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ChapterChapter 8 

SYNTHESISS OF THE PALEOENVIRONMENTAL 
CHANGESS IN THE COLOMBIAN LOWLANDS 

Juann Carlos Berrio 

8.11 INTRODUCTION 

THISS CHAPTER INCLUDES A SUMMARY OF ALL CORES STUDIED FOR THIS THESIS, 

ANDD ONE IMPORTANT FACTOR TO MENTION ABOUT THE ORIGIN OF THE LAKES AT 

thee Colombian lowlands, out of the climatic change, is the riverine in-
fluencefluence that have been driven their evolution, some times with stron-
gerr dynamicy than others, but enough as to be repercussive over the 
vegetationn communities. This sort of dynamics made possible to accu-
mulatee different kind of sediments, which can be correlated with the 
pollenn assemblages found in the pollen records. Moreover, multivari-
atee analysis of raw pollen data standardise the zonation of pollen 
recordss (Grimm, 1987), which contribute to get better interpretation 
fromm the pollen spectra. 

Thee sites of this thesis mainly belongs to the 5 major ecosystems of 
Colombiaa as follow: Boquillas in the lower Magdalena valley in the North, 
savannass pollen records from the Llanos Orientales in the east, Amazo-
niann pollen records in south and the tropical rain forest in the west and 
thee interandean dry forest in the Southwest (fig.1.1). 
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8.22 METHODS 

AA Sarensen similarity analysis was carried out with the aim to establish 
thee assessment of similarity of taxa among the studied areas. Samples were 
takenn from the top of the cores representing the modern vegetation. Cores 
weree collected in the centre of lakes using a modified Livingstone piston 
corer;; cores from mires and very shallow lakes were collected with a 
Dachnovskyy sampler. 

Forr the Sorensen analysis was run using the MSVP 3 program 
(Kovachh Computing Services, 1998). Raw data counting were used in-
cludingg all the pollen taxa (from the regional and local vegetation, fern 
sporess and pollen types), only fungal spores were exclude from the analy-
sis.. The weighted method was used because give an equal weight to the 
speciess that are common in all the sites (Kent and Coker, 1996). 

8.33 RESULTS 

Figuree 8.1 shows clearly both tropical rain forest sites have much similar-
ityy in their pollen spectra. The savannas sites Carimagua bosque and 
Chenevoo shows the highest similarity within an ecosystem. The records 
off  Mozambique also show a fair similarity with the other two savanna 
records.. Those three sites clearly represents the grassland ecosystem and 
thereforee grouped together. The Quilichao-1 and Teta-2 sites, from the 
dryy areas, also shown a close relationship in the vegetation composition. 
Butt the other two sites, Pista from the sandstone plateau of Araracuara 
(extraa samples, pollen analysis not included in this thesis) and Boquillas 
fromm the northern wetlands, does not show similarity with the other sites 
showingg clear differences in their vegetation composition. 

220 0 



SYNTHESISS OF THE PALEOENVIRONMENTA L CHANGES IN THE COLOMBIA N LOWLAND S 

(Lhö 2 2 ^^  O OCO 

CO O 
00 0 

CL L 

CD D 

" 4 --
CO O 

CM M 

CD D 
O O 

o o 
O O 
w w 
"c c 
CD D w w c c 
CU U 
l _ _ 

GO O 

ö ö 

00 0 
LCN N 

Ö Ö 

221 1 



ChapterChapter 8 

8.44 DISCUSSION 

Tropica ll  rain fores t sites 

Lagunaa Jotaordó (Berrïo et al., 2000a) at the Chocó showed sandy deposits 

andd river influence during the initial phase of the lake between 4230 to 

40533 yr 14C BR The composition of the tropical rain forest was different 

comparedd to the last 1400 yr 14C BE Pioneer taxa (Cecropia, Melastomataceae/ 

Combretaceaee and Moraceae/ Urticaceae) dominated the forest. A 30-cm 

thickk organic rich clay spans a period from 4050 to 1450 yr 14C BP suggest-

ingg a gap of c. 2600 years in the sediment record, possibly by riverine ero-

sionn of previously deposited sediments. During the last 1400 years this 

tropicall  rain forest is characterised by Mauritiella, Euterpe/Geonoma, Iriartea, 

PachiraPachira aquatica and Malpighiaceae. Floral composition of the tropical rain 

forestt had not been constant. Presence of human settlements during the 

lastt 1000 years is evidenced by Zea mays and the increase of palms. 

Pantanoo de Monica sites (MON-1, MON-2 and MON-3). Core MON-

11 cover the interval from 11,150 to 4730 yr 14C BP During the Lateglacial 

andd early Holocene this swamp was more shallow than today, with abun-

dantt Mauritia palm trees: the lower terrace of the Caqueta river was better 

drainedd than today. Lateglacial and early Holocene vegetational changes 

indicatee successional stages, probably related to changes in the drainage 

systemm and/or climatic changes. Presence of Podocarpus of pollen grains up 

too 2.6% point to regional presence of Podocarpus at the beginning of the 

Holocene.. Evidence of Podocarpus during glacial times in other pollen 

recordss has been taken as indicative of cooling (Colinvaux et al, 1996; 

Behling,, 1996 and Ledru et aZ.,2001). Core MON-2 starts at 4000 yr 14C BP 

whenn this location was well drained. Several changes in the composition 

off  the rain forest are documented, such as increase in disturbance (increase 

off  Cecropia) followed by a quick recovery (increase of Psychotria). Protium 

andd Caryocar tree taxa, were frequent, suggesting that the lower terrace 

areaa was well drained until 3080 yr ,4C BP, after which small swamps de-

veloped.. Core MON-3 represents the period from 3200 yr 14C BP to recent. 

Pollenn data showed a continuos increasing presence of palms, probably 

Euterpe,Euterpe, suggesting either a transition from well drained to less drained 
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conditionss in the lower terrace during the late Holocene, and/or more in-

tensivee human impact of the rain forest on the lower terraces of Caqueta 

riverr (Berrfo etal, 2000b). 

Figuree 8.2 shows a comparison among the tropical rain forest sites and 

thee Colombian Pacific sites (Chocó). Note that Amazonian sites as Quinché 

11 to 3 and Marihame 1 & 2 (Urrego, 1994), and Pantano de Monica 1 to 3 

respondd better to a river dynamic plus climatic change signals beside to the 

Chocóó sites as Jotaordó, El Caimito (Velez et ah, 2001) and Piusbï (Behling et 

ah,ah, 1998) which only have responded to a river dynamic signals. 

Savannass of the Llano s Orientate s 

Thee figure 8.3 shows a summary climate and vegetation reconstruction 

forr all the savanna sites studied by the research group in tropical paleo-

ecologyy so far. Nevertheless, all of them have been included in this syn-

thesiss to get a regional overview of the environmental changes through-

outt the time of this savanna ecosystem. 

AA competition between open grass savanna, woody savanna (Curatella, 

Byrsonima),Byrsonima), palm swamp (Mauritia, Mauritiella), forest and gallery forest 

alongg the drainage systems, and gallery forest was inferred according to 

thee climatic change. However, depending where the site is located eg, at 

thee savanna-rain forest boundary or at the savanna ecosystem itself; dif-

ferentt paleoenvironmental reconstruction. Both lakes Loma Linda (Behling 

andd Hooghiesmtra, 2000) and Las Margaritas (Will e et ah, submitted.) rep-

resentt lakes at the savanna-rain forest boundary which have shown a dy-

namicc competition between savanna and rain forest during the last 8700 

yrr 14C BE From 8700 to 6000 yr 14C BP the grass savanna was abundant as a 

responsee of dry climate, from 6000 to 3600 yr 14C BP rain forest expanded 

ass wetter climate conditions, and from 3600 to 2300 yr ,4C BP the Amazo-

niann rain forest replaced the savanna vegetation as a meaning of higher 

precipitationn and shorter dry season. 

Thee other sites at the savanna ecosystem like El Pinal which spanned 

fromm the Last Glacial Maximum (18,290 0 yr 14C BP) while Sardinas 

includess part of the Lateglacial. Both lakes were dominated by open grass 
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savannaa during the period from 18,000 to 10,680 yr 14C BP pointing to a 

veryy dry climate and non-permanent lake conditions. Once climate be-

camee wetter, an increasing of forest and gallery forest was recorded from 

10,6800 to 10,070 yr 14C BP at Sardinas and up to 9200 yr 14C BP at El Pinal. 

Afterr 10,070 yr 14C BP climate conditions became drier at Sardinas and El 

Angell  lakes, culminating in dry to very dry conditions from 9390 yr 14C 

BPP at Sardinas, 9200 yr 14C BP at El Pinal and from 8900 yr 14C BP on-

wardss at Angel. An expansion of open savanna points to dry climatic 

conditionss started c. 9200 yr 14C BP lasting to 6930 yr 14C BP at Chenevo, 

63900 yr 14C BP at Sardinas, 6060 yr 14C BP at Loma Linda, 5570 yr 14C BP at 

Carimaguaa and 5260 yr 14C BP at Angel. At the El Pinal dry conditions 

latedd even to c. 1000 yr 14C BP 

Duringg the last 3500-4000 years the palms Mauritia, Mauritiella, Euterpe 

and/orr Geonoma became abundant in the savanna ecosystem, might either 

wetterr climatic conditions or more human impact on the savanna ecosys-

tem.. As mentioned above several cores have incomplete archives for the 

lastt millennium (Sardinas, Angel, El Pinal and Carimagua) pointing to drier 

conditionss and human impact. Two cores (fig. 8.2) document mainly the 

locall  vegetation development: Laguna Carimagua-Bosque which was to-

tallyy surrounded by gallery forest hiding the pollen signal from the sa-

vannaa (see chapter 4), and Laguna Mozambique showing mainly vegeta-

tionn change in relation to changes in the course of the river at close distance 

(seee chapter 5). 

"Silent""  savannas in the pollen record: 

Inn the following list we compare the degree savanna-lakes are sur-

roundedd by forest and Arboreal Pollen (AP) in the top of the core intervals 

(<18000 yr 14C BP): Carimagua-Bosque 70-90% of AP; Sardinas 60-65% of 

AP;; Carimagua, Chenevo and Mozambique 30-50% of AP; El Pinal 7-15% 

off  AP Pollen of savanna vegetation is increasingly under-represented when 

lakess are surrounded by gallery forest and, as a consequence, isolated from 

thee extensive savannas at short distance (fig. 8.4). As most of the drainage 

systemm of savanna vegetation is hidden by gallery forest we expected also 

aa significant under-representation of the pollen signal of savanna vegeta-

tionn in river transported pollen assemblages. Therefore, riverine and ma-
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FIGUREE 8.2. Tropical rain forest sites from Colombian Amazonia and Chocó, showing the major 

climaticc changes. JDO: Jotaordó, Cai: Caimito, Piu: Piusbi. 
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FIGUREE 8.3. Savanna sites along a 400 km east-west transect in the savannas of Llanos Orientales 

showingg the major climatic and vegetational changes. SAR: Sardinas, ANG: Angel, EP: El Pinal, 

CAR:: Carimagua, CB: Carimagua Bosque, CV: Chenevo, MOZ: Mozambique, LL: Loma Linda, and 

MAR:: Margaritas. The maximum expansion of the forest and gallery forest in the savanna (shown by 

66 records) point to wet climatic conditions (highest annual precipitation and/or shortest annual dry 

period)) starting between 4000 yr "C BP at Chenevo and 3600 yr 14C BP at Loma Linda up to sub-

recent;; several cores are incomplete during the last 1000 years which possibly relates to drier 

climaticc condition as well as human impact. 
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rinee pollen assemblages (Amazon Fan) should be used with caution to 
documentt the extension of savanna on the adjacent continent eg. Ama-
zonn Basin (Berrfo etal, 2000a; Berrïo et al, 2000b). 

Norther nn wetland s at the Depresio n Momposin a 

Thee use of more proxies from the sediments of core Boquillas helped our 
understandingg of this very dynamic ecosystem indeed. Integration of the 
bioticc and abiotic information improved reconstruction of 
paleoenvironmentall  change in particular (Patient et al, 1996; Huizer and 
Isarin,, 1997). The general environment development is as follows: Boquillas 
coree showed a clear example of a multi-proxy application especially when 
aa very dynamic river ecosystem is driven the sedimentolögical processes 
att this basin. From there a paleoenvironment reconstruction along the 
Holocenee could be inferred by using several paleoecological tools like sedi-
mentology,, clay mineralogy; soil geochemistry, 813C analysis, AMS14C dat-
ingg and pollen analysis. This site showed high-energy by the river system 
fromm c.10,010 to 9370 yr 14C BP with a landscape dominated by open grass 
vegetationn and gallery forest along the streams. From c. 9370 to 8430 yr 14C 
BPP wetlands were isolated from the main river system, accumulating clay 
ass sediments in a lower-energy environment. Climatic conditions were 
dryy and changes in the seasonal precipitation favoured the expansion of 
thee gallery forest. From c. 8430 to 804014C yr BP low values of river-trans-
portedd pollen indicate dry climatic conditions and open vegetation be-
camee more abundant. The flooding frequency diminished. From c. 8040 to 
49000 14C yr BP site Boquillas was dominated by open vegetation with 
patchess of gallery forest along the streams. Supply of river-transported 
allochtonouss pollen was minimal. Clay minerals from the sediments sug-
gestt variable temperature and precipitation. From c. 4900 to 155014C yr BP 
thee site was within the reach of the main river system as is the case today. 
Frequentt floodings, coinciding with peaks of river-transported grains of 
Alnus,Alnus, and high sediment supply point to high precipitation in the com-
positee catchment area of the Magdalena, Cauca, San Jorge, and Cesar riv-
ers.. High values of phosphorous in the upper part of the core makes infer 
thee presence of a pre-hispanic civilization, approximately from 2000 yr 14C 
yrr BP onward. Construction of an extensive drainage system allowed irri-
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Ell  Pinal Angel Carimagua 

FIGURAA 8.4 Savanna (dotted) vs Arboreal Pollen 

Chenevoo Sardinas Carimagua-
Bosque e 

(APP in lines) ratio during the last 1800 yr 14C BP 
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gationn as well as drainage depending the annual cycle of precipitation. 
Thee landscape was significantly modified and allowed an extensive crop 
productionn on a system of raised fields. 

Tropica ll  dry areas at the Cauca Valley 

Quilichao-ll  and La Teta-2 cores are located at 1020 m altitude at the Valle 
dell  Cauca province. These cores are the first documents from the history 
off  a dry forest ecosystem in Colombia. Quilichao-l represent a landscape 
dominatedd by tropical dry forest during the period from 10.000 to 780014C 
yrr BP with scattered trees of low stature like Acalypha, Alchornea, Cecropia 
andd Celtis. Herbs forming open vegetation was mainly dominated by 
Poaceae.. La Teta-2 show an abundant andean forest around 860014C yr BP 
weree Ilex, Ericaceae and Lecythidaceae were important. During the pe-
riodd from 860014C yr BP to 723714C yr BP an increasing of dry forest sug-
gestingg strong driest conditions. Woody taxa like Crotalaria, Alchornea, 
Melastomataceae/Combretaceaee and Moraceae/Urticaceae became impor-
tant.. Both cores experience strong hiatuses under very prolong dry cli-
maticc conditions with no sedimentation processes after 7800 14C yr BP at 
Quilichao-ll  core and 7200 14C yr BP at La Teta-2 core. During the period 
fromm 2700 to 410 14C yr BP an expansion of open vegetation occurred at 
Quilichao-ll  and represented by Poaceae and Asteraceae, close related with 
pre-Columbiann activities evidenced by Zea mays and apparently de area 
wass abandoned after the Spanish conquer before 400 14C yr BP On the 
otherr hand, in Central America the period from AD 800 to 1000 represents 
thee driest period of the middle to late Holocene and coincided with the 
collapsee of the Maya civilisation (Brenner et al., 2001, Hodell et al., 1995, 
2001;; Islebe et al., 1996). The reductal dry forest showed Cecropia as pio-
neerr in the beginning of the human influence and strongly after the aban-
doned.. A coeval abundance in the swamp vegetation, mainly Cyperaceae, 
mightt suggest a transformation of the landscape into improve the agricul-
ture.. Similar features are registered at La Teta-2 between 2700 to 40014C yr 
BP,, an expansion of the open vegetation and a reductal dry forest domi-
natedd by Cecropia. During the last 10014C yr BP a recovery of the dry forest 
occurredd simultaneously either at Quilichao-l and La Teta-2 cores with 
abundancee of Heliotropium, Didymopanax and Alchornea. 
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