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Environmentall change in the Colombian subandean forest belt 

fromm 8 pollen records: the last 50 kyr. 

M.. Wille, H. Hooghiemstra, H. Behling, K. van der Borg. 

AJ.Negrel(t) ) 

Abstract t 

Wee present a reconstruction of forest history and climatic change based on 11 pollen records 

fromm 8 sites, all located in the lower montane forest belt of the northern Andes in Colombia. 

Wee compared records from the Popayan area in southern Colombia, Timbio (1750 m), 

Genagraa (1750 m) and Pitalito (1300 m) and the new Piagua (1700 m) record, with the 

recordss from Lusitania (1500 m), Libano (1820 m), Pedro Palo (2000 m) and Ubaqué (2000 

m)) from central Colombia. The changes of the altitudinal position of the lower/upper montane 

(== subandean/Andean, S/At) forest belt transition were used to estimate temperature change 

forr the last 50 kyr. We infer a LGM temperature drop of 6°-7°C at 1700 m, and a steeper 

LGMM lapse rate of 0.76DC/100 m compared to today (ca. 0.6°C/100 m). Around 50 HC kyr 

B.P.. temperature at 1700 m was ca. 3DC lower than today. Until 20 MC kyr B.P. temperature 

oscillatedd and gradually decreased. During the LGM, temperature was maximally ca. 6°-7cC 

lowerr than today. After the LGM temperature increased and ca. 14 ,4C kyr B.P. it was 2°-3°C 

lowerr than today (S/At at ca. 1800 m, 500 m below present elevation; Susaca interstadial). An 

unquantifiedd cooling (Ciega stadia!) followed. During ca. 12.3-11.7 HC kyr B.P. the S/At 

shiftedd upslope to 2100 m indicating a temperature of 1°-2°C cooler than today (Guantiva 

interstadial).. From 11.7-10.9 UC kyr B.P. the S/At was at 1800 m indicating temperature was 

ca.. 3CC lower than today and humid conditions prevailed (partly coinciding with the El Abra 

stadial).. The period 10.9-9 UC kyr B.P. was also cool, but drier. During 9-7.5 ,4C kyr B,P. 

temperaturee was ca. 1°C warmer relative to today (mid Holocene hypsithermal). During the 

87 7 



Environmentall  change in the Colombian subandean forest belt 

lastt 5 kyr presense of cultivated plants demonstate human colonization of the lower montane 

zonee in Colombia. 

5.11 Introduction 

Ourr understanding of the Late Quaternary environmental change in the northern Andes of 

Southh America is mainly based on pollen records from sites between 2500 and 4400 m above 

sea-levell  (LAPD 1996). These records show a vertical migration of the main vegetation belts 

duringg the last glacial-interglacial cycle, mainly responding to temperature change. In 

palynologicall  studies temperature reconstructions are mainly based on altitudinal shifts of the 

upperr forest line, which corresponds to the 9.5°C annual isotherm, currently located at 3200 

m.. Van der Hammen and Gonzalez (1963) and Hooghiemstra (1984) used a lapse rate (change 

inn temperature with height) of 0.65°C/100 m in reconstructions from pollen sites at 2550 m. 

Basedd on analysis of meteorological data Witte (1994) calculated for the Colombian Andes a 

modernn lapse rate of 0.55°-0.62°C/100 m which is close to the value of 0.64°C/100 m 

calculatedd by Thouret (1983) and by Florez (1986). Witte concluded that up to 3750 m 

modernn lapse rates are well defined and stable, while at higher elevation lapse rates become 

unstablee and temperatures depend more on local conditions (Witte 1994). On the basis of 

terrestriall  evidence from pollen, lake-levels and geochemistry in the tropics Fan-era et al. 

(1999)) estimated that during the Last Glacial Maximum (LGM) at 18 UC kyr B,P. the average 

reductionn in temperature was 2.5°-3°C at sea-level and ca. 6°C at 3000 m, thus demonstrating 

lowerr temperature with altitude during the last glacial period. However for the neotropics 

Farreraett al. (1999) showed a larger than avarage LGM sea-level temperature reduction of 5°-

6°C.. Bushet al. (2001) arrived on the basis of pollen data at a rough estimate fora LGM sea-

levell  temperature drop of 5°C, on the basis of pollen data. There is also some impact of 

changess in precipitation on the altitudinal position of the upper forest line (see e.g. Van der 

Hammenn and Gonzalez 1963) and therefore, on temperature reconstructions. Recently it was 

shownn that a low atmospheric pCOi during the glacial period may have contributed to a lower 

forestt line and, as a consequence, temperature estimates from high elevation sites may be 

consideredd as maximum values (Street-Perrott 1994; Street-Perrott et al. 1997; Boom et al. 

2001).. However, a straightforward quantitative estimation of the impact of precipitation and 

loww atmospheric pCOi on temperature reconstructions is not available and the debate 

quantifyingg the impact is still ongoing (Cowling and Sykes 1999, 2000; Williams et al. 2000), 
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Thee occurrence of night frost is an important factor that determines the transition between the 

subandeann and Andean forest belts. Therefore, we assume that the effects of changing 

precipitationn and atmospheric pCOi at mid-altitudes (1300-1700 m) have less impact on the 

altitudinall  position of the forest belts than at high-altitude (> 2500 m) sites. 

Wee observe a significant discrepancy between estimates of the LGM temperature drop in 

northernn South America for sea-level and high elevation, and between authors. Many pollen 

recordss from sites between 2500 and 3600 m have shown that temperature cooled some 8°-

9°CC (e.g. Hooghiemstra 1984; Mommersteeg 1998; Van 't Veer and Hooghiemstra 2000). This 

estimationn is in contrast with recent estimates of the LGM temperature drop at sea-level of 

CC in Amazonia (Van der Hammen and Absy 1994), 6°C for Amazonia by Colinvaux et 

al.. (2000), 4°-5°C in Brazil (Stute 1995), 5°-6°C for the neolropics (Farrera et al. 1999). It 

wass suggested that the present-day lapse rate of 0.65°C per 100 m was sleeper under glacial 

conditionss (Bakker 1990; see also Van der Hammen and Hooghiemstra 2000). 

Objectivess of this paper are to present a new pollen record from site Piagua at 1700 m and to 

synthesizee pollen data from the altitudinal interval of 1300-2000 m to contribute from an 

almostt unexplored altitudinal interval to the current debate of LGM cooling. Attention is paid 

too the sequence of temperature oscillations during the Late Glacial at 1700 m and we compare 

observedd changes with the Late Glacial climate chronology established on pollen sites from 

higherr elevation. Van der Hammen (1995) arrived at the following sequence of 

chronostratigraphicc periods and most probable ages: Susaca interstadial (14-13 C kyr B.P.), 

Ciegaa stadial (13-12.5 14C kyr B.P.), Guantiva interstadial (12.5-11 ,4C kyr B.P.) and El Abra 

stadiall  (11-10.15/9.5 '4C kyr B.P.). We focus on Colombian data for maximum comparability 

andd for the reason that estimates vary between distant areas (Farrera et al. 1999). Thee regional 

environmentall  setting of site Piagua, presented in the following paragraph, is also valid for 

sitess Genagra and Timbio, and as such relevant to appreciate the data synthesis. Another 

deficiencyy in our understanding of altitudinally migrating vegetation belts is to which degree 

vegetationn belts were compressed during glacial conditions; a question that directly relates to 

pastt lapse rates and temperature depression. Van der Hammen (1981) focussed already on this 

aspectt for the Andean forest belt and the different belts of paramo (a mountain vegetation 

consistingg of mainly shrub, grasses, other herbs, cushion plants and mosses, which is found 

abovee the forest line), but a possible compression of the subandean forest belt during glacial 

conditionss was never studied because pollen records were lacking. Based on the biomisation 

off  Colombian pollen data Marchant et al. (submitted) showed clearly that during the mid and 
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latee Holocene biome assignments changed at different altitudes in a different way, indicating 

thatt climatic change is not uniform for the different altitudinal zones in the Colombian Andes. 

Ass several new pollen records between 1300 and 1750 m recently became available, another 

objectivee of this paper is to provide for the first time an integrated reconstruction of changes 

inn the altitudinal range and floral composition of the subandean forest belt. As the best records 

aree located in southern Colombia, this paper is focussed on the area of Popayan, but 

comparisonss with other subandean pollen records have been made. Changes in floral 

compositionn compared to present-day and also changes in the vegetational composition of the 

subandeann forests wil l be evaluated. 

5.22 Environmental setting of the pollen sites 

Thee vegetation in the northern Andes shows a clear altitudinal zonation (e.g. Van der Hammen 

1974;; Hooghiemstra and Cleef 1984) . In this paper we focus on the sites located in the 

subandeann forest belt (= lower montane forest belt), at present day extending from 1000 to 

23000 m elevation. Tropical lowland forest occurs at lower elevation (0-1000 m) and Andean 

forestt {= upper montane forest) at higher elevation (2300-3200 m). The records represent 

variouss time intervals, as shown in the synthesis paragraph, but form together an almost 

completee composite record of the last 50 kyr. 

Sitess from Bogota" latitudes (between 3°49'N and 4°30'N; Fig. 5.1.): 

(1)) Site Lusitania (1500 m. 3°49'N, 76°34'W; Monsalve 1985) is located in the Western 

Cordilleraa of Central Colombia close to the Hacienda Lusitania in a marshy area al the bottom 

off  the El Dorado Valley. 

(2)) Site Libano (1820 m, 4°30'N, 75D30'W; Salomons 1986) is located on a NNE exposed 

slopee of the El Ruiz volcano in the Western Cordillera of Central Colombia and surrounded by 

stronglyy degraded forest. It represents the upper part of a thick soil-tephra sequence collected 

inn a road-cut. 

(3)) Laguna Pedro Palo (2000 m, 4°30'N, 74°23'W; Hooghiemstra and Van der Hammen 1993) 

iss located on the western slope of the Eastern Cordillera facing the Magdalena Valley. 

(4)) Laguna Ubaqué (2000 m, 4 30'N, 73 55'W, Berrio 1995) is located on the eastern slope 

off  the Eastern Cordillera. The sediment sequence was collected at the border of the lake which 

iss about 300 x 500 m in size. Under natural conditions the lake was located in the upper part 

off  the subandean forest, but the area is totally deforested. 
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Fig.Fig. 5.1. Map showing the location of the pollen sites in the present 

suhandeansuhandean (lower montane) forest belt. LIB = Lihano, PP - Laguna 

PedroPedro Palo, UBA = Laguna Ubaqué, LUS = Lusitania, GEN = 

PantanoPantano de Genagra. PIA - Pantano Piagua, TIM = Pantano 

Timbio.Timbio. PIT - Pitalito. Patterns show altitudinal intervals. 

Sitess from Popayan latitudes (between P52'N and 2°28'N; Fig. 5.1.): 

(5)) Piagua (1700 m, 2°30'N, 76°30'W) is a small village about 10 km south of Popayan in the 

catchmentt area of the Patia River. The site is located at the southern edge of the village. It is a 

smalll  swampy area, about 100 x 100 m in size, in a depression which is crossed by a small 

shalloww creek draining in a westerly direction. The catchment area of the depression is almost 

11 km in diameter. Surrounding slopes are gentle and are part of a saddle like interandean high 

plateau.. This plateau separates two drainage systems that originate southeast of Popayan: the 

Caucaa river at about 3500 m, and the Patia and Timbio rivers at approximately 2500 m. 

(6)) Pantano Genagra (1750 m, 2°28'N, 76°37'W: Behling et al. 1998) is a swamp of 200 x 50 

mm in size, located in a small valley with steep slopes on the Hacienda Genagra. 5 km north of 

thee city of Popayan. The site lies in the catchment area of the Cauca river. 
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(7)) Site Timbio (1750 m, 2°24'N, 76°36'W; Will e et al. 2000) is located in a swampy area, 

aboutt 60 m in diameter, located in a small depression and is part of the catchment area of the 

Patiaa river. 

(8)) Site Pitalito (1300 m, I°52'N. 76°02'W; Bakker 1990) is located in a sediment filled basin 

inn the southern Magdalena Valley between the Central and Eastern Corillera. Core Pitalito-11 

wass taken from a small grass yard near the southern basin margin. Core Pitalito-2 was taken 

fromm a swampy area in the northwestern part of the basin. 

5.2.15.2.1 Modem vegetation of the Popayan area 

Thee natural vegetation of the study area, including sites Piagua, Timbio, Genagra and Pitalito, 

iss almost completely replaced by commercial forestry, coffee plantations and farmland. At 

presentt only small patches of forest, possibly representing secondary vegetation, occur along 

thee rivers. Near Popayan the upper forest limi t is at about 3400 m. An evaluation of the 

potentiall  natural vegetation of this area, based on analysis of the legend units of the ecological 

mapp of Colombia (IGAC 1977), and floral inventory studies of remnants of forest, is 

presentedd elsewhere (Will e et al. 2000) and serves to help understand pollen records from this 

area.. Here we summarise the altitudinal range and floral composition of the main forest types 

inn the study area (Fig. 5.2.): 

Humidd low montane forest (1000-1400 m): Croton gossypiaefolius, Erythrina poeppigiana, 

IngaInga densiflora, Miconia rufescens/albicans, Myrsine guianensis, Nectandra sp. 

Veryy humid low montane forest (1400-2000 m): Alchornea latifolia, Clusia sp., Erythrina 

sp.,, Inga sp., Miconia caudata/theaezeans, Myrica pubescens, Myrsine guianensis, Piper 

aduncum,aduncum, Tabebuia chrysamha. 

Veryy humid montane forest (2000-3000 m): Alchornea bogotensis, Bocconia frutescens, 

ClusiaClusia sp., Hedyosmum bonplandium, Hyeronima sp., Myrica pubescens, Myrsine 

ferruginea,ferruginea, Podocarpus oleifolius, Quercus humboldii, Vismia baccifera, Weinmannia 

pubescens. pubescens. 

Humidd montane forest (2500-3000 m): Bocconia frutescens, Jamesonia sp., Laphcea sp.. 

MyricaMyrica pubescens, Quercus humboldtii, Weinmannia sylvatica. 
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Fig.Fig. 5.2. Altitudinal distribution of modern forest taxa in the Popayan area based on 

inventoryinventory studies by Negret. Only taxa represented in the pollen records are shown 

(after(after Wille et al. 2000). 

Thee forest classes from the ecological map of Colombia are mainly based on ranges of modern 

precipitation,, whereas the traditional zonation used in Fig. 5.2. is mainly based on 

temperature.. Identification of the above mentioned forest types in the pollen diagrams, in 

particularr the 'very humid montane forest between 2000 and 3000 m' is helpful to estimate 

changess in precipitation. This forest type has not been used to estimate the altitudinal 

distributionn of main vegetation belts because Alchornea bogotensis, Clusia sp., Hyeronima 

sp.,, Myrica pubescens, Myrsine ferruginea, and Vismia baccifera are taken as evidence for 

thee subandean forest belt, whereas Bocconia frutescens, Hedyosmum bonplandium, 

PodocarpusPodocarpus oleifolius, Quercus humboldii. and Weinmannia pubescens are taken as evidence 

off  the Andean forest belt. 

5.2.25.2.2 Climatic conditions 

Thee subandean forest belt in general is characterised by temperatures of 14° to 25°C; mean 

annuall  rainfall ranges from 1200 to 2900 mm. The climate station at Popayan airport (1730 
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m)) shows for the period of 1982 to 1995 an annual rainfall between 1580-3160 mm (average 

21400 mm) with a relatively dry period from June to August. On average, the lowest 

temperaturess are between 12° and 14°C whereas the highest temperatures are from 23° to 

25°C.. A longer precipitation record from Popayan, covering the period of 1955-1984, shows 

ann average annual rainfall of 2060 mm with a dry period from June to September (Rangel 

1991).. The driest month during the year is July with an average rainfall of about 60 mm and 

thee wettest month is November with some 340 mm precipitation. Seasonality in precipitation 

relatess to the annual movements of the Intertropical Convengence Zone (ITCZ) cutting 

especiallyy the Andean area into a northern and a southern part. From January to April the 

ITCZZ is located at ca. 5°N and from July to October at ca. 10°N. The area north of these 

latitudess is influenced by the north-easterly trade winds causing relatively warm and dry 

conditions,, whereas the part in the south is influenced by southerly or south-westerly winds 

bringingg mostly clouds and rain. Additionally the three Cordilleras of the Andes form barriers 

forr winds and clouds (Martyn 1992). Therefore the northern Andes are divided into regions 

withh locally different climate regimes (e.g. up/down winds, cloud cover, precipitation). On 

longerr time scales fluctuations in precipitation are forced by latitudinal changes of the 

Southernn Oscillation (Martin et al. 1993) and latitudinal movements of the ITCZ due to 

precessionn forcing (Martin et al. 1997). 

5.2.35.2.3 Human impact 

Recordss of human occupation of the study area come from archeological sites. Gnecco (1999) 

foundd substantial evidence for a Late Glacial-early Holocene occupation in the valley of the 

Magdalenaa river and in the upper and middle Calima valley since 10 C kyr B.P. At site San 

Isidro,, which is located about 50 km north of Popay&n, human impact was also dated back to 

100 l4C kyr B.P. (Gnecco and Mora 1997). Considering human impact on the Colombian 

vegetationn more in general, Marchant et al. (submitted) shows in a biome reconstruction at 10 

timee slices from 6 ,4C kyr B.P. to the present that the degraded vegetation category started at 

loww elevations between 5-3 ,4C kyr B.P., gradually increasing and expanding to higher 

elevationss during the last 2.5 l4C kyr B.P. In our southern Colombian pollen records the first 

humann occupation can be recognised at 4.3 ,4C kyr B.P. in Pitalito (Bakker 1990), about 2.3 

'*CC kyr B.P. in Genagra (Behling et al. 1998), and at about 2.1 i4C kyr B.P. in Timbio (Wille 

ett al. 2000). 
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5.33 Methods 

5.3.15.3.1 Recovery and analysis of the new Piagua core 

Thee 6-m-long sediment core from Piagua was drilled with a Dachnowsky sampler in the 

centree of the swamp. Sediment cores of 25 mm diameter were collected in 25 cm increments, 

wrappedd in plastic foil and transported in PVC gutters. Connections between sediment 

incrementss were of good quality. Only the sediments between 0 to 60 cm were too soft to be 

recoveredd as a solid core; therefore this interval was subsampled in 10 cm intervals in the 

fieldfield after coring. The interval 377 to 349 cm was very wet and sandy and could not be 

recovered.. Sandy sediments below 600 cm prevented further sediment recovery. In the 
3 3 

laboratoryy the core was stored under cold (4°C) and dark conditions. Samples of 0.5 cm were 

takenn at 5 cm intervals along the core for pollen analysis. The samples were treated with 

sodiumm pyrophosphate, acetolysis and heavy liquid separation with bromoform (Faegri and 

Iversenn 1989). A tablet of exotic Lycopodium spores was added to each sample to calculate 

pollenn concentration values. A minimum of 300 pollen grains were counted in each sample. 

excludingg taxa representing aquatic and lake shore vegetation. Core Piagua revealed 127 

differentt identified fossil pollen and spore types (Tab, 5.1.). 

Tab.Tab. 5.1. Identified fossil pollen and spore types in core Piagua. Taxa have been arranged 

afterafter altitudinal and ecological preference. Taxa with an asterisk are included in the pollen 

sum. sum. 

Lowerr subandean trees and shrubs (1000 - 1800 m) 

Acalypha Acalypha 

Bombacaceae e 

Menisspermaceae e 

Moraceae/Urticaceae e 

Upperr subandean trees 

Alnus Alnus 

Bocconia Bocconia 

Clusia Clusia 

Dodonaea Dodonaea 

95 5 

andd shrubs (1800 - 2300 m) 

Ericaceaee Myrica 

GunneraGunnera Myrsine 

HedyosmumHedyosmum Podocarpus 

JuglansJuglans Symplocus 
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Tab.. 5.1. (continued) 

Drimys Drimys Laplacea Laplacea Weinmannia Weinmannia 

Otherr subandean trees and 

Abutilon-type Abutilon-type 

Alchornea Alchornea 

Anacardiaceae e 

Antidaphne Antidaphne 

Apocynaceae e 

Arecaceae e 

BauhiniaBauhinia bicuspidata-typc 

Bignoniaceae e 

Caseariatype Caseariatype 

Cecropia a 

CordiaCordia lanata-type 

Croton Croton 

Daphnopsis Daphnopsis 

Euphorbiaceae e 

Hyeronima Hyeronima 

shrubs(10000 - 2300 m) 

Ilex Ilex 

Lafoensia Lafoensia 

Lauraceae e 

Loranthaceae e 

Mabea-type Mabea-type 

Malpighiaceae e 

Malvaceae e 

Melastomataceaee 19 um 

cf.. Miconia {= 

Melastomataceaee 19 pm) 

Meliaceae e 

Mimosaceae e 

MimosaMimosa pudica-type 

Myrtaceae e 

Oryctanthus Oryctanthus 

Piper Piper 

Polemoniaceae e 

Proteaceae e 

Psychotria Psychotria 

Quercus Quercus 

Rubiaceae e 

Sapindaceae e 

Sapium m 

Solanaceae e 

Styrax x 

Tetrorchidium Tetrorchidium 

Tournefortia Tournefortia 

Verbenaceae e 

Zanthoxylon Zanthoxylon 

Herbs s 

Acanthaceae e 

Amaranthaceae/ / 

Chenopodiaceae e 

Apiaceae e 

Artemisia Artemisia 

Asteraceaee (Asteroidae) 

Asteraceaee (Cichorioidae) 

Begonia Begonia 

Boraginaceae e 

Borreria Borreria 

Brassicaceae e 

Bromeliaceae e 

Caryophyllaceae e 

Convolvulaceae e 

Cucurbitaceae e 

Cuphea Cuphea 

Hypericum Hypericum 

Iridaceae e 

Lamiaceae e 

Lupinus Lupinus 

Papilionaceae e 

Plantago Plantago 

Poaceae e 

Polygala Polygala 

PolygonumPolygonum persicaria-typc 

cf.. Portulacaceae 

Ranunculaceae e 

Spermacoce Spermacoce 

Valeriana Valeriana 

Vernonia-type Vernonia-type 

Humann Impact indicators 

tpomoea-type tpomoea-type 

Manihot Manihot 

Phaseolus-type Phaseolus-type 

Aquaticc taxa 

Cyperaceaee Sagittaria 

EchinodorusEchinodorus Selaginella 

LudwigiaLudwigia Typha 
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Tab.. 5.1. (continued) 

ZeaZea mays Hydrocotyle Hydrocotyle 

Isoëtes Isoëtes 

Utricularia Utricularia 

Ferns s 

Anemia Anemia 

Grammilis-type Grammilis-type 

Jamesonia-type Jamesonia-type 

LophosoriaLophosoria quadripinnata 

LycopodiumLycopodium foveolate 

(formm type) 

LycopodiumLycopodium jussiaei-type 

Marsileaceae e 

Monoletee psilate 

Monoletee verrucate 

Osmunda-type Osmunda-type 

Trilett echinate 

Trilett psilate 

Trilett verrucate 

Treee ferns 

Cyatheaceae e 

CyatheaCyathea horrida 

(=Hemitelia) (=Hemitelia) 

Mosses s 

Anthoceros Anthoceros 

Phaeoceros Phaeoceros 

Forr pollen and spore identification of all cores in the Popaydn area we used the studies of 

Murill oo and Bless (1974, 1978); Hooghiemstra (1984); Roubik and Moreno (1991); Graf 

(1992);; Behling (1993); Herrera and Urrego (1996) and the reference collection of the Hugo 

dee Vries Laboratory. For calculation and presentation of the data of sites Piagua, Timbio and 

Genagra,, TILIA . TILIAGRAPH and CONISS software was used. Original counting data of 

thee cores from site Pitalito were not available any more, therefore we had to use the data 

presentationn as originally published, which is different from the new cores. The pollen 

percentagee diagram shows only the most important taxa. Taxa of cores Piagua, Timbio and 

Genagraa have been arranged into seven ecological groups: (1) upper subandean trees and 

shrubs,, (2) lower subandean trees and shrubs, (3) other subandean trees and shrubs without 

clearr altitudinal preference, (4) human impact indicators, (5) herbs, (6) aquatics, and (7) ferns. 

Taxaa belonging to the groups 1 to 5 represent the regional vegetation and are included in the 

pollenn sum. Rare taxa that occur mainly at higher elevation (in the Andean vegetation belt, 

suchh as Drimys), or mainly at lower elevation (in the tropical lowland vegetation, such as 

Bombacaceae)) were placed into the nearest group of the subandean forest. Taxa that occur 

acrosss the whole altitudinal range of the subandean belt, without clear altitudinal preference, 

weree grouped into the category 'other subandean forest taxa'. 

Eightt 0.5 cm3 bulk samples were collected for AMS C dating at depths where significant 

changess in the pollen record occurred. Samples were cleaned of roots and dated at the Van de 

Graafff  Laboratory of the University of Utrecht (Van der Borg et al. 1987). 
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5.3.25.3.2 Interpretation and comparison of pollen records 

Interpretationn of pollen records is based on studies of the modern pollen rain along altitudinal 

transectss in Central Colombia by Grabandt (1980), Melief (1985), Witte (1994). A synthesis 

off  modem pollen rain at Bogota latitudes (Fig, 5.3.) shows the direct relationship with the 

altitudinall  distribution of the main floral elements (Cleef and Hooghiemstra 1984; 

Mommersteegg 1998). The altitudinal vegetation distribution in the Popayan area is similar and 

differss only in detail (Fig. 5.2.). In the palaeotemperature reconstructions we used a lapse rate 

off  0.6°C temperature decrease per 100 m upslope shift 
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5.44 Results 

5.4.11 Stratigraphy of core Piagua 

Thee stratigraphy of the sediment sequence is summarised as follows: 

00 - 175 cm dark brown organic rich soft clay, plant remains, rootlets between 0 - 125 cm 

1755 - 289.5 cm dark brown clay with dark grey loamy fraction 

289.55 - 292 cm brown sand with organic rich components 

2922 - 349 cm brown-grey clay 

3499 - 377 cm sediments not recovered 

3777 - 425 cm light brown-grey clay 

4255 - 500 cm dark grey clay 

5000 - 550 cm dark brown clay 

5500 - 600 cm dark brown clay, downward increasing amounts of sand 

5.4.25.4.2 Time control of core Piagua and other subandean forest records 

Thee 14C ages of core Piagua belong to three different time intervals (Tab. 5.2.). The 

lowermostt sample at 599 cm dates back to Middle Pleniglacial time. The lowermost 50 cm of 

sedimentss are increasingly sandy: this points to riverine activity during the last glacial. 

Organicc rich sediments of Middle Pleniglacial time (also found in the cores of Genagra and 

Timbio)) may have been removed from this depression during the later part of the glacial and 

remnantss may have been dated in this sample. The high percentages of upper subandean forest 

elementss in the lowermost sample, also point to cooler conditions as in the adjacent part of the 

recordd and support a glacial age of these sediments. Therefore, we consider the lowermost 

radiocarbonn sample as being contaminated. As also the lowermost two pollen samples are at 

significantt variance with the remaining part of pollen zone PIA-1 we also discarded these 

pollenn assemblages. The following core interval shows four radiocarbon dates of Late Glacial 

andd early Holocene age. The depth vs. age profile of Piagua 

(Fig.. 5.4.) shows a linear relationship for the period of 14 to 7.5 l4C kyr B.P. The transition 

too the uppermost core interval with three samples of late Holocene age is formed by a 2.5-cm-

thickk sand layer which has a minimum age of 3 ' C yr B.P. In the upper core interval 
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thee depth vs. age profile shows also a constant sedimentation rate during the last 1.9 C kyr 

B.P.. A hiatus in the sedimentary record of core Piagua from 7.5 to 1.9 C kyr B.P. is obvious. 

On n 
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g"" 300-

33 400-

500--

600--
00 5 10 15 40 

Radiocarbonn years BP (x 1000) 

Fig.Fig. 5.4. Depth vs. age profile of sediment core Piagua, southern Colombia. 

Basedd on CONISS cluster analysis, and supported by marked changes in the pollen 

assemblages,, five pollen zones were recognised: P1A-1 (595-472 cm, 26 samples), PIA-2 

(472-342.55 cm, 24 samples), PIA-3 (342.5-292.5 cm, 12 samples), PIA-4 292.5-92.5 cm. 45 

samples),, and PIA-5 (92.5-0 cm, 14 samples) 

Tab.Tab. 5.2. Absolute time control of the sediment cores from the Popayan area: core Piagua 

(PIA),(PIA), core Genagra (GEN), core Timbio (TIM), core Pitalito-2 (PIT-2), and core Pitalito-11 

(PIT-11). (PIT-11). 

Depthh (cm) Col-No. UtC-No. C yr B.P. 8 " C C 

Piagu a a 

Genagr a a 

89 9 

197 7 

291 1 

310 0 

386 6 

462 2 

512 2 

599 9 

100 0 

199 9 

348 8 

463 3 

1145 5 

1123 3 

1146 6 

1124 4 

1147 7 

1148 8 

1149 9 

1073 3 

1084 4 

1056 6 

1057 7 

1058 8 

7549 9 

5844 4 

7550 0 

5845 5 

7551 1 

7600 0 

7601 1 

4967 7 

5479 9 

4959 9 

4960 0 

4961 1 

650±8 0 0 

1213+3 5 5 

1923±4 3 3 

7996±4 9 9 

100 340±6 0 

122 960+13 0 

133 950+13 0 

400 900+900-100 0 

1092±4 4 4 

2326±4 5 5 

533 00 0 -500O/+300 O 

566 00 0 -9000/+400 0 

-24. 7 7 

-21. 5 5 

-23. 4 4 

-29. 4 4 

-29. 9 9 

-31. 8 8 

-29. 6 6 

-29. 3 3 

-19. 5 5 

-19. 6 6 

-30. 4 4 

-29. 4 4 
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Tab..  5.2 . 

Timbi o o 

Pii  ta l  it o 2 

Pitalit oo 1 1 

(continued ) ) 

550 0 

690 0 

90 0 

212 2 

221. 5 5 

311 1 

344 4 

432 2 

499 9 

306-31 0 0 

206-21 0 0 

541-54 5 5 

891-89 5 5 

1271-127 5 5 

1059 9 

1060 0 

1125 5 

1133 3 

1132 2 

1131 1 

1085 5 

1191 1 

1072 2 

4962 2 

4963 3 

5846 6 

6799 9 

6798 8 

6797 7 

5480 0 

8033 3 

4966 6 

13993 3 

13992 2 

13990 0 

13991 1 

a-31 8 8 

500 00 0 -8O00/+40O 0 

>544 0O 0 

!700±2 9 9 

9870±8 0 0 

366 000±70 0 

199 160±11 0 

199 53O±13 0 

400 70 0 +900/-80 0 

277 200±26 0 

7150±10 0 0 

200 370±14 0 

311 750+55 0 

455 50 0 +2700/-200 0 

U/T hh y r  B.P . 

677 700+9900/-910 0 

-24. 6 6 

-29. 5 5 

-20. 6 6 

-28. 7 7 

-29. 6 6 

-29. 0 0 

-28. 7 7 

-31. 0 0 

-26, 8 8 

Thee pollen records from South Colombia have satisfactory time control. Whereas record 

Genagraa include radiocarbon ages older than 50 l4C kyr B.P., time control of record PIT-11 

providess also radiocarbon ages of 45.5 I4C kyr B.P. and 31.5 UC kyr B.P. The interval around 

thee LGM is represented in the pollen records from Timbio and Pitalito. The Late Glacial is 

shownn in the pollen records Timbio and Piagua, whereas the early to mid-Holocene interval is 

onlyy represented in the younger record from Pitalito (PIT-2). The last about 2 C kyr B.P. are 

representedd in all records and time control of this period is based on six radiocarbon ages in 

total. . 

Thee subandean pollen records from Central Colombia have less satisfactory time control. 

Threee time intervals are represented in the Lusitania record. The lower part of the core 

includess three ages around 39 l4C kyr B.P. In the upper part of the Lusitania core, two 

radiocarbonn ages at 30 cm from each other show 14.58 C kyr B.P. and 5.15 C kyr B.P.; 

thiss difference in age and marked difference in the lithology is indicative of a gap in the 

record.. The pollen records of Pedro Palo and Libano include radiocarbon dates from the base 

off  the records showing Late Glacial ages. The youngest record of the Pedro Palo (PP-II) site is 

undated.. One radiocarbon date at the base of core Ubaqué shows the pollen record represents 

thee last 3.5 HC kyr B.P. 
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5.SS Late Glacial and Holocene environmental change at Piagua (Figs. 5.5,5.6, appendix) 

Thee period of 15.5 to 13.1 l4C kyr B.P. (zone PIA-1, 595 -472 cm) 

Thee oldest interval represents the period of ca. 15.5 '4C kyr B.P. (extrapolated age for 590 cm 

usingg a linear accumulation rate) to 13.1 14C kyr B.P. During the period from 15.5 to 14.8 C 

kyrr B.P., Gwercws-dominated forest was abundant around the site at 1700 m. At present 

QuercusQuercus forest is common between 1550 and 2400 m. Also upper subandean/Andean forest 

withh a significant contribution of Weinmannia, Hedyosmum and Myrsine was present around 

thee site. Between 14.8 to 14 l4C kyr B.P., Quercus became less dominant and Andean taxa 

likee Weinmannia and Miconia became more abundant. The change in forest composition 

pointss to cooling. For the interval 15.5-14 14C kyr B.P., we estimate that the subandean to 

Andeann forest belt transition (S/At) was located at 1500/1600 m. That is 800-700 m lower 

thann today which points to temperatures 4°-5°C lower than today using the 0.6°C/100 m lapse 

rate. . 

Fromm 14 to 13.1 l4C kyr B.P., Quercus and Weinmannia forest communities were replaced by 

AlchorneaAlchornea dominated forest (present-day altitudinal range: 1350-1750 rn) whereas the 

contributionn of Miconia did not change. Lower subandean forest with Moraceae/Urticaceae 

andd Acalypha reached nearer to site Piagua which was probably surrounded by uppermost 

subandeann forest. We interpret this change as an upslope shift of the S/At from 1500/1600 m 

too about 1800 m and temperature must have increased by ca. 1.5°C to a level of some 3°C 

lowerr than today. The temperature increase during this period is called the Susaca interstadial 

andd represents the start of the Late Glacial period which was dated in other Colombian pollen 

recordss to 14 l4C kyr B.P. (Van der Hammen 1995, Thouret et al. 1997). 

Apartt from some Cyperaceae and Selaginella, aquatic vegetation was rare indicating open 

waterr conditions. Poor local vegetation, and as a consequence low input of organic material, 

iss supported by the presence of grey sediments, mixed with dark brown sediments that 

apparentlyy received a temporary supply of organic material from the surrounding forested 

area. . 

Thee period of 13.1 to 10 l4C kyr B.P. (zone PIA-2, 472 - 342.5 cm) 

Duringg the period 13.1 to 10 14C kyr B.P. Alchornea disappeared as a dominating tree, and 

otherr arboreal taxa of the subandean forest belt, such as Quercus, Ilex and Euphorbiaceae 
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mainlyy made up the forest. Herbaceous vegetation became abundant, mostly represented by 

Poaceaee and Asteraceae. 

Forr the period from 13.1 to 12.3 C kyr B.P., we are not confident to reconstruct the forest 

compositionn because of the relatively high number of unknown pollen grains. Most of the 

unknownn pollen grains are tricolporate and reticulate to microreticulate, which are common in 

familiess such as Leguminosae and Rubiaceae with many arboreal genera represented in the 

subandeann and Andean forest belts. It is also possible that this relatively high number of 

unknownn pollen grains might represent a yet unknown forest community; but assuming an 

unknownn forest type with no modern analogue that occurred only for a few hundred years and 

disappearedd again is doubtful. The forest seems mainly made up of Quercus, Hex, 

HedyosmumHedyosmum and Euphorbiaceae, taxa that are indicative of forest types of the subandean as 

welll  as the Andean forest belt. Alchornea and Miconia disappeared almost completely. In our 

opinionn the forest composition is not sufficiently indicative of a temperature range. The 

abundancee of Poaceae and Asteraceae points to more open forest. Presence of herbs, 

LycopodiumLycopodium (with foveolate spores) and shrubs {Hypericum and Asteraceae) that nowadays 

occurr close to the upper forest line, could also suggest that the width of the forest belt was 

significantlyy reduced during this period, a phenomenon also reported for the region around 

Lagunaa Pedro Palo (Hooghiemstra and Van der Hammen 1993). Although the temperature in 

thiss period was probably lower than before, we cannot make a quantitative estimation on the 

basiss of core Piagua. Other records further north in the Central Cordillera show a distinct 

coolingg during this period known as the Ciega stadial (Van der Hammen 1995). 

Fromm 12.3 to 11.7 C kyr B.P., lower subandean forest taxa like Acalypha and 

Moraceae/Urticaceaee were abundant and formed with Cecropia and Myrtaceae a forest type 

thatt points to a distinct warming. We estimate that the S/At shifted to about 2100 m and the 

temperaturee was approximately 1°-2°C cooler than today. This period corresponds to the 

Guantivaa interstadial. 

Betweenn 11.7 and 10.9 UC kyr B.P. the forest composition changed again. At the beginning 

off  this interval. Acalypha, Cecropia and Moraceae/Urticaceae (lower subandean forest taxa) 

disappearedd almost completely and were replaced by trees of the upper subandean and 

Andeann forest belt such as Miconia, Quercus and Weinmannia. We estimate that the S/At 

shiftedd downslope to ca. 1800 m indicating temperatures of about 3°C lower than today. If 

thiss cold interval corresponds to the El Abra stadial, it is noted here that cooling started ca. 

7000 years earlier than in records from higher elevation (Van der Hammen and Hooghiemstra 
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1995).. Nevertheless, this discrepancy may just be a result of the lack of precise dating control 

(seee the final section). 

Fromm 10.9 to 9 14C kyr B.P., other subandean forest taxa like Myrsine and Hex became more 

abundant.. During the same interval, the occurrence of Chenopodiaceae, Malvaceae and 

Abuiilon-lypeAbuiilon-lype indicate drier conditions than before. We estimate the S/At at the same 

elevation,, but the climate was drier than before. A change to drier conditions from 10.5 to 9 

l4CC kyr B.P. was also observed by Van't Veer et al. (2000) for the area of Bogota. 

Thee period of 9 to 7.5 ,4C kyr B.P. (zone PIA-3, 342.5 - 292.5 cm) 

Fromm 9 to 7.5 l4C kyr B.P., the forest composition differs significantly from that before and 

representss the situation during the beginning of the Holocene. The forest was made up by taxa 

characteristicc of low elevation like Moraceae/Urticaceae, Acalypha and the dry lowland 

elementt Zanthoxylon (only occurring at this time). Quercus disappeared as an important 

forestt element during the later part of Üiis period. During the last part of this time interval, 

CecropiaCecropia was dominant in the forest. The S/At is estimated at about 2400 m, pointing to 

temperaturess of about 0.5° to 1°C above modern values, but the climate was probably drier 

thann today. Although Cecropia is often seen as an indicator for disturbed forest, we assume 

thatt Cecropia reflects here the natural forest composition. This view is supported by the low 

frequencyy of herb vegetation. We assume that the sediment hiatus from 7.5 to about 2 C kyr 

B.P.B.P. is related to incision by the small stream into previously accumulated early and middle 

Holocenee sediments. 

Thee period of 1920 to 670 UC yr B.P. (zone PIA-4, 292.5 - 92.5 cm) 

Thee first organic rich sediments on top of the 2.5-cm-thick sand layer were dated to 3 

UCC yr B.P. indicating that the period of 7.5 to ca. 1.9 ,4C kyr B.P. is not represented in the 

sedimentt record. During the last 1.9 l4C kyr B.P. the vegetation was strongly affected by 

humann disturbance as indicated by pollen grains from crops like Zea mays, Phaseolus and 

Ipomoea.Ipomoea. Abundant Zea mays has been registered during the period 890 to 790 C yr B.P., 

indicatingg a cultural phase. The very low percentages of tree pollen indicate that since 1.9 C 

kyrr B.P. the area must have been deforested and changed into a cultural landscape. Therefore, 

thee natural vegetation cannot be inferred, preventing any conclusion about the climatic 

conditionss of the last 1.9 t4C kyr B.P. 
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Thee period of 670 UC yr B.P. to modern (zone PIA-5, 92.5 - 0 cm) 

Afterr 670 l4C yr B.P. there is no evidence of crop plants and the area of Piagua started to 

recoverr with secondary forest in which Melastomataceae and Cecropia are important. For the 

firstfirst time in this record, taxa characteristic of swampy conditions became abundant 

(Cyperaceaee and Typha) suggesting that open lake conditions changed into swamp conditions. 

Thiss is supported by the lithological column, showing dark brown organic rich sediments and 

Cyperaceouss rootlets since ca. 1.1 C kyr B.P. (175 cm core depth). 

5.66 Synthesis of environmental change from subandean forest belt sites; comparison of 

Popayann and Bogota latitudes 

Pollenn records from Genagra, Piagua. Timbio and Pitalito from the Popayan area are used for 

aa synthesis of vegetational and climatic change between 1300 and 1700 m. Records were 

graphedd along a linear time scale (Fig. 5.7.). The reconstructions are given for periods that 

followw from the chronology of these four pollen records. Climatic conditions in the Pitalito 

basinn are slightly warmer and drier than in Popayan, but the close distance and comparable 

settingg and elevation make a comparison useful. A summary of the temperature and 

vegetationall  shifts during the investigated periods is shown in Fig. 5.8. 

Periodd of >50-30 ,4C kyr B.P. 

Beforee 52 l4C kyr B.P. Bakker (1990) estimated a temperature some 1°C lower than today, 

inferredd from die altitudinal position of the upper montane forest belt in which taxa like 

Hedyosmum,Hedyosmum, Myrsine and Weinmannia were dominant. Glacial conditions have also been 

foundd in the Genagra record (Behling et al., 1998) for the time around 50 C kyr B.P. for 

whichh period the same forest taxa were registered. Between 52 and 45 C kyr B.P. Bakker 

(1990)) found forest taxa like Menisspermaceae, tlyeronima and Arecaceae that are indicative 

off  forest types at lower elevations. He inferred increasing temperatures to a level of about 4°-

2°CC lower than today. From 45 to 38 MC kyr B.P. Andean forest taxa increased again 

indicatingg that the S/At shifted to ca. 1500 m, pointing to more humid conditions and 

temperaturess of about 5°-6°C lower than today (we disagree with Bakker who inferred for this 

periodd a temperature drop of ca. 7°C). From 38 to 32 C kyr B.P., subandean forest taxa, like 

Myrtaceaee and Urticaceae, became more abundant indicating drier conditions at site Pitalito. 

Thee S/At is estimated at ca. 1400 m and temperatures 5°-6°C lower than today were inferred. 
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Pitalitoo Genagra Timbio Piagua 
cmm cm cm cm 

Fig.Fig. 5.7. Composite pollen record on a linear time scale of southern Colombian sites located 

inin the present subandean (- lower montane) forest belt. Ecological groups in core Genagra 

(1750(1750 m, Behling el al 1998). core Timbio (1750 m. Wille et al. 2000) and core Piagua 

(1700(1700 m. this paper) are shown in uniform legend units. Ecological groups recognised in 

corescores Pitalilo-2 (upper part) and Pitalito-11 (lower part) (1300 m, Bakker 1990) are slightly 

differentdifferent b\ lack of a possibility to recalculate the original data (Adapted after the original 

papers). papers). 
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Att site Lusitania.Quercus-dominated forest was found between 40 and 6 C kyr B.P. In 

contrastt to our study area, where Quercus is a common tree in the subandean and Andean 

forestt belts, in central and northern Colombia Quercus is most common in the Andean and 

high-Andeann forest belts. Thus, abundance of Quercus-dominated forest at 1500 m at site 

Lusitaniaa is indicative of lower temperatures than a similar situation in our study area when 

modernn ahitudinal distributions are used. We observe that during this period the altitudinal 

intervall  of 1500-1700 m in central and southern Colombia was characterised by different 

forestt types, but for both locations temperatures about 5°-7°C lower than today can be 

inferred. . 

Periodd of 30 to 23 14C kyr B.P. 

Betweenn 32 and 24 C kyr B.P., forest taxa like Hedyosmum. Myrsine and Weinmannia were 

dominantt at Pitalito. These taxa were also important in the oldest part of the Timbio record 

whichh is of the same age. These taxa represent a forest community that grows today at higher 

elevationn in the Andean forest belt under moist conditions. Bakker (1990) suggested for this 

periodd a temperature decline in Pitalito to some 8°C below present level, but we estimate the 

S/Att at an elevation of 1400 - 1300 m and infer a temperature drop of ca. 6 -7°C. Regarding 

thee difference in moisture this corresponds well to the inferred temperature drop of 

approximatelyy 6°C at site Timbio. Today this forest type grows only on moist slopes in the 

Pitalitoo area. It is likely that this forest community was distributed further downslope during 

thiss time interval due to different humidity. 

Periodd of 23 to 18 l 4CkyrB.P. 

Fromm 24 to 20 C kyr B.P., forests in the Pitalito basin were dominated by Quercus and 

WeinmanniaWeinmannia associated with Hedyosmum, Hyeronima, Ilex, and Myrtaceae A comparable 

forestt community grows nowadays at around 2600 m, so at about 1300 m higher elevation 

wheree temperature is 8°C lower. Around 19 C kyr B.P., in the area of Pitalito forest 

communitiess with Myrica and Weinmannia were dominant (Alnus was mainly a local element 

inn the depression); the present-day distribution is around 3000 m which indicates an ongoing 

trendd to very cold and dry conditions. For this period Bakker (1990) reconstructed for site 

Pitalitoo a temperature about 10°C lower than today, but we estimate the S/At at ca. 1300 m 

andd infer in Pitalito a maximum temperature of 6C-7°C below present level. 
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Betweenn 23.8 and 16.6 C kyr B.P. the Timbio record shows a forest made up of 

Weinmannia,Weinmannia, Melastomataceae, and Myrtaceae indicating first molster and later drier 

conditions;; the inferred temperature was about 5°-7°C cooler than today. 

Sitee Lusitania shows that Quercus was dominant during this period; therefore this site was 

locatedd in the Andean forest belt and temperatures of 5°-7°C lower than today have been 

inferred. . 

Periodd of 18 to 13 UC kyr B.P. 

Inn the older part of this period Timbio records forest taxa, such as Bocconia, Symplocos and 

LaplaceaLaplacea which grow under modem conditions near the upper forest limit . The Piagua record 

startss at approximately 15.5 l4C kyr B.P. and during this period also shows 'high Andean' 

taxa,, pointing to a downslope migration of the Andean forest belt of about 700 m. This is 

indicativee of a temperature depression of 4°-5°C compared to today. 

Fromm 14.2 to 13.1 ,4C kyr B.P., the Piagua record shows an upslope migration of the S/At 

fromm about 1500 to 1800 m pointing to temperatures of some 2D-3°C lower than today. This 

temperaturee increase corresponds to the 'Susaca interstadial' (Van der Hammen and Gonzalez 

1960),, Our estimation of its start corresponds to the age of 14 14C kyr B.P. reported by Van 

derr Hammen (1995). The Libano pollen record is not well dated but one radiocarbon date, 

markingg the fust interstadial of the Late Glacial period, provides an age of 13 0 C yr 

B.P.. During this time the area around the site was covered with Andean Quercus forest. 

Accordingg to Salomons (1986), the Andean forest belt at this time was located more than 500 

mm downslope compared to today. This is indicative of a temperature of at least 3°C lower than 

todayy and within the temperature range reconstructed from Piagua. 

Periodd of 13 to 9 1 4C kyr B.P. 

Thee period of 13.1 to 12.3 14C kyr B.P. is represented in cores Timbio (but possibly disturbed) 

andd Piagua. An increase in timberline shrubs and a decrease of lower montane tree taxa 

(Akhornea)(Akhornea) is indicative of cooler conditions which we interpret as reflecting the 'Ciega 

stadial'' (Van der Hammen 1995). As discussed in the previous section we are not confident to 

makee more precise statements about the forest composition as the number of unknown pollen 

typess in the Piagua record is relatively high; neither do we try to estimate the temperature 

depressionn during this stadial. The sediment sequence of site Lusitania shows a stratigraphical 

discontinuityy during this time which may suggest a hiatus. During Üiis period the Andean 
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forestt belt was almost absent in site Pedro Palo (Hooghiemstra and Van der Hammen 1993; 

Boometal.. 2001), also preventing an estimation of the temperature depression. 

Aroundd 12 C kyr B.P. the records of Piagua and Pedro Palo show a short warm interval 

indicatedd by abundant subandean forest taxa among which Acalypha, Cecropia and 

Moraceae/Urticaceaee are dominant. This period corresponds to the 'Guantiva interstadial' 

(Vann der Hammen and Gonzalez 1963), dated in high elevation pollen records from 12.5 to 11 

CC kyr B.P. We estimate the S/At at ca. 2100 m and infer a temperature of only 1°-2°C lower 

thann today at 1700 m. This period lasted til l 11 l4C kyr B.P. at site Pedro Palo, until 10,8 14C 

kyrr B.P. in core Fuquene-2 (Van Geel and Van der Hammen, 1973) and until 11 0 14C 

kyrr B.P. in core El Abra-B3 (Schreve-Brinkman 1978), whereas it ended in record Piagua at 

11.77 C kyr B.P. (see discussion) for this period. 

Thee warm 'Guantiva interstadial' is followed by another cold phase called the 'EI Abra stadial'. 

Althoughh the El Abra stadial lasted from 11 to 10 C kyr B.P. according to Van der Hammen 

andd Hooghiemstra (1995), it is likely that this cool period extended beyond the Late Glacial 

chronozonee (Mangerud et al., 1974) and continued into the beginning of the Holocene. In 

recordd Pedro Palo this period was dated from 11 to 10.15 C kyr B.P. and in the Piagua 

recordd from 11.7 to 9 C kyr B.P. Both records show during this cold period a downslope 

shiftt of the Andean forest belt. In the Piagua record the S/At dropped about 300 m and in 

recordd Pedro Palo the upper forest limit dropped about 500 m. This is equivalent to a 

temperaturee about 3°C lower than today at 1700 m but about 5°C lower than today at 2500-

30000 m (Van der Hammen and Hooghiemstra 1995) and suggests a reduced altitudinal 

extentionn of the Andean forest belt during this period. The period from 10.9 to 9 C kyr B.P. 

inn record Piagua is characterised by cool and dry conditions, suggesting the climatic 

conditionss during the El Abra stadial were in the beginning mainly cool and later mainly dry. 

AA similar change was also found by Van't Veer et al. (2000) in a re-evaluation of pollen 

recordss from the area of Bogota: he found dry climatic conditions during the period from 10.5 

too ca. 9 HC kyr B.P. 

Periodd of 9 to 4 l4C kyr B.P. 

Fromm 9 to 7.5 C kyr B.P. the Piagua site is surrounded by subandean forest, dominated by 

Moraceae/Urticaceaee and Acalypha. The pollen record of Pitalito shows a similar transition 

fromm cool Late Glacial to warm Holocene conditions. Around 7.3 UC kyr B.P. temperature 

wass probably comparable to present-day values. From 7.2 to 5 MC kyr B.P. the Pitalito and 

110 0 



Environmentall  change in the Colombian subandean forest belt 

Pedroo Palo records show that climate was about 1°C warmer, and more humid compared to 

today,, a value supported by the synthesis of mid and late Holocene Colombian biomes 

(Marchantt et al, submitted). 

Thee earliest record of Zea mays, which reflects human settlements and agriculture, is present 

att site Lusitania already before 5 14C kyr B.P. Around 5 ,4C kyr B.P. the Lusitania site shows 

ann important agricultural phase. At the Ubaqué site the earliest human impact was recognised 

3.55 l4C kyr B.P. (Berrio 1995). The first occurrence of Zea mays in the Pitalito basin has been 

registeredd at 4.3 ,4C kyr B.P. The first agricultural phase in the area of Popayan seems to 

occurr at about the same time. 

Periodd of 4 l4C kyr B.P. to recent 

Thee pollen records of Genagra, Piagua and Timbio start again around 2 C kyr B.P. and all 

reflectt a vegetation strongly affected by man as a result of deforestation and agriculture. The 

areaa of Popayan has been covered by secondary vegetation for at least 2000 years. After 670 
UCC yr B.P. the presence of crop plants diminished and site Piagua then shows abundant 

secondaryy forest, pointing to a significant reduction of human activity. Human impact 

decreasedd around 900 14C yr B.P. in the area of site Timbio, and around 780 UC yr B.P. in the 

areaa of site Genagra. There is evidence for agriculture in the Pitalito basin since around 450 
l4CyrB.P. . 

5.7.. Discussion and conclusions 

Thiss paper integrates evidence for the last 50 14C kyr B.P. from pollen records between 1300 

andd 2000 m elevation; the South Colombian sites do have the best time control and show most 

detail.. A general temperature record for 1700 m is shown in Fig. 5.8, After around 50 C kyr 

B.P.. temperature was relatively mild and at 1700 m about 3°C lower than today. Around 40 
l4CC kyr B.P. temperature was only slightly warmer than at the LGM. Between 40 and 32 C 

kyrr B.P. temperatures increased again and were about 5°-6 °C cooler than today. After 32 C 

kyrr B.P., temperatures at 1700 m gradually decreased and reached at the LGM values of about 

6°° to 7°C lower than today. These LGM values at 1700 m are less than the estimated LGM 

temperaturee drop of 80-9"C at 2500-3000 m (e.g. Van der Hammen and Gonzalez 1963; 

Hooghiemstraa 1984; Mommersteeg 1998; Van 't Veer and Hooghiemstra 2000), but higher 

thann the estimated LGM temperature drop of 4°-6DC at sea-level (e.g. Bush et al. 1990, 2001; 
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Stutee et al. 1995; Farrera et al. 1999) and substantiate a steeper glacial lapse rate. After the 

LGM.. temperatures continuously increased until about 14 14C kyr B.P. and reached an annual 

meann of about 15°C at 1700 m, about 3°C lower than today. From 14 to 9 ,4C kyr B.P. the 

lowerr montane forest belt shows altitudinal shifts that mainly reflect the well known Late 

Glaciall  temperature oscillations: the 'Susaca interstadial', 'Ciega stadial', 'Guanliva 

interstadial'' and 'EI Abra stadial' according to Colombian chronostratigraphy (Van der 

Hammenn 1995). The El 'Abra stadial', claimed by Van der Hammen and Hooghiemstra (1996) 

too be the equivalent of the Younger Dryas stadial of the North Atlantic area, shows 

temperaturess of about 3°C cooler than today. We recognise drier climatic conditions during 

thee second part of the El Abra stadial; such a wet to dry climatic transition has also been 

foundd in high Andean records near Bogota (Van 't Veer et al. 2000). Although some 45 

radiocarbonn dates are available for the sequence of climate oscillations during the Guantiva 

interstadial-Ell  Abra stadial-early Holocene (Van der Hammen and Hooghiemstra 1995), 

bracketingg radiocarbon dates are not available for Colombian records and precise dating of 

thee rapid climatic oscillations during the Late Glacial is still lacking. Discrepancies between 

recordss are due to linear interpolations of available radiocarbon ages. Additionally, lakes may 

losee previously accumulated sediments by river incisions during dry episodes with low lake-

levels.. We conclude that the Late Glacial climate oscillations, as known from high-elevation 

records,, are recognised in the subandean forest belt. The beginning of the Holocene, until 

aroundd 7 l4C kyr B.P., is characterised by a transition to warmer temperatures. From 7 to 5 

14CC kyr B.P. temperature was about 0.5°-l°C warmer than today. During the last 4.5 C kyr 

B.P.. pollen records at many places are affected by human activity (agriculture and 

deforestation,, see also Marchant et al. submitted), and are not suitable for infering natural 

environmentall  change. 

Althoughh changes in humidity are registered in our subandean pollen records with less 

temporall  resolution than in the records from higher elevation, we compare our results with the 

recordss of moisture reconstruction from site Fuquene-2 (Van Geel and Van der Hammen 

1973;; representing the last ca. 32 l4C kyr B.P.), and in particular site Fuquene-7 

(Mommersteegg 1998) that represents the total time range of the present paper. 
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Fig.Fig. 5.8. Top: estimated altitudinal shifts of the subandean/Andean forest belt 

transitiontransition (S/At) and inferred palaeotemperatures at 1700 m elevation (deviation 

toto modern values) during the last 50 '4C yr B.P. Temperature bars show values 

reconstructedreconstructed for time intervals discussed in the text. Bottom: Pollen records 

locatedlocated in the present subandean forest belt used in this synthesis: dotted lines 

showshow the time intervals represented by the cores, 'x' indicate the position of 

radiocarbonradiocarbon dates. '>'  indicate the position of finite radiocarbon dates (older than 

5050 '4C yr B.P). Vertical lines indicate the lime intervals duscussed in the text. LUS 

==  Lusitania. LIB = Libano. UBA = Ubaqué, PP = Pedro Palo, GEN = Genagra, 

TIMTIM = Timbio, PIA - Piagua, PIT = Pitalito. 

Mommersteegg calculated a 'dryness index' based on a summation of the normalised curves of 

Cyperaceae,, marsh and aquatic elements (Mommersteeg 1998. p. 54); in fact a high dryness 

indexx reflects low water level stands in lake Fuquene. Only relative changes of the curve of 
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thee dryness index are considered as, in general, cold climatic episodes have high lake level 

standss due to lower evaporation than under warmer climatic conditions. Between 45 and 38 

CC kyr B.P. inferred increasing humidity around 1700 m is supported by the dryness index of 

coree Fuquene-7. Drier conditions inferred from site Pitalito between 38 and 32 ,4C kyr B.P. 

aree also recorded in Fuquene. Between 32 and 24 C kyr B.P. the Popayan records, as well as 

thee Fuquene record, document increasing climatic humidity, changing in both areas to dry 

conditionss in the period of 24 to 20 C kyr B.P. around the LGM. Our mid-elevation pollen 

recordss are not conclusive for the period between 18 and 11 C kyr B.P., but dry conditions 

duringg the second part of the El Abra stadial (10.0 to ca. 9 14C kyr B.P.), and more humid 

conditionss during the period from 7.2 to 5 C kyr B.P. are supported by the dryness index of 

coree Fuquene-2. We conclude that changes in climatic humidity, as registered in two different 

areass (at Bogota and Popayan latitudes), and at two different elevations (around 2500-3000 m 

andd around 1300 to 2000 m), match well and appear representative for a larger area of 

Colombia.. A more thorough comparison between Colombian records of climatic humidity 

wil ll  be presented elsewhere. 

Martinn et al. (1997) postulated a mechanism to explain the antiphase in climatic moisture 

northh and south of the Amazon basin during the last 12 C kyr B.P. He showed that opposite 

trendss in the lake level histories of Lake Valencia (Venezuela) and Lake Titicaca (Bolivia) 

cann be explained by precession-forced shifts of the ITCZ. Indeed, frequency analysis of the 

Funza-ll  data set (Hooghiemstra et al. 1993), and analysis of core Fuquene-7 (Mommersteeg 

1998)) both showed the impact of the precession cycle of orbital forcing on changes in 

climaticc humidity. In the Funza-1 core cyclic change in humidity was reflected in cyclic 

changess of the width of the subparamo vegetation belt. In the Fuquene-7 core cyclic changes 

inn humidity were shown by the relation between maximum percentages of Alnus (indicating 

loww lake levels) and minima in the precession (Mommersteeg 1998. p. 36, 72). The present 

recordd of climatic moisture from mid-elevation Colombian sites, showing relatively dry 

conditionss around 10, 20, and 32 14C kyr B.P. is in harmony with the climatic moisture record 

observedd in Fuquene (Mommersteeg 1998), and possibly also in harmony to the record of 

Lakee Pata in northeastern Amazonia (Colinvaux et al, 1996) where some expansion of dry 

vegetationn elements, such as Gramineae and Borreria, can be noticed. 

Inn Fig. 5.9. we summarise the altitudinal distribution of main vegetation belts along a cross 

sectionn through the Colombian Andes at Popayan latitude for the present and the LGM. The 

plott for modern conditions shows a lapse rate of ca. 0.6°C/100 m. The plot for LGM 
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conditionss shows a calculated lapse rate of 0,76°C/100 m and strongly suggests a steeper 

temperaturee gradient than today's. The dry LGM atmosphere must be responsible for the 

higherr lapse rate. At this moment it is uncertain in what ways a steeper LGM lapse rate may 

affectt temperature reconstructions for neotropical mountains. When the LGM altitudinal 

positionn of the upper forest line has been inferred from a pollen diagram, application of a 

steeperr lapse rate results in a higher estimated temperature drop whereas the effect of a lower 

atmospheric/7CO22 has an opposite effect. Both variables are quantitatively poorly understood 

andd need further attention. 

4500--

4000 0 

Present-day y 
Lapsee rate p u 
0.6t/100 0 

lowlandd forest 

Reconstructedd P u 

Lapsee rate 
m m 

Fig.Fig. 5.9. Altitudinal distribution of main vegetation belts along a cross section through the 

volcanovolcano Purace in the Colombian Andes at Popayan latitude for lime slices at present-day 

(A)(A) and at the Last Glacial Maximum (B). Fig. 5.9A: modern altitudinal vegetation 

distributiondistribution (after Van der Hammen 1974), and measured modern mean annual 

temperaturestemperatures of 16 sites plotted against altitude. Fig. 5.9B: Last Glacial Maximum 

altitudinalaltitudinal vegetation distribution as summarised from sites Timbio and Pitalito (this study), 

andand the recontsructed mean annual LGM temperatures for 16 sites plotted against altitude. 

ModernModern conditions shows a lapse rate of ca. 0.6°C/100 m, whereas the reconstructed LGM 

lapselapse rate is 0.76°C/100 m. Sites: 1 = La Ciega (3510 m, Van der Hammen et al. 19890/81); 

22 = AI sac ia (M00 m. Me lief 1985); 3 a = TPN40 (2940 m, Salomons 1986). 3 b = TPN21 

(2940(2940 m. Salomons 1986); 4 a = Fuquene 2 (2580 m. Van Geel, Van der Hammen 1973), 4 b 

==  ElAbra (2570 m. Schreve-Brinkmann 1977), 4 c = CUX (ca. 2550 m. Van der Hammen, 

GonzalezGonzalez 1963); 5 = Merenberg (2500 m, Piiieros-Soler 1988); 6 - Otoho-Manizales Enea 

(2250(2250 m, Cleef et al. 1995); 7 = Pedro Palo (2000 m, Hooghiemstra, Van der Hammen 

1993);1993); 8 = Libano (1820 m, Salomons 1986); 9 = El Dorado (1500 m, Monsalve 1985); 10 

-- Pitalito (1300 m. Bakker 1990); 11 = Mera (1100 m, Liu, Colinvaux 1985); 12 = La 

YeguadaYeguada (650 m, Piperno el al. 1990); 13 a = Timbio (1750 m. Wille et al. 2000), 13 b = 

GenagraGenagra (Behling et al. 1998). 13 c = Piagua (this study). 
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