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WELCOME
TO LOTRED 3rd SYMPOSIUM

It is a pleasure to welcome you to LOTRED-SA in Medellín. By 
moving from previous meetings in southern South America 
(Malargue and Valdivia) to tropical America we are completing 
a circuit and, therefore, getting an updated, and synoptic 
picture of climate dynamics for our region. Over a hundred 
contributions, include new exciting findings from all over 
the neotropical region, and the adjacent oceanic regions. 
Contributions deal with the latest Holocene with emphasis on 
the last 2kyr and cover modern climate, paleoclimate records 
(lake and marine sediments, speleothems, tree-rings, and ice 
cores), documentary data, and models. Therefore, this meeting 
promises to be an exciting venue for scientific discussion 
around climate variability and dynamics, and most importantly, 
human-climate interactions in our region in the recent past.

A glance to this book reveals the challenges ahead for our 
community of paleoscientists to explain climate dynamics 
at different space and time scales, how ecosystems respond 
to climate change, and how humans have dealt with this 
variability and have been active in creating still poorly 
understood feedbacks on it. The wide diversity of processes 
operating in the region not only include the annual and decadal 
migration of the Intertropical Convergence Zone (ITCZ) and 
the dynamics of El Niño Southern Oscillation (ENSO), but also 
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the multidecadal Pacific (PDO) and Atlantic (AMO) Oscillations 
that seem to explain characteristic scenarios like the Medieval 
Climate Anomaly (MCA), the Little Ice Age (LIA) and the current 
warm period (CWP), all apparently connected through the 
South American Monsoon System (SAMS). 

Our warmest welcome to Medellín, the city of the ever-lasting 
Spring, at least during our human life time. Enjoy it !

José Ignacio Martínez (Chair)
On behalf of the LOTRED Organizing Committee
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LATE HOLOCENE NOTHOFAGUS RE-EXPANSION IN 
SOUTH-CENTRAL CHILE POLLEN RECORDS: A CLIMATIC, 
DISTURBANCE OR HUMAN TREND?

Many paleoclimatic proxy records suggest that the Holocene climate 
of southern South America was highly variable, especially during 
the mid- and late Holocene. For the last 2000 cal. years, several high 
resolution pollen records in south-central Chile across 38-39°S show 
the rapid Nothofagus dombeyi-pollen type re-expansion to high 
percentages values (up to 50% in the pollen record). The expansion 
is also related to the abrupt decrease of vines and the typical 
Valdivian taxa, such as Eucryphia cordifolia, and the increase of fire 
activity. There are also several tephra layers in the records. How rapid 
vegetation changes are related to the important primary forcing 
factors, namely atmospheric circulation, solar, volcanic activity, and/
or spatial heterogeneity? Here are presented two high resolution 
pollen and charcoal records (Laguna Las Ranas and Lago Espejo) 
for the last 2 ka showing interesting changes in vegetation and fire 
activity associated with the southern westerly winds, as well as their 
leading inter-annual modes (the El Niño-Southern Oscillation) and 
Southern Annular Mode. The Nothofagus dombeyi-type expansion 
is explained by a shift towards a cooler and, possibly, drier climate 
in the Araucanian region during the late Holocene. The change to a 
surface-fire regime is consistent with increased inter-annual climate 
variability and the onset or strengthening of ENSO and SAM.

Abarzúa, AM

(anaabarzua@uach.cl), Instituto de Ciencias Ambientales y Evolutivas, Univ. 
Austral de Chile

Keywords: pollen, south-central Chile, ENSO.
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The San Lázaro Basin (SLB) is a suboxic basin located in the 
dynamic southern border of the California Current System (CCS) 
characterized by its very high accumulation rates of biogenic and 
lithogenic sediments. The CCS generally moves equatorward along 
the eastern boundary region during spring into early summer 
and poleward during fall and winter; a pattern is either amplified 
or reduced on different time scales by different oceanographic 
forcings, i.e. interannual timescales by El Niño and La Niña events, 
or multidecadal ones by the Pacific Decadal Oscillation (PDO). These 
different oceanographic modes control and modulate the trophic 
structure in this region; poleward retreat of the CCS allows for the 
northward intrusion of tropical and subtropical waters and heat that 
stratify the water column, thus favoring the coccolithophorids to 
dominate. While equatorward advancement of the CCS is associated 
with a stronger wind-driven circulation and upwelling in the region 
favoring diatoms over coccolithophorids. Thus, during warm periods 
coccolithophorid production dominates over diatoms and calcite 
export to the bottom increases. XRF Ca counts (1 mm down-core 
resolution) is highly correlated with inorganic carbon, analytically 
determined on a coulometer (R=0.56). This record shows a decreasing 
trend over the entire record the last 2 kyrs. The Ca spectrum analysis 
shows significant peaks for periods centered at 28, 60, 120 and 200 
years. Correlation analysis of SSA modes of Ca with instrumental and 
proxy records show to be significant with Kaplan SSTs, McDonald-
PDO reconstruction and Li-ENSO variance reconstruction, among 
others. Wavelet analysis indicates the presence of 100-130 yr cycles 
intermittently during the time period studied and with high Ca 
variance during the Medieval Time Period. 

CALCIUM CONTENT IN SAN LÁZARO BASIN SEDIMENTS 
(BAJA CALIFORNIA, 25ºN) AS INDICATOR OF PACIFIC 
CLIMATE OSCILLATIONS FOR THE PAST 2 KYRS
Abella-Gutiérrez, JL1, Herguera, JC1

(herguera@cicese.mx), Oceanología, Centro de investigación Científica y de 
Educación Superior de Ensenada (CICESE), Baja California, México

Keywords: carbonate productivity, XRF, PDO
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HIGH-RESOLUTION PALEOENVIRONMENTAL 
RECONSTRUCTION IN THE TROPICAL ANDEANS: 
MEDELLINCITO WETLAND, WESTERN COLOMBIAN CORDILLERA

Acevedo, AL1,2, Pardo, A2. Velez, MI3 , Velasquez, C4, Vallejo, F2, 
Tamayo, R2, Vargas, V2

(albaluciaacevedohernandez@yahoo.es), (1) Instituto Mistrató, Mistrató-
Risaralda, Colombia, (2) Instituto de Investigaciones en Estratigrafía. Univ. 
de Caldas. Manizales, Colombia, (3) Univ. de Regina. Regina-Canadá, (4) Univ. 
Nacional de Colombia, sede Medellín.

Keywords: Paleoclimate, Mistrató-Risaralda, Western Cordillera, 
Chocó Jet stream, Colombia
 
Studies of climate variability in Colombia are mainly focused on 
understanding the changes in modern ecosystems. However, these 
results are limited because most measurements and climate models 
are based on recent instrumental records. In contrast, the geological 
data provides relevant information about the paleoecology and 
paleoclimate over a broader time period. The climate of Colombia 
is strongly influenced by the Intertropical Convergence Zone (ITCZ) 
and El Niño Southern Oscillation (ENSO). These climatic conditions 
and the Andean topography allow for the preservation of potential 
high-resolution paleoclimatic records in lakes, lagoons and wetlands. 
For this study a 3 m core was obtained in the Medellincito wetland 
(5º19´22´N and 75º54515W) on the top of the Western Cordillera 
of Colombia (2050 m), Municipality of Mistrató, Risaralda. This 
sector represents a strategic site to understand the behavior of the 
Chocó jet stream, best known as the Mistrató Step, which controls 
a significance portion of the rainfall in the west of Colombia, the 
region with highest rainfall in the world. 14C radiometric dates have 
not been performed yet on the site. The objective of this research is 
to identify environmental changes during the late Holocene (?) using 
high-resolution pollen and diatom records (every 2 cm), 13C/12C and 
18O/16O isotopes, and its relationship with local and regional events.
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NEW INSIGHTS IN THE SOUTH AMERICAN MONSOON 
SYSTEM VARIABILITY OVER THE LAST 1400 YEARS BASED 
ON SPELEOTHEMS RECORDS FROM THE EASTERN ANDES OF 
PERÚ AND BOLIVIA.

Apaéstegui, J1,2,3, Cruz, FW4, Sifeddine, A2,3,6, Guyot, JL5, Santos, 
RV7, Bernal, JP8, Turcq, B9, Cheng, H10,11, Edwards, L11, Espinoza, 
JC1, Strikis, N4, Khodri, M2,12

(japaestegui@igp.gob.pe), (1) Instituto Geofísico del Perú, Lima, Perú, (2) LMI 
PALEOTRACES (IRD/UFF/UANTOF), Depto. Geoquimica-UFF, Niterói-Brazil, (3) 
Depto. Geoquimica, Univ. Federal Fluminense (UFF), Niterói, Brazil, (4) Instituto 
de Geociencias, Univ. de São Paulo (USP), Brazil, (5) UMR GET (IRD) Géosciences 
Environnement, CNRS-IRD-UPS, OMP, Toulouse, France, (6) IRD-Sorbonne 
Universités (UPMC, Univ Paris 06)-CNRS-MNHN, LOCEAN Lab., Univ. Federal 
Fluminense, Niterói, Brazil, (7) Instituto de Geociências, Univ. de Brasilia, Brazil, (8) 
Centro de Geociencias, Univ.ersidad Nacional Autonoma de Mexico, Querétaro, 
Mexico, (9) IRD-Sorbonne Universités (UPMC, Univ Paris 06)-CNRS-MNHN, 
LOCEAN Lab., Univ. Peruana Cayetano Heredia, Lima, Perú, (10) Institute of Global 
Environmental Change, Xi’an Jiaotong Univ., Xi’an, China, (11) Depart. Geology & 
Geophysics, Univ. Minnesota, USA, (12) UMR LOCEAN (IRD/UPMC/CNRS/MNHN), 
Paris-Jussieu, France.

Keywords: Speleothems, South American Monsoon System, 
Hydroclimate Variability

Recent paleoclimate reconstructions have focused in the 
behavior of South American Monsoon System (SAMS) during 
the last 2 ky. Since there is considerable concern that the SAMS 
dynamics will be significantly affected by increasing greenhouse 
gas concentrations in the 21st century, there is an urgent need 
to document and understand the causes of the SAMS variations 
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in response to natural forcing. Climate modeling studies and 
paleoclimate records are needed to best define the relationships 
between SAMS rainfall and ocean–atmosphere variability 
during the late Holocene. We developed stable isotopes (δ18O, 
δ13C) and trace elements (e.g. Mg/Ca, Sr/Ca) time series from 
calcite speleothems from the eastern Andes of Perú (Rioja-San 
Martin) and Bolivia (Torotoro-Potosí). These records allow us 
to reconstruct past changes in the SAMS and local hydrological 
conditions during the last two millennia (1400 years). Variability 
on SAMS from sub-decadal to centennial timescales that could be 
associated with modern modes in the Pacific and Atlantic Oceans 
are observed in these records. Multidecadal close to 64 and 25 
yrs periodicities are the most prominent features. These cycles 
are mainly referred to the influence of the Atlantic Multidecadal 
Oscillation (AMO) and the Pacific Decadal Oscillation (PDO), which 
have been documented as important SAMS modulators at these 
timescales. Comparison between Andean records and other 
South American proxy records bring us information on spatial 
rainfall distribution in the continental areas that could elucidate 
the mechanisms triggering major variations in mean climate 
during the last millennium, such as observed during the Medieval 
Climate Anomaly (MCA; ~900-1200 A.D.) and the Little Ice Age 
(LIA; ~1400-1850 A.D), and suggest interactions of oceanic-
atmospheric modes triggering differences in hydroclimate 
conditions between different SAMS areas, though it is necessary 
to study more proxy records in key areas for better understand the 
system. Also important is to reproduce these changes by coupled 
ocean-atmosphere models in order to define and recognize better 
relationships and mechanisms that could affect this system. These 
approaches would bring invaluable tools for define possible 
effects of climate change in the SAMS and reduce population 
affected by extreme events in South America.
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LAKE SEDIMENT RECORDS OF RECENT HUMAN-INDUCED 
ENVIRONMENTAL CHANGE IN NORTHERN CHILEAN PATAGONIA
Araneda, A1, Torrejón, F1, Muñoz, V1, Valenzuela, B1, Urrutia, R1, 
Alvarez, D1

(aaraneda@udec.cl), (1) Group of Paleolimnological Studies (GEP), Faculty of 
Environmental Sciences & EULA-Chile Center, Univ. of Concepción, Chile.

Patagonia has traditionally been described as a very pristine area 
with important reserve of wildlife and a large reservoir of freshwater 
resources. However Patagonian ecosystems underwent extensive and 
dramatic human impacts for the last eighty years, due to the settlers 
that started to colonize the Aysén region at the beginning of the 
20th century, a territory then covered for a dense native forest. Hence 
massive and frequent fires destroyed 3 million hectares between 
1930 and 1950. Nevertheless the consequences that fire disturbances 
had over the aquatic ecosystems are not properly understood. Hence 
a myriad of lakes were sampled in Northern Patagonia to study the 
sediment record applying a multiproxy approach (charcoal, biological 
records, organic compounds).  Preliminary result indicated that in 
most lakes a subsurface peak in charcoal particles clearly defines the 
period of high prevalence of fires. Such periods were accompanied 
for a general increment in sedimentation rates and by an increase 
in other parameters like organic content and nutrient concentration. 
Biological proxies showed a more varied response, however they 
clearly reflect that the strongest fluctuation in their assemblages 
is associated with the fire periods.  Our data suggest that some 
Patagonian watershed have not yet recovered from the historical 
fires, indicating that those ecosystems had little resilience to the 
severe burns that occurred at beginning of the twentieth century. 
The existing climatic conditions in Patagonia –with low temperatures 
and high precipitations, suggests a possible coercion between 
interannual climate variability and humans in the development of 
the massive historical fires. 

Funding for this research is from Fondecyt project 1120765 and partially from 
1120807.

Keywords: sediment records, Chilean Patagonia, historical fires
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DISTINCT USE OF WOOD RESOURCES DURING THE 
MEDIEVAL WARM ANOMALY AND THE LITTLE ICE AGE IN 
THE EASTERN ANDES CORDILLERA, COLOMBIA

Archila, S1, Cavelier, I2, González, C3

(sarchila@uniandes.edu.co), (1) Depto. de Antropología, Univ. de los Andes, 
Bogotá-Colombia, (2) Patrimonio Natural, Bogotá-Colombia, (3) Depto. de 
Ciencias Biológicas, Univ. de los Andes, Bogotá-Colombia

It has been postulated that environmental degradation in certain 
areas of the central Andean highlands of Colombia is related to the 
use of wood as fuel mainly for pottery manufacturing in prehispanic 
times. According to data derived from an archaeobotanical 
investigation carried out in the municipalities of Sutamarchán, 
Tinjacá and Ráquira, forest degradation caused by human activities 
related to ceramic production was higher during colonial times due 
to technological change associated with kiln introduction, and with 
the demad for non-indigenous products such as tiles and bricks for 
new Spanish colonial towns further implied an increase in ceramic 
production and thus larger amounts of wood fuel exploitation. Here 
we explore the relation between these socio-cultural aspects and 
the MWP and LIA events in order to assess the importance of these 
climatic events as part of the ecological dynamics in the region.
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MOISTURE FLUX ACROSS COLOMBIA IN THE NEW 
GENERATION REANALYSIS ERA-INTERIM.

Arenas-Suárez, T1, Hoyos, I2, Rodríguez, BA1

(particulastato@gmail.com), (1) Instituto de Física, Univ. de Antioquia, Medellín-
Colombia, (2) Facultad de Ingeniería, Univ. de Antioquia, Medellín-Colombia.

The complex regional topography in Northern of South America plays 
an important role in transport atmospheric processes. The terrain 
structure controls the moisture flows by strengthening orographic 
pattern formation of rainfall and convective mesoscale fluxes. In 
Colombia, the orographic complexity is amplified by the division of 
the Andes in three branches, which added to the nearness to marine 
sources and the influence of global climatic phenomena, results in 
a great spatial and temporal variability of climate that is difficult to 
capture by modeling. In this contribution we assess the regional 
representation of moisture flux transport mechanisms from the 
new generation of reanalysis ERA-Interim, which offers qualitative 
advantages respect to other climate data sets in tropical areas 
especially respect to terrain elevation, closure of hydrological cycle 
representation and over-estimations in precipitation and moisture 
transport. Temporal and spatial variability of moisture flux divergence 
(MFD) field are explored in connection with other hydrological 
variables and global climate phenomena of regional impact. The 
seasonal moisture transport is mostly driven by the Intertropical 
Convergence Zone displacement, with dominant sources from the 
Caribbean Sea and Southeast Pacific whereas that the Colombian 
Pacific is a permanent sink of moisture. Consistently with previous 
works, the moisture transport occurs mainly by low-level jets, but, 
contrary to what previous reports state, local humidity has several 
sources, for instance, the moisture transport over continental area 
of colombian Pacific has a strong contribution from the Caribbean 
Sea that intraseasonally is presented in major proportion than the 
Choco Jet’s transport. The spatiotemporal patterns of MFD variability 
were evaluated through an EOF analysis whose main components 
are associated in order with: the North Tropical Atlantic and the El 
Niño Southern Oscillation.
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INTERPLAY OF ENVIRONMENTAL AND HUMAN DRIVERS 
IN THE DEVELOPMENT OF SOUTHERN GRAN SABANA (SE 
VENEZUELA) LANDSCAPE DURING THE LAST 2000 YEARS: 
LAKE ENCANTADA RECORD

Ballesteros, T1,2, Montoya, E3, Vegas-Vilarrúbia, T1, Giralt, S4, 
Abbott, M5, Rull, V2

Keywords: Savanna expansion, Environmental drivers, Gran Sabana.

The vegetation of the southern Gran Sabana (GS), southeast Venezuela, 
consists of a treeless savanna with morichales (monospecific dense 
stands of the Arecaceae Mauritia !exuosa, known as moriche), in a 
tropical climate suitable for the development of extensive rainforests. 
The GS soils have poor nutrient content and chemical stress, and are 
the homeland of the Pemón indigenous group. Fire is a key element 
of the Pemón culture.  According to palaeoecological evidence this 
indigenous culture could have arrived to the área around 2000-1500 
yr ago, roughly coinciding with a significant savanna expansion. 
We present a palaeoecological analysis of Lake Encantada (4,71ºN - 
61,081ºW; 857 m.a.s.l) for the last two millennia based on biological 
and physico-chemical proxies to assess the interplay between the 
environmental drivers (climate, fire, soils) and vegetation, and the 
associated feedback processes. The site was covered by open savanna 
with forest patches. Forests retreated and a significant vegetacion 
replacement to treeless savanna with morichales ocurred around 
1700 cal yr BP. The simultaneous appearance of Mauritia !exuosa and 
the repeated burning suggest fires have played a large role in the 
remarkable forest decline and savanna maintenance. An apparent 

(tmballesterosl@gmail.com), (1) Depart. of Ecology, Univ. of Barcelona, Spain, 
(2) Palynology and Palaeoecology Lab, Botanic Institute of Barcelona (IBB-CSIC- 
ICUB), Passeig del Migdia s/n, 08038 Barcelona, Spain, (3) Palaeoenvironmental 
Change Research Group, Depart. of Environment, Earth & Ecosystems, The Open 
Univ., Walton Hall MK7 6AA, UK, (4) Institute of Earth Sciences Jaume Almera 
(ICTJA-CSIC), Lluís Solé Sabarís, 08028, Barcelona, Spain, (5) Depart. of Geology 
and Planetary Science, Univ. of Pittsburgh, Pittsburgh, PA 15260-3332, USA
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shift in land-use practices towards more extensive use of fire in open 
landscape was recorded approximately 2000 yrs ago and continues to 
the present in several of the GS localities. The synergism between fire 
and erosion could have provoked the forest instability, promoting an 
increase in soil erosion and nutrient loss. Despite the wet conditions 
had a probable influence on the establishment of morichales, the 
role of the climate would have been minor in the opening of the 
landscape. Notwithstanding the relatively wet conditions, multiple 
burns were required to maintain the openness of the landscape. The 
shift of land use practices around 2000 yr ago allowed surpassing 
the tipping point towards an irreversible expansion of savanna 
that overrides the effects of climate. Thus, present-day southern GS 
landscape seems to have been the result of the complex interplay 
between fire, erosion, climate and vegetation. 
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OCEANIC EXTREME EVENTS IN THE ROSARIO ISLANDS 
(COLOMBIAN CARIBBEAN) DURING THE LAST TWO DECADES

Bernal, G1, Peláez, D1, Romero, DA2, Delgado, JK1

(dspelaez@unal.edu.co), (1) Depto. de Geociencias y Medio Ambiente, Fac. 
Minas, Univ. Nacional de Colombia, Medellín, Colombia (2) Invemar, Santa Marta, 
Colombia

The most important oceanic extreme events that have impacted the 
archipelago of El Rosario Islands are high energy events related with 
hurricanes and storm surges; temperature rising; and sedimentation 
related to runoff. Attempting to understand the historical behavior 
of these events and their imprint on the ecosystem, an analysis of 
winds, waves, sea surface temperature and runoff of the nearest river 
discharge between 1988 and 2011 was performed. We used winds 
from the Cross-Calibrated Multi-Platform Ocean Surface Wind (CCMP) 
and sea surface temperature (SST) from NOAA AVHRR Pathfinder 
Version 5.2 (PFV52). Waves for specific events were obtained using 
the third generation spectral model WW3 (Wave Watch III TM), forced 
with winds from CCMP. River runoff was obtained from the Colombian 
Hydrology, Meteorology and Environmental Institute (IDEAM). 
Extreme winds were considered those stronger than the 99% of the 
time series and extreme SSTs those greater than 95%. Wind extremes 
increased during the last decade respect to the previous; they tend 
to occur between March and May (MAM) during Normal conditions, 
and between December and February (DJF) during ENSO conditions. 
SST extremes also increased during the last decade; they tend to 
occur between June and August (JJA) during Normal conditions, and 
between September and November (SON) during ENSO conditions. 
Waves during selected events can reach 3 m high and produce 
breaking of coral colonies and reworking of sediments. SST extremes 
when combined with high runoff produces coral bleaching being 
more probably to occur during La Niña. Next steps in the research 
include the analysis of cores in order to find past records of dynamic 
extreme events.
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THE COLOMBIAN BASIN AS A DILUTION BASIN IN THE 
CARIBBEAN SEA: OCEAN – CLIMATE CONNECTION AND 
IMPLICATIONS FOR THE LAST 2000 YEARS VARIABILITY

Bernal, G1, Beier, E2, Ruiz-Ochoa, M3, Barton, ED4

(gbernal@unal.edu.co), (1) Depto. de Geociencias y Medio Ambiente, Facultad 
de Minas, Univ. Nacional de Colombia, Medellín – Colombia, (2) Cicese, Unidad La 
Paz, La Paz – México, (3) Programa de Ingeniería Ambiental, Facultad de Ciencias 
Naturales e Ingenierías, Unidades Tecnológicas de Santander, Bucaramanga 
- Colombia (4) Depto. de Oceanografía, Instituto de Investigaciones Marinas 
(CSIC), Vigo - España

Keywords: oceanography, Caribbean, climate variability

The Caribbean Sea is considered a concentration basin (evaporation 
exceeds precipitation), where the increase of salinity is not enough to 
cause deep vertical convection. However, an analysis of precipitation, 
evaporation and runoff over the Colombian basin, shows that this 
particular basin, principally south of 12°N, is a dilution basin. The 
balance of these parameters controls the salinity of the South-
western Caribbean, which is analyzed in terms of its climatology. At 
the interannual scale, runoff is related with ENSO, and precipitation 
and evaporation with the Caribbean Low Level Jet. Data from 
1979 and 2010 were obtained from the CPC Merged Analysis of 
Precipitation (CMAP), NCEP/NCAR Reanalysis, and local institutions 
from the countries around the basin. Climatology of Hydrographic 
data was obtained from the National Oceanographic Data Center 
(WOD01 database). Findings are discussed in terms of its implications 
for the western boundary currents in the Atlantic, water masses, 
climatic dependence, and possible variations under different climatic 
scenarios during the last 2000 years.
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LATE HOLOCENE COVARIABILITY OF THE SOUTHERN 
WESTERLIES AND SEA SURFACE TEMPERATURE IN 
NORTHERN CHILEAN PATAGONIA

Bertrand, S1,2, Hughen, K2, Sepúlveda, J3, Pantoja, S4

(sebastien.bertrand@ugent.be, sbertrand@whoi.edu), (1) Renard Centre of 
Marine Geology, Ghent Univ., Krijgslaan 281 S8, 9000 Gent, Belgium, (2) Marine 
Chemistry and Geochemistry, Woods Hole Oceanographic Institution, 360 Woods 
Hole Road, MA02543, Woods Hole, USA, (3) Depart. of Earth, Atmospheric and 
Planetary Sciences, Massachusetts Institute of Technology, 45 Carleton Street, 
E25-623, MA02139, Cambridge, USA, (4) Depart. of Oceanography and Center 
for Oceanographic Research in the eastern South Pacific, Univ. of Concepción, 
P.O. Box 160-C, Concepción, Chile

Keywords: southern South America, paleohydrology, $ord sediments

The climate of Chilean Patagonia is strongly influenced by the 
Southern Westerly Wind Belt (SWWB), which controls the amount 
and latitudinal distribution of precipitation on the western side of 
the southern Andes. In austral summer, the SWWB is restricted to 
the high latitudes. It expands northward in winter, which results in 
a strong precipitation seasonality between ~35 and 45°S. Here, we 
present a new precipitation seasonality proxy record from Quitralco 
$ord (46°S), where relatively small latitudinal shifts in the SWWB 
result in large changes in precipitation seasonality. Our 1400 yr 
record is based on sedimentological and geochemical data obtained 
on a sediment core collected in front of a small river that drains the 
Patagonian Andes, which makes this site particularly sensitive to 
changes in river discharge. Our results indicate low Fe/Al and Ti/Al 
values between 600 and 1200 CE, increasing at 1200–1500 CE, and 
comparatively high between 1500 and 1950 CE. Increasing Fe/Al 
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and Ti/Al values reflect a decrease in mean sediment grain-size from 
~30 to ~20 µm, which is interpreted as a decrease in seasonal floods 
resulting from an equatorward shift of the SWWB. Our results suggest 
that, compared to present-day conditions, the SWWB was located 
in a more poleward position before 1200 CE and that it gradually 
shifted towards the equator in 1200–1500 CE, where it remained in a 
sustained position until 1950 CE. This pattern is consistent with most 
precipitation records from central and southern Chile. The comparison 
of our record with published regional sea surface temperature (SST) 
reconstructions for the late Holocene shows that equatorward shifts 
in the SWWB are systematically coeval with decreasing SSTs and 
vice versa, which resembles fluctuations over glacial-interglacial 
timescales. We argue that the synchronicity between SST and SWWB 
changes during the last 1400 years represents the response of the 
SWWB to temperature changes in the Southern Hemisphere.
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PAN-ANDEAN LAKE RECORDS OF LATE HOLOCENE SOUTH 
AMERICAN SUMMER MONSOON VARIABILITY FROM 
THE COLOMBIAN AND PERUVIAN ANDES: AN INTER-
HEMISPHERIC PERSPECTIVE

Bird, BW1, Escobar, J2, Rudloff, O.

(bwbird@iupui.edu), (1) Indiana Univ.-Purdue Univ., Indianapolis, Indiana-USA. 
(2) Univ. del Norte, Barranquilla-Colombia.

Keywords: Tropical South American Hydroclimate, Medieval Climate 
Anomaly, Little Ice Age

Our understanding of South American summer monsoon (SASM) 
variability during the last 2000 years is largely based on a few high-
resolution records, mainly isotopic, from the southern tropical Andes 
and its eastern foothills. These strongly support a spatially broad 
hydrological response during the LIA (1300-1800 CE); however, 
support for an equivalent response during the Medieval Climate 
Anomaly (950-1150 CE) is more equivocal. It is also not known to 
what extent either the MCA or LIA influenced SASM precipitation 
in the northern tropical Andes because the vast majority of SASM 
records are located in the southern Andes, which biases our 
perspective towards this hemisphere. A further complication is 
that isotopic records from western South America integrate SASM 
variability that occurs along air mass trajectories as they make their 
way from the Atlantic to the Andes. As a result, precipitation changes 
in the Andes are not independently constrained, but inferred to 
be in phase with those over the Amazon. To evaluate the inter-
hemispheric expression of SASM variability and the assumption 
that Andean hydroclimate changes in phase with the Amazon, we 
are developing isotopic and sedimentological hydroclimate records 
from the Peruvian and Colombian Andes. Initial results from these 
new lake records will be presented and used to explore the modes 
and mechanisms of late Holocene SASM variability during the MCA 
and LIA within the context of our current understanding of this 
important hydroclimate system.



24
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VARIABILITY AND POSSIBLE LINKS WITH S. AMERICA 
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Ocean variability exerts a major control on hydroclimate over decadal 
time scales. Eastern Pacific sea surface temperatures (SST) are thus 
susceptible to affect climate in the South America, a region known for 
its high vulnerability to climate-driven impacts on natural resources. 
Furthermore, recent model experiments portray the tropical Pacific 
SST as a principal driver for large scale climate change over the last 
millennium, through tropical – extra tropical teleconnections. Yet, 
global compilations show a critical lack of proxy SST data in this 
oceanic realm. To fill this gap, we present here new, high resolution 
quantitative SST reconstructions in the tropical Eastern Pacific ocean 
covering the last ca. 2000 years, as part of the PRIMO project. We 
examine the SST trends in view of the few other available data in the 
tropical Pacific focusing on the Medieval Climate Anomaly (MCA), 
Little Ice Age (LIA) and the current warm period. The proxy data allow 
further insight into tropical Pacific ocean variability and the zonal 
SST gradient over the last millennia, and provide new perspectives 
on linkages with regional hydroclimate patterns in the S. America 
and with extra-tropical patterns. Possible natural external forcings 
for tropical SST changes and underlying causal mechanisms are 
investigated through comparing proxy data with climate modeling. 
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CONCERTED CLIMATIC AND OCEANIC VARIABILITY OFF 
NORTHEAST BRAZIL RELATED TO THE LATITUDINAL 
MIGRATION OF THE ITCZ DURING THE LATE HOLOCENE
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Pollen and organic-walled dinoflagellate cyst assemblages 
from marine cores GeoB16205-4 and GeoB16222-1 retrieved off 
Northeast Brazil have been analyzed to reconstruct the short-term 
paleoceanographic and paleoenvironmental changes in this area. 
Our study emphasizes significant coeval changes in continental 
moisture conditions and oceanic environmental changes in and 
off Northeast Brazil. The land-sea climatic correlation is further 
examined by comparison with elemental data from XRF-scanning, 
grain-size distributions, and molecular-isotopic paleo-vegetation 
estimates. These multi-proxy analyses reveal short-term land-sea 
climatic linkages in Northeast Brazil during the late Holocene. Initial 
dry conditions were followed by a strong humidity increase between 
~2,000-1,500 cal yr BP when the environment became enriched in 
plants requiring wet conditions. This interval is also characterized 
by high Fe/Ca values, and the occurrence of dinoflagellate cysts 
of subtropical/tropical affinity Tuberculodinium vancompoae and 
Lingulodinium machaerophorum indicating high nutrient, warm 
and stratified surface water conditions near the core site. The driest 
phase developed between ~1,500-1,000 cal yr BP characterized by 
a strong increase in grass pollen and Amaranthaceae. Furthermore, 
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high abundances of heterotrophic dinoflagellate cysts suggest a 
nutrient-rich environment with mixed water conditions. The increase 
in pollen concentrations in conjunction with high Fe/Ca values along 
with dinoflagellate cysts of river plume affinity between ~1,000-
500 cal yr BP indicate high terrigenous input due to increase runoff 
which would suggest more humid conditions during this interval. 
These alternating arid and humid phases during the late Holocene 
reflect the strengthening and weakening of moisture availability in 
the study area, potentially driven by the latitudinal migration of the 
Intertropical Convergence Zone (ITCZ) and its associated tropical 
rainbelt.
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PALAEOCLIMATE CONDITIONS AND GLACIER RESPONSE TO 
CHANGES IN EARTH ORBITAL PARAMETERS DURING THE 
HOLOCENE IN PATAGONIA

Bravo, C1, Rojas, M1

(claudio@dgf.uchile.cl), (1) Depto. de Geofísica, Univ. de Chile y Center for 
Climate and Resilience Research (CR2), Univ. de Chile.

Keywords: Patagonia, PMIP2, glacier modeling.

This work evaluates glacier cover and climate conditions during the 
Mid-Holocene (MH, 6000 year B.P.) compared to pre-industrial time 
(PI, year 1750) in Patagonia, southern South America. Temperature 
and precipitation monthly data from Paleoclimate Modelling 
Intercomparision Project II (PMIP2) models were compared and 
Southern Annular Mode (SAM) index was analyzed using monthly 
sea level pressure of the same models. A glacier mass balance model 
was used with daily data from the same PMIP2 models to obtain 
equilibrium line altitude (ELA) for both periods. Differences in climate 
conditions during these two periods show significantly colder 
temperatures in DJF, MAM and JJA during MH and significantly warm 
temperature in SON during MH. These changes have direct relation 
with insolation changes between the two periods. Precipitation does 
not show significant changes, but show a temporal pattern with less 
precipitation from August to September and more precipitation 
from October to April during the MH. About SAM events, during DJF, 
MAM and JJA show a predominance of the positive phase according 
to cold conditions and SON show a predominance of the negative 
phase according to warm temperatures in mid latitudes. Relations 
between SAM and precipitation/southern westerlies show some 
spatial differences. First, there is a change in the latitude where the 
SAM is directly correlated with westerlies (and precipitation), this 
depend of the PMIP2 model and the season of the year. Second, 
there is a opposite response in precipitation changes between the 
west side and east side of Los Andes that PMIP2 models with their 
coarse resolution not show. Glacier respond to differences in climate 



28

conditions shows a lower ELA during the MH. The value is between 
15 and 25 [m] less in the altitude of the ELA during the MH with 
respect to the PI. These changes, although small, can mean significant 
changes in glacier area considering the hypsometry of specific 
glacierand that the values are a climatological ELA. The main cause 
of this difference are the significantly colder temperature during the 
MH in concordance with changes in insolation and the fact that mid 
latitude glaciesr tend to be more sensitive to temperature change over 
precipitations changes. This result agrees with some moraine ages 
associated to mid-Holocene. Considering that the principal factor of 
the ELA difference in the two periods is the air temperature, response 
of glacier can not always be associated to changes in precipitations 
(and southern westerlies), which needs to be considered in palaeo-
climate reconstructions using moraines. 

This research is funded by FONDECYT 1131055 and CR2. 
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CHANGE IN DUST VARIABILITY IN THE PERUVIAN CENTRAL 
CONTINENTAL COAST DURING THE LAST MILLENNIUM
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The lithological particles are a useful proxy for the reconstruction of 
ancient deposition processes from aeolian or fluvial origin. Changes 
in continental aridity and the atmospheric condition determine the 
composition, amount and patterns of particles transported from 
the continent. We present a record of a laminated sediment core 
B040506-V retrieved in the continental shelf of Peru, which covers 
the transition from Medieval Climate Anomaly (MCA) to Little Ice Age 
(LIA) and the current warm period (CWP) at centennial to decadal 
resolution. The particles provenance and grain size populations 
are discussed using a mathematical model of fractionation. This 
model assumes that lithological composition of the sediment is an 
assembled of several log-normally distributed particle population. 
In this way, an interactive least square fitting routine is used to fit 
the particle grain size collected with the mathematical expression, in 
each sample. This coupled with other geochemical and mineralogical 
proxies allows inferring the spatial and temporal variation of 
particles populations and thus the involved transport mechanisms. 
Three important classes of particles were identified linked to local 
and regional suspended atmospheric transport dust (M1, M3, and 
M4) and an additional class of particle was linked with runoff entries 
(M2). The variations of the components M1, M3, M4 are showing 
weaker aeolian transport during the LIA, but during the CWP, those 



30

classes are showing a tendency to increase, which remains high 
nowadays. This exhibited intensification in the wind strength or an 
increase in the frequency of the strong winds (related with local 
transport events – Paracas dust storm) or either. On the other hand, 
the M2 class showed a trend totally different and exhibits a strong 
contribution along the LIA and a precipitous fall at the end of this, 
which remains on the CWP. A comparison with a reconstructed 
ENSO record, historical and instrumental data and the fine grain size 
particles (M1) presented a good correlation, which suggests that the 
increase of this particles are favored by the intensification of winds 
stress linked to ENSO event. The M1 also exhibited a close relationship 
with the behavior of the organic carbon displaying a connection 
between the productivity and the increase of this component. The 
contribution relative of M3 and M4 is strong and with high decadal 
variability during the CWP. This can be related with intensification 
of wind strength on near ground level and sandstorms Paracas that 
could move particles of this size.
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In tropical climates, associated to more intense weathering processes, 
lakes tend to have higher nutrient levels, higher biomass and lower 
oxygen content. In these lakes, precipitation, concentrated during 
the summer months, is frequently more important than temperature 
as a long-term environmental control; however, both variables are 
connected by climatic mechanisms.  Millennial-scale Holocene 
climatic variability is controlled by changes in insolation, with the 
late Holocene (4-0 ka) characterized by lower summer - higher 
winter insolation lading to lower tropical monsoon activity and less 
seasonal climates. Ecosystems, however, display nonlinear behaviors 
and temperature and/or moisture changes will be of importance 
only if they reach ecological threshold values for the biological 
groups used as climate proxies. In Meso- and Central-America these 
values will be reached at different moments during the Holocene 
depending on the altitude of the studied sites as hot tropical climates 
are limited to the lowlands; with temperate or even cold climates at 
higher altitudes. We present a review of late Holocene records from 
central Mexico to Panama that show climatic variability, its impact on 
tropical ecosystems and document human impact in this culturally 
rich region.
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THE MITA AND THE TRADE OF SNOW IN COLONIAL LIMA: AN 
APPROXIMATION TO ENVIRONMENTAL HISTORY
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The study of marketing of snow and the extractive system and the 
tax paid (the mita) by Indians (mitayos), that it generated lead to 
a series of questions that help us to understand several aspects of 
the historical knowledge and environment, such as the customs 
related to the extraction of snow, the effects of the extraction on 
the indigenous communities, the economic colonial regime, the 
legal mechanisms governing the extraction of natural resources, the 
management of the colonial tax system, etc. In addition, a possible 
approach to the topic of snow and its use during colonial times will be 
offered, thanks to the analysis of colonial unpublished and published 
sources of Peruvian and Spanish archives, in order to contribute to a 
more complete comprehension of the climate during colonial period. 
Climate variability lead to variations in the efforts in the mita of snow, 
since more mitayos were used as internees in the most inhospitable 
zones of the mountain ranges in the search for the so valued ice, 
decreasing more and more each time in the zones traditionally used 
for the cut as they moved further away from the mountain ranges 
and this was reflected in the constant rise in the price, as it is shown 
in the series of payments in Lima to the Royal Tresaury between 1765 
and 1809. This increase goes from 6375 pesos at the beginning of the 
series to 17800 pesos at the end of the quantitative series, with an 
increase of 179% in 44 years.
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Benthic foraminifera compose the dominant biota in the central 
Peruvian margin, which is impinged by an intense Oxygen Minimum 
Zone (OMZ). Here subsurface and benthic biogeochemical conditions 
are characterized by oxygen deficiency in the bottom waters, strong 
fluxes of settling organic matter and reducing conditions in the 
surface sediments. These processes interact among each other 
and are amplified or relaxed according to the variability of oceanic 
conditions at different spatial and temporal scales. Recent studies 
on living foraminiferal assemblages determined the association of 
species to a geochemical condition (in terms of redox and organic 
matter). Species such as Bolivina costata, Nonionella auris and 
Virgulinella fragilis were characteristic of anoxia (e.g. sulphidic)/
fresh food, whereas Bolivina paci"ca commanded the assemblage 
representative of postoxia (no oxygen and non sulphidic)/preserved 
OM. Moreover the tests of these species remain well preserved 
in the sediment record of the OMZ environment. The present 
study aims to reconstruct the decadal to multidecadal variation of 
benthic paleo-redox conditions for the last two centuries, based on 
laminated sedimentary records of benthic foraminiferal assemblages 
and redox-sensitive metals (Mo, Re, etc.) in the upper margin off 
Callao (12°S). Three major multidecadal periods were determined 
for the record: i) the mid to late nineteenth century, characterized 
by the occurrence of massive diatom-rich sedimentation events, 
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development of bottom anoxia, and higher abundance of Bolivina 
costata and Nonionella auris; ii) the late nineteenth century to 
mid-twentieth century, featuring interdecadal variations of redox 
conditions; and iii) the late twentieth century until the early 2000’s, 
in which redox-sensitive metal records exhibit a trend towards less 
reducing conditions, accompanied by higher relative abundances 
of postoxia foraminiferal species (e.g. Bolivina paci"ca or Bolivina 
plicata). Remarkably, the first multidecadal period is associated with 
a higher ENSO activity, whereas the latest one is parallel to the period 
of coastal cooling and increasing fluxes of productivity proxies. Our 
findings suggest that besides export productivity, the upper margin 
benthic redox states are modulated by vertical mixing and/or 
subsurface ventilation.
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Diatom records from the Andes of central Chile can be used to track 
the fingerprint of the Medieval Climate Anomaly (MCA, 1450-600 cal 
yr BP), the Little Ice Age (LIA, 380-100 cal yr), and the impact of recent 
decades of global warming. Here, we present a record from Laguna 
del Maule (LdM, 36°S-70°N, 2160 m.a.s.l.) a Quaternary volcanic basin 
situated in the Andes of central Chile, 250 km south of Santiago. The 
lake has a surface of 45 km² and a maximum depth of 50 m. It freezes 
over winter and has pristine conditions far from the urban centers of 
the central valley of Chile. The site was cored as part of a joint effort 
undertaken by a Chile-Spain interdisciplinary team (LINCGlobal). 
Several short cores were retrieved, bathymetry and seismic surveys 
were also performed. Cores were photographed, sedimentologically 
described, XRF and basic geochemical studies conducted, and 
subsampled for diatom analysis. Temperature profile was performed 
and water dissolved inorganic carbon was dated to measure the 
reservoir effect. Here, we present the full diatom record from LEM11-
1G1A, a short, 50cm, core  sampled e/3 cm (13 levels). Despite large 
reservoir effects on bulk organics, radiocarbon and 210Pb/137Cs dating 
was used to generate an age model, which spans approximately the 
last 700 cal yr BP. Diatom analyzes of the uppermost 5 cm, revealed 
a decreasing abundance of planktonic centric diatoms (Cyclotella 
meneghiniana and Discostella stelligera). This decrease in free floating 
diatom abundances implies a decrease in productivity, perhaps as 
the lake has recently become more stratified and bottom ventilation 



36

of nutrients has decreased. In contrast, the LIA (~1300-1850 AD) 
was characterized by a constant high abundance of planktonic 
diatoms and low abundances of benthic diatoms, all of which point 
to increase nutrient availability and perhaps vertical mixing. Factors 
that affect diatom distribution are temperature changes, mixing 
conditions, hydrological balance, and local volcanic influence. Thus, 
we are now analyzing diatom records from other similar lakes in the 
Andes of central Chile to see if productivity trends seen at LdM are 
local or regional in extent. We conclude by indicating that the timing 
of changing productivity at LdM closely matches other regional 
and global records regarding major climate change over the last 
millennium. 

Acknowledgments: FONDECYT 3120012
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In this study, we reconstructed the last 11000 years of vegetation, 
climate, and sedimentary environment from Páramo de Belmira 
- sector Morro Colombia lagoon (06°40´11.9´´N, 75°40´04.4´´W). 
Through the use of palynological, geochemical, and stratigraphy 
analysis; besides radiocarbon dating AMS14C and loss on ignition. 
The results has shown that between 11000 and 7500 Cal yr BP, the 
ecosystem was warm and dry with a record of pollen dominated by 
Morella, Podocarpus and in a less degree Quercus (Andean Forest); 
between 7500 and 2850 Cal yr BP, it became wetter and the Andean 
Forest was dominated by Quercus, Hedyosmum and Cyathea; the 
record analysis also showed that the ecosystem was climatically 
variable and vegetation was dominated by Páramo. We have 
compared these outputs with other records from Northern South 
America, where Early and Middle Holocene presented moisture 
climatic asymmetry.  Similarly there are no-analog responses of 
vegetation to climate change; also periodicities have been detected 
at scales of centuries and millenniums.  This variation is probably due 
to changes in the intertropical convergence zone (ITCZ) position.  
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The increased number of high-resolution stable isotope records in 
speleothems, lakes and ice-cores allows reconstructing the patterns 
of rainfall related to the South American Summer Monsoon (SASM) 
belt, for the last 2 kyr. We present a precipitation pattern that is 
characterized by variations in oxygen isotope ratios that indicate 
similar timing of climate response to events such as the Medieval 
Climate Anomaly (MCA), Little Ice Age (LIA) and Current Warming 
Period (CWP) in most of sites in Brazil, Peru, Colombia and Bolivia. 
However, changes in the δ18O variations can be of opposite sign 
depending on the region. For instance, all records located at sites 
to the east (west) of South American Convergence Zone main 
activity axis show dryer (wetter) conditions during the LIA. During 
the MCA overall records show weaker SASM. In addition, there are 
significant differences in the internal structure of those events, 
marked by distinct decadal to multidecadal variability during the 
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period correspondent to these events, in particular the 60-70 yr and 
25-30 yr cycles, associated to the influence of Atlantic and Pacific on 
summer precipitation regime. When combined with isotope-enabled 
General Circulation Models (GCMs), offers new prospects for better 
understanding the spatiotemporal dynamics of the SASM system 
and for diagnosing its sensitivities to external forcings and internal 
modes of ocean-atmosphere variability over the past 2 millennia. We 
will discuss the rationale for interpreting isotopic excursions recorded 
in various proxies from the SASM region as indicative of changes in 
monsoon intensity. Over the past 2 millennia isotopic proxies from 
the SASM belt display a fairly coherent behavior, regardless of the 
type of archive considered. All proxies exhibit significant decadal to 
multidecadal variability, superimposed on large excursions during 
three key periods, the MCA, the LIA and the CWP. We interpret these 
three periods as times when the SASM mean state was significantly 
weakened (MCA and CWP) and strengthened (LIA), respectively. 
During the LIA each of the proxy archives considered contains the 
most negative δ18O values recorded during the entire record length. 
On the other hand the monsoon strength is currently rather weak in 
a 2000-year historical perspective, rivaled only by the low intensity 
during the MCA. One interpretation of these centennial-scale 
climate anomalies suggests that they were at least partially driven by 
temperature changes in the northern hemisphere and in particular 
over the North Atlantic, leading to a latitudinal displacement of 
the ITCZ and a change in monsoon intensity and degree of rainout 
upstream of the proxy locations, over the tropical continent. This 
interpretation is supported by several independent proxy archives 
and modeling studies. 
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The central Peruvian margin of the eastern Pacific, is characterized by 
intense upwelling and the presence of an intense oxygen minimum 
zone (OMZ), which favors high sedimentation rates and the deposition 
of laminated sediments. These characteristics allow preservation of 
high-resolution sedimentary marine records with great potential 
to paleoclimatic and paleoceanographic reconstructions from 
centennial to interannual timescales. These variabilities have been 
widely studied, mainly due to important recent paleoclimatic events 
such as Medieval Climate Anomaly (MCA, 900-1350 AD) and the Little 
Ice Age (LIA, 1500-1800 AD), which were associated with changes in 
solar and volcanic activities. In this work, the study of paleoecology 
and geochemistry of benthic foraminifera were used as proxies to 
access phases of greater or less oxygenation and redox conditions 
at the sediment/water interface in the Peruvian OMZ during the last 
1000 years. Laminated sediments of a box core (B-14) and gravity-
core (G10) retrieved from the Central Peruvian Shelf (Pisco-14°S, 
300m depth) were sub-sampled and analyzed. The paleoecological 
reconstructions showed changes in the benthic foraminiferal 
assemblage suggesting, during the MCA, higher postoxic conditions 
(anoxia without the presence of sulfides, H2S) and a vertical offset to 
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shallower depths evidenced mainly by the presence of Globobulimina 
auriculata and Cancris in!atsu species. A decrease in OMZ intensity 
was identified during the LIA, which based on carbonate dissolution 
and high bioerosion occurrence. Finally, after the LIA, to the Modern 
Period (MP ~1820 to the recent), the increase of abundances of anoxia 
and sulfides proxy species such as Nonionella stella and Virgulinella 
fragilis, which were correlated with the intensification and expansion 
of OMZ toward the recent. The variability on the intensity of Peruvian 
OMZ during the MCA and LIA were correlated to zonal variability of 
sea surface temperatures (SSTs) in the equatorial Pacific, besides the 
north-south gradient variability of the ITCZ. To the Modern Period, 
besides the oceanic gradient factors of SST, it is suggested that 
climate change and local factors could be intensifying the OMZ in 
the study region making it extremely anoxic toward recent.
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HOLOCENE PEAT BOG RECORDS OF ATMOSPHERIC DUST 
FLUXES IN SOUTHERN SOUTH AMERICA

De Vleeschouwer, F1,2, Vanneste, H1,2, Bertrand, S3, Piotrowska, 
N4, Coronato, A5, Le Roux, G1,2  & the PARAD Team

(francois.devleeschouwer@ensat.fr), (1) Université de Toulouse, INP, UPS, 
EcoLab (Laboratoire Ecologie Fonctionnelle et Environnement), ENSAT, Av. de 
l’Agrobiopole, 31326 Castanet Tolosan, France, (2)CNRS, EcoLab, 31326 Castanet 
Tolosan, France, (3) Renard Centre of Marine Geology, Ghent Univ., Belgium 
(sebastien.bertrand@ugent, (4) Depart. of Radioisotopes, Institute of Physics, 
Silesian Univ. of Technology, Poland, (5) CADIC-CONICET, Ushuaia, Argentina
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Little attention has been given to Holocene pre-anthropogenic 
dust records in terrestrial environments, especially in the Southern 
Hemisphere. Yet they are important to 1/ better understand the 
different particle sources during the Holocene and 2/ tackle the 
linkage between atmospheric dust loads and climate change and 
3/ better understand the impact of dust on Holocene palaeoclimate 
and palaeoenvironments in a critical area for ocean productivity. 
In the PARAD project, we explore the use of a broad range of trace 
elements and radiogenic isotopes (Pb, Nd) as dust proxies. By 
coupling these findings with biological proxies (plant macrofossils) 
and detailed age-depth modelling, we expect to identify and 
interpret new links between atmospheric dust chemistry and climate 
change. Two ombrotrophic peat bogs, located southwest (Karukinka) 
and southeast (Harberton) on Isla Grande de Tierra del Fuego, were 
sampled to investigate dust palaeoclimatic interactions in southern 
South America since the last deglaciation. Here we present a detailed 
geochemical (major, trace elements and Nd isotopes) record for both 
sites. The base of the peat sequences in Karukinka and Harberton were 
dated by 14C at ca. 8,000 cal yr BP and ca. 16,500 cal yr BP, respectively. 
The distribution of trace elemental (Sc, REE) concentrations within 
the cores indicates, besides tephra layers, episodes of increased 
mineral dust deposition at Harberton and Karukinka. The most 
significant episode of mineral dust deposition at Karukinka is 
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concentrated around 1,600 cal yr BP with a maximum dust flux of 
108 g/m2/yr. Its neodymium isotopic signature of -1 suggests crustal 
admixing, compared to the εNd values of ֤2, for both tephra layers. 
In Harberton, a more protected site, the dust fluxes remain low and 
constant during the late Holocene. Our records show contrasting dust 
deposition patterns, in a relatively small geographical area, which 
demonstrates the need for multi-proxy and multi-core approaches 
when reconstructing past dust fluxes and atmospheric circulation 
using terrestrial archives.
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LATE HOLOCENE CLIMATE QUANTITATIVE 
RECONSTRUCTION FROM THE CHILEAN ANDES (20°S) 
BASED ON RODENT MIDDEN POLLEN RECORDS

de Porras, ME1, Zamora-Allendes, A2,3, Maldonado, A1,2

(meugenia.deporras@ceaza.cl), (1) Centro de Estudios Avanzados en Zonas 
Áridas (CEAZA), La Serena, Chile (2) Dirección de Investigación - Univ. de La 
Serena, La Serena, Chile, (3) Instituto de Ecología y Biodiversidad (IEB), Chile.

Keywords: Quantitative reconstruction; Late Holocene; rodent 
midden pollen

Past climate of Central Andes (18-24°S) has been studied because of: 
(1) its strong impact that would have had on the hydrologic resources 
of this region where water is a crucial factor for plant and animal 
survival as well as for human occupation and, (2) the potential links 
with continental and interhemispheric scale atmospheric circulation.  
Particularly, past climatic and environmental dynamics from arid and 
semiarid areas of northern Chile have been mainly reconstructed 
based on fossil rodent midden (pollen and plant macrofossils) records 
given that “standard” depositional environments are scarce. However, 
past climatic scenarios have been qualitatively reconstructed up to 
the present in spite of the importance of quantifying the magnitude 
of climatic changes and their impact on environments and resources. 
The present paper presents the Late Holocene changes in precipitation 
and temperature quantitatively reconstructed from rodent midden 
pollen data from the Chilean Andes (20°S) using a transfer function 
based on a Weighted Averaging (WA) regression. The pollen-climate 
calibration model consisted on selected samples from a 78 modern 
rodent midden dataset collected along five altitudinal and climatic 
west-east transects (18°, 20°, 22°, 24°, 25°S) on the western slopes 
of the Andes. Climate data (mean annual temperature and annual 
precipitation) were taken from WorldClim database and checked 
with the instrumental data available. The statistical performance 
of the pollen-precipitation Pyear; r2=0.81, RMSEP=5.57mm, 17.4% of 
the sampled range and MaxBias=5.92mm) and pollen-temperature 
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(Tyear; r2=0.86, RMSEP=0.71°C, 16,5% of the sampled range and 
MaxBias=0.77°C) model was similar to other comparable pollen-
climate models from South America. Fossil pollen data consisted on 
two series of fossil rodent middens collected at 20°S (3550 and 3750 
masl). Reconstructed climatic variables suggest a quite dynamic 
environment in the Chilean Andes during the Late Holocene. Between 
2.5-0.5 ka, alternating colder (3.8-4.9°C) and wetter (93-86mm) vs. 
drier (73-86mm) and warmer (4.9-6.6°C) conditions characterized 
northern Chile scenarios. Two humid pulses (93mm) associated with 
lower temperatures (3.7°C) occurred around 2 and 1.1ka pointing 
out to the wettest phase during the Late Holocene. A precipitation 
decrease (-4.87mm) and temperature increase (+0.52°C) indicate 
drier conditions than present during the last 0.5ka interrupted by a 
humid pulse (+1.37mm) around 0.1ka that point out to the transition 
to the present climatic features. 

FONDECYT #3130511; #1130279.
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BENTHIC FORAMINIFERA ASSEMBLAGES AS 
PALEOENVIROMENTAL INDICATORS IN THE SOUTHERN 
CARTAGENA BAY, COLOMBIAN CARIBBEAN.

Delgado-Sierra D1, Ospina-Hoyos, J1, Martínez, JI1

(paradigmasdelabiologia@gmail.com), (1) Grupo de Ciencias del Mar, Univ. 
EAFIT, Medellín-Colombia

Keywords: Foraminifera, Cartagena Bay, Canal del Dique.

In order to explore the effect of fresh water and sediments that flow 
from the Magdalena River to the southern Cartagena Bay through 
the Canal del Dique, benthic foraminifera assemblages in three 
sediment cores where studied: D2 (mouth of the Canal del Dique), 
CH (La Honda swamp) and C1 (southern end of the Cartagena Bay). 
With the use of the Rose Bengal staining technique the percentage 
abundance of living foraminifera was established. In site D2, the 
first centimeter of sediment depth (core-top) contained the largest 
percentage abundance of living foraminifera, which were found to 
be hyaline forms. In the upper 3 cm of core D2 a 100% of hyaline 
forms was found, compared to cores CH and C1 where they were 
found to be 80% hyaline, and 20% porcelanaceous. Sites CH and C1 
contain foraminifera assemblages associated to carbonate platforms 
and marine lagoons. D2 core exhibits a low diversity and high 
percentage abundance of hyaline foraminifera, indicative of adverse 
environmental conditions related to brackish lagoons and estuarine 
settings. The present foraminifera assemblages are used, herein, 
as a modern analog for the reconstruction of past environmental 
conditions in the southern Cartagena Bay. Down core results will be 
shown and discussed. 
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THE EXTRAORDINARY YEARS 1783-1784: THE CLIMATIC 
IMPACT OF THE LAKI VOLCANIC ERUPTION VS. NAO-ENSO 
INDUCED CLIMATIC CONDITIONS

Demarée, GR1, Mikami, T2

(gaston.demaree@meteo.be), (1) Royal Meteorological Institute of Belgium, 
Brussels, Belgium, (2) Faculty of Liberal Arts, Teikyo Univ., Tokyo, Japan.

Keywords: Laki, ENSO, NAO

The years 1783-1784 and more specifically the winter 1783-1784 are 
known to have been very extraordinary from the point of view of 
climate. Numerous studies in historical climatology have been dealing 
with these exceptional years. The multi-stage eruption of the Icelandic 
volcano Lakigígar (named also as Laki) over the period June 1783 until 
February 1784 has produced a veil of unusual dry fog over a large part 
of the Northern Hemisphere. Furthermore, the ensuing winter 1783-
1784 was extremely cold in Western Europe and has been ascribed by 
Benjamin Franklin to this volcanic eruption. There is no doubt that the 
Laki eruption had impacts on the climate of these years. At present two 
lines of explaining these unusual climatic conditions are known in the 
academic circles. The first one, which got a very large public attention 
and has circulated widely, states that the high-latitude eruption of 
Laki produced strong dynamical effects of weakening the African and 
Indian monsoon atmospheric circulations producing low Nile flows. 
Furthermore climate model simulations produced a significant cooling 
of the Northern Hemisphere land masses. The second explanation 
advanced is based upon long-term time-series analysis of normalized 
NAO and ENSO reconstructions. It turns out that the unusual climatic 
conditions were caused by a combining effect of a negative phase 
of the North Atlantic Oscillation (NAO) and an El Niño –Southern 
Oscillation (ENSO) warm event. The authors will look at the worldwide 
climatic conditions of these extraordinary years and will discuss, in this 
context, the pros and cons of both above-mentioned statements.
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HOLOCENE OSTRACODE-BASED PALEOENVIRONMENTAL 
HISTORY OF LAKE OCOTALITO, TROPICAL MEXICO

Díaz, KA1, Pérez, L1, Correa-Metrio, A1, Gaviria-Franco, F1

(kada.801@gmail.com), (1) Instituto de Geología, Univ. Nacional Autónoma de 
México, México D.F

Keywords: ostracodes, stable isotopes, lake sediments.

Numerous climatic and environmental reconstructions have 
been carried out in high- and low-elevation lakes in Mexico, while 
studies in mid-elevation lakes are still missing. The Lacandon 
forest, Chiapas, Mexico, has abundant mid-elevation tropical lakes 
and their sediments have a high potential as environmental and 
climatic archives. The main objective of this study was to infer the 
environmental fluctuations during the Holocene at the Lacandon 
forest using ostracodes in sediments of Lake Ocotalito. This karst 
lake displays a total surface area of 7.4 ha, and a maximum depth of 
23m. A 5.39-m-long sediment core with a basal age of ~9500 years 
BP, was recovered at a water depth of 20 m. The paleoenvironmental 
reconstruction included: 1. Analysis of the fossil ostracode species 
assemblages and determination of the relative abundances, 2. Stable 
isotope analysis (δ18O, δ13C) of ostracode valves of the most abundant 
and dominant species throughout the core (Cytheridella ilosvayi), 
and 3. Measurement of geochemical proxies (Zr, Sr, Rb, Pb, As, Zn, 
Cu, Fe, Mn, Ti, Ca, K) and magnetic susceptibility (χ). The ostracode 
relative abundances, concentrations of Sr and Ti and δ18O values in 
valves indicated changes in the balance between evaporation and 
precipitation, suggesting dry periods and low lake levels, and other 
times wetter conditions and a consequent rise in lake levels. δ13C 
concentrations were used as a lake productivity proxy. The early 
Holocene (~9500-6000 years BP) was characterized by low number of 
ostracode valves and high magnetic susceptibility values, suggesting 
wet conditions and high lake levels, except at ~7500 years BP, when 
C. ilosvayi, Cypridopsis okeechobei and Potamocypris sp. are present, 
and δ18O and Sr values increase indicating low precipitation and lake 
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levels. Large lake level fluctuations as well as high species richness 
characterized the mid-Holocene (~6000-2500 years BP). Periods 
of low lake levels are suggested by the presence of littoral species 
Heterocypris punctata, and higher δ13C and δ18O values indicate higher 
productivity and drier conditions, respectively. Drier conditions are 
as well confirmed by high Sr and low Ti concentrations. Finally, the 
late Holocene (≤~2500 years BP) shows increasing productivity, 
lower species diversity and abundance. The dominant species was 
C. ilosvayi followed by Pseudocandona sp. and C. okeechobei. Ti values 
tend to decrease, while a slight increase in δ18O values suggests drier 
conditions. This study demonstrates the importance of combining 
biological and geochemical proxies for reliable paleoenvironmental 
reconstructions.  
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DOCUMENTARY SOURCES TO STUDY CLIMATE VARIABILITY 
IN ECUADOR: FIRST STEPS

Domínguez-Castro, F1, Vaquero, JM2, García-Herrera, R3, 
Villacis, M1

(f.dominguez.castro@gmail.com), (1) Depart. Ingeniería Civil y Ambiental, Escuela 
Politécnica Nacional, Quito-Ecuador (2) Depart. Física, Univ. de Extremadura, 
Merida-España, (3) Depart. Física de la Tierra II, Univ. Complutense de Madrid
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Documentary sources are a basic analysis tool in the study of 
climate variability prior to the official meteorological networks. They 
have been widely exploited in Europe and Asia, but in S America 
their potential is far from being exhausted (e.g. Prieto & Garcia-
Herrera 2009, for a review). Here we show a first approximation to 
the documents preserved in archives and libraries of Ecuador as 
sources to study the no recent climate of this region and try to fill 
gaps that could be documented. We have explored three types of 
information: (1) Early instrumental measurements: i.e. instrumental 
measurements prior to the official networks. We show data from 
Guayaquil and Quito during the 18th and 19th centuries. They will be 
included in the EMERLA (Early Meteorological Records from Latin-
America) database, currently under construction, (2) Documentary 
proxies: We have rescued all the climate information in the Actas del 
Cabildo preserved in the Archivo Metropolitano de Historia during the 
colonial era (1534-1824). The Rogation Ceremonies celebrated in 
Quito have special interest. These ceremonies are a typical ritual of 
the Roman Catholic Church that was used in all the Spanish Empire 
to sight for the end of the Divine punishment of drought periods 
(pro-pluvia rogations) or long wet/stormy spells (pro-serenitate 
rogations). These ceremonies were frequently devoted to the Virgin 
of Guadalupe. The statue of our Lady of Guadalupe was transported 
in procession from his sanctuary in Guapulo to the Quito Cathedral. 
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A drought period can be identified around 1697-1701 and a wet one 
around 1665-1667. Other environmental rogations recorded in the 
documents were originated by earthquakes or volcanic eruptions; 
in these cases the venerated image was San Geronimo, (3) Graphical 
documents: Little information is available to know the condition of 
the tropical glaciers and specially the Ecuadorians ones during the 
period 1903-1956. We have rescued photos for this period to study 
the limit of the snow and other characteristics of the glaciers when 
it is possible, in order to generate new information to calibrate 
glaciological models that could be used as analysis tools for climate 
interpretations. Acknowledgements: This work was supported by 
the Projects PROMETEO from the Secretariat of Higher Learning, 
Science, Technology and Innovation (Ecuador Government) and LMI 
GREATICE.

Prieto MR, García-Herrera R. 2009. Palaeo-3 281, 196-209.
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CLIMATE VARIABILITY IN THE SOUTH ATLANTIC DURING THE 
LAST 2K

Evangelista, H1, Chiessi, CM2, Wainer, I3, Belem, AL4, Sifeddine, 
A4, Khodri, M5, Albuquerque, AL4
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Janeiro, Brazil, (5) LOCEAN - IPSL, Univ. Pierre et Marie Curie, Paris - France
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Recent data suggest that the strength of the Brazil Current (BC) 
oscillated with a period of ca. 730 yr during the last 2K. This oscillation 
was associated to changes in the Atlantic Meridional Overturning 
Circulation (AMOC), with positive (negative) sea surface temperature 
(SST) and sea surface salinity (SSS) anomalies related to a strong 
(weak) BC and a weak (strong) AMOC. Such variability imprinted 
paleoclimatic signals on different sites of the South Atlantic and 
beyond. Massive coral species of the Brazillian coast have been used to 
provide information on SST, continental run off, and rate of calcification 
based on d18O analyses, growth rate, density, microporosity, and trace 
element ratios. Also, planktonic foraminifera obtained from different 
sediment cores along the Brazilian continental margin were used 
to estimate changes in SST and SSS based on d18O analyses, trace 
element ratios and faunal assemblages. Both enclosing different 
time scales. The results suggest that periods of peak strength in the 
BC occurred synchronously to a weak North Brazil Current, negative 
SST anomalies in the high latitudes of the North Atlantic, and positive 
(negative) precipitation anomalies over southeastern South America 
(equatorial Africa). At the subtropical Brazilian coast, we identified 
the influence of several factors as ENSO-like processes, cold front 
migration and Atlantic Multidecadal Oscillation. The synchronicity 
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of mesoscale events shows a tight coupling between the variability 
of the BC and the high latitudes of the North Atlantic mediated by 
the AMOC even under late Holocene boundary conditions. During 
the last 200 yr, the Subtropical Shelf Front shifted southward over 
the Uruguayan continental shelf, probably linked to anthropogenic 
influences over the global climate system. A similar post-industrial 
southward migration of the Southern Westerly Winds (SWW) linked 
to human activity has been suggested from variations in surface 
velocity fields in the western South Atlantic. A poleward migration 
of the SWW leads to a more effective alignment of the SWW with 
the Antarctic Circumpolar Current, an increase in Agulhas leakage, 
and a subsequent strengthening and more southward location of the 
South Atlantic Subtropical Gyre (SASG). In order to further investigate 
the changes in the SASG and its possible implication in climate change 
during the last 2K, we are producing a multi-proxy synthesis of available 
data that includes the results of a Last Millennium (LM) simulation of 
the Community Climate System Model version 4 with special emphasis 
in the Medieval Climate Anomaly and the Little Ice Age.
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STREAMFLOW VARIATIONS IN SUBTROPICAL ANDES 
(220‐300S) INFERRED FROM INSTRUMENTAL AND TREE 
RINGS RECORDS

Ferrero, ME, Villalba, R, Prieto, MR

(mferrero@mendoza-conicet.gob.ar), Instituto Argentino de Nivología, Glaciología 
y Ciencias Ambientales (IANIGLA), CCT-CONICET, Mendoza-Argentina
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Runoff in subtropical Andes is the main source of freshwater, and 
rivers in northwestern Argentina have been (and still are) used for 
consumption and irrigation of agricultural fields. These activities 
are seriously affected by climate variability, since analyses of 
instrumental precipitation and streamflow records for the past 60 
years indicate a period of enhanced inter-annual and inter-decadal 
variations during the last decades. In this contribution we present a 
multi-proxy perspective of streamflow from the principal rivers in the 
subtropical region of Argentina. Rivers streamflow reconstructions 
cover the past 200-400 years and were performed using regression 
models based on sensitive tree-ring width series. Monthly rainfall 
and streamflow instrumental data were used to validate tree-ring 
width reconstructions. The reconstructed streamflow variations 
were compared with independent historical data to identify inter- or 
multi-annual patterns on past hydroclimatic variations. Catastrophic 
events such as droughts and floods were particularly important 
due to the direct effects on human activities related to natural 
resources, famine and diseases and Spaniards consistently recorded 
these events since the 16th century. The development of long-term 
reconstructions in complement with historical information provide 
new information on relevant hydroclimatic variables in subtropical 
Andes and downstream lower regions, as well as the opportunity to 
improve the understanding of past and present climate variations for 
the region and related large-scale atmospheric features. 
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TEMPORAL AND SPATIAL QUALITY ASSESSMENT OF THE 
UPDATED LATIN AMERICAN POLLEN DATABASE FOR THE 
LAST 2000 YEARS
Flantua, SGA1,2, Hooghiemstra, H1 , González, C2

(s.g.a.flantua@uva.nl), (1) Institute for Biodiversity and Ecosystem Dynamics, Dept. 
Paleoecology and Landscape-ecology, Science Park 904, 1098 XH Amsterdam, 
Netherlands, (2) Dept. Ciencias Biológicas, Univ. de los Andes, Bogotá, Colombia.

The site compilation of the Latin American Pollen Database (LAPD) 
has recently been updated and offers a wide range of insights for 
collaborative efforts. The expansion of palynological research has 
contributed with increasingly more multi-proxy, multi-site and multi-
disciplinary studies. The available temporal and spatial coverage of 
fossil pollen data reflecting the last 2000 years is assessed. Studies 
requiring the integration of different data sets need an indispensable 
quality assessment. We implement an systematic geochronology 
accuracy index to rate the accuracy of age models. The reproducibility 
of this accuracy score provides important comparative material 
to facilitate integration of different proxies that use 14C-dated 
sediment sequences. Furthermore, the geographical settings of 
sites have implications for spatial modelling, as spatial uncertainty 
increases with distance and landscape complexity. We show that the 
LAPD currently harbors nearly 500 fossil pollen sites covering the last 
2 millennia. Pollen records are extremely heterogeneous in type of 
ecosystem studied, number of geochronological dates and proxies, 
and distribution patterns. There is a clustering of studied sites and 
there are underrepresented regions and biomes. We discuss the 
most important sites for multi-proxy comparison while missing links 
for key topics are identified. An exciting new phase of continental 
palynological research is becoming available with the updated 
Latin American Pollen Database. Multisite data can be integrated to 
address cutting-edge research questions concerning climate change 
and human influence in the last millennia, especially in areas, like 
the tropics, where regional climatic synthesis are still lacking. The 
LAPD compilation of sites and literature will soon become available 
through the NEOTOMA website.

Keywords: Latin American Pollen Database, temporal and spatial 
quality assessment, GIS
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3,000 YEARS AT THE MAYA MIDLANDS: A STORY FROM 
POLLEN AND GEOCHEMISTRY

Franco-Gaviria, F1, Correa-Metrio, A1, Caballero, M2, Roy, PD1 
& Romero, F
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The Lacandon forest, eastern mountains of Chiapas, represents the 
larger area of tropical forest in Mexico, fostering an exceptionally high 
biodiversity. However, very little is known about the environmental 
evolution of the area, which has probably been characterized by 
an intensive history of climatic changes and human impacts. Here 
we report on the results of analyses carried out on a 172-cm-long 
sedimentary record from Lake Ocotalito, located in the heart of the 
Lacandon forest, which spans the last 3,000 years. Analyses of pollen, 
charcoal, magnetic susceptibility and geochemistry were used to 
evaluate the effect of global climates and anthropogenic activity 
on the environmental conditions of the area. Our results show 
that the time period between 3000 and 1800 BP (calibrated years 
before present), dry conditions with wet intermissions dominated 
the regional climate. Vegetation was dominated by Pinus, Quercus, 
Melastomataceae, Amaranthaceae and Byrsonima, and moderate 
abundances of tropical taxa such as Moracea, Ulmus and Alchornea, 
suggesting that there was a stable cover forest with little disturbance. 
Between 1800 and 1100 BP, the geochemical signature suggested 
wetter conditions and, nevertheless, the pollen record showed 
dominance of secondary and open vegetation, pointing to human 
impacts as the main drivers of the plant community. This observation 
was evidenced by increases in charcoal, high erosion probably 
associated with vegetation cover loss, and pollen spectra dominated 
by Cyperaceae, Poaceae, Asteraceae, Ambrosia, Acacia, Cecropia, and 
Zea mays. During the last 1100 years, there was a trend towards drier 
conditions, which has reverted during the last 300 years. This time 
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period was characterized by increasing percentages of drought-
tolerating and open vegetation taxa such as Pinus, Ambrosia, 
Poaceae, Acacia and Asteraceae, and a substantial decrease of tropical 
elements. Climate and vegetation changes during the studied time 
period were probably the result of ENSO system variability and 
anthropogenic activities in the region. However, the most important 
loss of vegetation cover of the area seems to have been associated 
with the Classic period of the Maya Chronostratigraphy. As a 
conclusion, it is very likely that the high modern biodiversity is the 
result of the conjunction of historic environmental drift and human 
impacts on the landscape.
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DIATOM DIVERSIFICATION, EXTINCTION, AND DISPERSAL IN 
AN ANCIENT TROPICAL LAKE SYSTEM

Fritz, SC, Spanbauer, TL

(sfritz2@unl.edu), Depart. of Earth and Atmospheric Sciences, Univ. of Nebraska 
- Lincoln, Lincoln, NE, USA

Keywords: Andes, evolution, diatoms

The origins of endemic floras and faunas, those that are restricted to 
a specific geographic area, have intrigued natural scientists for well 
over a century.  The evolution of endemic groups has been attributed 
to habitat stability through multiple climate cycles, which fostered 
the build-up of genetic diversity through long periods of time, 
or alternatively to colonization and extensive radiation following 
episodes of massive disturbance.  Thus, very different trajectories of 
environmental history (stability versus instability) have been posited 
to bring about higher levels of endemism and biodiversity. We are 
integrating fossil data from sediment cores from Lake Titicaca with 
molecular phylogeography to test hypotheses about the magnitude 
and rate of morphological and genetic variation in a major lineage of 
planktonic diatom in the tropical Andes, the Cyclostephanos andinus 
complex.  In this talk, we will present micropaleontological analyses 
of morphological diversification and extinction in the C. andinus 
complex during the last ~0.4 my in cores from Lake Titicaca, Bolivia/
Peru and will compare these patterns with independent measures 
of climate variation analyzed in the same samples to assess the role 
of environmental drivers in the patterns of evolutionary change. 
The project also will sample multiple lakes in the Andean Altiplano 
to characterize the genetic composition of modern C. andinus 
populations and to assess genetic variation among the populations 
to infer intraspecific evolutionary histories (including vicariance, 
dispersal, and gene flow).  If flow is limited, genetic characterization 
of populations from Lake Titicaca and other lakes can be used to 
inform molecular clock methods to derive hypotheses about the 
timing of genetic divergences of multiple populations. 
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MID HOLOCENE CENTENNIAL SCALE CLIMATE CHANGE IN 
ANDEAN ALTIPLANO (LAKE CHUNGARÁ, NORTHERN CHILE).
Fuentealba, M1, Bao, R2, Giralt, S3, Hernández, A4

(mmfuentealba@puc.cl), (1) Facultad de Biología Pontificia Univ. Católica de 
Chile, Santiago-Chile, (2) Facultad de ciencias, Univ. de A Coruña, A Coruña-
España, (3) Instituto de Ciencias de la Tierra Jaume Almera(ITJA-CSIC), Barcelona-
España,  (4) 1Instituto Dom Luiz, Univ.e de Lisboa, 1749-016 Lisboa, Portugal

The content and isotopic signature of the organic matter and the 
geochemical record of lacustrine sediments are paleoclimatic 
and paleoenvironmental approaches widely used in Quaternary 
reconstructions. However, these proxy data are often difficult to 
interpret and biological proxies such as diatoms can be used as a 
complementary source of valuable information that might help 
in the understanding of the lake evolution. The goal of this work 
is to reconstruct past climate and environmental evolution of the 
middle Holocene (8,000 -4,000 cal yrs BP) arid period from Lake 
Chungará (18°15´S-69°10´W, Andean Altiplano) using high resolution 
geochemical and diatom assemblages. In November 2002 an 
extensive coring campaign was conducted and 15 sediment cores 
were recovered. The present work has been centered in an offshore 
core and the high-resolution paleoenvironmental reconstruction 
was carried out using the total carbon (TC) and total nitrogen (TN) 
contents, their isotope ratios (δ13C y δ15N) and diatom associations. 
Additionally, statistical analyses on this dataset allowed us to 
characterize the temporal evolution of this key climatic period. 
The mid Holocene period has been considered as a very dry phase 
at the Andean Altiplano, nonetheless our results show that the 
mid Holocene was not a stable period but punctuated by abrupt 
climate episodes. The results show that this arid crisis is composed 
of two asymmetric cycles (7.6-5.9 and 5.9 to 3.7 cal. kyrs BP), with a 
progressive trend to more arid conditions and an abrupt recovery of 
the humid conditions. The second cycle apparently was drier than 
the first one suggesting that the driest conditions were attained at 
ca. 3.7 cal. kyrs BP, just before the onset of the humid late Holocene. 
This work highlights the importance of high-resolution muliproxy 
studies to unravel the climate dynamics of key climate periods.

Keywords: Paleoclimate: Lacustrine sediments; Geochemistry
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The vegetation types of the wetlands from Colombian Caribbean 
region include aquatic vegetation (rooted, submerged, floating and 
emergent), mats of grasses (rooted and floating), marsh and plant 
community growing on flooded places. These vegetation types are 
related to the extent of the water surface, the flow of flooding from 
rivers and streams and the duration of the period of high water. 
Based on the palynological analysis of three sediment cores from 
the complex Cienaga Grande de Lorica, Cordoba Depart. (Mata 
Lata, Castañuelo and Cigarro) and five columns of sediments from 
Juncal - Baquero, Morales, Costilla and Musanda marshes (located 
at the South of Cesar Depart.), the changes in vegetation and its 
relationship with climatic conditions (rainfall and flood flow) for 
the last 4900 years were reconstructed. Perforations were made 
during high water periods, using a modified Russian- type probe 
and stratigraphic descriptions were made of each sediment core. 
Selected samples were subjected to the conventional method of 
dry weight and treated with Fluorhidric acid to degrate clays and 
separated the fossil pollen. Very wet periods, when several wetlands 
were formed, or when existing trays were filled and adjacent plain 
areas were flooded, were detected. Examples of this situation were 
detected between 4900 and 1940 years BP (Cigarro) and between 
1220 and 550 yr BP (Castañuelo) in the Cordoba Depart. and more 
recently in the wetland of South of Cesar Depart. between 143 and 
100 yr BP. Some periods in which decreased the water level in the tray 
and others in which almost disappeared the water-mirror such as 
between 330 and 90 yr BP (Castañuelo), and 90 - 120 yr BP (Mata Lata) 
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in the Depart. of Cordoba and between 100 and 50 yr BP in wetlands 
of South of Cesar Depart. were also differentiated. The palynological 
associations detected in sediments can be associated successfully 
with the vegetation types that grow in the tray and surrounding of 
the wetlands. It was possible to differentiate in the sediments, the 
palynological spectra associated with shrubby plant community 
dominated by species of Ludwigia, the grasslands of Paspalum 
repens, the marsh vegetation dominated by Cyperus rotundus and 
Scleria microcarpa and the vegetation type of the floodplain with 
Margaritaria nobilis, Ruprechtia rami!ora and other species. The 
absolute concentration and rate of accumulation of pollen grains 
deposited in these environments reflect the local water dynamics, 
meanly related with transport of sediments by rivers and streams. 
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Recent studies evidence that El Niño southern Oscillation (ENSO) 
affects millennial-scale population dynamics of prehistoric societies. 
The susceptibility of prehispanic populations from extremely arid 
regions of South America to ENSO fluctuations at shorter time-scales, 
however, remains unclear. Similarly, little is known on the modes and 
convergence/divergence in responses between and within different 
societal groups and geographical/ecophysiographic regions. We 
evaluate the long-term demographic response of prehispanic 
societies to centennial-scale variations in ENSO over the last 2 kyrs 
for the western slope of the central Andes (16º-25ºS) either at sub-
continental or regional spatial scales. Specifically, we examine 
the summed probability distribution of calibrated 14C dates from 
archaeological sites across an aridity gradient encompassing from 
the hyperarid coastal Atacama Desert to the semi-arid Altiplano. Our 
results indicate that sub-continental demographic history is roughly 
equivalent to those reconstructed for each region, with comparable 
peaks and troughs either in chronology or magnitude. Summed 
probability distributions show a major population expansion 
between 1,500 and 500 cal yr BP before declining sharply from 500 cal 
yr BP to the present. Overall, demographic trends at sub-continental 
and regional spatial-scales are coupled to ENSO variability and, in 
turn, to concomitant changes in hydroclimatic and oceanographic 
conditions at sub-continental and regional scales. The significant 
increase in human activity centred on 1,500-500 cal yr BP coincides 
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with most of the duration of the Medieval Climate Anomaly (MCA), 
which has been associated with persistent shifts of ENSO into a La 
Niña-like state. Thus, this demographic event can be interpreted 
as the result of a sub-continental positive hydrological anomaly 
as well as enhanced coastal productivity. Conversely, the marked 
collapse beginning at 500 cal yr BP could be related to opposite 
palaeoclimatic and palaeoecological conditions that persisted along 
the tropical Pacific and western slope of the central Andes during 
the Little Ice Age (LIA). Our reconstruction emphasizes the sensitivity 
of demographic patterns to ENSO-driven palaeoenvironmental 
fluctuations at different spatial-temporal scales and cultural scenarios. 
Indeed, the orchestrated response observed for prehispanic societies 
over the past 2,000 years, implies that conditions along the tropical 
Pacific could play a key role in determining occupation patterns, 
demographic histories and/or cultural trajectories of societies that 
inhabited the western slope of the central Andes. 

Acknowledgements: FONDECYT #3130668; CONICYT-REGIONAL/CIHDE 
R07K1001; ICM-P05-002 and PFB-23 to IEB.



64

VULNERABILITY AND ADAPTATION TO DROUGHT AND 
FLOODS IN THE MENDOZA RIVER BASIN (ARGENTINA) 
DURING THE LAST FOUR HUNDRED YEARS

Gil-Guirado, S1, Prieto, MR2

(salvador.gil1@um.es), (1) Depart. of Geography, Univ. of Murcia, Spain (2) 
Instituto Argentino de Nivología, Glaciología y Ciencias Ambientales

Keywords: vulnerability, adaptation, GVecEGI.

Over the past few decades we have witnessed a rise in the impact 
of extreme meteorological events (Easterling et al., 2000; Grinsted 
et al., 2012). To improve our knowledge about these problems, it is 
necessary to study the history and the impact of natural disasters 
in the population, in order to learn how to decrease vulnerability 
using measures according to the society features. Thus, this makes 
necessary a vulnerability measurement over the time. In this paper 
we assess Mendoza River basin (Argentina) vulnerability to floods and 
droughts for the last four centuries. In order to do that, a catastrophic 
flood and a drought were analyzed in each century using historical 
sources. We propose a new method for measuring vulnerability 
to floods and droughts, which allows us to compare between 
spaces and period of time: the Global Vulnerability and eco-social 
Contextualization Experimental Index (GVecEGI).The index is based on 
the categorization of documental information found for each event 
studied, classified into different indicators groups and subgroups. 
Each of them refers to different parameters involved in the process of 
flooding and drought. A total of 166 indicators were recorded, some 
of them specific to droughts and other to floods. This methodology 
is based on content analysis (Prieto et al, 2005). We start from the 
classification of all the information directly or indirectly related to the 
event under study, considering the total number of times that each 
data refers to the different indicators. Once GVecEGI is applied, it is 
remarkable that vulnerability and socio-political context of droughts 
and floods reveals acquired inertias in the land management, and 
also, that the environmental and social processes current knowledge 
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might have reduced vulnerability in a better way. Thus, the recent 
drought management still shows a poor use of water resources in 
Mendoza. In the case of flooding, the overall vulnerability, despite 
having experienced decrease, remains high, since deficiencies in 
defense systems and a major social inequality still exist. However, 
the most important question is that system improvements have not 
yet prevented fatalities, displaced people, loss of homes and other 
impacts on societies.

Easterling, DR et al. 2000. Science, 289 (5487), 2068-2074.
Grinsted, A. et al. 2012. PNAS, 109 (48), 19601-19605.
Prieto, MR et al. 2005. 
Climatic Change, 73, 37-55.
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There are proposals for Ecosystem-Based Adaptation in the Andean 
region, promoted by international agencies with the support of 
national governments. Based on empirical research, as a team from 
the UNALM and Columbia Univ., we have gathered empirical data 
to identify and understand better sounded adaptation sustainable 
processes facing the challenges from climate change. We are 
labelling the approach as “Socio-ecological Based Adaptation (SEA)”. 
The framework is will help to identify the drivers and possible socio-
cultural responses to changes, especially for natural protected 
areas, considering that even in protected spaces the resources are 
highly contested by a diverse array of competing socio-political 
actors, including extractive industries, hydroelectric companies, 
conservationists, smallholders, and indigenous communities, 
who develop different strategies under national regulations and 
international considerations. 



67

A WAVELET DATA ANALYSIS OF COSMIC RAYS, AND SOLAR 
ACTIVITY IN TROPICAL TREE-RINGS

Giraldo, JA1, del Valle, JI2

(jagiral1@unal.edu.co), (1) Research Group on Forests and Climate Change. Univ. 
Nacional de Colombia Sede Medellín, Medellín-Colombia, (2) Depto. Ciencias 
Forestales, Univ. Nacional de Colombia Sede Medellín, Medellín-Colombia

Keywords: Tree rings, astronomical variables, coherence analysis.

Forests respond in diverse ways to the environmental changes caused 
by both the energy from space and the composition of atmospheric 
gases. Long-term variations of the solar radiation can affect climate 
of Earth and plant photosynthesis. Our aim is evaluate the effects of 
astronomical variables sunspots index (SI) and galactic cosmic rays 
flux (GCR) on tree-ring index (TRI) of the tropical trees Albizia niopoides 
and Cariniana pyriformis. First we evaluated the annual nature of the 
tree rings by radiocarbon analysis and standard dendrochronological 
techniques. We analyze tree-rings series and astronomical series by 
wavelet transform, subsequently we evaluate both kind of series 
using cross-spectrum, and asses the relationship between both series 
with wavelet coherence, this resembles a standardized covariance 
analysis. The statistical significance of the wavelet coherence was 
estimated through 5000 Monte Carlo simulations. We found that 
both species have annual tree-rings sensitive to studied astronomical 
variables. The length of the TRI series of A. niopoides covers 92 years 
(1915-2007), and for C. pyriformis covers 170 years (1840-2009). For 
A. niopoides the cross-wavelet spectrum between TRI and both GCR 
and SI were significant within 8-11 year band during 1930-1995 and 
1965-1995, respectively. Coherences between TRI with both GCR and 
SI were significant within the 8-11 year band during 1970 and 1995. 
For C. pyriformis TRI and GCR relationship have common periodicities 
in an 8-16 years band and near 11 year periodicity in a continuous 
time interval 1955-1995. The same band was found between TRI and 
SI sporadically in time intervals 1850-1875, 1890-1925. The coherence 
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between TRI and GCR was strong in an 8-11 year band in the lapse 
1980-1995. Finally the coherence between TRI and SI had common 
periodicities in band 4-8 years, from 1930 to 1955; in turn, an 8-16 
year band was found from 1970 to 1995. In all relationships the 
coherence value were greater than 0.8 (P(0.05). Both species detect 
the solar cycle of 11 years (Schwabe cycle) in the lapse from 1970 to 
1995. Our results provide clear evidence of the ability of tropical trees 
to record astronomical variables.
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Climate in Colombia is mainly controlled by the Inter-tropical 
convergence zone-ITCZ, and influenced by El Niño Southern 
Oscillation (ENSO) and the Chocó Jet stream. This region has 
the largest area of páramo ecosystem in the world, with a high 
biodiversity and numerous lakes and wetlands, useful for the study of 
climate, environment and vegetation changes over time. In this work 
we present a palynologic study of El Triunfo wetland (4°58’ 54.5”N 
and 75°19’55.8”W), located at 3,834 masl in the Central Cordillera of 
Colombia, in Los Nevados National Park. Bathymetry and AMS14C 
radiometric dating revealed that the site contains at least 7 m of 
interbedded peat with volcanic ash and lapilli layers, accumulated 
in the last 4,000 years. The deposit was sampled every 3 cm and 
studied in detail in the uppermost 4 m (2,000 cal yr BP), in order 
to reconstruct the climate, vegetation and volcanism at a decadal 
resolution. The pollen diagram shows the record is dominated by 
páramo vegetation; however, global climatic events like the Medieval 
Climata Anomaly (MCA), the Little Ice Age (LIA) and the current 
warm period (CWP), were  identified. Poaceae and Lycopodium in the 
paramo   zone, Urticaceae and Acalypha in the Sub-Andean forest, 
and Quercus, Weinmannia and Hedyosmum in the Andean forest were 
the dominant taxa. Hydrophytic vegetation shows that the swampy 
environment was dominant, with some major and minor periods 
of water content. In the last 50 years, the Quercus, Weinmannia and 
Clusia decline, and the Rumex, Plantago and Gunnera increase, may 
reflect the strong human impact in the area associated with livestock 
and potato agriculture. Volcanic layers occurred at 1,020, 1,000, 875, 
812, 685, 505 and 80 cal yr BP. Nevertheless, historical events with 
great impact on the population, such as the 1,595 and 1,984 (Armero) 
eruptions were not recorded in the sediments.

Keywords: Holocene, pollen analysis, climatic change
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In the subtropical Andes snow accumulation constitutes, in many 
cases, the primary source of streamflow and water reserves for the 
warmest and driest periods when the Cordillera functions as a water 
tower. The semiarid Andes of Argentina and Chile between 30º-36ºS 
are highly populated areas with strong agro-industrial activity. In 
Chile, this region has )50% of the total population of the country. 
Present hydroclimatic studies reveal an increase of temperature 
during the last three decades on both sides of the Andes, high 
precipitation and snowpack variability and an increased risk of secular 
droughts. River discharge in this region shows a homogeneous 
pattern where almost 50% of the annual total occurs during the 
summer. Annual and monthly composite streamflow series from 
Argentina (ArN) and Chile (ChN) have been constructed over the 
1914–2011 period in order to analyze spatial and temporal patterns, 
spectral behavior and droughts recurrence. Spatial patterns were 
identified previously using principal components analysis (PCA) with 
a high variance concentration on the PC1 eigenvector (PC1, 84%) 
and 5.7% on PC2. The PC1 reproduces a decadal mode of variability, 
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whereas the PC2 reproduces an interannual signal. Composite series 
show a strong annual correlation (r=0.87). Spectral analysis using 
June–July Pacific Decadal Oscillation index (PDO) and a 7 years spline 
filter of ChN and ArN series registered a significant common low 
frequency signal (around 20 years) between the 1945–1975 period. 
An extreme drought interval was found between 1965/75 years with 
a drought recurrence of less than two years. In addition, a positive 
trend of drought conditions has been observed over the last two 
decades. Climatic forcings such as the Interdecadal Pacific Oscillation 
(IPO) and PDO registered significant inter-correlation with the PC1 
mode of variability on the last half-century (r=0.48), whereas El Niño 
(ENSO) interannual modes revealed a significant negative correlation 
between the SOI index and the PC2 mode (r=-0.55). High latitude 
climate forcings as the Antarctic Oscillation index (AAO) registered 
a significant negative correlation with regional monthly streamflows 
for December and January during the 1978–2010 period. Results 
suggest that drought periods are more extended on Argentinian 
rivers compared to their Chilean counterparts. In addition, extended 
drought periods would be linked with intra to multi-decadal 
oscillatory modes of variability.
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Global temperature reconstructions for the past millennia are 
cornerstones in the assessment of forced and unforced climate 
variability. For a long time, such large-scale reconstructions have 
focused on the Northern Hemisphere where adequate data were 
available. Balancing this bias was the starting point of the collaborative 
LOTRED-SA Initiative (Long-Term climate REconstruction and 
Dynamics of South America; 2006). The principal goals were: (1) to 
collate existing and produce new high-quality data sets for millennial-
long quantitative climate reconstructions for South America and, 
(2) to produce regional syntheses in the form of spatially explicit 
quantitative multi-proxy multi-site climate reconstructions for the 
past 1000 – 2000 years. This bottom-up initiative from South America 
sparked similar initiatives in all other continents, which led finally to 
the PAGES 2k Consortium, a global network of researchers. Given 
the bottom-up nature of the LOTRED and PAGES 2k initiatives, the 
achievements are remarkable. In the first few years, existing data 
sets were compiled and reviewed (Villalba et al. 2009; Masiokas 
et al. 2012) and the database was significantly updated (NOAA 
Paleoclimatology website: http://www.ncdc.noaa.gov/data-access/
paleoclimatology-data/products). For the first time, regional spatially 
explicit quantitative climate reconstructions were presented for 
temperature back to AD 900 (Neukom et al. 2011) and precipitation 
(Neukom et al. 2010). These reconstructions provided novel insight 
into the structure of temperature variability during the Medieval 
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Climate Anomaly MCA and the Little Ice Age LIA chronozones, and 
also pointed to significant differences between South America and 
different regions of the Northern Hemisphere (e.g. the pronounced 
warmth in South America during the 18th and beginning of the 19th 
centuries). More complete assessments (PAGES 2k Consortium 2013; 
Neukom et al. 2014) confirm the finding that, except the globally 
cool phases during periods with strong volcanic forcing and solar 
minima (e.g. 17th century and partly the 19th century) there were no 
prolonged globally cool or warm periods during the past millennium, 
and there is much less interhemispheric synchronicity (at decadal 
and multidecadal scales) than previously thought and suggested by 
climate model experiments. These findings are of utmost importance. 
However, a number of challenges remain for LOTRED. There is still a 
significant regional bias of available data sets: in the future, priority 
should be given to the continental and marine tropical areas and to 
the lowlands. Also most of the available data sets are from tree rings 
while other archives (e.g. marine and lake sediments, speleothems, 
documentary data, vegetation/pollen, ice, others) have significant 
yet unexplored potential. Moreover, PAGES 2k requires that data 
are stored in a publicly available data repository. The next LOTRED/
PAGES 2k Syntheses are planned for 2016/2017.
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Glaciar Perito Moreno (hereafter GPM; 50°30’S - 72°50’W) is a major 
outlet glacier from the South Patagonia Icefield. In contrast to most 
Patagonian glaciers, glaciological studies indicate that GPM has 
advanced or remained stable during the 20th century. The advances 
periodically block Canal de los Témpanos creating an ice dam that 
impounds Brazo Sur-Rico arms of Lago Argentino, raising their 
elevation, until the water is released in a major outburst flood. 
Documentary evidence indicates that GPM reached the coast of 
Península de Magallanes for the first time in 1917. However, the 
first major damming and rupture event occurred in 1936, when 
the flooding of the shorelines of Brazo Sur-Rico killed thousands of 
Nothofagus trees, some still standing dead today. Naturalists who 
visited the area before 1936 described dense forests extending 
downslope to the shoreline, confirming the evidence of 1899-1928 
photographs displaying no standing dead trees by the shores. 
Estimates of the water level in Brazo Sur-Rico during each glacier-
damming vary, but indicate values of 10-12 m for the 1936-1948 
events and maxima of 23.5 m for the 1954-56 ice dams. There is 
evidence for 21 ice dams between 1936 and 2013 with an average 
interval of ca. 4 years from 1936-1988 and ca. 2 years between 2004-
2012. However, ring counts from standing dead trees along the 

Keywords: environmental history, tree-ring analysis, late Holocene.
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flooded shorelines indicate that the oldest trees killed by drowning 
were at least 250 years old providing evidence of no damming 
and rupture events from ca. 1650 to 1936. These data indicate that 
damming and outburst events by GPM, world-renowned processes, 
did not occur for a long-term period before 1936. Unlike many other 
glaciers in Patagonia, GPM was less extensive in the 1700s and 1800s 
than it is today.
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Climate variability is an important factor affecting the regeneration 
dynamics and successional processes in forest communities. It is 
argued that the increased sensitivity in the development of tree 
populations is towards the limits of natural distribution, where the 
climate is expected to be one of the main obstacles to the recruitment 
of trees. A transitional environment, such as that between the Andean 
forest and the Patagonian steppe, is often affected by changes in 
disturbance regimes of natural or anthropic origin. The main aims 
of our research are: a) determined the age structure of A. araucana 
and b) to document temporal and spatial variation of total ring 
width (TRW). Wood samples of all trees located in random plots, 
were collected at 1.3 m above ground at each study. This resulted 
in 287 wood samples that were processed through traditional 
dendrochronological techniques. We used Generalized Linear Mixed 
Models (GLMMs) to analyzing temporal and spatial variation of total 
ring width. The sites exhibit a higher concentration of individuals 
between 76 and 375 years of biological age, but these forests have 
been recruiting during for the 600 years last. However, trees younger 
than 75 years are poorly represented. The GLMMs show that the tree 
growth is significantly different between sites in the 1600, 1800 and 
1900 (p ( 0.001) and the interactions growth among site and time was 
significative (p) 0.001). On forecasts of changes in climate, achieving 
a better understanding of the structure, replying features and growth 
responses to environmental variability of these ecosystems will 
optimize not only compression of the ecology of these forests, but also 
promote conservation strategies and streamline forest management.

Keywords: Dendrochronology, Patagonia, forest-steppe.
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Instrumental sea surface temperature (SST) variability of the 
California Current System (CCS) for the last century is thought to be 
modulated by interannual to interdecadal oscillations superimposed 
on a background warming trend. However,  the amplitude of the 
multidecadal SST variability over the last millennium, its persistence 
through time, and its drivers before the instrumental record are still 
not well characterized. Here we present an absolutely-dated and 
decadally-resolved planktic foraminiferal Mg/Ca reconstruction of 
summer SSTs in the southern dynamic boundary of the CCS for the 
past millennium that shows summer SST variability highly sensitive to 
Equatorial Pacific (EP) ocean dynamics and negatively correlated with 
continental Northern Hemisphere (NH) temperatures on centennial 
to multidecadal timescales. These patterns link the teleconnection 
between the CCS southern boundary and equatorial ENSO variability 
with the seasonal ocean-land temperature contrast during the spring 
to early summer warming. This latter process enhances the ocean-
continent pressure gradient and drives the persistent alongshore 
winds that fuel upwelling, and feeds back onto the subtropical high 
stability. However, the connection with continental NH temperatures 
seems to break down during the last third of the 20th century with a 
trend towards warmer SSTs, probably associated with a cloud cover 
reduction over the North East Pacific (NEP) that leads to increased 
SSTs, a weaker subtropical high and a lessening of the trade winds as 
a positive feedback to warming in response to increased atmospheric 
greenhouse gases.
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IN THE PALEOENVIRONMENTAL RECONSTRUCTION, 
CASE OF EL VOLCÁN BASIN, CENTRAL VALLEY, ANDES OF 
SANTIAGO, CHILE
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The estimation of the Equilibrium Line Altitude (ELA) is one of the most 
useful parameters to determine the effect of climate in glaciers. Once 
it is obtained, paleo-ELA, through the application of AAR method, 
helps to reconstruct the paleoclimates and paleoenviroments that 
glaciers recorded in different stadium, support with ages obtained 
through dating of samples of glacial drift. The reconstruction of 
paleo-ELAs in the El Volcán sub-basin, located in the Andes of 
Santiago, and the incorporation of the mass balance data, allow to 
apply glacier–climate models and reconstruct the paleoenviroments 
in the Subtropical Andes, consistent with ages found in the area. The 
ages were obtained in two drift in the sub basin of El Volcán: a C14 
age of 10 ka for sediments from a proglacial lake, a He3 cosmogenic 
age of 19 ka for a morraine boulder and an OSL age of 45-36 ka for 
fluvioglacial deposits. These results are the first approach to link 
the OSL, radiocarbon and cosmogenic ages with geomorphologic 
markers in this area, and show a good correlation with regional 
observation (Zech et al., 2008). The chronology of the stadium (stages) 
obtained from this particular glacial system in this study suggests a 
predominantly climate control, both temperature and precipitation 
more than topographic control, during the Pleistocene-Holocene.

Zech, R et al. 2008. J. Quat. Science 23 (6-7) 635-647.

This work is supported by the FONDAP 15090013 project, within the framework 
of Centro de Excelencia de Geotermia de Los Andes (CEGA).
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The complex geography of Colombia introduces great spatial 
variability in relation to climate and atmospheric processes. The 
steep vertical gradient in the Andes mountain range, the intra-
seasonal variation of the ITCZ and the proximity to the Caribbean 
Sea, Pacific ocean and Amazon Basin largely determine the climate 
features across the country.  In Colombia, the access to climate gauge 
data is restricted and their quantity is limited. Different reanalyses 
and reconstructed data are alternatives to characterize the regional 
climatic dynamic. However, these data sets have regional limitations 
and biases in the climate representation. In this contribution, 
an ensemble of common datasets (first and second generation 
of reanalyses and reconstructed fields) has been evaluated and 
compared with respect to their capability to represent the climate 
across Colombia. The comparison is focused not only on temperature 
and precipitation like diagnostic variables but also in moisture 
transport processes and atmospheric states visited. We found 
significant qualitative and quantitative improvements of the second 
generation of reanalysis over first generation and reconstructed data 
sets even in a subregional scale. Finally, a summary of goodness in the 
representation of regional climate traits of each data set is provided.
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CHANGES ACROSS TWO NEOTROPICAL DIVERSITY 
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The knowledge of how biodiverse ecosystems reacted in response 
to past climate change and disturbance is important for the 
development of innovative conservation and land use strategies that 
can help to mitigate future global change in species-rich regions. 
In tropical South America, south Ecuador and southern Brazil are 
two regions with exceptionally high species-richness, but they also 
belong to the best investigated regions in terms of palaeoecological 
landscape dynamics. We analysed palynological and charcoal data of 
these regions to reveal hidden patterns in time trajectories of species 
composition and abundance as well as in velocities of vegetation 
and diversity change, which can give new insights into response 
environmental conditions, differences in human disturbance regimes 
and vegetation patterns as well as high biodiversity are responsible 
for marked differences in velocity and species compositional 
change even within one region throughout the Holocene. However, 
similarities occur in the data of south Ecuador and southern Brazil in 
terms of species behaviour during periods of major climatic change, 
such as an upslope movement of forest taxa at the beginning of 
the Holocene, the increase in drought-tolerant vegetation in the 
mid-Holocene, and above all the increasing human impact for the 
last ca. 3,500 years. This latest phenomenon led to highly increased 
rates of change across all sites, with a time-transgressive response 
at higher and less accessible sites. This indicates that vegetation 
response to less severe events depends strongly on the local terrain 
and its environmental conditions, but that with increasing severity, 
responses are more uniform across different sites and regions.
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PALYNOLOGICAL AND X-RAY MICROFLOURESCENCE (ΜXRF) 
ANALYSES CARRIED OUT TO INTERPRET PRECIPITATION FROM 
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Univ. of Geneva (Switzerland), (2) Section of Earth and Environmental Sciences, 
Univ. of Geneva (Switzerland)

The palynological and x-ray microflourescence (μXRF) analyses carried out 
in La Cocha Lake (2780 m.a.s.l), have permitted the reconstruction and the 
understanding of the effect of humidity coming from the amazon in the high 
mountain ecosystem over the last 4500 cal yr BP. The same analyses have 
now been focalized in the last 2000 cal yr BP. The páramo is a Neotropical 
ecosystem located at high elevations (~)3450m), between the upper forest 
line and the permanent snow line. The limit between forest and páramo 
constituents is known as Upper Line Forest (ULF), and the variation of the 
ULF allows us to reconstruct the temperature. The basin of La Cocha Lake is 
dominated by high Andean forest; nevertheless it is possible to find páramo 
at the same altitude, between 2700 and 2900 m. This condition development 
can generate an overrepresentation in the pollen spectrum of the páramo 
ecosystem, without necessarily reflecting a decrease of the ULF and therefore 
a cold climate. The palynological record of the páramo has been compared 
with the μXRF (Ti and Fe), the last one being able to determine the precipitation 
levels. The results of these two indicators present similar fluctuations, which 
can be explained by the high level of water contained in the soils where the 
azonal páramo is located. Thereby, in this study the pollen from páramo is not 
an indicator of cold events, but it is reflecting a strong relation with humidity. 
The influence of the azonal páramo shows a clear case where the distribution 
of vegetation limits the paleoclimate studies. Most of the climatic variations 
in precipitation during the Late Holocene can be explained by latitudinal 
variations of the Intertropical Convergence Zone (ITCZ). Nevertheless, some 
events do not follow the general trend. For instance, the interval of the record 
in the lake La Cocha shows a more local signature, which cannot be explained 
by the migration of the ITCZ. The humidity variations identified in this study 
are: high precipitation occurs between 2000 and 750 cal yr BP and in the last 
750 cal yr BP the data shows a tendency of precipitation decrease. 

Keywords: Palynology, azonal vegetation, X ray microflourescence (μXRF).

Jojoa, M1 & Gorin, G2
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LAST MILLENNIUM SOUTH AMERICAN DECADAL 
CLIMATE VARIABILITY IN MODELS AND OBSERVATIONS: 
TELECONNECTIONS WITH GLOBAL CLIMATE MODES
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Model projections for the next decades show that greatest uncertainties 
lie within the tropics and especially in South America. Further, the 
hydroclimate of this region shows extreme vulnerability to climate change, 
mainly through impacts on natural resources (fresh water resources, 
dependence on rain-fed agriculture, tropical diseases, fires, etc.). It is 
thus of prime importance to better document and extend beyond the 
instrumental period the ranges and modes of natural climate variability 
for South America. The impacts depend on changes in long-term trend, 
frequency and magnitude of climate extremes. Tropical South America 
now holds an already quite large paleoclimate database for the last 2 
millennia (e.g. lacustrine sediment cores, speleothems, guano deposits, 
tree rings, tropical ice cores) obtained by several international groups. In 
the frame of the PRIMO project a tropical South American hydro-climate 
reconstruction based on these datasets is available and documents 
strong annual to decadal modulations of the hydro-climates at a regional 
scale. Confronting results from this reconstruction across tropical South 
America to PMIP3/CMIP5 simulations for the last millennium we will show 
that a subset of PMIP3 models bear some skills in simulating the regional 
South America hydroclimate variability spectrum and patterns as 
inferred from proxy records. Process-oriented analyses suggest that such 
skill is due to the influence of the volcanic forcing on the South American 
Monson and on the spatiotemporal variations of teleconnections with 
the main modes of variability in the Atlantic and Pacific Oceans.

Keywords: Last Millennium, South American Monsoon, Model-data comparison
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RECONSTRUCTING DUST INPUT TO THE EQUATORIAL 
PACIFIC USING THORIUM ISOTOPE MEASUREMENTS IN 
MARINE SEDIMENSTS

Kienast, SS1, Lippold, J2, Winckler, G3, Mahowald, NM4
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Dust input into the ocean-atmosphere system has significant 
ramifications for biogeochemical cycles and global climate, especially 
in marine ecosystems that are limited by iron and silicon availability 
such as parts of the Eastern Equatorial Pacific (EEP). However, direct 
observations of dust deposition in the ocean are very scarce. The long-
lived isotope Thorium-232 is greatly enriched in upper continental 
crust compared to oceanic crust and mid-ocean ridge basalts. In open 
ocean areas, away from hemipelagic sources of continental material, 
232Th is therefore assumed to be of aeolian origin. In conjunction with 
230Th-flux normalization, 232Th measurements are thus a promising 
new proxy for dust accumulation in the present and past ocean. 
Here, we present a compilation of 230Th-normalized fluxes of 232Th 
from the EEP. This regional compilation is part of a growing global 
database of 232Th fluxes (ThoroMap). Earlier work1 in the EEP suggests 
that 232Th accumulating in marine sediments at distances of 300 km 
or more offshore is indeed aeolian in origin. We compare these 232Th 
fluxes with estimates of dust accumulation derived from a coupled 
atmosphere, land, ocean, and sea-ice model (CCSM-SMOB2) for the 
late Holocene and find excellent agreement between sedimentary 
and model derived dust fluxes in the eastern equatorial Pacific. This 
suggests that Thorium-232 offers a reliable paloedust proxy in this 
region that can be applied to both modern processes and paleo 
studies. 

Keywords: Dust, ThoroMAP

1Singh et al. 2011. EPSL 309, 
2Mahowald et al. 2006. J. Geosphys.Res.111.
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The prepuna of northern Chile, a transitional zone between the 
hyperarid Atacama Desert to the arid ‘Puna’ and Altiplano found 
between 2000-3200 masl, suffered widespread abandonment by 
indigenous Aymara communities beginning around the 1850’s. 
Towns were abandoned and local populations often fell by orders 
of magnitude. Causes cited for this abandonment mostly rely on 
sociocultural factors, e.g. the start of nitrate mining and coastal urban 
development. The lack of historical records of past climate change 
has hampered efforts to relate this abandonment to other factors 
such as drought. Likewise, isolated populations of columnar cacti 
with no active recruitment or regeneration have also been described 
along the lower limits of the prepuna. Such “relict populations” have 
been attributed to the prevalence of sustained drought but such 
explanations have not been tested. We use plant macrofossil and 
pollen analyses from 15 Abrocoma cinerea (Rodentia: Abrocomidae) 
middens collected at Quebrada La Higuera (18°S, 3400 masl, prepuna 
of Arica). The middens have been AMS14C-dated to the last 650 cal 
yrs BP and provide adequate temporal coverage. We use several 
key indicators to infer past changes in rainfall, including plant 
macrofossil composition, the presence of Parastephia (a shrub found 
today at higher elevations) pollen and midden pellet size diameters 
(a proxy for body size and productivity). Plant macrofossils reveal 



85

diverse plant communities with a strong affinity towards prepuna 
assemblages. Parastrephia pollen is absent in all of our middens until 
350 years ago (1645 AD), increases abruptly at 1760 AD and peaks at 
1805 AD. Our pellet diameter record shows that the largest animals 
appeared in the last 200 years. Overall, our results agree with other 
regional proxies that point to arid conditions in the central Andes 
during the Little Ice Age, between 1300-1750 AD. Precipitation then 
increased dramatically between 1760-1805 AD, which is recognized 
as a bonanza epoch in the historical and ethonographical records, 
followed by a major decline since 1850 AD that continues till the 
present. Our results imply that the many columnar cacti are relict 
populations that likely flourished during a wetter early 1800s. 
Aymara populations also flourished in the late 1700s to early 1800s. 
This surge was coeval with the pluvial event described here, as is 
the subsequent population collapse with increasing and sustained 
drought implying that regional climate change may play a major role 
in explaining indigenous human population trends in the Andes.
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ENVIRONMENTAL CHANGES DURING THE LAST THOUSANDS 
YEARS IN THE SOUTH AMERICAN TROPICS: WHAT DO 
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Despite the enormous growing in environmental studies and the 
development of programs to understand the forest/atmosphere/
hydrosphere interactions, the studies on paleohydrology to 
understand the past and to discuss future trends in the South 
American tropics have been systematically misinterpreted or avoided 
from the large scale priority environmental programs. Recent 
archeological results postulated that the Amazon and other tropical 
areas supported a substantial population at the time the conquerors 
arrived to America. During the Holocene several climatic episodes 
had been recorded in South America such as the Medieval Optimum 
and the Little Ice age. However, we do not identify clear signals in 
the tropical zone. In this presentation I present a general review of 
geologic-geomorphologic proxies (aeolian and fluvial deposits and 
landforms, lake, soils and palynological record), which indicate some 
remarkable environmental changes close to 1000 yr BP. 
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Inter-annual variations of tree ring widths have been extensively used 
in high-resolution palaeoclimate reconstructions at local, regional and 
hemispheric scale. However, at some temperature-limited Northern 
Hemisphere forests, tree growth responses to climate during recent 
decades have changed (divergence phenomenon), raising concerns 
about the quality of historical climate reconstructions based on tree-
ring widths. This shift in the eco-physiological response of trees to 
climate has not yet been documented in the Southern Hemisphere. 
This study presents tree-ring evolution over the last centuries in 
northern Patagonia (southern South America; 41°10’S-71°50’W) in 
order to assess 1) divergence in tree-growth response to climate 
in recent decades and, 2) the potential of tree-ring parameters 
(width and δ18O) to reconstruct temperature and atmospheric 
circulation patterns. Based on quality and extent, instrumental 
temperature and precipitation records across North Patagonia (39°-
41°S) were selected for comparison with tree-ring records. A set 
of homogenized temperature data was developed for the period 
1901-2013 using HOMER software. Increment-borer samples from 
Fitzroya cupressoides and Nothofagus pumilio were collected along 
the regional precipitation gradient from the wet Valdivian rainforest 
to the mesic Patagonian forests during the austral summer of 2013. 
Six sampling sites (2 for Fitzroya, 4 for Nothofagus) along the gradient 
were established to maximize differences in tree-growth responses 
to climate and to assess the effect of precipitation on the responses. 
Composite tree-ring index (TRI) chronologies of F. cupressoides 
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and N. pumilio extending from the late 9thcentury to 2011 were 
developed and δ18O analyses for the last 60 years were conducted. 
Variations in ring widths and δ18O were compared between species 
and sites and correlated with climate parameters. The two Fitzroya 
chronologies show common variations in tree growth and δ18O 
composition. Tree growths are strongly related to previous summer 
(Dec.-March) temperature from 1901 to 1975, but since then, trees 
are growing more than expected. δ18O variations are well related to 
the end of current growing season (Febr.-May) temperature. For the 
Nothofagus chronologies, TRIs at the two intermediate sites along the 
precipitation gradient are well correlated to each other except for the 
interval 1945-1975. TRIs from the more distant Nothofagus sites are 
weakly associated. The strongest relationship between Nothofagus 
tree growth and temperature was recorded during current summer 
(Nov.-Jan.). For the two species, δ18O of cellulose have increased 
during the last 60 years. Correlation analyses and interpretations are 
still in progress.



89
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The Papallacta pollen record was collected in a bog located in northern 
Ecuador near the city of Papallacta in the eastern Cordillera (00°21’30 S; 
78°11’37 W; 3815 m). Mean annual temperature (MAT) is 9.6 °C and mean 
annual precipitation (MAP) is 1700 mm and often appears in the form of rain, 
hail, and thick fog during JJA. The seasonality is characterized by one cycle 
with a precipitation maximum in MJJ and a minimum in JF which is different 
from similar latitudes to the east and the west (the Pacific coast) where the 
rainy season peaks during the austral summer (DJF). Samples were analysed 
at a 15 yr resolution. Based on changes in the floristic composition of the 
paramos results showed that strong changes in vegetation and moisture 
occurred on the paramos several times during the past 2 ka. An upslope 
convective index based on the ratio between cloud transported pollen from 
the andean forest to the bog (T) and Poaceae pollen frequencies, related to 
the edaphic moisture of the páramo (P), was defined to distinguish changes in 
the atmospheric moisture from the soil moisture content of the páramo and 
their associated patterns of interdecadal El Niño Southern Oscillation (ENSO) 
variability and South American Summer Monsoon (SASM) activity. Amazon 
basin uplift cloud activity was low between 2000 and 1200 yr BP with a peak 
between 1400 and 1100 yr BP and started to increase during the last 1000 
yr. However between 2000 and 800 yr BP the grassland was well developed 
characterizing high humidity on the paramos although disconnected from 
the Amazon. We will discuss the relative importance of two dominant forcing 
systems and their variability in the past: the SASM because at Papallacta the 
seasonality is associated with the northward march of convective activity 
during the demise phase of the SASM, and the interannual climate variability 
primarily driven by ENSO in this part of the high Andes.

Keywords: Ecuador, paramo, SASM
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Small and artisanal miners in Ecuador have a negligible gold 
production comparing with the outcome of big and international 
companies. National environmental policies applied over them are 
also different; stricter in the case of big companies and more relaxed 
for small mining activities. In spite of its low production and due to 
its concentration, the environmental impact of small and artisanal 
mining on aquatic ecosystems has been extensive in southern 
Ecuador. A project held by the INIGEMM (National Research Institute 
of Geology, Mining and Metallurgic) is attempting to assess the 
degree of contamination caused by small gold mining in the present 
and in the past. To evaluate the contemporary state, we took water, 
sediment and soil samples in four kinds of sites throughout the 
Puyango River catchment: pristine sites, abandoned mines, mining 
tailings and the Puyango river. Results show that deposition of 
many trace elements has raised natural levels in soils, sediments and 
waterways. In the next step of the project and starting a new line in 
the institute, we plan to recover a sediment core from La Tembladera 
lake, whose inflow rivers come from artisanal and small mining sites 
located at Santa Rosa in the province of El Oro. The main aim is to 
trace the evolution of small mining and to envisage the effect on 
aquatic environments over time. This study will include a sediment 
description, geochemical characterization (XRF,TOC, TN, TP, magnet 
susceptibility, trace elements) and biological analysis based on 
cladoceran subfossils. The ultimate goal is to set reference conditions 
for restoration purposes. 
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Ostracodes (microcrustaceans ca. 3mm) have an extraordinary 
fossil record in lake sediments and are well-established proxies 
for environmental reconstruction. They allow inferences of past 
temperature, lake level, conductivity, and they provide information 
about the responses of aquatic communities to climatic changes. In 
Central America, however, the knowledge of diversity and ecology of 
ostracodes is poorly understood compared to other regions. A recent 
survey was carried out in Southern Mexico, Guatemala, EL Salvador, 
Honduras and Nicaragua by sampling 100 of the most important lakes 
for water (physical and chemical analysis), sediment (geochemical 
analysis), and biological samples (ostracode, rotiferans, Cladocerans, 
diatoms) in order to extent a preliminary training set and to improve 
transfer function for ostracodes. In addition, two short cores were 
retrieved from each of the following lakes: Lake Lachuá (378m depth, 
170 m asl), Lake Verde (12.5m depth, 1609 m asl) Lake Apastepeque 
(47m depth, 509 m asl), Lake Yojoa (20m depth, 639 m asl) and Lake 
Olomega (3m depth, 66 m asl). Preliminary results demonstrate high 
ostracode diversity (ca. 70 species), which are further constrained 
to geographical areas that can be summarized as follows by most 
prominent species: Northern Yucatan peninsula (Neocypridopsis 
yucatanensis, Alicenula serricaudata, Typhlocypris spp.) Southern 
Yucatan Peninsula (Strandesia intrepida, Chlamydotheca unispinosa, 
Limnocythere opesta, Cytheridella ilosvayi, Diaphanocypris meridana), 
Guatemala Highlands (Darwinula stevensoni, Cypricercinae spp. 
Strandesia bicuspis, Cypria spp.) El Salvador volcanic lakes (some 

Keywords: Central America, Ostracodes, short cores
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species are highly morphologically specialized, Keysercypria spp., 
Vestalenula spp., Cyprididae spp., Cypricercinae spp.), Northern 
Honduras lakes (Cyprididae spp. Cypretta spp, Cypria spp., Pericythere 
spp.  Cytheridae spp.) and Nicaraguan lakes (endemic flock in Lake 
Nicaragua, Cypria spp. Cytheridae spp., Cyprididae spp.). Detailed 
taxonomic studies are underway, as well as transfer functions for the 
reconstruction of lake level and conductivity from fossil assemblages 
(short cores). Morphological variability among populations and 
reproduction models (sexual and parthenogenesis) are also being 
taken into account because variability within populations can result 
from environmental factors, and it can provide clues for variability 
found in fossil assemblages.
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HOLOCENE CLIMATE CONTROLS ON FIRE AND VEGETATION 
IN NEOTROPICAL CERRÃDO SAVANNA ECOSYSTEMS
Maezumi, SY1, Power, MJ1, Mayle, F2, Iriarte, J3

(shira.maezumi@gmail.com), (1) Depart. of Geography, Univ. of Utah, Salt Lake 
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The Bolivian cerrãdo savanna lies within a climatically sensitive 
ecotone influencing fire activity and vegetation composition 
on centennial to millennial timescales. During the 21st century, 
temperatures are predicted to increase by ~3ºC coupled with a 
precipitation decrease of ~20%. These conditions will reduce plant 
water availability and intensify drought stress, potentially altering 
vegetation composition and fire regimes. To provide a context to 
study the affects of future climate change on Neotropical savannas, 
a 15,000-year high-resolution sedimentary record was analyzed for 
charcoal and phytolith data from Huanchaca Mesetta, a palm swamp 
located in the cerrãdo savanna in northeastern Bolivia. Preliminary 
phytolith data suggest that the expansion of the South American 
Summer Monsoon (SASM) caused the establishment of the modern 
palm swamp vegetation around 5,000 cal yr BP. Fire events, indicated 
by an abrupt increase in charcoal accumulation, are interpreted as 
stand replacing fire events that occur during periods of extreme 
drought at the palm swamps. Arboreal and grass phytoliths 
dominate the earlier vegetation communities at Huanchaca Mesetta. 
Fire activity during this period likely responded to fuel limitation 
resulting in decreased fire activity during dry periods likely due to 
the absence of fine fuels. Increased fire activity during wet periods 
were attributed to the build up of fine fuels. Minimal phytolith 
preservation prior to 15,000 cal yr BP suggests a weakened SASM was 
characterized by reduced precipitation and convection, limited fuel 
availability and fire activity during the Last Glacial Maximum (LGM). 
High-resolution charcoal and vegetation records provide useful 
ecosystem analogs for conservationists, land-managers, and policy 
makers for cerrãdo savanna fires regimes during periods of increased 
warmth and drought stress that are projected for the 21st century.

Keywords: cerrãdo, paleofire, phytoliths
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LATE HOLOCENE CLIMATE AND VEGETATION CHANGES IN 
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Bern-Switzerland

The understanding of the climate of a particular zone needs a long 
term picture that allows elucidating modern climatic trends, broad 
scale cycles, climatic variability and climate change mechanisms 
(natural or anthropic). Palaeoclimatic data allow the validation of 
the general circulation models outputs while providing clues to 
picture modern and future climatic scenarios for the models through 
the establishment of past environmental analogs. According to 
future IPCC climate predictions, Mediterranean Chile (30-34°S) is 
one of those areas in the world which are experimenting a strong 
aridification trend as a consequence of the ongoing climatic change. 
If this trend continues, critical economic and social future scenarios 
will arise in Mediterranean Chile given that it is a densely populated 
zone with extensive industrial and agriculture development. 
Mediterranean Chile appears therefore as an extremely vulnerable 
area to climatic change so understanding its natural climatic 
variability emerge as crucial to picture future scenarios. Despite that 
water resources for this densely populated area originate from high 
Andean basins, most paleoclimatical studies from Mediterranean 
Chile have been developed in lowlands. Therefore, the present 
paper presents a high Andean lake pollen record (3600 masl) from 
Mediterranean Chile (31º40’S; 70º30’W) characterized by finely 
laminated sediments encompassing the last 4.8ka. Between 4.8 and 
2.1ka, low Andean vegetation occurred around the lake dominated 
by Fabaceae (Adesmia-type, 40%) and associated with Calandrinia 
(20-10%), Spergularia (2-15%) and Brasicaceae (2-10%). Around 2.1ka, 

Keywords: High Andes; late Holocene; pollen records
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a steep increase of Poaceae (45-80%) associated to a concomitant 
decrease of Fabaceae (0-23 %) point out the replacement of low by 
high Andean vegetation. Fluctuating values of Fabaceae (Adesmia-
type), Calandrinia, Azorella and Senecio-type pin point variable 
environmental conditions from 2.1ka to the present. The replacement 
of low to high Andean vegetation around 2.1ka suggest an effective 
moisture increase which is regionally recorded and therefore suggest 
a strong climatic variability synchrony between low and highland in 
Mediterranean Chile. 

Acknowledgements: FONDECYT #1100916; #1140837. Minera Los Pelambres
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Mountain Andean ecosystems have proven to be potentially 
vulnerable to the current climate change, but the impact of the 
recent warming trend over vegetation is still unknown. Mid to long-
term vegetation reconstructions are necessary to understand the 
dynamics of the biogeographical changes. This study present a high 
resolution pollen and charcoal record taken from Laguna Chepical 
(3050 masl, 32°16’S-70°30’W), a high altitude lake that allowed 
capturing the altitudinal shifts of the Andean vegetation. Vegetation 
changes were compared to the available instrumental data going 
back to 1870 AD. Between 1870 and 1963 AD, the dominance of 
lower Andean elements (Poaceae, Asteroideae-subfamily) suggests 
a lower elevation of this belt compared to the present whereas the 
pollen accumulation rate (PAR) is low until 1940 AD indicating sparse 
plant cover. Microscopic charcoal accumulation rate (mCHAR) is low 
reflecting low fire activity during the first half of the twenty century. 
This is concomitant with lower than present summer temperatures 
(-0.8°C) and higher than today precipitations recorded until 1940 AD 
which may have prevented the plant cover expansion in the high 
Andes. Major changes were recorded after 1940 AD when a significant 
increase in PAR values around 1943 AD suggests an increase of plant 
cover which is coherent with temperature amelioration. However, 
the PAR decrease again between 1945 and 1975 AD as a result of 
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the persistence of warm summers and a decline of precipitations 
associated to a high frequency of the cold phase of Southern 
Oscillation (La Niña events). The warmest summers were recorded 
around 1960-1963 AD (+2.9°C) causing severe drought at high 
altitude environments which may have promoted the decline of the 
Lower Andean belt (Poaceae, Apiaceae, Nassauvieae-tribe) whereas 
the Preandean belt (Euphorbiaceae, Chenopodiaceae) became 
dominant indicating an upward shift towards modern altitudes. 
The arboreal taxa do not seem to follow this pattern possibly due 
to the intense disturbance by human activity partially evidenced 
by the higher values of the mCHAR since 1963 AD. A plant cover 
recovering after 1978 AD may be associated with the high rainfall 
variability associated to El Niño events (warm phase). An increase of 
wetland taxa (Caryophyllaceae) and Poaceae (small increase) since 
the 1980s would be related to both, extreme precipitation events 
and a warming trend that would lead to gentle conditions at high 
altitude environments. These new findings support previous studies 
indicating the importance of El Niño events as reliever of water deficit 
in mountain ecosystems.
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McKay, N.

(Nicholas.McKay@nau), School of Earth Sciences and Environmental 
Sustainability, Northern Arizona Univ., USA

Keywords: Climate Field Reconstruction, North America 2k

The first phase of the PAGES 2k initiative, originating in South America 
with the LOTRED-SA Initiative (Long-Term climate REconstruction and 
Dynamics of South America), was recently completed, culminating in 
a near-global network of regional temperature reconstructions for 
past one to two thousand years (PAGES 2k Consortium, 2013). These 
regional reconstructions allowed unprecedented investigation of 
regional variability in past climate, and were widely cited in the IPCC-
AR5. Critically, these efforts also sparked ongoing and additional 
efforts in regional groups and newly formed working groups designed 
to advance PAGES2k efforts across all regions. Here I summarize two 
recent working group meetings and their relevance to Phase 2 of the 
South America 2k (SAm2k) project: first, the “Advances in Climate Field 
Reconstruction Workshop” held in Woods Hole, MA, USA, April 15-16, 
2014. This workshop brought together leading experts across the field 
of climate reconstruction to address many of the challenges at the 
forefront of the field. Namely, 1) how to integrate low-frequency and 
time-uncertainty proxies into climate field reconstructions; 2) how to 
best incorporate expert knowledge into reconstruction techniques, 
especially when statistical characterization is not suitable, and 3) how 
to best move forward with reconstructions of moisture indicators. 
These discussions have clear relevance to SAm2k, as they work to 
extend and expand temperature reconstructions, and move towards 
moisture-field reconstructions. Secondly, I present an update from 
the North America 2k (Nam2k) working group, which met June 23 
– 27, 2014 in Fort Collins, CO, USA. Phase 2 of the Nam2k project is 
proceeding in parallel to Sam2k, focusing on including a broader 
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array of proxy evidence, extending the length of the reconstruction, 
and moving towards hydrologic reconstructions. Given the proximity 
of the North and South American regions, and the potential insights 
gained from explicit comparison and integration of the two regions, 
I propose close communication between the two groups as efforts 
continue to facilitate collaboration as products begin to emerge 
from the two groups. To this end, I summarize the state of Nam2k, 
and the decisions made moving forward for data aggregation and 
structuring, and progress towards the driving science questions for 
Nam2k-Phase2.
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FLUCTUATIONS FROM THE SOUTHERN ALTIPLANO
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High-elevation endorheic lakes represent a major source of biodiversity, 
and regulate hydrological regimes in the Southern Altiplano. The 
ecosystem of these Ramsar wetlands in North West Argentine (NWA) 
and South West Bolivia (SWB) are sensitive to the basins hidrological 
balance. In recent years attention has been focused on the possibility 
of deleterious effects from climatic change. The management of these 
water resources requires comprehensive knowledge of their natural 
variability over multiple time scales. In this study we present a multi-
century reconstruction of past lakes size fluctuations in the NWA and 
SWB, inferred on Polylepis tarapacana tree rings records. Between 1975 
and 2009 interannual lake size fluctuations from six lakes were calculated 
with Landsat images. Also, a network of four P. tarapacana tree-ring 
chronologies were developed, time series features of growth variation 
were summarized. Correlations analyses were performed to screen 
potential predictor tree-ring chronologies for reconstruction models. 
The interannual lake size fluctuations were positively correlated with 
interannual variations of the radial growth of P. tarapacana records. The 
tree-ring chronologies were applied in a regression model to reconstruct 
a time series of the mean January-December lake size average of six 
endorheic lakes. The tree-ring reconstruction covers the past 309 years, 
and captures 36% of the lake size variance. Though statistically weak 
(R2=0.36), the reconstruction verifies adequately in cross-validation. The 
20th century was unusual in a long-term context; a persistent negative 
trend in lake size has been recorded in the reconstruction, according with 
glacier retreat and a severe decrease in a reconstructed precipitation 
performed for the Altiplano region for the past 700 years. To link lake size 
fluctuations with major climate forcing, such as the Niño3.4, PDO and 
the South American Monsoon, spectral analyses will be performed and 
discussed. Further research is needed to better discriminate the tree-ring 
signal for lake size variation from the signal due to localized precipitation.

Keywords: Lake Size Reconstruction, Dendroclimatology, Polylepis tarapacana 
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The Southern Westerly Winds (SWW) deliver abundant, year-round 
precipitation to the western region of southern South America, the 
only continental landmass in the southern hemisphere that intersects 
the path of this important component of the global climate system. 
Variations in the position and intensity of the SWW from seasonal 
to inter-decadal timescales have been shown to underlie important 
changes in the amount and seasonality of the precipitation, coupled 
to low- (El Niño Southern Oscillation, ENSO) and mid-to-high latitude 
(Southern Annular Mode, SAM) climate processes. Precipitation 
records from western Patagonia show positive, significant correlations 
with zonal wind speeds over a large portion of the mid-latitude 
Pacific and Southern Oceans, demonstrating that paleoprecipitation 
records from this region can be used to infer the past behaviour 
of the SWW at hemispheric scale. High-resolution pollen and 
charcoal records from sediment cores collected in the Chilean Lake 
District allow detailed examination of the vegetation, climate and 
fire-regime shifts since the last glaciation. We note a conspicuous 
interval with the longest-lived, largest-magnitude megadroughts 
between 7.4-10 ka, the warmest/driest interval of the last glacial-
interglacial cycle. This was followed by a cold/wet interval between 
5.4-7.4 ka and the establishment of an alternating series of warm/
dry and cold/wet anomalies at millennial timescales since ~5.4 ka. 
Macroscopic charcoal, a proxy of past fire activity, shows prominent 
changes at millennial and multi-millennial timescales, thus pointing 
to periodic droughts considering that fuel load was not a limiting 
factor for paleofires in the study area as indicated by the permanent 
dominance of rainforests since 17 ka. We note a remarkable coupling 



102

of paleofires and vegetation change at centennial timescale over 
the last 10,000 years, which we interpret as changes in hydroclimate 
driven by sustained periods of enhanced summer moisture stress, 
i.e. megadroughts. We observe a shift from an apparently stable, 
~2600-year long megadrought during the early Holocene (EH) to 
more frequent (~1000 years between events), short-lived (~400 
years), lower-magnitude (66% of the EH event), rapidly changing 
megadroughts over the last 5400 years. This shift occurs during two 
contrasting multi-millennial modes of SWW activity: the extreme 
interglacial mode during the EH and the neoglacial mode since 5.4 
ka. The former has been attributed to a generalized weakening of the 
SWW, the latter to stronger, zonally asymmetric SWW coincident with 
the occurrence of Neoglacial advances in the southern mid-latitudes 
and commencement of ENSO variability in the low latitudes.

Acknowledgements: Fondecyt grants 1110612 and 1131055, Fondap 15110009, 
ICM grants P02-51 and NC120066
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This research present the high resolution, approximately 1 year 
sample spacing, precipitation record from Center-West of Brazil 
covering the last ~1500 yrs from 230Th-dated stalagmites oxygen 
isotope records. Our record shows abrupt fluctuations in rainfall 
tied to variations in the intensity of the South American summer 
monsoon (SASM), including the periods corresponding to the Little 
Ice Age (LIA), the Medieval Climate Anomaly (MCA) and Current 
Warm Period (CWP). Using spectral, wavelet and cross-wavelet 
analyses, we show that changes in SASM activity in the region 
are mainly associated with variations of the Atlantic Multidecadal 
Oscillation (AMO) and El Niño Southern Oscillation (ENSO). Our 
record also shows a distinct periodicity around 210 years, which has 
been linked to solar variability. 
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The Atacama Desert, northern Chile, is one the driest regions on Earth, 
where hyper-arid conditions have persisted since at least the middle 
Miocene (~19 Ma). Regional precipitation is on average less than 5 
mm annually and the population is dependent on groundwater as 
the sole source of potable and industrial water. Regional scale climate 
variations such as the strength of the South American Seasonal 
Monsoon (SAMS) and El Niño (ENSO) drive precipitation variations 
in the adjacent Andean highlands, and recharge of aquifer systems. 
Current atmospheric models indicate that precipitation variability in 
the Andean highlands is dominantly influenced by easterly storms 
associated with the SAMS; however, numerous paleoclimate proxies 
from the region identify changes in ENSO variability in the mid- to late 
Holocene (~6 ka to present). The northern Atacama Desert is therefore 
an ideal location to investigate the variations in the intensity of ENSO/
SAMS precipitation throughout the Holocene. Here we present time-
series of oxygen isotope values from ancient and modern Prosopis 
tamarugo tree ring alpha-cellulose from the Pampa del Tamarugal 
in the northern Atacama Desert. The P. tamarugo oxygen isotope 
values record regional variations in water availability and climate in 
the northern Atacama Desert throughout the past 2.5 ka. Interannual 
variations in the δ18O values of modern P. tamarugos from Cumiñalla, 
Chile range from 33.5 to 34.6‰ with low intra-annual variability (avg. 
1.1‰, 2σ=0.8‰). Ramaditas, a Formative Period archeological site 
in the Pampa del Tamarugal, contains P. tamarugo stumps and logs 
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with a greater δ18O range from 22.8 to 39.4‰ and greater seasonal 
variability (avg. 3.3‰, 2σ=2.4‰). The greater range in interannual 
and seasonal δ18O values at Ramaditas most likely reflects a period 
with highly variable fluxes of runoff/recharge water and increased 
evaporation. An extensive network of irrigation canals, artisan wells, 
and over 10 km2 of agricultural fields at Ramaditas indicate that water 
was readily available from 2.5–2.0 ka when the site was occupied. 
P. tamarugo was the main fuel source for activities such as copper 
smelting and building construction yet at present, vegetation is 
completely absent from the Ramaditas site. Significant changes in 
water availability and anthropogenic alteration of the landscape 
may have been a critical factor in the eventual abandonment of the 
site. These episodic changes in water availability during the mid-
Holocene on the Pampa del Tamarugal can be linked to broader scale 
shifts in Pacific and Atlantic moisture sources. 
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Since wind-generated waves are a phenomenon that occurs on 
the surface of the sea, it is an essential part of ocean-atmosphere 
interactions and global climate. Wave climate has variations classified 
as short, medium and long term. To determine the long-term 
variability of wave climate in the San Andrés Archipelago, we used 
60-years data of surface wind fields from the NCEP/NCAR Reanalysis 
I, and significant wave height time series from GOW (Global Ocean 
Waves - IH Cantabria) near the islands of San Andres and Old 
Providence. These series were correlated with each other and with 
climate indices as MEI, AMM and NAO, using the Continuous Wavelet 
Transform (CWT) and Cross Wavelet Transform (XWT). Although a 
2-8-year oscillation typical of ENSO variability is observed, there is 
a dominant 8-16-year cycle, probably associated with the Atlantic 
Meridional Mode (AMM).
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Chironomids, diatoms and microcrustaceans (ostracodes, 
cladocerans, copepods) that inhabit aquatic ecosystems of the 
northern Neotropics (Mexico, Guatemala and Belize) are abundant, 
diverse, and highly sensitive to environmental changes (conductivity, 
water chemical composition, etc.). These organisms therefore 
have great potential as modern and late Quaternary bioindicators. 
The goal of this study is to develop transfer functions to infer late 
Quaternary environmental conditions in the region by collecting 
modern species and describing their habitat. We collected and 
analyzed water and surface sediment samples from 63 waterbodies 
located along broad steep gradients of altitude (~0-1 560m.a.s.l.) and 
precipitation (~400-3 200mm/y). We related 14 limnological variables 
to relative abundances of 282 diatom species, 66 chironomid 
morphospecies, 51 cladocerans species, 29 non-marine ostracode 
species and six freshwater calanoid copepods. Multivariate statistics 
indicated that bicarbonate is the strongest driver of chironomid and 
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copepod distribution. Trophic state is the second most important 
factor that determines chironomid distribution. Conductivity, which 
is related to the precipitation gradient and marine influence on the 
Yucatán Peninsula, is the main variable that determines diatom, 
ostracode and cladoceran distribution. Diatoms, chironomids and 
cladocerans displayed higher diversities (H=2.4-2.6) than ostracodes 
and copepods (H=0.7-1.8). Species richness and diversity were 
greater at lower elevations (450 m.a.s.l.) than at higher elevations in 
Guatemala. Distribution and diversity of bioindicators are influenced 
by multiple factors including altitude, precipitation, water chemistry, 
trophic state and human impact. Volcanic highland lakes display 
origin and water chemical composition different from those of karst 
lowland lakes. This investigation generated the first training sets for 
chironomids, diatoms, ostracodes, cladocerans and copepods in the 
region, and is a pre-requisite for future quantitative paleolimnological 
reconstruction of late Quaternary environments in the northern 
Neotropics. Transfer functions will be developed and applied to fossil 
assemblages in sediment cores retrieved from lakes in the region. For 
the improvement of such transfer functions, an additional training 
set (n=100) was established in 2013 and included aquatic ecosystems 
in Mexico, Guatemala, El Salvador, Honduras and Nicaragua.
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The continental shelf, adjacent to the Río de la Plata (RdlP), exhibits 
extremely complex hydrographic and biological characteristics, 
which are of great socio-economic importance. The long-term 
salinity variations in the system have not been studied yet. The aim 
of this work is to reconstruct the environmental evolution of the 
Uruguayan continental shelf, and analyze the forces behind it, during 
the Late Holocene. We retrieved a 10-m-long sediment core from the 
RdlP mud-depocenter. We analyzed diatoms composition, according 
to their salinity requirements: freshwater (F), marine-brackish (M-B), 
and marine (M), and geochemical data: C, N, Ca, Ti, Fe, Al, Si and K. The 
GeoB 13813-4 sediment core showed a constant sedimentation rate 
of 8 mm yr-1 according to radiocarbon ages. Comparisons between 
centuries have shown that salinity variations were associated to 
climatic changes occurring both regionally and worldwide, i.e. the 
Medieval Warm Period (MWP) and the Little Ice Age (LIA), which 
impacted in the rainfall and wind patterns over the region. During 
the MWP a prevalence of northerly winds with little El Niño/La Niña 
Southern Oscillations (ENSO) activities, could explain the dominance 
of M species and the high Ca/Ti ratios, recorded from 1200 to 365 
cal yr BP. In contrast during the LIA, a stronger ENOS activity and 
a prevalence of southerly wind may have caused a northward 
spreading of RdlP river plume. Thus, determined a dominance of F 
species, and smaller Ca/Ti ratios from 365 to 65 cal yr BP. Since 1960, 
diatom composition was predominantly M and M-B, and higher 
C/N ratios were recorded, indicating an environmental transition to 
more brackish condition. It was also suggested anthropic impact, 
as higher levels of 15N, Fe, and an increasing sedimentation rate (13 
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mm yr-1, 210Pb), were recorded. On a yearly and decadal variability for 
the last 50 yr, diatom composition has been strongly associated with 
the indices of climatic change, i.e. Southern Oscilation Index (SOI) and 
Pacific Decadal Oscilation (PDO), and two contemporary zones were 
indicated. From 1960 to 1975, the record was developed under cold 
PDO and ENSO phases, associated with negative anomalies in the 
Paraná and Uruguay rivers discharge, and thus, diatom composition 
was characterized by a predominance of M species. From 1976 
to 2009, it was developed under warmer ENOS and PDO phases, 
associated with positive anomalies in the discharge of the same two 
rivers, and the diatom register indicated a greater F and M-S species.



111

MAIN PRESENT HYDRO-CLIMATIC FORCING MECHANISMS 
IN CENTRAL AND SOUTH AMERICA AT DIFFERENT 
TIMESCALES

Poveda, G1

(gpoveda@unalmed.edu.co), (1) Depart. of Geosciences and Environment, Univ. 
Nacional de Colombia, Sede Medellín, Colombia
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Present climate Central and South America is reviewed in terms of 
major hydro-climatic controls, supported by evidence from station 
records, reanalysis data and satellite information. In this tropical 
region, precipitation is the principal hydro-climatological variable to 
display great variability. The primary objective is to view the controls 
that operate at intra-seasonal to inter-decadal time scales. This is 
a topographical complex region whose climate influences range 
in provenance from the South Atlantic to the Canadian Prairies, 
and from the North Atlantic to the Eastern Pacific. The situation 
is further complicated by interactions and feedbacks, in time and 
space, between these influences, which are interconnected over 
various scales. The greatest single control on the annual cycle is the 
meridional migration of the Inter-tropical Convergence Zone and 
it pattern of associated trade winds. Consideration of these alone 
and their interaction with the Cordilleras of the Andes and Central 
America produce a variety of unimodal and bimodal regimes. 
Regionally, two low level jet streams, the westerly  Choco jet (5N) and 
the easterly Caribbean jet (12-14N), and their seasonal variability, 
have tremendous significance, as do mesoscale convective storms 
and mid-latitude cold fronts from both the northern (nortes) and 
southern (friagems) hemispheres. The association of low-level jets 
and continental-scale aerial rivers and lakes over South America 
with the seasonal distribution of precipitation will be discussed, and 
connected with the biotic pump of atmospheric moisture theory, 
a brand-new paradigm shift in atmospheric sciences, meteorology 
and hydrology altogether. Feedbacks between evaporation over the 
Amazon, precipitation onto the eastern Andes and streamflow from 
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the headwaters of the Amazon will be reviewed, along with the high 
percentages of recycled precipitation over large areas of the tropics 
and the potential impacts of anthropogenic modification of the land 
surface. The El Niño-Southern Oscillation phenomenon (ENSO) is 
the greatest single cause of interannual variability within the region, 
yet its effects are not universal in their timing, sign or magnitude. 
In addition, some potential impacts of longer run variations within 
the ocean-atmosphere system of the Pacific and Atlantic Oceans are 
examined independently and in conjunction with ENSO. This review 
of the climatic controls and feedbacks in the region provides a spatial 
and temporal framework within which the highly complex set of 
factors and their interactions may be interpreted from the past.
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CLIMATE VERSUS HUMAN CONTROLS OF FIRE IN NEOTROPICAL 
ECOSYSTEMS DURING THE PAST TWO MILLENNIA

Power, MJ1 and GPWG data contributors

(Mitchell.power@geog.utah.edu), (1) Utah Museum of Natural History, Univ. of 
Utah, USA
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Biomass burning has a central role in shaping natural and 
anthropogenic tropical ecosystems. Changes in fire activity, including 
the frequency and magnitude of individual fire events at fine spatial 
scales (10km2) are compared to regional trends in tropical fire from 
multiple charcoal records to capture larger (~100 km2) spatiotemporal 
patterns of fire.  A synthesis of charcoal records from tropical Central 
and South America (30°N-30°S) suggest a dominant trend of reduced 
fire activity during the last 2000 cal yr BP. Embedded in this long-
term trend, are short-term centennial variations in fire primarily 
linked to global and regional climate forcing.  Late Holocene changes 
in Atlantic and Pacific sea surface temperatures and duration of the 
tropical wet/dry seasons are likely drivers of changes in fire during 
the Medieval Climate Anomaly and the Little Ice Age.  Mismatches 
between independent paleoclimate records and local-to-regional fire 
histories may be linked to human populations, but anthropogenic 
forcing of fire is embedded in the larger scale paleoclimate of the late 
Holocene.  Exploring the controls and responses of biomass burning 
on multiple spatial and temporal scales illuminates the importance 
of considering a hierarchy of drivers for late Holocene fire activity.  
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RELATIONSHIP BETWEEN THE SOUTH AMERICAN 
MONSOON AND THE STREAMFLOW OF SOME RIVERS OF 
NORTHERN ARGENTINA THROUGH DOCUMENTARY AND 
TREE RINGS EVIDENCE

Prieto, MR1, Ferrero, ME1, Araneo, D1, Rojas, F1, Morales, M1.
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In Northern Argentina, severe and prolonged climatic events at a 
regional or larger scale can deeply impact the population. This is 
the case in the past and the present.  These catastrophic effects can 
operate through material damages, but mainly through the lack 
of food, through famine, disease, pests, leading to demographical 
decline, massive death, economic crisis, social and politic conflicts. 
In this context the South American Monsoon Systems (SAMS) have 
great importance to understand these processes. The seasonal 
phase of increased rainfall due to annual changes in atmospheric 
circulation associated with the asymmetric heating between 
continents and oceans, is called Monsoon. In  America, we refer to 
the  warm season circulation over South America as a monsoon 
system since the large seasonal  changes observed have all the 
characteristics of a traditional  monsoon regime. These changes 
include a large increase of precipitation over the Amazon Basin,  the 
establishment of an upper-level anticyclone known as the Bolivian 
High, and the  strengthening of the thermally driven “Chaco” low in 
northwest Argentina and Paraguay (Zhou and Lau, 1998; Vera et al. 
2006; Marengo et al, 2012; Liebmann and Mechoso, 2011). To analyze 
the impact of these severe climatic episodes and the role of SAMS, 
we have developed proxies based in documentary evidence and 
tree rings series of streamflow of three important rivers in northern 
Argentina through the past five centuries. Pilcomayo-Bermejo 
(record AD 1600 - 2008) and Salí-Dulce rivers (record AD 1580-1925) 
come from the Andean region.  When the rivers leave the mountain 
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and turn eastwards (Gran Chaco), these acquire the characteristics 
of typical lowland rivers. The Paraná River (record AD 1590-1805) 
begins in the Mato Grosso Plateau (Brasil). Together with the 
Paraguay and Uruguay Rivers, it forms the fluvial system of the Río 
de la Plata Basin. Vuille (2012), by means of  isotope proxies from ice, 
speleothems and lakes has  studied the monsoon belt in the tropical 
Andes and SE Brazil showing a very coherent behavior over the 
past 2 millennia with significant decadal to multidecadal variability 
during three key periods: the Medieval Climate Anomaly (MCA), 
the Little Ice Age (LIA) and the current warm period (CWP). Vuille 
interprets these three periods as times when the SAMS’s mean state 
was significantly weakened (MCA and CWP) and strengthened (LIA), 
respectively. Our objective is to link the river fluctuations mentioned 
with monsoon behavior during the LIA and the CWP. We also explore 
the connection of these documentary records and tree ring proxies 
with other forcings like ENSO, continuing the line of other papers 
(Prieto, 2007). We propose that although the three rivers are deeply 
influenced by the Monsoon, the incidence is particularly relevant on 
the Parana River.



116

MAGNETIC SUSCEPTIBILITY: A TOOL IN PALEOCLIMATOLOGY
Ramírez, J1, Mesa, J1, Uribe, C1

(mramir23@eafit.edu.co), (1) Hotbed of Research in Geochemistry and Regional 
Geology - Geology Depart. – EAFIT Univ. , Medellín – Colombia 

Magnetic susceptibility (MS) is a measure of the concentration, 
composition, and size of magnetic minerals, giving similar results to the 
ones generated by other techniques. It is possible to identify magnetic 
minerals in a sample, determine its concentration or volume with high 
resolution, classify various types of materials, identify processes, and 
recognize “environmental fingerprints”. Particularly, measurements 
can help to identify specific processes such as fire, air pollution, or 
waterlogged soil, being quite useful in climate, soil, and archaeological 
reconstructions. The present study shows the application of this 
method in the field of paleoclimatology. In order to test the usefulness 
of MS in paleoclimatic reconstructions, samples were extracted from 
the “Climatic variability of the Cauca paleolake in La Caimana, San 
Nicolás section” (Garcia et al. 2011), to see if the results here obtained 
are consistent with those achieved in the previous project. Channel 
samples were used, taking 5 g of sediments every 20 cm, for a total of 
79 samples. MS results are discussed in relation to the palynological 
indices found by Garcia et al. (2011). Five peaks of MS (ω, μ, φ, ρ 
and β) with values higher than 20.0 (x10-7 m3 x Kg-1) were identified. 
Observations show that pollen content decreases from the base to the 
top and most MS peaks (μ, β and φ) are located towards the top of the 
column. Pollen is an indicator of wet weather so drier climates could 
be inferred in relation to younger sediments. From top to base, μ, φ, 
and β are related to the biostratigraphic zone where river influence 
is reduced, having sub - aerial exposure and pedogenetic processes 
(García et al., 2011). The silty clay sediments exhibit strong orange 
coloring which is associated with the presence of goethite indicating 
oxidizing conditions with subsequent silt weathering  (Verosub & 
Roberts, 1995). ω corresponds to the contribution of volcanic ash  
which are usually highly magnetic. ρ shows a change in climatic 
conditions, with a great influence of terrestrial organic matter and a 
high sedimentation rate (García et al., 2011), which may be associated 
with an environment of increased precipitation and river influence.

Keywords: Magnetic susceptibility, paleoclimatology, La Caimana.
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SPATIAL DISTRIBUTION OF ORGANIC-WALLED 
DINOFLAGELLATE CYSTS IN SURFACE SEDIMENTS IN 
RELATION TO ENVIRONMENTAL PARAMETERS ALONG THE 
CARIBBEAN AND EASTERN TROPICAL PACIFIC 
Ramírez-Valencia, V1, Amézquita, A1, González, C1

(v.ramirez11@uniandes.edu.co), (1) Depart. Ciencias Biológicas, Univ. de los 
Andes, Bogotá-Colombia

Keywords: top-core sediments, indicator species, marine ecosystems, 
Colombia.

The composition of organic-walled dinoflagellate cyst associations 
in modern sediments can be used to infer past variations in climate 
and environments. Despite the existence of vast and recent world-
wide compilations on the geographic distribution of cysts in 
sediments, regions like northern South America are completely 
underrepresented and thus restrict the potential use of this proxy for 
paleoceanographic reconstructions in these areas. We will present the 
first spatial analysis of organic-walled dinoflagellate cyst assemblages 
on surface sediments from the Caribbean Sea and eastern tropical 
Pacific ocean in relationship to enviromental parameters. Our aims 
are (1) to characterize species composition and relative abundance 
in order to set a baseline for future paleoceanographic deep-core 
reconstructions (2) to use multivariate predictive models to recognize 
natural groups and correlate them to environmental parameters (eg. 
SST, SSS, chlorophyll) mapped with the spatial patterns. Furthermore, 
assemblages will provide information related to the dinoflagellate-
induced harmful algal blooms and enable postulations about the 
possible causes and future risks. 

Funding, Colciencias Project 120456934184
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GEOCHEMICAL PROXIES AND LONG-CHAIN N-ALKANES AS 
EVIDENCE OF PAST LANDSLIDES IN THE RELONCAVÍ FJORD (41° 
S, 72° W, CHILEAN PATAGONIA) DURING THE LAST ~120 YEARS

Rebolledo, L1,2, Lange, C1,2, Marín, Y1, Muñoz, P3, Acuña, V2, 
Salamanca, M1

(lrebolle@udec.cl), (1) Depto. de Oceanografía, Univ. de Concepción, Chile, (2) 
COPAS Sur-Austral, Chile, (3) Univ. Católica del Norte, Chile

The Chilean $ords are excellent archives of paleoearthquakes, 
turbidites and landslides, and changes in paleoproductivity through 
time. The main goal of this study was to identify events of past 
landslides based on geochemical and sedimentological evidences 
obtained from a core retrieved in the Reloncaví $ord near the Puelo 
river discharge (RH-5C, 41°38’S, 72°20’W; 174 m water depth; core 
length = 45 cm), and compare our record with available information 
of historic landslide events. Here we report mainly changes in 
geochemical proxies: C/N, δ13Corg, long-chain n-alkanes, Carbon 
Preference Index (CPI), and sedimentological proxies: grain size 
and magnetic susceptibility. The age model was based on 210Pb and 
AMS14C and the core span the last ~120 years of sedimentation with 
a sedimentation rate of 0.22 cm yr-1. This core was mainly terrestrial 
in origin according to the values of δ13Corg, C/N, and long-chain 
n-alkanes shown an odd over even preference. In general, our record 
was characterized by two periods: The first period from 1898-1961 
AD: was characterized by low values of n-alkanes n C23-n C37 (15 µg-
1, average values of  13Corg of -27‰ , C/N between 10-40, low values of 
Corg 0.5-2 % and SiOPAL (6%. We observed a turbidite event between 
25 to 14.5 cm at 1964±3 AD likely associated with a historic landslide 
of 1965 AD and or with the giant earthquake of Valdiviva 1960 AD 
Mw= 9.5 that affected the zone. This turbidite was characterized 
by a decrease in unsupported 210Pb, high content of sand, and an 
increase in grain size. Finally, the last period from 1964-2011 AD, was 
characterized by variable values of long chain n-alkanes n C23-n C37 

Keywords: Patagonia, $ords, lanslides, organic geochemistry
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8-50 µg g-1, (CPI) 4-12 and Corg 0.5-6%, SiOPAL 4-12%, C/N 20-50, and 
variable values of δ13Corg -26 to -28 ‰, with a sharp increase at 4-5cm, 
mainly in long chain n-alkanes, CPI and C/N reflecting the input of 
terrestrial remains, likely associated with the 2001 landslide event.  
Thus, the geochemical and sedimentological information reveals 
a good matching with the historical records of past landslides and 
earthquake in the zone, beeing the Reloncaví $ord an excellent 
archive of past landslide triggered by periods of intense rainfall and 
or past earthquakes.

Funding: Project FONDECYT # 11110103 and COPAS Sur-Austral project PFB-31.
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LONG-TERM DECLINING GROWTH PATTERNS OF 
NOTHOFAGUS PUMILIO TREES INDUCED BY CLIMATIC 
EXTREME EVENTS

Rodríguez Catón, M1 & Villalba, R1

(mrodriguez@mendoza-conicet.gob.ar), (1) Instituto Argentino de Nivología, 
Glaciología y Ciencias Ambientales (IANIGLA).
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We evaluated how extreme climatic events, particularly droughts, 
determine the begining of Nothofagus pumilio growth decline in the 
northern Patagonian Andes. Growth patterns associated with tree 
decline and mortality were studied in 11 relatively dry stands. Based 
on basal area increments from 447 trees, three dominant patterns of 
growth were identified: (1) trees with high rates of growth until the 
mid-20th century showed a sustained reduction reaching the lowest 
increments in the late 20th century; (2) trees with intermediate growth 
rates until mid-20th century showed a subsequent 20-30 year period 
with high rates of growth followed by a gradual reduction to present; 
(3) trees with low growth over most of the 20th century substantially 
increased the growth rates concurrent with the growth decline in 
the previous two groups. Changes in growth trends (from positive to 
negative) in the first two patterns were associated with the occurrence 
of major droughts in the years 1943-1944 and 1978-1979. Increased 
growth in the third group of trees is mainly due to the endogenous 
dynamics of the stands, probably due to a release of resources by 
declining individuals. Based on these results we discuss how climate 
plays a critical role regulating the vulnerability of tree individuals to 
unfavorable conditions and its influence on endogenous dynamics. If 
climate extreme events in northern Patagonia increase in frecuency, 
as climate change predictions indicate, the rate of recovery of these 
forests will be limited. Consequently, the permanence of N. pumilio 
forests in drier sites would be modulated by its ability to adapt to 
future climatic extreme events.
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CHANGES IN VEGETATION AND CLIMATE USING MULTI-
PROXY ANALYSIS IN A OXBOW LAKE IN SOUTHWESTERN 
AMAZONIA DURING THE LATE HOLOCENE
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Oxbow lakes dynamics are related with the variation in the flood pulse 
of the rivers. The flux of water and sediments that enter into these 
systems are regulating the configurations of the ecosystems that are 
growing there, influencing the biodiversity in the flood plains. The 
focus of this research is to find different changes in vegetation, during 
the late Holocene in southwestern Brazilian Amazonia, specifically in 
Amapá Lake, an oxbow lake as a result of a meander of Acre River. 
Our first results based on pollen counting, show a huge influence of 
Acre River in the establishment of the vegetation in the lake. This area 
is dominated by Tropical rain forest with the dominance of Cecropia 
sp., Moraceae/Urticaceae, Fabaceae and Melastomataceae. Along 
the record, pollen concentration is low with values between 5000 
and 13000 grains/cm3; there are different peaks in the percentage 
of tropical rain forest, and Cecropia sp., as pioneer plant indicator, is 
showing high and low frequency pattern, with values reaching up 
50%. We interpret those results as a different successional stages 
caused by flooding phases of Acre River; when Cecropia sp. reduces 
its frequency there is an increase in the representation of other 
elements of tropical rain forest as Sapindaceae, Annonaceae and 
Moraceae, showing a possible pattern of colonization in the area. 
According to these preliminary results and as a first approach into 
the changes in vegetation in oxbow lakes in Amazonia floodplains, 
we are going to use a multi proxy analysis, with radio carbon dating, 
X-ray fluorescence spectrometry, stratigraphy and statistical analysis, 
to corroborate that these fluctuations in the vegetation are related 
with the effect of the flood pulse of Acre River into Amapá Lake 
during the last 500 years BP. 
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VARIABILITY IN THE SOUTH AMERICAN MONSOON FROM 
CLIMATE MODEL SIMULATION OF THE LAST MILLENNIUM
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It is well established that Monsoon systems respond to orbital 
forcings. In recent years similar variability has been observed for 
shorter timescales, in particular between the 2 most prominent 
climate anomalies over the last millennium, namely the Medieval 
Climate Anomaly (MCA, ca. 950-1250 CE) and the Little Ice Age (LIA, 
ca. 1450-1850CE). Various high-resolution records from the area of 
the South American Monsoon System (SAMS) have shown good 
correlation with northern Hemisphere temperature and Inter-tropical 
Convergence Zone (ITCZ) reconstructions. The SAMS reconstructions 
show a weaker SAMS during the MCA period and a relatively stronger 
SAMS during the LIA period, indicating an anti-correlation with 
reconstructions of the South East Asian Monsoon for those periods. 
We explore if the CMIP5/PMIP3 Last Millennium simulations capture 
this variability. Models tend to perform poorly in the precipitation in 
this region, especially over the Amazon basin. However the Atlantic 
ITCZ is generally better represented, and indeed some models 
indicate shifts in the ITCZ, that is consistent with MCA versus LIA 
SAMS variability.
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PALEOECOLOGICAL TRENDS OF THE LAST 2.000 YRS IN THE 
GUAYANA HIGHLANDS: PRELIMINARY ANALYSIS OF THE UEI-
TEPUI RECORD

Safont, E1,2, Rull, V2, Vegas-Vilarrúbia, T1

(esafont@ub.edu), (1) Depart. of Ecology, Univ. of Barcelona, Barcelona-Spain, (2) 
Palynology & Paleoecology Lab, Botanic Institute of Barcelona (IBB-CSIC-ICUB), 
Barcelona-Spain

Keywords: Guayana Highlands, paleoecology, pollen.

The Guayana Highlands are a singular high-mountain biogeographic 
province, located within the neotropical Guayana region of northern 
South America. This discontinuous province, also called Pantepui, 
comprises the summits (1500 to 3000 m high) of ~50 table-like 
sandstone mountains, locally referred to as tepuis. Tepuis summits 
have been recognized as suitable environments for palaeoecological 
studies with evolutionary, biogeographical and palaeoclimatic 
implications. We present a preliminary palaeoecological 
reconstruction based on a radiocarbon-dated peat bog sequence 
from Uei-tepui (5.0160 ºN 60.6145 ºW, 2.104 m elevation), which is 
situated along the border of southeastern Venezuela and northern 
Brazil. The whole record is 185 cm thick and embraces the last ca. 
6.000 cal yrs BP, of which the last 2.000 are presented here. The age-
depth model shows that the average sedimentation rate is 0.046 cm/
yr. Paleoecological trends are inferred from palynological analysis. 
Dominant pollen grains include Cyrilla racemi!ora (Cyrillaceae), 
Stegolepis guianensis (Rapateaceae), Bonnetia sp. (Bonnetiaceae), 
Xyris sp. (Xyridaceae), and Poaceae. At present, the summit of 
Uei-tepui is covered with a combination of shrublands and tepui 
meadows. Forests are less abundant, and where existent they are 
dominated by Bonnetia. Phyllanthus pycnophyllus (Euphorbiaceae), 
Gaiadendron punctatum (Loranthaceae), Cyrilla racemi!ora, Meriania 
crassiramis (Melastomataceae), Cybianthus sp. (Myrsinaceae), and 
a liana, Passi!ora sclerophylla (Passifloraceae), are the dominant 
taxa of the shrublands. Finally, meadows are mainly composed of 
Stegolepis guianensis, Xyris sp., Eriocaulaceae, Pseudolycopodiella 
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caroliniana (Lycopodiaceae), Brocchinia tatei, and Connelia augustae 
(Bromeliaceae), and Heliamphora ionasii (Sarraceniaceae) only where 
soil humidity is higher. Smear slide screening indicates that diatoms 
seem to be poorly represented through the core except for the top 
8cm, where different species of pennate diatoms are represent. 
Another important feature of this tepuis is that it has gradual slopes for 
the most part that connect the summit to the surrounding lowlands 
(Gran Sabana), where fires have been conditioning the landscape 
since the Late Glacial, increasing its frequency since 2.000 cal yrs BP. 
We have evidence that some fire events reached the summit, as near 
the sampling point we found a burned tree trunk, dated within 168 
and 220 cal yrs BP. Therefore, we expect our paleoecological analysis 
to enable the reconstruction of both paleoenvironmental and 
vegetation trends, and fire regimes at the area.
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A 900 YEAR RECORD OF UPWELLING PRODUCTIVITY IN THE 
EASTERN TROPICAL NORTH PACIFIC
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The Earth has experienced periods of climate variability over the last 
millennium. The Medieval Climate Anomaly (MCA) marks a period of 
positive temperature anomalies recorded between 900 and 1150 AD, 
and Little Ice Age (LIA), which occurred between 1400 and 1800 AD 
in association with a negative temperature anomaly. Eastern Tropical 
North Pacific (ETNP) climate is sensitive to high-latitude events 
via the atmosphere, through pressure systems and Intertropical 
Convergence Zone (ITCZ) position, and/or via the oceans, through 
transport of Intermediate Water at depth. Here, we exploit the 
climate-sensitive location of the ETNP to assess the influence of 
high- and low-latitude forcing over tropical Pacific climate during the 
LIA and Recent. Strong seasonal variability in biological productivity 
and wind strength reflect the positions of atmospheric high pressure 
systems and the ITCZ. In this study, we present new data of benthic 
foraminifer’s counts, organic carbon and δ13C in Uvigerina peregrina 
for a multicore collected at 700 m depth in the southwestern margin 
of Baja California. The sediment record allow us to constrain the 
upwelling productivity of the last 900 years from Magdalena margin. 
The benthic foraminifer’s counts and organic carbon content were 
higher during the LIA vs. Recent. δ13C values of U. peregrina were 
enriched in 12C and are synchronous with the increase (decrease) 
of benthic foraminifera’s counts and organic carbon content during 
the LIA (Recent) due to change in productivity exported associated 
with upwelling. The combination of records for benthic foraminifer’s 
counts and organic carbon content reveal variations in upwelling 
intensity which can be linked to shifting ITCZ position. Our results 
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strengthen the view offered by palaeoclimate data and climate 
modelling studies that the marine ITCZ is exceptionally sensitive to 
high- and low-latitude climate forcings. During the LIA, this manifests 
as a southward migration in response to high-latitude cooling, ice 
cover, and reductions in thermohaline circulation, and an increase in 
marine productivity from ETNP. Conversely in the Recent, warming 
of northern subtropical continental land masses invigorated the 
summer monsoon, and drew the ITCZ northward, and a decrease in 
marine productivity of ETNP. 
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Because of the growth of intensive salmon culture in southern Chile, 
there are serious concerns regarding the long-term impacts of 
such activities on these “pristine” environments, also threatened by 
anthropogenic climate change. We report preliminary results from a 
study of sediments collected from the Puyuhuapi channel (an area of 
intensive fish farming) and Seno Gallegos (an area currently without 
fish farming), in the Chilean Patagonia, in order to identify a long-
term “footprint” of salmon culture characterized by high inputs of fish 
meal-based food and organic matter to the benthic environment. 
We found 15 diatom taxa distributed in: (1) A high nutrients group: 
Chaetoceros radicans, Ch. didymus, Skeletonema sp. and Thalassionema 
nitzschioides, (2) a coastal-planktonic group: Thalassiosira mediolana, 
Th. eccentrica and Dytilum brightwellii, (3) a marine benthic group: 
Cocconeis spp. and Grammatophora, (4) freshwater species poorly 
represented by Cyclotella spp. and Amphora spp. And, (5) other 
siliceous remains including the sillicoflagelate Distephanus speculum 
and sponge spicules. In general diatoms were poorly represented, 
but microsiliceous organisms were abundant in several samples 
collected bellow fish cages. As data will become available we expect 
to observe sediments enriched in organic phosphorus and redox 
sensitive P species (i.e. biogenic apatite) below fish cages. On the 
other hand, in Seno Gallegos, we found 39 diatom taxa among 
which the most abundant taxa corresponded to the high nutrients 
group (96%, mostly Chaetocerus radicans/cintus, Ch. dydimus, 
Skeletonema sp., and Thalassionema nitzschioides). In the freshwater 
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group we identified as the most important species Ceratoneis arcus, 
Synedra spp., Gyrosigma spp., and Navicula spp. In addition, coastal 
marine planktonic and marine benthic were mostly represented by 
Thalassiosira mendiolana and several species of Cocconeis. Other 
microsiliceous remains corresponded to Distephanus speculum and 
sponge spicules. We did not observe spatial variations in species 
composition and relative abundance of siliceous organisms in Seno 
Gallegos as a function of glacier`s proximity.

Acknowledgments: A. Montiel acknowledges funding from Fondecyt grant No. 
11090208. This work was funded by the Dirección de Investigación y Postgrado, 
Univ. de Magallanes.
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PALEOENVIRONMENTAL CHANGES OVER THE LAST 2000 
YEARS IN THE CENTRAL ANDES RECORDED BY HIGH-
ALTITUDE PEATLANDS

Schittek, K1, Mächtle, B2, Forbriger, M3, Schäbitz, F1

(schittek@uni-koeln.de), (1) Cologne Paleoecology Group (COPA), Seminar 
of Geography and Geographical Education,    Univ. of Cologne, Germany, (2) 
Geographical Institute, Univ. of Heidelberg, Germany, (3) Institute of Geography, 
Univ. of Cologne, Germany.

Keywords: Late Holocene, cushion peatlands, central Andes

Within palaeoenvironmental studies, high-altitude peatlands of the 
Andes still remain relatively unexploited, although they offer an 
excellent opportunity for high-resolution chronologies, on account 
of their high accumulation rates and abundant carbon for dating. 
Especially in the central Andes, additional high-quality proxy records 
are still needed due to the lack of continuous and well-dated records, 
which show a significant variability on sub-centennial to decadal 
precision scales. We compare peatland records obtained from 
various sites in the Peruvian, Chilean and Argentine high Andes.  
For the reconstruction of late Holocene environmental changes, 
multi-proxy methods (mcro-/macrofossils, XRF, isotopes, CN) were 
applied, based on peat cores from cushion peatlands at 3600-4800 
m a.s.l. throughout the cordilleras. The results reflect prominent late 
Holocene climate anomalies and provide evidence that Northern 
Hemisphere temperature oscillations were extensive and affected 
the southward migration of the ITCZ, and hence, the intensity of 
moisture flux within the South American summer monsoon belt. 
In the past, the peatlands recovered from climatic perturbations. 
Nowadays, many Andean peatlands are heavily degraded by human 
impact and peat deposits increasingly become susceptible to erosion 
and incision. If these processes continue in the future, these high-
mountainous ecosystems will lose their unique water storing and 
regulating capacity.
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Laguna Escondida is a remote, high altitude (1742 m), oligotrophic 
lake in the southern Chilean Andes. In winter, the lake is frozen for 
approximately 3-4 months. The study area is influenced by westerly 
air flow, primarily during austral winter. The long term variability 
(position and strength) of the Westerlies is influenced by the SAM and 
the PDO. Our study aims at providing a quantitative, high resolution 
(subdecadal) well calibrated temperature reconstructions for south–
central Chile (39°S). A 51 cm long gravity core of Laguna Escondida 
(38°28’S; 70°58’W) was examined for sedimentary facies, spectral 
indices indicative of sedimentary Chl-a and derivatives using scanning 
reflectance spectroscopy in the visible range VIS-RS (380-730 nm), 
grain size distribution, TOC, TN, and bSi at very high resolution (2 mm). 
Moreover, Chrysophyte stomatocyst assemblages were determined. 
210Pb, 137Cs and 14C AMS was used to establish the chronology. The VIS-
RS spectral indices RABD660-670 and R660/R670 indicative of sedimentary 
photopigments (chl-a and derivatives) were verified with and 
calibrated to quantitative HPLC pigment analyses. We show that the 
chlorin content in the sediments of Laguna Escondida is highly and 
significantly correlated (r =0.63, pcorr=0.039, 3-yr filtered) correlated 
with warm season temperatures (observational and reanalysis data) 
during the calibration period AD 1940 – 2008. The RMSEPboot of the 
calibration model (inverse regression) is very small (0.4 °C). We argue 
that lake primary productivity (as indicated by Chl-a and diagenetic 
products) in this oligotrophic remote lake is mainly controlled by 
warm season temperature. This has been documented in many lakes 
around the world. The calibration model was then used to reconstruct 
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warm season temperatures back to AD 770. The time series shows 
a warm Medieval Climate Anomaly (12th and 13th centuries) and a 
cool LIA which was interrupted by a very warm early 19th century. 
The pigment-inferred cooling in the 20th century is confirmed by 
meteorological data. The photopigment-inferred temperature 
reconstruction is consistent with the PC2 scores of the sedimentary 
Chrysophyte stomatocysts suggesting that these microfossils contain 
a climate signal. A Transfer Function is currently under development 
to establish a quantitative cyst-based temperature reconstruction. 
The early 19th century warmth is an interesting feature and seems 
enigmatic in the global context, but it is reproduced in other regional 
proxies. There is an overall good agreement with long term climatic 
patterns as found in other records from central-southern Chile. 
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A continuous, highly resolved trace element record was derived 
from a well-dated ice core from Illimani, Bolivia, allowing detailed 
insight into pre-Incan mining and smeltering activities. Generally, 
the reconstruction of the history of pre-Columbian “New World” 
metallurgy is fragmentary, partly because of extensive looting of 
precious metal artefacts by the conquerors. In the Illimani record 
earliest indication for anthropogenic emissions are observed in the 
period between ca. 500 AD and 900 AD analogue to the findings in 
Laguna Taypi Chaka and coinciding roughly with the culmination of 
the Tiwanaku civilization. Significant lead enrichment is detectable 
until one century prior to the supposed beginning of the decline 
of the Tiwanaku Empire. Elevated concentrations of dust tracers 
between 1000 and 1400 AD and simultaneously high concentrations 
of the temperature proxy ammonium point to a centuries-long warm 
and dry period during the Medieval Climatic Optimum at least in the 
catchment area of the Illimani. This was followed by cooler conditions 
from 1400 AD to 1800 AD, when temperatures dropped by up to 
0.6°C below the 1961–1990 average. At present, the discussion if 
climatic conditions may have played a role in the Tiwanaku demise 
includes to date only one piece of evidence from ice cores, i.e. the 
accumulation rates as a proxy for precipitation and insoluble dust 
records from Quelccaya ice cap. Our data provide additional input 
for this controversially discussed topic with respect to onset and 
extension of a minor climatic anomaly in a vulnerable “densely” 
populated landscape. 
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MODES OF TROPICAL ANDEAN PRECIPITATION SEASONALITY 
DURING THE LITTLE ICE AGE ENCODED IN ICE CORE ISOTOPE 
PROFILES
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Improving understanding of the climatic controls on stable water 
isotopes (HD, δ18O) in precipitation in tropical South America is 
important for understanding of current and past climates, and 
particularly those derived from ice core studies.  We consider the 
case of the Little Ice Age (LIA), which is identified in annual layer δ18O 
and accumulation from the Quelccaya, Peru ice cores to have been 
the outcome of two highly dissimilar centennial-scale climate modes 
occurring in sequence. The LIA onset period (1550-1680 AD) featured 
highly pluvial conditions and δ18O isotopic depletion comparable to 
the present. This was followed by an abrupt transition to an arid mode 
(1680-1880 AD), characterized by much lower seasonal accumulation 
and more depleted δ18O.  While this modal behavior is both distinct 
and unambiguous in Quelccaya strata, the meteorological processes 
that yielded the different signals remain to be clarified.  To address 
this, we utilize the Andean Isotope Model (AIM), an analytical tool 
developed from an empirically based hypothesis that δ18O profiles 
in high elevation tropical Andean ice cores record mesoscale 
precipitation processes upstream of the site of snow deposition. 
The AIM is based on isotopic fractionation according to Rayleigh 
distillation theory, and utilizes climatological data from regional 
weather stations and satellite-based radar (TRMM) as inputs to 
simulate depth profiles of δ18O variations in annual layering. Initial 
results demonstrate skill at accurately reproducing high and 
low frequency δ18O signals and amplitudes observed in annual 
accumulation profiles. As such, the AIM enables determination of the 

Keywords: Quelccaya ice cores, Little Ice Age, precipitation seasonality.
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controls on near-surface δ18O annual layer profiles by meteorological 
phenomena under modern climatic conditions; this in turn informs 
interpretation of the climatic conditions associated with older δ18O 
registered prior to the instrumental era. Applying this insight, we are 
utilizing AIM and annual layer data from Quelccaya to explore the 
meteorological character of  the Little Ice Age modes and contrast 
them with present-day climate. We will describe the analytical 
approach and initial results, along with planned activities to refine 
methods and extend the study to other low latitude ice core sites.



135

ORGANIC MATTER COMPOSITION AS A TOOL OF 
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The analysis of Sedimentary Organic Matter (SOM) on stratigraphic 
successions can lead to a comprehensive picture of the ancient 
environments and processes. Optical characteristics like color, size, 
anisotropic patterns and reflectance, indicate the primary source 
(pedogenetic, lacustrine or fluvial environments) and the alteration 
processes (fragmentation, dissolution, oxidation, gelification and 
mineral replacement) occurring during SOM particle transport and 
deposition. In sediments deposited in high-energy environments, 
such as riparian corridors, the conservation of taxonomically 
identifiable specimens is scarce. The analysis of SOM including 
degradation states is thus a good and alternative paleoenvironmental 
reconstruction tool. The Sucre-II stratigraphic section is located on 
the eastern bank of the Cauca River at 430 masl. It is composed of 
fine grain laminated sediments with organic matter rich laminae at 
the base and sand beds and paleosols at the top. The analysis of SOM 
composition of the main strata types (clay laminations, paleosols 
and organic matter laminae) of Sucre-II was complemented with 
the analysis of SOM of the two most likely modern analogues: the 
sediment accumulated in the bottom of a pond flooded by the river 
during the rainy season and the mantle from a soil of a grazing area. 
After sieving the sediment samples with a 150 µm mesh, organic 
matter was extracted with ZnCl2. Plates were fixed with Eukit 
and counts were conducted to 300 grains. Optical analysis were 
performed using transmitted light, polarized light, reflection and 
in some cases UV excitation. Cluster analysis was carried out with 
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Wards algorithm. Seventy five types of SOM were identified and 
described and include amorphous material, structured remains and 
individuals. The latter were taxonomically placed inside vascular 
plants, Bryophytes, Cyanobacteria, Chlorophyta, Euglenophyta, 
Dinophyta, Cryptophyta, Heterokontophyta, Cilophora, Percolozoa, 
Amoebozoa, Arthropoda, Mollusca, Rotifera, Fungi and Oomycota. 
Gelification and mineral replacement were identified as promoters 
of preservation of biological individuals. The concentration of 
amorphous material exhibited a positive relation with moisture 
content of the environment at modern and ancient settings. On the 
basis of degradation states and taxonomic data of high range, we 
conclude that clay laminations correspond to ancient ponds. Organic 
matter laminae correspond to swamps formed on a floodplain. 
Paleosols were soils with different moisture content.  Additionally, 
the disappearance of organic matter sheets from the middle part to 
the top was interpreted as a process of aridification.
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Recent studies of tropical glaciers have shown that most are retreating 
rapidly, with some of the most dramatic changes occurring since the 
mid-1970s, most likely as a result of increasing global temperatures.  
However, a longer-term perspective is needed to place these 
changes in the context of natural climate variability. To better 
understand the climatological factors driving long-term variations in 
the mass balance of tropical glaciers, we reconstructed changes in 
precipitation and temperature in the eastern cordillera of Colombia 
using variations in the hydrogen isotope composition of sedimentary 
leaf waxes and branched GDGT distributions in the high-resolution 
sediment record from Lago Chingaza.  Centennial-scale temperature 
variations at Lago Chingaza are similar to those reconstructed from 
sites elsewhere in the tropics, suggesting that they reflect coherent 
temperature variations affecting much of the global tropics. The 
warmest and most rapidly changing temperatures of the last two 
millennia occurred over the last century – in conjunction with the 
recent retreat of Andean glaciers. Hydrogen isotope data indicate 
that recent temperature changes were not associated with changes 
in precipitation.  Thus it is most likely that the observed chretreat of 
tropical glaciers was mostly controlled by the unprecendented rate 
and magnitude of recent warming.
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Since the last 10 years there have been major improvements on the 
interpretation of terrestrial pollen and charcoal records from the 
eastern Patagonian Andes. New evidence from paleoenvironmental 
changes have been recorded with accurate chronological control 
from lakes and peat-bogs of forest and steppe communities between 
36°S and 52°S. Vegetation patterns in Patagonia respond mainly to 
the west-east precipitation gradient at a regional scale. Meanwhile 
at a local scale, understanding individual species responses to local 
humidity patterns is extremely useful to improve the reconstruction 
of past vegetation dynamics related to past climate variability. Also, 
the comparison between current fire behavior through different 
Patagonian communities and past charcoal records would improve 
paleoclimate variability inferences for the last 1500 years. During this 
study   paleovegetation/water balance indexes were performed at 
7 sequences of pollen records from forest and steppe communities 
at the eastern Patagonian Andes. Paleo-indexes patterns were 
compared to other Patagonian lake and peat-bog sequences, 
including pollen and charcoal records published recently. Between 
1500 and ca. 800 cal yrs BP, paleovegetation indexes and charcoal 
records suggest dense humid forest communities south to 45°S. 
The opposite signal is recorded in northern forest communities, 
suggesting open forest communities and high fire activity. Meanwhile 
steppe environments show low vegetation cover and low fire activity 
probably linked to xeric conditions. These paleovegetation and 
paleofire patterns may respond to La Niña-like conditions where 
the westerlies intensify and move southward. Also during the SAM 
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positive phase, the westerlies move southward decreasing Pacific 
precipitation northward to 48°S and favouring fire activity in northern 
Patagonia. After 700 cal yrs BP, paleoenvironmental conditions turn 
drier and wetter at the southern and northern forest communities, 
respectively. Steppe environments present wetter conditions during 
the LIA than the MCA. These patterns may respond to a weakening 
and equatorward displacement of the westerlies and the Southern 
Pacific High associated to an increase in El Niño frequency between 
800 and 300 cal yrs BP. The higher frequency of the temporary high 
pressure centers development southward to 40°S during this period, 
may block the westerlies circulation at southwestern Patagonia. 
The comparison of recently published pollen and charcoal records 
suggest an antiphase behavior between northern and southern 
Patagonia during the last 1500 yrs BP. This antiphase is also recorded 
between forest and steppe communities of southern Patagonia. Our 
interpretations agree with other marine and speleotherms studies 
between 41 and 53°S. 
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We investigated the impact of volcanic eruption on monsoon 
precipitation over central-South America based on comparisons 
of cumulative volcanic aerosol sulfate flux with a high resolution 
speleothem record from central-eastern Brazil. Our novel well 
dated speleothem record provides an accurate paleomonsoon 
reconstruction suitable to investigate climate perturbation of 
interannual to decadal times-scale for the last millennial. During the 
last millennium events of abrupt increase in monsoon precipitation 
are mainly concentrated in episodes of large volcanic eruption, 
usually presenting VEI (volcanic explosivity index) ≥ 5. The largest 
event of monsoon precipitation increase observed in our speleothem 
record occurs during the thirteenth century, at the time of the largest 
volcanic perturbation recorded in the last thousand years according 
to volcanic sulfate content in ice core record. In the same way, periods 
of strengthening in monsoon precipitation are recorded at the time 
of other important volcanic eruption as the Laki (1783) and Tambora 
(1815) eruptions. The speleothem record shows a persistence of 
volcanic perturbation on South America monsoon around 15 to 30 
years. The long-lasting signal of monsoon perturbation during large 
volcanic eruption points to nonlinear interactions between the 
volcanic radioactive forcing and the ocean-atmosphere system. The 
observed variation in the South America monsoon is also in agreement 
with fully coupled Ocean Circulation Models which points to volcanic 
eruption modulating AMOC strength with variable response.
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Palaeoenvironmental information based on biological proxies 
(pollen, non-pollen palynomorphs, plant macro remains and 
associated fauna) from three shallow lakes from the southeast 
Pampa plain (37°-38°S; 57°-58°W) is used to infer climatic conditions 
during the last 1500 cal yr. Present lakes exhibit water level and 
extent fluctuations, leaving flooded or uncovered surrounding areas, 
depending on precipitation. Synchronous and similar patterns allow 
to recognize four evolution phases. Between 1500 and ca. 700 yr cal BP, 
surrounding plant community was dominated by Chenopodiaceae 
or co-dominated by Chenopodiaceae-Cyperaceae, and Charophytes 
(Chara spp., Tolypella sp., Nitella sp.) dominated the water body, 
indicating a clear state in the lakes. These clear and very shallow lakes 
changed gradually towards turbid conditions after 700-500 cal yr BP, 
with time-lags due to intrinsic characteristics of each lake. There is a 
transition from Chenopodiaceae to Cyperaceae dominance in plant 
community. Charophytes noticeably decreased and Myriophyllum 
sp., Potamogeton sp., Zannicchellia sp. and free-floating macrophytes 
increased. Planktonic clorophytes (Pediastrum sp., Scenedesmus 
sp., Tetraedrom sp.) began to increase their values. Between ca. 
300 and 100 yr cal BP Cyperaceae dominated accompanied by 
Azolla "liculoides, Lemnaceae, Ricciocarpus natans and submerged 
macrophytes: Myriophyllum sp., Potamogeton sp., Ceratophyllum sp. 
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whereas planktonic chlorophytes exhibited their highest values. 
During this phase, turbid conditions with higher water level and/or 
extension of surface lakes were established. During the last ca. 80 yr 
cal BP, biological proxies show fluctuations that could be associated 
to human impact. Between 1500 and ca. 700 cal yr BP drier conditions 
than present are inferred. These conditions were already established 
at the beginning of the late Holocene. A transition phase towards 
more humid conditions is inferred although with some time-lags 
responses. Conditions more humid than at present were established 
ca. 300 to 100 cal yr BP. These results support the idea that in the 
southeast Pampa plain there is not an evident signal of the Medieval 
Climatic Anomaly, and that the Little Ice Age is characterized by humid 
conditions. These climatic inferences disagree with those obtained 
for others authors in north and western areas of Pampa plain. New 
paleolimnological reconstructions are needed to disentangle the 
intrinsic ecosystem variability from climate, and to elucidate if the 
late Holocene climatic events had different expression in the Pampa 
plain. 
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Many studies have documented the worldwide retreat of mountain 
glaciers during the 20th and 21st centuries as a result of the global 
temperature increase. Reconstructing variations in glacier front can 
therefore provide important information regarding past climate 
variability. In Europe the high amount of historical data allows the 
detailed reconstruction of glacier fluctuations. This is not the case 
for Patagonian glaciers, which limits our understanding of climate 
variability in this region. Here we used a combination of cartography, 
aerial photographs and satellite images to reconstruct glacier front 
variations for the “Cerro Castillo Chico” tongue, which is part of the 
Cordillera Castillo (46º03’21’’S; 72º10’43’’W, 1300 m.a.s.l), during 
the last two decades. This information was complemented with 
radiocarbon dating of buried trees, and with tree rings studies of the 
nearby forest. The most recent advance of the “Cerro Castillo Chico” 
tongue was dated using dendrochronological data obtained on the 
forest that colonized the most recent terminal moraine, deliver an 
average of 131 years, suggesting the glacier started to retreat during 
the second half of the 19th century. These results are supported by 
radiocarbon dating of a trunk buried in the frontal moraine, which 
provides an age of 170±35 yr BP (1672-1953 AD; 95%; ETH-43000). 
The late 19th century age of this moraine is in agreement with our 
previous work on other North Patagonian glaciers, in which we 
have shown that the last advance of Patagonian glaciers dates back 
to the second half of the Little Ice Age (i.e., the second half of the 
19th century). The available aerial photographs and satellite images 
allowed us to identify five periods of glacier retreat: i) 1944-1985; ii) 
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1985-2001, iii) 2001-2008, iv) 2008-2012 and v) 2012-2014. These data 
show that the glacier was 331 meters more advanced in 1944 (the 
oldest documented front) than in 2014, and that the retreat resulted 
in the formation of a proglacial lake. In addition, our results show that 
the rate of retreat increased by 200% between the 2001-2008 and 
2008-2012 periods. These results are consistent with other studies 
that record an increase in the rate of retreat of other Patagonian 
glaciers during the last decades. Despite the role of global warming 
in causing glacier retreat at global scale, we think it is necessary to 
test if other drivers may also influence glacier retreat on the eastern 
flank of Patagonian Andes. 

Funding is from DIUC Nº 210.310.056-1 sp Univ. of Concepción and Fondecyt 
project Nº 1120765. 
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Deposits from the Cauca River, located in middle Cauca Valley 
(northern Colombia), represent a laminated silt and clay sedimentary 
record recognized in three Holocene terraces: Obregón, San Nicolás 
and Olaya. These terraces were formerly considered as deposits 
of a paleolake formed due to the episodic damming of the river. 
However, studies on the organic matter composition and diatom 
paleoecology in the San Nicolás terrace indicated that the laminated 
sediments represent fluvio-lacustrine phases imposed by the river 
connectivity on an ancient floodplain. The objective of this study 
was to reconstruct the ecological and hydrological history of the 
Cauca River paleofloodplain on a regional scale. Diatom ecology 
and sedimentological analyses were carried out for the deposits of 
Sucre and Las Flores, and the San Nicolás core. The paleoecological 
reconstruction and lithofacies analysis indicated that these 
sedimentary successions were deposited between ~3,500 and (200 
cal yr BP, under a variable hydrological regime. Diatom assemblages 
and sedimentological analyses suggested that the Sucre section 
was deposited in a proximal environment as indicated by the high-
energy pulses, evidenced in coarsening-upwards fine sand beds, 
incipient paleosoils and ephemeral swamps. Lotic and lentic phases 
developed on an ancient, confined floodplain represented in a distal 
environment in the San Nicolás deposit as indicated by diatom 
assemblages. Conversely, evidences for fluvial connectivity were not 
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found in Las Flores section where deposition initiated some 1,000 
to 2,000 years later as compared, respectively, to Sucre and San 
Nicolás. Las Flores deposit is composed of paleosoils and beds of 
oxidized plant remains indicative terrestrial conditions. Despite the 
sedimentological, stratigraphic and ecological differences between 
the Holocene deposits, regional climatic conditions can be identified. 
Fluctuations of dry and wet conditions were frequent between ~3,500 
to 1,300 cal yr BP whereas a change to drier conditions occurred after 
~ 1,300 cal yrs BP. Here, we hypothesize that the genesis of these 
deposits corresponds to a combination of tectonics and climate. 
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We present a synthesis of changes in rainfall, sea level, and extreme 
events recorded in the Colombian Caribbean during the last 5000 
years, based on several palynological records and recent mangrove 
vegetation shifts. Towards the mid Holocene, postglacial high and 
rapid sea levels gave place to the formation of coastal lagoons in 
the Caribbean. Stabilized sea levels and high precipitations around 
3000 BP led to extensive mangrove colonization and establishment. 
A drought between 2850 and 2450 BP and the increase of easterly 
trade winds produced changes in salinity and species mangrove 
composition in the northeastern zone. Increased precipitation after 
2500 BP and subsequent increase of fluvial sediment input, promoted 
mangrove recovery. Nevertheless, a storm recorded around 1600 AD 
in the Central American San Andres Island gave place to vegetation 
devastation and sediment reworking. Relative sea-level rise around 
1700 AD combined with geomorphic reconfiguration of the coastal 
plain after the storm let the mangrove vegetation to recover. In 
contrast to many other Caribbean sites, pollen evidence indicated 
more humid regional climates during the late LIA (AD 1700–1850) not 
only in San Andres but also along the continental coasts of Colombia. 
Sea level rise during last 150 years has caused mangrove expansion 
in deltas, prograding fluvial environments or areas with high peat 
accumulation but caused mangrove reduction in highly eroded coasts 
with limited sediment input. Local conditions play an important role 
in the response of mangrove communities to sea level rise, through 
their effect on the erosion-progradation balance. Nevertheless, the 
largest reduction in mangroves and coastal vegetation during the last 
two centuries has been caused by anthropogenic land use changes, 
which in turn have obscured the paleoecological records.

Keywords: palynology, mangroves, southern Caribbean.
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Palaecological evidences of the effects of extreme events on coastal 
ecosystems are based in abrupt changes in the stratigraphy and the 
arboreal vegetation structure and composition at long-term scales. 
Although herbaceous vegetation could respond at shorter time scales 
and records a synchronous and clearer fingerprint of such events, its 
potential as a powerful proxy in tropical zones has been unexplored. 
While the shift from one forest type into another may take from 
decades to centuries, the non woody plants colonization can last a 
few months. Therefore these plants may be better indicators of such 
sporadic episodes along the ecosystems history. Loss of sediments 
and superficial soil layers caused by extreme events impoverishes 
plant nutrition and promotes the colonization by some successful 
Cyperaceae, Poaceae and Amaranthacea species which are adapted 
to such nutrient scarcity either through mutualistic interactions with 
microorganism and/or vegetative reproduction.  The alternation of 
these three families along a successional sequence has been related 
to rapid sea level changes (González & Dupont, 2009). Nevertheless, 
other herbs as some Asteraceae could also contribute to the 
environmental reconstruction in beaches and coastal degraded sites 
after strong natural disturbances. Although palynological records 
from the Caribbean have reconstructed sea level changes based on 
the pollen spectrum of Rhizophora, the records of sea level changes 
at shorter scales has not been properly identified, due to the long 
time for a forest stand to recover and start to produce flowers and 
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pollen grains. Data obtained from GIS analysis and the assessment 
of the natural regeneration in permanent plots in mangroves have 
shown that tree seedlings and herb vegetation respond faster to 
changes in salinity, soil humidity and sediments dynamics (input 
and output?). While some study cases from The Palmeras beach in 
the Gorgona island, and mangroves in La Guajira and the Uraba 
Gulf are good examples of the colonization by some particular herb 
species as a respond to recent strong storms, the palynological 
reconstructions from Cispata, La Guajira and San Andres evidence 
the occurrence of such herbaceous vegetation succession after a 
storm, abrupt sea levels and river bed changes. Our data show the 
indicator power of short life herbs to reconstruct strong events and 
fluvio-marine dynamics and confirm the urgency to deep inside the 
ecology of such species in order to accurate the palaeoenvironmental 
reconstructions. 
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REVISITING RECENT GLACIER BEHAVIOR IN CENTRAL CHILE: 
A STUDY CASE OF UNIV. GLACIER (34° S)
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Currently increasing temperatures in the central Andes mountain 
range, together with the apparent decrease in precipitation in the 
previous decades, has resulted in an acute hydrological stress in 
central-northern Chile. Ice and snow cover in the Central Andes of 
Chile constitute the most important water resource for agriculture and 
human development. However poor knowledge about the historical 
behavior of glacier retreat limits a comprehensive management of 
these finite resources. As glaciers tend to accumulate water in winter 
and release it during dry season, reduced glacier storage can also 
weaken the interannual buffering of streamflow by glaciers. In this 
context, we use historical written records, cartography, iconography 
and modern images to reconstruct the behavior Univ. glacier (34°40´S, 
70°20´W) from the first half of twenty century to the present. The 
information gathered for others glaciers in Chile (Cipreses, Queulat, 
Cordillera Castillo, Gualas and San Rafael) reveals a drastic retreat 
following the last maximum glacier advance occurred at the end of 
the Little Ice Age (c.a. 1870 AD). However the data also clearly shows 
a time lag in the retreat of the southern glaciers. We have estimated 
that during nineteenth century while glaciers in Central Chile started 
to retreat, the southern glaciers were still stable or even advancing, 
manifesting a time lag of 30 years approximately. A possible 
explanation for such differences could be attributed to changes 
in precipitation, associated to the fluctuations of the Southern 
Westerlies. Nevertheless a marked difference in temperature increase 
between both areas is now clearly evident. 

Keywords: Univ. Glacier, Central Andes, Water Resources.
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We present high-resolution pollen and charcoal records from 
sediment cores from Lago Campanario, a small closed-basin located 
in the Chilean Lake District (41ºS), to investigate the timing and 
direction of vegetation, climate and fire-regime changes over the 
last 2300 years. The ability of the native vegetation to withstand 
warmer conditions and summer moisture stress constitute limiting 
factors that modulate the modern distribution and composition of 
broad-leaved temperate evergreen rainforests in the lowlands of 
the Chilean Lake District. These factors also limit the occurrence of 
wildfires, considering that coarse woody fuels are abundant and 
ubiquitous. Thus, detailed pollen and charcoal records from sensitive 
sites offer the possibility of examining vegetation, climate and fire-
regime shifts driven by changes in temperature and the influence of 
the Southern Westerly Winds (SWW), the sole source of precipitation 
in the region. Our data show centennial-scale alternations between 
rainforest assemblages dominated by North Patagonian and Valdivian 
tree species, along with variations in the occurrence of paleofires. 
We interpret alternations of warm/dry (WD) and cool-wet (CW) 
conditions between 2000-2300 (WD), 1350-2000 (CW), 750-1350 
(WD), 450-750 (CW) and 220-450 (WD) cal yr BP. We detect the onset 
of European disturbance at ~220 cal yr BP with the appearance of the 
exotic herbs Rumex and Plantago and renewed fire activity. Because 
modern WD and CW anomalies and fire occurrence in northwestern 
Patagonia at interannual and interdecadal timescales are related to 
El Niño-Southern Oscillation (ENSO) and the Southern Annular Mode 
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(SAM), we interpret the variations observed in the Lago Campanario 
record as changes in temperature and the SWW driven by ENSO- or 
SAM-like states at centennial timescales. The paleoclimate anomalies 
recorded in Lago Campanario overlap in timing with similar events 
recorded in the Northern Hemisphere, namely the Roman Warm 
Period (~1900-2100 cal yr BP), Dark Ages Cold Period (~1100-1900 
cal yr BP), Medieval Warm Period (800-1100 cal yr BP), Little Ice Age 
(50-600 cal yr BP) and warm conditions during the Industrial period. 
We note remarkable similarities in direction and timing between the 
Lago Campanario events and the European paleoclimate chronology, 
suggesting they might represent global events. The exact timing, 
phasing and geographic extent of these events, however, are 
still imprecisely constrained in Patagonian and European records 
highlighting the need for additional high-resolution precisely dated 
records from sensitive regions in the southern mid-latitudes.

Acknowledgements: Fondecyt grants 1110612 and 1131055, Fondap 15110009, 
ICM grants P05-002 and NC120066.
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Cladocera, an order of small crustaceans also known as water fleas, 
whose presence and abundance is mediated by specific environmental 
conditions. Their remains are well preserved in lacustrine sediments, 
so their study offers a good proxy for past environmental conditions. 
However, they have been poorly used as paleoindicators in the 
tropics. Here we report on the Cladocera of sediments from Lake 
Lacandón, tropical region of Mexico. In summer 2012, a 360-cm-long 
sediment core with a basal age of ~3600 years BP was retrieved. The 
core was sampled every 4 cm for Cladocera, magnetic susceptibility, 
and geochemistry (Ti, Ca, C, N, Fe) to reconstruct lake dynamics. 
The cladoceran community was characterized by 15 species from 
two families: Bosminidae (Bosmina coregoni, Bosmina longispina 
and Bosnima longirostris) and Chydoridae (Alonella excisa, Alona 
a#nis, Chydorus sphaericuels, Alona rectangula, Acropercus harpae, 
Leydigia acanthocercoides, Leydigia louisi, Camtocercus sp., Eurycercus 
lamelatus, Alona intermedia, Alonella exigua, Alonella nan). Although 
littoral species dominated through the record, our analyses allowed 
us to recognize four distinctive periods. The bottom of the record 
(3600-2900 yrs BP) was characterized by mesotrophic conditions 
and well developed shoreline vegetation. The geochemical record 
suggests highly-variable moisture availability with at least 3 droughts 
within this period. The second zone (2900-2400 yrs BP) was barren 
of Cladocera and showed high Ti concentrations, implying high and 
relatively stable precipitation and a high lake level. The sedimentary 
structure of this period was characterized by high percentages 
of sand, which was probably brought to the lake by torrential 
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precipitation. This fact could explain the lack of Cladocera. The third 
period (2400-2000 yrs BP) was characterized by the highest Cladocera 
diversity through the entire record accompanied by high levels of 
precipitation. Conditions seem to have been again mesotrophic 
and moderate lake levels with very well developed shores. Given 
the inferred trophic level and the sedimentary structures, it is likely 
that during this period vegetation was better distributed through 
the year than during the second phase. Finally, the fourth period 
(2000 yrs to present) was characterized by mild precipitation, and 
a species turnover that points towards oligotrophic conditions. 
Overall, our study suggests that beyond the long-term trends that 
correspond to orbitally-induced climatic changes, other factors, 
including anthropogenic intervention of the landscape, caused a 
wide environmental variability at the Maya midlands.
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Multiproxy studies based on sedimentary cores with decadal 
and centennial resolution (Velásquez C. 2005; Velásquez C. & 
Hooghiemstra, 2013; Castañeda, 2013; Velásquez R. 2013; Giraldo et 
al., in prep.), from the Frontino (6°29’N, 76°6’W) and Belmira (6°42’N, 
75°40’W) paramos and Nevado de El Ruiz (4°58’N y 75°19’W) located 
in the northern  Western and Central cordilleras of Colombia, were 
achieved in order to determinate vegetation variations linked to 
climate changes. Comparison with similar records coming from 
south and northwestern Colombia (Jojoa, 2006, 2011; Gonzales-
Carranza et al., 2012; Muñoz, P. 2012) and adjacent countries (Haug 
et al., 2001; Brenner et al., 2002; Moy et al., 2002; Bush et al., 2009; 
Gagan, 2009), explain well climate dynamics in northern South 
America. Palynology, stratigraphy, geochemistry, loss on ignition 
and AMS14C dating variations; show non-analogue vegetation 
composition, cuasi- disappearing of biomes and asymmetric 
responses of different local and regional taxa to short timing climate 
changes. The most remarkable changes were recorded around the 
Late Glacial/ Early Holocene, Early/Middle Holocene, Middle/Late 
Holocene, Sub Boreal/Sub Atlantic transitions and other more recent 
climate changes like the cold period around 1300 cal yr BP, Medieval 
Warming, Little Ice Age and the current warming. The stronger 
droughts were recorded around 8200, 7000, 5000, 3000, 2100 y 1000 
Cal yr BP. Asymmetry in the Intertropical Convergence Zone and 
evidences of El Niño phenomenon are also recorded. The detected 
cycles, the close relation with Northern Hemisphere temperature 
and 14C signal, indicate that the insolation is the main climate forcing 
of the vegetation and climate oscillations.
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Here we document the interaction between people, climate and 
vulcanism in the Middle Cauca River Valley, Colombia over the 
last 4000 years. This study presents the first multiproxy section 
in archaeological soils of Colombia to assess what is the relative 
importance of these factors as drivers of vegetation change. 
Currently, this region is under the strong influence of the volcanic 
Ruiz-Tolima massif and is highly sensitive to the ENSO, exhibiting 
excess of rain during La Niña events and dry periods during El Niño 
phase. Additionally, the Middle Cauca River Valley has recently been 
proposed as a region of great archaeological importance due to the 
high density of early sites.  Stable Carbon isotopes, volcanic minerals, 
macro and micro charcoal remains were used to track the occurrence 
of fires and vegetation changes at archaeological sites at millennial 
and submillenial scales. The charcoal and isotopic records show that 
vegetation local processes were linked to climatic forces like ENSO 
events. Importantly, climatic and volcanic events set the stage for 
the occurrence of regional and local fires, and deforestation was not 
an important component of land cover change in the late Holocene 
(since ca. 2750 years BP). Our results using δ13C evidence shows that 
this is an excellent alternative in soils where the pollen record has 
limited use and the research questions are related to the vegetation 
change and associated factors. 

Partially funded by NSF grant 1049588 and Uniandes.
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Diatoms, lithology and stable isotopes, analysed in a sediment core 
from the Ciénaga Grande de Santa Marta lagoon, reveal the history of 
late Holocene relative sea level rise and the ontogeny of the lagoon 
on the Caribbean coast of Colombia. At ~5,296 cal. yr BP the area 
was characterized by shallow, freshwater ponds that were prone 
to seasonal flooding. From ~4,252 to ~2,062 cal. yr BP these ponds 
became brackish as relative sea level began to rise, and since ~2,062 
cal. yr BP, marine conditions have prevailed. In addition to relative sea 
level rise, we also inferred periods of greater and lesser precipitation 
during the time of brackish and marine conditions, respectively, as 
indicated from diatom-based changes in water salinity and changes 
in the sources of sediment organic matter. Comparisons with other 
regional paleoenvironmental records suggest that humid climate 
conditions prevailed in the Caribbean until about 4,000 cal. yr BP. 
After that time, climate became more variable, with drier conditions 
registered from ~ 4,000 to 2,000 cal. yr BP. Wetter conditions returned 
after ~2,000 cal. yr BP.  
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We report high-resolution pollen and charcoal records from lake 
sedimentsobtained from Lago Mellizas (45°32’S; 71°48’ W, 760 
m.a.s.l.), a small closed-basin lake (23.2 ha) located near to the 
climate-modulated forest-steppe ecotone in central west Patagonia, 
to reconstruct the history of vegetation, fire and past variations of 
the southern westerly winds(SWW) over the last 1800 years. In this 
area the SWW constitute the only source of precipitation and is ideal 
for reconstructing past changes in atmospheric circulation. This 
isfacilitated by the marked west-east precipitation gradient across the 
Patagonian Andes that induces a zonation of the regional vegetation 
which can be used for inferring past changes in precipitation regimes 
based on fossil pollen records.Furthermore, the Chilean-European 
colonization process in central west Patagonia started early in the 
20thcentury, allowing characterization of natural vegetation and 
climate variability in the absence of human disturbance until the end 
of the 19thcentury.The pollen record shows dominance of Nothofagus 
deciduous forests with little variation and low herb abundances, 
which suggest humid climate conditions. We detect a major change 
in the pollen stratigraphy at 210 cal yr BP, when started a sustained 
decreasing trend in Nothofagus, along with increases of Poaceae 
and aquatics plants (Cyperaceae, Myriophyllum). We interpret these 
changes as a forest opening and centripetal expansion of littoral 
environments toward the lake center driven by lake-level lowering 
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in response to lowered precipitation brought by the SWW. Exotic 
herbs and trees (Pinus, Rumex, Plantago), which indicate human 
perturbation, increase in 1900 AD. Macroscopic charcoal increases 
at 1600, 1200, 850-700, and 210-120 calyr BP, suggesting local fires, 
followed by sharp increases during the first half of the 20th century. 
We interpret the pre-20th century charcoal peaks as dry intervals 
with lowered SWW influence. We note that the trend opening of 
the deciduous forest began 150 years prior to the arrival of Chilean-
European settlers and was enhanced by human activities and fire. 

Acknowledgement: Fondecyt 1121141, Fondap 15110009, and ICM grants P02-
51 and NC120066.
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In comparison to the Northern Hemisphere (NH), the Southern 
Hemisphere (SH) has far fewer tree–ring chronologies from high–
latitude sites due to the smaller landmass area and the relative 
paucity of long–lived species in the region. However, several of the 
longest tree–ring chronologies in the world have been developed 
in the SH (e.g. 3600 yrs for Lagarostrobos franklinii from Tasmania, 
2300 yrs for Lagarostrobos colensoi from New Zealand’s South Island, 
3700 yrs for Agathis australis from New Zealand’s North Island, and 
5600 yrs for Fitzorya cupressoides from Chile). While the climate 
science community has carefully re–examined the high–latitude 
tree–ring chronologies in the NH looking at divergence issues in the 
records there has not been a corresponding effort for the SH tree–
ring chronologies. More specifically, there has yet to be a concerted 
effort to determine whether divergence is a global phenomenon, 
thus calling into question global temperature reconstructions, 
or whether it is restricted to specific areas in the world, thus 
heightening the importance of some temperature reconstructions 
in assessments of global climate variability. During the past 2 
decades, tree-ring chronologies of F. cupressoides and Nothofagus 
pumilio from South America have been successfully used to 
reconstruct temperature variations at local or regional scales for the 
last centuries and even millennia. The F. cupressoides and N. pumilio 
chronologies that originally ended in 1990s, have recently been 
updated. Presently we are examining both low- and high-frequency 
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components of the chronologies for divergence. Our investigation 
includes examination of tree-ring standardization issues. Recently 
developed signal-free chronologies of F. cupressoides in Argentina 
show no evidence of decreasing ring widths with increasing 
temperatures. Rather, the chronology appears to be growing faster 
than expected based on temperatures for the site. The N. pumilio 
chronologies from Tronador and the Diego de Leon upper forests 
provide the most extensive records of N. pumilio in South America 
beginning in 1539 and 1546, respectively. A careful comparison of 
both updated and well-replicated chronologies show that N. pumilio 
growth at both sites was similar from the beginning of the records 
until about 1900 (mean average correlation r = 0.70 for 50-year 
comparison intervals). From that moment, both records begin to 
diverge, with substantially different trends during the 20th century. 
From the mid 20th century, correlations between the two records 
are not significant. We are also assessing the relationships between 
climate and Fitzroya and Nothofagus wood formation using high-
resolution dendrometer data at three sites in Patagonia to assist us 
to better understand the climate response of trees at key sites. This 
is a critical component of our study and extends it beyond simple 
identification of divergence. A first year of this high-resolution 
data has highlighted the complexity of the cambial response to 
climate even at the high-elevation, temperature-sensitive sites from 
Tronador and Diego de Leon.
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Late twentieth-century instrumental records reveal a persistent 
southward shift of the Southern Westerly Winds (SWW) during 
austral summer and fall associated with a positive trend of the 
Southern Annular Mode (SAM), contemporaneous with glacial 
recession, steady increases in atmospheric temperatures and CO2 
concentrations. Stratigraphic records from sensitive locations in 
the southern mid-latitudes offer a longer-term perspective on the 
evolution of the SWW and modes of atmospheric variability such as 
SAM. Despite its importance in modern and future climate, very little 
is known about the behavior of SAM in pre-Industrial time. To date, it is 
unclear whether SAM phenomenon represents natural variability or a 
response to human-induced climate perturbations.  Here we present 
paleovegetation and paleofire records from southwestern Patagonia 
(51°S) that show recurrent ~200-yr long dry/warm phases over the 
last three millennia which we interpret as positive SAM-like states. 
The most recent of these phases started in the late 19th century and 
has persisted until the present, concomitant with positive anomalies 
of the SAM and widespread disturbance of southwestern Patagonian 
environments by Euro-Chilean settlers. These ~200-yr long dry/
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warm phases correspond in timing with the Industrial revolution, the 
Mediaeval Climate Anomaly, the Roman and Late Bronze Age Warm 
Periods. We conclude that centennial-scale changes occurred in 
phase in both hemispheres over the last 3000 years, suggesting tight 
interhemispheric phasing through atmospheric teleconnections, 
and that the current poleward shift and intensification of the SWW 
reflects juxtaposition of natural and human-induced variability since 
the 19th century. 
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Vuille, M1, Colose, C1, LeGrande, A2, Hurley, J1, Hardy, DR3, Cruz, F4

(mvuille@albany.edu), (1) Depart. of Atmospheric and Environmental Sciences, 
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Space Studies, New York, USA. (3) Depart. of Geosciences, Univ. of Massachusetts, 
Amherst, USA. (4) Instituto de Geociências, Univ.e de São Paulo, Sao Paulo, Brazil.

Relatively little is known about the history of the South American 
Summer Monsoon (SASM) during the past millennium or its sensitivity 
to changes in external forcing. Yet such information is needed in order 
to put recent climate anomalies such as the 2005 and 2010 droughts in 
the Amazon basin in a longer-term perspective and to more accurately 
project future changes in the monsoon mean state and its extremes 
(flooding or droughts) due to anthropogenic greenhouse gas forcing. 
Proxies that incorporate the stable isotopic composition of meteoric 
waters (speleothems, ice cores, lake sediments, etc.) provide the unique 
opportunity to assess such changes, as they include not just a local 
climate signal, but are affected by changes in the large-scale circulation 
and upstream rainout effects over the core monsoon region. Hence 
isotopic proxies offer the potential to establish a multi-proxy network 
along the entire range of the SASM belt from the Andes in the west 
to the Brazilian Atlantic coast in the east. Merging this proxy network 
with millennium simulations from climate models that include isotopic 
tracers can further 1) constrain the climatic controls on the isotopic 
composition retained in these proxies on interannual to centennial time 
scales, 2) reveal the sensitivity of the SASM to external perturbations 
such as variations in solar or volcanic forcing, and 3) provide a test bed 
for models and the realism of different external forcing reconstructions. 
Here we will review some novel aspects of this ongoing effort to 
reconstruct the SASM history over the past millennium, including the 
development of an isotopic forward model at an Andean ice core site 
and a discussion of the impact of volcanic eruptions on the oxygen 
isotopic signal over tropical South America during the past millennium. 

Keywords: South American monsoon, isotopic proxies, climate 
reconstruction.
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AMAZONIA: THE CASE OF THE EARTHWORK BUILDERS

Watling, J1, Iriarte, J1, Schaan, D2, Ranzi, A3, Mayle, F4
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The debate as to whether pre-1492 Amazonia was a “pristine” or 
“man-made” landscape is still raging in the academic community. 
While some researchers believe that human impact was temporary, 
limited in scale and heterogeneous throughout the basin(1), others 
believe that the Amazon was a “cultural parkland”(2), and that 
reforestation of man-made clearings after the Conquest was possibly 
responsible for the Little Ice Age cooling event(3). In the seasonal 
southwestern margins of Amazonia, archaeologists are uncovering 
hundreds of pre-Columbian earthwork sites, with dates ranging from 
the last centuries before Christ until the European conquerst(4). Many 
of these sites are under intact evergreen forest. Their discovery has 
raised important questions regarding the nature of these landscapes 
in the past, the extent of past human impact and the relative 
roles of anthropogenic and climatic factors in the shaping of the 
region’s current ecology. Specifically: what was the vegetation, and 
therefore the climate, like in these more seasonal areas at the time of 
earthwork construction? How open were the landscapes, and when 
and why did the forest come to be there? Secondly, what was the 
scale of landscape transformation associated with the building of 
the earthworks and the inhabiting of the region by pre-Columbian 
groups? And lastly, did past humans leave a lasting legacy on the 
vegetation composition, or is the Amazon rainforest more resilient to 
anthropogenic disturbance than we might think? Our study focusses 
on the “geoglyph” sites in the Brazilian state of Acre, where modern 
deforestation for cattle ranching has exposed over 400 geometrically-
patterned earthworks(5). By using a novel approach that closely 

Keywords: Amazonia, Archaeology, Palaeoecology.
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integrates archaeological and paleoecological methods(6), and both 
on- and off-site sampling, we have been able to create landscape 
histories with fine spatial and temporal resolution and can start to 
understand these debates in the light of solid empirical data.
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