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MULTI-INTERDISCIPLINAR YY EVIDENCE OF 
THEE HOLOCENE HISTORY OF A CULTIVATED 
FLOODPLAI NN AREA IN THE WETLANDS OF 

NORTHERNN COLOMBIA 

Juann Cario s Berrto , Amou d Boom . Pedro Bolero , Luis a Fernand a Herrera , Henry Hooghiemstra , Fredd y 

Romer oo and Gustav o Sarmient o 

ABSTRACT T 

AANN ENVIRONMENTAL RECONSTRUCTION OF THE LAST 10,000 14C YEARS OF A FRE 

QUENTLYY FLOODED WETLAND ECOSYSTEM IN THE LOWER M A C D A L E N A VALLEY IN 

northernn Colombia is presented on the basis of a multi-disciplinary study 
off  the sediments of the upper 15 m the core from Boquillas (74°33'E, 9°7'N; 
200 m a.s.1.). We used the following studies: pollen, lithology, organic struc-
tures,, clay mineralogy, sou and sediment geochemistry, and 813C values. 
Thee chronology is based on 13 AMS "C dates; of 7 samples the humid acid 
fractionss were used in the case of seven samples. Pollen from local origin 
(swamps,, open grass-rich vegetation, and gallery forest) show the develop-
mentt of the wetland area. River-transported pollen from greater distance 
(dryy forest, montane forest, Alnus) shows changes in river activity and re-
flectsflects large-scale changes of climatic conditions in the Momposina basin. 

Fromm c. 10,010 to 937014C yr BP (zone BQS-Ia) the river system was of 
highh energy, as inferred by the lithological changes. The landscape was 
dominatedd by open grass-rich vegetation with gallery forest along the 
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streams.. A marked representation of Alnus and montane forest taxa indi-
catee significant water transport and river dynamics. Climatic conditions 
weree dry. From c. 9370-8430 14C yr BP (zone BQS-Ib) wetlands were iso-
latedd from the main river system and clayey sediments with kaolinite, 
smectitee and illit e as the main minerals, accumulated in a lower-energy 
environment.. Climatic conditions were dry and changes in the seasonal 
precipitationn favoured the expansion of the gallery forest. From c. 8430 to 
80400 14C yr BP (zone BQS-Ic) low values of river-transported pollen indi-
catee dry climatic conditions and open vegetation became more abundant. 
Thee flooding frequency of the Boquillas site diminished. From 8040 to 4900 
14CC yr BP (zone BQS-Id) site Boquillas was dominated by open vegetation 
withh patches of gallery forest along the streams. Supply of river-transported 
allochthonouss pollen (from many sources) was minimal. Clay minerals 
fromm the sediments suggest variable temperature and precipitation. From 
c.. 4900 to 155014C yr BP (zone BQS-I1) the site was within the reach of the 
mainn river system as is the case today. Frequent floodings, coinciding with 
peakss of river-transported grains oi Alnus, and high sediment supply point 
too high precipitation in the composite catchment area of the Magdalena, 
Cauca,, San Jorge, and Cesar rivers. High values of phosphorous in the 
upperr part of the core point to the presence of a pre-hispanic civilisation, 
approximatelyy from 2000 yr 14C yr BP onward. Construction of an exten-
sivee drainage system allowed irrigation as well as drainage depending the 
annuall  cycle of precipitation. The landscape was significantly modified 
andd allowed an extensive crop production on a system of raised fields. 

6.11 INTRODUCTION 

Thee palaeoecological history of the wetland ecosystem in northern Colom-
biaa is poorly known. This floodplain area is one of the large wetlands in the 
worldd (Van der Hammen, 1986). Paleoecological understanding is. based on 
pollenn records from the Ciénaga Morrocoyal, located in the lower Magdalena 
riverr valley, providing evidence of a dry period around 720 14C yr BP 
(Wijmstra,, 1967). Van der Hammen and Noldus (1984) studied the pollen 
profilee from Ciénaga Grande de Santa Marta, located at the mouth of 
Magdalenaa river near the Caribbean Sea. They showed regression-trans-
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gressionn cycles during the Holocene based on migrations of the belt with 
mangrovee vegetation. Herrera and Berrio (1998) showed in a pollen record 
fromfrom Cano Carate that climatic conditions were dry between 940 and 780 
14CC yr BF; and wetter conditions around 55014C yr BE In 9 boreholes Van der 
Hammenn (1986) dated 25 peat-rich horizons interlated with clay, recording 
Holocenee fluctuations in the flooding intensity in the basin of the Magdalena-
Cauca-Sann Jorge rivers. The inundation frequency was interpreted as re-
flectingg changes in precipitation in the catchment area of this composite 
drainagee system. Based on all boreholes an estimated mean sedimentation 
ratee of 3.82 mm/yr was inferred for the last 750014C yr BP (HIMAT, 1977). 

Multi-proxyy analysis of the sedimentary record is important to better 
understandd the dynamics of an ecosystem on a regional scale (Lowe and 
Walker,, 1997). Integration of the biotic and abiotic information obtained 
fromm sediment cores results in a more complete reconstruction of 
paleoenvironmentall  change (Patience et at, 1996; Huizer and Isarin, 1997). 
Dependingg the environment different proxies may be used, but mostly 
geochemicall  analysis of sediments is a basis (Mackereth, 1965). In Latin 
Americaa few multi-proxy studies have been published; we mention the 
studiess in Carajés (Soubiés et al. 1991), the central Amazon basin (Irion et 
al,al, 1995), in Venezuelan lake Valencia (Curtis et al., 1999) and the study of 
Cauxianaa in Brasil (Behling and Lima da Costa, 2000). From Colombian 
Amazonass we mention the study by Duivenvoorden and Lips (1995) in 
whichh proxies of the biotic and abiotic environment were integrated to 
showw the natural processes in a lowland rainforest ecosystem. 

Inn this paper we present the results of the new core Boquillas. We 
usedd a combination of soil geochemistry, changes in the content of 5I3C of 
thee total organic content (813CTOC), pollen analysis and downcore changes 
inn sediment characteristics along the core. The aim of this paper is to 
reconstructt environmental change of the Lower Magdalena wetland 
ecosystemm in northern Colombia since the Lateglacial. We also try to 
improvee the understanding of how the pre-hispanic cultures, which existed 
theree according to the archaeological records for over 3000 years, modified 
thee landscape to control their environment and turn it into an extensive 
agriculturall  system. 
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6.22 SETTING OF THE AREA 

6.2.11 Geograph y and climat e 

Thee Core Boquillas was collected in the town of Boquillas, province of 
Bolivar,, southeast of the village of Magangué, and southwest of the village 
off  Mompós. The site is located 13 km from the Brazo de Loba, and 2 km 
fromm the river Chicagua, at 74°33'45"E and 9°7'25"N in the centre of the 
Momposinaa basin (Fig. 6.1). This region is known as 'Depresión 
Momposina'' because it includes some 80% of the total number of ciénagas, 
depressionss in the Cretaceous-Tertiary bedrock with stagnant, or river-
dependentt water bodies that accumulate sediments (Forero et al, 1997; 
Ballesteros,, 1983). 

Theree is a dry period from the end of November until the end of March. 
Mostt precipitation falls from May to July, and from October to November. 
Thee total annual precipitation is some 1500 mm in the localities of 
Maganguéé and Mompós; towards the south the annual precipitation in-
creasess to 2500 mm (IGAC, 1998). The mean annual temperature is 26°C. 
Thiss region receives water from the Magdalena, Cauca, San Jorge, and 
Ceséirr rivers, which transport huge amounts of sediments from the three 
Colombiann Cordilleras into the Caribbean Sea (IGAC, 1989). The area is 
thee most frequently flooded part in Colombia. According to Van der 
Hammenn (1986) the uppermost 40 to 50 m of sediment in the Momposina 
basinn is not older than of Lateglacial age, that is with a maximum age of 
11,0000 14C yr BP 

6.2.22 Vegetatio n 

Inn the vegetation study of IGAC (1977) four main vegetation types were 
recognisedd in the study area: 

(1)) tropical dry forest (Bosque Seco Tropical; bs-T) with Attalea butyraceae, 
SyagrusSyagrus sancona and Acrocomia antioquiensis, Amaranthus hybridus, A. 
spinosus,spinosus, Anacardium excelsum, Aspidosperma dugandii, Bursera tomentosa, 
CapparisCapparis indica, C. odorata, Casearia corymbosa as main taxa. Local veg-
etationn is characterised by a.o. Eichornia crassipes, Eliocharis interstincta, 
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FIGUREE 6.1. Map of the study area showing the location ot the Momposina basin and the coring site 

ott Boquillas, in the lower Magdalena Valley, northern Colombia. 
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HydrocotyleHydrocotyle umbellata, Ludwigia pilosa, Pistia stratiotes, Polygonum 

densiflorum,densiflorum, Salvinia sprucei, and Typha angustifolia. 

(2)) premontane wet forest (Bosque Hümedo Premontano; bh-PM) is lo-

catedd in the valley of the Magdalena river. Main taxa are a.o. Clidemia 

pitellata,pitellata, C. octona, Miconia aeruginosa and M. stenostachya; Clusia sp., 

CrotonCroton sp., Cupania sp., Cordia allidora, Didymopanax morototoni, Erythrina 

poeppigiana,poeppigiana, Ficus sp., Inga densiflora, Ladenbergia magnifolia, Nectandra 

sp.,, Ochroma lagopus, Myrsine guianensis, Trichanthera gigantea and 

TriunfettaTriunfetta mollisisma. 

(3)) tropical wet forest (Bosque Hümedo Tropical; bh-T) mostly present as 

galleryy forest along the rivers with Acalypha macrostachya, Alchornea 

sp.,, Cassia reticulata, C. spectabilis, Calliandra sp., Erythrina edulis, Cecro-

piapia sp., Vismia sp., Piper aduncum, Tabebuia rosea, Tecoma mollis, Trema 

micrantha,micrantha, Warszewiczia coccinea, Spondias mombin, Ilex sp., Tapirira 

guianensisguianensis and Virola sebifera. 

(4)) savanna vegetation, present for climatic (annual precipitation less 

thann 500 mm) as well as for edaphic reasons (subsoil characterised 

byy floodplain soils called Entisoles or Aquents). The open herb veg-

etationn is characterised by Poaceae (Bouteloua filiformis, Cynodon 

dactylon),dactylon), Cyperaceae (Cyperusferax), and Asteraceae (Aspilia tenella). 

Savannaa trees are mainly represented by Curatella americana and 

ByrsonimaByrsonima crassifolia. 

Accordingg to Rangel et al, (1995) this region has a high phytodiversity; 

hee listed 3430 plant species for this wetland area. Families with the highest 

speciess richness are Rubiaceae (589 species), Leguminosae, including 

Fabaceae,, Caesalpinaceae and Mimosaceae (332 species), Asteraceae (168 

species),, and Poaceae (136 species). 

6.2.33 Abioti c settin g 

Analysiss of the clay mineralogy including kaolinite, smectite, illite , 

hydromica,, vermiculite and quartz can provide information about the ori-

ginn of the material and its transformation under certain climatic condi-
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tionss (Haldorsen et al, 1989). Analysis of geochemical proxies including 
carbon,, calcium, sodium and phosphorous is indicative of the environ-
mentall  conditions of soil formation and alteration and may represent se-
quencess of soils in the catchment area of the Momposina basin (Wood-
wardd et al, 1994). 

6.2.44 Archaeologica l settin g 

Severall  archaeological studies have been carried out in the Momposina ba-
sinn since the 1970's. Plazas and Falchetti (1981) defined an area of more than 
50000 km2 of agricultural raised fields with ages varying between 2700 BP up 
too 750 BP (Fig. 6.2). Agricultural fields were constructed by the Zenu people 
inn order to have vast areas dedicated to the cultivation of crops throughout 
thee year. The main purpose of them was twofold: long (more than 1 km) 
perpendicularr ridges and ditches to waterways were used to conduct the 
excesss water throughout the basin and to control floods. This was impor-
tantt during the wet season that lasts here at least 9 months per year. Short 
andd chess like patterns of agricultural fields of some 50 to 70 m long were 
constructedd at the centre of the basin in order to keep the water during the 
dryy season and assure productivity. These areas are usually located between 
thee rivers or streams and "ciénagas" (Herrera and Berrio, 1998; Rojas and 
Montejo,, 1999). The main agricultural products were Zea (maize), Manihot 
(manioc),, Capsicum (chili peppers) and Cucurbita (squash). Their diet was 
complementedd by turtle, fish and caiman from the various water bodies 
(Plazass et ah, 1993). Together with the agricultural fields, these pre-hispanic 
inhabitantss created populated centres of more than 100 people per km2, 
wheree house platforms were raised from the water level (Plazas etal, 1993). 

6.33 METHODOLOGY 

Coree Boquillas was recovered during the dry season of February 1998. 
Thee site was reached by boat. A core of 50 meters long and 2.5-cm diam-
eterr was obtained using an Acker driller with a Shelby and Split Spoon 
sampler.. The core was transported to the laboratory of the Fundación 
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Erigaiee in Bogota for immediate sampling at 10-cm intervals. Samples of 
50-1000 g were collected to be sub-sampled to analyse the following prox-
ies:: sedimentology (Herrera et ah, submitted), clay mineralogy, soil 
geochemistry,, 513C analysis, AMS 14C dating, and pollen analysis. 

AA granulometrical analysis and soil chemistry of trace elements was 
determinedd following the standard methodology from IGAC (1990). For 
granulomeree analysis we used a Boyoucous hydrometer after dispersion 
off  the sediments with Na2P207. The pH (H20) value was measured in a 
volumetricc 1:1 sediment: water solution. The carbon (C) content was mea-
suredd according to the Walkley-Black method (Schollemberger, 1945). The 
phosphorouss (P) content was measured by extraction with 0.1 N HC1 and 
0.133 N NH4F according to Bray II (Bray and Kurtz, 1945). 

Exchangeablee bases were measured after extraction with NH4OAc IN 
(pH=7)) with complexed with EDTA, and the Sodium (Na) content was 
measuredd by flame photometry. Organic structures in in the undisturbed 
laminatedd sediments, such as those due to oxidation and bioturbation, were 
identifiedd using a binocular microscope with magnification between lOx 
andd 40x. Identification and quantification of minerals mainly quartz, illit e 
(I),, kaolinite (K), vermiculite (V), hydromica (Hm) and smectite (Sm) was 
determinedd with standard X-ray diffraction techniques (Whitig and 
Allardicee 1986; Thorez 1986) using powdered bulk samples. Determina-
tionss of the organic structures and oxidation, and values for clay mineral-
ogyy and sediments geochemistry were obtained at 50-cm increments along 
thee core. In order to characterise general conditions rather than to observe 
thee variability within selected periods, the results are presented as 
smoothedd curves (Fig. 6.3). Pollen curves in Figure 6.3 show changes along 
thee core of the contribution of the different ecological groups expressed as 
aa percentage of the pollen sum (see later). 

Analysiss of total organic carbon (513CTOC) was carried out on a limited 
numberr of samples. The sediments were freeze dried, ground, treated with 
2MM hydrochloric acid, and allowed to react for 24 hours to remove the 
carbonates.. The sediments were then dried in vacuo and stable carbon 
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FIGUREE 6.2. Aerial photograph of the Momposina basin in northern Colombia, showing the complex 

hydrologicall system of 'ciénagas' (lakes), man-made waterways, and rised agricultural fields. 

(Photograpp from Instituto Geografico Agustin Codazzi, Bogota; with kind permission). 
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isotopicc compositions were determined by automated online combustion 
(Carloo Erba CNN analyser 1502 series) followed by conventional isotope ra-
tio-masss spectrometry. 

Changess of the clay mineralogy through the core were identified by 
observingg and comparing the spacing and intensity of peaks on 
diffractometerr traces (Fig. 6.4). We show percentages of kaolinite with good 
crystallinityy (Kw), intermidiate (Kc) and low crystallinity (Kf), and values 
forr illit e with good cristallinity (lap), regular crystallinity called "large peak" 
(Up)) and low crystallinity called "open" (Io). Other clay minerals like ver-
miculitee and smectite are shown in Fig. 6.3 together with the results from 
thee soil geochemistry analysis for the elements C (Meq/100 g), Ca (Meq/ 
1000 g), Na (Meq/100 g) and P (ppm) 

Forr chronology, 13 bulk samples were radiocarbon dated by accelera-
torr mass spectrometry (AMS 14C) at the Geochron Laboratories (Krueger 
Enterprises,, Inc.) and the Van der Graaff Laboratory of Utrecht University 
(Vann der Borg et al, 1987). The humic acid fraction of some samples has 
alsoo been dated to confirm its reliability (Bartley and Chambers 1992; Shore 
etet al., 1995). This last method differs from the traditional AMS 14C dating by 
measuringg two different components of the organic material, the fractions 
off  the humic and fulvic acids, which contain different levels of  14C (see 
Shoree et al, 1995). The humic acid fraction gives younger dates compared 
too the residual fraction and the traditional AMS 14C dates. Dating the hu-
micc fraction is considered more reliable in the type of sediments we are 
dealingg with (Johnson et al, 1990) as possible contamination by older car-
bonn residues can be eliminated (Walker and Harkness, 1990). 

Forr pollen analysis sediment samples of 1 cm3 were taken at 10-cm 
intervalss along the core. Pollen samples were prepared using the stan-
dardd treatment, including sodium pyrophosphate, acetolysis, and heavy 
liquidd separation by bromoform (Faegri and Iversen, 1989). Before treat-
ment,, a tablet with exotic Lycopodium spores was added to each sample 
forr calculation of pollen concentration and pollen influx values. Pollen 
sampless were mounted in a glycerine gelatine medium. A minimum of 
3000 pollen grains of terrestrial taxa was counted and forms the pollen 
sum;; pollen of aquatics and spores of ferns, bryophytes and fungi were 
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FIGUREE 6.4. Downcore changes of the crystallinity of clay minerals (K and I) of the upper 15-m of 

thee Boquillas core. Kaolinite: Kw= good crystallinity, Kc= intermidiate, Kf= low crystallinity, lllite: 

lap== good crystallinity, l ip= regular "large peak", lo= low crystallinity "open". 
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excludedd from the pollen sum. For pollen and spore identification we 
usedd the pollen morphological studies by Absy (1979), Hooghiemstra 
(1984),, Roubik and Moreno (1991), Behling (1993), Herrera and Urrego 
(1996)) and the modern reference collections of pollen and spores of the 
Hugoo de Vries Laboratory and the Erigaie Foundation. 

Identifiedd taxa were classified into the following ecological groups: 
(1)) open vegetation on stable soil, (2) gallery forest, (3) montane forest (ex-
cludingg Alnus), (4) dry forest, (5) Alnus, (6) ferns and fungi. We consider 
AlnusAlnus indicative of river transport: Alnus trees mainly occur on wet soil 
alongg streams and rivers in the catchment areas of the rivers that supply 
waterr to the site. Pollen production of Alnus is high (Grabandt, 1980) and 
pollenn is easily shed into the river systems and transported downstream 
byy water currents (see the discussion in Van der Hammen and 
Hooghiemstra,, 2000). For presentation of the pollen and spore data, calcu-
lations,, and cluster analysis, we used the software TILIA , TILIAGRAPH, 
andd CONISS (Grimm, 1987). 

6.44 RESULTS 

6.4.11 Stratigraph y 

Thee upper 15 m of the core Boquillas mainly consist of clay, silt and sand 
indicativee of significant changes in river-supplied sediments to the flood-
plainn area. As far as relevant for this paper a general description of the stratig-
raphyy is given in Table 6.1; the most remarkable features like type of sedi-
ment,, colour, presence of plant macroremains, and the location of hiatuses 
inn core recovery are presented. Grain size analysis of the total 50-m long 
coree showed that 84% consist of clayey sediments, indicative of a floodplain 
environmentt receiving clay (22%) and silty clay (54%) in suspension. 

156 6 



MULTI-INTERDISCIPLINAR YY EVIDENCE OF THE HOLOCENE HISTORY OF A CULTIVATED 
FLOODPLAI NN AREA IN THE WETLANDS OF NORTHERN COLOMBIA 

Depthh (cm) Lithologica l descriptio n 

50-800 fine sand with some plant macroremains. Color 2.5Y4/4. 

80-1400 silty clay, well compacted, irregularly laminated with some fine 

macroremains.. Color 10YR5/2. 

140-2100 fine dark sand with macroremains. 

210-3800 well compacted mud. Color 10YR5/4. 

380-4200 fine gray clay. 

420-4800 hiatus. 

480-5100 muddy sediment, well compacted with few macroremains. 

510-6100 silty clay, well compacted, without macroremains. 

Colourr 10YR5/2. 

610-6300 fine dark gray clay, well compacted. 

630-6800 fine clay, slightly laminated. 

680-6900 silty clay, well laminated. 

690-7800 mud, slightly compacted, not laminated. Colour 10YR5/2. 

780-8800 silty clay, not compacted, with few macroreains. 

Colourr 10YR5/4. 

880-9055 sandy silt. 

905-9100 fine sand, no macroremains. Colour 2.5Y4/5. 

910-9300 fine dark clay. 

930-9900 hiatus. 

990-10100 mud, slightly compacted, not laminated. Colour 10YR5/2. 

1010-14000 fine dark compact clay. 

1400-14055 compact mud. 

1405-14600 hiatus. 

1460-15000 fine sand. 

Tablee 6.1. Lithological description of the upper 15-ni of the sediment core of Boquillas. 

6.4.22 Chronolog y 

Thee 13 AMS radiocarbon ages on bulk samples are listed in Table 6.2 and 
providee the chronological time control of the sediments. The dating in a 
depthh versus age graph is given in fig. 6.5. All dates between 1530 cm and 
3300 cm shows ages between 0 14C yr BP and 0 14C yr BP, 
suggestingg that these sediments accumulated in a period of some 6000 
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years.. Near the top of the core, at 60 cm an age of 0 14C yr BP was 
obtained.. Sediments in an annually flooded wetland area accumulate car-
bonn produced by the local vegetation, but even more from river-supplied 
organicc material which may have a wide variety of source areas. 

Lab . . 
Numbe r r 

GX-25444* * 

GX-24479* GX-24479* 

GX-24336 6 

GX-24339 9 

GX-24338 8 

GX-24337 7 

UtC-10461* * 

UtC-- 10462' 

GX-24477* * 

GX-24169 9 

UtC-10463' ' 

GX-24335 5 

GX-26589* * 

Dept h h 
(cm) ) 

60 0 

330 0 

345 5 

418 8 

582 2 

628 8 

1100 0 

1220 0 

1240 0 

1250 0 

1350 0 

1510 0 

1530 0 

Datedd  material 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

bulkk sediment 

14CyrB.P . . 
(call  yr B.P.) 

1 0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

10,010+50 0 

Calenda rr  age 

1819 9 

9.395,, 9.390, 9.365, 
9.363,, 9.278 

9.704 4 

14.007,, 13.962, 
13.843 3 

10.239 9 

15.619 9 

9024-8980,, 8913-8900, 
8879-8868,, 8828-8806, 
8828-8806,, 8801-8784 

7559-7537,, 7508-7426 

9.682,, 9640, 9.632 

10555-10379,, 10369 
-10362,10340-10330, , 
10319-10330, , 
10300-10287 7 

9.124,, 9.119, 9.086, 
9.048,9.032 2 

11.547,, 11.509, 
11.405,, 11.390, 
11342 2 

13C/12C C 

-27,4 4 

-22,6 6 

-22,2 2 

-25,7 7 

-23,4 4 

-24,7 7 

-26,6 6 

-27,1 1 

-23,2 2 

-19,7 7 

-20,4 4 

-23,6 6 

-23.8 8 

** 14C AMS analysi s base d on humi c aci d fraction . 

TABLEE 6.2. List of radiocarbon dates of the samples from core Boquiilas, Momposina basin. 

Thiss river-supplied carbon could well include redeposited material. As a 
consequence,, we should consider traditional radiocarbon ages as maxi-
mumm ages. However, the humic acid fraction is expected to provide more 
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reliablee ages than the residual fraction as possible contamination by older 
carbonn residues is potentially eliminated. Indeed, the 7 dates of humic 
acidd fractions show a more coherent depth versus age relationship; never-
thelesss samples at 330 and 1220 cm deviate from this linear relationship. 
Off  the conventional radiocarbon dates the ages at 1250 and 1510 cm are 
relativelyy close to the indicated linear relationship, whereas the ages at 
330,, 345,418,582 and 628 cm are considered as outliers. As explained be-
fore,, the presence of allochthonous carbon is extremely likely and rejec-
tionn of 5 dates out of the 13 is acceptable in such conditions. We conclude 
thatt the depth versus age relationship in Fig. 6.5 is most acceptable and 
agess of the recognised zones have been calculated by linear interpolation 
andd extrapolation based on this curve. 

6.4.33 Pollen recor d 

Recordss of the most important pollen and spore taxa are shown in a pol-
lenn percentage diagram (Fig. 6.6). The sums of the ecological groups, the 
recordss of the pollen concentration and pollen influx values, and the clus-
terr analysis dendrogram are shown in Fig.6.7. The following 5 zones were 
recognised:: BQS-Ia, BQS-Ib, BQS-Ic, BQS-Id, and BQS-II, based on the 
CONISSS analysis and supported by visual inspection of the pollen dia-
gram,, and changes in the clay mineralogy and sediment geochemistry, 

Zonee BQS-I shows a cyclic alternation between pollen grains from 
openn vegetation and forest (gallery forest, montane forest, and dry forest, 
Alnus)Alnus) and has the best pollen recovery and lowest oxidation rate of the 
sediments.. The upper part of zone BQS-I and zone BQS-II contains oxidised 
sedimentss and, as a consequence, pollen preservation is poorer resulting 
inn several gaps in the pollen record. 

Pollenn subzone BQS-Ia (interval 1510-1365 cm; 7 samples) is 
characterisedd by abundant pollen from open vegetation (90%), mainly rep-
resentedd by Poaceae (60%) and Asteraceae (30%). Gallery forest (15%, af-
terr the hiatus 25%) is represented by Acalypha, Alchornea, Cecropia, 
Didymopanax,Didymopanax, Anacardiaceae, and Bignoniaceae (3%). Montane forest (5-
8%)) is represented by Apocynaceae (3%), Urticaceae, and Croton (2%). Dry 
forestt taxa show a maximum of 11%, including Malvaceae (5-3%), and 
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Mimosaceae-II  (2%). Swamp and aquatic vegetation (3-6%) is represented 
byy Ludwigia, Cuphea and Polygonum (2%). Alnus reaches 6%. Algae were 
nott recorded in this zone. Fern spores (20%) are represented by Lycopo-
diumdium cernum (7%), Lophosoria, Ceratopteris (2%), Cyathea (2%), and Monolete 
psilatee spores (11%). Pollen concentration and pollen influx values are low. 

Pollenn subzone BQS-Ib (interval 1365-1200 cm; 14 samples) is 
characterisedd by changes in the proportion of gallery forest: 25% at the 
bottom,, 4% in the middle part and 37% in the top of the zone. The main 
galleryy forest taxa are Alchornea (3%), Anacardiaceae (5%), Bignoniaceae, 
Fabaceaee (6%), and Melastomataceae/Combretaceae (5%). The proportion 
off  taxa from open vegetation is negatively correlated with the representa-
tionn of forest with values between 60% and 95%. Poaceae (20-58%) are 
wellwell represented in the lower part, Cyperaceae (3-27%) are abundant in 
thee upper part of the zone, Asteraceae show mostly values between 10% 
andd 30%, Borreria shows 2% as a mean, whereas Amaranthaceae/ 
Chenopodiaceaee (1%) are poorly represented. Montane forest elements 
alsoo show significant changes (5-35%): Apocynaceae and Podocarpus (both 
2%),, Myrica, Quercus and Juglans (all 3%); Ilex (4%), Ericaceae (6%) and 
HedyosmumHedyosmum (19%). Changes with depth in the record of Alnus (2-20%) match 
changess in the record of montane forest and dry forest (2-9%). Dry forest 
elementss are Capparidaceae and Connaraceae (both 2%), Crotalaria (3%), 
DesmodiumDesmodium (3%), Mimosaceae-I, and Verbenaceae (2%). Swamp and aquatic 
vegetationn is represented by Ludwigia, Utricularia, Cuphea, Polygonum and 
Sagittaria,Sagittaria, each with some 2%. Fern spores reach their highest values (25-
80%)) at the end of the zone. Also fungal spores (55%) are best represented 
inn the uppermost part of this zone. Pollen concentration and pollen influx 
valuess are low, although higher compared to the previous zone. 

Thee sediments are characterised by compact, fine and dark clay. Clay 
mineralogymineralogy presents the same composition and features as in the previ-
ouss zone; with kaolinite (Kw-type) and an alternation of illites (Io-type to 
Ilp-type),, vermiculite and hydromica. An increase of illit e (15%) at the top 
off  the zone is obvious. Quartz has higher values (30%) at the beginning of 
thiss zone, decreasing up to 12% in the upper part. The pH changes mark-
edlyy from 8.5 in subzone BQS-Ia to acid conditions of pH 4.8 at the top. 
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Carbonn (C) reach maximum values (1.8) and this trend matches with the 
recordd of the pH. The elements Ca, Na, and P that show similar values as 
inn the previous subzone BQS-Ia. Values of 513CTOC reach maximum values 
of-19,7%% at 12.5 m. 

Pollenn subzone BQS-Ic (interval 1200-1100 cm; 9 samples) is 
characterisedd by maximum values of Poaceae (41%), Cyperaceae (14%), 
andd Asteraceae (55%). Gallery forest taxa show high percentages, but are 
lowerr (40-5%) in the middle part of the zone. Important gallery forest taxa 
aree Alchornea (3%), Acalypha and Anacardiaceae (both 2%), Bignoniaceae 
(6%),, Malpighiaceae and Fabaceae (both 7%), in addition in the lower part 
off  this zone Rubiaceae (5%) and in the upper part of this zone Spondias 
(9%).. Montane forest taxa (5-24%) show the same trend as the gallery for-
estt elements and are mainly represented by Urticaceae (3%), Ericaceae 
(10%)) and Ilex (5%). Podocarpus, Quercus and Juglans are poorly represented 
(lesss than 2%). Also Alnus (3-18%) follows this trend. Local swamp ele-
mentss and aquatics show 3% as a mean and consist mainly of Ludwigia 
(2%)) and Polygonum (3%). Dry forest (4-10%) is represented by 
Capparidaceae,, Connaraceae and Convolvulaceae (all around 3%), and 
Crotalaria,Crotalaria, Desmodium and Malvaceae (all around 2%). Representation of 
fernn spores decrease from 50% to 5%. Fungal spores show 5%. Pollen con-
centrationn and pollen influx values increase in the upper part of this pol-
lenn zone. 

Ass in the previous zone, clayey sediments including kaolinite (59%) 
withh constant crystallinity (kw) dominate in this interval. Smectite (3%) 
appearss again in this zone. Illit e and vermiculite increase to 15% and 10%, 
respectively.. Quartz rises to 19%. There is a rapid change to basic condi-
tionss (pH 8.2). Compared to the previous zone carbon (C) diminishes mark-
edlyy to 0.4, whereas the content of Na and P does not change. At 12-m core 
depthh significant input of C3 plant debris (for example from gallery forest) 
iss obvious. 

Inn pollen subzone BQS-Id (interval 1100-670 cm; 5 samples) many of 
thee samples show a poor pollen recovery due to the high oxidation rate of 
thee sediments. This zone starts with a decrease to 60% of taxa from open 
vegetation,, followed by an increase to 80%. This interval shows lowest 
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representationn in the core of Poaceae (15-41%) and Cyperaceae (2%). 
Asteraceaee (35-65%) reach high representation in this zone; Borreria and 
Amaranthaceae/Chenopodiaceaee are poorly represented for the first time. 
Taxaa of gallery forest decrease from 35% to 20%, with Anacardiaceae and 
Bignoniaceaee (both 5% as a mean) as main taxa; Spondias (8%) shows high-
estt values along thee pollen record. Other gallery forest taxa, like Alchornea 
andd Cecropia are minimally represented. Taxa of montane forest (2-6%), 
andd Alnus also, show lowest values in this zone. Taxa from dry forest (5%) 
havee low values and mainly include Capparidaceae, Connaraceae, 
CrotalariaCrotalaria and Desmodium. Swamp and aquatic taxa (3%) are represented 
byy Utricularia (1%) and Polygonum (3%). Fern spores show low representa-
tionn (10%). Pollen concentration and pollen influx values decrease from 
highestt to lowest values in the record. 

Inn the lower part of this subzone the lithology is complex with differ-
entt layers of clay, silty clay and sand, and some hiatuses (see also Herrera 
etal,etal, submitted). Kaolinite show high values (52-56%), but values are lower 
comparedd to the previous zone. Smectite becomes more abundant (up to 
12%).. Illit e shows a continuous presence of 15%. At the end of this interval 
cristallisarionn of kaolinite is low cristalinised (Kf); illit e varies in this subzone 
showingg Up, lap and Io. The content of quartz is variable but shows 15% 
ass a mean. Sediments continue to be basic (pH 8). Carbon (C) shows low 
valuess with 0.3 as a mean. The contribution of the elements like Ca and Na 
remainss constant compared to the previous zones; P shows in the middle 
partt of the zone a marked increase to 241 ppm in the middle part of the 
zone,, but the concentration diminish to 38 ppm in the upper part. Values 
off  513C are fluctuate between -28.6 and -26%. 

Pollenn zone BQS-II (interval 670-50 cm; 14 samples) show oxidised 
sedimentss hampering pollen recovery. Taxa characteristic of open vegeta-
tionn are dominant (maximum of 99% in the middle part of the zone). 
Asteraceaee (67%) are most important; Poaceae averages 30% as a mean, 
andd Cyperaceae 5%. Gallery forest taxa vary (up to 30%), mainly consist-
ingg of Bignoniaceae and Lecythidaceae (both 5%), Fabaceae and 
Melastomataceae/Combretaceaee (both 6%), Alchornea (3%), Protium and 
Sapindaceaee (both 4%). Montane forest taxa show mean values of 5%; main 
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taxaa are Podocarpus (3%) and Myrica (2%), Urticaceae (4%), and Apocynaceae 
(2%).. Alnus shows highest values of the record (maximally 25%). Swamp 
andd aquatic taxa mainly include Ludwigia (4%) and Polygonum (5%). Dry 
forestt taxa (3-15%) mainly include Capparidaceae, Connaraceae and 
DesmodiumDesmodium (all 3%), Crotalaria (4%), and Mimosaceae (3%), are best repre-
sentedd in the middle part of the zone. Algae (3-10%) show highest values, 
ass is the case in zone BQS-I, and are mainly represented by Botryococcus 
(5%).. Fern spores show values of 20-100%. Fungal spores are up to 38% 
(apartt from an outlier value of 99%). Pollen concentration and pollen in-
fluxx values are low. 

6.55 PALAEOENVIRONMENTA L RECONSTRUCTION BASED 
ONN MULTI-PROXY RECORDS 

Fromm ca. 10,010 to 937014C yr BP (subzone BQS-Ia, 1510-1365 cm) clay min-
eralogyy with higher values of quartz and the intercalation of minerals like 
kaolinite,, smectite, hydromica and vermiculite in combination with the 
presencee of coarse sands show a high-energy river system. This period 
coincidess with the second part of the transitional period from Lateglacial 
too Holocene conditions. According to Van 't Veer et al, (2000) the period of 
ca.. 10,500- ca. 900014C yr BP reflects relatively dry conditions in the East-
ernn Cordillera. We infer that our site was close to a main part of the drain-
agee system allowing supply and accumulation of coarse sediments by the 
Chicaguaa River. A poor crystallisation of kaolinite and the presence of open 
illit ee together with high oxidation of the organic matter suggest warm and 
dryy climatic conditions. Under this environmental setting pollen preser-
vationn may be poor explaining the low pollen concentration and influx 
values.. The landscape was dominated by open grass-rich vegetation with 
galleryy forest along the streams. At places where the energy of river sys-
temm was lower aquatics were common. Lack of stagnant waters near the 
sitee explains the absence of algae. Significant representation of Alnus sug-
gestss that the drainage system of our study area was still connected with 
thee main river system supplying this allochtonous pollen taxon. Likewise 
pollenn from montane forest was transported to the site. The abundance of 
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dryy forest and grass-rich vegetation are in agreement with the abiotic data 
pointingg also to dry climatic conditions. Evidence for dry climatic condi-
tionss was also registered in lake Valencia, Venezuela, at that time a shallow 
salinee lake (Bradbury et al, 1981; Curtis et al, 1999; Leyden, 1985; Martin et 
al,al, 1997). Lake La Yeguada in Panama also showed dry conditions sug-
gestingg reduced stream flow (Bush et al, 1992). Also east of the Andes, in 
thee savannas of the Llanos Orientales, dry climatic conditions prevailed 
afterr ca. 10,000 14C yr BP (Behling and Hooghiemstra, 1998) and provide 
supportingg evidence for a dry climate in northernmost South America 
duringg this period. 

Fromm ca. 9370-8430 14C yr BP (zone BQS-Ib; 1365-1200 cm) wetlands 
weree more isolated from the main river system and more clay accumulated 
inn a lower energy environment. Clay minerals like mid-to-well crystallised 
kaolinitee and illit e 'large peak' intercalated with smectites point to lower 
energyy flooding possibly due to seasonal precipitation. Higher pollen 
concentrationn and pollen influx values are explained by the low degree of 
oxidationn and bioturbation and the quieter depositional environment. 
Galleryy forest could expand along the streams and the more abundant 
vegetationn in the wetland area favoured the accumulation of organic matter 
inn swamps under low pH (acid) conditions. The S 13C record shows high 
valuess which clearly correspond to the expansion of gallery forest. During 
mostt of this period supply of pollen from dry forest, montane forest and 
Alnus,Alnus, all mainly river-transported taxa, is low suggesting the intensity of 
waterr currents in the drainage system of the Magdalena, Cauca, San Jorge, 
andd Cesar rivers was relatively low. This is indicative of dry climatic 
conditionss in a large part of Colombia. Dry climatic conditions were also 
reconstructedd for the savannas east of the northern Andes (for example, 
Behlingg and Hooghiemstra, 1998,1999, 2001). In contrast, lake Valencia, 
Venezuela,, shows evidence of overflow pointing to wet climatic conditions 
(Curtiss et al, 1999; Martin et al, 1997). Wet climate is also shown in the 
pollenn record of lake La Yeguada (Bush et al, 1992), in the pollen record of 
Pantanoo de Monica (Behling et al, 1999), and on the basis of ^O/^O ratios 
inn ostracod shell in the Caribbean area (Hodell et al, 1991). Thus, wet 
climaticc conditions in Ecuador, Colombia Amazon and central Venezuela 
contrastt with dry climatic conditions in Andean and northern Colombia, 
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thiss contrasting fact is clearly exposed by Martin et ah, (1997), driven by 
thee shift of the ITCZ (Intertropical Covergence Zone) between 12,400 to 
88000 cal yr B.P 

Duringg the short period from c. 8430 to 8040 uncal BP (subzone BQS-
Ic;; 1200-1100 cm) the supply of pollen grains from remote source areas, 
suchh as the areas of dry forest, montane forest, and Alnus decrease sharply 
indicatingg dry regional climatic conditions and/or an isolation of the local 
drainagee system from the main river system. An increase of open vegeta-
tionn with mainly Asteraceae and grasses, and a change in the composi-
tionss of the gallery forest {Alchornea, Bignoniaceae and Spondias becomes 
moree abundant) are indicative of continuously dry regional climate, as 
welll  as a diminishing flooding frequency of the study area. More stable 
soilss permitted an increase of soil organisms leading to an increase of 
bioturbationn in the sediments. The pollen influx was hardly dependent on 
river-supplyy but a high local pollen production by the grass-rich vegeta-
tionn explains the high pollen influx values. The same features of low water 
levelss were recorded by Bradbury et al.,(1981), Leyden (1985) and Curtis et 
ah,ah, (1999) with fluctuating lake levels and therefore affecting the ostracod 
assemblagess by the salinity variations. 

Fromm 8040 to 4900 uncal BP (subzone BQS-Id; 1100-670 cm) supply of 
river-transportedriver-transported allochtonous pollen was minimal and the low water level 
favouredd soil organisms leading to increased levels of phosphorous (P), 
showingg that the isolation of the local drainage system from the main river 
systemm continued between ca. 8000 to 6000 uncal BP; similar features was 
foundd by Bradbury et ah, (1981) showing higher salinity and a mixed for-
estt with woodland-savanna (Leyden, 1985 and Curtis et ah, 1999) by the 
loww water level at lake Valencia, La Yeguada lake in Panama (Bush et «/., 
1992),, laguna Sardinas (Behling and Hooghiemstra, 1998) and Laguna Loma 
Lindaa (Behling and Hooghiemstra, 2000) in the Colombian savannas of 
Llanoss Orientales. The local vegetation consisted mainly of open grass-
richh vegetation, confirmed by low values of 513C, with gallery forest along 
thee drainage system. Intercalation of silt points to periodic flooding 
Chicaguaa River supplying coarser sediments to the site. As the clay miner-
alss shown, a sorting between kaolinite, illit e and smectite (Figs 6.3 and 6.4) 
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andd the increasing of the oxidation level of the sediments, a variable tem-
peraturee and precipitation can be inferred (warm-wet and warm-dry). After 
thee silty horizon the river abandoned the site (after 6210 14C yr BP) and 
onlyy clays were deposited afterwards, deposited from still flood waters in 
thee basin (also reported by Bradbury et al, 1981; Leyden, 1985; Bush et al, 
19922 and Curtis et al, 1999). 

Fromm ca. 4900 to 1550 uncal BP (zone BQS-II; 670 to 50 cm) increased 
pollenn supply by the river Chicagua from remote source areas, such as the 
areass with dry forest, montane forest and Alnus indicate that the site was 
againn within the reach of the main drainage system, as is the case today. 
Increasedd precipitation in the catchment area of the Magdalena, Cauca, 
Sann Jorge, and Cesar rivers caused increased sediment supply to the study 
areaa leading to low values of pollen centration and pollen influx. Increased 
bioturbationn and a high oxidation rate indicated the soils were most of the 
timee stable and not flooded. The 5 13C values (-22.8) correspond to the 
herbaceouss character of the local vegetation, dominated by Asteraceae and 
Poaceae.. This fact suggests an expansion of open vegetation during the 
lastt 2000 yr uncal BP (see also Herrera and Berrio, 1998). The stratigraphical 
columnn shows clay with repeated intercalations of silty clay pointing to 
repeatedd floodings by the river system of intermediate energy These events 
coincidee with peaks of allochtonous Alnus grains also indicative that wa-
terr from the main river system repeatedly reached the site. Abundant mi-
croorganismss caused again an increase of phosphorous values around 2700 
14CC yr BP (88 cm core depth). According to the archaeological records pre-
Hispanicc peoples started to occupy the area around this time and the land-
scapee started to be modified from a natural wetland ecosystem into a wa-
ter-controlledd agricultural system (Plazas and Falchetti, 1986; Plazas et al, 
1993).. In our record we cannot find significant evidence of the start of land 
use.. The variation of kaolinite and illit e crystallisation suggests climate 
becamee warmer and drier. Also the mineralogical variation of smectite and 
kaolinitee also confirms this conclusion. Swamps and shallow water bodies 
startedd to be permanent and the river Chicagua became less dynamic than 
before.. This favoured the C formation and a lowering of the pH due to the 
growthh of local vegetation. High phosphorous (P) values, increase of 
smectitee and low sodium values, in combination with less arid climatic 
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conditions,, favour the natural soil fertility. These features suggest strong 
humann impact as found by Plazas and Falchetti (1986). Pre-hispanic popu-
lationss in the study area modified the landscape for agricultural activities; 
theyy developed an efficient drainage system to drain the land during the 
rainyy season, and to irrigate the land during the dry season with help of a 
systemm of water reservoirs. During the last ca. 1000 year climatic condi-
tionss compare to those of today. According to Herrera and Berrio (1998) 
thee pre-hispanic cultures of the Zenües and Malibües people used the 
raisedd fields in combination with a drainage system to cultivate crops like 
ZeaZea mays (maiz; Poaceae), Ipomoea batata (batatas, sweet potato; 
Convolvulaceae)) and Cucurbita maxima (ahuyama; Cucurbitaceae). We 
foundd no remnants of these crops. Close to the coring site we observed 
raisedd areas of 1.5 to 2 m2 from the original surface, which must have been 
usedd as house platforms. 

6.66 DISCUSSIONS 

Ourr site represents a setting where direct river impact at a high energy 
levell  and impact of flooding at an intermediate energy level prevents a 
continuouss accumulation of sediments from occurring. Also, the periods 
off  oxidation and bioturbation of exposed sediments lead to poor preser-
vationn of the fossil assemblages in some parts of the core. Although we 
demonstratedd in Fig. 6.5 that the accumulation rate of sediments over 
thee last 10,000 years is generally not far from linear, sediment accumula-
tionn on shorter time scales is clearly very irregular, which causes changes 
inn pollen concentration values. The changes between direct pollen sup-
plyy from the nearby main river system to a setting that our site is located 
farr from the active river system, cause irregular pollen deposition at our 
site.. Paleoecological analysis of a site under such conditions requires the 
usee of a number of different research methods in order to have more 
sourcess of information available to piece together the local environmen-
tall  history. The present study shows how information from the biotic 
andd abiotic parts of the environmental system contributes to an environ-
mentall  reconstruction of the very dynamic wetlands of the lower 
Magdalenaa during the Holocene. 
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Pollenn supply by the local vegetation (aquatic vegetation, local swamps, 
wett open grasslands, wet shrub-land, gallery forest) and the regional veg-
etationn at distances of more than 30-80 km (dry forest, montane forest, wet 
AlnAln us-dominated forest along rivers and streams) made it possible to dif-
ferentiatee between the local development of the wetland ecosystem and 
changess in climatic conditions in the total catchment area of the Magdalena, 
Cauca,, San Jorge, and Cesar rivers, an area that covers a significant part of 
centrall  and northern Colombia. Alnus hardly occurs (if at all) in the wet-
landss of the Lower Magdalena (Wijmstra, 1967). Therefore there is littl e 
riskk of misinterpreting the Alnus record as a evidence of river action sup-
plyingg pollen and sediments from large distance to the study area (see 
alsoo the discussion in Van der Hammen and Hooghiemstra, 2000). More-
over,, the record of Alnus peaks together with the records of dry forest and 
montanee forest taxa, and the pollen grains of both groups were without 
doubtt transported there from a great distance. In a similar way Chmura 
andd Liu (1990) in the lower Mississippi River delta used the pollen record 
off  Quercus (oak) as an indicator of river action. 

Martinn et al, (1997) suggested that long-term changes in precipitation 
inn southern and central America are controlled by precession-forced move-
mentss of the ITZC. He showed a clear antiphase between the water levels of 
lakee Titicaca (Bolivia) and lake Valencia (Venezuela) between 12,400 and 8800 
call  yr BP Based on this mechanism we expect that our composite catchment 
areaa in Colombia will behave as lake Valencia. The decrease in precipitation 
betweenn about 9500 and 850014C yr BP is consistent with the record of lake 
Valencia.. It is also in agreement with the change to drier conditions in the 
Llanoss Orientales, a large savanna area that stretches from Colombia into 
Venezuelaa (Behling and Hooghiemstra, 1998,1999; Berrio et al, 2002). The 
Colombiann wide synthesis of pollen data based on the biomisation tech-
niquee also showed a change to drier climate between the time-slices of 9000 
14CC yr BP and 6000 14C yr BP (Marchant et al, 2001). Although the flooding 
frequencyy and energy-level of the sedimentary environment depends also 
onn the distance from site Boquillas to the main river system, apparently the 
distinctt decrease in precipitation in northernmost South America between 
95000 and 850014C yr BP is clearly reflected in the sedimentary record. Based 
onn the occurrence of peat horizons in sequences of lacustrine sediments 
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Vann der Hammen (1986) identified in northern Colombia six relatively dry 
periods,, around 7000, 5500, 4700, 4000, 2500 and 2300 uncal BE Although 
ourr chronology does not allow the precise identification of the core depths 
withh these ages, all these depths coincide with low Alnus percentages when 
aa linear accumulation rate is accepted in between the zone boundaries. We 
concludee that the Boquillas record does not contradict the dry periods re-
portedd by Van der Hammen (1986). 

Theree is no doubt that pre-hispanic civilisations in the surroundings of 
Boquillass had a strong impact on the landscape. There is much archaeologi-
call  evidence that the Zenü and Malibü groups brought a significant part of 
thiss annually flooded area under their control using a complex system of 
canals,, water reservoirs, raised fields and elevated house platforms in com-
binationn with gallery forest as a tool to protect small-scale hydrological struc-
turess and to control the inundation (Plazas et al, 1993; Herrera and Berrio, 
1998;; Rojas and Montejo, 1999). Although no pollen grains from crop plants 
weree found in the sediments of Boquillas, geochemical evidence (high phos-
phorouss values in zone II) and geomorphological features in the region point 
too the occupation history of this area (Herrera et al, submitted). The main 
featuress that lead us to this interpretation is the presence of long agricul-
turall  raised fields next to the Chicagua River and Brazo de Mompos, to-
getherr with the presence of house platforms and burial mounds. 

6.77 ACKNOWLEDGEMENTS 

Wee thank to the Colombian Science Foundation for financial support 
(COLCIENCIASS project number 6212-13-537-96 to Erigaie Foundation). We 
aree grateful to the local people of Boquillas for their assistance during the 
drilling.. We thank Willian Barbosa for his assistance with the lithological 
analysis.. We acknowledge Annemarie Philip (Amsterdam) for the prepa-
rationn of the pollen samples, and Thomas van der Hammen (Chia) for his 
valuablee discussions of the data. We thank the Netherlands Foundation 
forr Scientific Research in the Tropics (WOTRO-DGIS grant WB 84-461 to 
H.. Hooghiemstra / J.C Berrio) for financial support during the prepara-
tionn of this paper. 

171 1 



ChapterChapter 6 

6.88 REFERENCES 

Absy,, MX. 1979 A palynological study of Holocene sediments in the Amazon 
basin.basin. Ph.D. thesis, University of Amsterdam. 

Ballesteros,, CI. 1983. Memoria explitiva mapa geológico del departamento de 
Bolivar.Bolivar. Escala 1:500.000. INGEOMINAS, Bogota. 

Bartley,, D.D, and Chambers, C. 1992. A pollen diagram, radiocarbon ages 
andd evidence of agriculture on Extwistle Moor, Lanshire. New 
PhytologistPhytologist 121: 311-320. 

Behling,, H. (1993) Untersuchungen zur spatpleistozanen und holozanen 
Vegetationss und Klimageschichte der tropischen Küstenwalder und 
derr Araukarienwalder in Santa tarina (Siidbrasilien). Dissertationes 
BotanicaeBotanicae 206, J. Cramer, Berling-Sruttgart. 

Behling,, H, and Hooghiemstra, H.. 1998. Late Quaternary palaeoecology 
andd palaeoclimatology from pollen records of the savannas of Llanos 
Orientaless in Colombia. Palaeogeography, Palaeoclimatology, Palaeoecology 
139:: 251-267. 

Behling,, H. and Hooghiemstra, H. 1999. Environmental history of the Co-
lombiann savannas of the Llanos Orientales since the Last Glacial Maxi-
mumm from lake records El Pinal and Carimagua. Journal of 
PaleolimnologyPaleolimnology 21: 461-476. 

Behling,, H. and Hooghiemstra, H. 2001 Neotropical savanna environmets 
inn space and time: Late Quaternary interhemispheric comparisons. 
In:: Margraf V (ed) Interhemispheric climatic linkages (Present and 
pastt interhemispheric climate linkages in the Americas and their so-
ciall  effects. Academic Press, pp 307-323. 

Behling,, H., Berrio, J.C. and Hooghiemstra, H. 1999. Late Quaternary pol-
lenn records from the middle Caqueta river basin in central Colombian 
Amazon.. Palaeogeography Palaeoclimatology Palaeoecology 145:193-213. 

Behling,, H. and Hooghiemstra H. 2000. Holocene Amazon rainforest-sa-
vannaa dynamics and climate implications: high-resolution pollen 
recordd from Laguna Loma Linda in eastern Colombia. Journal of Qua-
ternaryternary Science 15: 687-695. 

Behling,, H. and Lima da Costa, M. 2000. Holocene Environmental Changes 
fromm the Rio Curua record in the Caxiuana region, Eastern Amazon 
Basin.. Quaternary Research 53: 369-377. 

172 2 



MULTI-INTERDISCIPLINAR YY EVIDENCE OF THE HOLOCENE HISTORY OF A CULTIVATED 
FLOOOPLAI NN AREA IN THE WETLANDS OF NORTHERN COLOMBIA 

Berrio,, J.C., Hooghiemstra, H., Behling, H., Botero, P and Van der Borg, K. 
2002.. Late Quaternary history of the Colombian Llanos Orientales 
fromm Lagunas Chenevo and Mozambique: a transect synthesis. The 
HoloceneHolocene 12,1: 35-48. 

Bradbury,, J.P, Leyden, B.W., Salgado-Labouriau, M.L., Lewis, WM. Jr., 
Schubert,, C, Binford, M.W., Frey, D.G., Whitehead, D.R., and 
Weibezahn,, EH. 1981. Late Quaternary environmental history of lake 
Valencia,, Venezuela. Science 214:1299-305. 

Bray,, R.H. and Kurtz, L.T. 1945. Determination of total, organic and avail-
ablee forms of Phosphorous in soils. Soil science 59: 39-45. 

Bush,, M.B., Piperno, D.R., Colinvaux, PA., De Oliveira, PE., Krissek, L.A., 
Miller,, M.C. and Rowe, W.E. 1992. A 14,300-yr paleoecological profile 
off  a lowland tropical lake in Panama. Ecological Monograph 62:251-275 

Chmura,, G.L. and Liu, K.B. 1990: Pollen in the Lower Mississippi River. 
ReviewReview of Paleobotany and Palynology 64,253-261. 

Curtis,, J.H., Brenner, M. and Hodell, D.H. 1999. Climate change in the Lake 
Valenciaa Basin, Venezuela, —12,600 yr B.P to present. The Holocene 9: 
609-619. . 

Duivenvoorden,, J.E and Lips, J.M. 1995. A land-ecological study of soils, 
vegetation,, and plant diversity in Colombian Amazonia. Tropenbos 
SeriesSeries 12. The Tropenbos Foundation, Wageningen. 

Faegri,, K. and Iversen, J. 1989. Textbook of Pollen Analysis. Fourth edition by 
Faegri,, K., Kaland, PE. and Krzywinski, K. Wiley, Chichester. 

Forero,, G., Ferreira, P and Maya, M. 1997. Atlas geológico digital de Colombia 
(versionn 1.0) plancha 2, escala 1:500.000. INGEOMINAS, Bogota. 

Grabandt,, R.A.J. 1980 Pollen rain in relation to arboreal vegetation in the 
Colombiann Cordillera Oriental. Review of Paleobotany and Palynology 
29:: 65-147. 

Grimm,, E.C. 1987. CONISS: A Fortran 77 program for stratigraphically con-
strainedd cluster analysis by the method of the incremental sum squares. 
ComputersComputers and Geosciences 13:13-35. 

Haldorsen,, S., J0rgensen, P, Rappol, M. and Riezebos, PA. 1989. Composi-
tionn and source of the clay-sized fraction of saalian till in The Nether-
lands.. Boreas 18: 89-98. 

173 3 



ChapterChapter 6 

Herrera,, L.E, Sarmiento, G., Romero, E, Botero, EJ. and Berrfo, J.C., Sub-
mitted.. Evolution ambiental de la Depresión Momposina, Colombia, 
desdee el Pleistoceno tardio a los paisajes actuales. Geologia Colombiana. 

Herrera,, L.E and Berrio, J.C. 1998. Vegetation natural y action antrópica 
dee los ültimos 1000 anos en el sistema prehispanico de canales 
artifitialess del cano Carate en San Marcos (Sucre, Colombia). Corpoica 
Cienciaa y Tecnologïa Agropecuarias. Revista de la Corporation Colombiana 
dede Investigation Agropecuaria 2: 35-43. 

Herrera,, L.E and Urrego, L.E. 1996. Atlas de polen de plantas utiles y 
cultivadass de la Amazonia colombiana (Pollen atlas of useful and cul-
tivatedd plants in the Colombian Amazon region). Estudios en la 
AmazoniaAmazonia Colombiana XL Tropenbos-Colombia, Bogota. (Also in The 
Quaternaryy of Colombia 23, Hooghiemstra, H., editor, Amsterdam). 

HIMATT (1977) Geologia y Geomorfologia. Proyecto Colombo-Holandés. 1:1-18 
Hodell,, D.A., Curtis, J.H., Jones, G.A., Higuera-Gundy, A., Brenner, M., 

Binford,, M.W. and Dorsey, K.T. 1991 Reconstruction of Caribbean cli-
matee change over the past 10,5000 years. Nature 352: 790-793. 

Hooghiemstra,, H. 1984 Vegetational and climatic history of the high plain 
off  Bogota, Colombia: a continuous record of the last 3.5 million years. 
DissertationesDissertationes Botanicae 79,368 pp. J. Cramer, Vaduz (Also in The Qua-
ternaryy of Colombia 10, Van der Hammen, T., editor, Amsterdam). 

Huizer,, A.S. and Isarin, R.F.B. 1997. The reconstruction of past climates 
usingg multi-proxy evidence: an example of the Weichselian Pleniglacial 
inn Northwest and Central Europe. Quaternary Science Reviews 16: 513-
533. . 

IGAC.. 1977. Zonas de vida o formaciones vegetales de Colombia: Memo-
riaa explitiva sobre el mapa ecológjco. IGAC 12:1-238. 

IGAC.. 1989. Atlas Basico de Colombia. Instituto Geogréfico Augustin 
Codazzi,, Bogori. 

IGAC.. 1990. Métodos analiticos del laboratoRio de suelos. Fifth edition. 
Subdirecciónn Agrológica. Bogota, 502 p. 

IGACC .1998. Estudio general de suelos del departamento de Bolivar. IGAC, Bogota. 
Irion,, G., Muller, J., Mello, J.N. and de Junk, W.J. 1995. Quaternary geology 

off  the Amazonian lowland. Geo-Marine letters 15:172-178. 

174 4 



MULTI-INTERDISCIPLINAR YY EVIDENCE OF THE HOLOCENE HISTORY OF A CULTIVATED 
FLOODPUINN AREA IN THE WETLAND S OF NORTHERN COLOMBIA 

Johnson,, R.H., Tallis, J.H. and Wilson, E 1990. The seal edge combes, North 
Derbyshiree - a study of their erosional and depositional history. Jour-
nall  of Quaternary Science 5: 83-94. 

Leyden,, B.W. 1985. Late Quaternary aridity and Holocene moisture fluc-
tuationss in the Lake Valencia Basin, Venezuela. Ecology 66:1279-1295 

Lowe,, J.J., and Walker, MJ.C. 1997. Reconstructing Quaternary environments. 
2ndd Edition. Hong Kong. 446 pp. 

Mackereth,, F.J.H. 1965. Chemical investigation of lake sediments and their 
interpretation.. Proceedings of the Royal Society of London. B161: 295-309. 

Marchant,, R., Behling, H., Berrio, J.C., Cleef, A.M., Duivenvoorden, J., 
Hooghiemstra,, H., Kuhry, E, Melief, B., Schreve-Brinkman, E., Van 
Geel,, B., Van der Hammen, X, Van Reenen, G. and Wille, M. 2001. 
Pollen-basedd biome reconstructions for Colombia at 3000,6000,9000, 
12,000,15,0000 and 18,000 radiocarbon years ago: Late Quaternary tropi-
call  vegetation dynamics. Journal of Quaternary Science (in press). 

Martin,, L., Bertauxm J., Corrègem 1, Ledrum M.E, Mourguiart, P., 
Sifeddine,, A., Soubiès, A., Wirrmann, D., Suguio, K., and Turcq, B. 
1997.. Astronomical forcing of contrasting rainfall changes in tropi-
call  South America between 12,400 and 8800 yr B.E Quaternary Re-
searchsearch 47:117-122. 

Patience,, A.J., Lallier-Verges, E., Alberic, E, Desprairies, A. and Tribovillard, 
N.. 1996. Relationships between organo-mineral supply and early di-
agenesiss in the lacustrine environment: a study of surficial sediments 
fromm the Lac Du Bouchet (Haute Loire, France). Quaternary Science 
ReviewsReviews 15: 213-221. 

Plazas,, C, and Falchetti, A.M. 1981. Asentamientos prehispdnicos en el bap rio 
SanSan Jorge. Fundación de Investigaciones Arqueológicas Nacionales, 
Bancoo de la Repüblica, Bogota. 

Plazas,, C, and Falchetti, A.M. 1986. La cultura del oro y el agua. Un proyecto 
dee reconstrucción. Boletin Cultural y Bibliogrdfico, Biblioteca Luis Angel 
ArangoArango 13: 57-72. 

Plazas,, G, Falchetti, A.M., Saenz, J., and Archila, S. 1993. La sociedadhidrdulica 
Zenü.Zenü. Estudio arqueológico de 2.000 aftos de historia en las Uanuras 
dell  Caribe colombiano. Banco de la Repüblica. Bogota, pp. 1-299. 

175 5 



ChapterChapter 6 

Rangel,, J.O., Aguilar, M., Sanchez, H. and Lowy, P 1995. Region costa 
pacffica.. In Rangel, J.O. (eel.), Colombia diversidad biótica I. Institute de 
Cienciass Naturales, Universidad Nacional de Colombia, Bogoté, pp. 
121-139. . 

Rojas,, S. and Montejo, F. 1999. Manejo agricola y campos de cultivo prehispdnicos 
enen el bap rio San Jorge. Informe presentado a Colciencias y Corpoica. 
Fundaciónn Erigaie, informe Interne 

Roubik,, D.W and Moreno, J.E. 1991. Pollen and spores of Barro Colorado 
Island.. Monographs in Systematic Botany 36,1-270. Missouri Botanical 
Garden,, USA. 

Shore,, J.S., Bartley, D.D., and Harkness, D.D. 1995. Problems encountered 
withh the 14C dating of peat. Quaternary Science Reviews 14: 373-383. 

Schollemberger,, CJ. 1945. Determination of Soil Organic Matter. Soil Sci-
enceence 59: 53-56. 

Soubiés,, E, Suguio, K., Martin, L., Leprun, J.C., Servant, M. and Sifeddine, 
A.. 1991. The quaternary lacustrine deposits of Serra dos Carajas (State 
off  Para, Brazil)- Ages and other preliminary results. Boletin IG-USP, 
PubiqaoPubiqao Especial 8: 223-243. 

Thorez,, J. 1986. The bases of clay geology (or arcillogenesis). Liege State Uni-
versity.. Faculty of Science. Liege, Belgium. 

Vann der Borg, K., Alderkiesten, A., Harnton, C. M., De Jong, A. E and Van 
Zwol,, N,A, 1987. Accelerator mass spectrometry with 14C and 10Be in 
Utrecht.. Nuclear Instruments Methods B 29:143-145. 

Vann der Hammen, T., Noldus, G. 1984. Paleoecologïa de la Ciénaga Grande 
dee Santa Marta. In: Van der Hammen, T, Ruiz, P (eds), Studies on Tropical 
AndeanAndean Ecosystems 2. J. Cramer, Berlin-Stuttgart, pp. 581-588. 

Vann der Hammen, T. and Hooghiemstra, H. 2000. Neogene and Quater-
naryy history of vegetation, climate, and plant diversity in Amazonia. 
QuaternaryQuaternary Science Reviews 19: 725-742. 

Vann der Hammen, T. 1986. Fluctuaciones Holocénicas en la cuenca del Bajo 
Magdalena-Cauca-Sann Jorge (Colombia). GeologiaNorandina 10:11-18. 

Vann 't Veer, R., Islebe, G.A. and Hooghiemstra, H. 2000. Climatic change 
duringg the Younger Dryas chron in the northern South America: a 
testt of the evidence. Quaternary Science Reviews 19:1821-1835. 

176 6 



MULTI-INTERDISCIPUNARYY EVIDENCE OF THE HOLOCENE HISTORY OF A CULTIVATED 
FLOODPLAJ NN AREA IN THE WETLANDS OF NORTHERN COLOMBIA 

Walker,, MJ.C. and Harkness, D.D. 1990. Radiocarbon dating the Devensian 
Lateglaciall  in Britain: new evidence from Llanilid, South Wales. Jour-
nalnal of Quaternary Science 5:135-144. 

Whitig,, L.D. and Allardice, W.R. 1986. X-ray diffraction techniques in meth-
odss of soil analysis. Part 1. Physical and Mineralogical methods. Agri-
cultureculture Monograph. Second edition. American. Madison, Society of Ag-
riculturericulture 9: 331-362. 

Wijmstra,, T. 1967. A pollen diagram from the upper Holocene of the lower 
Magdalenaa Valley. Leidse Geologische Mededelingen 39: 261-267. 

Woodward,, J.C, Macklin, M.G., Lewin, J. 1994. Pedogenic weathering and 
relative-agee dating of Quaternary alluvial sediments in the Pinus 
Mountainss of Northwest Greece. In: Robinson DA, Williams RBG (eds). 
RockRock weathering and landform evolution. John Wiley, Chister and New 
York,, pp. 259-283. 

177 7 




