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Introductio n n 

1.1.. Aim of this study 

Thee aim of this work was to improve the understanding of palaeoecological and 

palaeoclimatologicall  dynamics of the Colombian tropical lowlands (0 to 2300 m elevation), in 

orderr to evaluate the current hypothesis of climatic change between the Last Glacial 

Maximumm and today. Four sediment cores from Chocó rainforest area, Interandean valley and 

savannass of the Llanos Orientales have been therefore palynologically analysed. In addition 

thee l*C AMS wiggle match technique has been applied for the first time to a South American 

pollenn record. Based on these methodologies, late Quarternary vegetational and climatic 

changee in the three different ecosystems have been reconstructed and linked to current key 

problemss concerning the tropical lowlands of northern South America. 

1.2.. The research area 

Thee vegetational and climatic history of Colombia has been investigated for over 30 years. 

Overr the whole period palynology played a key role in providing input for palaeoecological 

reconstructions.. In northern South America most of the available palynological data originate 

fromm high altitudes (>2500 m elevation). Palaeoecological studies from the lowlands were 

rare.. In 1995 a project funded by GO A started, supervised by Prof. Hooghiemstra and carried 

outt by Dr. Behling, entitled "Paleo-ecology of 0-20 kyr tropical America based on new pollen 

recordss and integration with existant palynological data". Within this framework more than 25 

sedimentt records were cored in the lowlands of Colombia. This project also provided the 

materiall  that was studied in this project work. It was possible to develop better reconstructions 

off  the late Quaternary vegetational and climatic dynamics of the Colombian lowlands. 

Sitess from three different areas (Chocó, lower montane forest belt, Llanos Orientales) of 

Colombiaa were studied. This work brings additional facts to the understanding of 

palaeoenvironmentall  key questions specific for each region and integrates the regional 

informationn into the continental palaeoclimate reconstruction. 

I I 



Introduction n 

1.3.. The rain forest of Chocó 

1.3.1.. Geographical and climatological setting 

Thee Chocó biogeographic region (Chocó) forms the western part of Colombia. It is the coastal 

stripp between the Pacific Ocean and the Western Cordillera (ca. 100 km broad x 1000 km 

long).. To the north the Chocó extends into Panama (there it is named Darien) and to the South 

intoo Ecuador (there called Esmeraldas). The area is tectonically very active due to the 

subductionn of the Nasca plate under the South American plate and is an earthquake hot spot 

(Toközz 1987), Temperatures are stable throughout the year in the whole region with an 

averagee of ca. 25 °C. The Chocó is characterised by extremely high precipitation values of 

40000 to 12,000 mm per year. Precipitation values are highest in the north and decrease 

towardss the south. Due to the high precipitation, great parts of the Chocó area are under the 

influencee of river dynamics. Seasonality in rainfall is almost absent. The warm equatorial 

currentt crossing the Pacific from west to east brings humid air masses from the Pacific mainly 

too the southern Chocó. The northern Chocó is also influenced by a low level westerly jet 

(Chorroo del Occidente Colombiano = 'CHOCO' jet, Poveda and Mesa, 2000) coming from the 

Caribbeann over the Central American isthmus to the Chocó. Along the Cordillera clouds are 

formedd through uplift of air masses causing highest precipitation values near the Western 

Cordillera. . 

1.3.2.. Vegetation 

Alongg the tidal front mangrove forest is distributed. This belt is relatively narrow in the 

northernn parts (< 1 km) and increases towards the south up to about 30 km. The hinterland is 

coveredd with dense very humid tropical rain forest. Due to the dominant role of the river 

systems,, most of the forest communities between the coast and the Andes are adapted to 

inundation.. On the slopes of the Western Cordillera, between 1000 and 2400 m, lower 

montanee and above 2400 m upper montane forest can be found. Researchers consider the 

tropicall  rain forest in the Chocó area as an ecosystem with one of the highest biodiversity 

valuess on earth (Gentry 1986). 
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1.3.3.. Human occupation 

Evidencee for human occupation in Chocó is known from the early Holocene (10.000 C yr 

BP.. Correal Urrego 1983). The distribution of settlements was always concentrated along the 

coastt and rivers. Due to very poor soils which can be easily eroded by high precipitation, 

agriculturee plays a minor role in the Chocó region. Since the 1950's timber production is in 

additionn to fishing and oil palm plantations, one of the main sources for income for the region. 

Clearr cutting for timber production and palm plantations seriously endanger the primary 

forestss in Chocó. 

1.3.4.. Research questions 

FigureFigure 1.1. Photograph of El Caimito Lake (Southern Chocó, Colombia). 

Aimm of the multi-proxy study in Chapter 2 was to reconstruct the almost unknown 

palaeoenvironmentall  history of the southern Chocó from a sediment core of Lake El Caimito 

(Figg 1.1.). Other pollen available pollen records from this area are Jotaordó in northern Chocó 

andd Piusbi in the southern Chocó. With an integration of pollen analysis, floral composition of 

modernn floodplain forest vegetation and multivariate analysis from Piusbi. El Caimito and 

Jotaordó,, it was possible to refine the reconstruction of environmental change and to identify 

forestt dynamics in Chocó since the mid-Holocene (Chapter 3). 
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1.4.. The intermontane subandean forest belt 

1,4.11 .Geographical and climatological setting 

Thee lower montane (= subandean) forest belt is distributed from ca. 1000 to 2300 m and is 

transitionall  to tropical lowland forest (0 - 1000 m) and upper montane forest (2300 - 3400 m) 

inn the Andes. The lower and upper montane forest are the most damaged forest types in 

Colombiaa as the forest is used for timber production, cleared for cattle grazing or coffee 

plantations.. The mean annual temperature lies between ca. 20° to 15°C and strongly depends 

onn the slope position, since eastern exposed slopes are warmer than western exposed slopes in 

thee Cordilleras. Dense cloud cover reduces solar radiation input and lowers temperature. 

Today'ss temperature lapse rate lies at ca. 0.6 DC/100 m in the mountains. The mean annual 

rainfalll  in the lower montane forest belt is ca. 2100 mm and the above-mentioned cloud cover 

providess a considerable part of the precipitation. Eastern slopes of the Western and Central 

Cordilleraa lie in the rain shadow of the mountains and are drier than western slopes. The 

westernn slopes of the Western Cordillera receive the highest precipitation, with values up to 

74000 mm/yr (Mulligan and Jarvis in review). 

1.4.2.. Vegetation 

AA characteristic of the lower montane forest is the high abundance of epiphytes, ferns and 

mosses.. Due to cloud cover, epiphytes, mosses and other forest plants are able to filter water 

fromm the moist air and increase their water availability (cloud interception). Water evaporation 

decreasess with higher altitudes as a function of decreasing temperature. The mentioned water 

sensitivee plants can profit from this mechanisms. Although everywhere in Colombia stands of 

lowerr montane forest can be found in the same altitudinal range and most of the vegetational 

andd hydrological characteristics are typical for this forest type, the lower montane forest is not 

uniform.. Water availability probably is one of the main factors responsible for differences in 

speciess composition. The species composition of lower montane forest on dry (eastern 

exposed)) slopes differs from humid (western exposed) slopes. The species spectrum of a 

lowerr montane forest can vary between different regions although the physiognomy of the 

forestt is comparable. 

1.4.3.. Human occupation 

Thee altitudinal interval of the lower and upper montane forest is intensively damaged by 

humann influence. About 90% of the montane forest in the northern Andes disappeared as 

resultt of heavy settlement and coffee plantation in the Andean region between 1500 and 
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30000 m (Hamilton el al. 1995). This area is one of the longest occupied areas in Colombia. 

Fromm the first evidence of palaeoindians from the late Pleistocene (Gnecco & Mora 1997), to 

prehispanicc indian cultures, up to the present time the area was occupied by humans causing 

vegetationn damage through agriculture, cattle breeding or plantations. 

Researchh questions 

FigureFigure 1.2. Photograph of Piagua site (near Popaydn, South Colombia). 

Thee study in chapter 4 was focussed on the reconstruction of the palaeoenvironmental history 

off  the Popayan area in southern Colombia since the Last Glacial Maximum from pollen 

recordd Timbio. Another aim was to provide an integration of floristic information from 

differentt studies from that area to construct a tool for interpreting pollen records from the 

lowerr montane forest belt. The objectives in chapter 5 were to integrate all available 

palynologicall  information from the lower montane forest belt of Colombia including the new 

sitee Piagua (Fig. 1.2.) and to provide a palaeoenvironmental reconstruction. This 

reconstructionn was used to discuss palaeovegetational and palaeoclimatological questions on 

continentall  scales, for example migration of vegetation belts and changes in temperature lapse 

ratee since the LGM. 
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1.5.. The savannas of the Llanos Orientates 

1.5.11 Geographical and climatological setting 

Thee Llanos Orientales of Colombia are between 3°N and 7° N extending east of the Andes as 

aa level plain between 600 and 200 m abouve sea level. It is one of the largest savanna areas of 

Southh America. Other savannas are the Gran Sabana in southeastern Venezuela, the 

Rupununi-Rioo Branco savanna in Suriname and the Roraima-Rupununi savanna in Brazil. All 

off  these savannas have seasonal climatic conditions. Edaphic savannas with less or no 

seasonalityy also occur but are in comparison restricted to smaller areas (e.g. sandstone 

plateauss of the Amazon basin, coastal Guiana). 

Monthlyy average temperature fluctuations in the Colombian Llanos between coolest and 

warmestt months are small (about 2 °C), but daily amplitude is larger with an average 

maximumm around 30 °C during the wannest month and a daily average minimum around 20 

°CC during the coolest month (Blydenstein 1967). 

Characteristicc for the Llanos Orientates is the seasonality in precipitation. Ninety percent of 

thee total precipitation falls in the rainy season. The length of the rainy season between 

February/Aprill  and November/December can vary from 11 months in the south to about 7 

monthss in the northern Llanos Orientales. Total annual rainfall varies between about 1700 

mmm in the north and about 3000 mm in the south. Near the Cordillera under the rain catching 

influencee of the Andes, higher values can be reached. 

1.5.2.. Vegetation 

Thee variety in length of the rainy season mainly determines which savanna type occurs in the 

Llanoss Orientales. According to Behling and Hooghiemstra (2000) three main savanna types 

cann be separated in the field: 1) Savanna with scattered forest areas (dry type), 2) Savanna 

withh gradually increasing densities of shrubs, 3) Savanna trees following a gradient from dry 

throughh seasonally inundated to humid conditions (humid type). The Colombian Llanos 

Orientaless is characterised by a predominance of grass savanna with littl e presence of shrubs 

andd trees. Due to the precipitation regime, dry grassy savanna with scattered patches of 

galleryy forest occurs in the north. With increasing precipitation values towards the south, the 

contributionn of forest, gallery forest and shrubs increases. 
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1.5.3.. Human occupation 

Veryy littl e is known about the human occupation of the Llanos Orientates. Evidence for the 

presencee of man in the Colombian Andes (Correal Urrego and van der Hammen 1977) and in 

thee Amazon region of Brazil (Roosevelt et til. 1996) since the Late glacial suggest that palaeo-

indianss could also have lived in the Llanos Orientales since that time. 

1.5.4.. Research questions 

FigureFigure 1.3. Photograph of Las Margaritas Lake (Llanos Orientales, Colombia). 

Thee objective of Chapter 6 was to reconstruct the Holocene palaeoenvironmental histrory of 

thee forest/savanna dynamics in the southern Llanos Orientales. based on the high resolution 

pollenn record from Las Margaritas (Fig. 1.3.). Another aim of this study was to evaluate 

whetherr or not climate changes in the Llanos Orientales during Holocene times were caused 

byy changes in solar activity. 
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