
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Lateglacial and Holocene vegetation and climate change in lowland Colombia.

Berrio Mogollon, J.C.

Publication date
2002

Link to publication

Citation for published version (APA):
Berrio Mogollon, J. C. (2002). Lateglacial and Holocene vegetation and climate change in
lowland Colombia. [Thesis, fully internal, Universiteit van Amsterdam]. UvA.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/lateglacial-and-holocene-vegetation-and-climate-change-in-lowland-colombia(29c939ad-99f3-4f32-a471-01117f03e50d).html


ChapterChapter 7 

LATEGLACIA LL AND HOLOCENE HISTORY OF 
THEE DRY FOREST AREA IN SOUTH 

COLOMBIANN CAUCA VALLEY FROM SITES 
QUILICHAOO AND LA TETA 

Juann Carlo s Berrio , Henry Hooghiemstra , Rob Marchan t and Orland o Rangel 

ABSTRACT T 

TTWOO SEDIMENTAR Y CORES WIT H RECORDS OF POLLEN AND CHARCOAL CONTENT 

WITHI NN A CHRONOLOG Y PROVIDED BY RADIOCARBO N ARE PRESENTED FROM THE 

southernn Cauca Valley in Colombia (1020 m). These records document the 
Lateglaciall  and Holocene dry forest vegetation, fire and environment his-
tory.. Specifically, core Quilichao-1 (640 cm; 3°6'N, 76°31'W) represents the 
periodss of 13,150-772014C yr BP and following a hiatus from 288014C yr BP 
too recent. Core La Teta-2 (250 cm; 3°5'N, 76°32'W) provides a record from 
870014CyrBE E 

Aroundd 13,15014C yr BP Quilichao shows an active Lateglacial drain-
agee system and presence of dry forest. From 11,465-10,520 14C yr BP dry 
forestt consists mainly of Crotalaria, Moraceae/LJrticaceae, Melastomataceae, 
PiperPiper and low stature trees, such as Acalypha, Alchornea, Cecropia and Celtis. 
Att higher elevation on the slopes Andean forest with Quercus, Hedyosmum, 
MyricaMyrica and Alnus are common. After 10,520 14C yr BP the floral composi-
tionn of dry forest changed as the domain of open grass vegetation indi-
catess dry climatic conditions. This event may coincide with the change to 
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cooll  and dry conditions in the second part of the El Abra stadial, an equiva-
lentt to the Younger Dryas. From 8850 HC yr BP the record from La Teta 
showss dry climatic conditions which prevail up to 2880 14C yr BP at 
Quilichaoo and to 2720 14C yr BP at site La Teta. Severe dryness reaches 
maximumss at 7500 14C yr BP and 430014C yr BP when dry forest reached 
maximumm expansion. It was gradually replaced by grassy vegetation reach-
ingg maximum expansion around 230014C yr BP After 230014C yr BP grassy 
vegetationn remains abundant. Presence of crop taxa (a.o. Zea mays) distur-
bancee indicators (Cecropia) and increase in charcoal point to presence of 
pre-Columbiann people since 230014C yr BP After 95014C yr BP expansion 
off  secondary forest taxa may indicate depopulation and abandonment of 
previouslyy cultivated land. After 40014C yr BP, possibly following the Span-
ishh conquest, secondary forest expanded and charcoal concentrations in-
creased,, possibly indicating further reduction of cultivated land. During 
thee last century Heliotropium and Didymopanaxbecame abundant in an in-
creasinglyy degraded landscape. 

7.11 INTRODUCTION 

Dryy forest ecosystems form a substantial part of the vegetation in Co-
lombia.. Areas characterised by xerophytic vegetation are found in the 
Caribbeann plains (Murphy and Lugo, 1995), Cauca, Magdalena and Patia 
valleys,, and in the Chicamocha canyon (IGAC, 1977). The history of dry 
ecosystemss in the Neotropics, and in Colombia in particular, is poorly 
understoodd as few natural archives (lakes, mires) are available to docu-
mentt their changes. Hernandez et ah, (1992) suggested that the Cauca 
andd Patia river valleys accommodated significant areas of dry forest dur-
ingg the last glacial and that these valleys should be regarded as glacial 
'refugia'' for dry forest. 

Inn Colombia a few sedimentary basins in or close to, areas with dry 
forestt ecosystems have been studied. The Pitalito basin provides a pollen 
recordd showing the late Quaternary vegetation and climate change since 
61,5000 14C yr BP (Bakker, 1990). A site from the Ciénaga Grande de Santa 
Martaa provided an environmental history of the last 7000 14C yr BP (Van 

180 0 



LATEGLACIALAN DD HOLOCENE HISTORY OF THE DRY FOREST AREA IN SOUTH COLOMBIA N CAUCA VALLE Y 
FROMM SITES QU1LICHAO AND LA TETA 

derr Hammen and Noldus, 1984). From the dry part of the high plain of 
Bogota,, Van der Hammen and Gonzélez (1965) obtained a vegetation his-
toryy from Laguna La Herrera showing vegetation changes since the mid 
Holocene.. Additionally, as mentioned by Behling and Hooghiemstra (2001), 
thee neotropical savannas either north and south from the equator, were 
expandedd during the full glacial times due to markedly drier conditions. 
Colinvauxx et ah, (1988) provide a recent xerophytic vegetation from lake 
Yamboo (Ecuador), the study by Ludlow and Hooghiemstra (in prep.) from 
lakess Huizaltepec and Tixtla, located in the dry forest area west of Mexico 
City,, and the study by Anderson and Van Devender (1995) at the coastal 
lowlandss of Sonora in Mexico. 

Salgadoo (1995) has reported archaeological evidence from sites north 
off  Quilichao and Cali: i.e. from site El Pital located in a tropical forest in 
thee Calima region. Around 7310 14C yr BP the area was inhabited by 
pre-ceramicc people who had simple lithic tools. Other important archaeo-
logicall  sites are Sonso and Yotoco where people lived during the fourth 
centuryy AD. The same author suggested that these pre-Columbian people 
hadd spread all over the Cauca valley. 

Theree is direct evidence to support the suggestion that the 
savannizationn process in Colombia was initiated by Amerindians by means 
off  the frequent use of fire or clearing lands for the cultivation of Zea mays, 
withh direct evidence for human-induced fire use derived from charcoal 
withinn the Rio Buritaca watershed before approximately 4000 BP (Herrera, 
1984).. The Llanos Orientales are an interesting early focus of such activity 
ass it has been suggested this impact is able to transform moist forest eco-
systemss to forest ecosystems of secondary growth and eventually savanna 
(Cavelier<tfa*.,1998). . 

CHARCOALL AS AN INDICATOR OF FIRE? 

Charcoal,, an amorphous inorganic carbon compound is produced by 
thee incomplete combustion of organic material in the absence of oxygen, 
commonlyy occurs in swamp and lake sediments. The transport of char-
coall  from source to sink is under control of several factors. Some char-
coall  is carried directly from the fire as particles in smoke, these may travel 
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vastt distances depending on the type and amount of gases and particles 
produced,, the intensity of the fire and the ambient meteorological con-
ditionss (Clark, 1983; 1984). Charcoal preserved within the accumulated 
sedimentss from both records appears to provide a record of past fire oc-
currence,, and is a useful addition to unravelling controls on the dry for-
estt vegetation dynamics. Indeed, an understanding of burning history 
iss important in evaluating interactions between vegetation, climate and 
humann disturbance (Patterson III et aL, 1987). 

Thee Cauca and Patia valleys we explored in 1997 to find suitable 
sitess to raise sediment cores for pollen analysis. In the Cauca valley we 
collectedd cores for pollen analysis from the mires of Quilichao and La 
Teta.. This paper presents the first pollen and charcoal records of the 
vegetationn history for the Cauca valley. Using modern vegetation sur-
veyy data we investigate which part of the floral diversity of dry forest 
iss reflected by the pollen record. We suggest the driving mechanism, 
climaticc change, human interaction and ecological dynamics behind 
thesee pollen records. 

7.22 ENVIRONMENTAL SETTING OF THE STUDY AREA 

7.2.11 Geographica l settin g and climat e 

Thee Cauca river originates in southern Colombia in the Central Cordillera 
nearr Popayan. It flows mainly northward, joining the Magdalena river in 
thee lowlands of northern Colombia and into the Caribbean (IGAC, 1989; 
Fig.. 7.1). Site Quilichao-1 (1020 m) is located in the province of Cauca, 
aboutt 60 km southeast of the city of Cali and northwest of the city of 
Santanderr de Quilichao (Fig. 7.2). The site represents a basin of a few square 
kilometress and lies on a terrace at short distance to the Cauca River. Site La 
Teta-22 (1020 m) is closer to Santander de Quilichao and located near the 
foott of some hills that rise into the Western Cordillera (Fig. 7.2). 

Thee climate in the study area is characterised by a rainy season from 
Marchh to May, and October to December, separated by dry seasons Janu-
aryy to February, and from June to September. The average precipitation 
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FIGUREE 7 .1 . Map showing the location and geographical setting of sites Quilichao-1 and La Teta-2 

inn the southern Cauca Valley of Colombia. 
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iss 950 mm yr1 with an average of 175 mm in March. The mean annual 
temperaturee is about 24.5°C, varying from 22.7°C in March to 27.2°C in 
October.. The mean annual evapo-transpiration is 130 mm (IDEAM). 

7.2.2.. Moder n vegetatio n 

Thee Cauca valley is presently almost completely deforested and crops of 
sugarr cane dominate. Floristic studies of remnants of the original vegeta-
tionn are not available. Study on the composition of a dry neotropical forest 
byy Gentry (1995), in Colombia mainly from the Caribbean, provide infor-
mationn on diversity and floristic composition. Vegetation plots contain 427 
speciess within 169 families, Leguminosae and Bignoniaceae are the most 
speciosee families (60 and 43 species respectively). Other relevant families 
includee Apocynaceae, Capparidaceae, Flacourtiaceae, Myrtaceae, 
Nyctaginaceae,, Rubiaceae, Sapindaceae. Eleven genera are represented 
inn the vegetation plot samples: Bauhinia, Capparis, Casearia, Cordia, Croton, 
Erythroxylum,Erythroxylum, Hippocratea, Tabebuia, Trichilia, Randia, Serjania and Zanthoxy-
lum.lum. Other important ones are Arrabidaea, Bursera, Celtis, Combretum, 
Paulinia,Paulinia, Pithecellobium and Pterocarpus. 

IGACC (1977) had provided potential vegetation maps of Colombia 
showingg the dry vegetation that used the 'Holdridge system (1967)' to 
ascribee potential vegetation types to a given climatological setting, the study 
areaa is mainly covered by dry tropical forest. Dugand (1941,1970) studied 
thee dry forests in the Caribbean lowlands and the dry deciduous forest on 
thee Magdalena floodplains in particular. From those studies main arboreal 
taxaa in the flat valley floor and on the hills where fires occur frequently are 
AcrocomiaAcrocomia antioquensis, Byrsonima crassifolia, Curatella americana, Scheelea 
butyraceaebutyraceae and Xylopia ligustrifolia. Swampy vegetation in the river valley 
andd on terraces consists of Cyperus ferax, Eichornia crassipes, Eleocharis 
interstinda,interstinda, Hydrocotyle umbellata, Ludwigia pilosa, Polygonum densiflorum and 
TyphaTypha angustifolia. 

Rangell  (1991) showed for the lowland region the following dry forest 
andd xerophytic vegetation with Astronium graveolens (Anacardiaceae), 
BurseraBursera tomentosa (Burseraceae), Cecropia peltata (Cecropiaceae), Cupania 
americanaamericana (Chrysobalanaceae), Guazuma ulmifolia (Sterculiaceae), Hura 
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crepitanscrepitans (Euphorbiaceae), Machaerium capote (Fabaceae), Mayna suaveolens 
(Flacourtiaceae),, Ochroma lagpus (Bombacaceae), Pithecellobium lanceolatum 
(Mimosaceae),, Stenocereus griseus (Cactaceae), Tabebuia chrysantha 
(Bignoniaceae)) as main taxa. The Cardonal forest is a special vegetation 
typee found in the Caribbean, dominated by the Cactaceae family with 
Stenocereus,Stenocereus, Melocactus and Opuntia. From Leguminosae family Mimosa, 
Pithecelobium,Pithecelobium, Cassia, and Poponax are the main genera. Other important 
oness are Croton, Guettarda, Jatropha and Randia. 

AA recently study of the dry forests in the Patia valley, which possibly 
resemblee the dry forests of the Cauca valley, included a floristic inventory 
andd a phytosociological analysis of the vegetation near the villages of 
Mercaderess (Cauca province), Rosario, Policarpa and Taminango, Narifio 
province,, were done by Ariza and Rangel (in prep.). In sample area of 
somee 150 km2 208 species of vascular plants and 8 species of pteridophy tes 
weree noted. Most families rich in species are Apocynaceae, Bignoniaceae, 
Bromeliaceae,, Burseraceae, Cactaceae, Capparidaceae, Caesalpinaceae, 
Commelinaceae,, Euphorbiaceae, Fabaceae, Malpighiaceae, Malvaceae, 
Mimosaceae,, Nyctaginaceae, Poaceae, Sterculiaceae, Rutaceae and 
Verbenaceae.. Furthermore, they found shrubs and dry forest dominated 
byy Acalypha schiedana, Erythroxylum haughtii, Guazuma ulmifolia, Malpighia 
glabra,glabra, Muntingia calabura and Zanthoxylum fagara, located on the slopes 
exposedd to the strong winds, while vegetation over disturbed areas are 
dominatedd by Cnidosculus aff. urens, Opuntia dinellii, Thevetia peruviana, 
BurseraBursera graveolens, Jatropha gossypifolia, Stenoecereus griseus and Hylocereus 
polyrrizos.polyrrizos. Additionally, as Gentry (1995) mentioned, Ariza etai, (1999) show 
similarr taxa and diversification of species in the Patia Valley in Colombia 
ass follow: Fabaceaea (15 genera and 16 species), Compositae (10 genera 
andd 15 species), Poaceae (10 genera and 8 species), and Euphorbiaceae (9 
generaa and 14 species). 

Otherr places of Colombia with similar results have been recently stud-
iedd by Mendoza (1999) in the Caribbean and the Magdalena river valley, 
showingg to Fabaceae (25 species) as the highest diverse family, followed 
byy Bignoniaceae (22 species), Mimosaceae (18 species), Malpighiaceae (17 
species)) and Capparidaceae (15 species). Ruiz et ah, (2000) described three 
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scrubby-spinyy microphilic vegetation dominated by Leguminosae with 
AcaciaAcacia fernesiana, Pithecellobium duke and Prosopis juliflora  as main species 
inn the upper part of the Magdalena river valley. From the Cataceae 
StenocereusStenocereus griseus and Pilosocereus spp. are also important, the shrubby 
strataa are dominated by Acanthocereus tetragonus, Cassia spp., Helicteris 
baruensis,baruensis, Ipomoea cornea, Opuntia spp., and Monvillea cf. smithiana; and from 
thee herbaceus strata Croton ferrugineus, Croton argyrophylus, Cnidoloscus 
urens,urens, Opuntia pubescens and Melocactus sp. 

7.33 METHODOLOGY 

Sedimentt cores were collected from the centres of the basins of Quilichao 
andd La Teta. We used a hand-operated Dachnowsky sampler, 25-mm in 
diameterr collecting increments of 25-cm length. The sediment cores were 
extrudedd into plastic tubes and additionally protected by PVC guttering. 
Coress were transported to the Hugo de Vries Laboratory in Amsterdam 
andd stored in a dark and cold room at 4°C. 

Acceleratorr mass spectrometry (AMS) radiocarbon dates were obtained 
fromm 0.5 cm3 bulk samples of < 1 cm core interval; 9 samples were dated 
forr core Quilichao-1 and 7 samples from core La Teta-2. Dating was car-
riedd out at the Van der Graaff Laboratory of Utrecht University. 

Sampless of 0.5 cm3 were taken at 5-cm intervals along these cores for 
pollenn and charcoal analysis. Prior to processing, one tablet of exotic Ly-
copodiumcopodium spores was added to each sample for calculation of the pollen 
concentrationn and pollen influx values. All samples were prepared us-
ingg standard pre-treatment techniques including sodium pyrophosphate, 
acetolysis,, and heavy liquid separation by bromoform (Faegri and Iversen, 
1989).. Pollen residues were mounted in glycerin gelatin and pollen grains 
countedd with a Zeiss microscope at 500-x magnification. For identifica-
tionn of pollen grains and spores, morphological descriptions published 
byy Chavez et al, (1991), Herrera and Urrego (1996), Hooghiemstra (1984) 
andd Roubik and Moreno (1991) and the reference collections of the Hugo 
dee Vries Laboratory were used. Most of the samples were counted up to 
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FIGUREE 7.2 (a) Quilichao-1 mire in the Cauca Valley (Photo: H. Hooghiemstra) 
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aa minimum of 300 pollen grains, excluding grains of aquatic taxa, fern 
spores,, fungal spores and algae. In core Quilichao-1 pollen grains of 
Poaceaee were very abundant and, therefore, excluded from the pollen 
summ in order to clarify the contributions of the other taxa. In accordance 
withh Ariza and Rangel (in prep.) pollen taxa were classified into the fol-
lowingg ecological groups: (1) herbs from the open vegetation, (2) taxa 
fromm dry forest, (3) taxa from montane (Andean) forest, (4) swamp ele-
ments,, (5) algae, (6) fern spores and (7) fungal spores. Identified taxa are 
listedd in Table 7.1. 

Thee charcoal of Quilichao and La Teta were quantified by chemical 
assay.. This has a number of advantages over visual estimates, particularly 
itt avoids the problems of correct identification of charred fragments. In-
deed,, many types of charcoal decrease in size after burning due to devel-
opmentt of charcoal skins, wood charcoal can be only 30% charcoal (Winkler, 
1985).. This potentially erroneous assay of the actual amount of charcoal 
presentt is particularly important for larger fragments, which due to their 
largerr size are more likely to develop charcoal skins. Another area of error 
forr the point-count method is that areal estimates of charcoal abundance 
assumee an equal fragment thickness and maybe affected by the preferred 
orientationn of particles beneath the coverslip (Clark and Hussey, 1996). 

AA relatively simple, gravimetric technique is applied to sediment 
sampless to provide an estimate of charcoal content as a percentage of 
dryy weight. This technique measures the amount of 'acid-insoluble mi-
crocrystallinee graphite (inert elemental carbon). Although there were 
slightt modifications to reaction times the technique follows that of 
Winklerr (1985). Microscopic examination at the end of the nitric acid treat-
mentt (charcoal present in the samples) and again after the ignition (char-
coall  not present in the samples) corroborated the expected content of 
thee end products of each stage. Variations between samples in the amount 
off  inorganic matter is likely to influence the level of charcoal, when ex-
pressedd as a percentage of dry weight. Hence, results have been 
standardisedd to account for between sample differences in the propor-
tionn of inorganic matter. These results are expressed as unit weight of 
charcoall  per unit weight of inorganic matter. 

189 9 



ChapterChapter 7 

Thee pollen and spore data are presented in pollen diagrams as per-
centagess of the pollen sum. The pollen sum excludes swamp elements, 
fernn spores, fungal spores and algae. For calculation of pollen percent-
ages,, cluster analysis, and data plotting, TILIA , CONISS, and TILIAGRAPH 
softwaree were used, respectively (Grimm, 1987). Pollen zones were placed 
att depths where significant changes in frequency of important taxa and/or 
changess in the composition of the pollen assemblages occur. Records of 
thee most frequent taxa are presented in a pollen percentage diagram. In a 
diagramm of sums we show the records of ecological groups, pollen con-
centrationn values, pollen influx values, pollen sum values and the cluster 
analysiss dendrogram. 

Herbs s 

Amaranthaceae/Chenopodiaceaee (Q, T)* 

Asteraceaee subf. Asteroidea (Q, T)* 

Asteraceaee subf. Liguliflorae (T)* 

BorreriaBorreria (Q)* 

Convolvulaceaee (Q, T)* 

IpomoeaIpomoea (Q, T)* 

IresineIresine (Q, T)* 

Labiataee (Q, T)* 

PhaseotusPhaseotus (T)* 

Poaceaee (Q, T*) 

SpermacoceSpermacoce (Q, T)* 

Umbelliferaee (Q, T)* 

lealea mays (T)* 

Dryy fores t 

AcalyphaAcalypha (Q, T)* 

Acanthaceaee (Q)* 

AlchorneaAlchornea (Q, T)* 

Anacardiaceaee (Q, T)* 

Annonaceaee (T)* 

ApeibaApeiba (Q)* 

Araliaceaee (Q)* 

Arecaceaee (Q, T)* 

Asclepiadaceaee (Q)* 

Apocynaceaee (Q, T)* 

BombacopsisBombacopsis (T)* 

Bromeliaceaee (Q, T)* 

ByrsonimaByrsonima (Q, T)* 

BunchonsiaBunchonsia (Q)* 

Cactaceaee (Q,T)* 

Caesalpinaceaee (Q, T)* 

CaseariaCasearia (Q, T)* 

CayaponiaCayaponia (T)* 

CecropiaCecropia (Q, T)* 

CeltisCeltis (Q)* 

ChelonanthusChelonanthus (Q, T)* 

CtusiaCtusia (Q)* 

CrotalariaCrotalaria (Q, T)* 

CrotonCroton ( a T)* 

DalbergiaDalbergia (Q)* 

DalechampiaDalechampia (Q, T)* 

DesmodiumDesmodium (Q, T)* 

DidymopanaxDidymopanax (Q, T)* 

DiocleaDioclea (Q)* 

DuroiaDuroia (Q)* 

ErythrinaErythrina (Q, T)* 

Fabaceaee I (Q)* 

Fabaceaee II (Q)* 
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FarameaFaramea (Q)* 

FicusFicus (Q)* 

Racourtiaceaee (Q)* 

ForsteroniaForsteronia (Q, T)* 

GuazumaGuazuma (Q)* 

HeUotropiumHeUotropium (Q, T)* 

JusticiaJusticia (T)* 

LantanaLantana (Q)* 

Leguminosaee 1 (T)* 

MabeaMabea (T)* 

MacrolobiumMacrolobium (Q)* 

MalouetiaMalouetia (T)* 

Malpighiaceaee (Q, T)* 

AAalvaceaee (Q, T)* 

ManiaMania (Q)* 

MecardoniaMecardonia (Q, T)* 

Melastomataceaee (Q, T)* 

Meliaceaee (Q, T)* 

Me/ochfaa ( a T)* 

MiconiaMiconia (Q)* 

Ai/mosaa 1 (T)* 

MimosaMimosa III (Q)* 

MimosaMimosa cf. pudica (Q, T)* 

Mimosaceaee II (Q)* 

Moraceae/Urticaceaee (Q, T)* 

Myrsmee (Q, T)* 

Myrtaceaee (Q, T)* 

OryctanthusOryctanthus (Q)* 

Papilionaceaee (Q, T)* 

PavoniaPavonia (Q, T)* 

PhyllanthusPhyllanthus (Q, T)* 

P/perr ( a T)* 

Polygalaceaee (Q, T)* 

PortuiacaPortuiaca (Q, T)* 

Proteaceaee (Q)* 

ProtiumProtium (Q)* 

PsychotriaPsychotria (Q, T)* 

Pr/Vaa (Q)* 

Rubiaceaee (Q, T)* 

Rutaceaee (Q, T)* 

Sapindaceaee (Q, T)* 

Sap/umm (Q, T)* 

Scrophulariaceaee (Q)* 

S/ctaa (T)* 

Solanaceaee (Q, T)* 

So/anumm (Q, T)* 

Sterculiaceaee (Q, T)* 

TabebuiaTabebuia (Q, T)* 

TournefortiaTournefortia (T)* 

Tremaa (T)* 

Verbenaceaee (Q, T)* 

WalteriaWalteria (Q)* 

ZanthoxytumZanthoxytum (Q, T)* 

Andea nn fores t 

AtnusAtnus (Q, T)* 

BocconiaBocconia (Q)* 

Ericaceaee (T)* 

FarameaFaramea (T)* 

HedyosmumHedyosmum (Q, T)* 

HyeronimaHyeronima (Q, T)* 

//exx ( a "0* 
JuglansJuglans (Q)* 

Lecythidaceaee (Q, T)* 

Myricaa ( a "0* 

PodocarpusPodocarpus (Q, T)* 

QuercusQuercus (Q, T)* 

SabiceaSabicea (Q)* 

SambucusSambucus (Q)* 

Sapotaceaee (Q, T)* 

TapiriraTapirira (T)* 

7ric/if7/aa (Q)* 

Wro/oo (Q)* 

Wsmfaa (Q, T)* 

WarszewicziaWarszewiczia (T)* 
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Swampp vegetatio n 

BegoniaBegonia (T) 

CupheaCuphea (T) 

Cyperaceaee (Q, P) 

EleocharisEleocharis (Q) 

Eriocaulaceaee (T) 

HydrocotyteHydrocotyte (Q) 

LudwigiaLudwigia (Q, T) 

PolygonumPolygonum (Q, T) 

TyphaTypha (Q, T) 

UtriculariaUtricularia (T) 

Xyr/ss ( a T) 

Algae e 

BotryococcusBotryococcus (T) 

DebaryaDebarya (Q) 

Zygnemataceaee (Q, T) 

Ferns s 

Adiantaceaee (T) 

AspleniumAsplenium (Q, T) 

4zo«aa (T) 

BtechnumBtechnum (Q) 

CeratopterisCeratopteris (Q, T) 

CyatheaCyathea (Q, T) 

HemitetiaHemitetia (Q) 

JamesoniaJamesonia (Q) 

LycopodiumLycopodium cernum (Q, T) 

LycopodiumLycopodium foveolate (Q) 

Monoletee foveolate (T) 

Monoletee psilate (Q, T) 

Monoletee verrucate (Q, T) 

PityrogramaPityrograma (Q, T) 

Sacco/omaa (T) 

SelaginettaSelaginetta (Q, T) 

Triletee psilate (Q, T) 

Fungi i 

CelasinosporaCelasinospora (Q, T) 

TetraploaTetraploa aristata (Q, T) 

Tablee 7.1. List of identified pollen and spore taxa from cores Quilichao-1 and La Teta-2 representing 

dryy interandean valleey vegetation. Taxa are grouped according to ecological preferences. Taxa 

markedd by an asterisk are included in the pollen sum. Rare types dos not appear in the list. 
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7.44 RESULTS 

7.4.1.. Lithologica l characterisatio n of the sediment s 

Thee downcore changes in the lithology of the sediment cores are described 
beloww and are graphed in the diagram of sums. 

Coree Qui lichao-1 : 

00 - 7 cm grey clay with rootlets and plant remains 

255 - 28 cm light brown/grey clay with few plants remains 

288 -165 cm very compact yellow sandy clay with dark clay, charcoal, 

andd plant remains 

1655 - 285 cm grey sandy clay 

2855 - 470 cm dark grey clay 

4700 - 590 cm grey clay 

5900 - 630 cm transition to 

6300 - 660cm sandy white clay 

Coree La Teta-2: 

00 -18 cm grey clay with rootlets and plant remains 

188 -100 cm somewhat compact yellow sandy clay with dark clay, 

charcoal,, and plant remains 

1000 -140 cm grey clay with very few rootlets and plant remains 

1400 -180 cm yellow sandy clay slightly brownish 

180-2088 cm yellow sandy clay 

2088 - 250 cm grey clay somewhat sandy with rootlets and plant remains. 

7.4.22 Chronolog y 

Thee 9 AMS radiocarbon dates from Quilichao-1 and the 7 dates from La 
Teta-22 are listed in Table 7.2. A basal date of 14C yr BP for core 
Quilichao-11 shows this record reaches into Lateglacial time. Core La Teta-
22 has at the bottom an age of 8670 0 14C yr BP and spans most of the 
Holocene.. Both cores include gaps in the sediment record causing hia-
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tusess in the chronology: after 13,150 0 HC yr BP and 7890 0 14C yr BP 
inn Quilichao-1, and after 14C yr BP in record La Teta-2 (Fig. 7.3). 

Lab.. Numbe r Depthh  (cm) 14C yr BP 13C/12C ratio Age (cai yr BP) 

CoreCore Quilichao-1: 

UtC-10565;; Col-1216 31 

UtC-10566;; Col-1217 135 

UtC-5482;Col-10877 298 

UtC-10567;Col-12188 365 

UtC-10568;Col-12199 445 

UtC-10569;; Col-1220 485 

UtC-10570;; Col-1221 537 

UtC-10571;Col-12222 559 

UtC-5483;; Col-1088 673 

CoreCore La Teta-2: 

UtC-10634;Col-12366 20 

UtC-10635;Col-12388 58 

UtC-5484;Col-10899 98 

UtC-10636;; Col-1238 145 

UtC-10637;; Col-1239 175 

UtC-5485;; Col-1091 196 

UtC-10638;; Col-1240 245 

95±3 77 -23. 5 

410±4 55 -21. 6 

1502±3 77 -22. 0 

2167±4 22 -20. 3 

2700±4 66 -21. 1 

7890+7 00 -20. 1 

9440±6 00 -22. 5 

9860±7 00 -20. 2 

13150±6 00 -27. 7 

85±2 44 -26. 3 

432±2 55 -26. 5 

761+2 66 -22. 7 

2780±3 55 -25. 6 

4354±3 22 -27. 3 

7237±4 22 -28. 4 

8670±6 00 -29. 2 

moder n n 

511-461,34 5 5 

544-61 6 6 

2301-2244 , , 

2179-2168 , , 

2159-211 7 7 

2848-275 6 6 

8977-8967 , , 

8951-893 8 8 

8933-891 7 7 

8898-888 2 2 

8864-883 0 0 

8779-859 3 3 

10740-1063 5 5 

10628-1057 8 8 

11295-1128 9 9 

11258-1119 6 6 

13857-1357 6 6 

Moder n n 

512-49 6 6 

1262-128 6 6 

2921-290 6 6 

2889-284 6 6 

4966-492 6 6 

4919-489 7 7 

4886-486 0 0 

6117-609 0 0 

6058-599 7 7 

9700-954 6 6 

TABLEE 7.2. AMS 14C ages of samples from cores Quilichao-1 and La Teta-2. 
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7.4.3.. Descriptio n of th ee polle n record s 

Basedd on CONISS cluster analysis and visual inspection of the downcore 
changess in the pollen spectra, 6 zones were recognised in pollen diagram 
Quilichao-11 (Figs. 7.4 and 7. 5). 

ZONEE QIO-la (650-600 CM, 11,465-10,52014C YR BP, 9 SAMPLES) 

Inn this zone taxa from dry forest dominate: mainly Acalypha (2D%),Alchornea 
(10%),, Celtis and Moraceae/Urticaceae (8%), and Cecropia, Melastomataceae, 
CrotalariaCrotalaria and Desmodium (4%). Herbs (30%) are represented by Asteraceae 
subf.. Asteroidea (10%), and Poaceae which show a rapid increase from the 
bottomm (9%) to the top (76%) of this zone. Of the Andean taxa Myrica (4%), 
QuercusQuercus (3%) and Alnus (2%) are most important. Most important swamp 
elementss are Cyperaceae (20%) and Ludwigia (4%). Fern spores account 
forr 60% at the bottom part of the zone and fungal spores about 37%. Pol-
lenn concentration and influx is very low throughout this zone. The amount 
off  charcoal remains relatively low although highly variable with a particu-
larlyy high peak about 655 cm. 

ZONEE QIO-lb (600-475 CM, 10520-7720 14C YR BP, 21 SAMPLES) 

Thiss zone shows elements from the dry vegetation with mainly taxa 
ass Didymopanax (6%), Crotalaria (3%), Celtis and Moraceae/ 
Urticaceaee (2%). Poaceae show 70% but decrease at the uppermost 
partt of the zone to 30% where other herbs increase to 15% as mean. 
Andeann taxa like Myrica, Hedyosmum and Quercus show <2%. 
Cyperaceaee (5%) and Ludwigia (7%) represent swamp vegetation. 
Becausee the pollen sum is low at the top of this zone, fern spores 
peakk at this core depth; low pollen concentration and influx val-
uess are recorded consequently. At the bottom of the zone fungal 
sporess show high vales of >200%. The amount of charcoal increases 
rapidlyy about the pollen sub-zone boundary and remains at a rela-
tivelyy high level. A slight, but sustained, decrease in charcoal is 
recordedd between 530 and 550 cm. 
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ZONEE QIO-2 (475-390 CM, 2880-231514C YR BP, 15 SAMPLES) 

Thiss zone shows a change in the representation of dry forest. After a gap in 
thee sediment sequence, representing about 5000 yr, dry forest consist mainly 
off  Crotalaria (20%), Fabaceae-I (18% maximum), Moraceae/Urticaceae (14%), 
AlchorneaAlchornea (5%), Piper (3%), Cecropia (15%), Celtis and Portulaca (3%) in the 
upperr part of the zone. Poaceae increase rapidly from 16 to 62%. Most im-
portantt other herbs are Asteraceae subf. Asteroidea (20%) and Labiatae (4%). 
Andeann taxa show low values: Hedyosmum (1%), Quercus (2%) and Myrica 
(3%).. Swamp vegetation consists of mainly Cyperaceae (38%). Fern spores 
showw 15% and fungal spores 30%. Pollen concentration and influx values 
startt to be constant at the middle part of the zone. The charcoal concentra-
tionn is very low in the lower part of the pollen zone with a rapid increase at 
4555 cm to a constant, high concentration until the zone boundary. 

ZONEZONE QIO-3 (390-130 CM, 2315-395 UC YR BP, 48 SAMPLES) 

Thiss zone is characterised by dry forest elements showing their lowest 
percentagess along the core; main woody taxa are Desmodium (4%), Melochia 
(10%),, Alchornea (5%), Phyllanthus (4%), and Cecropia (3%, increasing to 
20%% at the top of the zone). Poaceae show 80% as mean value. Other herb 
taxaa are Asteraceae subf. Asteroidea (12-22%), Labiatae (maximally 5%) 
andd Zea mays appears for the first time in the record with maximally 8%. 
Mainn Andean forest taxa are Alnus (2%), Hedyosmum (3%) and Quercus 
(2%).. Main swamp taxa are Cyperaceae (8%) and Ludwigia (16%), Algae 
coloniess reach maximum values in the middle of this zone. At the top of 
thee zone fern spores record 60% and fungal spores >300%. Pollen concen-
trationn and influx values are relatively constant throughout this zone. The 
charcoall  concentration is relatively high throughout the pollen zone. There 
iss a slow and sustained decrease at 210 cm to a constant concentration 
untill  the zone boundary. 

ZONEZONE QIO-4a (130-30 CM, 395-95 UC YR BP, 15 SAMPLES) 

Thee zone shows increasing percentages of dry forest taxa, mainly Cecropia 
(45%),, Alchornea (6%), Phyllanthus and Piper (both 5%), Moraceae/Urticaceae 
(4%),, Acalypha, Cordia, Mimosa cf. pudica and Melochia (all 2%). Poaceae 
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decreasess to 30%. Other herbs are Asteraceae subf. Asteroidea (2%) and 
Labiataee (3%). Noteworthy is that Zea mays is not present. Of the swamp 
taxa,, Cyperaceae attains 50% at the middle part of the zone and Ludwigia 
38%% at the top, Eleocharis reaches 6%. Fern spores record 20% and fungal 
sporess some 50%. Pollen concentration and influx reach maximum values 
forr this pollen zone. The charcoal concentration is fairly high throughout 
thee pollen zone although it is not at a constant level, the two large peaks at 
1300 cm and 80 cm. 

ZONEZONE QlOAb (30-0 CM, 95 UC YR BP TO THE PRESENT, 3 SAMPLES) 

Inn this zone dry forest taxa are still abundant, Heliotropium (30%), 
DydimopanaxDydimopanax (6%), Alchornea (4%), Moraceae/Urticaceae and Desmodium 
(3%),, and Phyllanthus (2%). Poaceae record a mean of 40%. Other herbs 
aree Asteraceae subf. Asteroidea (10%) and Labiatae (4%). Andean forest 
taxaa are poorly represented; Alnus (2%), Hedyosmum and Quercus show 
togetherr (1%). ludwigia (36%) dominates swamp vegetation. Fern spores 
showw 5% and fungal spores 10%. Pollen concentration and influx values 
aree high. The charcoal concentration is characterised by a rapid rise at the 
startt of the pollen zone followed by a decrease in the top sample. 

Basedd on CONISS cluster analysis and visual inspection of the 
downcoree changes in the pollen spectra, 5 zones were recognised in pol-
lenn diagram La Teta-2 (Figs. 7.6 and 7.7). 

ZONEE TET-1 (250-205 CM, 8850-756014C YR BP, 7 SAMPLES) 

Thee zone is dominated by dry forest taxa, such as Crotalaria, Croton and 
TabebuiaTabebuia (7%), Alchornea and Moraceae/Urticaceae (9%). Melastomataceae 
andd Apocynaceae show a mean of 4%. The main herb taxa are Poaceae 
(20%)) and Asteraceae subf. Asteroidea (15%). Main Andean forest taxa 
aree Lecythidaceae and Ilex (8%), Ericaceae (12%) and Myrica (4%). Swamp 
taxaa are rare (<3%). Fern spores reach maximally 95%. Pollen concentra-
tionn and influx values are low in most samples. The charcoal concentra-
tionn remains very low throughout the pollen zone, notable is the ho-
mogenouss nature of the charcoal signature with very littl e variation. 
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ZONEE TET-2 (205-142 CM, 7560-2720 14C YR BP, 8 SAMPLES) 

Thiss zone is characterised by an increase of dry forest elements, Malouetia 
(40%),, Myrtaceae (10%), Annonaceae (8%), Apocynaceae and Psychotria 
(7%),, and Sapindaceae (5%). Andean forest elements diminished to <2% 
perr taxon. Swamp taxa continue to be rare. Ferns spores (10%) and fun-
gall  spores (5%) show very low percentages. Pollen concentration and 
influxx values are high. The charcoal concentration remains at very low 
concentrationn throughout the pollen zone, notable is the homogenous 
naturee of the charcoal signature and the lack of variation from pollen 
zonee TET-1. 

ZONEE TET-3 (142-102 CM, 2720-195514C YR BP, 8 SAMPLES) 

Thee zone is characterised by a decrease of dry forest; main taxa are 
PsychotriaPsychotria (8%), Myrtaceae and Moraceae/Urticaceae (5% as maximum), 
Papilionaceaee and Melochia (4%). Poaceae (68%) and Asteraceae subf. 
Asteroideaa (22%) are the main herbs. Amaranthaceae-Chenopodiaceae 
(4%)) is recorded for first time in the record. Hedyosmum (6%), Alnus (<2%) 
andd Quercus (<2%) are present at low percentages. Swamp elements in-
crease;; Cyperaceae (27%) and Ludwigia (10%). Fern spores show up to 
60%% and fungal spores to 25%. Pollen concentration and influx values 
decreasee rapidly and stay almost constant. The charcoal concentration 
increasess slightly at the lower pollen zone boundary. The charcoal re-
mainss at low concentrations throughout the pollen zone although the 
signaturee is quite variable. 

ZONEE TET-4a (102-25 CM, 1955-105 14C YR BP, 13 SAMPLES) 

Thiss zone shows increasing values of dry forest taxa, mainly Cecropia (30%), 
Acalypha,Acalypha, Alchornea, Melastomataceae and Piper (8%). Poaceae record 40% 
andd Asteraceae subf. Asteroidea decrease to 7% by comparison. Begonia 
appearss for the first time in the record (15%). Alnus (5%), Quercus (2%) and 
HedyosmumHedyosmum (7%) represent Andean forest taxa. Cyperaceae (55%) and 
LudzuigiaLudzuigia (15%) dominate swamp vegetation. Fern spores and fungal spores 
showw highest values (>100%) in this zone. Pollen concentration and in-
fluxx values are low. The charcoal concentration increases throughout the 
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pollenn zone, notable is the rapidly fluctuating nature of the charcoal con-
centrationn and the massive peak at 35 cm. 

ZONEZONE TET-4b (25-0 CM, 105 UC YR BP TO RECENT TIME, 3 SAMPLES) 

Thiss zone shows increasing values of dry forest elements, mainly 
HeliotropiumHeliotropium (37%) and Didymopanax (7%),Alchornea and Cecropia lower to 
3%% and 4%, respectively, Melastomataceae and Moraceae/Urticaceae de-
creasee to 2%. Alnus, Quercus and Hedyosmum record 2%. Begonia almost 
disappearss from the record. Cyperaceae (30%) and Ludwigia (15%) are the 
mainn swamp elements. Pollen concentration and influx values increase 
comparedd to the previous pollen zone. The charcoal concentration de-
creasess rapidly from the peak at 35 cm, tailing to a low concentration at 
thee core top. 

Diversityy of pollen and spores is highest in core Quilichao-1:132 taxa 
weree identified versus 116 taxa in core La Teta-2 (Table 7.1). Corroded and 
deterioratedd pollen grains were frequent in all samples. In few samples, 
thee pollen sum was not reached even after counting 3 slides. The amount 
off  charcoal is generally much higher in core Quilichao. The Quilichao 
recordd is also characterised by generally much greater variability apart from 
aa extremely large spike towards the top of the La Teta core. 

7.55 RECONSTRUCTION OF PALEOENVIRONMENTAL 
CHANGEE IN THE SOUTHERN CAUCA VALLEY 

Thee reconstruction of the history of the dry forest ecosystem in the south-
ernn Cauca Valley is based on both pollen and charcoal records. Fig. 7.8 
showss the main pollen diagrams. 

(a)) 13,150 to 10,52014CyrBP 

Presencee of pure sand and sandy clay at the bottom of the core 
Quilichao-11 with an age of 13,150 14C yr BP indicates this site was part of 
ann active lateglacial drainage system. The highly variable charcoal concen-
trationn supports this suggestion. These poor conditions for conserving pol-
lenn grains may lead to the lowermost samples having biased pollen spectra. 
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Abovee 620 cm core depth sediments contain more clay and pollen assem-
blagess reflect more accurate the local and regional vegetation setting; the 
pollenn concentration values and concomitant charcoal increases support this. 
Fromm 11,465 to 10,52014C yr BP (zone QIO-la) the record shows dry forest is 
commonn in the Cauca valley whereas forests on the highest parts of the 
slopess include taxa such as Quercus, Hedyosmum, Myrica and Alnus. The dry 
forestt composition, of Crotalaria, Celtis and Alchornea, resemble the dry for-
estt in the Cesar valley in the Colombian Caribbean. The depression with 
ourr sedimentary archive became gradually isolated from the drainage sys-
temm and swamp vegetation with Ludwigia and Cyperaceae developed lo-
cally.. This hydrological isolation is further supported by the charcoal record 
remainingg at constant values during this time period. At higher elevation 
thee interval of 11,000 to 10,50014C yr BP is characterised by cool conditions 
(Van'tt Veer et al., 2000; Van der Hammen and Hooghiemstra,, 1995) but we 
aree unable to infer temperature estimates from our record. 

(b-1)) 10,520 to > 772014C yr BP 

Aroundd 10,520 14C C yr BP the valley lost much of its dry forest,this 
beingg replaced by open grass-dominated vegetation (note that in core 
Quilichao-11 Poaceae are excluded from the pollen sum because of its abun-
dance;; Fig. 7.5). The floral composition of the dry forest changed slightly: 
DesmodiumDesmodium and Erythrina became more prominent. This taxa combination 
formm important communities in the northern coast of Colombia where the 
openn dry forest is typically developed. Additionally, Erythrina together with 
otherr Leguminosae form a thorny tropical dry forest in those dry valleys 
inn Colombia (field work observations). Dry climatic conditions continued 
minimallyy for some 2800 years, but possibly longer as the transition from 
zonee QIO-lb to QIO-2 is thought to incorporate a sedimentary gap. 
Sampless at this transition zone show very low pollen sums and corroded 
grainss are frequent. The presence of this gap is further supported by a 
rapidd change in charcoal concentration about the pollen zone boundary. 
Therefore,, we assume these sediments have been exposed to the air for 
considerablee time and it is plausible water levels were low, or even the 
depressionn of Quilichao had drained for most of the year after approxi-
matelyy 770014C yr BR 

205 5 



ChapterChapter 7 

206 6 



LATEGUCIA LL AND HOLOCENE HISTORY OF THE DRY FOREST AREA IN SOUTH COLOMBIA N CAUCA VALLE Y 

FROMM SITES QUILICHA O AND LATET A 

Quiiichao- 11 La Teta-2 

*CC yr BP 

0 0 

1000 0 

2000 0 

3000 0 

40000 _ 

50000 _ 

60000 _ 

7000 0 

80000 _ 

90000 _ 

10,000_ _ 

11,000_ _ 

12,000_ _ 

13,000 0 

4b/95 5 
QIO-4a a 

395 5 

QIO-3 3 

2315 5 
QIO-2 2 
2880 0 

\ / / 

Y Y A A 
'' 7720 \ 

QIO-1b b 

10,520 0 
QIO-1a a 

11,465 5 

13,150 0 

4b// 105 
TET-4a a 

955 5 

TET-3 3 

2720 0 

TET-2 2 

7560 0 

TET-1 1 

8850 0 

M M 
Jfli i 
JH JH 

(e) (e) 

M M 

'CC yr BP 
0 0 
1000 Total deforestation 
3955 Less human impact: secondary forest expands 
9500 More humid conditions: swamps, secondary 

forestt arable land, de-population? 
Abundantt grassy vegetation, dry forest very 

_ 3 0 00 limited. Human occupation: Z. mays/Quinoa 

27200 Deforestation: grassy vegetation expanded 

(c) ) 

(b2) ) 

(b1) ) 

(a) ) 

Openn grassy vegetation increases 

Maximumm expansion of dry forest 

43000 14C yr BP. 

Veryy dry 

baree soils: influx of sand into the basin 

7560 0 

Condensationn belt moves upslope 

77200 very dry 

grassyy vegetation replaces dry forest 

10,520 0 

Dryy forest 

Quilichaoo becomes an isolated depression 

13,150 0 

FIGUREE 7.9. Comparison on a linear time scale between environmental histories from cores 

Quilichao-11 and La Teta-2 from the southern Cauca Valley in Colombia. 
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(b-2)) 8850 to 7720-756014C yr BP 

Recordd La Teta-2 starts around 885014C yr BP; from this time onward 
wee can rely on both records. Indeed, also record La Teta-2 shows presence 
off  dry forest and herb vegetation dominated by grasses and Asteraceae 
(zonee TET-1). The composition of the dry forest differs from site Quilichao: 
att La Teta Tabebuia, Malouetia, Croton, Sapindaceae, Papilionaceae and 
Melastomatacaee are more common, which is similar to the present day 
vegetationn in the Magdalena and Cauca valleys (Rangel et al, 1989). La 
Teta-22 also shows a greater presence of montane forest, this is likely to 
correspondd to the setting of site at the foot of hills that locally rise up 200 
mm and are part of the Western Cordillera. This different environmental 
settingg is also indicated by comparing the charcoal records from the two 
cores.. The La Teta record has a low, mostly constant background level of 
charcoalss whereas during a comparable period the Quilichao record has a 
generallyy greater amount of charcoal and it is much more variable. The La 
Tetaa sedimentary archive starts with a sand layer (where pollen fossil were 
nott recovered) suggesting that also this depression in the landscape was 
isolatedd around 8850 14C yr BP from the local drainage system. Between 
88500 and 756014C yr BP dry forest and open herb vegetation expanded at 
sitee La Teta. Both records indicate increasing climatic aridity towards the 
intervall  of 7720-756014C yr BP finally leading at both sites to an reduced or 
ceasedd sediment accumulation, or even to erosion of previously accumu-
latedd sediments. 

(c)) 7720-7560 to 272014C yr BP 

Att Quilichao the pollen record continues until around 2880 14C yr BP 
leavingg a hiatus of some 4840 radiocarbon years. Sediment accumulation 
continuedd at site La Teta but the influx of sand is considerable between ca. 
50000 and 2780 14C yr BP (zone TET-2), indicative of bare soils under in-
creasinglyy dry conditions. The proportion of dry forest reached maximum 
expansionn around 4300 14C yr BP and forest was strongly dominated by 
Malouetia,Malouetia, an apocynaceous tree of dry conditions. From approximately 
430014CC yr BP to 280014C yr BP the dry forest is replaced by open vegeta-
tionn dominated by asteraceous herbs at La Teta. This vegetation change is 
nott reflected by any change in fire regime with the charcoal record re-
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mainingg almost constant throughout this period. Simultaneous absence 
off  aquatics and sandy sediments point to very dry climatic conditions al-
though,, sediment accumulation continued at a low rate. 

(d)) 2880-2720 to 230014C yr BP 

Aroundd 288014C yr BP sediment accumulation continued at Quilichao 
andd similarly at La Teta from 2720 14C yr BP sediment accumulation in-
creased.. Open Poaceae-dominated vegetation increased rapidly at both 
sites,, reach maximum coverage around 2300 14C yr BP (at 390 cm in core 
Quilichao-11 and at 120 cm in core La Teta-2). Dry forest was reduced to 
minimumm in the Holocene. The sudden abundance of Cecropia at site 
Quilichaoo suggests disturbance. Furthermore, Portulaca is also an indica-
tivee of open vegetation on sandy soils (Ariza and Rangel, in prep). Al-
thoughh this is concomitant with a period of sustain high charcoal concen-
tration,, the peak in Cecropia does not correspond to a pulsed increased in 
charcoal,, therefore we suggest this disturbance was not related with fire. 

(e)) 2300 to 95014C yr BP 

Fromm approximately 230014C yr BP onward grass dominated vegeta-
tionn is very abundant and dry forest was very limited. This situation lasted 
forr some 1400 years at Quilichao (395-180 cm) from 2315 to approximately 
9000 14C yr BP; and for some 1700 years at site La Teta (142-102 cm) from 
27200 to 95514C yr BP Most conspicuous in the floral composition of the dry 
forestt is the disappearance of Malouetia at site La Teta, and an increase of 
ErythrinaErythrina and Melochia at Quilichao (both taxa important constituents of 
thee dry forest); this latter taxon also indicates an open vegetation and/or 
secondaryy vegetation (Ariza and Rangel, in prep). Presence of clayey sedi-
mentss and taxa like Cyperaceae and Ludwigia show both sites received 
sufficientt water to maintain a swampy environment. Also trees of the 
Andeann forest belt, Hedyosmum in particular, have a relatively high repre-
sentation.. This could indicate that montane slope forest reached lower 
elevations,, alternatively there could be an increase in moisture relative to 
thee previous period possibly as a result of the condensation zone has de-
scended.. Both aspects might suggest climate was less dry relative to the 
previouss period. We interpret the strong expansion of grassy vegetation 
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ass evidence for human impact, as supported by the presence of Zea mays 

att Quilichao and Amaranthaceae-Chenopodiaceae (crops of quinoa) at La 

Teta.. This record shows a slight and sustained increase in charcoal about 

thiss period that may be reflective of this increase in crop. Alternatively it 

couldd indicate an increase in hydrological budget would have been asso-

ciatedd with greater inwash of charcoal from the catchment into the lake. 

Thee high concentration of charcoal within the Quilichao sediments from 

thiss period provides additional evidence for increased human activity, part 

off  which appear to have involved fire use. 

(f)) 950 to 395 14C yr BP 

Att site Quilichao abundant grassy vegetation shows continuous hu-

mann presence. At La Teta grass cover decreased and a sudden increase of 

CecropiaCecropia strongly suggests that abandoned arable land became covered by 

secondaryy forest. It appears that fires were increasingly common within 

thee catchment, possibly used more indiscriminately as traditional land 

managementt practices were in decline. Around 70014C yr BP, swampy el-

ementss increased at both sites, this might point to more humid conditions 

and/orr less human impact in the southern Cauca Valley. The area was aban-

donedd around 500 yr BP, corresponding to the Spanish conquest. During 

thee pre-Columbian occupation of the southern Cauca Valley dry forest 

diminishedd severely. 

(g)) 395 to ca. 100 14C yr BP 

AA significant decrease of Poaceae-dominated vegetation and a con-

comitantt increase of secondary dry forest in which Cecropia, Moraceae-

Urticaceaee and Piper were important taxa, indicate the level of human im-

pactt had reduced considerably. However, the rapid increase in charcoal at 

Laa Teta indicate that a single large fire event may drive this most recent 

change.. The landscape, which was deforested since ca. 230014C yr BP, be-

camee covered again with degraded dry forest taxa. 

(h)) ca. 10014C yr BP to recent 

Duringg the last century human impact on the landscape increased 

again:: forest cover decreased at both sites. Heliotropium and Ludwigia be-
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camee abundant on the loamy sandbars sediments located within a 
kilometree of Quilichao (Gentry, 1993; Sanchez, 1997). During this period, 
thee southern Cauca Valley became fully deforested and is used presently 
forr sugar cane cultivation (IGAC, 1977). The two catchments show quite a 
differentt charcoal signature during this period. The La Teta catchment 
recordss a notable drop in charcoal indicating that fire occurrence, or avail-
ablee fuel, is reducing within the catchment. The Quilichao sediments record 
aa continued high concentration of charcoal indicating persistent impor-
tancee of fire within the catchment. 

7.66 DISCUSSIONS 

Thee two pollen records with associated sediment, radiocarbon and char-
coall  data are the first evidence of the dry vegetation history from the Cauca 
Valley.. In both cores clayey sediments follow a prominent sand horizon 
stronglyy suggesting both basins originated in a drainage system, subse-
quentlyy becoming isolated. Indeed, the present active river is close by. 

Pollenn record Quilichao-1 shows six zones, and record La Teta-2 five 
zones.. Both series of discrete intervals, each with characteristic climatic 
andd environmental conditions, match very well with the charcoal and sedi-
mentology.. The correspondence between both records is presented in Fig. 
7.9.. Dry forest has characterised the vegetation of the southern Cauca Val-
leyy since Lateglacial times. A change in the composition of dry forest, dated 
10,52014CC yr BP, coincides with a shift to warmer and drier climatic condi-
tionss in central Colombia (Van't Veer et ah, 2000) during the El Abra stadial, 
thee equivalent of the Younger Dryas stadial of Europe (Van der Hammen 
andd Hooghiemstra, 1995). During the Holocene, vegetation change in the 
valleyy mainly reflects the dynamic between dry forest and grass rich veg-
etation.. On the slopes at higher elevation montane forest with character-
isticc taxa from the Andean forest belt (upper montane forest belt) are rep-
resented.. Although the period from 7720 to 288014C yr BP is documented 
withh less precision (due to the hiatus at Quilichao, and very low accumu-
lationn rate at La Teta) we conclude that grass-dominate vegetation was 
abundantt from 10,520 to approximately 9000 14C yr BP This last date is 'a 

211 1 



ChapterChapter 7 

bestt estimate', viz. older than the start of core La Teta-2, younger than the 

datee of 9440 0 14C yr BP in Quilichao-1. The length of this period coin-

cidess well with the dry period identified for Andean Colombia by Van 't 

Veerr et al, (2000). 

Aroundd 4300 14C yr BP dry forest is at its greatest extent, but not as 

diversee as at other periods, which corresponds to the high pollen influx 

valuess in this interval. Climatic conditions changed significantly between 

43000 and 300014C yr BP; within the Quilichao and La Teta catchments herb 

richh vegetation replaced dry forest. This vegetation change might reflect a 

decreasee in length of dry season. At the same time, between 4300 and 3500 
14CC yr BP palms started to increase its proportion rapidly in the Llanos 

Orientaless (Berrio et al, 2002). Regionally, the synthesis study of Colom-

biann pollen sites by Marchant et al, (2001) shows a marked change in cli-

maticc conditions between 4000 and 3000 14C yr BR We conclude that cli-

maticc change in our study area supports earlier observations of major 

climaticc change during this period. 

AA second period with abundant grassy vegetation started around 

27000 14C yr BE We suggest pre-Columbian societies may have caused 

thiss change perhaps facilitated by climate induced changes (Van Geel 

etet al, 1996,1998). Pollen grains of crop plants (Zea mays, Quinoa) were 

found.. This pollen-based evidence corresponds with archaeological 

evidencee for the start of human occupation of the southern Cauca Val-

leyy (Gnecco and Salgado, 1989). The area depopulated shortly after 

9000 14C yr BP; a similar release of human impact on the landscape was 

observedd in the area of Popayan (Will e et al, 2000). Secondary forest 

increasedd and replaced previously arable land. In both study areas de-

populationn occurred before the Spanish arrived, suggesting that im-

pactt of climatic change on these societies may have played a role. In-

deed,, in Central America the period from AD 800 to 1000 represents the 

driestt period of the middle to late Holocene and coincided with the col-

lapsee of the Maya civilisation (Brenner et al, 2001; Hodell et ah, 1995,2001; 

Islebee et al, 1996). Around 70014C yr BP swampy elements increased mark-

edlyy at both sites suggesting a change to more humid conditions. Around 

4000 14C yr BP at the transition from pollen zone QIO-3 to QIO-4a, grassy 
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vegetationn diminished and secondary forest started to increase, in par-
ticularr at Quilichao. This change in vegetation cover may relate to depopu-
lationn caused by the Spanish conquest. 
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