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Dynamicss in the rain forest ecosystem of Chocó 

3 3 

Mid -- to late Holocene rain forest dynamics in Chocó: a synthesis 

basedd on three pollen records 

M.. Wille, J.F. Duivenvoorden, L.E. Urrego. H. Hooghiemstra, H. Behling, J.C. Berrio 

Abstract t 

Ann integration of floristic inventory studies of forest types in Chocó, pollen analysis and 

numericall  analysis of pollen counts from three sediment cores (Piusbi, El Caimito, and 

Jotaordó)) was the base for a reconstruction of the dynamics in floodplain forest types in 

Chocó,, western Colombia since ca. 4400 years ago. The forest type profiles from the three 

Chocóó pollen records suggest only slight vegetational changes through time. The inferred 

compositionn of forests near lake Piusbi seems to be less palm-rich than those near lakes El 

Caimitoo and Jotaordó. We infer the farthest inland location of mangrove at ca. 3000 - 2300 
l4CC yr BP at site Piusbi and at ca. 1970 - 700 MC yr BP in El Caimito. In northern Chocó at 

sitee Jotaordó the location of the mangrove (coastline) was probably stable since 1300 C yr 

BP.. The Piusbi section contains the highest amount of vascular plant pollen taxa, probably 

relatedd to the position of the Piusbi lake closer to upland forest, than the other two lakes. Each 

off  the three sections contain only 20-32 % of the numbers of vascular plant genera compared 

too rain forest surveys from Amazonia and the Chocó. All sections show a steady increase of 

vascularr plant pollen, that continues for at least 1200 yr (Jotaordó), 1800 yr up to 3300 yr 

(Piusbi).. S0renson similarity between the three lake sections based on cumulative content of 

vascularr plant pollen converges after a few hundreds years to levels that remain between 55 

andd 65%. Each of the three sections apparently contain pollen taxon assemblages that differ to 
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aa substantial degree. This is probably due to diverging site conditions or different taxon 

compositionn of the surrounding forests. The principal variation in vascular plant pollen 

contentt of the three section shows periodicities in time that might be related to the 80 yr 

Gleissenbergg solar cycle. 

Keyy words: Chocó, paleoecology, rain forest dynamics, time series analysis, contingency 

periodogram,, Holocene, pollen. 

3.1.. Introductio n 

Thee Chocó biogeographic region is among the areas in the world with highest phytodiversity 

(Gentry,, 1986). Recently a series of mid- to late Holocene palaeoecological studies from the 

Chocóó area have been published, based on pollen analysis of cores from lake Piusbi (Behling 

ett al., 1998), lake Jotaordó (Berrio et al., 2000) and lake El Caimito (Velez et al., in press). 

Thesee pollen records showed rather uniform profiles for most of the pollen taxa, which 

indicatess that strong changes in forest cover and composition related to significant changes in 

climatee or environment, as occurred in Holocene sections from Amazonia (e.g. Urrego, 1997; 

Behlingg et al., 1999) did not take place. The objective of the current paper is to provide a 

comparativee interpretation and synthesis of the three sections on the basis of newly compiled 

reconnaissancee survey data of Chocó forests and a numerical analysis, including time series 

analysis.. In addition photo plates (see appendix) are given to present the main pollen flora of 

thiss area. 

Thee rather homogeneous pollen levels in the Piusbi section led Behling et al. (1998) to the 

conclusionn that the past and present very moist climate of the Chocó area with littl e human 

influencee allowed maintenance of a stable ecosystem, suggesting rather constant forest 

compositionn during the mid- to late Holocene. Such views are not in line with long term 

monitoringg studies of tropical rain forest dynamics which show more or less continuous 

compositionall  changes (eg Whitmore, 1989). Non-equilibrium concepts of rain forests 

(Hubbelll  & Foster, 1986) infer such ongoing changes in forest composition, that may take 

placee even under constant environmental conditions. 

Wee compare the long-term development of the three pollen records from the Chocó area in 

orderr to examine whether the successional patterns could have been generated in absence of 

strongg environmental differences between the three lake environments and assuming wide-

spreadd occurrences of most plant taxa in the Chocó area (Pitman et al., 1999). We hypothesise 
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thatt in the three sections, forest succession should start with a particular combination of 

vascularr plant genera (by accident present at the time of creation of the forest in each of the 

threee lake environments). In the course of time, more taxa from the available regional taxon 

pooll  would enter the sections leading to a gradual increase in similarity between cumulative 

taxaa composition between the sections. In absence of habitat preferences, the cumulative taxon 

compositionn of the three sections would converge to highly similar levels. The increase in 

cumulativee overall taxa number through time would approach at total gamma diversity in the 

Chocóó rain forest area (ignoring losses due to poor pollen preservation). The time series 

analysiss aims at describing periodicities in the pollen composition of the three analysed 

sectionss that might have remained undetected during the visual examination of the pollen 

diagrams. . 

3.2.. Setting of environment and available pollen records 

Thee Chocó biogeographic region comprises the lowlands between the Pacific Ocean and the 

Westernn Cordillera of the northern Andes. The area is some 1000 km long and ca. 40 to 100 

kmm broad and extends from 8°50'N to 0°50'S, and between 76°W and 79°W. It is still widely 

coveredd by undisturbed rain forest. To the north the Chocó rain forest extends into Panama 

wheree it is called Darién, to the south it extends into Ecuador where it is called Esmeraldas 

(Fig.. 3.1.). Due to the high precipitation, the Chocó area is drained by a dense river system. 

Thee water level of rivers fluctuate significantly on a temporal scale from days to hours 

dependingg on the intensity and duration of rainfall. As the relief is rather flat, large areas near 

thee rivers are frequently flooded. The Atrato River is the longest river in the Chocó area and 

drainss northward into the Caribbean Sea. Lake Jotaordó belongs to the floodplain system of 

thiss river. 
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Fig.Fig. 3.1. Map .showing the locations of the pollen sites 

discusseddiscussed in the text. Map A: dotted pattern = Darien. 

Chocó.Chocó. Esmeraldas. Map B: dotted pattern = Andes. 

Inn the Andean area near Quibdó lies the origin of the San Juan River. Between Buenaventura 

andd Guapi. where Lake El Caimito is located, the Chocó rain forest zone is only 40 km wide. 

Lakee El Caimito belongs to the catchment of the Guapi River, which drains into the Pacific 

35 5 



Dynamicss in the rain forest ecosystem of Chocó 

Ocean.. The southern part of Chocó is drained by the Patia River, which is ca. 360 km long 

andd originates near Popayan in the Central Cordillera. The isolated Lake Piusbi is located in 

uplandd areas of the drainage basin of this river. 

Inn Chocó average temperature is ca. 26°C throughout the year. Annual precipitation values are 

markedlyy high. In the northern part near the border to Panama, annual precipitation reaches 

valuess of 3000 to 5000 mm. In the middle Chocó, between 4000 and 7500 mm near the coast, 

andd up to 12,000 mm near the Andes (West, 1957). The southern Chocó between 

Buenaventuraa and Ecuador receives 3000 to 5000 mm annually, increasing up to 8000 mm at 

thee foot of the Andes (Del Valle, 1994). In Table 3.1. site specific data of the Chocó lakes are 

presented. . 

Tab.Tab. 3.1. Site specific data of the Chocó lakes. From left to right name, attitude, co-

ordinates:ordinates: lake character, size, depth, associated river system. 

Name,, altitude, co-ordinates Site character 

Jotaordó,, 50m, 5°48'N, 76°42'W open lake, size: 8km2, 10m deep, connected to the 

Atratoo River system by a stream. 

Ell  Caimito, 50m, 2°32'N, 77°36'W open lake, size: 0.5km2, 4m deep, connected to the 

Guapii  River system by a stream. 

Piusbi,, 80m, 1°53'N, 77°56*W closed lake (today 25 m above river level in an upland 

setting),, size: 5km2, 24m deep, in die catchment area of 

thee Patfa River 

3.2.13.2.1 Sedimentological description of Chocó pollen cores 

AA summary of the stratigraphy of the three sediment cores is given below (full details of each 

coree are in Behling et al. (1998), Berrio et al. (2000) and Velez et al. (in press). 

Jotaordó:: The upper 420 cm of this 500-cm long sediment core are made up by organic rich 

clayeyy sediments. Between 420 and 500 cm sediments are sandy. 

Ell  Caimito: The 610-cm long sediment core El Caimito contains between the top and 215.5 

cmm fine detritus mud. Between 215.5 and 508 cm sediments are clayey and organic rich and 

betweenn 508 and 610 cm the sand content increases constantly. Between 420 and 120 cm six 

horizonss with higher sand content could be identified. 
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Piusbi:: The upper 265 cm of this 500-cm long sediment core consist mainly of fine detrical 

mud.. Between 265 and 500 cm sediments change into grey clay with some thin sandy layers. 

3.3.. Methods 

3.3J.3.3J. Pollen analysis 

Alll  sediment cores were cored with a modified Livingston piston corer (5 cm diameter). For 

coringg and sampling details we refer to the original publications (Behüng et al., 1998; Berrio 

ett al., 2000 and Velez et al., in press). All pollen samples were treated with the standard 

methodss including sodium pyrophosphate, acetolysis and heavy liquid separation with 

bromophormm (Faegri and Iversen, 1989). A minimum of 300 pollen grains (excluding aquatic 

taxa,, fern spores, fungal spores and algae colonies) was counted. For pollen and spore 

identificationn publications by Behling (1993), Graf (1992), Herrera and Urrego (1996), 

Hooghiemstraa (1984). Murillo and Bless (1974, 1978), Roubik and Moreno (1991), and the 

referencee collection of modem pollen and spores of the Hugo de Vries-Laboratory were used. 

3.3.23.3.2 Time control 

Timee control of the sediments from lakes Piusbi, El Caimito and Jotaordó is based on 25 AMS 
UCC dated bulk sediment samples (Tab. 3.2.). All ages are expressed in radiocarbon yr before 

presentt (BP). Subsets of samples with an approximately linear time-depth relationships were 

selectedd (Fig. 3.2.). With few exceptions (one sample in the Jotaordó core and seven in the El 

Caimitoo core), original sampling interval was 5 cm at the El Caimito core, and 10 cm at the 

Piusbii  and Jotaordó cores (Tab. 3.3.). The samples, that were not taken at equidistant depths, 

weree replaced by interpolated objects which contained average pollen counts of the nearest 

upperr and lower sample. Subsequently, the age of all samples (including the newly calculated 

objects)) was estimated by linear regression of time to depth. Analysed periods started at 1970 

BPP (fitted age at depth of 500 cm) in El Caimito, at 4360 BP (fitted age at depth of 260 cm) in 

Piusbi,, and 1420 BP (fitted age at depth of 410 cm) in Jotaordó. Fitted temporal resolution 

(R()) was 20.7 yr in El Caimito, 79.3 yr in Piusbi and 32.5 yr in Jotaordó. 
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Tab.Tab. 3.2. Radiocarbon dates of sediment cores discussed in the text, 

InIn all cases bulk sediment samples were dated. Dated samples located 

inin the numerically analysed core interval are marked with an 

asterisk. asterisk. 

Pollenn record 

Jotaordó ó 

Ell  Cairn ito 

Piusbi i 

Depthh (cm) 

5* * 

40* * 

180* * 

275* * 

412* * 

422 2 

498 8 

11* * 

151* * 

266* * 

398* * 

498* * 

546 6 

598 8 

5* * 

45* * 

95* * 

150* * 

195* * 

260* * 

270 0 

335 5 

398 8 

450 0 

498 8 

HCyrBP P 

-7333  39 

3655  39 

6000 0 

9833  46 

14388  45 

40533  60 

42300 0 

-16211 8 

5222  30 

8799 1 

1 1 

20400 0 

30033  34 

34922  35 

2222  33 

9288  35 

19099 8 

26466  38 

32544  40 

43400  60 

61333 9 

71300 0 

76600  50 

76700  70 

68500  50 

Lab,, number (Col-no.) 

UtC-8013(1168) ) 

UtC-8014(I169) ) 

UtC-8015(JJ70) ) 

UtCC 8016(1171) 

UtC-8017(1172) ) 

UtC-8035(1173> > 

UtC-57911 (1108) 

UtC-8365(1186) ) 

UtC-8366(1187) ) 

UtC-8367(1188) ) 

UtC-8368(1189) ) 

UtC-5790(lI07) ) 

UtC-83699 (1190) 

UtC-5789(lI06) ) 

UtC-5835(llt4) ) 

UtC-5386(1115) ) 

UtC-5837(llI6) ) 

UtC-58388 (1117) 

UtC-5839(1118) ) 

UtC-5840(1119) ) 

UtC-58411 (1120) 

UtC-5842(lI21) ) 

UtC-5787(1104) ) 

UtC-5843(1122) ) 

UtC-5788(lI05) ) 

3.3.33.3.3 Chocó forest types and their appearance in the palynological sections 

Thee information regarding the Chocó forest types and their dominant vascular plant taxa is 

basedd on reconnaissance survey observations (Urrego, Hooghiemstra) and taken from 
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7000 0 6000 0 50000 400 0 300 0 200 0 100 0 

14CyrBP P 
Fig.Fig. 3.2. Time-depth relationship of sediments from the Piusbi. Jolaordó. and El Caimito 

sections.sections. Markers indicate samples with ' C dates. Samples with closed markers were 

selectedselected for numerical analyses. 

followingg literature: Del Valle 1996; Fabcr-Langendoen & Gentry, 1991; Finol 1993; Gentry, 

1986;; IGAC-INDERENA-CONIF, 1984; Molina, in prep, and Universidad Nacional, 1995. 

Thee composite pollen percentage diagrams of forest types (Fig. 3.3.) were calculated from the 

originall  counts. Scores of samples and objects in diagrams represent summed pollen counts of 

thee indicator pollen taxa for each forest type, divided by the total counts per sample of 

vascularr plant pollen, excluding ferns and allies. As several pollen taxa are indicative for more 

thann one forest type (e.g. Melastomataceae/Combretaceae). the total sum of percentages per 

samplee exceeds 100%. 

3.3.43.3.4 Numerical analysis 

S0rensenn similarity coefficients (Legendre and Legendre, 1998) with respect to presence-

absencee of genera were calculated between cumulative genus composition of samples from the 

Jotaordóó section and the total genus composition of the El Caimito and Piusbi sections, and 

betweenn cumulative genus composition of samples from the El Caimito section and the total 

genuss composition of the Piusbi section. In this analysis plant taxonomie names were based on 

Mabberley(1989). . 
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Tab.Tab. 3.3. Characteristics of the subsets of data selected for the numerical analysis. The 

numbernumber of samples, temporal resolution, and the number of fossil pollen types are indicated. 

Namee Number of Interval between samples Vascuiar plants (excluding ferns and allies) 

samples s 

Depthh (cm) Temporal resolution (yr> Types Genera Families Total taxa 

Jotaordóó 41 10 32.5 14 74 59 113 

Ell  Caimito 99 5 20.7 22 76 73 140 

Piusbii  53 5 79.3 44 83 74 162 

Too prepare each sample subset (El Caimito, Piusbi, Jotaordó) for time series analysis, 

correspondencee analysis was done with log transformed counts of vascular plant taxa 

(includingg types, genera and families but excluding ferns and allies), using default options in 

CANOCOO 4 (ter Braak and Smilauer, 1998). One outlying sample in the Piusbi section was 

downweightedd (weight 0.1). Sample scores of die first CA axis were detrended by first-order 

differencing,, applying SPSS10. 

Rhythmss in these detrended sample scores were explored by applying two methods: 

1)) Contingency periodograms were defined using default options (classes defined by the 

program)) in the Periodograph module for the Macintosh in R package 3.0 (Legendre and 

Vaudor,, 1991). The significance level was determined using a progressive Bonferoni 

proceduree on the basis of a starting significance level of 10% (Legendre and Legendre, 1998). 

Thee time lapse of rythms was calculated by multiplying the period (T) with the temporal 

resolutionn (Rt) of each section 

2)) Spectra were estimated by taking the discrete Fourier transform of the differenced sections, 

applyingg S-Plus 2000 (1999). Spectra were smoothed by modified Daniell windows with 

spanss of 3, and taper fractions of 0.1. By default, the 95% confidence interval and the 

bandwidthh of the estimate are plotted in the upper right corner of the smoothed periodograms, 

andd printed as subtitle. 
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3.4.. Results 

3.4.1.3.4.1. The Chocó forest types 

Thee Chocó forest types and their principal enviromental conditions to which they are 

associatedd are listed in Tab. 3.4. This table also lists the vascular plant taxa that are most 

dominantt in these forests, and their related indicator pollen taxa. The most important pollen 

andd spore types, found in the pollen records, are shown on Plates 1-15 (see appendix). Some 

additionall  remarks concerning the recognition of these forest types in palynological studies 

aree given below. 

Mangrovee forest can be clearly detected by Rhizophora and Avicennia pollen. Pollen from 

ConocarpusConocarpus and Laguncuiaria might also help to distinguish mangrove forest but this pollen 

cannott be separated from Melatomataceae/Combretaceae pollen. Mora megistosperma 

dominatedd forest is difficult to identify in the pollen diagram, because dominant taxa are poor 

pollenn producers (Pachira, Tabebuia) or belong to families with indifferent pollen types 

(Arecaceaee and Moraceae/Urticaceae), The palm-dominated forest types (Bactris setulosa, 

EuterpeEuterpe oleracea, Raphia taedigera, Mauritiella macroclada, Oenocarpus bataua) are as 

groupp relatively easy to recognise. In the three studies only a few individual palm taxa were 

separatedd (from the mentioned taxa only Mauritiella pollen grains was distinguished). The 

pioneerr communities are easy to recognise in pollen sections on the basis of a combination of 

pollenn types from Cecropta, Asteraceae and Poaceae. Pioneer and palm-rich forest types in 

Chocóó are seen as indicators for dynamic depositional environments in floodplains directly 

alongg river channels. 

Figg 3.3. (following page) Pollen diagrams of die Chocó forest types from Piusbi, El Caimito 

andd Jotaordó sections showing percentages of indicator pollen sums (see Tab. 3.4.). 
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3.4.23.4.2 Concise description of the forest type pollen diagrams (Fig. 3.3.) 

Jolaordó:: the analysed section from Jotaordó spans the time period of ca. 1420 - 120 BP. 

Betweenn 1420 and 1300 BP Campnosperma panamense dominated forest has highest values. 

Otherr forest types with higher percentages are Mora megistosperma, Euterpe oleracea, 

MauritieilaMauritieila macroclada, Prioria copaifera dominated forest and pioneer forest. Mixed forest, 

mangrove,, Otoba gracilipes and Raphia taedigera dominated forest have low values. Other 

forestt types are almost absent. Between 1300 and 120 BP mixed forest increases strongly, 

alsoo mangrove reach somewhat higher percentages. Campnosperma panamense and 

MauritieilaMauritieila macroclada dominated forest decrease. All other forest types show a stable 

development. . 

Ell  Caimito: the analysed section from El Caimito covers the time period of ca. 1970 BP until 

present-day.. Between 1970 and 700 BP mixed forest and mangrove show highest values of all 

pollenn spectra, followed by Raphia taedigera, Prioria copaifera, Euterpe oleracea, pioneer 

forest,, Mora megistosperma, Otoba gracilipes and Bactris setutosa dominated forest. 

MauritieilaMauritieila macroclada and Oenocarpus bataua dominated forest are present, but with low 

percentages.. Montrichardia arborescens dominated forest is almost absent. Between 700 BP 

andd present-day the percentages of mangrove decrease. Bactris setulosa and pioneer forest 

havee somewhat higher percentages than before. All other forest types show minor changes. 

Aroundd 100 BP values of Mora megistosperma, Euterpe oleracea, Raphia taedigera and 

PrioriaPrioria  copaifera dominated forest increase. 

Piusbi:: the analysed section from Piusbi covers the time period of ca. 4360-230 BP. Between 

43600 and 3000 BP pollen spectra are dominated by Mora megistosperma, Prioria copaifera, 

CampnospermaCampnosperma panamense dominated forest and mixed forest, but all of these records show 

decreasingg percentages. Values of Bactris setulosa dominated forest and pioneer forest are 

constantt and play a minor role. The mangrove forest record increases during this time 

interval.. Other forest types are almost absent in the whole section. Between 3000 and 2300 

BPP Mora megistosperma, Prioria copaifera, Campnosperma panamense dominated forest 

andd mixed forest show minima, Bactris setulosa dominated forest and pioneer forest have 

stablee values and mangrove reaches a maximum. Between 2300 and 230 BP Mora 

megistosperma,megistosperma, Prioria copaifera and Campnosperma panamense dominated forest show, 

afterr a slight increase, stable values. Percentages of mixed forest increase constantly towards 

thee top. Bactris setulosa dominated forest percentages increase around 2400 BP and have 
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stablee values until the top. Pioneer forest values start to increase around 2300 BP and show 

alsoo relatively stable percentages in this time interval. 

Tab.Tab. 3.4. Forest types recognised in Chocó rainforest area, their environment, in which they 

occur,occur, and the most characteristic plant taxa. The last column shows how forest types can 

potentiallypotentially be recognised in the fossil pollen spectra. 

Forestt type Environment t Dominantt plant taxa Indicatorr pollen 

Mangrovee saline conditions on marshy soils 

underr tidaJ influence with variable 

inundationn levels, most extended 

distributionn between the rivers Patfa 

andd Guapi. occurs sometimes (due to 

tidall  dynamics) some tens of 

kilometerss inland 

MoraMora transitional zone between mangrove 

megistospermamegistosperma and floodplain forest; Mora 

megistospermamegistosperma dominated forest 

toleratess light saline conditions and 

periodica]]  fresh water inundation 

Avicennia,Avicennia, Conocarpus erecta, Avicennia, Mela stom ataceae/ 

LagunculariaLaguncularia racemosa, Combretaceae, Rhizophora 

PellkieraPellkiera rhizophorae, 

Rhizophora Rhizophora 

EuterpeEuterpe oleraceae. Mora 

megistosperma,megistosperma, Pachira 

aquatica.aquatica. Tabebuia rosea 

Bignoniaceae, , 

EuterpelCeonomaEuterpelCeonoma type, 

Moraceae/Urticaceae, , 

Pachira,Pachira, Tabebuia 

BactrisBactris setutosa floodplains middel Atrato riverr basin, 

includingg permanent swamps and 

riverr banks (may cover large areas 

withh pure stands), tolerance to high 

inundationn levels, sun tolerant 

BactrimBactrim setulosa, Cecropia, Arecaceae, Cecropia, 

NectandraNectandra reticulata, Triptaris Coccoloba/Triptaris type 

cumingianacumingiana Nectandra/Ocotea type. 

Prioria Prioria 

copaifera copaifera 

floodplainss (restricted to Atrato, 

Truandóó and León river valleys in 

northernn Chocó), flooding duration 

severall  months 

Raphia Raphia 

taedigera taedigera 

Montrichardia Montrichardia 

arbarescens arbarescens 

floodplainss middle Atrato riverr basin, 

tolerancee to high inundation levels 

permm amen t swamps in floodplains (in 

northernn Chocó) 

AnacardiumAnacardium excelsum, 

BrosimunBrosimun utile, Hirtetla 

racemosa,racemosa, Parkia auriculata. 

PrioriaPrioria  copaifera, 

PterocarpusPterocarpus officinalis, 

RheediaRheedia madruno, Viroia 

flexuosa flexuosa 

CaiophytlumCaiophytlum mariae, 

PentaclethraPentaclethra macroioba, 

Pterocarpus,Pterocarpus, Raphia taedigera 

Anacardiaceac, , 

Chrysobalanaccac.. Gutli ferae, 

Leguminosae, , 

Moraceae/Urticaceae,, Parkia, 

Viroia Viroia 

Arecaceae,, Gutti ferae, 

Leguminosae.. Penthaclethra 

MontrichardiaMontrichardia arboreacens, 

PistiaPistia striatiotes 

MontrichardiaMontrichardia,, Araceae 
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Tab.Tab. 3.4. (continued) 

MauritiellaMauritiella palm rich, often near Rapkia 

macrociada macrociada taedigerataedigera and Euterpe oieracea 

forest,, but on better drained areas 

surroundingg low levees, inundation 

levelss not too high, marshy 

CampnospermaCampnosperma panamense, 

MauritiellaMauritiella macroclada, 

OenocarpusOenocarpus baiaua 

Anacardiaceae,, Arecaceae, 

Mauritiella Mauritiella 

Oenocarpus Oenocarpus 

baiaua baiaua 

waterr saturated clayey soils, O. 

batauabataua may occur in pure stands (in 

northernn Chocó) or in mixed forests 

CampnospermaCampnosperma panamense, 

Dendrobangia,Dendrobangia, Erythroxylum, 

Humiriastrum,Humiriastrum, Oenocarpus 

bataua bataua 

Anacardiaceae,, Arecaceae, 

Erythroxylum,Erythroxylum, Humiriaceae, 

Icacinaceae e 

EuterpeEuterpe floodplains, with high inundation 

oieraceaoieracea levels stands with E. oieracea and 

Poaceaee occur, otherwise other taxa 

comee in. £ oieracea is a pioneer 

treee on frequently flooded soils 

CampnospermaCampnosperma forms pure stands of C. panamense, 

panamensepanamense but also commonly found with 

MauritiellaMauritiella palms, soils saturated 

withh water not longer than 3 months, 

inundationn levels up to 30 cm, C. 

panamensepanamense is sun tolerant. 

Brosimum,Brosimum, Eschweilera, 

EuterpeEuterpe oleraceae, Grias, 

Lacmettea,Lacmettea, Manicaria, 

Oenocarpus,Oenocarpus, Pentaclethra, 

Symphonia Symphonia 

Alchorneopsis, Alchorneopsis, 

CampnospermaCampnosperma panamense, 

Cespedesia,Cespedesia, Euterpe, 

Hasseltia,Hasseltia, Psyckotria, 

Vantanea,Vantanea, Mauritiella 

Apocynaccae,, Arecaceae 

Euterpe/GeonomaEuterpe/Geonoma type, 

Lecythidaccae, , 

Moracc cae/U rticaceae, 

Pentaclethra,Pentaclethra, Symphonia 

Anacardiaccac. . 

Euphorbiaceae, , 

Euterpe/GeonomaEuterpe/Geonoma type, 

Flacourtiaeeae.. Humiriaceae, 

Mauritiella,Mauritiella, Ochnaceae, 

Psychotria Psychotria 

OtobaOtoba gracilipes well drained soils in floodplains 

(naturall  levees) and uplands (fluvial 

terracess and low hills), restricted to 

Patfaa river valley, southern Chocó. 

CahphyllumCahphyllum longifolium, 

CespedeziaCespedezia macrophylla, 

Hyeronima,Hyeronima, Otoba gracilipes, 

PterocarpusPterocarpus officinalis, 

SwartziaSwartzia amplifolia, 

SymphoniaSymphonia globulifera, Virola 

sebiferasebifera and Virola reidii 

Euphorbiaceae,, Hyeronima, 

Leguminosae,, Myristicaceae, 

Ochnaceae,, Swartzia, 

Symphonia,Symphonia, Virola 

Mixedd forest seasonally flooded well drained flood 

(includingg plain soils (natural levees), species 

Guandall  forest) rich, palm trees absent 

BrosimunBrosimun utile, Castillo 

elastica,elastica, Ceiba pentandra, 

OtobaOtoba gracilipes, Symphonia 

globulifera,globulifera, Terminalia amazo 

nia,nia, Trichilia, Vochisia, Ceiba 

pentandra,pentandra, Eschweilera, 

PentaclethraPentaclethra macroloba, 

Pterocarpus Pterocarpus 

Moraceae/Urticaceae,, Ceiba, 

MM c lastomataceae/ 

Combrctaceae,, Leguminosae, 

Lecyttiidaceae,, Meliaceae, 

Myristicaceae,, Pentaclethra, 

Symphonia,Symphonia, Vochysiaceae, 
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Tab.Tab. 3.4. (continued) 

Pioneerr recently formed sandflats in 

communitiess floodplains. characterized by sun 

tolerantt and fast growing species; 

alsoo in forest gaps created by fallen 

treess and human influence 

Acalypha,Acalypha, Cecropia, Ficus . Acahpha. Asteraceae, 

Guazuma,Guazuma, Inga, Poaceae, Cecropia, Ficus, Inga, 

Solarium,Solarium, Tessaria. Vismia Poaceae, Solanaceae, 

Sterculiaceae.. Vismia 

3.4.33.4.3 Comparative numerical analysis of Chocó pollen sections 

Inn the analysed periods, sediment accumulation in the Piusbi section is ca. 5 times slower than 

inn the other two sections (Fig. 3.2.). In the Jolaordó section the lowest number of taxa is 

found.. The Piusbi section is richest in laxa. and also contains the highest proportion (27%) of 

unknownn pollen types (El Caimito: 16%, Jolaordó: 12%). 

Thee three sections show comparable patterns of plant genera accumulation (Fig. 3.4.). 
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Fig.Fig. 3.4.(left) Cumulative number 

ofof identified fossil pollen types of 

vascularvascular plant genera in the 

recordsrecords of Piusbi, El Caimito and 

Jolaordó. Jolaordó. 

50000 4000 3000 2000 1000 0 
1 4Cyrr BP 

Duringg the initial phase of the analysed period, the number of genera accumulates rapidly 

withh a speed of about 4.1 genera 100 y r ' (Piusbi) and 11.2-11.4 genera 100 yr (El Caimito 

andd Jotaordó). After this first phase, the speed of genera accumulation becomes lower to 0.8 

generaa 100 yr ' in Piusbi and 1.7-2.1 genera 100 yr ' in El Caimito and Jotaordó. Starting 

amountt of genera in the Jotaordó section is higher (34) than in El Caimito (19) and Piusbi 

(16).. Table 3.5. lists all identified vascular plant genera (excluding ferns and allies) with their 

timee of first appearance in each section (t =0 defined as the start of the analysed periods). 
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Thee patterns of similarity through time between the cumulative genera composition of the 

threee possible pairs of sections are remarkably uniform (Fig. 3.5.). In the first 200 yr, 

cumulativee similarity rise relatively quickly (from 0.35-0.45 in El Caimito compared to 

Piusbi,, and 0.40-0.54 in Jotaordó compared to El Caimito and Piusbi). After that, the 

similarityy coefficients level off to maximum values of 0.55-0.65. 
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Jotaordóó vs. El Caimito 
Jotaordóó vs. Piusbi 
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Fig.Fig. 3.5. (left) S0renson similarity 

coefficientscoefficients calculated with 

cumulativecumulative genus composition of 

JotaordóJotaordó samples and the total 

genusgenus composition of the El 

CaimitoCaimito and Piusbi sections, and 

cumulativecumulative genus composition of 

JotaordóJotaordó samples and the total 

genusgenus composition of the Piusbi 

section. section. 

Thee scores on the first axis of the correspondence analysis (Fig. 3.6., upper graphs) of all 

sectionss show clear trends in time (scores in Jotaordó and El Caimito increase, scores in 

Piusbii  decrease). The first order differencing successfully removes these trends resulting in 

sequencess that approximate condition of stationairity (Fig. 3.6., lower graphs). 

Tab.Tab. 3.5. Vascular plant genera (excluding ferns and allies) and their time of first 

recordingrecording (yr) in three Chocó pollen sections. 

Acalypha Acalypha 

Aegiphita Aegiphita 

Alchornea Alchornea 

Aliberlio Aliberlio 

Allophylus Allophylus 

Alnus Alnus 

Alternanthera Alternanthera 

Ambrosia Ambrosia 

Jotaordó ó 

0 0 

420 0 

0 0 

290 0 

130 0 

. . 

Caimito o 

0 0 

1550 0 

0 0 

170 0 

1680 0 

0 0 

Piusbi i 

0 0 

560 0 

0 0 

2220 0 

1670 0 

0 0 

0 0 

1910 0 

Mabea Mabea 

Macoubea Macoubea 

Macrolobium Macrolobium 

Manihot Manihot 

Marila Marila 

MalayMalay ba 

Mauritiella Mauritiella 

Mimosa Mimosa 

Jotaordó ó 

70 0 

940 0 

0 0 

--
1110 0 

0 0 

0 0 

Caimito o 

0 0 

250 0 

--
--
--

1370 0 

0 0 

Piusbi i 

3570 0 

--

1030 0 

--
320 0 

--
0 0 
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Tab.Tab. 3.5. (con 

Anacardium Anacardium 

Annona Annona 

Anthurium Anthurium 

Apeiba Apeiba 

Astrocaryum Astrocaryum 

Astroniutn Astroniutn 

BanaBana ra/KUosma 

Baukinia Baukinia 

Begonia Begonia 

Bocconia Bocconia 

Bunckonsia Bunckonsia 

Byrsonima Byrsonima 

Byttneria Byttneria 

Casearia Casearia 

Cassia Cassia 

Cayaponia Cayaponia 

Cecropia Cecropia 

Ceitis Ceitis 

Chamaedorea Chamaedorea 

Chenopodium Chenopodium 

Cissus Cissus 

Clethra Clethra 

Clusia Clusia 

Cordia Cordia 

Crenea Crenea 

Crotalaria Crotalaria 

Crotan Crotan 

Cydisia Cydisia 

Daphne Daphne 

Desmodium Desmodium 

Dtdymopanax Dtdymopanax 

Dinizia Dinizia 

Dodonaea Dodonaea 

Doliocarpus Doliocarpus 

tinned) tinned) 

0 0 

0 0 

0 0 

0 0 

290 0 

0 0 

0 0 

0 0 

490 0 

750 0 

0 0 

1240 0 

1300 0 

100 0 

620 0 

490 0 

1240 0 

0 0 

130 0 

--

1880 0 

140 0 

0 0 

--
--

830 0 

540 0 

640 0 

--
1510 0 

80 0 

620 0 

120 0 

0 0 

1510 0 

I860 0 

500 0 

20 0 

560 0 

830 0 

1880 0 

950 0 

--
--

660 0 

80 0 

790 0 

790 0 

480 0 

--
--

1030 0 

790 0 

320 0 

--
--

4050 0 

790 0 

--
1030 0 

0 0 

0 0 

--
--

160 0 

1670 0 

480 0 

--
1590 0 

400 0 

400 0 

1030 0 

480 0 

80 0 

710 0 

Myrica Myrica 

Myrsine Myrsine 

Ochrotnn Ochrotnn 

Ocotea Ocotea 

Oreopanax Oreopanax 

Orycihantus Orycihantus 

Ouratea Ouratea 

Pachira Pachira 

Passiflora Passiflora 

Pentaciethra Pentaciethra 

Peperomia Peperomia 

Phyilanlhus Phyilanlhus 

Piper Piper 

Plantago Plantago 

Poa Poa 

Podocarpus Podocarpus 

Potamogeton Potamogeton 

Prestonia Prestonia 

Protium Protium 

Psychotria Psychotria 

Quararihea Quararihea 

Quercus Quercus 

Rhamnus Rhamnus 

Rhipsalis Rhipsalis 

Rhizophora Rhizophora 

Rumex Rumex 

Sagittaria Sagittaria 

Sapium Sapium 

Simarouha Simarouha 

Sloanea Sloanea 

Socratea Socratea 

Solanum Solanum 

Spermacoce Spermacoce 

Spondias Spondias 

70 0 

100 0 

70 0 

160 0 

70 0 

0 0 

--
130 0 

0 0 

0 0 

--
0 0 

--

0 0 

30 0 

--
0 0 

--
160 0 

1140 0 

70 0 

30 0 

30 0 

100 0 

0 0 

20 0 

0 0 

700 0 

460 0 

--
830 0 

140 0 

0 0 

100 0 

40 0 

0 0 

810 0 

1180 0 

0 0 

--

0 0 

1970 0 

--
0 0 

0 0 

--
1820 0 

480 0 

0 0 

--
240 0 

--

--
2780 0 

--
3730 0 

0 0 

--
0 0 

3100 0 

790 0 

0 0 

2940 0 

--
160 0 

400 0 

--
0 0 

3020 0 

560 0 

0 0 

2700 0 

0 0 

160 0 

0 0 

1510 0 
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Tab.Tab. 3.5. (continued) 

EUkkornia EUkkornia 

EuteEute rpe/Geonoma 

Ficus Ficus 

Fosteronia Fosteronia 

Fuchsia Fuchsia 

GuarGuar e a 

Guettarda Guettarda 

Gunnera Gunnera 

Hedyasmum Hedyasmum 

Heliocarpus Heliocarpus 

Heteropteris Heteropteris 

Hippocralea Hippocralea 

Humiria Humiria 

Hydrocotyie Hydrocotyie 

Hyeronima Hyeronima 

Hygrophila Hygrophila 

Ilex Ilex 

Inga Inga 

Ipomoea Ipomoea 

Iriartea Iriartea 

Irlbachia Irlbachia 

Juglans Juglans 

Jungia Jungia 

Ludwigia Ludwigia 

0 0 

--

--

0 0 

--

70 0 

980 0 

750 0 

0 0 

--
0 0 

0 0 

70 0 

--

1910 0 

0 0 

--
--

100 0 

--
540 0 

0 0 

20 0 

1430 0 

20 0 

430 0 

40 0 

20 0 

1990 0 

250 0 

--
140 0 

2700 0 

--
80 0 

80 0 

3810 0 

4050 0 

80 0 

0 0 

710 0 

--
80 0 

3260 0 

320 0 

--
950 0 

--
--

1030 0 

--

Stercularia Stercularia 

Sryrax Sryrax 

Symmeria Symmeria 

Symphonia Symphonia 

Symplocos Symplocos 

Tapirira Tapirira 

Tetrorchidium Tetrorchidium 

Tournefortia Tournefortia 

Trema Trema 

Trichiiia Trichiiia 

Triumfetta Triumfetta 

Ulmus Ulmus 

Vemonia Vemonia 

Virola Virola 

Vism'ta Vism'ta 

Vitex Vitex 

Vockysia Vockysia 

Warscewiczia Warscewiczia 

Weinmannia Weinmannia 

Wettinia Wettinia 

Xyris Xyris 

Zanthaxylum Zanthaxylum 

Zea Zea 

--
--

290 0 

0 0 

200 0 

0 0 

--
590 0 

0 0 

0 0 

70 0 

--

0 0 

0 0 

750 0 

0 0 

0 0 

--
70 0 

200 0 

1240 0 

--
40 0 

100 0 

1100 0 

--
--

990 0 

20 0 

0 0 

0 0 

290 0 

310 0 

--
0 0 

410 0 

390 0 

1030 0 

3570 0 

--

1190 0 

320 0 

80 0 

--
790 0 

--
870 0 

1110 0 

80 0 

3490 0 

--
80 0 

870 0 

3100 0 

320 0 

2780 0 

Thee contingency periodogram analysis of the Piusbi section yields a high B statistic for period 

T== 20, which corresponds to a time lapse of 1586 yr (Tab. 3.6.). Several fractions of this 

periodd (T- 5, 10 and 15) also show comparatively high B statistics, but diese are not 

significantt after the progressive Bonferoni correction. The Jotaordó section shows a basic 

significantt period of T= 5 or 163 yr. The El Caimito section has clear periodicities with a 

basicc rhythm ofT= 2, corresponding to 41, 83, 124 and 290 yr. 
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Fig.. 3.6. Upper graphs: scores of the first CA axes calculated with the vascular plant 

taxataxa counts from selected intervals of the Piusbi, El Caimito, and Jotaordó sections. 

LowerLower graphs: first order differenced values of same scores. The units along all 

horizontalhorizontal axes represent the samples of each section, ordered from bottom (left) to top 

(right). (right). 

Spectrall  analyses (Fig. 3.7.) yield significant frequencies, which approximately correspond to 

periodss of 81 and 186 yr (Jotaordó), 198, 317 and 793 yr (Piusbi) and 97 yr (El Caimito). 

Weakerr peaks in the El Caimito section point at rhytms of 47 and 56 yr. 

Harmonicss are defined as those periods that arc in integral proportion (rounded to one 

decimal)) to the principal rythms observed in the analyses. Table 3.7. shows the estimates of 

basicc periodicities that yield the highest number of harmonics in both contingency 

periodogramss and spectral analyses. The estimated common period that occurs in most of the 

analysess is 79.5 yr. A second estimated common period, which occurs less frequently, is 98 

yr. . 
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3.5.. Discussion 

3.5.13.5.1 Comparative paleo-ecological interpretation of the three sections 
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Thee forest types profiles from Chocó pollen records suggest only slight vegetational changes 

throughh time, which is in agreement with the findings in the original publications. Particularly 

sectionn Jotaordó has very stable profiles. With its longest time span, the forest type spectra of 

sitee Piusbi show, that here palm-rich floodplain forest types were less abundant than near the 

otherr sites. That might be explained by the more upland location of lake Piusbi today ca. 25 m 

abovee the river level. 

Fig.Fig. 3.7.(left) Smoothed periodograms of the detrended 

scoresscores of the first CA axes calculated with the vascular 

plantplant tcLxa counts from selected intervals of the Piusbi, 

ElEl Caimito and Jotaordó sections. The graphs show the 

»""  scores of the spectrum along with a cross in the upper 

rightright corner whose vertical component indicate the 

95%95% confidence interval for the spectrum (based on a 

chi-squaredchi-squared approximation) and whose horizontal 

elementelement indicates the bandwidth of the estimate. 

Althoughh all study sites are at a certain distance to the 

coastt (Piusbi ca. 80 km. El Caimito ca. 40 km and 

Jotaordóó ca. 70 km), mangrove forest was found in all 

studiedd sections. In Piusbi and El Caimito the record 

indicatess that mangrove, and therefore the coastline, 

wass nearest to Piusbi from 3000 to 2300 BP and to El 

Caimitoo from 1970 to 700 BP. In Jotaordó the 

mangrovee record is stable since ca. 1300 BP. It has to 

bee considered, that Rhizophora pollen, a direct indicator for mangrove forest, was only found 

inn Piusbi and El Caimito. whereas in Jotaordó only the relatively indifferent pollen type 

Melastomataceae/Combretaceaee may represent the mangrove forest record. 

Afterr highest abundance of mangrove in Piusbi and El Caimito. mangrove forest diminished 

too present-day level and was replaced by floodplain forest types. Bad ris setulosa dominated 

51 1 

Frequencyy ibana«idifi=o 0U7| 



Dynamicss in the rain forest ecosystem of Chocó 

forestt and pioneer forest increased in Piusbi around 2300 BP and Bactris setulosa, Otoha 

gracilipesgracilipes dominated forest and pioneer forest increased in El Caimito around ca. 700 BP. 

Thiss change from mangrove to higher abundance of floodplain forest suggests a reduction of 

thee water level of the river system and creation of open floodplain areas under frequent 

inundation.. Urrego (unpublished data) found indications for decreasing water levels probably 

causedd by tectonic events in a sediment core from the delta of the Patia river around 700 BP. 

Thee temporal offset of this change in Piusbi and El Caimito might be explained by the closer 

distancee of El Caimito to the coast. The mangrove belt (coastline) started to recede probably 

firstt at the inland site Piusbi before the development started closer to the coast in El Caimito. 

Thee relatively stable and parallel development of Chocó floodplain forest types stays in 

contrastt to the common development of river influenced forest in Amazonia. It is well known 

thatt many study sites in Amazonia (e.g. Quinché, Mariname: Urrego 1997; Pantano de 

Monica:: Behling et al., 1999; Rio Curua: Behling and Lima da Costa, 2000) received some 

majorr vegetational changes during the Holocene. These environmental changes were 

explainedd with changes in river dynamics and an alternation of dry and wet periods. Van der 

Hammenn et al. (1992) inferred dry periods for the Amazon basin during 3800-3200 BP and 

2700-19000 BP based on more organic rich material in the Rio Caqueta sediments. In latter 

Amazoniann studies (Behling et al., 1999; Behling and Lima da Costa, 2000) these dry periods 

couldd only partly or not be found. Therefore a proper reconstruction of Holocene climate 

changee in Amazonia is still missing. In Chocó, clear evidence for precipitation or other 

climatee change, as cause for the shown changes in river dynamics, is also missing. The 

relativelyy stable and parallel development of Chocó floodplain forest types stays in contrast to 

thee common development of river influenced forest in Amazonia. It is well known that many 

studyy sites in Amazonia (e.g. Quinché, Mariname: Urrego 1997; Pantano de Monica: Behling 

ett al., 1999; Rio Curua: Behling and Lima da Costa, 2000) received some major vegetational 

changess during the Holocene. These environmental changes were explained with changes in 

riverriver dynamics and an alternation of dry and wet periods. 

Tab.Tab. 3.6. Results of the contingency periodogram analyses of the differenced scores of the 

firstfirst CA axes calculated with the vascular plant taxa counts from selected intervals of the 

Jotaordó,Jotaordó, Piusbi and El Caimito records. B - values of the statistic B {Legendre & Legendre 
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1998).1998). P = probability of periods. Significant periods after the progressive Bonferoni 

correctioncorrection are indicated with an asterisk. 

Piusbi i 

periodd (yr) 

159 9 

238 8 

318 8 

397 7 

476 6 

556 6 

635 5 

715 5 

794 4 

873 3 

953 3 

1032 2 

1111 1 

1191 1 

1270 0 

1350 0 

1429 9 

1508 8 

1588 8 

B B 

0.00 1 1 

0.01 2 2 

0.11 3 3 

0.16 4 4 

0.02 8 8 

0,15 4 4 

0.19 2 2 

0.11 8 8 

0.30 3 3 

0.16 7 7 

0.23 6 6 

0.23 2 2 

0.21 5 5 

0.4O 8 8 

0.41 1 1 

0.41 8 8 

0.32 4 4 

0.51 4 4 

0.62 4 4 

P P 

0.9 4 4 

0.8 7 7 

0.0 7 7 

0.0 3 3 

0.9 8 8 

0.1 9 9 

0.1 3 3 

0.7 2 2 

0.0 2 2 

0.6 3 3 

0.3 2 2 

0,4 5 5 

0.6 7 7 

0.0 4 4 

0.0 6 6 

0.0 9 9 

0.4 8 8 

0.0 3 3 

0.0 0 0 

Caimit o o 

perio dd (yr ) 

41 1 

62 2 

83 3 

104 4 

124 4 

145 5 

166 6 

186 6 

207 7 

228 8 

249 9 

269 9 

290 0 

311 1 

331 1 

352 2 

373 3 

394 4 

ff  414 

B B 

0.03 6 6 

0.01 8 8 

0,05 0 0 

0.00 3 3 

0.07 3 3 

0.05 4 4 

0.06 4 4 

0.06 7 7 

0.06 9 9 

0.02 5 5 

0,10 0 0 

0.05 8 8 

0.18 1 1 

0.06 3 3 

0.14 8 8 

0.02 7 7 

0.15 2 2 

0.12 5 5 

0.11 4 4 

P P 

0.0 11 * 

0,1 7 7 

Jotaord ó ó 

perio dd (yr ) 

65 5 

98 8 

0.0 22 *  13 0 

0.9 7 7 

0.0 1 1 

0.1 0 0 

0.0 9 9 

0.1 1 1 

0.1 4 4 

0.9 0 0 

0.0 5 5 

0.5 0 0 

o.o o o 

0.5 7 7 

0.0 2 2 

0.9 9 9 

0.0 3 3 

0,1 4 4 

0.2 6 6 

163 3 

''  19 5 

228 8 

260 0 

293 3 

325 5 

358 8 

390 0 

423 3 

**  45 5 

488 8 

521 1 

553 3 

586 6 

618 8 

651 1 

B B 

0.01 0 0 

0.12 8 8 

0.06 3 3 

0.34 4 4 

0.15 8 8 

0.24 7 7 

0.20 6 6 

0.44 8 8 

0.53 8 8 

0.43 3 3 

0.53 2 2 

0.46 7 7 

0.60 5 5 

0.81 8 8 

0.67 1 1 

0.78 8 8 

0.75 8 8 

0.77 1 1 

00 86 6 

P P 

0.8 5 5 

0.1 2 2 

0,8 3 3 

0.0 1 1 

0.6 3 3 

0.3 5 5 

0.7 4 4 

0.0 6 6 

0.0 3 3 

0.2 6 6 

0.1 2 2 

0.4 1 1 

0.1 4 4 

0.0 1 1 

0.1 8 8 

0.0 7 7 

0.1 7 7 

0.2 2 2 

0.1 3 3 

Vann der Hammen et al. (1992) inferred dry periods for the Amazon basin during 3800-3200 

BPP and 2700-1900 BP based on more organic rich material in the Rio Caqueta sediments. In 

latterr Amazonian studies (Behling et al„  1999; Behling and Lima da Costa, 2000) these dry 

periodss could only partly or not be found. Therefore a proper reconstruction of Holocene 

climatee change in Amazonia is still missing. In Chocó, clear evidence for precipitation or 

otherr climate change, as cause for the shown changes in river dynamics, is also missing. The 

inferredd potentially dry periods in Amazonia do not correspond with the environmental 

changee in Chocó between 2300 and 700 BP. On the other hand, there are indications that 

subsidencee could be linked to environmental change (Herd et al., 1981) in this tectonically 

activee region. Also the influence of man on the forest in Chocó is rather unknown. Although 

theree is archaeological evidence for the presence of man in Chocó since the early Holocene 
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(Correall  Urrego, 1983), the impact of human occupation on the Chocó vegetation needs to be 

clarified.. This study shows that fluctuations in the contribution of palm trees may not reflect 

humann occupation as was suggested by Behling et al. (1998) and Berrio et al. (2000), but 

mightt be seen as effect of natural forest and river dynamics on palm-rich floodplain forest. 

3.5.23.5.2 Accumulation of genera in pollen sections 

Thee initial accumulation of the pollen genera in all sections is fast (Fig. 3.4.). This 

accumulationn is be due to pollen production of taxa that occur in the established successional 

forestss or taxa from surrounding forests that are able to disperse rapidly to the lake areas. It is 

alsoo due to the comparatively quick arrival of wind dispersed pollen from taxa that occur at 

longerr distances from the lakes. 

Tab.Tab. 3.7. Summary ofperiodicities observed by spectral analyses (SA) and 

contingencycontingency periodograms (CP). 

Site e 

Jotaordó ó 

Ell  Caimuo 

Piusbi i 

SA A 

SA A 

CP P 

SA A 

CP P 

CP P 

SA A 

SA A 

SA A 

Estimatedd common periodicity 

Periodd (yr) 

81 1 

186 6 

163 3 

97 7 

83 3 

290 0 

198 8 

317 7 

793 3 

Harmonicss of estimated 

1 1 

2 2 

1 1 

4 4 

to o 

79.5 5 

commonn periodicities 

1 1 

3 3 

2 2 

98 8 

Thee most likely explanation for the subsequent slow-down of genera accumulation in the 

threee sections is. that new taxa may have lower dispersal abilities. The immigration of taxa is 

hamperedd by already established vegetation, and that incoming pollen is dispersed to the sites 

byy short distance transport (e.g. animal dispersal). 

Afterr the initial quick accumulation, the cumulative genera curves do not level off, but show a 

steadyy increase that continues even over a period of about 1200 yr (Jotaordó), 1800 yr 

(Caimito)) up to 3300 yr (Piusbi). The lake sections have accumulated in the time span only a 
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partt of the total gamma diversity of vascular plant genera from the Chocó area. The total 

accumulatedd numbers of vascular plant genera in the three pollen sections corresponds to 49-

75%% of the genera richness found in surveys from lowland swamp forest in Amazonia (Tab. 

3.8.).. Compared to overall genus richness in Amazonian and Chocó rain forest, the three 

sectionss accumulated only 20-31 % of the pool of vascular plant genera. 

Thee low cumulative taxon richness in the sections is also due to the low identification level of 

pollenn (Tab. 3.4.), the poor preservation of some pollen taxa in sediments (e.g. pollen from 

Lauraceae),, and the comparatively small sampling size of the three Chocó sections compared 

too the quoted contemporaneous surveys in Amazonia. 

Tab.Tab. 3.8. Number of vascular plant genera found in neotropical lowland rainforests, 

comparedcompared to the accumulated number of vacular plant genera (excluding fems and allies) in 

thethe three fossil pollen records from Chocó. (DBH = diameter at breast height). 

Reference e Categories s Studyy area 

Duivenvoordenn (1996) DBH2I0 cm (trees) Colombian Amazon Caquetabasin 

Duivenvoordenn < 1994) >50 cm in height*  Colombian Amazon Caqueta basin 

Sanchezz et al. (2001) DBH>2.5 cm 

Romeroo « al. (2001) DBHS2.5 cm 

Grandezz et al. (2001) DBHS2.5 cm 

Gentryy (1986) DBH>10 cm 

Faber-Langendocnn and DBHS10 cm 

Gentryy (1991) 

Thiss study Pollen types 

**  excluding ferns and allies 

Colombiann Amazon Caqueta basin 

Ecuadoriann Amazon Yasunf 

Peruviann Amazon Ampiyacu basin 

Chocóó Tutunendo 

Chocóó Bajo Calima 

Chocó ó 

Totall  number of genera 

Swamps s 

110 0 

--
125 5 

150 0 

Total l 

271 1 

357 7 

378 8 

352 2 

365 5 

258 8 

256 6 

74-83 3 

Thee high number of fossil pollen taxa in the Piusbi section compared to that of the other two 

sectionss is probably related to the position of lake Piusbi, which is more surrounded by upland 

forestss than the other two lake systems. Upland rain forests are more diverse in vascular plant 

generaa and families (Duivenvoorden 1996). It also has to be considered, that the number of 

identifiedd taxa can vary, due to the researcher. This might have low impact for the work on a 

singlee site, but in our comparative study it might have a certain influence on the results. 
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3.5.33.5.3 Similarity between lake sections in time 

Betweenn the pairs of sections (Fig. 3.5.) the similarity in time shows a highly consistent 

pattern.. The initial rise in similarity is possibly related to the pollen deposition of taxa found 

att early successional stages in all sections (e.g. Cecropia, Acalypha, Alchomea, Sloanea, 

Weinmannia,Weinmannia, Podocarpus,, Sapium; see Tab. 3.5.). The fact that between all sections 

similarityy becomes almost constant around levels of 0.55-0.65, indicates that pollen taxa 

compositionn of the three sections remains different to a substantia] degree through time. The 

steadyy accumulation of new pollen genera at each site does not affect the between-section 

similaritiess in cumulative pollen content. Such patterns suggest that the different pollen taxon 

assemblagess at each site reflect different local and regional forest composition, with some 

pollenn genera originating from lake habitat preferential forest taxa, and others from habitat 

indifferentt taxa. The constant between-section similarities suggest that the newly arrived 

pollenn is from site preferential, and site indifferent taxa, in the same ratio as present near the 

lakes. . 

3.5.43.5.4 Periodicities in pollen composition 

Thee trends in the scores of the first axes of the correspondence analysis (Fig 3.6.) are probably 

relatedd to autocorrelation of pollen content in contiguous samples, They also reflect the 

continuouss changes in the sections due to the incoming new pollen taxa. The first order 

differencingg successfully detrends the sequences, and focusses the analysis on the changes of 

taxaa composition between contiguous samples (Chatfield, 1991). The eigenvalues of the first 

CAA axes are rather low, but it does not prohibit detection of underlying rhythmic structures in 

successionall  developments (Gauch, 1982; Kenkel, 1989). The period of 80 yr, that appears 

mostt strongly in all sections, might be related to the 80 year Gleissenberg solar cycle 

(Landscheidt,, 2001), that might have influence on climate change. It is likely that periodic 

climatee change can cause periodic changes in pollen production and vegetation. Recently 

manyy authors could show an influence of solar activity on climate and vegetation (e.g. Hodell 

ett al., 2001; Neff et al., 2001; van Geel et al., 2000). 
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3.6.. Conclusions 

Withh an integration of floristic information from forest types in Chocó, pollen analysis and 

numericall  analysis of the pollen counts, we reconstructed the history of floodplain forest types 

changess in Chocó and identified the most important successional mechanisms inside the forest 

sincee ca. 4400 years ago. The floodplain forest is mainly characterised by palms, therefore we 

rejectt the use of Arecaceae percentages fluctuations as indicator for human influence on the 

vegetationn in Chocó, as it was suggested in earlier publications (Behling et al., 1998, Berrio et 

al.. 2000, Velez et al., in press). 

Onn the basis of indicator pollen taxa for forest types occurring in Chocó the inferred 

compositionn of forests near lake Piusbi seems to be less palm-rich than those near lake El 

Caimitoo and Jotaordo. Palynological indications for a coastline migration in southern Chocó 

sincee the middle Holocene are strong, as mangrove forest could be identified and fluctuations 

weree reconstructed. In northern Chocó the location of the mangrove (coastline) was stable 

duringg the studied period. 

Thee Piusbi section contains the highest amount of vascular plant pollen taxa. This is 

assumablyy mainly related to the position of the Piusbi lake closer upland forests, man the 

otherr two lakes. 

Thee cumulative richness in pollen from vascular plant taxa in three mid- to late Holocene 

remainss below me number of genera that assumably occur in the Chocó rain forest. The three 

sectionn contained only 20-32 % of the numbers of vascular plant genera reported to occur in 

rainn forest surveys from Amazonia and the Chocó. 

Thee development of diversity in all sites is comparable with a strong increase at the beginning 

andd a slow-down of genera accumulation in the pollen sections. The three mid- to late 

Holocenee pollen section from the Chocó rain forest area show a steady increase in of vascular 

plantt pollen, that continues for at least 1200 yr (Jotaordo), 1800 yr up to 3300 yr (Piusbi). 

Thee S0renson similarity between the three lake sections, based on cumulative content of 

vascularr plant pollen, converges after a few hundreds years to levels that remain between 55 

andd 65%. Each of the three sections apparently contains assemblages of pollen taxa that differ 

too a substantial degree. This is probably due to diverging site conditions or different taxon 

compositionn of the surrounding forests. 

Thee principal variation in vascular plant pollen content of the three section shows periodicities 

inn time that might be related to the 80 yr Gleissenberg solar cycle. 
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