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Abstract

We present an ultra-high resolution ~60 m 
long pollen record from Lake Fúquene 
located at 2540 m elevation and 5°N in 

the Colombian Andes. The age model developed 
by Groot et al. (2011) shows the full record spans 
the period 284-27 ka. Here we present with 1 cm 
sample resolution (~60 yr) the 26.21-58.33 m inter-
val which reflects the period 284-130 ka. We used 
a selection of 66 pollen and spore taxa with most 
informative ecological envelopes reflecting higher 
ranked zonal montane ecosystems best. The record 
shows changes in altitudinal vegetation distribu-
tion and the position of the upper forest line, which 
shifted between ~2000 and ~3400 m, was used to 
infer a record of mean annual temperature (MAT). 
Superimposed on the orbital-scale variations the 
reconstructed MAT record showed rapid (within a 
century) and extreme temperature changes of up to 
10°C at Terminations. Temperature variability du-
ring marine isotope stages (MIS) 6-8 mimics the 
Dansgaard-Oeschger (DO) cycle variability during 
MIS 2-5. Based on distinct short lived upslope ex-
cursions of the upper forest line we identified 20 
DO-style cycles during MIS 6-7, and 6 DO-style 
cycles during the last part of MIS 8. Changes in 

montane forest composition are driven by the trees 
Alnus, Myrica, Quercus and Weinmannia while 
the trees Podocarpus, Miconia, and Hedyosmum 
mostly respond delayed. We compared our MAT re-
cord with selected marine and ice core records and 
demonstrated the global relevance of this record 
showing unprecedented resolution. We studied the 
dynamic history of the basin by comparing records 
of aquatic vegetation (reflecting lake level chan-
ges), organic carbon (reflecting biomass production 
and peat formation) and the record of grain size dis-
tributions (reflecting supply of sand, coarse silt, fine 
silt and clay to the lake and the general energy level 
in the drainage system). Regional vegetation chan-
ge appeared mainly driven by eccentricity and obli-
quity (Groot et al., 2011), while aquatic vegetation 
in the basin is driven by obliquity and precession. 
We have evidenced that high mountain ecosystems 
are responding sensitively to global climate change 
at orbital and millennial time-scales.

Key words: Dansgaard-Oeschger cycles, grain size 
distributions, lake level change, montane forest dy-
namics, páramo dynamics, pollen record, sedimen-
tation regimes, upper forest line.
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1. Introduction

F avourable geological conditions in the deep 
basins of the northern Andes have led to the 
relatively undisturbed accumulation of thick 

sedimentary Quaternary sequences. Such sequen-
ces provide an opportunity to develop complete 
and high-resolution records of terrestrial environ-
mental change over multiple glacial-interglacial 
cycles. Important evidence of climate change in 
the neotropics of the last interglacial-glacial cy-
cle has come from intra-Andean basins, such as 
Laguna de Tagua-Tagua in Chile (Heusser, 1983) 
and Lake Titicaca on the Bolivian-Peruvian bor-
der (Paduano et al., 2003; Tapia et al., 2003). For 
a broad perspective on South American past cli-
mate variability at late Pleistocene time scales we 
refer to Wright Jr. et al. (1993), Markgraf (2001) 
and Vimeux et al. (2009). In the Northern Andes 
of Colombia two adjacent basins are well-known 

Fig. 1. (a) Map of Colombia showing the geographical location of Lake of Fúquene; (b) modern altitudinal vegetation 
distribution (after Van der Hammen, 1974); (c) Map of the drainage basin showing the present-day lake surface and 
the maximal lake extension during Pleistocene times; (d) Map of Lake Fúquene showing the location of the cores 
mentioned in the text.

for their long records: the Bogotá Basin and the 
Fúquene Basin (FB) which are separated by a 
water divide. The history of these basins differs 
significantly. The Bogotá Basin developed since 
late Pliocene time in a geologically instable set-
ting by subsidence (Van der Hammen et al., 1973; 
Hooghiemstra, 1984; Torres et al., 2005; Torres, 
2006; Mora et al., 2008;). Its fluvio-lacuctrine and 
lacustrine sediments reach a depth of 586 m be-
low the present surface (2550 m altitude) of the 
desiccated lake. The FB developed as a colluvial 
dam blocked lake during Middle Pleistocene time 
(Sarmiento et al., 2008) and the thickness of se-
diments that accumulated in the area where water 
stagnated is unknown. The FB is still covered by 
a water body: Lake Fúquene has its surface at an 
altitude of 2540 m (Fig. 1). The present paper 
focuses on the FB where several palynological 
studies have been carried out during the last four 
decades. We mention Van Geel and Van der Ha-
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mmen (1973) on the 12 m long core Fúquene-2 
(Fq-2), Mommersteeg (1998) on the 18 m long 
core Fúquene-7C (Fq-7C), and Van der Ham-
men and Hooghiemstra (2003) on the 43 m long 
core Fúquene-3 (Fq-3). In 2002 we collected the 
60 m deep sediment cores Fúquene-9 (Fq-9) and 
Fúquene-10 (Fq-10) from a floating platform in 
the deepest part of the lake. The objective was to 
bypass the problems of low temporal resolution, 
single proxy based reconstructions, and insuffi-
cient chronological control of the sediments. By 
improving these aspects, more detailed compari-
sons can be developed for long terrestrial records 
of climate change with high resolution marine 
records (Tzedakis et al., 1997; 2003; 2004) and 
ultra-high resolution ice core records. We cons-
tructed the composite sediment record Fúquene-
9C (Fq-9C) which represents approximately 90% 
of the sediment infill of the uppermost 60 m of the 
basin (Groot et al., 2011). Using radiocarbon da-
ting, frequency analysis in the depth domain and 
tuning of the distinct obliquity-related variations 
to the marine oxygen isotope stacked record an 
accurate age model was developed for the full re-
cord between 1.63 and 58.33 m composite core 
depth (Groot et al., 2011). The record reflects the 
period from 284 to 27 ka and consists of 4646 
time slices. At 27 ka, or at a more recent moment 
in time, the long sediment sequence was interrup-
ted by a changing drainage pattern in the lake 
(Sarmiento et al., 2008). In this paper we focus on 
the 284-130 ka interval of the record correspon-
ding to the interval of 26.21-58.33 m. This inter-
val is justified by the fact it represents the penul-
timate interglacial-glacial cycle (corresponding to 
marine isotope stage (MIS) 7-6) and the last part 
(corresponding to MIS 8) of the previous cycle. 
The upper part of this record reflecting the last 
interglacial-glacial cycle (corresponding to MIS 
5-2) is published elsewhere.

The aim of this paper is to present this new pollen 
record with unprecedented temporal resolution, 
to present the history of vegetation change in the 
northern Andes and the inferred record of clima-
te variability. We focus on orbital to millennium-
scale vegetation dynamics and climate variability, 
and demonstrate the global relevance of the record 
by comparing it with selected marine and ice core 
records of climate change. We also aim to relate 
the aquatic pollen based record of local vegetation 
change to sediment transport in the basin and to 
changing sedimentary environments in the lake.

2. Environmental setting

2.1 Geography

Lake Fúquene (5˚27’N, 73˚46’W) is an intra-An-
dean lake located at 2540 m altitude in the Eastern 
Cordillera of Colombia (Fig. 1). The lake is predo-
minantly underlain by sandstones of Cretaceous and 
Tertiary age (Sarmiento et al., 2008). The present-
day lake covers only the southern part of the FB, has 
a surface of ~25 km2 and water depth varies between 
2 and 6 m (Franco-Vidal et al., 2007; Sarmiento et 
al., 2008). This colluvial dam blocked lake accu-
mulated sediments since Middle Pleistocene times 
(Sarmiento et al., 2008). We collected 60 m deep co-
res without having reached the bedrock. The water-
shed of the FB, also known as the Basin of Ubaté-
Chichinquirá (Sarmiento et al., 2008), covers 1750 
km2 and extends between 5°35’ N and 5°19’ N, and 
between 73°54’ W 73°35’ W (Montenegro-Paredes, 
2004). Field observations showed that lacustrine se-
diments occur up to ~20 m above the present-day 
lake level indicating that during the Pleistocene the 
lake reached a maximum depth of ~25 m for a signi-
ficant period of time. Because the floor of the FB has 
a flat topography small changes in water depth cause 
large changes in lake surface.

2.2 Hydrology and Climate
 
Lake Fúquene reflects an open hydrological sys-
tem. The Ubaté River in the south and some small 
river currents in the east form the inlets. Water 
leaves the lake in the northwest by the Suarez Ri-
ver. The present-day lake only receives water from 
the southern part of the FB which has a surface of 
~900 km2 (Montenegro-Paredes, 2004). The nor-
thern part of the basin is covered by swamps and 
wetlands, and precipitation received by this part 
of the basin drains into the Suarez River (Fig. 1). 
The lacustrine sediments are intercalated by vol-
canic ash layers representing the wind transported 
fraction from eruptions in the Central Cordillera 
(Riezebos, 1978). Due to the almost equatorial po-
sition of the lake, the climate of the study area is 
mainly influenced by the annual migration of the 
Intertropical Convergence Zone (ITCZ). Two dry 
seasons, from December to January and from July 
to August, alternate with two rainy seasons from 
February to June and September to November. 
The annual precipitation ranges from 770 mm, in 
the south of the basin where a rain shadow effect 
occurs, to 1080 mm in the northern part. The mean 
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monthly temperatures vary from 13 to 14 °C with 
the coldest month occurring during the dry season. 
In contrast to the small mean annual temperature 
(MAT) range, the daily temperature range is large 
and during the dry season night frost may occur at 
the elevation of Lake Fúquene (IGAC, 2003).

2.3 Vegetation

The altitudinal vegetation distribution of the region 
was extensively studied by Cuatrecasas (1958), Van 
der Hammen and González (1960), Van der Ham-
men (1974), Cleef (1981), Cleef and Hooghiemstra 
(1984), Rangel (2000), Cortés-Sánchez (2008) and 
Van der Hammen (2008). Many plant taxa show si-
milar altitudinal and ecological ranges. The pollen 
taxa reflect the following main ecosystems (Table 
1): (a) subandean forest (lower montane forest) oc-
curs from 1000 to 2300 m, MAT range from 22 to 
13 °C and annual precipitation range from 1000 to 
4000 mm; (b) Andean forest (upper montane forest) 
occurs from 2300 up to the upper forest line (UFL) at 
3200 m, MAT range from 16 to 9 °C and annual pre-

Table 1. List of pollen and spore taxa included in the pollen sum of regional vegetation and the pollen sum of local 
aquatic vegetation.

cipitation from 1000 to 3100 mm; (c) subpáramo in-
cludes dwarf forest and shrub vegetation from 3200 
to 3500 m, MAT range from 9 to 7 °C, and annual 
precipitation from 700 to 2500 mm; (d) grasspára-
mo occurs from 3500 to 4200 m, MAT range from 
7 to 3°C, and annual precipitation from 700 to 2500 
mm; (e) superpáramo extends from 4200 to 4800 m, 
MAT range from 3 to 0 °C and daily ground frost 
occur. Superpáramo vegetation only occurs in the FB 
during glacial conditions when the UFL is located 
below ~2700 m. Present-day altitudinal envelopes of 
selected taxa used in this study are shown in Fig. 2. 
Although plant taxa respond to climate change in-
dividually many taxa respond in concert and reflect 
altitudinal shifts of the main montane ecosystems. 
Under different climatic conditions in the past, such 
as gradients of temperature (Wille et al., 2001) and 
precipitation, occurrence of night frost, and atmos-
pheric CO2 pressure, altitudinal distributions of plant 
associations may have varied through time. Also, 
present-day trees with a main cover below 2300 m in 
the subandean vegetation belt may locally reach hig-
her elevations and contribute to forest associations 
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Fig. 2. Altitudinal ranges of selected pollen and spore taxa used to reconstruct regional vegetation change. Taxa are 
arranged after ecological preference. (a) Main ecological groups; (b) Modern altitudinal range in the study area; dotted 
line = full range; solid line = interval of optimum cover; (c) Mean annual temperature along the altitudinal gradient; 
(d) Estimated annual rainfall along the altitudinal gradient (compiled from the modern vegetation studies mentioned 
in the text); (e) Main functional place of taxon in the vegetation succession (compiled from the modern vegetation 
studies mentioned in the text) (Pion: pioneer; Midd. Succ.: middle succession; Clim.: climax).
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Fig. 3. Preferential ecological position of aquatics, ferns and algae analysed in the Fq-9C pollen record along an eco-
logical dry-to-wet gradient (compiled from the modern vegetation studies mentioned in the text).

at significantly higher elevations. Cecropia may rea-
ch to ~2600 m as a pioneer along mountain rivers, 
Acalypha may occur up to 2700 m (even up to 3000 
m), Alchornea and Croton may reach up to 2800 m, 
Hieronyma and Cyathea tree ferns have been locally 
observed up to 3000 m (even up to 3200 m). Pilea 
may reach up to 3100 m. These examples make clear 
that the altitudinal range of the optimum plant cover, 
and consequently the highest pollen production, may 
vary at spatial and temporal scales. Therefore modern 
plant associations are to some degree ephemeral and 
calibration of the pollen record to modern vegetation 
associations has been carried out with care.

The position of the UFL is instrumental in recons-
tructing MAT (Groot et al., 2011) and past envi-
ronmental change. This ecotone coincides with the 
~9.5°C annual isotherm, and using an altitudinal 
temperature gradient of 0.6°C/100 m vegetation 
displacement, paleotemperatures can be calculated 
for every altitudinal level (Groot et al., 2011). The 
elevation of the lake is located halfway the maxi-
mum Pleistocene position of the UFL (at 3500 m 
during warmest interglacial conditions) and the mi-
nimum position (at ~2000 m during coldest glacial 
conditions). This renders the sediments of this basin 
a sensitive recorder of climate change (Fig. 1).

At the border of lakes, composition of aquatic vege-
tation varies with water depth and the stability of the 

shore. The ecology of the modern aquatic and mar-
sh vegetation in the Colombian Andes was studied 
by Van der Hammen and González (1963), Cleef 
(1981), Rangel and Aguirre (1983, 1986), Cleef and 
Hooghiemstra (1984), and Chaparro (2003). Rangel 
(2003) described the actual hydroseries in the upper 
montane forest belt of the study area. We followed 
Van ‘t Veer and Hooghiemstra (2000) and used the 
proportions of successional vegetation communities 
to estimate water depth (Fig. 3).

3. Materials and methods

3.1 Sediment cores, sampling and developing 
a composite record

Ten meters apart, two ~60 m long sediment cores, 
Fq-9 and Fq-10 were retrieved using a floating pla-
tform with Longyear drilling equipment of Gavesa 
Drilling Co. Bogotá. Consolidated sediments were 
first approached at ~6 m below the water surface. 
Sediments were retrieved in segments of 100 cm 
length with a diameter of 75 mm. Core samples 
at the two drilling sites were collected with 50 cm 
overlapping depth intervals to maximize sediment 
recovery (Groot et al., 2011). Undisturbed sedi-
ments in pvc-tubes were directly transported by air 
freight to The Netherlands for further treatment. 
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The fresh sediment surface was photographed in 
a standardized photographic room. Bulk chemistry 
was measured along the full length of both cores 
with an Avaatech X-ray fluorescence (XRF) core 
scanner at the Royal Netherlands Institute for Sea 
Research. For more detailed methodology we refer 
to Groot et al. (2011). Subsequently the cores were 
transported to the University of Amsterdam for co-
llecting >5000 samples at 1 cm increments for po-
llen, organic matter content and grain size analysis. 
Cores Fq-9 and Fq-10 were used to build a compo-
site record with a minimal number of gaps in the 
sedimentary sequence. We used down core chan-
ges in the lithology, records of Fe and Zr obtained 
by XRF at 1 cm distance over the full length of 
both cores to fine tune the correlation. Further de-
tails are reported in Groot et al. (2011). Core Fq-9 
had the least technical drilling artifacts and was 
therefore used as the backbone for our study. The 
depth of Fq-10 was adjusted so that the patterns of 
the various proxy records from both cores aligned. 
Sediment record Fq-9C represents approximately 
90% of the sediment infill of the uppermost 60 m 
of the basin (Fig. 4); the remaining 10% reflect 
small coring gaps, inadequate sediment intervals, 
and not analyzed parts due to organizational pro-
blems. Grain size distributions (GSD) were analy-
zed at the Vrije Universiteit Amsterdam. GSD were 
measured with a Fritsch Analysette 22 laser particle 
sizer which provides 56 size classes in the range 
from 0.15 to 2000 µm. Prior to grain-size measure-
ment, the samples were prepared according to the 
methods described by Konert and Vandenberghe 
(1997). One to 2 g of bulk sediment was pre-trea-
ted with H2O2 and HCl to remove organic matter 
and carbonates, respectively. As a consequence, 
results reflect the GSD of the siliciclastic sediment 
fraction. Grain size classes were grouped into four 
categories (end-members) which are characterized 
by fine skewed GSD. The clearly defined mode of 
81 µm reflects sandy sediment, the mode of 21 µm 
coarse silt sediment, the mode of 7 µm fine silt se-
diment, and the mode of 2 µm clayey sediment. 
The organic matter content of the sediments was 
measured by the loss-on-ignition (LOI) value at 
the University of Amsterdam. Samples with a wet 
weight of ~5 g were dried at 105 °C during 24 
hours; 2 g of dry sample were used for combus-
tion to ash and carbon dioxide in an oven at 375 °C 
for 16 hours. Combustion at 375°C avoids loss of 
interstitial water from clays and the breakdown of 
carbonates (Beaudoin, 2003). The final LOI values 
are expressed as a percentage of dry weight. Pollen 
samples of 1 cm³ were treated according with stan-

dard procedures (Fægri and Iversen, 1989) inclu-
ding sodium pyrophosphate, acetolysis, and heavy 
liquid separation by bromoform. For calculation of 
pollen concentration a tablet with a known num-
ber of Lycopodium spores was added to each sam-
ple before acetolysis. A subsample of the residue 
was mounted in glycerin jelly and cover slips were 
mounted with paraffin. Pollen was analyzed under 
a Leitz microscope with a magnification of 400x, 
and in special cases 1000x. Pollen slides were 
analyzed at the University of Amsterdam and the 
Universidad Nacional de Colombia. The cores 
have been stored in a dark room at 4 °C.

3.2 Pollen analysis and zonation

The pollen sum includes taxa reflecting the regio-
nal vegetation: subandean forest, Andean forest, 
subpáramo, and grasspáramo taxa. Taxa reflecting 
dry vegetation were added as a fifth group. On the 
basis of existing pollen records from Lake Fúque-
ne we selected 50 taxa with the most informative 
ecological ranges (Fig. 2). The tree Alnus occurs in 
swamp forest around the lake and is in this setting 
part of the local vegetation. Where Alnus contribu-
tes to gallery forest along rivers on the mountain 
slopes it is part of the regional vegetation. Alnus is 
a proliferous pollen producer and therefore over-
represented in pollen record hampering the regis-
tration of taxa with a smaller pollen production. 
Therefore, we aimed at a pollen count of 400 gra-
ins exclusive Alnus, but for calculating the pollen 
percentages Alnus was included in the pollen sum. 
The first ~20% representation of Alnus reflects bac-
kground noise (Van der Hammen and González, 
1960; Hooghiemstra, 1984; Van ‘t Veer and Ho-
oghiemstra, 2000). Alnus does not occur above the 
UFL. When the UFL is passing through the altitu-
dinal level of Lake Fúquene a significant change in 
representation of Alnus is evident. From previous 
altitudinal pollen studies of the Colombian Andes 
it appeared that changes in AP% respond quasi-
linearly to temperature-driven vertical shifts on 
the UFL between 3500 m (the highest mountains 
at close distance) and the last glacial maximum 
(LGM) position at ~2000 m (Van der Hammen 
and González, 1960; Hooghiemstra; 1984; Van‘t 
Veer and Hooghiemstra; 2000). Groot et al. (2011) 
developed the relationship between AP% and the 
corresponding altitudinal position of the UFL. An 
AP representation of 40% is indicative of an UFL 
located at the level of the lake (2540 m). As a rule 
of thumb every additional 5% reflects an UFL po-
sitioned at ~100 m higher elevation (Groot et al., 
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2011). This estimate was subsequently refined and 
verified by assessing the contributions of plant as-
sociations from all reflected vegetation belts.

Lake level changes were estimated on the basis of 
the down core proportions of aquatic vegetation 
(Fig. 3) in conjunction with GSD and the contribu-
tion of organic matter. The pollen diagram showing 
vegetation change in the lake was calculated on 
the basis of a local pollen sum. This sum inclu-
des aquatics reflecting deep water plants (Isoëtes, 
Potamogeton), shallow water plants (Ludwigia, 
Myriophyllum, Hydrocotyle, Typha, Apiaceae, and 
Ranunculaceae), swamp vegetation (Cyperaceae), 
and wet shore vegetation (Rumex, Polygonum). Po-
llen sum values showed a mean of 190 grains with 
extremes varying from 10 to 2116 grains. Spores 
of selected algae were used to support the environ-
mental interpretation.

mediate energy levels and an intermediate distance 
of the sediment source area; (d) a large lake size is 
inferred when energy levels are low and sediment 
source areas are distal to intermediate. Fine silt and 
clay is abundant with some input coarse silt. Taxa 
of deep and shallow water prevail; (e) a large sized 
and deep lake (maximally ~25 m) is inferred when 
mainly clay accumulates and deep water vegetation 
is abundant. Energetic levels are low and sediment 
source areas are distal (Vriend et al., in review).

Pollen zones are based on stratigraphical constrai-
ned cluster analysis using the total sum of squares 
(CONISS; Grimm, 1987; Gill et al., 1993). Further 

Fig. 4. Depth versus age curve of record Fq-9C showing the age of the uppermost 60 m of lacustrine sediments of Lake 
Fúquene. Points show the age control points developed in Groot et al. (2011).

We recognized five distinctive local environmental 
conditions to reconstruct depth and size of the lake: 
(a) abundant swamp and shore vegetation in com-
bination with abundant accumulation of clay and/
or peat suggest low energetic environments, low 
lake levels and abundant presence of swamps; (b) 
a small lake is inferred when abundant swamp ve-
getation is accompanied by shallow and shore ve-
getation in combination with any of the next three 
different sedimentary settings: (1) under low levels 
of energy and a distal sediment source when mainly 
clay/fine silt accumulated; (2) when high input of 
coarse silt with sand and to a lesser degree fine silt 
and clay prevailed; (3) when there is high input of 
sand under high energetic levels and a proximal se-
diment source; (c) a lake of intermediate size relates 
to abundant shallow vegetation and major accumu-
lation of fine and coarse silt with important input of 
clay and some sand; these conditions point to inter-

visual subdivision served the stratigraphic descrip-
tion. Pollen records were made with AutoCAD 
2007 LT software. A developed script to convert the 
CONISS output file was used to construct a reada-
ble file for drawing the dendrogram in AutoCAD.

4. Results

Here we present the results of the core interval from 
26.21 to 58.58 m reflecting the period from 284 to 
130 ka (Groot et al., 2011). This period includes 
MIS 8 to 6 and the transition to MIS 5. Based on 
CONISS cluster analysis we recognized 11 zones 
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reflecting the local vegetation development (Fig. 5; 
Table 2) and 10 zones in the regional vegetation de-
velopment (Fig. 6; Table 3). Evidence of GSD and 
organic matter content follows Vriend et al. (in re-
view) and is shown in the local pollen diagram (Fig. 
5) and allows to compare vegetation change with 
changes in the sedimentary environment.

5. Reconstruction of environmental and 
climatic change

5.1 Local environmental changes in the lake 
basin

The following reconstruction of the environment in 
the lake basin is based on the records of aquatics, 
algae, and the GSD (Fig. 5, Table 2). Reconstruc-
tions follow the 11 periods/zones and the 62 subzo-
nes indicated in Fig. 5.

Period 1 (284-260.2 ka); zone Fq-9C-L1
Part (a) shows 90% clay and peat in combination 
with swamp (Cyperaceae) and shallow water vege-
tation (Hydrocotyle, Myriophyllum, Ranunculaceae, 
Spirogyra and Zygnema) reflecting a low energetic 
depositional environment, a distal sediment source 
and small lake. During part (b) the share of fine and 
coarse silt, and the occasional input of sand, shows 
a more dynamic depositional environment while the 
water depth and surface slightly increased. During 
part (c) the presence of clay, fine silt and peat in 
combination with extensive swamp (Cyperaceae) 
and some shallow water (Hydrocotyle) vegetation 
point to a low energetic depositional environment, a 
distal sediment source and the reduction of the lake 
surface. During part (d) abundant fine and coarse 
silt in combination with abundant deep water vege-
tation (Isoëtes) and absence of peat shows a more 
energetic sediment transport and marked expansion 
of the lake and deeper waters. Part (e) includes a 
hiatus but shows at the start and end significant in-
put of sand, fine silt and clay in combination with 
equivalent shares of deep and shallow water vege-
tation (Isoëtes, Hydrocotyle, Myriophyllum) and 
swamp vegetation (Cyperaceae) pointing to a more 
proximal sediment source and a variety of deposi-
tional environments. In part (f) the proportions of 
clay and deep water vegetation increased pointing 
to a distal sediment source, a relatively quiet sedi-
mentary environment and the expansion of the lake. 
During part (g) the high proportions of clay (up to 
85%), the presence of peat and abundant swamp ve-

getation (Cyperaceae) indicate a very quiet or low 
energetic depositional environment with a distal 
sediment source, and small and very shallow lake. 
During part (h) deep water vegetation was very 
abundant (up to 85%) and most of the sediments 
were fine and coarse silt with some clay pointing to 
high lake levels and relatively low energetic depo-
sitional environments. The transition from part (g) 
to (h) reflects a rapid change in lake conditions. Du-
ring part (i) the shares of silt (coarse and fine), sand 
and shallow water vegetation increased pointing to 
a more proximal sediment source and slight reduc-
tion of the lake area.

Period 2 (260.2-244.5 ka); zone Fq-9C-L2
Part (a) shows abundant shore vegetation (Rumex) 
and shallow water vegetation (Hydrocotyle, Myrio-
phyllum, Ranunculaceae) while deposition of clay 
dominated pointing to an abundant presence of 
open and shallow water with peatland. Several ti-
mes this sedimentary regime was shortly interrup-
ted by higher energetic flows of sand and coarse 
silt while deep water vegetation increased. During 
parts (b) and (c) deep water vegetation was more 
abundant most of the time. During part (b) coar-
se silt was dominant and during part (c) fine silt, 
reflecting the sediment source changed to a more 
distal position. During part (d) clay and coarse silt 
dominated the sediments while shallow water ve-
getation dominated in a lake of intermediate size. 
During part (e) clay (up to 90%) dominated the se-
diments while shore vegetation (Rumex), swamp 
vegetation (Cyperaceae), and shallow water vege-
tation (Hydrocotyle, Ranunculaceae) reached equal 
proportions pointing to a very quiet/low energetic 
sedimentary environment with a distal sediment 
source, and a considerable reduction of the lake. 
During part (g) lake conditions were similar to part 
(e) and the interruption reflected by part (f) shows 
increased proportions of fine silt and shallow water 
vegetation (Hydrocotyle, Myriophyllum) pointing 
to a short lasting expansion and higher lake levels 
with higher energetic sediment supply to the lake.

Period 3 (244.5-229.8 ka); zone Fq9C-L3
Parts (a) and (b) show very high proportions of peat 
while swamp conditions dominate in the lake poin-
ting to a very low water level. There is some supply 
of fine silt, coarse silt, and sand suggesting there is 
a proximal sediment source, possibly reflecting the 
streamline through the lake was at close distance. 
Presence of wet shore vegetation (Polygonum and 
Rumex) and occasional presence of Spirogyra also 
point to stagnant and shallow water. Part (c) conti-
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Table 2. Concise description of the local pollen zones from record Fq-9C of Lake Fúquene for the interval from 26 to 
58.3 m, reflecting marine isotope stages 8 to 6.  Letters in brackets refer to smaller intervals with characteristic pollen 
spectra and grain size distributions. Deep water taxa include: Isoëtes and Potamogeton; shallow water taxa include: 
Apiaceae, Hydrocotyle, Ludwigia, Myriophyllum, Ranunculaceae, and Typha; swamp taxa include: Cyperaceae; wet 
shore vegetation include: Polygonum and Rumex. Percentages refer to the main diagram.

Pollen Zone Pollen diagram main features
Fq-9C-L1
5833-5463 cm
284 samples

This zone is characterized by a change from shore and swamp taxa to deep water taxa. 
In the first part (a-c) pollen spectra show high percentages of swamp taxa and minor 
proportions (1-20%) of shore taxa, shallow water taxa, and deep water taxa. In the 
second part (d-f) proportions of deep water taxa increase to 35-55% and representation 
of swamp taxa in particular is lower. In the third part (g) swamp taxa are dominating 
(80%) and deep water and shore taxa are hardly represented. In the fourth part (h-i) 
deep water taxa (45-85%) and shallow water taxa (20%) dominate and wet shore taxa 
are absent. Algae represented by Zygnema and Spirogyra show a few percent.

Fq-9C-L2
5460-5114 cm
259 samples

This zone is characterized by high proportions of shallow water taxa, and alternating 
significant proportions (0)5-20(50)% of shore and deep water taxa. In the first part (a) 
percentages of shallow and shore are most conspicuous. In the second part (b-c) deep 
water taxa increase and shore and swamp taxa show lower representation. In the third 
part (d-g) shore and shallow water taxa show highest proportions while swamp and 
deep water taxa show low percentages (5-15%)  Algae are significant.

Fq-9C-L3
5094-4785 cm
265 samples

This zone is characterized by high percentages of swamp taxa with a short interval 
where shore taxa show high percentages. In the first part (a-c) swamp taxa dominates 
(80-95%), shore taxa show 5-15% and shallow and deep water taxa are almost absent. 
The second part (d) includes a hiatus and percentages of shallow and deep water taxa 
increase to 30-50%. In the third part (e) representation of shore taxa (up to 30%) and 
shallow water taxa (up to 50%) dominate. In the fourth part (f-g) representation of 
shore taxa is low, shallow 20% and swamp up to 60%, while deep water taxa increase 
gradually to 20%. Algal spores of Spirogyra are significant.

Fq-9C-L4
4784-4523 cm
144 samples

This zone is characterized by two peaks of deep water taxa with a phase of shallow 
water taxa in between. The first part (a-c) deep water taxa reach a maximum of c. 70% 
and shallow water taxa show percentages up to 50%. The proportion of swamp taxa is 
accordingly variable as shore taxa remain constantly at low percentages. In the second 
part (d) shallow water (60%) and swamp taxa (35%) dominate. In the third part (e-g) 
deep water taxa reach a maximum of c. 55% and shallow water taxa show percentages 
up to 15%. The proportion of swamp taxa reach up 50% and shore taxa remain cons-
tantly at low percentages. 

Fq-9C-L5
4520-4396 cm
107 samples

This zone is characterized by alternating high proportion of swamp taxa (up to 80%) 
and shallow water taxa (20-50(70)%) while shore and deep water taxa show low per-
centages. In the first and second part shallow and swamp taxa dominate while in the 
third shore and deep water taxa increase.       

nues with abundant swamp vegetation but now in 
combination with clay and more shore vegetation 
(Rumex) pointing to a low energetic environment 
in the lake. During part (d), including a hiatus, deep 
water vegetation and fine silt and sand increased 
significantly while clay was supplied only at the 
end, pointing to higher energetic depositional en-
vironments and a slight expansion of the shallow 

waters in the lake. During part (e) sand and coarse 
silt disappeared while clay (up to 60%) and shore 
vegetation (up to 30%) became abundant pointing 
to quiet low energetic sedimentary environments. 
During part (f) the proportion of clay reached 80-
90%, peat up to 15% while swamp and shallow 
water vegetation dominated indicating constant 
low energetic levels, distal sediment source, and a 
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Pollen Zone Pollen diagram main features
Fq-9C-L6
4395-4003 cm
266 samples

This zone is characterized by high proportions of shore taxa (5-30%) and swamp taxa 
(60-80%) while deep water taxa are almost absent. In the first part (a-c) deep water taxa 
are poorly present and shallow water taxa reach only some 15-20% while the pollen 
spectra are dominated by swamp taxa and (60-70%) and shore taxa (5-30%). In the se-
cond part (d-g) deep water taxa reach maximally 5%, shallow water taxa continue with 
5-20%. Shore taxa reach the highest percentages of up to 50% and swamp taxa show 
lower proportions than in the previous part. Algae spores show low values. 

Fq-9C-L7
4002-3684 cm
275 samples

This zone is characterized by high values of swamp taxa (up to 80%) which gradually 
decrease while shallow water taxa increase (up to 50%), while shore and deep water 
taxa show values of 5-20%. In the first part (a) swamp taxa show highest propor-
tions (80%) and shallow and deep water taxa show similar low values of c. 10%. In 
the second part (b) deep and shallow water taxa increase up to 20% and swamp taxa 
show lower percentages accordingly. In the third part (c-e) shallow water taxa show 
30-50%. 

Fq-9C-L8
3683-3536 cm
143 samples

This zone is characterized by high values of deep water taxa (up to 75%). In the first 
part (a) deep water taxa (up to 75%) occur in combination with swamp taxa 30(60)%; 
shallow water taxa and shore taxa have low representation. In the second part (b) 
swamp taxa dominate with 75% and deep water taxa reach maximally 7%. In the third 
part (b) representations are similar to part (a). 

Fq-9C-L9
3535-3199 cm
303 samples

This zone (a-e) is characterized by moderate proportions of shore taxa (4-10%) and 
high values of swamp taxa (70-85%) while shallow and deep water plants reach 15-
30%. These proportions are twice interrupted by intervals (b and d) with higher values 
of deep water taxa, while taxa of shallow water are lower.

Fq-9C-L10
3198-2890 cm
261 samples

This zone is characterized by high values of deep water taxa, but gradually proportions 
of shore and swamp taxa increase. In the first part (a) swamp taxa are dominant (up to 
85%). In the second part (b) deep water taxa (up to 40%) and swamp taxa (up to 55%) 
are most important. In the third part (c-e) deep water taxa show decreasing values 
(25 to 15%) and swamp taxa show increasing values (55 to 85%) and shore taxa also 
increase to 10%. 

Fq-9C-L11
2889-2621 cm
246 samples

This zone is characterized by high proportions of swamp taxa (up to 90%) and fluc-
tuating percentages of deep water taxa (between 5 and 20%). In the first part (a) deep 
water taxa are absent and pollen spectra are dominated by swamp taxa (85%) and shore 
taxa (5-15%). The second part (b-c) shows two identical sequences starting with in-
termediate values of deep water taxa (up to 15%)  followed by increasing proportions 
of shallow water taxa (5-12%), and swamp taxa (80-90%) while shore taxa show low 
values (3-10%). In the third part (d-e) deep water taxa increase to 20%, shore taxa 
decrease to low values (2%) and swamp taxa are dominant (70-90%).

shallow and very small lake. During part (g) a pulse 
of sand supply occurred before proportions of coar-
se silt increased and deep water conditions became 
more abundant, pointing to higher lake levels and a 
higher energetic depositional environment.

Period 4 (229. 8-218.2 ka); zone Fq-9C-L4
Parts (a) to (c) show a change from swamp (Cy-
peraceae) and shallow water (Hydrocotyle) condi-

tions, to abundant deep water vegetation (Isoëtes 
and some Potamogeton) and again to swampy and 
shallow water conditions (Hydrocotyle, Myriophy-
llum, Ranunculaceae). During this cycle sediments 
change from mainly coarse silt (a), to sand (b), and 
to coarse silt and later fine silt (c). Thus, this change 
of shallow-deep-shallow water conditions coinci-
des with an excursion from fine grained sediments, 
to coarse sand, and to fine grained sediments again 

Table 2. (Continued)
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reflecting a cycle from low to high to low energetic 
levels in the lake. Part (d) shows very high propor-
tions of clay (95%) while shallow water and swamp 
vegetation dominated pointing to very quiet depo-
sitional environments under low lake level condi-
tions. Parts (e) to (g) show a similar excursion as 
reconstructed for the parts (a) to (c). Proportions of 
coarse grained sediments were higher and shore ve-
getation was less abundant indicating that during the 
second excursion energetic levels were higher and/
or sediment sources more proximal. During parts 
(b) and (f), when sand is abundant, Isoëtes might 
have occurred on sandy surfaces along streams in 
the lake, reflecting a special setting that was descri-
bed by Torres et al. (2005). Under such conditions 
lake levels were less high as suggested by the pro-
portion of deep water taxa.

Period 5 (218. 2-212.5 ka); zone Fq-9C-L5
This zone shows abundant swamp and shallow 
water vegetation in combination with high propor-
tions of clay, pointing to quiet low energetic depo-
sitional environments in relative low lake level. In 
part (a) presence of some coarse silt coincides with 
abundant shallow water with Myriophyllum indica-
ting a relatively dynamic interval of this zone. Sig-
nificant representation of Zygnema and Spirogyra 
spores supports shallow water conditions. Part (c) 
shows similar conditions but Myriophyllum was 
less abundant and Hydrocotyle and Ranunculaceae 
were more abundant. High proportions of clay (up 
to 85%) and dominance of swamp vegetation in 
part (b) indicate low energetic conditions, a distal 
sediment source, and a relative small lake.

Period 6 (212.5-195.1 ka); zone Fq-9C-L6
During part (a) deposition of clay (up to 45%), the 
presence of peat, shore vegetation (Polygomum in 
particular) and abundant swamp is indicative of 
quiet low energetic sedimentary environments with 
relative low lake levels. In part (b), including a 
hiatus, proportions of shore vegetation and swamp 
vegetation continued; while abundances of peaty 
sediment, coarse silt and sand increased and clay 
was mostly absent, suggesting that high energetic 
and low energetic settings did simultaneously occur 
in the lake. In part (c) shore vegetation (Rumex, Po-
lygonum) reached the highest abundance, peat was 
well represented, and clay and fine silt reached high 
proportions, this all pointing to quiet low energetic 
environments and the expansion of reedswamps. 
During part (d) swamp vegetation and coarse silt 
dominated; supply of sand started when also clay 
was deposited but when sand input reached higher 

levels input of clay stopped, showing the energy le-
vel of depositional environments slightly increased, 
but the low energetic environment kept. Part (e) 
shows a significant input of sand (up to 45%) and 
coarse silt while proportions of deep and shallow 
water vegetation did not change. Absence of clay, 
but presence of shore vegetation suggests a small 
and shallow lake, a proximal sediment source, and 
high energetic depositional environments. During 
part (f) shore vegetation (Rumex and Polygonum), 
presence of peat, and supply of clayey sediments 
increased pointing to a distal sediment source, quiet 
depositional environments and a marked reduction 
of the lake surface. During part (g) sandy sediments 
dominated while shore and swamp vegetation was 
abundant. This setting contrasts with parts (b) and 
(f) from zone Fq-9C-L4 and we interpret this setting 
as a shallow quiet sedimentary environment with 
significant sand supplies by a local water current.

Period 7 (195.1-181 ka); zone Fq-9C-L7
During part (a) the high proportion of sand 45(70)% 
and sandy silt, in combination with very abundant 
swamp vegetation and low values of deep water 
plants indicate a high energy depositional environ-
ment with a proximal sediment source located in a 
wide swampy area. Lake levels were low to interme-
diate. During parts (b) to (d) there is a change from 
coarse to fine grained sediments which parallels with 
a change from swamp vegetation to shallow water 
vegetation; this trend points to increasing lake levels 
and more quiet depositional environments.  In part (e) 
input of sand and coarse silt returned while shallow 
water vegetation (Hydrocotyle, Ludwigia, Ranuncu-
laceae) and shore vegetation (Polygonum, Rumex) 
expanded, pointing to lower lake levels and a high 
energetic level of the depositional environment.

Period 8 (181-174.3 ka); zone Fq-9C-L8
This period shows most of the time (parts a and 
c) abundant deep water vegetation (50-75%) and 
swamp vegetation (20-40%) indicating high lake 
levels, but is interrupted by the short period (b) 
with low lake levels. Sediments in part (a) mainly 
consist of coarse silt (20-50%), but fine silt, clay, 
and also minimal proportions of sand are also pre-
sent. Low energetic depositional environments 
in deep waters are inferred. During part (b) deep 
water vegetation almost disappeared and swamp 
vegetation was abundant, coarse sediment fraction 
is absent and sediments consist of equal propor-
tions of fine silt and clay. Lake levels were low 
and there were quiet low energetic depositional 
environments with a distal sediment source. Du-
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ring part (c) deep water vegetation increased ra-
pidly and swamp area decreased. Sediments were 
mainly fine grained indicating that the energetic 
level in part (c) was lower than in part (a).

Period 9 (174.3-159 ka); zone Fq-9C-L9
During part (a) swamp vegetation dominated (65-
75%) with some shallow water and shore vegeta-
tion; mainly fine grained sediments, clay and fine 
silt were deposited indicating quiet low energetic 
depositional environments with intermediate water 
levels. During part (b) deep water vegetation in-
creased rapidly, clay almost disappeared and coarse 
silt became abundant showing higher water levels, 
a more proximal sediment source area, and sedi-
mentation processes at higher energetic levels. Du-
ring part (c) shallow water vegetation became more 
abundant (Hydrocotyle, Myriophyllum) and occu-
rred with swamp (Cyperaceae) and shore vegeta-
tion (Rumex). Clay (45-65%) and fine silt (20-40%) 
dominated the sediments while peat expanded sig-
nificantly. We infer very quiet low energetic deposi-
tional environments in a swampy environment. Du-
ring part (d), which includes a hiatus, peat expanded 
and sediments were mainly fine grained with clay 
dominating. Swamp and shallow water vegetation 
dominated, and quiet low energetic depositional 
environments with very low water levels prevailed. 
Part (e) shows continuing proportions of deep and 
shallow water (in total 25-35%), c. 35% coarse silt 
and a short pulse of sandy sediments. Swamp and 
shore vegetation, fine grained sediments and peat 
are dominant indicating low to medium water le-
vels, with an intermediate level of energy.

Period 10 (159-145.7 ka); zone Fq-9C-L10
During part (a) deep water vegetation increased but 
swamp vegetation remained most abundant. Fine 
grained sediments (clay and fine silt) are dominant 
indicating a distal sediment source, low energetic 
depositional environments and low to intermediate 
water levels. Part (b) shows higher proportions of 
deep water vegetation (35-50%), but swamp vege-
tation and fine silt sediments are dominant indica-
ting a rather distant sediment source, depositional 
environments with intermediate levels of energy, 
and high water levels. Part (c) shows significant in-
put of sand (20-40%) in addition to coarse silt whi-
le deep water vegetation is decreasing. Under these 
conditions Isoëtes may grow on sandy soils along 
water currents and therefore not indicating deep 
water. Swamp vegetation is dominant; it is plausi-
ble that supply of coarse grained sediments relate to 
the proximal streamline of the main water current 

through the lake. Part (d) shows high proportions 
of coarse silt and some spikes of sandy sediments 
while deep water vegetation is present. Swamp ve-
getation (Cyperaceae) is dominant and shore vege-
tation (Rumex and Polygonum) is present. We infer 
relatively high energetic depositional environments 
and low to intermediate water levels. During part 
(e) there is again significant input of sand while 
conditions of the previous interval hardly changed.

Period 11 (145.7-134.1 ka); zone Fq-9C-L11
During part (a) the sediments consist of clay and 
peat while shore vegetation (Rumex) and swamp 
vegetation (Cyperaceae) dominate, indicating very 
low water levels and low energetic depositional 
environments. During part (b) shore (Rumex) and 
swamp vegetation was abundant but also shallow 
water vegetation occurred (Hydrocotyle, Myrio-
phyllum, Ranunculaceae). Peat almost disappeared 
and sediments show equal proportions of sand and 
coarse silt, and clay and fine silt. We infer higher 
water levels with depositional regimes varying from 
stable and low energetic (distal sediment source) to 
moderate energy levels when sediments originate 
from a smaller distance. During part (c) vegetation 
conditions are identical to the previous interval but 
the proportion of fine grained sediments increased 
to some 80% while sand is absent. This suggests 
a more distal sediment source, and a lower energy 
depositional environment. Part (d) shows presence 
of sand and coarse silt, more deep water vegetation, 
and absence of peat, all pointing to a more proxi-
mal sediment source, higher energetic depositional 
environments and low lake levels. Part (e) shows 
presence of deep water vegetation and some 25% 
of coarse silt suggesting some energetic sediment 
transport. But abundant swamp vegetation in com-
bination with significant proportions of clay and fine 
silt point to low energetic depositional environments 
with a distal sediment source on the average. 

5.2 Regional vegetation change

Here we present the reconstruction of vegetation 
change in a wide area around Lake Fúquene (Fig. 6 
and Table 3). Reconstructions follow the 10 periods/
zones and the 52 subzones indicated in Fig. 6.

Period 1 (284-264 ka); zone Fq-9C-R1
High proportions of subpáramo and grasspáramo vege-
tation show that the lake was most of the time surroun-
ded by páramo, pointing to glacial conditions. Only 
during the intervals (a), (b) and (d) AP% reach slightly 
over 40% showing the UFL had reached ~2600 m.
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During part (a) AP of 45-40% indicates the UFL 
was at 2600 m. Quercus (up to 25%) was dominant 
near the UFL together with Hedyosmum, Myrica, 
Podocarpus, and Weinmannia. Other taxa of the 
Andean forest were Eugenia, Miconia, Ilex, and 
Vallea. Subpáramo shrub was very limited while 
grasspáramo extended from ~2650 m upslope and 
contained significant proportions of Poaceae, Vale-
riana, Lysipomia, and Caryophyllaceae. Presence 
of Dodonaea suggests relatively dry conditions, 
which are confirmed by the local vegetation domi-
nated by swamp and shore taxa. During part (b) the 
UFL changed little in altitude but now Alnus beca-
me the most abundant tree, while Quercus almost 
disappeared. Hedyosmum and Podocarpus dimi-
nished while Myrica and Symplocos increased in 
proportions. Subpáramo vegetation was abundant 
from ~2650-2900 m. Scattered presence of Cheno-
podiaceae and the local predominance of swamp 
and shallow taxa are indicative of dry conditions. 
During part (c) the AP% decreased to 25% indica-
ting the UFL shifted downslope to ~2300 m. Aste-
raceae and Hypericum dominated the subpáramo 
around the lake. Poaceae and Plantago in particu-
lar were abundant and Draba and Geranium were 
also conspicuous. As Alnus does not occur above 
the UFL the 20% representation of Alnus reflects 
aeolian pollen transport. This high level of back-
ground noise corresponds with the observations in 
the adjacent Bogotá Basin (Hooghiemstra, 1984: p. 
72). During part (d) AP% increased to 50% indica-
ting the UFL shifted to ~2700 m. In the uppermost 
Andean forest around the lake Myrica, Quercus, 
and Weinmannia were most important while Alnus, 
Eugenia, Hedyosmum, Miconia, Myrsine, Symplo-
cos, and Vallea were also conspicuous. Hypericum 
dominated in the subpáramo, and Poaceae and 
Plantago in the grasspáramo. During part (e) AP% 
of ~25% indicate the UFL was at 2300 m. Subpára-
mo vegetation surrounded the lake and Ericaceae, 
Hypericum and Polylepis were abundantly present. 
In the grasspáramo above ~2600 m Poaceae, Plan-
tago, Geranium, and Caryophyllaceae were cons-
picuous. In the first part Asteraceae and Polylepis 
were more abundant and in the last part (including 
a hiatus) more Poaceae and Caryophyllaceae. Du-
ring part (f) 25-30% AP% indicates the UFL was at 
2300-2400 m. Hedyosmum and Podocarpus show 
high proportions suggesting both taxa were abun-
dant in the uppermost Andean forest. Subpáramo 
surrounded the lake up to ~2650 m and Asteraceae, 
Hypericum and Polylepis were most abundant. In 
the grasspáramo Poaceae, Plantago, Geranium, Va-
leriana, and Caryophyllaceae were conspicuous.

Period 2 (264-243.7 ka); zone Fq-9C-R2
High proportions of grasspáramo most of the time 
and significant percentages of subpáramo vegeta-
tion show that the lake was generally surrounded 
by grasspáramo, pointing to glacial conditions. 
AP% did not reach over 40% indicating the UFL 
was continuously below the level of the lake.

During part (a) AP values of ~35% indicate the UFL 
was at ~2450 m, but several times Alnus peaked up 
to 40% indicating that the UFL was dynamic and 
reached several times the elevation of the lake for a 
short time. Miconia, other Melastomataceae, Quer-
cus, Alnus and Weinmannia were most conspicuous 
in the uppermost Andean forest. Subpáramo vege-
tation was limited to a narrow belt that reached the 
lake and vegetation was dominated by Hypericum 
and Polylepis. Grasspáramo was particularly rich 
in Caryophyllaceae, Geranium, and Plantago. Du-
ring part (b) AP% of ~20% indicate the UFL was 
at ~2200 m. Subpáramo vegetation expanded to 
a wider altitudinal belt as in known from modern 
conditions and reached to ~2700 m; Asteraceae, 
Ericaceae, and Polylepis were abundant. Valeriana 
was conspicuous in the grasspáramo. During part 
(c) AP% of 20-25% indicate the UFL was at ~2200 
m. Myrica, Quercus, Weinmannia, and Alnus show 
highest values suggesting these taxa were dominant 
in the uppermost Andean forest. Subpáramo vege-
tation was also located below the elevation of the 
lake (~2200-2500 m), and very high percentages of 
grasspáramo taxa shows the lake was surrounded by 
grasspáramo. Poaceae, Plantago, Lycopodium, Ge-
ranium, and Aragoa were conspicuous. During part 
(d) AP% of 20(40)% indicate the UFL was at ~2200 
(2550) m. Alnus shows a strongly fluctuating record 
which probably reflects dynamic aeolian pollen 
transport to the lake. Subpáramo vegetation is well 
represented and the high values (up to 50%) suggest 
it occurred also around the lake. Asteraceae, Erica-
ceae, Hypericum and Polylepis were abundant. Also 
Asteraceae Lactucoideae were conspicuous. In the 
grasspáramo Caryophyllaceae, Geranium, Lycopo-
dium, Plantago and Puya were abundant.  During 
part (e), which includes a hiatus, AP% of ~15% in-
dicate the UFL was around ~2100 m. Subpáramo 
vegetation is little represented: Hyperium and Po-
lylepis seem most abundant. Grasspáramo vegeta-
tion is all around the lake and Gentiana, Geranium 
and Plantago are conspicuous. During part (f) AP% 
of 40% indicate the UFL came close to the elevation 
of the lake. Myrica, Podocarpus, Quercus, Alnus, 
and Symplocos were abundant in the uppermost 
Andean forest. Subpáramo vegetation shows high 
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Table 3. Concise description of the regional pollen from record Fq-9C of Lake Fúquene for the interval from 26 to 
58.3 m reflecting marine isotope stages 8 to 6. Letters in brackets refer to smaller intervals with characteristic pollen 
spectra. Percentages refer to the main diagram. AP = Arboreal Pollen

Pollen Zone Pollen diagram main features
Fq-9C-R1
5833-5541 cm 
239 samples

In part (a) AP shows 40%; Quercus is most dominant. Subparámo shows 10-20%, and 
grasspáramo taxa 25-50%. In part (b) AP is ~45% but Quercus is now replaced by Al-
nus. Proportions of subparámo taxa increased to 20-30% and percentages of grasspáramo 
taxa lowered to 10-18%. Dry taxa are significantly present. Part (c) includes a hiatus; AP 
lowered to 25-30% and Alnus continued to be dominant. Proportions of subpáramo taxa 
show 25-30% and percentages of grasspáramo increased to 40%. Part (d) shows 50% AP 
and Alnus continued to be dominant. Values of subpáramo show 20-25% and grasspáramo 
values show 25-35%. Part (e) includes a hiatus and shows AP values of 25-30% and Alnus 
continued to be dominant. Subpáramo taxa reach 25-35% and grasspáramo taxa 50-60%. 
In part (f) AP values show 30% and Alnus continues to be dominant. Subpáramo taxa reach 
values of 40-50% and grasspáramo taxa 25-35%.    

Fq-9-2R
5114-5540 cm
305 samples

In part (a) AP reaches fluctuating values of 25-35%; Quercus is present but Alnus is domi-
nant. Subpáramo taxa show 20-40%, and grasspáramo taxa 25-45%. In part (b) AP values 
lower to 20% and Alnus is dominant. Subpáramo taxa show 40%, and grasspáramo taxa 
35-50%.  In part (c) AP percentages are mostly between 15-30%, but peaks reach to 45%. 
Subpáramo values fluctuate between 15-40%, and grasspáramo fluctuate between 25-75%. 
In part (d) AP percentages are mostly around 25% but peaks reach 40%. Subpáramo taxa 
show 40%, decreasing to 25% in the top, and grasspáramo taxa fluctuate between 25-45% 
increasing to 60% in the top. Part (e) includes a hiatus; AP show 10-20%. Subpáramo 
values show 15-20%, and grasspáramo taxa 45-65%. In part (f) AP values increase to 25-
40%; Alnus is dominant. Subpáramo taxa increase from 30% to 40%, and grasspáramo taxa 
lower from 35-45% to 20% in the top of this interval. Part (g) includes a hiatus; AP show 
30%: Quercus is present but Alnus is dominant. Subpáramo taxa reach 15%, and grasspá-
ramo taxa 60%.

Fq-9C-3R
5094-4815 cm
236 samples

In part (a) AP reaches 55-70% and Quercus and Alnus are dominant. Subpáramo taxa show 
very low values of <5%, and grasspáramo values increase from 10% to 25%. In part (b) 
AP reach 65-85%: in particular Weinmannia and Myrica show high proportions; Quercus 
and Alnus have only a small share of it (<15%). Subpáramo taxa lower from 35% to 5%, 
and grasspáramo taxa show low values of <10%. In part (c) AP show values of 60-75% 
and Quercus and Alnus have a significant share of it. Subpáramo taxa show values <15%, 
grasspáramo taxa values of 15-35%, and dry vegetation is represented with values up to 
4%. Part (d) mainly reflects a hiatus. Part (e) shows AP values of 80-90%. Subpáramo and 
grasspáramo taxa show values <10% and dry vegetation is represented with values of 2-5%. 
Part (f) shows increasing values of AP from 40% to 65%. Quercus and Alnus both have 
significant shares of these proportions. Subpáramo values decrease from 30% to 10%, and 
grasspáramo values decrease from 35% to 20%. In the upper interval dry vegetation shows 
high values up to 25%. In part (g) AP percentages start at 80% and decrease to 60-55%; 
Quercus is present and Alnus has a significant share. Subpáramo values are around 20%. 
Grasspáramo values starts at 5%, show a peak of 35%, and lower to c. 10%.
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Table 3. (Continued)

Pollen Zone Pollen diagram main features
Fq-9C-4R
4814-4383 cm
293 samples 

In part (a) AP values decrease from 60% to 30%; Quercus is now almost absent and Alnus is 
dominant. Values of subpáramo taxa increase from 15% to 40%, and grasspáramo taxa from 
15% to 35%.  In part (b) AP show 40%, with a peak of 50% when the proportion of Quer-
cus increases; Alnus is dominant. Subpáramo values fluctuate between 25% and 40%, and 
grasspáramo between 20% and 30% with peaks up to 45%. In part (c) AP values are close to 
40% and Alnus is dominating. Subpáramo values vary between 25% and 40%, grasspáramo 
values vary between 20% and 35%. In part (d) AP values start at 40% and increase to 75%; 
the largest part of these percentages come from Alnus.  Subpáramo taxa decrease from 20% 
to 5%, and grasspáramo taxa from 25% to 15%. In part (e) AP percentages fluctuate between 
30% and 40%; Alnus is dominant. Subpáramo values show 15-20%, and grasspáramo taxa 
show values between 35% and 55%. In part (f) AP percentages vary between 40% and 60%; 
there are relevant proportions of subandean forest, Quercus, and dry vegetation present. 
Subpáramo taxa sshow values of 10-30%, and grasspáramo taxa range from 20-35%.

Fq-9C-5R
4382-4000 cm
256 samples

In part (a) AP values increase from 60% to 90%; both Quercus and Alnus contribute signi-
ficantly. Subpáramo taxa decrease from 15% to 5%, and grasspáramo taxa decrease from 
20% to <5%. Part (b) includes a hiatus. AP values fluctuate around 70%; Quercus is present 
and Alnus is dominant. There is a significant proportion (3-8(20)%) of dry taxa. Subpáramo 
taxa show values between 10% and 20%, grasspáramo taxa show values around 10%. In 
part (c) AP values show a minimum of ~50%. Subpáramo taxa show 15-20%, grasspáramo 
taxa show decreasing values from 20% to 10%. Taxa of dry vegetation are absent. In part 
(d) AP percentages show 70% and decrease last part to 55-60%. Quercus is continuously 
present and Alnus is dominant. Subpáramo taxa show values of 20%, grasspáramo taxa 
show values of 15% and increase in the last part to 20%. There is a low representation 
(2-3%) of dry vegetation.

Fq-9C-6R
3999-3661 cm
296 samples

In part (a) AP percentages vary between 45-60%. Quercus is continuously present and 
Alnus is dominant. Subpáramo taxa show 20%, grasspáramo taxa show 20-35%. In part 
(b) AP values decrease to ~35%. Quercus is continuously present and Alnus is dominant. 
Subpáramo taxa show 25-30%m and grasspáramo taxa show 35%. In part (c) AP values 
vary from 45-55%. Quercus shows some 10% and Alnus is dominant. Subpáramo taxa 
show 15-20% and grasspáramo taxa show 30-40%. Part (d) includes a hiatus. AP values 
show 30-40%. Subpáramo taxa show 25-30% and grasspáramo taxa 25-30%. In part (e) AP 
values show 60-65%. Quercus is continuously present and Alnus is dominant. Subpáramo 
taxa show values of 20% and grasspáramo taxa show values of 20% in the last part increa-
sing to 30%. 

Fq-9C-7R
3660-3450 cm
206 samples

In part (a) AP values show 40-45%. Quercus is present and Alnus is dominant. Subpáramo 
taxa show values of 15% increasing to 30%. Grasspáramo taxa show values of 30% increa-
sing to 45%. In part (b) AP values decrease to 30%. Quercus is continuously present and 
Alnus is dominant. Subpáramo values vary between 10% and 20%, Grasspáramo taxa vary 
from 55% to 45%. In part (c) AP values vary between 35% and 45%. Quercus is present 
and Alnus is dominant. Subpáramo taxa show values of 20% to 40%. Grasspáramo taxa 
show 30-40%.
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Pollen Zone Pollen diagram main features
Fq-9C-8R
3438-3157 cm
259 samples

In part (a) AP show values of 40%. Quercus is present and Alnus is dominant. Subpáramo 
taxa show 10-20%. Grasspáramo taxa show 35-45%. In part (b) AP values show 50-65% 
The proportion of Quercus (6%) is higher and Alnus is dominant. Subpáramo taxa show 
values of 10%, and grasspáramo taxa 25-40%. Part (c) mainly consists of a hiatus. In part 
(d) AP taxa show values of 45-55%. Quercus shows some 6% and Alnus is dominant. 
Subpáramo taxa show values of 15%. Grasspáramo taxa show values of 35%. In part (e) AP 
taxa show increasing values from 25% to 40%. Quercus is present and Alnus is dominant. 
Subpáramo taxa show values of 5% increasing to 15%. Grasspáramo taxa show values of 
70% decreasing to 40-50%. In part (f) AP values reach 65%. Quercus is present and Alnus 
is dominant. Subpáramo taxa show 10% and grasspáramo taxa show 20%. In part (g) AP 
values reach to 30%

Fq-9C-9R
3156-2889 cm
220 samples

This zone is very uniform. AP shows values of 25-40%. Quercus is present most of the time 
and Alnus is dominant. Subpáramo taxa show values of 25-40%. Grasspáramo taxa show 
values of 35-45%.

Fq-9C-10R
2888-2621 cm
245 samples

In part (a) AP taxa reach twice minimum values of 10%. In between AP values reach 25% 
and in those intervals Quercus contributes with some 8%. Subpáramo taxa are almost ab-
sent and grasspáramo taxa show 50-80%. In part (b) AP taxa reach values of 40% Alnus 
is dominant. Subpáramo taxa show some 30%. Grasspáramo taxa show 30-40%. In part 
(c) AP taxa reach values of 25-30%. Alnus is dominant. Subpáramo taxa show 20-25%. 
Grasspáramo taxa show 45-55%. In part (d) AP taxa reach values of 40-50%. Alnus is 
dominant. Subpáramo taxa show values around 15%. Grasspáramo taxa show values of 
25-40%.  Part (e) AP taxa reach values of 10%, Alnus is dominant Podocarpus, Myrica and 
Hedyosmum are important. Subpáramo taxa show values of 15%. Grasspáramo taxa show 
65%. Part (f)   includes a hiatus. AP taxa show values of 18-30 (60) % Quercus is conti-
nuously present and Alnus is dominant. Grasspáramo taxa show values of 25-35%.

proportions (up to 40%) indicating the lake was su-
rrounded by a wide belt (2500-2800 m) of subpá-
ramo vegetation in which Asteraceae, Ericaceae, 
Hypericum, and Polylepis were abundant. In the 
grasspáramo Aragoa, Caryophyllaceae, Geranium, 
and Lycopodium were conspicuous. During part (g) 
AP% of 30% indicate the UFL was at ~2300 m (the 
later interval represents a hiatus). Myrica, Alnus and 
Quercus were abundant in the uppermost Andean fo-
rest. The subpáramo shows low values pointing to 
a narrow altitudinal belt (2300-2500 m) which did 
not reach the elevation of the lake. Most conspicuous 
were Asteraceae, Hypericum and Polylepis. Grasspá-
ramo was abundant and this vegetation started just 
below the elevation of the lake. Caryophyllaceae, 
Geranium, Lycopodium, Plantago and Valeriana 
were conspicuous.

Period 3 (243.7-231.2 ka); zone Fq-9C-R3
Most of the time AP% is >40% showing the lake 

was almost continuously surrounded by forest. Du-
ring intervals (b), (e), and (g) AP% peaked up to 
>80% showing the UFL reached periodically 3300 
m. Interglacial conditions prevailed.

During period (a) AP% of 65% indicate the UFL 
migrated up to ~3000 m Quercus, Podocarpus, Al-
nus and Myrica were dominant in the Andean forest 
and Hedyosmum, Myrsine, and Weinmannia were 
conspicuous. Low values of subpáramo taxa, mainly 
Hypericum, indicate this belt was limited. Grasspá-
ramo occurred in areas above ~3200 m and only 
Poaceae and Valeriana are registered. For the first 
time in the record Dodonaea attains significant va-
lues (up to 15%) suggesting the rapidly upslope shi-
fting ecosystems left bare soil on which Dodonaea 
pioneered. During part (b) AP% of 85% the UFL 
was at ~3400 m. Most of this proportion was made 
up of Ilex, Miconia, Myrica, Podocarpus, Quercus, 
and Weinmannia, while Alnus was scarce in the An-

Table 3. (Continued)
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dean forest. Subpáramo vegetation occurred on the 
highest tops of the mountains, while grasspáramo, 
potentially above 3600-3700 m hardly occurred as 
mountains do not reach these elevations in the su-
rrounding area. Borreria attained significant repre-
sentation suggesting relatively dry climatic condi-
tions, conditions equally supported by expansion of 
swamp vegetation and development of peat in the 
lake area. During part (c) AP% of 60% indicate the 
UFL shifted downslope to ~2900 m. Myrica, Quer-
cus, Alnus and Podocarpus kept high proportions in 
the Andean forest but other taxa conspicuous in the 
previous interval reduced in relevance. Abundant 
vegetation of Dodonaea shows bare soil is frequent 
during this period of rapid environmental and clima-
te change. Subpáramo was limited and mainly made 
up of Polylepis dwarf forest. Grasspáramo, mainly 
represented by Poaceae, occurred above ~3200 m. 
Part (d) mainly reflects a hiatus in the record. Du-
ring part (e) AP% of >80% indicate the UFL was 
at ~3400 m. Main taxa in the Andean forest were 
Hedyosmum, Ilex, Miconia, other Melastomataceae, 
Myrica, Podocarpus, Quercus, Symplocos, Vallea, 
and Weinmannia. A representation of 10% of Alnus 
indicates this tree was locally not present in the An-
dean forest. Thus forest composition differed signifi-
cantly from part (b). Subpáramo vegetation occurred 
on the highest tops of the mountains and Hypericum 
was most abundant. Grasspáramo, potentially abo-
ve 3600-3700 m hardly occurred as mountains do 
not reach these elevations in the surrounding area. 
Borreria attained significant values suggesting re-
latively dry climatic conditions. During part (f) in-
creasing AP% from 35% to 60% indicates the UFL 
shifted from 2500 m to ~2900 m. Myrica, Alnus 
and Quercus dominated the Andean forest, while 
Hedyosmum, Miconia, Podocarpus and Weinman-
nia were conspicuous. Subpáramo was dominated 
by Asteraceae, Hypericum, and Polylepis occurred 
from ~2900 to 3200 m. In the grasspáramo Car-
yophyllaceae, Geranium, Plantago, and Valeriana 
were conspicuous. At the end of this interval Borre-
ria became abundant suggesting climatic dryness, a 
condition confirmed by the local vegetation where 
shore vegetation expanded and peatland developed. 
During part (g) decreasing AP% from 80% to 60% 
indicate the UFL first reached ~3300 m and moved 
downslope to 2900 m. First, forest was dominated 
by Miconia and Alnus, and after the UFL lowered by 
Ilex, Quercus, Symplocos, and Vallea, while Myri-
ca and Weinmannia were continuously abundant. 
Subpáramo in particular was rich in Ericaceae and 
Polylepis, along presence of Hypericum and Astera-
ceae. Plantago was frequent in the grasspáramo.

Period 4 (231.2-211.9 ka); zone Fq-9C-R4
Most of the time AP% is around 40% indicating the 
UFL was near the elevation of the lake. During in-
tervals (b), (d), and (f) AP% are >40% showing the 
UFL periodically shifted to higher elevations and 
the lake was surrounded by forest. Interglacial con-
ditions prevailed.

During part (a) lowering AP% from 60% to 30% 
indicate the UFL migrated from 2900 m to 2400 
m. Myrica, Weinmannia and Alnus were most abun-
dant in the Andean forest, and Hedyosmum, Mico-
nia, Podocarpus, Symplocos and Vallea were also 
conspicuous. There was a broad subpáramo belt in 
which Asteraceae, Hypericum and Polylepis were 
abundant. In the grasspáramo Aragoa, Caryophylla-
ceae, Geranium, Lycopodium, Plantago, and Puya 
showed significant proportions. During part (b) 
AP% of 50% indicate the UFL is ~2700 m. In the 
Andean forest Myrica, Quercus and Alnus in parti-
cular reached high proportions and replaced Myrica 
and Podocarpus. Subpáramo vegetation was limi-
ted in vertical extension to ~2700-2900 m and As-
teraceae and Hypericum dominated the vegetation. 
Grasspáramo occurred above 2900 m with Poaceae, 
Caryophyllacaeae, Plantago, and Valeriana. Du-
ring part (c) fluctuating AP% close to 40% indicate 
the UFL was just below the level of the lake. Taxa 
with highest proportions, Alnus, Hedyosmum, Ilex, 
Miconia, Myrica, Podocarpus and Weinmannia do-
minated the uppermost Andean forest. Subpáramo 
vegetation was dominated by Asteraceae, Ericaceae 
and Polylepis; the latter must have been important 
at the UFL and as dwarf trees in the shrubpáramo. 
The grasspáramo extended from 2800 m upslope 
and Poaceae, Lycopodium, Geranium and Vale-
riana were the most conspicuous elements. Du-
ring part (d) AP% of 70% indicate the UFL was at 
~3100 m. Alnus, Hedyosmum, Myrica and Quercus 
dominated the Andean forest while Miconia, Myrsi-
ne, and Podocarpus were conspicuous. Subpáramo 
was limited to ~3300 m. Grasspáramo occurred at 
elevations over 3300 m and Lycopodium and Vale-
riana attained relevant proportions in the vegeta-
tion. During part (e) lowering AP% to 30% indicate 
the UFL shifted down slope to ~2400 m. Alnus and 
Myrica were the most important taxa in the Andean 
forest while Hedyosmum, Quercus, and Podocar-
pus had significant cover in the forest. Low values 
of subpáramo taxa (20-30%) indicate the subpára-
mo, mainly made up of Hypericum and Polylepis 
had a limited vertical extension (~2400-2550 m). 
Grasspáramo surrounded the lake and was domi-
nated by Poaceae while Valeriana and Lycopo-
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dium were conspicuous. During part (f) increasing 
AP% to 60% indicate the UFL reached ~2900 m 
and lowered to ~2700 m afterwards. Andean forest 
was mainly made up of Alnus, Clethra, Eugenia, 
Hedyosmum, Ilex, Miconia, Myrica, Myrsine, Po-
docarpus, Quercus, Vallea, and Weinmannia. Some 
taxa of the subandean forest (Acalypha, Alchornea, 
Cecropia, and Urticaceae-Moraceae) reached high 
values indicating these taxa migrated into the lower 
Andean forest and changed its composition. Subpá-
ramo was dominated by Asteraceae and Hypericum 
while Ericaceae and Polylepis were conspicuous. 
Subpáramo occurred from 2900-3100 m, later from 
2700-3100 m. Grasspáramo vegetation was domi-
nated by Poaceae.

Period 5 (211.9-195 ka); zone Fq-9C-R5
During most of the time AP% is >60% showing the 
UFL was most of the time 2900-3000 m, pointing 
to interglacial conditions. During intervals (a), (b), 
and (d) AP values peaked.

During part (a) increasing AP% from 60% to 90% 
indicate the UFL migrated from ~2900 m to ~3500 
m. Quercus became increasingly more abundant sug-
gesting that Quercus was most abundant in the lower 
part of the Andean forest. Alnus, Myrica, Podocar-
pus, and Quercus were most abundant in the Andean 
forest while Eugenia, Ilex, Myrsine, Symplocos, 
and Weinmannia were also conspicuous. Subpára-
mo consisted mainly of Asteraceae and Hypericum 
and stretched from ~2900-3100 m to ~3500-3700 
m. Grasspáramo, mainly consisting of Poaceae and 
Valeriana occupied the highest parts of the moun-
tains. Part (b) starts with a hiatus. AP% of 70-75% 
indicate the UFL was at 3100-3200 m. Andean fo-
rest mainly consisted of Alnus, Myrica, Podocarpus, 
Quercus, and Weinmannia, while Hedyosmum, Ilex, 
Melastomataceae, Myrsine, and Symplocos were 
also conspicuous. Subpáramo vegetation was alti-
tudinally limited; Asteraceae were dominant, while 
Ericaceae, Hypericum and Polylepis attained lower 
cover. Grasspáramo occurred above ~3300-3400 m 
and, therefore was limited to mountain tops. Borre-
ria was relatively abundant suggesting dry climatic 
conditions, a condition corroborated by the abun-
dant shore and swamp vegetation and development 
of peatland in the lake area. During part (c) lowering 
AP% to ~50% indicate the UFL was at ~2600 m. 
Andean forest mainly consisted of Alnus, Myrica 
and Podocarpus, while Eugenia, Hedyosmum, Ilex, 
Quercus, Symplocos and Weinmannia attained lower 
representation in the forest. Subpáramo was domi-
nated by Asteraceae, Ericaceae, and Polylepis and 

occurred from ~2700-3000 m. Grasspáramo consis-
ted of Poaceae, Geranium, Lycopodium, Plantago, 
and Valeriana. During part (d) AP% of ~70%, and 
subsequently lowering to 60%, indicate the UFL 
shifted from ~3100 m to 2900 m. Alnus, Myrica, 
Quercus, and Weinmannia were abundant in the An-
dean forest while Eugenia, Hedyosmum, Ilex, Mico-
nia, Podocarpus, and Symplocos were conspicuous. 
Subpáramo vegetation consisted of Asteraceae, Eri-
caceae, and Polylepis while Hypericum was scarce. 
Grasspáramo was present above elevation of first 
3400 and later 3200 m, and Caryophyllaceae, Gera-
nium, Lycopodium, Plantago and Valeriana were the 
most important taxa. Presence of Borreria lowered 
in the last part of this interval suggesting drier con-
ditions. Expansion of shore and swamp vegetation 
confirm this period of drier conditions.

Period 6 (195-180 ka); zone Fq-9C-R6
During this period AP% are between 40-60% indi-
cating the UFL shifted between the level of the lake 
and 2900 m, pointing to interglacial conditions. Du-
ring intervals (a) and (c) AP% peak.

During part (a) AP% of 45-50% indicate the UFL 
was at ~2700 m. Alnus, Myrica, Quercus, and Po-
docarpus were dominant while Eugenia, Hedyos-
mum, Ilex, Miconia, Myrsine, and Weinmannia are 
conspicuous. Subpáramo vegetation occurred from 
2700-3000 m; Polylepis is most abundant while 
Asteraceae, Ericaceae and Hypericum are conspi-
cuous. In the grasspáramo Poaceae and Valeriana 
were abundant while Caryophyllaceae, Geranium, 
Lycopodium, and Plantago were conspicuous. Pre-
sence of Borreria, Chenopodiaceae and Dodonaea 
suggest relatively dry climatic conditions, which 
are also reflected by the abundance of swamp ve-
getation in the lake area. During part (b) decrea-
sing AP% to 35% indicate the UFL was close to 
the level of the lake. Alnus and Myrica were most 
abundant while Hedyosmum, Miconia, Podocar-
pus, Quercus, Symplocos, and Weinmannia were 
conspicuous. Subpáramo occurred from 2600-2900 
m and consisted mainly of Asteraceae, remarkably 
high proportions of Asteraceae Liguliflorae, Erica-
ceae, Hypericum, and Polylepis. Grasspáramo was 
made up of Poaceae, and a suite of páramo herbs: 
Caryophyllacaeae, Draba, Gentiana, Geranium, 
Lycopodium, Lysipomia, Plantago, Puya, and Va-
leriana. During part (c) AP% of 50% indicate the 
UFL shifted to 2700 m. Alnus, Quercus, Myrica, 
Podocarpus, Hedyosmum, and Weinmannia were 
most abundant while Eugenia, Miconia, Myrsine, 
and Symplocos were conspicuous. Subpáramo ve-
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getation was limited in its vertical range and oc-
curred from 2700 to 2900 m; the most important 
taxa were Asteraceae, Hypericum, and Polylepis. 
Grasspáramo occurred above 2900 m elevation 
and main taxa were Poaceae, Caryophyllaceae, 
and Valeriana. Most of part (d) represents a hiatus. 
Lowering AP% to 30% indicate the UFL lowered 
to 2300 m. Alnus, Myrica, Podocarpus, Quercus, 
Hedyosmum, and Symplocos were the most impor-
tant Andean forest taxa. Subpáramo occurred from 
2300-2600 m and mainly consisted of Asteraceae 
and Polylepis, and further of Hypericum and Eri-
caceae. Grasspáramo extended at elevations overt 
2600 m and apart of Poaceae, most prominent were 
Valeriana, Plantago, Lycopodium, Geranium, Dra-
ba, and Caryophyllaceae. During part (e) gradua-
lly decreasing AP%  from 65% to 50% indicate the 
UFL shifted from 3000 m to 2700 m. Alnus, Myri-
ca, Quercus, and Weinmannia were most abundant 
in the Andean forest while Eugenia, Hedyosmum, 
Ilex, Miconia, Myrsine, Podocarpus, Symplocos, 
and Vallea were conspicuous. Subpáramo extended 
over ~300 m altitudinally. Asteraceae and Ericaceae 
had a constant share in the subpáramo vegetation 
but the share of Hypericum and Polylepis gradually 
increased. Grasspáramo was dominated by Poaceae 
while Plantago, Lycopodium, Valeriana, Geranium, 
and Caryophyllaceae were conspicuous.

Period 7 (180-170.3 ka); zone Fq-9C-R7
Most of the time AP% is around 40% indicating the 
UFL was near the elevation of the lake but during in-
terval (b) páramo vegetation surrounded the lake. Cool 
conditions prevailed pointing to glacial conditions.

During part (a) AP% of 40-45% indicate the UFL was 
at 2500-2600 m. Alnus, Myrica, Quercus and Wein-
mannia were the most important taxa of the Andean 
forest while Eugenia, Ilex, Miconia, Myrsine, Sym-
plocos, Thalictrum and Vallea were conspicuous. 
The subpáramo vegetation consisted mainly of As-
teraceae, Hypericum, Polylepis, and less Ericaceae. 
In the grasspáramo the most important taxa were 
Poaceae, Plantago, Caryophyllaceae and Valeriana, 
and lower proportions of Aragoa, Draba, Gentiana, 
Geranium, and Lycopodium. During part (b) AP% of 
30% indicate the UFL was at 2400 m. Alnus, Quer-
cus, Myrica, and Weinmannia were the most impor-
tant taxa of the Andean forest while Eugenia, Ilex, 
Myrsine, Podocarpus, and Thalictrum were cons-
picuous. Subpáramo vegetation was mainly made 
up by Asteraceae, Hypericum, and Polylepis. In the 
grasspáramo most important were Poaceae, Planta-
go, Valeriana and Lycopodium, while Caryophylla-

ceae and Geranium were conspicuous. During part 
(c) AP% of 35-45% indicate the UFL was at 2450-
2650 m. Alnus, Myrica, and Quercus were the most 
important taxa of the Andean forest while Eugenia, 
Hedyosmum, Ilex, Miconia, Myrsine, Podocarpus, 
Symplocos, and Weinmannia were conspicuous. In 
the subpáramo, extending from 2650-3000 m, vege-
tation mainly consisted of Asteraceae, Hypericum, 
Polylepis, and Ericaceae. The grasspáramo occurred 
above elevations of 3000 m and consisted mainly of 
Poaceae, Valeriana, Lycopodium, Plantago, Caryo-
phyllaceae and Geranium.

Period 8 (170.3-157.2 ka); zone Fq-9C-R8
During this period AP% vary between 30% and 
60% indicating the UFL shifted between ~2300 and 
~2900 m. Intervals (b), (d), and (f) show peaking 
AP% mainly due to high proportions of Alnus. Gla-
cial conditions prevailed.

During part (a) AP% of 40% indicate the UFL was 
at the level of the lake. Alnus, Quercus, Myrica, and 
Weinmannia were dominant while Podocarpus, Va-
llea, Miconia, and Hedyosmum were conspicuous. 
Subpáramo extended from 2550 to ~2700 m and the 
vegetation was dominated by Asteraceae and Hy-
pericum, with a smaller contribution of Polylepis. 
Grasspáramo extended at elevations over ~2700 m 
and was dominated by Poaceae with small shares of 
Caryophyllaceae, Lycopodium, Plantago, and Va-
leriana. During part (b) AP% of 60% indicate the 
UFL was at 2900 m. Alnus and Quercus were the 
most important trees of the Andean forest, Wein-
mannia, and Myrica were also frequent, and Euge-
nia, Hedyosmum, Miconia, Myrsine, Podocarpus, 
and Vallea were conspicuous. Subpáramo vegeta-
tion had a limited distribution and was dominated 
by Asteraceae, Hypericum, and Polylepis. Grasspá-
ramo extended over elevations of 3200 m and was 
dominated by Poaceae and Plantago, while other 
páramo herbs were rare. Part (c) reflects a hiatus. 
During part (d) AP% of 50% indicate the UFL was 
at 2700 m. Alnus, Quercus and Miconia were the 
most important trees in the Andean forest while 
Hedyosmum, Miconia, Myrsine, Podocarpus, and 
Weinmannia were conspicuous. Subpáramo vege-
tation had a limited altitudinal distribution and oc-
curred from ~2700-2900 m. Asteraceae and Polyle-
pis were dominant while Hypericum and Ericaceae 
were frequent. Grasspáramo extended over ~2900 
m elevation and vegetation was dominated by 
Poaceae, with equal low proportions of Valeriana, 
Plantago, Lycopodium, and Caryophyllaceae. Du-
ring part (e) lowering AP% to 25% and increased 
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again to ~35% indicate the UFL was at 2300 m and 
shifted to 2400 m. Alnus, Quercus, Weinmannia, 
Podocarpus, Myrica, Miconia, and Hedyosmum 
were the most important trees of the Andean fo-
rest while Eugenia, Ilex, Myrsine, and Vallea were 
conspicuous. Subpáramo vegetation was limited in 
its altitudinal extension and probably reached with 
abundant Polylepis dwarf forest the elevation of 
the lake. Above the elevation of the lake grasspá-
ramo prevailed. Poaceae were very abundant and 
the following páramo herbs reached only low sha-
res in the vegetation: Caryophyllaceae, Geranium, 
Lycopodium, Plantago, and Valeriana. During part 
(f) AP% of 70% indicate the UFL was at ~3100 
m. Alnus accounted for 60% of this AP% and also 
Myrica and Quercus increased in proportion while 
other Andean forest taxa (Hedyosmum, Miconia, 
Myrica, Podocarpus, Weinmannia) decreased in 
proportion. Subpáramo vegetation extended from 
~3100 to 3300 m and Asteraceae, Hypericum, and 
Polylepis were dominant. In the grasspáramo vege-
tation Poaceae and Plantago were abundant while 
other páramo herbs were recorded with low values. 
During part (g) AP% of ~30% indicate the UFL 
was at ~2350-2400 m. Alnus and Quercus, toge-
ther with Myrica, Weinmannia, Hedyosmum, and 
Podocarpus, were the most important trees of the 
Andean forest while Eugenia, Ilex, and Myrsine 
were conspicuous. Subpáramo vegetation was al-
titudinally limited and extended from ~2350-2400 
m up to the elevation of the lake. Asteraceae, Po-
lylepis and Hypericum were the dominant taxa in 
the subpáramo. Grasspáramo started to occur just 
above the lake. Poaceae and Caryophyllaceae were 
dominant while Lycopodium, Plantago and Vale-
riana were conspicuous.

Period 9 (157.2-145.6 ka); zone Fq-9C-R9
AP% of 25-40% indicate the UFL shifted between 
2300 m and 2550 m. Glacial conditions prevailed. 
Alnus, Myrica, Podocarpus, Quercus, Hedyosmum 
and Weinmannia were the most important taxa in the 
uppermost Andean forest while Eugenia, Ilex, and 
Miconia were conspicuous. Subpáramo vegetation 
surrounded the lake during the full period and ex-
tended between 2300/2500 and 2600/2800 m. It was 
dominated by Asteraceae, Hypericum and Polylepis 
while there was a lower share of Ericaceae. Grasspá-
ramo occurred from 2800 m to the top of the surroun-
ding mountains. Apart from dominating Poaceae, the 
taxa Valeriana, Plantago, Lycopodium, and Caryo-
phyllaceae were conspicuous, and Aragoa, Draba, 
Gentiana, Geranium, and Lysipomia were present.

Period 10 (145.6-134.1 ka); zone Fq-9C-R10
Most of the time AP% are between 20% and 30% 
indicating that the UFL was mostly below 2300 
m, Three times AP% peak to >40% indicating the 
UFL periodically reached the lake. Glacial condi-
tions prevailed.

During part (a) AP% of ~10% indicate the UFL 
shifted to ~2000-2100 m. Alnus and Quercus were 
the most important taxa in the Andean forest whi-
le Weinmannia, Myrica, Miconia, and Hedyosmum 
also show significant presence. Very low values of 
subpáramo taxa show this vegetation belt was redu-
ced to a narrow fringe consisting of Asteraceae and 
a large proportion of Polylepis dwarf forest. Hype-
ricum was also present. Grasspáramo covered the 
area at elevations above ~2200 m. The grasspáramo 
was remarkably poor in characteristic páramo herbs, 
only Plantago was conspicuous, and páramo consis-
ted mainly of grassy floors. Drier conditions prevai-
led during this period, locally shore and swamp ve-
getation dominated and peatland developed. During 
part (b) AP% of 30%, peaking to ~40%, indicate 
the UFL was around 2500 m. Alnus, Myrica, Hed-
yosmum, and Podocarpus were the most important 
trees; Quercus and Weinmannia increased in impor-
tance during this interval. Subpáramo consisting of 
Asteraceae, Polylepis, Hypericum, and Ericaceae 
occurred from 2500-2800 m. Grasspáramo mainly 
consisting of Poaceae, Valeriana, Lycopodium, and 
Geranium extended from ~2800 m upslope. During 
part (c) AP% of 25-30% indicate the UFL was at 
2350 m. Alnus, Hedyosmum, Myrica, Podocarpus, 
Quercus and Weinmannia were the most important 
taxa of the Andean forest, while Miconia, other 
Melastomataceae, and Myrsine were conspicuous. 
Subpáramo vegetation, mainly consisting of Aste-
racerae, Hypericum, and Polylepis occurred from 
2400-2700 m. Grasspáramo, mainly consisting of 
Poaceae, Valeriana, Lycopodium, and Plantago 
occurred above elevations of 2700 m. During part 
(d) AP% of 40%, and peaking up to 50%, indica-
te the UFL had reached the elevation of the lake 
and was at ~2550-2650 m. Alnus, Myrica, Quercus, 
Podocarpus, Weinmannia, and Hedyosmum were 
the most important trees of the Andean forest whi-
le Miconia, other Melastomataceae, and Myrsine 
were conspicuous. Subpáramo vegetation, mainly 
consisting of Asteraceae, Hypericum, and Polylepis 
occurred from 2500-2800 m. Grasspáramo vegeta-
tion, mainly consisting of Poaceae, Valeriana and 
Plantago extended from 2800 m upslope. Part (e)  
AP% of ~10% indicate the UFL was at 2100 m. 
Alnus, Podocarpus, Hedyosmum and Myrica were 
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the most important taxa of the Andean forest, and 
Quercus and Weinamannia were conspicuous. Va-
lues of subpáramo taxa mostly Asteraceae and Po-
lylepis indicate this zone occurred from 2100-2400 
m. Grasspáramo mostly consisting of Poaceae, Va-
leriana, Plantago and Lycopodium extended above 
2400 m. Part (f) includes a hiatus. Most of the time 
AP% of 18-30(60)% indicate the UFL was between 
~2300 and up to 2900 m. Alnus, Myrica, Quercus, 
Podocarpus, and Hedyosmum were the most impor-
tant trees of the Andean forest while Melastomata-
ceae, Myrsine, Symplocos and Weinmannia were 
conspicuous. Subpáramo, mainly consisting of As-
teraceae and Polylepis, and to a lesser degree Hy-
pericum and Ericaceae, occurred up to ~2600-2650 
m. Grasspáramo, mainly consisting of Poaceae, Va-
leriana, Plantago, Lycopodium, and Caryophylla-
ceae, and smaller shares of Aragoa, Geranium, and 
Gentiana extended from ~2650 m upslope.

6. Discussion

We have shown that in the 284-130 ka interval of 
the Fq-9C pollen record the altitudinal distribution 
of vegetation zones was many times subject to rapid 
reorganisations. The UFL is most clearly reflected 
in the pollen record (Table 1). As subpáramo and 
grasspáramo share Asteraceae and Poaceae as im-
portant groups a precise reconstruction of the eco-
tone position is difficult. However, the maximum 
cover of plants of these groups of taxa, as well as the 
group of grasspáramo herbs, provide evidence of the 
proportion and altitudinal extension of subpáramo in 
the full altitudinal range of páramo vegetation

Millennial-scale climate oscillations were already 
identified four decades ago in pollen records from 
different continents (e.g. Van der Hammen et al., 
1971, Woillard, 1978). Rapid climatic changes ca-
lled Dansgaard-Oeschger (DO) cycles with a large 
amplitude are recognized in many high temporal 
resolution paleoclimatic records (Dansgaard et al., 
1993). The sequence of interstadials (warm inter-
vals) and stadials (cold intervals) are recorded as 
oscillations in paleoclimatic proxy records. In 
Greenland ice cores a DO-cycle is characterized 
by a gradual cooling of ~5-10°C during 600-2000 
years, a subsequent more rapid temperature decline 
of ~5-10°C into peak stadial conditions, lasting ano-
ther 300-700 years, and an abrupt return (~3-5°C 
warming per century) to interstadial conditions 
(Bond and Lotti, 1995; Labeyrie et al., 2007). Com-

paring a glacial-interglacial temperature amplitu-
de in Greenland (~30°C) with the northern Andes 
(~10°C; Groot et al., 2011 and references therein) 
shows that absolute temperature changes cannot 
be directly compared between various areas on the 
globe. Temperature variations in the northern An-
des may be approximately a third of those recorded 
in Greenland. Groot et al. (2011) presented a corre-
lation between millennial-scale climate variability 
in the present record Fq-9C with millennial-scale 
climate variability in the records GRIP, NGRIP 
(Greenland) and Epica Dome C (Antarctica) (Jouzel 
et al., 2007) during the last 130 ka. In Hessler et al. 
(2010) and Bogotá-A et al. (submitted) it is shown 
that millennial-scale climate variability from three 
other pollen-based records of climate change from 
this lake basin (cores Fq-7C, Fq-3 and Fq-2) co-
rrelate well with the global sequence of DO-cycles 
during the same period. Here we show that changes 
in altitudinal vegetation distribution and plant asso-
ciations during MIS 6-8 also show millennial-scale 
climate variability (Fig. 7). In addition we used a 
GSD-based record of changing sedimentary envi-
ronments to show for the first time in the FB how 
climate change driven vegetation change relates to 
sediment supply and changing depositional envi-
ronments in the lake (Fig. 7).

We analysed millennial-scale vegetation change and 
climate variability in a standardized way compara-
ble to the methodology in Groot et al. (2011). Fre-
quency analysis in the age domain was carried out 
of the AP% and the open water vegetation records 
based on the Clean Algorithm (Heslop and Dekkers, 
2002) with the Clean signal at 95 % confidence in-
terval (Fig. 8). In the AP% record we identified main 
cycles of 119, 35, 18 kyr, and in the record of open 
water vegetation main cycles of 42 and 23 kyr. At 
suborbital time-scales the AP% record shows cycles 
of 10, 8, 7, 5, 4 and 1.49 kyr, and the record of open 
water vegetation cycles of 10, 8, 3.7, 2.28 and 1.54 
kyr. Cycles of 10 kyr have been related to half a pre-
cession cycle. Cycles of 7 and 5 kyr are referred to 
the third and fourth harmonics of the precession cy-
cle (Berger et al., 2006; Tuenter et al., 2007). These 
sub-Milankovitch cycles are reported from low la-
titude records and explained as the reflection of va-
riations in annual precipitation driven by variation 
in the strength of the monsoon systems (Tuenter et 
al., 2007 and references therein). The shortest cycle 
in Fq-9C AP% and open water vegetation records 
of ~1.5 kyr match the periodicity associated to the 
DO events during MIS 2-5 (Rahmstorf, 2003). To 
identify DO style events we selected periods whe-
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re AP% change from ~25% to ≥ 40% reflecting 2° 
to 3.5°C temperature change at the elevation of the 
lake (from ~6-8 to ≥ 9.5°C). We continued numbe-
ring DO-style cycles during the period from 130 to 

Fig. 7. Summary of environmental change in the Fúquene Basin. From left to right are shown: age scale; marine isoto-
pe stages (MIS); (a) down core changes in the proportion of main regional vegetation belts and recognized regional 
zones and subzones; (b) arboreal pollen percentage record (light  green) and inferred record of upper forest line (UFL) 
positions at 1 kyr increments (dark green). Numbers refer to Dansgaard-Oeschger-style cycles recognized in glacial 
cycle MIS 6-7 and in the last part of MIS 8; (c) reconstructed mean annual temperature for 2540 m altitude inferred 
from changes of the UFL; (d) down core proportions of categories of grain size classes EM1 to EM 4 (EM = End 
Member) and organic matter content (EM5) (after Vriend et al., in review); e) down core proportions of categories 
of aquatic vegetation reflecting a gradient from wet shore to deep water conditions and recognized local zones and 
subzones; (f) record of water level changes based on aquatic vegetation and grain size distributions.

284 ka (Fig. 7b, Table 4) following Martrat et al. 
(2004, 2007). During glacial cycle MIS 6-7 20 DO-
style cycles were identified. During the last part of 
MIS 8 we recognized 6 DO-style cycles.
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The record of Alnus is among the first to respond to 
temperature; even if the background noise of 20% 
was removed. Other trees that respond rapidly to 
temperature change are Myrica, Quercus and occa-
sionally also Podocarpus and Weinmannia. Howe-
ver, during MIS 7.5 the DO-style cycles 18 and 19 
show a first rapid response of Myrica, Weinmannia, 
Quercus and Miconia, followed by Alnus. All rapid 
upslope forest expansions are characterized by pre-
sence of trees with pioneer qualities (Fig. 2). Inter-
glacial Andean forest is mainly composed of Alnus, 
Myrica and Quercus with important presence of 
Podocarpus, Weinmannia, Hedyosmum, and Mi-
conia. Taxa such as Myrsine, Symplocos, Eugenia, 
Clethra and Ilex are less frequent. All these taxa can 
be found in mature contemporaneous Andean forest 
(Fig. 3). A different setting is found during MIS 7.5 
in DO-style cycles 18 and 20 when Andean forest 
was composed principally by Myrica, Weinmannia 
and Quercus. During MIS 8 DO-style cycle 6 shows 
forest rich in Quercus and Weinmannia.

During MIS 7 reconstructed MAT indicate tempe-
ratures during warmest intervals (MIS 7.5 and MIS 
7.3) kept close to present day values. The coldest in-
terval of MIS 7 shows MAT of ~9 °C i.e. ~4°C lower 

than today. During MIS 6 four out of ten interstadial 
periods attained temperatures >11°C; interstadials 
9, 8 and 6 in particular. During MIS 8 interstadials 
temperatures hardly surpassed ~9.5°C and varia-
tions between cold and warm conditions were ≤3°C. 
During MIS 6 highest rates of change were 4-5°C in 
100 to 300 years comparable with rates of tempera-
ture change at glacial/interglacial transitions.

Most of the DO-style cycles lasted from 1 to 3.5 
kyr (2.7 kyr average). Long DO-style cycles bet-
ween 3.6 to 6 kyr occurred during MIS 7 which is 
congruent with climate records from the Mediterra-
nean (Martrat et al. 2004; 2007). The Fq-9C record 
shows MAT changes during glacial Terminations II 
and III as well as during some stadial to interstadial 
transitions occurred in less than 100 years. Fast shi-
fts mainly characterize DO-style cycle 18, 19 (MIS 
7.5), and DO-style cycle 9 (MIS 6) (Table 4). Pro-
gressive cooling lasted ~500 yr on the average. Ra-
pid cooling of about 90 yr characterized DO-style 
cycle 20 (MIS 7.5), 140 yr DO-style cycle 16 (MIS 
7.3) and 130 yr DO-style cycle 3 (MIS 8).

Local environmental change is summarized in 
Table 5 and Fig. 7d-e. We infer a low lake level 

Fig. 8. Spectral analyses of time series of Arboreal Pollen percentage (AP%) (left) and percentage of open water vege-
tation (including deep and shallow water taxa) (central) of the Fq-9C pollen record. For comparison spectral analysis 
of δ18O NGRIP record (NGRIP Community Members, 2004) is shown (right). Upper panel shows main periodicities 
at long time scales; lower panel shows main periodicities at millennial time scales (< 10 kyr). Confidence intervals of 
95% and 99% are shown. For methods see text and Groot et al. (2011).
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Table 4. Main characterization of the regional subzones in pollen record Fq-9C for the period from 284 to 130 ka. Stadial-
interstadial cycles reflecting Dansgaard-Oeschger (DO) style climate variability are characterized in terms of timing, upper 
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forest line (UFL) position, mean annual temperature at the elevation of Lake Fúquene, main arboreal taxa in the Andean fo-
rest belt and main arboreal taxa from the subandean forest belt (only shown for  interstadials with relevant abundances).
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Fig. 9. Comparison of pollen based reconstructions of mean annual temperature from the 285-130 ka interval of record 
Fq-9C with selected temperature records of global relevance. From left to right are shown: age and position of ma-
rine isotope stages (MIS); (a) records of precession, obliquity (solution after Laskar, 1990) and marine benthic stack 
δ18O record LR04 (Lisiecki and Raymo, 2005); (b) altitudinal shifts of montane vegetation expressed by changing 
proportions of altitude related groups of forest and páramo vegetation; (c) record of Fq-9C arboreal pollen percentage 
(AP%) (light green) and the inferred record of upper forest line (UFL) shifts (dark green) equivalent to mean annual 
temperature at 2540 m (after Groot et al., 2011); (d) EPICA Dome C δD (%) (Jouzel et al., 2007) indicative variation in 
atmospheric temperature in Antarctica; (e) record MD01-2443/43 UK’ 37 (Martrat et al., 2007) indicative of variations 
in sea surface temperature in the Iberian margin of the Mediterranean. Shadowed horizons show stadial phases identi-
fied in Fq-9C record. Dansgaard-Oeschger-style cycles in (e) are numbered according to the original publication.
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small lake when swamp vegetation is abundantly 
accompanied by wet shore vegetation, and any of 
the following sedimentary settings prevailed: (a) 
under low levels of energy and distal source of 
sediments when mainly fine sediments clay/fine 
silt accumulated (i.e. the periods 284-281.6 ka and 
140-136.4 ka); (b) when high input of coarse silt 
with sand and to a lesser degree fine silt and clay 
prevailed suggesting a more dynamic environment 
(i.e. the periods 270-266.1 ka, 195.1-190.5 ka, 
190.5-189.1 ka and 144.5-140.1 ka); (c) under the 
highest levels of energy, closest sediment source 
related to high input of sand and abundant Isoëtes 
(i.e. the periods 239.6-236.7 ka, 227.9-226 ka, 
221-218.6 ka) These conditions reflect the setting 
described by Torres et al. (2005) with abundant 
Isoëtes vegetation  on sand banks along streams. 
Periods of an intermediate and large size lake were 
less frequent (i.e. the periods 281.6-274.2 ka and 
181-176.1 ka respectively). Deep water mostly oc-
curred during glacial conditions, a relationship that 
was earlier noted by Van’t Veer and Hooghiemstra 
(2000) in the ancient lake of the adjacent Bogotá 
Basin. Periods of a water depth of over ~10 m are 
not monitored by the aquatic vegetation as Pota-
mogeton and Isoëtes occur in maximally ~6-8 m 
deep water. Among abiotic proxies deep water 
conditions are characterized by accumulation of 
clay. During MIS 6 shallow water prevails most 
of the time. During MIS 8 the lake was most of 
the time of intermediate depth. Low lake levels 
(i.e abundant swamp vegetation) characterized in-
terglacial conditions in particular (i.e. the period 
244.5-239.6 ka) but also occurred during glacial 
conditions (i.e. the period 145.7-144.5 ka).

Based on the changes in pollen spectra of aquatic 
vegetation and GSDs 63 subperiods in lake level 
stands were visually identified (Table 4). The ave-
rage duration of a period with homogeneous condi-
tions is ~2.3 kyr, which is in harmony with the iden-
tified periodicities in the Fq-9C open water power 
spectra of 1.5 kyr, 2.2 kyr and 3.7 kyr the related 
power spectra of the AP% record (Fig. 8). Swam-
py conditions were rare, lasted less than 1 kyr and 
occurred during MIS 7 and 6. Any setting from sha-
llow to deep lake levels lasted between 1 to 3.5 kyr 
most of the time, although some long stable condi-
tions lasted up to 7.5 kyr. Long periods with stable 
environmental conditions mostly occurred during 
MIS 8 and 6. Frequency analysis in the age domain 
of the records of open water vegetation also shows 
significant periodicities (95% confidence level) re-
lated to orbital time-scales: 42.8, 23.9 and 10.1 kyr 

showing that obliquity and precession are driving 
lake level changes (Fig. 8).

We assessed the global relevance of Fq-9C record 
by comparing millennial scale temperature fluctua-
tions with the sequence of DO-cycles in the Green-
land GRIP-and NGRIP records (NGRIP Communi-
ty Members, 2004) and the Antarctic Epica Dome 
C temperature record (EDC; Jouzel et al., 2007). 
The Fq-9C AP% record of the last 130 ka of re-
cord Fq-9C shows a robust correspondence (Groot 
et al., 2011). For the period from 284 to 130 ka va-
riability at millennial time-scales was assessed by 
comparing the AP% record with EDC record and 
the record of the marine alkelone unsaturation in-
dex UK’

37 of core MD01-2443/44. The latter reflects 
sea surface temperature (SST) in the Iberian Margin 
(Martrat, 2007). We recognized 20 DO-style cycles 
during MIS 7-6 and 8 DO-style cycles during the 
last part of MIS 8 (Fig. 9). The robust correspon-
dence with these records (see also Sánchez-Goñi et 
al., 1999; Desprat et al., 2006) underpins the global 
character of millennial scale climate variability be-
yond the last interglacial-glacial cycle.

7. Conclusions

In this paper we have shown vegetation dynamics 
and climate change with ~60 yr temporal resolu-
tion during the period from 284 to 130 ka (Groot 
et al., 2011). Frequency analysis of the time series 
for AP% shows that regional vegetation change is 
mainly driven by eccentricity and obliquity while 
aquatic vegetation in the basin is driven by obliquity 
and precession. Suborbital frequencies are domina-
ted by cycles of 10 kyr and 5 kyr, both linked to har-
monics of the precession cycle, Temperature oscilla-
tions resemble the DO cycles established for the last 
interglacial-glacial cycle. We identified 20 DO-style 
cycles during MIS 6 and 7. Only the last part of MIS 
8 is represented and we recognized in that glacial 
interval 6 DO-style cycles. The periods of these cy-
cles vary from ~1.5 to 3 kyr with an average of 2.7 
kyr. Orbital and millennial-scale climate variability 
in the pollen record Fq-9C correlates well with the 
climate records from Epica Dome C (Antarctica, 
Jouzel et al., 2007) and MD01-2443/44 (Mediterra-
nean, Martrat et al., 2007) evidencing north Andean 
climate variability has global relevance.

We combined information from aquatic vegetation, 
organic matter content of the sediments and GSD to 
attain an integrated reconstruction of changing aqua-
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Table 5. Main characteristics of the local zone/subzones in core Fq9C information based on local pollen and EM dis-
tributions (grain size distribution and organic matter content (Vriend et al., in review) in the period from 284 to 130 kyr 
(MIS 8-6) in the Fúquene Basin. Information is presented in terms of time and dominant sediment composition (EM): 
clay, fine silt (f. silt), coarse silt (c. silt), sand and peat and dominant vegetation (stressed sediments indicate higher 
dominance) Inferences in the energy associated during the accumulation are categorized in very low, low, intermediate 
(intermed) intermediate high (intermed high) and high. Source distance with respect to the drilling point is divided 
into distal, distal intermediate (distal intermed), intermediate (intermediate), intermediate close (intermed close) and 
close. Final reconstructions of the lake size suggest five classes: swampy, small, intermediate, large and largest (see 
methods for their definition).
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Table 5. (continued)
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tic vegetation, lake level changes, sediment supply to 
the lake and associated energy levels in the drainage 
system, and changing sedimentary environment in 
the lake basin. Relatively stable environmental con-
ditions in the lake lasted on the average for 2300 years 
with a range from 800 to more than 8000 years. 

Changes in altitudinal vegetation distribution are 
mainly driven by temperature change, but Groot et 
al. (2011) showed that atmospheric CO2 and global 
ice cover also had significant impact on vegetation 
change at high elevations in the Northern Andes. 
The UFL shifted between ~3400 and ~2000 m al-
titude corresponding to a maximum temperature 
difference of ~10°C over a full interglacial-glacial 
cycle. The trees Alnus, Myrica, Quercus and Wein-
mannia are among the first to respond to changing 
altitudinal distributions and appear most responsive 
to climate change. The trees Podocarpus, Miconia, 
and Hedyosmum follow.
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