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LATEE QUATERNARY POLLEN RECORDS 
FROMM THE MIDDLE CAQUETA RIVER BASIN 

INN CENTRAL COLOMBIAN AMAZON 

Hermann Behling, Juan Carlos Berrio and Henry Hooghiemstra 

ABSTRACT T 

TTHREEE POLLEN RECORDS ARE PRESENTED FROM THE PANTANO DE MONICA 

REGIONN (0°42' S, 72TJ4* W, 160 M ELEVATION) ON THE LOWER TERRACE OF 

Rioo Caqueta of the central Colombian Amazonas. Ten radiocarbon dates 
fromm three cores indicate that the deposits are of Holocene age, but the 
pollenn data suggest that also the record may contain the Late Glacial. 

Thee core Pantano de Monica 1 covers the time interval from 11,150 BP 
(extrapolated)) to 4730 BP During the Late Glacial and early Holocene this 
swampp was smaller in size and water were more shallow than today, with 
abundantt Mauritia palm trees. This indicates that the lower terrace of the 
Caquetéé River was better drained than today, which might be related to 
changess in the drainage system and/or drier conditions during that time. Late 
Glaciall  and early Holocene vegetational changes in the rain forests surround-
ingg the swamp Pantano de Monica indicate successional stages, probably re-
latedd to on changes in the drainage system and/or climate changes. Presence 
off  Podocarpus pollen grains up to 2.6% of the total sum (and influx of 78 grains 
cm22 yr1) point to regional presence of Podocarpus at the beginning of the Ho-
locene.. Evidence of Podocarpus during glacial times in other pollen records 
fromm the Amazon basin has been taken as indicative of cooling. 

Coree Pantano de Monica 2 was taken in a small swamp (1000 m dis-
tancee to Pantano de Monica 1) and starts at 4000 BP when this location 
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wass well drained. Several changes in the composition of the rain forest are 
documented,, such as increase in disturbance (increase of Cecropia) followed 
byy a quick recovery (increase of Psychotria). Protium and Caryocar tree taxa, 
weree frequent, suggesting that the lower terrace area was well drained 
untill  3080 BIJ after which small swamps developed. 

Coree Pantano de Monica 3 is from the wet forest in between the two 
swampss and represents the period since 3260 BE Pollen data show a con-
tinuouslyy increasing presence of palms, probably Euterpe, suggesting ei-
therr a transition from well-drained to less drained conditions in the lower 
terracee during the late Holocene, and/or more intensive human impact of 
thee rain forest on the lower terraces of Rio Caqueta. 

Thee three records from the lower terrace of Rio Caqueta show differ-
entt forest compositions in the past and indicate that the rain forest envi-
ronmentss were not stable during Late Glacial and Holocene times. Com-
parisonn with other data from lowland records of north-western South 
Americaa suggest that climate change is a major factor for environmental 
changee in central Colombian Amazon. 

2.11 INTRODUCTION 

Paleoenvironmentall  conditions of the tropical lowlands and in terms 
off  changes in vegetational composition and climate during last Glacial and 
Holocenee times are poorly known. Data on the paleoecology of the Ama-
zoniann lowlands, the largest tropical rain forest ecosystem on earth, are 
lackingg for very large areas which allows for much speculation on its natural 
history.. For example, the existence of Amazonian rain forest refugia is sub-
jectt to much debate in the last decades (e.g. Haffer, 1969; Whitemore and 
Prancee 1987; Colinvaux, 1993, 1996; Van der Hammen and Absy, 1994). 
Palynologicall  studies in the Amazon basin are rare because of difficult ac-
cesss and logistical problems. A better understanding of the history of this 
largee area is of great importance for a wide variety of scientific objectives, 
suchh as paleodata-model comparisons, sustainable management of the rain 
forestt ecosystem, and aspects of evolutionary biology. 

26 6 
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Thee area of the middle Caqueta River is located in the central part of 
thee Colombian Amazonas. During the last decade various geological, geo-
morphological,morphological, palynological, and botanical inventory studies have been 
madee in this area. Miocene palynostratigraphical and paleoenvironmental 
investigationss were done on outcrops along the Caqueta River (e.g. Hoorn, 
1994a,, 1994b; Hoorn et al, 1995). Late Quaternary vegetation development, 
riverr dynamics, sedimentation, and climatic change in the Mariname Is-
landd area and Quinché area, both in the Caqueté River valley, have been 
studiedd by Van der Hammen et al, (1992a, 1992b), Van der Hammen and 
Cleeff  (1992), and Urrego (1990,1991,1994/1997). 

Severall  palynological studies exist from the western Amazonian rain 
forestt area in Ecuador. Bush and Colinvaux (1988), Bush et al, (1989,1990), 
CoUnvauxx et al, (1988a, 1988b), Frost (1988), Liu and Colinvaux (1985,1988) 
andd Lyons-Weiler (1992) studied several lake sediments and sediment out-
cropss between 300 and 1100 m elevation in the foothills of the Andes and 
att low elevations in the Eastern Andes. 

Vann der Hammen and Oscar Mohr collected in 1987 a first core in the 
areaa of the Pantano de Monica for a pilot study: the provisional pollen 
recordd included two radiocarbon dates of full glacial and Holocene age 
andd showed an interesting example of forest dynamics in which Ilex played 
ann important role in the Late Glacial. This study was not completed but 
preliminaryy results are published by Van der Hammen (1998, in press). 
Ourr objective is to continue the palynological study of the sediments of 
thee swamps of Pantano de Monica, to improve the chronological frame-
work,, to study the modern pollen rain, and to bring more detail on the 
compositionn and successional stages of the rain forest during its history. 

2.22 ENVIRONMENTAL SETTING 

2.2.11 Locatio n 

Thee studied swamp area is called 'Pantano de Monica' (0*42' S, 72°04* W, 160 
mm elevation) and is located on the lower terrace of the Rio Caqueta, about 
55 km south of the research station Pena Roja of the Tropenbos-Colombia 
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Foundation,, and 25 km southeast of the village Araracuara, in the Prov-
incee of Amazonas in the central Colombian Amazon region (Fig. 2.1). The 
Caquetaa River catchment is the major drainage system in the Colombian 
Amazonas.. This 'white water river' is draining from the Andes into the 
Rioo Solimöes in Brazil. Different geomorphological units are found along 
aa transect from the Caqueta River inland toward Pantano de Monica: 

Repeatedlyy inundated river flood plains, low river terraces with well 
andd poorly drained areas, high terraces of the river, and sedimentary plains 
off  Tertiary age (Duivenvoorden and Lips, 1993,1995). 

Forr our study three sites were chosen on the low river terraces: Site 
Pantanoo de Monica 1 (Ml) is located in a large swamp area, about 1 km 
longg and 500 m wide. Site Pantano de Monica 2 is from a small swamp 
whichwhich covers an area of 75 x 100 m. This second site is about 1000 m dis-
tancee from the Pantano de Monica 1 site. The third site, Pantano de Monica 
3,, is a forested area, located between the large and small swamps at about 
5000 m distance from both Pantano de Monica 1 and 2 sites. 

Thee annual fluctuations of the water level of the Rio Caqueta at 
Araracuaraa are about 6 to 9 m (data from HIMAT, Duivenvoorden and Lips 
1995).. The studied sites on the low terraces are about 10 to 15 m above the 
loww water level of the Rio Caqueta, and neither are inundated during high 
standss of the river. The lower terraces in the Rio Caqueta valley are com-
posedd of sandy and gravely sediments and include some organic-rich lev-
els.. Radiocarbon dates of organic deposits suggest Middle Pleniglacial ages 
(60,0000 - 27,000 BP) (Van der Hammen et al, 1992a). 

2.2.22 Vegetation 

Thee predominant vegetation in the central part of Colombian Amazonia is 
dense,, tall tropical rain forest, except for some smaller areas on sandstone 
plateaus,, e.g. locations west of Araracuara, where savanna prevails for 
edaphicc reasons. A detailed vegetation survey and mapping of the middle 
Caquetaa region, which includes our study area of Pantano de Monica, have 
beenn carried out by Duivenvoorden and Lips (1993,1995) and Urrego (1994/ 
1997).. For the middle Caqueta area Duivenvoorden and Lips distinguished 

28 8 



LATEE QUATERNARY POLLEN RECORDS FROM THE MIDDLE CAQUETA RIVER BASIN IN CENTRAL COLOMBIAN AMAZON 

Araracuara a 

^^Z^Caquet aa Rive r 
Penaa Roja 

Pantan oo de Monic a 

Lo ww Terrace s 

FIGURAA  2.1 Map showing the geographical location of sites Pantano de Monica 1, 2, and 3 in 

Colombiaa Amazonas and other mentioned sites at the Rio Caqueta river basin. The 

geomorphologicall situation of the region is based on the map by Duivenvoorden and Lips (1993). 
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222 different vegetation types, corresponding to different substrates that 
rangee from well drained soils of flood plains (varzea, seasonally inundated 
areas),, to upland systems (low terraces, high terraces and terra firme), to 
poorlyy drained soils (such as cut off channels or swamps), and to podzolised 
soils.. Taxonomie and ecological studies of the Arecaceae (Palmae) and 
Euphorbiaceaee family in the Araracuara region were undertaken by 
Galeanoo (1992) and Aldana and Rosselli (1995), respectively. 

Thee study area (Fig. 2.1) is located on the lower terraces of the Rio 
Caqueta,, with both well drained and poorly drained areas. In the central 
partt of the large swamp of site Pantano de Monica 1 dense stands of 5-8 m 
talll  trees, primarily Clusia sp. and a few other tree species, prevail. Also a 
feww palm trees of Mauritia grow in this swamp. This apparently water 
loggedd swamp has many patches of open water and moss posters. A com-
pactt root mat is formed primarily by Clusia sp. and a few other small trees. 
Thiss mat probably moves up and down during low and high water stands, 
respectively.. The small swampy area including the site, Pantano de Monica 
22 is from a less water logged swamp and is covered by c.10 m tall trees, 
mainlyy from the Fabales families. Site Pantano de Monica 3 is located in a 
smalll  shallow basin between both swamps and covered by 20 to 30 m tall 
trees.. The palm tree Euterpe is frequent at this site. 

2.2.33 Climate 

Climaticc conditions recorded in Araracuara, about 25 km northeast of Pantano 
dee Monica, shows a permanent humid tropical climate without seasonally 
dryy periods (data from HIMAT; after Duivenvoorden and Lips 1995). The 
meann annual temperature is 25.7°C and the annual rainfall is 3060 mm. The 
periodd between December and February is slightly drier. Climate diagrams 
fromm central Colombian Amazonia (Juaretê, Taracua and Uaupés) indicate 
similarr climatic conditions with high annual precipitation rates and no dry 
seasonn (Walter and Lieth, 1967). 
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2.33 METHODS AND MATERIAL 

2.3.11 Samplin g and polle n analysi s 

Thee three cores were hand-drilled with a 25-mm diameter Dachnowsky 
sampler.. Core Pantano de Monica 1, from the central part of the large 
swampp area, represents the interval from 182 to 271 cm below the surface. 
Thee upper 182 cm contained mainly roots, very soft and fine detritus mud, 
andd water, and could not be recovered. Core Pantano de Monica 2, from 
thee small swamp, includes the uppermost 85 cm of the swamp. Core 
Pantanoo de Monica 3, from the forested area, starts at the surface and is 90 
cmm long. 

Thee cores were recovered in 25 cm long sections, wrapped in plastic 
foill  and protected during transportation by PVC pipe. Several modern 
pollenn rain samples, from moss polsters and organic-rich surface samples, 
weree collected within approximately 10 m distance of the bore holes and 
storedd in plastic bags. In the laboratory all samples were stored under dark 
andd cold (4°C) conditions. For time control 1 cm-thick bulk sediment 
sampless were taken from the cores for Accelerator Mass Spectrometry 
(AMS)) radiocarbon dating at Utrecht University (Van der Borg et al, 1987). 
Forr pollen analysis, samples of 0.5 cm3 were taken at short intervals along 
thee profile, mostly at 2-5 cm distance. 

Sampless were prepared for pollen analysis using the standard treat-
mentt of sodium pyrophosphate, acetolysis mixture, and heavy liquid sepa-
rationn by bromoform (Faegri and Iversen, 1989). Pollen preparation in-
cludedd addition of tablets with exotic Lycopodium spores to calculate the 
pollenn concentration (grains/cm3) and pollen influx (grains cm2 yr1). Pol-
lenn counts averaged a minimum of 300 pollen grains, excluding pollen of 
aquatics,, and spores of ferns, mosses and fungi. Light grey clay deposits 
beloww 234 cm, 66 cm, and 58 cm core depth at sites Pantano de Monica 1,2 
andd 3, respectively, did not contain sufficient pollen grains for a statistical 
count,, or were poorly preserved. For pollen identification we used the 
referencee collection of the Hugo de Vries Laboratory as well as pollen 
morphologicall  descriptions and illustrations published by Behling (1993), 
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Herreraa and Urrego (1996), Hooghiemstra (1984), and Roubik and Moreno 
(1991).. The software TILIA and TILIAGRAPH was used to plot the pollen 
diagramss and CONISS for cluster analysis of the pollen spectra (Grimm, 
1987).. The pollen percentage diagrams from the surface samples and the 
coress represent the most frequent individual pollen and spore taxa. The 
summaryy diagrams group the taxa according to ecological considerations 
andd also give information on pollen counted per sample, pollen concen-
trationn and pollen influx, as well as the cluster analysis dendrogram. 

2.3.22 Stratigraph y 

PantanoPantano de Monica 1 (large swamp forest) 

Nott recovered: 

00 - 20 cm 

200 - 60 cm 

60-- -130 cm 

-130-- -160 cm 

-160-1822 cm 

waterr or mosses 

roott mat with some plant remains 

waterr and/or very soft mud 

roott and wood deposits 

veryy soft organic material 

Recovered: : 

1822 -187 cm brown, decomposed soft organic material with plant 

remainss (fragments of wood, leaves and roots) 

1877 -197 cm brown - grey, decomposed organic material, somewhat 

clayey,, some plant remains 

197-2155 cm like 182 - 187 cm 

2155 - 235 cm grey, compact clay with some plant remains 

2355 - 243 cm light grey, compact clay with less plant remains 

2433 - 271 cm light grey, very compact sandy clay with a few roots 

2711 - sandy subsurface 

PantanoPantano de Monica 2 (small swamp forest) 

00 - 22 cm 

222 - 33 cm 

darkk brown, decomposed soft organic material with plant 

remainss (fragments of wood, leaves and roots) 

brownn clayey medium compact organic material, very fine 

plantt remains 
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333 - 46 cm light brown clay, compact, somewhat organic material, 

moree or less no plant remains 

466 - 63 cm grey clay, very compact 

633 - 69 cm light brown clay, compact, somewhat organic 

699 - 85 cm light grey clay 

PantanoPantano de Monica 3 (forested swamp) 

00 -14 cm dark brown, decomposed soft organic material with plant 

remainss (fragments of wood, leaves and roots) 

14-211 cm transition to 

211 - 35 cm brown clayey medium compact organic material, very small 

plantt remains 

355 - 57 cm light brown clay, compact, somewhat organic material, 

plantt remains rare 

577 - 67 cm grey clay very compact 

677 - 90 cm light grey clay 

2.4.. RESULTS 

2.4.11 Chronolog y and polle n zones 

AMSS radiocarbon ages are shown in Table 2.1. In evaluating the ages of the 
organicc rich sediments of Pantano de Monica one has to consider that mod-
ernn carbon, in form of roots and rootlets, reach deep into the deposits. Roots 
andd rootlets, probably of Clusia sp., were still observed in the lowermost 
partt of core Pantano de Monica 1. The recovered deposits at sites Pantano 
dee Monica 2 and 3 are not very deep and roots from modern vegetation can 
reachh to the bottom of these cores. Carbon originating from the decomposi-
tiontion of modern rootlets may cause errors in the radiocarbon ages. 

Thee 4 AMS radiocarbon dates of core Pantano de Monica 1 indicate 
thee deposits are of early and middle Holocene age. An age of 9 BP 
att 197 cm core depth, and 0 BP at 215 cm core depth suggests that 
thee age of 0 BP at 235 cm depth is too young. Excluding the date of 
2355 cm depth from the age calculations, the extrapolated age at 234 cm is 
11,1500 BP The top of the core, at 182 cm depth, is calculated 4730 BP 
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Lab.. numbe r Depth (cm) HC yr B.P.M3C/12C r. Calibrate d Age (cal BC) 

Pantanoo de Mónic a 1 

UtC-49433 187 4855  38 -30.6 3629-3633 

UtC-49444 197 8363  49 -30.6 7484 - 7451, 7449 - 7414 

UtC-49455 215 9720 + 70 -29.8 9040-8940 

UtC-49466 235 7260  60 -30.0 6165-6132,6129-6000 

Pantanoo de Monic a 2 

UtC-49400 33 3710 0 -30.8 2180-2165,2143-2025, 

19988 - 1984 

UtC-49411 46 2900 0 -31.2 1153-1148,1130-998 

UtC-49422 69 4010 0 -30.4 2577-2463 

Pantanoo de Monic a 3 

UtC-4947 7 

UtC-4948 8 

UtC-4949 9 

21 1 

34 4 

57 7 

 C-13 adjusted 

1833  33 

17666 5 

32000 0 

-29.2 2 

-30.3 3 

-31.1 1 

call AD 1667- 1686, 1738-1789, 

17911 - 1810,1929- 1952 

call AD 233-341,366-371 

2116-2086,2040-1941 1 

TABLEE 2.1. List of AMS radiocarbon dates of samples of the Pantano de Monica cores 

Thee 3 AMS radiocarbon dates of core Pantano de Monica 2 indicate the 
depositss are of late Holocene age. Comparing the age of 0 BP at 69 
cmm depth, and 3710 0 BP at 33 cm depth, the age of 2900 0 BP at 46 cm 
depthh is probably too young, or the core is slightly disturbed in this interval. 
Therefore,, the date of 2900 0 BP has been excluded from the age calcula-
tions.. The pollen record starts at 66 cm depth, with an interpolated age of 
39800 BE The upper 32 cm of the core accumulated during the last 3700 years, 
butt it cannot be excluded that deposits are missing. 

Thee pollen record of core Pantano de Monica 3 starts at 58 cm depth; 
33 AMS radiocarbon dates, indicate that these deposits represent the last 
32600 years. 
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Basedd on the downcore changes in pollen assemblages, which are illus-
tratedd by the dendrogram of cluster analysis, there are 3 pollen zones in record 
Pantanoo de Monica 1 (zones Ml-I to M1-IÏÏ) , 4 pollen zones in record Pantano 
dee Monica 2 (zones M2-I to M2-IV), and 4 pollen zones in record Pantano de 
Monicaa 3 (zones M3-I to M3-IV). Core depths, age calculations and number of 
pollenn samples are shown for each core and zone in Table 2.2. As the three 
coress represent different age intervals, there is no overlap between the pollen 
zoness except for the uppermost part of core Pantano de Monica 2 (Zone M2-
IV)) with core Pantano de Monica 3 (Zone M3-IV to M3-I). 

Zone e Depthh (cm) Age Range (14C yr B.P.) No. of Samples 

Pantanoo de Monic a 1 

Zonee MM 234-215 11,150-9720 

ZoneMMII 215-193 9720-6960 

Zonee M1-III 193 -182 6960 - 4730 

Pantanoo de Monic a 2 

Zonee M2-I 66 - 52.5 

ZoneM2-lll 52.5-35.5 

ZoneM2-llll 35.5-27.5 

Zonee M2-IV 27.5-0 

39800 - 3880 

38800 - 3740 

37400 - 3080 

30800 - ? -modern 

Pantanoo de Monic a 3 

Zonee M3-I 58 - 45 

Zonee M3-II 45 - 33 

Zonee M3-III 33 - 20 

Zonee M3-IV 20 - 0 

32600 - 2450 

2450-1640 0 

1640-180 0 

1800 - modern 

Tablee 2.2. Pollen zones of Pantano de Monica, including depths, age calculations and number of 

pollenn samples for each pollen zone. 
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2.4.22 Modern polte n rain data fro m Pantano de 

Monic aa 1, 2 and 3 

Pollenn assemblages in surface samples collected a few meters distance from 
thee three core locations are shown in the percentage diagram (Fig. 2.2). 
Sampless 1-5 are from Pantano de Monica 1 (large swamp), numbers 6-10 
aree from Pantano de Monica 2 (small swamp), and numbers 11-15 are from 
Pantanoo de Monica 3 (forest). 

Sampless from site 1 are characterised by high percentages of Clusia 
pollenn (30-60%), followed by high values of Fabales I and II, Moraceae/ 
Urticaceae,, Maunta-type, Euterpe/Geonoma-type and many other taxa which 
occurr occasionally with low percentages. Pollen grains of herbs and fern 
sporesspores are low in numbers. 

Inn site Pantano de Monica 2 modern pollen rain is dominated by 
Fabaless I and II (each 20-40%), followed by Moraceae/Urticaceae, Psychotria, 
Euterpe/Geonoma-typeEuterpe/Geonoma-type and many other types which occur occasionally with 
loww values. 

Modernn pollen spectra from site Pantano de Monica 3 show high per-
centagess of Euterpe/Geonoma-type (30-75%), lower percentages of Fabales I and 
II ,, Moraceae/Urticaceae, Virola, Mauritia-type, and further a number of taxa 
whichh occur occasionally with low percentages. Fern spores are slightly more 
frequentt than in the surface samples of sites 1 and 2. 

2.4.33 Descriptio n of the polle n diagram s 

2.4.3.11 POLLEN DIAGRAM SITE PANTANO DE MONICA 1 

Pollenn diagram Pantano de Monica 1 (Figs. 2.3a and 2.3b) represents the 
periodd from 11,150 (extrapolated age) to 4730 BP and shows the 3 pollen 
zoneszones Ml-I , Ml-II , and Ml-II I (Table 2.2). Fig. 2.3a illustrates the most im-
portantt pollen and spore taxa out of about 150 different types identified. 
Pollenn concentration and pollen influx is very low in zone Ml-I but mark-
edlyy higher in the upper part of the core. 
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Characteristicc for the diagram is the high representation of pollen of 
Mauritia-typeMauritia-type (25-50%) throughout the core. Pollen of other palm taxa 
occurr in low numbers/ but the Euterpe/Geonoma-type increases at the end 
off  zone Ml-II , and pollen of Iriartea at the beginning of zone Ml-III . High 
percentagess of the group including trees, shrubs, climbers and epiphytes 
(30-55%)) also characterise the three pollen zones. In all zones occur pol-
lenn of taxa such as Melastomataceae/Combretaceae, Fabales (other), 
Moraceae/Urticaceae,, Sapotaceae, Alchornea, and many other arboreal taxa 
withh percentages below 1% such as Malpighiaceae, Symphonia, 
Doliocarpus. Doliocarpus. 

Certainn taxa have their highest representation in different zones: 
Posoqueria-type,Posoqueria-type, Rubiaceae (unknown), and Ilex primarily in the upper part 
off  zone Ml-I ; Casearia sylvestris-type, Myrtaceae, Menispermaceae, 
PodocarpusPodocarpus (maximally 2.6%) in the lower part of zone Ml-II ; Protium, 
Scleronema,Scleronema, Virola in the upper part of zone Ml-II ; Moraceae/Urticaceae, 
Sapotaceaee I-III , Fabales (other), Anacardiaceae, and Clusia in zone Ml-III . 
Somee taxa are absent in specific zones: Posoqueria-type and Rubiaceae (un-
known)) in zones Ml- I and Ml-II , and Podocarpus and Casearia sylvestris-
typee in zone MI-HI . Pollen grains of herbs are represented in trace amounts, 
exceptt for zone Ml-I where Poaceae, Asteraceae and Borreria together reach 
percentagess up to 5 %. Pollen grains of Andean taxa, such as Myrica and 
Symplocos,Symplocos, are only represented by single grains. Pollen of aquatic taxa, 
representedd by Cyperaceae, Sagittaria and Utricularia, are rare. Fern spores 
occurr in moderate percentages, but trilete psilate spores and spores of Ly-
copodiumcopodium curvatum-type are most frequent in zone Ml-I . 

2A.3.22A.3.2 POLLEN DIAGRAM PANTANO DE MONICA 2 

Pollenn diagram of site Pantano de Monica 2 (Figs 2.4a and 2.4b) represents 
thee period from 3980 BP to present-day, but it is possible that there are 
somee gaps in the upper part of the record. The diagram shows four pollen 
zones,, M2-I to M2-IV (Table 2.2). Fig. 2.4a shows the most important pol-
lenn and spore taxa. Downcore pollen concentration values are relatively 
constant,, except for two samples in zone M2-II. The pollen influx is very 
loww in the upper part compared to the lower part of the core. 
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Thee pollen record of site Pantano de Monica 2 is marked by high per-
centagess of the group of trees, shrubs, climbers and epiphytes (mostly 75-
95%),, and a lower representation of the group of palms (mostly 5-20%). 
Pollenn grains of Mauritia-type and Euterpe/Geonoma-type are well repre-
sented,, whereas Mauritiella-type, Socratea, Astrocarium, and Iriartea occur 
inn low percentages only (< 1%). One sample in zone M2-IÏÏ shows 35% of 
thee Euterpe/Geonoma-type. Pollen grains of other forest taxa are abundant 
includingg Fabales I and II; or are moderately represented including 
Moraceae/Urticaceae,, Melastomataceae/Combretaceae, Psychotria, or rep-
resentedd with low values such as Alchornea, Myrtaceae, Malpighiaceae, 
Vismia,Vismia, Clusia, and Virola. Many other taxa only occur as single grains. In 
thiss second site, forest taxa show strong fluctuations: Caryocar and Protium 
havee high percentages in zones M2-I and M2-III and low values in zones 
M2-III  and M2-IV Fabales I and Cecropia show highest percentages in the 
lowerr part of zone M2-II and Psychotria in the upper part of this zone. 
Pollenn grains of Ilex are more frequent in the lower part of zone M2-Ptf 
Moraceae/Urticaceaee pollen show highest frequencies in the upper part of 
zonee M2-ÏV Herb pollen (Poaceae, Asteraceae, Borreria) and pollen grains 
off  aquatic taxa (Cyperaceae) are very rare in the pollen assemblages. Fern 
sporess are common in all zones. In the lower part of the core Selaginella is 
lesss frequent than in the upper part. Percentages of moss spores are higher 
inn zone M2-II than in other zones. Fungal spores are rare but their abun-
dancee increases markedly in zone M2-rV. 

2.4.3.3.2.4.3.3. POLLEN DIAGRAM PANTANO DE MONICA 3 

Thee pollen diagram of site Pantano de Monica 3 (Figs 2.5a and 2.5b) repre-
sentss the period of the last 3260 years and shows four pollen zones M3-I to 
M3-WW (Table 2.2). The percentage diagram illustrates the most important 
pollenn and spore taxa. Downcore values of pollen concentration and pol-
lenn influx are relatively constant but increase markedly in the upper part 
off  the core (zone M3-FV). 

Thee pollen record is characterised by a gradual increase in palms, 
mainlyy pollen of Euterpe/Geonoma-type which increases from 5% at the base 
too 40% at the core-surface. Pollen grains of Mauritia-type and MauritieUa-
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typee are represented in low percentages. Pollen grains of Astrocarium, 
SocrateaSocratea and Iriartea are found in trace amounts, except for slightly higher 
numberss of Astrocarium in zones M3-I and M3-IÏ. The contribution of the 
groupp of trees, shrubs, climbers, and epiphytes decreases from 91% at the 
basee to 44% at the core-surface. Throughout the 4 zones the most domi-
nantt taxa in this group are pollen of Fabales I and II, followed by Moraceae/ 
Urticaceae,, Desmodium-type, Protium, Melastomataceae/Combretaceae, Ilex, 
Menispermaceae,, Psychotria, and many other taxa which occur occasion-
allyy with lower percentages. Some taxa are stronger represented in differ-
entt zones: Fabales I and II, Malpighiaceae, Protium, Guarea-type mainly in 
zonee M3-I; Moraceae/Urticaceae, Banara/Xylosma-type, and Ilex mainly in 
zonee M3-II; Psychotria, Vismia, Spondias-type mainly in zone M3-III ; Virola, 
Apocynaceae,, and Maripa-type mainly in zone M3-IV. Rubiaceae and Ce-
cropiacropia are more frequent in zones M3-I and M3-II than in the upper two 
zones.. Pollen grains of herbs (Poaceae, Asteraceae) and aquatics 
(Cyperaceae,, Sagittaria) occur only as single grains in the pollen assem-
blages.. Fern spores are frequent in zone M3-I, very rare in zone M3-II, and 
moree frequent again in zones M3-III and M3~rV Moss spores are generally 
raree but are best represented in zone M3-III . A gradual and significant 
increasee of fungal spores is noted from zone M3-II to the top of the core. 

2.5.. VEGETATION DEVELOPMENT, PALEOENVIRONMENTA L 
RECONSTRUCTIONN AND DISCUSSION 

Thee pollen records present tropical rain forest and swamp vegetation on 
thee lower terraces of the Rio Caqueta river basin and show vegetational and 
environmentall  change during Late Glacial and Holocene times. Opportu-
nitiess to compare these three sites are limited because of the different mod-
ernn vegetational settings and the mostly non overlapping time intervals 
(Tablee 2.2). The modern pollen rain reflects quite accurately the differences 
inn the modern vegetation at the three sites, such as the abundance of Clusia 
inn the large swamp area of site Pantano de Monica 1, different species of 
Fabaless around the small swamp of site Pantano de Monica 2, and the high 
frequencyy of Euterpe in the forest of site Pantano de Monica 3. 
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2.5.1.2.5.1. Late Glacial  to  mid-Holocene:  site  Pantano  de Monica  1 

Modernn pollen rain spectra from site Pantano de Monica 1 (samples 1-5 in 
Fig.. 2.2) differ markedly from the fossil pollen record during the period of 
11,5000 to 4730 BP (Fig. 2.3a) which suggests different vegetational condi-
tionss in the swamp. The modern Clusia dominated vegetation did not oc-
curr during that period. This implies the Clusia dominated swamp vegeta-
tionn is locally not older than 4700 years. During the recorded period the 
sitee was a Mauritia-swamp. Many forest taxa are better represented in the 
pollenn record than in the modern pollen rain, which suggests that the rain 
forestt vegetation was closer to the site than nowadays. The floral compo-
sitionn and environmental setting suggest that the swamp represented in 
thee pollen record was less water-logged and smaller than today. This indi-
catess that the lower terraces in the Rio Caqueta river basin were better 
drainedd than today, either related to a better drainage system or a drier 
climate.. Lower high water levels of the Rio Caqueta as a result of enhanced 
seasonalityy (longer or more intense dry periods), or on the average lower 
annuall  rainfall rates in central Colombian Amazonas, may have occurred 
duringg that time. 

Ourr pollen data do not show any evidence that the early stage of this 
swampp was related to a meander system of Rio Caqueta, or that the site 
wass seasonally inundated. The few recovered pollen grains of taxa from 
thee mountain forest (Andean forest belt, at present occurring from 2300 to 
32000 m elevation), such as Weinmannia and Myrica (not shown in the dia-
grams),, were probably transported by wind and not by the river. 

Downcoree changes in the pollen assemblages of core Pantano de 
Monicaa 1 reflect changes in the floral composition of the rain forest. The 
genuss Posoqueria, mid-canopy trees of moist forests (Gentry, 1993), and an 
unknownn Rubiaceae-type were only found during the Late Glacial (zone 
Ml-I) .. Ilex was more frequent in the Late Glacial rain forest, but the paleo-
ecologicall  significance of this tree taxon is still unclear. The slightly higher 
presencee of herbs in zone Ml- I (Borreria is indicative of open forest areas, 
Croatt 1978; Cleef et al.,1993), may suggest presence of areas with an open 
canopyy at that time near this site. 
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Duringg the period represented in the lower part of zone Ml-II , the 
pollenn type of Casearia sylvestris, possibly reflecting the tree Casearia sylvestris 
itself,, was abundant in the forest. Casearia sylvestris is a 2-10 m tall shrub or 
smalll  tree especially frequent in young forests (Croat, 1978). Scleronema 
(largee trees of the Bombacaceae family; Gentry, 1993), Protium (frequent 
onn well drained upland sites; Duivenvoorden and Lips, 1995) and Virola 
(especiallyy frequent in older forests and well drained upland sites; 
Duivenvoordenn and Lips, 1995; Gentry, 1993) were common in the rain 
forestt during the early Holocene (upper part of zone Ml-II) . These vegeta-
tionall  changes at the transition from zone Ml- I to Ml-I I (which might re-
flectt the Late Glacial/Holocene transition), and also during the period of 
zonee Ml-I I (c. 9700 to 8300 BP), suggest successional stages of the rain 
forestt composition. These changes may be caused by climatic change as 
welll  as by changes in the drainage system of this area. The changes in 
florall  composition documented at the transition from zone Ml-I I to Ml-II I 
(increasedd presence of the palms Euterpe/Geonoma-type, Iriartea, and 
Moraceae/Urticaceae,, Sapotaceae, Anacardiaceae and Clusia) are difficult 
too interpret. 

2.5.1.1.2.5.1.1. PODOCARPUS POLLEN GRAINS IN THE RECORD OF PANTANO DE MONICA 1 

Thee presence of pollen grains of the conifer Podocarpus in low amounts 
(<1%)) in zone Ml- I and up to 2.6% in the lowerr part of zone Ml-I I needs 
somee discussion. The calculated pollen influx for 8 grains in the sample at 
2122 cm depth (= 2.6% of the total pollen sum) is 78 grains cm2 yr1. 
PodocarpusPodocarpus pollen can be transported from their main distribution region 
inn the upper mountain forest of the Andes (Torres-Romero, 1988) by wind 
overr long distances, but the number of transported grains is very low. For 
instancee pollen samples of the site Laguna Angel in the Llanos Orientales, 
6000 km north from Pantano de Monica, contain only a few grains (not 
moree than 1 grain in each fifth sample) during the Holocene (Behling and 
Hooghiemstra,, 1998). The calculated pollen influx in the 5 samples which 
containedd Podocarpus is only between 0.1 and 3.7 grains cm2 yr1 (average 
iss 2.2). Laguna Angel is about 300 km distant from the Andes and Pantano 
dee Monica about 500 km. During the late Holocene part of our records 
(Pantanoo de Monica 2 and 3) no Podocarpus grains have been found; only 
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onee grain was found in the surface samples (sample no. 3). For compari-
son,, modern pollen rain studies in the Atlantic lowland rain forest in south-
ernn Brazil, from a one hectare plot on which four Podocarpus trees occurred, 
registeredd an influx value of 102 grains cm'2 yr1 (Behling et ah, 1997). 

Alll  these data and comparisons support that in the past Podocarpus may 
havee occurred in the study region. Podocarpus trees may have rarely grown 
onn the slopes of the higher terraces at that time at some 100 m distance from 
thee site. The occurrence of Podocarpus in the Amazonian lowlands during 
glaciall  times has also been interpreted as evidence for cooling, e.g. in core 
Morroo do Seis Lagos (near Pico da Neblina) and Lagoa da Curuca (near the 
Amazonn mouth) in Brazil (Colinvaux et ah, 1996; Behling, 1996). 

2.5.2.2.5.2. Mid-Holocene  to  Recent  time:  sites  Pantano  de Monica 

22 and 3 

Thee pollen assemblages of the uppermost parts of cores Pantano de Monica 
22 and 3 are quite similar to the assemblages of the modern pollen rain at 
thesee two sites. This indicates that modern conditions prevailed during 
depositionn in the top parts of both cores. The radiocarbon dates of core 
Pantanoo de Monica 2 (Table 2.1) probably point to sedimentary hiatuses in 
thee upper part of the core, or the presence of disturbances in this record. 

Thee pollen record from the small swamp Pantano de Monica 2 starts at 
40000 BP and reflects changes in the floral composition of the rain forest. The 
markedd presence of both Protium and Caryocar trees, which grow primarily 
inn well drained upland sites (Duivenvoorden and lips, 1995), point to well 
drainedd conditions in the area at the beginning of the record. The site expe-
riencedd vegetatjonal disturbance at the transition from zone M2-I and M2-
n,, around 3000 BP, as indicated by the increased presence of the coloning 
taxonn Cecropia. The high presence of Psychotrk, represented by shrubs and 
smalll  trees of especially primary forest (Duivenvoorden and Lips, 1995), 
suggestss a quick recovery of the forest (perhaps within 50 years, as far as the 
radiocarbonn dates may allow this calculation). The rare presence of the taxa 
ProtiumProtium and Caryocar, may reflect poor drainage of the lower terrace area 
wheree the small swamp developed, probably within the last 3000 years (zone 
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M2-IV).. A definite age cannot be calculated for the first development be-
causee of possible sedimentary gaps during that time. 

Thee record of site Pantano de Monica 3, from the wet forest area in 
betweenn both swamps (Fig. 2.1), probably completely covers the last 3260 
years.. The continuously increasing presence of palms, probably Euterpe, 
inn the rain forest at this site is conspicuous. Euterpe can grow under differ-
entt conditions, including alluvial flood plains (Galeano, 1992). The Euterpe 
recordd may be interpreted as a change during the late Holocene from well 
drainedd conditions to poorly drained conditions on the lower terrace. Stron-
gerr human impact in this region may also be an explanation for the in-
creasee of palm trees. Abundance of different palm taxa during the late 
Holocene,, related to human activity and/or wetter climatic conditions, is 
knownn from other neotropical sites (Balée, 1988; Behling and Costa, 1997; 
Behlingg and Hooghiemstra, 1998). 

2.6.. COMPARISON TO OTHER RECORDS IN 
NORTHWESTERNN SOUTH AMERICA 

2.6.1.2.6.1. Central  Colombian  Amazon  (middle  Caqueta  river  area) 

Twoo cores from Mariname island (c. 0°44' S, 72"04' W), located in the Caqueta 
Riverr bed (5-6 km south of Pantano de Monica) and three cores from Quinché 
areaa (c. 0°53* S, 71°51' W) in the Caqueté River valley (30 km southeast of 
Pantanoo de Monica) have been studied by Urrego (1991,1994/1997). These 
floodd plain sites are frequently inundated which contrasts the Pantano de 
Monicaa sites on lower terraces which are not inundated. The modern veg-
etationn at these five sites consist of Mauritia swamps, which is different from 
thee Pantano de Monica sites. Two cores from site Mariname represent the 
lastt c. 10,000 years (extrapolated), and the three cores from Quinché contain 
depositss from the early Holocene (c. 10,000-8000 BP) and from the late Ho-
locenee (c. 4000 BP (extrapolated) to the present). Sedimentation rates and 
pollenn changes have been interpreted as follows. Between c.10,000 and 9000 
BPP open water conditions prevailed and the Caqueté River valley was per-
manentlyy inundated with rapid sedimentation of clay, suggesting relatively 
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wett climatic conditions. Around 9000 BP lower water levels with a decreased 
sedimentationn rate are probably related to a drier climate. Cecropia forest de-
velopedd on the open flood plains. This period is followed by seasonally inun-
datedd varzea forest until 6500 on one site and until 4500 BP on a second site on 
Marinamee Island growing under relatively dry conditions. After 4500 BP the 
sitess on the island became less influenced by direct river flooding and a Mauritia 
swampp developed. The records from Quinché show a similar succession dur-
ingg the late Holocene: here Mauritia swamps are only found during the last 
10000 or 700 years. Urrego concluded that the documented river dynamics in 
thee study area is at least partly influenced by climatic change. 

Severall  Late Quaternary sediment sequences in the middle Rio Caquetó 
valleyy have been studied by Van der Hammen et al, (1992a, 1992b). They 
concludedd that the depositional and erosional history is related to climate 
change.. Gaps in the deposits of organic material during the Upper Pleniglacial 
(fromm c. 27,000 to 13,000 BP) are interpreted as related to a dry climatic pe-
riod.. Sediment deposition starts at the beginning of the Late Glacial (c. 13,000 
BP),, suggesting a wetter climate. Sandy deposits at the base of the Holocene 
suggestt open water conditions. Later the sediment characteristics suggest 
seasonall  inundations. Finally, most of the early Holocene deposits may have 
beenn removed by river erosion. The major part of the deposits are younger 
thann c. 3500 years. Van der Hammen et al, (1992b) concluded that deposition 
off  more organic rich sediments in the Rio Caqueta area during the early 
Holocenee was the result of a reduced river discharge, suggesting drier con-
ditionss during the intervals of c. 3800-3200 BP and 2700-1900 BR 

Inn general, lower water levels in the Caqueta River during the early 
Holocene,, fit quite well the paleoenvironmental conclusions from Pantano 
dee Monica 1. A drier climate, corresponding to well drained conditions on 
thee lower terraces from 3800-3200 BF, is supported by the record of Pantano 
dee Monica 2, although the dry period of 2700-1900 BP was not found. 

2.6.2.. Llanos  Orientates  in  Colombia 

Evidencee of drier climatic conditions during full glacial times and during 
thee early Holocene at and wetter climates during the Late Glacial-Holocene 
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transitionn and the late Holocene periods, come from the studies in the 
Colombiann savanna region of the Llanos Orientales (Behling and 
Hooghiemstra,, 1998 and 1999) about 600 km north of Pantano de Monica. 
Changess to wetter conditions were observed at several sites starting at 
aboutt 5000 BP and about 3800 BP These results support the interpretation 
off  the records from Pantano de Monica that changes in the middle Caqueta 
riverriver area are primarily forced by climate. 

2.6.3.2.6.3. Ecuador 

Mostt of the pollen records from western Amazonia are from Ecuadorian 
lakess along the foothills of the eastern Andes (500-700 km west to south-
westt of Pantano de Monica) and represent the late Holocene. Only the 
roadd cut sites Mera (1°29' S, 77°06' W, 1100 m elevation, c. 31,000-c. 34,000 
BP)) and San Juan Bosco (3'03' S, 78*27' W, 970 m elevation, 26,000 - >31,000 
BP)) represent records of Middle Pleniglacial age (Bush et al, 1990). The 
pollenn records of these two sites show a significant presence of mountain 
taxaa (e.g. Alnus, Podocarpus), suggesting a cooling of c. 7.5 °C below present. 

Thee 7000 BP pollen record from Lake Ayauchi (2'5' S, 78T W, at c. 500 
mm elevation) reflects Holocene Amazon rain forest history. The interval 
betweenn from c. 4200-3150 BP has been interpreted as a dry period. 

Thee record of site Lago Kumpaka (3°02' S, 7749' W, 700 m elevation) repre-
sentss the environmental history of a perturbed rain forest since the last 5200 
years.. The periods of 4300-3800 BP and 1500-800 BP have been interpreted as 
drierr with more seasonal precipitation (Liu and Colinvaux, 1988). 

Thee record of lake Anangucocha (0'32' S, 76"27' W, 300 elevation) rep-
resentss the last 3100 years (Frost, 1988). Three distinct intervals could be 
recognized:: a Mauritia palm swamp (3100-1300 BP), a regional flooding 
withh the destruction of the Mauritia swamp (1300-800 BP), and a lake pe-
riodriod (800 BP to the present). These changes have been interpreted as cli-
maticc fluctuations from a dry period to wetter climatic conditions. 

Threee lakes at about 300 m elevation have been studied by Colinvaux 
etet al, (1988): Limonococha (0*24' S, 76°38' W), Lago Agrio (0'07' N, 76°55' W), 
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andd Lago Santa Cecilia (0*04' N, 77*01' W). Sediment records, which extend 
backk as far as 800 and 1230 years, show flood deposits between 1300-800 
BPP overlain by lake deposits of the last 800 years. Pollen assemblages indi-
catee disturbance during the recorded periods. 

2.7.. CONCLUSIONS 

Inn summary, the records from the sites Pantano de Monica 1,2 and 3 show 
thatt the swamp and rain forest environments were not stable during the 
Latee Glacial and Holocene. This is also documented in the few other Ama-
zoniann lowland pollen records. The Late Glacial occurrence of Podocarpus 
inn the middle Rio Caqueté region is evidence for different floral composi-
tionn of the rain forest compared to today. Presence of this conifer suggests 
aa marked cooling in the tropical lowlands, as reported from other pollen 
sitess and may also indicate that zone Ml-I is still a part of the Late Glacial. 
Severall  studies suggest a cooling between 5 and 7°C in the neotropical 
lowlandss during glacial times (e.g. Bush et ah, 1990; Stute et al., 1995; 
Colinvauxx et at, 1996; Behling and Lichte; 1997) and cooling is also ac-
ceptedd by advocates of the forest refugia hypothesis (e.g. Van der Hammen 
andd Absy, 1994). 

Inn general, during the Late Glacial and early Holocene the lower ter-
racee is better drained (Pantano de Monica 1), than during the interval be-
tweenn 4000 and 3080 BP (Pantano de Monica 2), and during the last 3000 
yearss (Pantano de Monica 2 and 3). Observed changes are a result of 
changess in the drainage system of the lower terraces in the Caqueté river 
basin.. This might be a consequence of river dynamics in the valley of the 
Rioo Caqueté, as well as of climate change (less precipitation and reduced 
riverr discharge). These three sites provide insufficient evidence to evalu-
atee whether climatic change in the central Colombian Amazon was the 
majorr forcing factor for the observed dynamics. Different settings of the 
feww sites in the northwestern lowlands of South America, from which we 
knoww the paleoenvironmental and the climatic history, make an evalua-
tionn of data difficult. Most of the studied sites are located near rivers and 
mayy be influenced by river dynamics, such as changes in the meander 
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patternn or strong regional flooding. Such events may also cause local en-
vironmentall  change irrespective of climatic change. 

Comparisonn with other records which suggest that the lower water 
levelss of the Rio Caqueta during early Holocene period are the result of 
drierr climatic conditions/ may support the interpretation that the well 
drainedd lower terraces of Pantano de Monica are also the result of drier 
climates.. Also other paleoenvironmental studies of the Llanos Orientales 
(Behlingg and Hooghiemstra, 1998,1999) may suggest that climatic change 
iss a major factor to explain environmental change in the middle Caqueté 
Riverr area. 
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