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TROPICALL RAIN FOREST HISTORY FROM THE 
COLOMBIA NN PACIFIC AREA: A420O-YR POLLEN 

RECORDD FROM LAGUNA JOTAORDÓ 

Juann Carlo s Bem'o , Herman n Behlin g and Henry Hooghiemstr a 

ABSTRAC T T 

PPOLLENN ANALYSI S OF A 5-METER LONG CORE FROM LAK E JOTARDÓ , LOCATED IN 

NORTHERNN ' C H O C Ó BIOGEOGRAPHI C AREA' (5°48' N , 76°42' W ) ALONG THE PA-

cificc coast of Colombia, shows the environmental history of the rain forest 
duringg the last 4200 years. Time control has been based on 7 AMS14C dates 
rangingg from 4230 to 36514C yr BE 

Thee period between 4230 to 405314C yr BP shows sandy deposits and 
riverr influence and represents at that time the initial phase of the lake. The 
compositionn of the rain forest was different compared to the last 1400 years. 
Pioneerr taxa belonging to Cecropia, Melastomataceae/Combretaceae and 
Moraceae/Urticaceaee dominated the forest. A 30-cm thick organic rich clay 
fromm 440 to 410 cm core depth spans a period of 2600 years (from 4050 to 
145014CC yr BP), pointing to a hiatus in the sediment record, possibly caused 
byy riverine erosion of previously deposited sediments. During the last 1400 
yearss rain forest is characterised by Mauritiella, Euterpe/Geonoma, Iriartea, 
PüchiraPüchira aquatica and Malpighiaceae. Floral composition of the rain forest is 
nott constant. Abiotic dynamics caused changes in the drainage system. 
Thee presence of human settlements during the last 1000 yrs is evidenced 
byy Zea mays and possibly also by the increase of palms. 
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3.11 INTRODUCTION 

Thee 'Chocó biogeogeographic area' is known for its endemism (Gentry, 
1986a)) and belongs to the areas in the world with highest phytodiversity 
(Cuatrecasas,, 1958; Forero and Gentry, 1989). Precipitation in this area is 
extremelyy high (>8000 mm/yr). Prance (1982) and Gentry (1982) proposed 
thatt this area of pluvial forest (Rangel et al, 1995) may be considered as a 
forestt refugium sensu Haffer (1969). 

Thee history of neotropical rain forests is poorly documented by pol-
lenn records (see e.g. reviews by Markgraf, 1993; Colinvaux, 1996; 
Hooghiemstraa and Van der Hammen, 1998; Van der Hammen and 
Hooghiemstra,, 2000). A first 7000-year pollen record from southern Chocó 
showedd stable environmental conditions (Behling et al, 1998). Pollen 
recordss from Colombian Amazonas show dynamic environmental condi-
tionss related to significant changes in precipitation causing changes in the 
regionall  drainage system (Van der Hammen et al, 1992; Urrego, 1994; 
Behlingg et ah, 1998). Martin et al, (1997) provided a mechanism to explain 
changess in precipitation in the Amazon basin on a millennium time scale 
byy assuming that the average position of the caloric equator (ITCZ) mi-
gratess with the precession cycle of c. 23 kyr (Crowley and North, 1991). 
Thiss mechanism explains the change in Lake Valencia (northern Venezu-
ela)) from a dry ephemeral lake around 11 kyr BP to a situation of overflow 
aroundd 9 kyr BP In the very elongated area of Chocó precipitation change 
onn a millennium time scale was not evidenced from Lake Piusbi at 1°53' N, 
suggestingg that latitudinal migrations of the caloric equator in central Chocó 
mayy exert a stabilising effect of the Andes. But at Panamanian latitudes 
changess in the precipitation regime were evidenced by Piperno et al, (1990, 
1991)) showing cooler and drier conditions in the Pacific area during Late 
Glaciall  time. Bush et al, (1992) noticed in a Panamanian record a change to 
warmerr and wetter conditions and changing forest composition at the Pleis-
tocene-Holocenee boundary. This Panamanian evidence corresponds to the 
increasee in humidity in Lake Valencia (northern Venezuela) between 11 
andd 9 kyr BP (Martin et al, 1997) and shows that orbital forced migration 
off  the ITCZ occurs at Panamanian latitudes. 
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Ourr pollen record from the wettest part of Chocó near the town of 
Quibdóó (5°48'N) is used to explore changes in the precipitation regime on 
aa millennium time scale in central Chocó. The second objective of this pa-
perr is to evaluate the history of forest composition and to make a first 
comparisonn with the forest history in adjacent southern Chocó and the 
Dariénn area in Panama. Finally a first comparison will be made with the 
latee Holocene composition and environmental dynamics of the Amazo-
niann rain forest on the eastern side of the Andes. 

3.22 STUDY AREA 

Lakee Jotaordó (5°48' N, 76°42' W) is located in the Atrato River valley at c. 
500 m altitude, at c. 40 km northwest of Quibdó, province of Chocó, be-
tweenn the Baudó mountain area and the Western Cordillera (Fig. 3.1). 
Thee lake can be reached directly from the main river via an increasingly 
narroww drainage system c. 10 km long; at the very end of this drainage 
systemm the water way broadens and forms a lake where water current is 
almostt absent (Fig. 3.2). The distance to the Pacific coast is 70 km, and to 
thee foot of the slopes of the Western Cordillera 50 km. Lake Jotaordó lies 
onn Tertiary and Quaternary sediments from the Uva Formation of the 
Atratoo basin (Duque-Caro, 1993). The alluvial soils in the area are poorly 
drained.. Mean annual temperature is 20.5°C and annual rainfall in 
Quibdóó is 10,750 mm/year. The precipitation regime is influenced by the 
annuall  migration of the Inter Tropical Convergence Zone (ITCZ) lead-
ingg to an annual bimodal distribution of rain: the first period is from 
Aprill  to June, and the second from September to November (Eslava, 1993; 
Eslavaa et ah, 1986). 

Vegetationn inventories in the Chocó area have been carried out by 
Lellingerr (1975), Forero and Gentry (1989), Gentry (1982,1986a, 1986b, 1993), 
Bernall  and Galeano (1993), and Galeano (1997). According to Gentry (1986b) 
thee lowland pluvial forest in Chocó has the most species rich plant com-
munitiess in the world (on the average 265 taxa per 0.1 hectare; DBH > 2.5 
cm),, followed by the Iquitos area in Peruvian Amazonia (249 species per 
0.11 hectare; DBH > 2.5 cm). The most species rich families are Rubiaceae 
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(62),, Melastomataceae (47), Piperaceae (44), Arecaceae (23) and 
Polypodiaceaee (20); families richest in genera (corresponting to the taxo-
nomiee level of identification of fossil pollen grains) are Rubiaceae (27), 
Melastomataceaee (14), Arecaceae (12), Orchidaceae (11), and Euphorbiaceae 
(10)(RangelefaZ.,1995). . 

Severall  archaeological studies have been carried out in the Pacific area 
(Bouchard,, 1982,1984; Cavelier, 1989a, 1989b). Evidence of early indigenous 
settlementss was recorded by Correal (1983), who discovered hunting tools 
inn the Gulf of Urabé dated ca. 10,00014C yr BP Bouchard (1988) found a 
settlementt of paleoindians in Tumaco that dates from c. 200014C yr BP 

3.33 METHODS 

Thee lake sediments of Lake Jotaordó were recovered during an expedition 
inn February 1997, carried out by A.J. Negret, H. Behling and H. 
Hooghiemstra,, which had the aim to start the palynological exploration of 
thee Chocó rain forest area. A 500-cm core was obtained from the centre of 
Lakee Jotaordó using a modified Livingstone piston corer (5 cm diameter) 
fromm a wooden platform fixed on two inflatable rubber boats. The core 
wass transported to Amsterdam and stored in a cold (4°C) and dark room 
off  the Hugo de Vries Laboratory. 

Sevenn bulk samples were radiocarbon dated by accelerator mass 
spectrometryy (AMS14C) at the Van der Graaff Laboratory of Utrecht Uni-
versityy (Van der Borg et al, 1987). Sediment samples of 1 cm3 were taken 
att 10-cm intervals along the core for pollen analysis. Pollen samples were 
preparedd using the standard treatment, including sodium pyrophos-
phate,, acetolysis, and heavy liquid separation by bromoform (Faegri and 
Iversen,, 1989). Before treatment, a tablet with exotic Lycopodium spores 
wass added to each sample for calculation of pollen concentration and 
pollenn influx values. Pollen samples were mounted in a glycerin gelatin 
medium.. A minimum of 300 pollen grains of terrestrial taxa was counted. 
Pollenn of aquatic taxa, fern spores, bryophyte spores, and fungal spores 
weree excluded from the pollen sum. For pollen and spore identification 
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pollenn morphological studies by Absy (1979), Hooghiemstra (1984), 
Roubickk and Moreno (1991), Behling (1993), Herrera and Urrego (1996), 
andd the modern reference'collection of pollen and spores of the Hugo 
dee Vries Laboratory were used. Zea mays was identified on the basis of 
pollenn morphological characteristics described by Beug (1961): only grains 
>> 100 jim were included in this category. In accordance with Behling et 
al,al, (1998) identified taxa were classified into the following ecological 
groups:: (1) trees, shrubs, climbers and epiphytes; (2) palms (Arecaceae); 
(3)) herbs (4) taxa from the Andean forest belt; (5) aquatics; (6) ferns, bryo-
phytess and fungi. Groups 1 to 4 form the pollen sum. As a consequence 
taxaa belonging to groups 5 and 6 may reach values over 100%. For illus-
trationn of the pollen and spore data, calculations, and cluster analysis, 
thee software TILIA , TILIAGRAPH, and CONISS were used (Grimm, 1987). 
Fig.. 3.3 shows a pollen percentage diagram with individual records of 
thee most important pollen and spore taxa. Fig.3.4 shows records of eco-
logicall  groups, downcore changes of the pollen concentration and pol-
lenn influx, and a cluster analysis dendrogram. The zonation of the pol-
lenn record is based on changes in the pollen assemblages, as shown by 
thee CONISS analysis. 

3.44 RESULTS 

3.4.11 Stratigraph y of cor e Lagun a Jotaord ó 

Thee 500-cm long sediment core from Lake Jotaordó mainly consist of or-
ganicc rich sediments (420-405 cm depth) and brown organic rich clay (up-
perr 405 cm). Sandy material was found at the bottom of the core (500-420 
cm),, probably reflecting deposits from the period that the lake still was a 
(temporary)) part of an active drainage system which left behind san4y 
deposits.. A detailed lithological description is given in Table 3.1. 

3.4.22 Radiocarbo n Dates 

Thee seven 14C AMS dates on bulk samples (Table 3.2) indicate that the 
sedimentss were deposited from the middle Holocene onwards: sandy 
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Depthh (cm) Uthological description 

5-1000 brown fine clay, semi-compact, with some botanical macroremains: 

leavess and other plants remains 

100-1955 brown fine clay, compact, irregularly laminated with fine dark 

layers;; no macroremains. 

195-3000 brown fine clay, more compact than upcore, with some leaves 

andd plant remains 

300-4055 dark brown fine detrital mud, semi-compact, with some leave and 

feww other plant remains 

405-4200 dark brown detrital mud, compact, rich in leave and wood 

fragments s 

420-5000 dark gray coarse sand 

TABLEE 3.1. Stratigraphy and lithological description of core Laguna Jotaordó, Colombia. 

Lab. . 
number r 

UtC-8013 3 
(Col-1168) ) 

UU-8014 4 
(Col-1169) ) 

UtC-8015 5 
(Col-1170) ) 

UtC-8016 6 
(Col-1171) ) 

UtC-8017 7 
(Col-1172) ) 

UtC-8035 5 
(Col-1173) ) 

UtC-5791 1 
(Col-1108) ) 

Depth h 
(cm) ) 

5 5 

40 0 

180 0 

275 5 

412 2 

422 2 

498 8 

Datedd material 

organicc rich clay 

organicc rich clay 

organicc rich clay 

organicc rich clay 

detritall mud 

sandd with few 
organicc material 

sandd with few 
organicc material 

UUCC yr BP 

-7333  39 

3655  39 

6000 0 

9833  46 

14388 i 45 

40533  60 

42300  70 

"C/,2C C 

-31.3 3 

-30.1 1 

-30.1 1 

-30.8 8 

-30.5 5 

-30.4 4 

-29.2 2 

Calendarr age (cal yr BP) 

modern. . 

482-423,, 392-317. 

645-582,, 578-542. 

936-902,, 858-833, 
808-796. . 

1348-1249. . 

4053-4500,4496-4441. . 

nott available. 

TABLEE 3.2. List of "C AMS dates of core Laguna Jotaordó, Colombia. 
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materiall  (500-420 cm depth) accumulated rapidly from 4230 (at 498 cm) 
too 4050 (at 422 cm) "C yr BP reflecting the beginning of history of the 
lake.. Only 10 cm higher in the core, at 412 cm, an age of 143814C yr BP is 
obtainedd suggesting that the sediments which accumulated during this 
26000 years long period have been removed, possibly by (temporary) riv-
erinee erosion. During the last 1400 years apparently no riverine impact 
tookk place any more and the upper 412 cm of the sediment core reflect 
ann undisturbed record of the development of the rain forest. 

3.4.33 Pollen Diagram s 

Thee pollen diagrams show the downcore changes of the most important 
pollenn taxa recorded in the core (Figs 3.3 and 3.4). Based on cluster analy-
siss and visual observation pollen zones JDO-I to JDO-III could be 
recognised.. Zone JDO-I corresponds to the sandy interval of the core, and 
showss low pollen concentration and pollen influx values. After a hiatus of 
26000 years, zones JDO-II and JDO-III represent the vegetation history of 
thee last 1430 years. 

Thee floral diversity of trees, shrubs, climbers, epiphytes is shown by 
799 taxa, of which are 21 shown in the pollen diagram: Melastomataceae/ 
Combretaceae,, Cecropia, Fabales I, Alchornea, Myrtaceae, Piper, Acalypha, 
Anacardiaceae,, Euphorbiaceae, Inga-type, Malpighiaceae, and other taxa 
whichh are represented with low percentages, such as Protium, Hedyosmum, 
Ilex,Ilex, Hyeronima, Rubiaceae, Bunchonsia-type, Pachira aquatica, and 
Phyllanthus.Phyllanthus. Important palms (Arecaceae) are Euterpe/Geonoma-type, 
Mauritiella-typeMauritiella-type and Iriartea-type. Herb taxa are few and represented by 
Asteraceaee and Poaceae. Presence of Zea mays shows evidence of human 
activityy during the last 1000 years; human presence was also evidenced 
inn other places along the Colombian Pacific coast (Reichel-Dolmatoff, 
1986).. The main pollen taxa representing trees from the subandean (lower 
montane)) and Andean (upper montane) forest belts on the adjacent 
Westernn Cordillera are Quercus, Weinmannia, Podocarpus, Myrsine, Myrica, 
andd Alnus. Podocarpus also occurs in the lowlands but only rarely at present 
(Gentry,, 1986a; Van der Hammen and Hooghiemstra, 1999). Aquatics are 
representedd by Cyperaceae. Fern taxa that represent a significant contri-
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buttonn to the vegetation are Asplenium, Blechnutn, Cyathea, Cystopteris, 
Selaginella,Selaginella, Lycopodium cernum-type, and further unidentified monolete 
psilate,, monolete verrucate, and trilete psilate fern spores. 

3.4.3.1.. ZONE JDO-I (500-425 CM; 8 SAMPLES) 

Thiss zone is characterised by high percentages of the group of trees, shrubs, 
climberss and epiphytes (76-92%), mainly represented by Melastomataceae/ 
Combretaceaee (10-20%), Moraceae/Urticaceae (4-8%), Cecropia (5-12%), 
Fabaless (5-9%), Alchornea (5-9%), Myrtaceae (1-2%), Piper (3-5%), Protium 
(1-3%),, Hedyosmum (1-5%), Ilex (1-8%), Rubiaceae (1-2%), Anacardiaceae 
(0-2%),, Inga-iype (0-1%) and Malpighiaceae (0-1%). Palms are hardly 
present.. Herbs are represented by Asteraceae (3-6%) and Poaceae (2-8%). 
Taxaa mostly characterised as Andean trees' are Quercus (1-3%), Alnus (1-
2%),, and Weinmannia, Podocarpus, and Myrsine (all <1%). Aquatics are 
hardlyy present. Fern spores decrease from 600%) to 150% at the top of the 
zone. . 

3.4.3.2.. ZONE JDO-II (425-175 CM; 25 SAMPLES) 

Thee group of trees, shrubs, climbers and epiphytes shows first a iriinimum 
off  62% but in most of the zone 70-80%. Compared to the previous zone a 
numberr of taxa show similar values, but Hedyosmum (0-1%), and Ilex (0-2%) 
markedlyy lower values, and Acalypha (3-9%), Anacardiaceae (2-7%), 
BunchonsiaBunchonsia (0-2%), Euphorbiaceae (0-4%), Inga (1-3%), Malpighiaceae (4-9%), 
andd Pachira (0-1%) markedly higher values. From the beginning of the zone 
palmm taxa start to be abundant: Euterpe/Geonoma (6-15%) and Mauritiella (3-
15%).. Herbs (Asteraceae and Poaceae) shows 3% at the average. Zea mays is 
presentt for the first time (<1%). Quercus (up to 6%) is the most important 
Andeann taxa, but also Weinmannia, Podocarpus and Myrsine is regularly present 
withh <1%. Aquatics increase markedly in this zone to maximally 10% 
Cyperaceae.. Fern spores mostly show percentages between 400% and 800%. 

3.4.3.3.. JDO-III (175-5 CM; 18 SAMPLES) 

Alll  taxa of the group of trees, shrubs, climbers and epiphytes registered 
inn the previous zone continue to be present, but some taxa decrease in 
representationn (Ericaceae, Acalypha, Anacardiaceae, Inga) and other show 
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higherr percentages (Hedyosmum, Ilex, Rubiaceae); the total contribution 
iss 75-85%. Palms shows values of 5-12% of Euterpe/Geonoma, 1-8% of 
Mauritiella,Mauritiella, and 2% of Iriartea in the lower part of the zone. Asteraceae 
showw c. 2% (with a maximum of 18% at the beginning of the zone) and 
Poaceaee c. 1%. Aquatics are represented by Cyperaceae (1-9 %). The group 
off  Andean trees shows values of 2-4%, including Quercus, Weinmannia, 
Podocarpus,Podocarpus, and Myrsine. 

3.55 PALEOEVIRONMENTAL RECONSTRUCTION AND 
DISCUSSION N 

Thee development of Lake Jotaordó took place since middle Holocene time. 
Thee interval with sandy sediments, dated from 4230-405314C yr B£ possi-
blyy reflect the initial phase when temporary phases of relatively stagnant 
waterr allowed organic material and algal remains (Fig. 3.4) to be included 
inn the mainly sandy deposits. The most recent episode of significant river-
inee erosion must have taken place slightly before 1438+4514C yr BP: it is 
plausiblee that the river removed all sediments that were not resistant 
enoughh to water currents (peaty sediments, and organic rich sands and 
clay).. Apparently, during the last 1400 years Lake Jotaordó was out of the 
reachh of the dynamics of the Atrato River system. The locally widened old 
riverr valley became the end of an abandoned drainage system and changed 
intoo a basin with mainly stagnant water where organic rich sediments could 
accumulatee to form a 4 meter thick sequence. Also Lake Piusbi in southern 
Chocóó (Behling et ah, 1998), and Lake El Caimito in central Chocó (Vélez et 
al,al, 2001) found their origin in abandoned parts of a drainage system. 

Duringg the period from 4230-405014C yr BP (zone JDO-I) sandy parts 
off  the river valley were apparently covered by grass rich vegetation. Ac-
cordingg to Cuatrecasas (1958) and Rangel et at, (1995) some members of 
thee Poaceae (e.g. Panicum, Oryza, and Paspalum) form pioneer vegetation 
onn mud and sand flats, and in open-water habitats which is the most plau-
siblee source of the Poaceae present in this period. Arboreal genera belong-
ingg to the Melastomataceae, Combretaceae, Moraceae, Urticaceae, 
Myrtaceae,, and Leguminosae were important taxa of the rain forest. Less 
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frequentt were Rubiaceae, Anacardiaceae, Euphorbiaceae, and 
Malpighiaceae.. Also Cecropia (a pioneer tree on young soil), Alchornea, Piper, 
Protium,Protium, Hedyosmum, and Ilex were important constituents of the rain for-
est.. Some authors argue that Hedyosmum and Ilex are 'montane elements' 
thatt occur only, or are more frequent, in the tropical lowlands under cool 
glaciall  conditions (e.g. Colinvaux, 1996; Colinvaux et al, 1996; Haberle and 
Maslin,, 1999). But Gentry (1986a) observed in Chocó the presence of'mon-
tanee trees' as normal constituents of the tropical lowland forest explained 
byy the excessive precipitation (3000 to > 10,000 mm/yr). Therefore, we in-
terprett the pollen records of both trees as reflecting the local presence of 
HedyosmumHedyosmum and Ilex in the rain forest, rather than aeolian pollen transport 
fromm the forests on the slopes of the Western Cordillera. Quercus, 
Weinmannia,Weinmannia, and Alnus, and more rare Podocarpus, Myrsine and Myrica pol-
lenn grains most probably were transported to the site by aeolian and/or 
riverr transport. Therefore, these genera are labelled in the pollen diagram 
ass 'Andean taxa' (see also the discussion in Van der Hammen and 
Hooghiemstra,, 2000). 

Duringg the period from 1450-600 14C yr BP (zone JDO-II) the sedi-
mentss of Lake Jotaordó register rain forest that differs markedly in floral 
compositionn from the period around 4000 years BP. Palms are abundantly 
representedd with the genera Euterpe/Geonoma and Mauritiella. Also Aca-
lypha,lypha, Anacardiaceae, Bunchonsia, Malpighiaceae, and Pachira aquatica are 
noww major constituents of the forest. All forest taxa that characterised the 
forestt around 4000 years BP (zone JDO-I) are still present, but with lower 
frequency.. Zuluaga (1987) observed similar forest communities with Ce-
cropiacropia on young soils in the dynamic alluvial floodplain, as shown in our 
pollenn diagram. The Andean taxa show that Quercus was important in the 
slopee forests at higher elevation of the Baudó hills (Acosta-S, 1970) and in 
thee Western Cordillera. Some marsh vegetation of Cyperaceae bordered 
thee lake. We observed in the field abundant presence of ferns on slopes of 
thee river valley and on trees that had fallen across the watercourses. At 
suchh places ferns shed their spores directly into the water and spores reach 
higherr frequencies when they are not removed from the water body by 
waterr currents: in this way we explain the increase of fern spores through-
outt the whole pollen record. 
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Thee presence of indigenous settlements near the lake is evidenced 
byy a few pollen grains of Zea mays from c. 100014C yr BP onwards. Possi-
blyy Zea mays was introduced from the Darién area in Panama, where the 
paleoindianss cultivated this crop during the last 4000 years (Bush and 
Colinvaux,, 1994; Piperno, 1994). Abundant representation of palm pol-
lenn shows that in the area of Lake Jotaordó palms were common, be-
causee palms are commonly used as construction material and nutrition 
(Forero,, 1980). 

Aroundd 60014C yr BP (zone JDO-III) a change in the forest composi-
tionn is observed. Rubiaceae, Hyeronima, Ilex, Phyllanthus and Iriartea be-
camee more frequent, Acalypha, Anacardiaceae, Euphorbiaceae and Inga be-
camee less frequent, whereas most other forest taxa did not change their 
contributionn during the last 1400 years. During the last 600 years relatively 
highh frequency of ferns and bryophytes, less presence of shore vegetation 
aroundd the lake, minimal presence of grasses, and even higher arboreal 
pollenn percentages as in the previous episode, points to present-day con-
ditions:: forest trees, covered with ferns and mosses, have expanded maxi-
mallyy into the lake and shore vegetation is almost absent (our platform 
hadd to be assembled on the water as nowhere around the lake was there 
anyy place available). There is no clear evidence that the change in forest 
compositionn around 60014C yr BP is related to human impact and we as-
sumee that the pollen record documents here a natural change in forest 
composition.. Also Holocene pollen records from the Amazonian rain for-
estt show changes in the floral composition (e.g. Urrego, 1994; Behling et 
al,al, 1998,1999). 

Diversityy of the fossil pollen assemblages may be regarded as a fil -
teredd reflection of plant diversity. Lake Piusbi, which is totally surrounded 
byy rain forest shows 200 recorded pollen and spore taxa, whereas the 
pollenn assemblages of the much smaller Lake Jotaordó, which is still in 
connectionn to the main drainage system, show 132 pollen and spore taxa. 
Thiss difference could be taken as an indication that plant diversity in 
rainn forest increases when the forest becomes isolated from the dynamic 
drainagee system. The near absence of palms in the forests around Lake 
Jotaordóó around 4000 yr BR and the abundant presence of palms be-
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longingg to the genera of Euterpe/Geonoma and Mauritiella during the last 
16000 years is significant. Palms possibly became more frequent during 
thee period that is represented by the hiatus. Many pollen records from 
thee Colombian lowlands show an increase in palms around 4000 to 3000 
14CC yr BP, e. g. around 3500 14C yr BP in Lake Piusbi (southern Chocó; 
Behlingg et al., 1998), around 3000 14C yr BP in Pantano de Monica in the 
middlee Caquetó area of Colombian Amazonia (Behling et al., 1999), around 
400014CC yr BP on Mariname Island in the middle Caqueté area of Colom-
biann Amazonia (Urrego, 1994), around 3500 14C yr BP in Lake Sardinas 
(northeasternn Llanos Orientales of Colombia; Behling and Hooghiemstra, 
1998),, around 4000 I4C yr BP in Lake Carimagua (northeastern Llanos 
Orientaless of Colombia; Behling and Hooghiemstra, 1999), and around 
25000 14C yr BP in Lake Loma Linda (southwestern Llanos Orientales of 
Colombia;; Behling and Hooghiemstra, 2000). Increase of abundance of 
palmss may relate to the development of wetter soils in poorly drained 
areass and the accumulated evidence may suggest increased climatic hu-
midityy after about 4000 14C yr BP However, palms are much used for 
constructionn and nutrition by paleo-indian communities (Balée, 1988) 
andd we interpret the general increase of palms in the Colombian low-
landd ecosystems as mainly evidence for increased human impact on the 
landscapee (see also the discussions in the above mentioned papers). 

3.66 CONCLUSIONS 

1)) Chocó pollen records Lake Jotaordó and Lake Piusbi show sediments 
nott older than middle Holocene age (420014C yr BP and 7600 14C yr 
BP,, respectively). Both lakes originate from an abandoned part of a 
drainagee system. 

2)) Late Holocene plant diversity, as documented in the pollen records, 
differss from 200 taxa in Lake Piusbi which is totally surrounded by 
rainn forest, to 132 taxa in the much smaller Lake Jotaordó which is still 
inn connection to the main drainage system. Near absence of palms in 
thee area of Lake Jotaordó around 4000 yr BP, and the abundant pres-
encee of palms belonging to the genera Euterpe/Geonoma and Mauritiella 
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duringg the late Holocene is significant. Many pollen records from Co-
lombiann rain forest and savanna ecosystems show a significant in-
creasee of palms after 4000 to 300014C yr BP that relates most probably 
too increased human impact on the landscape. 

3)) The contribution of 'Andean' tree taxa is 2-8% in core Jotaordó and 2-
9%9% in core Piusbi. We assume these values reflect a general background 
effectt at some 50 km distance from the Cordillera. According to Gen-
tryy (1986a) Hedyosmum and Ilex are natural elements of the pluvial 
forestt of Chocó: in our record these taxa were not registered. 

4)) In the area of Lake Jataordó human settlements are evidenced from 
10000 14C yr BP by the presence of Zea mays. Possibly Zea mays was 
introducedd from the Darién area in Panama where the paleo-indians 
cultivatedd this crop during last 4000 years. Increase of palms in our 
studyy area suggests that palms were harvested in the forest possibly 
too be used as construction material and nutrition. 
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