold reversals during the last glacial termination in
northwestern Patagonia were transmitted or manifested via at-
mospheric, not oceanic mechanisms.
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