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Figure II.1: a) Brazilian biomes showing the location of VGE-17 (1) and LFB1 (2) sediment cores 
in the Cerrado area, and the b) elevation in which the two sites are emplaced, with the division 
territory division (red line)�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������ ..33   

Figure II.2: Synthetic diagram of pollen influx (mm2/cm2/yr  x 1000) from LFB1 (A) and VGE-
17 (B) sediment cores, were we showed the pollen depositions sums in relation to their pollination 
syndrome (purple color), the stratum from which they come (green color), and their pollen size 
(dark color). Additionally it has been added the pollen taxa water level-related (green-blue color), 
for of LFB1 (total aquatic taxa) and for VGE-17 (Mauritia). The diagram was represented in a 
scale of depth (cm). abiotic=anemophilous, both=biotic/abiotic, field= <50cm, shrubby=<2m, 
lower= 2-�����P�����P�H�G�L�X�P� ���•�����P�����V�P�D�O�O� ���������—�P�����P�H�G� ������-25 µm, large=26-49 µm�«�«�«�« �«��������  
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Figure II.3: Schematic representation of the principal phytophysiognomies observed at lake Feia, 
showing the list of main pollen taxa identified in the LFB1 core related to the determined 
classification based in table 1. The band on the top of the schema shows water availability on the 
soil, from high (blue) to low (yellow)�«�«�«�«�«�«�«�«�«�«�«�« �«�«�« �« �« �« �« �« �« �« �«������ 
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Tableau I.3: Résultats des datations radiocarbone pour la carotte VGE-17�« �«�«�«�«�«�«�«���� .24 
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Tableau III.1: Key Cerrado species identified near Lake Feia, Brazil (Ferraz-Vicentini, 1999)�«��67 
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Tableau I.1. Les espèces les plus communément observées classées par physionomie dans les trois types de formation 
supérieure selon Walter & Ribeiro (2008).  

Formation Physionomie Espèces végétales les plus comunes 
 

Forêt forêt ciliaire Anadenanthera spp, Apeiba tibourbou, Aspidosperma spp, Casearia spp, Cecropia pachystachya, Celtis 
iguanaea, Enterolobium contortisiliquum, Inga spp, Lonchocarpus Cultratus, Sterculia striata, Tabebuia 
spp, Tapirira guianensis, Trema michrantha, Trichilia pallida, Tripalis gardneriana 

forêt galerie Non inondable : Apocynaceae (Aspidosperma spp.), Fabaceae (Apauleia leiocarpa, Copaifera longsdorffii, 
Hymenea courbail, Ormosia spp., Sclerobium spp.), Lauraceae (Nectandra spp�« ), Ocotea spp, Ocotea 
spp.), Myrtaceae (Gomidesia lindeniana, Myrcia spp.) et Rubiaceae (Alibertia spp., Amaioua spp., Ixora 
spp., Guettarda viburnoides et Psychotria spp.). 
Inondable : Annonaceae (Xylopa emarginata), Burseraceae (Protium spp.), Clusiaceae (Calophyllum 
brasiliensa, Clusia spp.), Euphorbiaceae (Richeria grandis), Magnoliaceae (Talauma ovata) et Rubiaceae 
(Ferdinandusa speciosa) et un nombre important de Melastomataceae (Miconia spp. et Tibouchina spp.), 
Piperaceae (Piper spp.) et Rubiaceae (Coccocypselum guianense, Palicourea spp.), Posoqueria latifolia et 
Psychotria spp.). On trouve également des espèces de Cedrela odorata, Croton urucurana, Dendropanax 
cuneatum, Euplassa inaequalis, Euterpe edulis, Hedyosmum brasiliense, Mauritia flexuosa, Guarea 
macrophylla, Prunus spp. 

forêt sèche Acacia polyphylla, Amburana cearensis, Anadenanthera colubrina, A. peregrina, Apuleia leiocarpa, 
Aspidosperma subincanum, Cabralea canjerana, Cariniana estrellensis, Cass8ormosa88anea, Cedrela 
fissilis, Centrolobium tomentosum, Chloroleucon tennuiflorum, Dilodendron bippinatum, Guazuma 
ulmifolia, Jacaranda brasiliana, J. caroba, Lithraea molleoides, Lonchocarpus montanus, L. sericeus, 
Machaerium villosum, Myracrodruon urundeuva, Physocallima scaberrium, Platycyamus regnellii, 
Tabebuia spp, Tapirira guianensis, Terminalia spp, Trichilia elegans anthoxylum rhoifolium 

Cerradão ou 
savane boisée 

Caryocar brasiliense, Copaifera langsdorffii, Emmotum nitens, Hirtella gladulosa, Lafoensia pacari, 
Siphoneugena densiflora, Vochysia haenkeana, Xylopa aromatica.  
mésotrophes : Callisthene fasiculata, Dilodendron bippinatum, Guazuma ulmifolia, Helicteres brevispira, 
Luehea candicans, L. paniculata, Magonia pubescens et Platypodium elegans. Les especes fréquents sont 
Alibertia edulis, A. sessilis, Brosimum gaudichaudii, Bahuinia brevipes, Casearia sylvestris, Copaifera 
oblongifolia, Duguetia furfuraceae, Miconia albicans, M. macrothyrsa, Rudgea virburnoides et des espèces 
herbacées des genres Aristida, Axonopus, Paspalum et Trachypogon. 

savane fermé sensu 
stricto 

Acosmium dasycarpum, Anno ormosa, Aspidosperma tomentosum, Astronium fraxinifolium , Brosimum 
gaudichaudii, Bowdichia virgilioides, Byrsonima coccolobifolia, B. crassa, B. verbascifolia, Caryocar 
brasiliense, Casearia sylvestris, Connarus suberosus Curatella americana, Davilla elliptica, 
Dimorphandra mollis, Diospyros hispida, Eriotheca gracilipes, Erythroxylum suberosum, Hancornia 
speciosa, Himatanthus obovatus, Hymenaea stigonocarpa, Kielmeye ormosa, Lafoensia pacari, 
Machaerium acutifolium, Ouratea hexasperma, Pouteria ramiflora, Plathymenia reticulata, Qualea 
grandiflora, Q. multiflora, Q. parviflora, Roupala montana, Salvertia convallariaeodora, Sclerolobium 
aureum, Tabebuia aurea, T. ochracea, Tocoyea ormosa, Vatairea macrocarpa et Xylopia aromatica. 

Palmeraie et 
vereda 

Poaceae, Cyperaceae, Asteraceae, Melastomataceae, Fabaceae, Eriocaulaceae, et les genres Chamaecrista, 
Echinodorus, Habenaria, Hyptis, Ludwigia, Lycopodiella, Mimosa, Polygala, Utricularia et Xyris. Muritia 
flexuosa, Acrocomia (macuaba), Attalea (babaçu) et Syagrus 

Savane 
ouvert 

camp sujo Poaceae, Cyperaceae, Leguminosae (Andira, Mimosa), Lamiaceae (Hyptis), Myrtaceae et Rubiaceae. Après 
un incndie sont observées sont Altroemeria spp, Gomphrena officinalis, Griffinia spp, Hippeastrum spp et 
Paepalanthus spp. ainsi que Crumenaria, Cuphea, Deianira, Diplusodon, Eryngium, Habenaria, Lippia, 
Polygala, Piriqueta, Syagrus et Xyris. 

campo limpo Burmanniaceae (Burmannia), Cyperaceae (Rhynchospora), Droseraceae (Drosera), Iridaceae (Cipura, 
Sysirinchum), Lentibulariaceae (Utricularia), Lythraceae (Cuphea), Orchidiaceae (Cleistes, Habenaria, 
Sarcoglottis), Poaceae (Aristida, Axonopus, Mesosetum, Panicum, Paspalum, Trachypogon) et 
Polygalaceae (Polygala), ainsi que plusieurs Asteraceae, Eriocaulaceae et Xyridaceae. 

campo rochoso 
ou priairie 
�G�µ�D�O�W�L�W�X�G�H 

Asteraceae (Baccharis, Calea, Lychnophora, Wunderlichia, Vernonia), Bromeliaceae (Dyckia, Tillandsia), 
Cactaceae (Melocactus, Pilosocereus), Cyperaceae (Bulbostylis, Rhynchospora), Eriocaulaceae 
(Eriocaulon, Leiothrix, Paepalanthus, Syngonanthus), Gentianaceae (Curtia, Irlbachia), Iridaceae 
Sisyrinchium, Trimezia), Lamiaceae (Eriope, Hyptis), Leguminosae (Calliandra, Chamaecrista, Galactia, 
Mimosa), Lentibulariaceae (Genlisea, Utricularia), Lythraceae (Cuphea, Diplusodon), Melastomataceae 
(Cambessedesia, Miconia, Microlicia), Myrtaceae (Myrcia), Orchidaceae (Cleistes, Cyrtopodium, 
Epidendrum, Habenaria, Koellensteinia, Pelexia), Poaceae (Aristida, Axonopus, Panicum, Mesosetum, 
Paspalum, Trachypogon), Rubiaceae (Chiococca, Declieuxia), Velloziaceae (Barbacenia, Vellozia), 
Vochysiaceae (Qualea) et Xyridaceae (Xyris). 
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Tableau I.2.  Résultats des datations radiocarbone pour la carotte  LFB1.  
Code du laboratoire  Matériau daté Profondeur (cm) �/���&13 

 

14C âge (an BP) 

SacA 53907 argile lacustre 14-15 -32.4 220 ± 30 
SacA 60352 argile lacustre 40-41 -27.5 910 ± 30 
SacA 53908 argile lacustre 60-61 -29.8 870 ± 30 
SacA 60353 argile lacustre 102-103 -25.6 1280 ± 30 
SacA 60354 argile lacustre 164-165 -30.2 2160 ± 30 
SacA 60355 argile lacustre 218-219 -23.8 2925 ± 30 
SacA 60356 argile lacustre 270-271 -25.9 3520 ± 30 
SacA 53909 argile lacustre 313-314 -33.3 4405 ± 30 

 
Tableau I.3. Résultats des datations radiocarbone pour la carotte VGE-17.  
Code du laboratoire  Matériau daté Profondeur (cm) Âge 14C (an BP) 
SacA53912 sédiment organique 20 75 ± 30 
SacA57442 sédiment organique 40 1630 ± 30 
SacA53913 sédiment organique 74 4370 ± 30 
SacA53914 sédiment organique 96 4705 ± 30 
SacA57443 sédiment organique 106 4630 ± 30 
SacA64079 sédiment organique 110 5405 ± 30 
SacA53915 sédiment organique 125 5920 ± 35 
SacA57444 sédiment organique 140 6455 ± 30 
SacA53916 sédiment organique 160 7875 ± 40 
SacA53918 sédiment organique 220 10085 ± 50 



 �î�ñ 

SacA57446 sédiment organique 228 10735 ± 50 
SacA57448 sédiment organique 265 11400 ± 60 
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Table II.1. pollen taxa classification in response to their pollination syndrome, life form, and physiognomy and strata 
vegetation from the Cerrado cores LFB1 and VGE-17. PS �± pollination syndrome; LF �± life form; P �± physiognomy; 
S �± stratum; an �± anemophilous; en �± entomophilous; chi �± chiropterophilous; orn �± ornitophilous; psy �± 
psychophilous; zoo �± zoophilous; can �± cantharophylous ; hyd �± hydrophilous; op �± open (grassland cerrado); in �± 
intermediate (scrubby cerrado, cerrado sensu stricto); clo �± closed (cerradão, gallery forest); la �± lake; fi �± field (< 1 
m)); sh �± shrubby (1 �± 2  m); lo �± lower storey (< 10 m); me �± medium storey (~15 m). 

Family taxon PS LF P S LFB1 VGE-17 

Amaranthaceae  Gomphrena en herb, subshrub in fi   X 
Anacardiaceae Astronium  en tree clo lo X  
Anacardiaceae Tapirira  en tree clo lo X  
Apiaceae Eryngium en herb in sh  X 
Aquifoliaceae Ilex en tree clo lo X X 
Arecaceae Euterpe type en tree clo lo X X 
Asteraceae Baccharis type en herb, shrub in sh  X 
Boraginaceae  Cordia chi, orn tree, shrub clo lo  X 
Brassicaceae Brassicaceae type  en herb in fi   X 
Burseraceae Protium en tree clo me  X 
Cannabaceae  Celtis an, en tree clo lo X X 

Trema an, en tree clo lo X  
Caryocaraceae Caryocar chi tree in lo  X 
Chloranthaceae Hedyosmum en tree clo lo  X 
Cunnoniaceae Lamanonia  en tree clo lo  X 
Dillenaceae Curatella en tree in lo X  
Droseraceae Drosera zoo herb op fi   X 
Ericaceae Ericaceae type en, orn shrub in sh  X 
Euphorbiaceae  Acalypha an herb, shrub clo sh  X 

Alchornea an tree clo lo X  
Fabaceae (mim)  Anadenanthera  en tree clo lo X X 

Mimosa  en subshrub in sh  X 
Piptadenia en tree clo lo  X 

Fabaceae (pap)  Dalbergia  en tree in lo X  
Dialium  en tree clo lo  X 
Machaerium  en tree clo me  X 

Icacinaceae Emmotum  en tree clo me  X 
Lythraceae Cuphea en herb, shrub op fi   X 
Malvaceae  Apeiba en tree clo me X  

Eriotheca en tree clo lo  X 
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Malphigiaceae  Banisteropsis en vine clo lo X  
Byrsonima en tree in lo X X 

Melastomataceae Melastomataceae-Combretaceae en tree clo lo  X 
Meliaceae Guarea en, psy tree clo lo  X 
Menispermaceae  Abuta en shrub in lo  X 

Menispermaceae  en herb, shrub, tree in lo X X 
Moraceae Moraceae  an, en tree clo lo X X 
Myrtaceae Myrtaceae en tree clo lo X X 
Ochnaceae Ouratea  en tree in me X  
Pentaphylacacées Ternstroemia en tree clo lo X  
Phyllantaceae Hyeronima en tree in lo  X 
Piperaceae Peperomia an, en herb, shrub clo lo  X 
Poaceae Poaceae an herb op fi  X X 
Polygalaceae Polygala  en herb op fi   X 
Primuliaceae Cybianthus en tree clo lo  X 

Myrsine en tree clo lo X  
Rubiaceae Guettarda orn tree in lo  X 

Sabicea type en shrub in sh  X 
Simira an tree clo lo  X 

Salicaceae Casearia  en tree in lo X X 
Sapindaceae  Matayba en tree clo lo  X 

Paullinia en vine clo lo  X 
Smilaceae Smilax en vine in lo  X 
Solanaceae Solanum  en shrub in sh  X 
Urticaceae Cecropia an, en tree clo lo X  
Verbenaceae Lippia  en subshrub in sh  X 
Vitaceae Cissus en vine in lo  X 
Xyridaceae Xyris zoo herb op fi   X 
Watre level-related    
Arecaceae Mauritia  can tree palm op me  X 
Cyperaceae Cyperaceae an herb op fi  X X 
Alismataceae Echinodorus hyd herb la fi  X  

Sagittaria hyd herb la fi  X X 
Eriocaulaceae Eriocaulon hyd herb la fi  X X 
Haloragaceae Myriophyllum hyd herb la fi  X  
Nymphaeaceae Nymphaea hyd herb la fi  X   
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Figure II.2. Synthetic diagram of pollen influx (mm2/cm2/yr  x 1000) from LFB1 (A) and VGE-17 (B) sediment cores, 
were we showed the pollen depositions sums in relation to their pollination syndrome (purple color), the stratum from 
which they come (green color), and their pollen size (dark color). Additionally it has been added the pollen taxa water 
level-related (green-blue color), for of LFB1 (total aquatic taxa) and for VGE-17 (Mauritia). The diagram was 
represented in a scale of depth (cm). abiotic=anemophilous, both=biotic/abiotic, field= <50cm, shrubby=<2m, lower= 
2-�����P�����P�H�G�L�X�P� ���•�����P�����V�P�D�O�O� ���������—�P�����P�H�G� ������-25 µm, large=26-49 µm.   

 

 

Figure II.3. Schematic representation of the principal phytophysiognomies in lake Feia, showing the list of main pollen 
taxa identified in the LFB1 core related to the determined classification based in table 1. The band on the top of the 
schema shows water availability on the soil, from high (blue) to low (yellow). 
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Figure II.�������6�F�K�H�P�D�W�L�F���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H���S�U�L�Q�F�L�S�D�O���S�K�\�W�R�S�K�\�V�L�R�J�Q�R�P�L�H�V���L�Q���³�9�D�U�M�m�R���G�R���*�H�W�X�O�L�R�´���V�Z�D�P�S�����V�K�R�Z�L�Q�J��
the list of main pollen taxa identified in the VGE-17 core related to the determined classification based in table 1. The 
band on the top of the schema shows water availability on the soil, from high (blue) to low (yellow).    
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Growth form  Common plant list 
 

Trees Anacardium sp., Schefflera sp., Waltheria sp., Tephrosia 
leptostachya, Byrsonima sp., Cabralea sp. 
 

Herbs, shrubs and epiphytes Riencourtia tenifolia, Aristida riparia, Axanofarus sp., 
Laersia Hexandra, Paspalum gardinerianum, P. 
polyphyllum, P. stellatum, Thrasya petrosa, Trachypogon sp., 
T. spicatus, Bauhinia, Galactia, Periandra, Utricularia 
myriocista, Microlicia, Desmoscelis. Epiphytes are 
represented by Epidendrum, Phragmidium, sp. 
 

Water level-related Cyperus haspan, Fivrena sp., Rhynchosphora gigantea, 
Eriocaulon sp. Hyptis, Polygonum, Pontederia cordate, Xyris 
jupicae 
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Table I I I.2. Radiocarbon dates for the LFB1 sediment core taken from Lake Feia, Brazil. The 14C dates were calibrated 
�X�V�L�Q�J���&�D�O�L�E�������������6�W�X�L�Y�H�U���D�Q�G���5�H�L�P�H�U�������������������D�Q�G���Y�D�O�X�H�V���D�U�H���V�K�R�Z�Q���W�R���W�Z�R���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�V�������1���� 

Laboratory code  Material dated Depth  

(cm) 

�/13C 
 

14C age  

(a BP) 

Age range  

(cal a BP) 

SacA 53907 Lake sediment 14�±15 �±32.4 220 ± 30 136�±232 

SacA 60352 Lake sediment 40�±41 �±27.5 910 ± 30 739�±789 

SacA 53908 Lake sediment 60�±61 �±29.8 870 ± 30 680�±775 

SacA 60353 Lake sediment 102�±103 �±25.6 1280 ± 30 1069�±1189 

SacA 60354 Lake sediment 164�±165 �±30.2 2160 ± 30 2007�±2159 
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SacA 60355 Lake sediment 218�±219 �±23.8 2925 ± 30 2919�±3082 

SacA 60356 Lake sediment 270�±271 �±25.9 3520 ± 30 3677�±3841 

SacA 53909 Lake sediment 313�±314 �±33.3 4405 ± 30 4851�±4983 
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Taxon PC1 PC2 PC3 PC4 PC5 

Myrtaceae 0.0016 4.18E+00 1.53E+01 3.71E-01 1.06E-01 

Melastomataceae 1.179555 9.39E-01 4.80E-02 4.28E-01 6.18E+00 

Ilex 0.790575 2.14E+00 6.53E+00 4.26E-02 4.08E-01 

Trema 1.402998 1.13E-01 5.64E-01 1.94E+00 1.68E+00 

Guarea 0.008116 3.25E-01 1.39E-01 1.11E+00 4.05E+00 

Myrsine 5.787764 3.21E-01 4.36E-01 1.37E-02 1.81E-01 

Cecropia 5.454394 1.11E-01 6.56E-01 2.99E+00 7.49E-01 
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Euterpe 0.741225 1.25E+00 1.46E+00 4.21E-02 3.14E+00 

Tapirira 2.838768 7.98E-02 3.29E-01 3.02E-02 2.84E-01 

Celtis 6.514203 1.90E+00 1.89E-03 9.86E-02 3.21E+00 

Clethra 0.030433 6.68E-01 3.62E-02 1.38E+00 9.27E-01 

Lamanonia 3.87372 1.02E+00 3.69E-02 1.93E+00 1.33E-03 

Sloanea 0.511929 3.26E-03 2.72E+00 2.02E-01 2.48E-03 

Alchornea 1.795179 3.66E-01 2.77E-01 1.05E-01 7.44E+00 

Apuleia 1.789067 2.63E+00 1.65E-01 1.09E+01 7.93E-01 

Anadenanthera 1.361225 2.09E-01 4.76E-02 4.27E-01 2.98E-01 

Piptadenia 1.383366 1.73E-06 1.14E-02 1.41E-01 1.90E+00 

Vantanea 1.456087 3.65E+00 5.69E-02 1.39E+01 1.37E-01 

Villarezia 0.00212 6.72E-01 1.63E-01 1.73E-01 1.03E+00 

Apeiba 0.664419 1.76E-01 6.34E-01 7.08E-02 7.95E+00 

Cedrela 0.053749 2.83E+00 7.97E+00 5.87E-01 6.90E-01 

Moraceae 5.905101 7.39E-01 1.18E-02 1.06E+00 8.53E-02 

Gallesia 0.370934 9.15E-02 6.24E-01 1.82E-03 4.11E+00 

Podocarpus 0.087041 1.09E+00 4.32E-01 1.30E+00 9.35E-03 

Rosaceae 0.001568 1.33E+00 5.42E-02 1.41E-05 7.25E-02 

Ziziphus 0.432087 3.34E+00 2.85E-01 2.02E-02 9.02E-03 

Colubrina 2.372129 7.57E-01 4.17E-03 3.11E+00 2.14E+00 

Amaiuoa 0.001871 4.38E-01 8.29E-05 1.75E-01 6.12E-01 

Drymis 0.07726 2.59E-02 1.37E-03 3.45E-02 1.55E+00 

Banisteriopsis 0.053486 2.46E+00 1.40E+01 5.23E-01 3.18E-03 

Poaceae 5.870007 3.69E-02 1.29E-01 9.43E-01 7.74E-01 

Cassia type 0.311777 7.81E-01 2.87E-01 1.54E-01 1.43E-01 

Senna 0.720932 3.90E+00 2.07E+00 2.07E+00 1.51E-02 

Andira type 0.078293 1.01E-01 7.02E-02 1.46E+01 8.68E-01 

Pisonia 0.36167 5.85E-03 7.45E-02 5.60E-01 5.23E-01 

Cybianthus 3.035126 4.22E-01 3.75E-01 6.79E-01 3.08E-01 

Rhamnaceae 0.043932 3.59E-05 1.02E-03 2.72E-02 1.10E-02 

Coussarea 0.603992 5.49E+00 1.83E+00 3.23E-02 8.98E-01 

Guettarda 3.281143 2.29E+00 6.99E-01 4.07E-01 1.63E-01 

Matayba 2.751269 2.17E+00 2.87E+00 6.16E-01 1.33E-04 

Samaba/Simaruba 0.041321 1.39E-02 1.94E-01 1.08E-02 2.03E-01 

Protium 0.74764 5.92E-01 2.75E-01 1.30E+00 6.73E-01 

Aspidosperma type 0.05617 1.43E+00 7.61E+00 6.67E-01 1.69E-02 

Thyrsodium type 0.718029 3.43E+00 6.21E-01 1.33E+00 1.37E-03 

Erythrina 0.122823 4.17E-02 4.98E-02 1.48E-01 6.34E-03 

Ternstroemia 0.145183 2.11E+00 1.11E+00 3.12E-03 8.27E+00 

Pterogyne 0.094572 2.93E+00 3.90E-01 6.00E-03 9.29E-01 

Ateleia 0.032263 1.32E-02 2.81E-01 8.44E-01 3.45E+00 

Diplotropis 0.086668 1.56E-01 1.31E-02 1.22E-01 6.45E-03 

Licania type 0.138436 1.94E+00 1.27E+01 1.58E-01 1.59E-01 
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Connarus type 0.48735 4.76E-01 3.15E-01 2.35E-01 3.07E-01 

Aegiphila 0.123962 5.15E-04 4.68E-03 3.25E-03 7.77E-01 

Celasteraceae type 0.163682 3.32E+00 5.24E-01 2.77E+00 1.74E+00 

Diploon 2.40457 4.47E+00 2.20E-01 3.76E+00 2.02E-02 

Pouteria 1.792844 1.28E+00 6.30E-01 9.57E-03 2.14E+00 

Astronium 4.430871 1.88E-01 3.80E-01 4.56E-01 2.11E+00 

Schefflera 5.924555 6.70E-01 6.31E-03 2.65E-01 2.01E-01 

Copaifera 3.411755 3.25E-02 1.52E-01 9.01E-01 3.58E-01 

Eriotheca 0.966714 2.14E+00 2.56E-03 9.67E-01 2.53E+00 

Zanthoxylum 0.04248 1.12E+00 1.24E-01 6.56E-02 2.72E+00 

Casearia 1.872353 6.42E-02 1.06E+00 7.22E-03 3.45E+00 

Chrysophyllum 0.063083 3.45E-02 1.47E-01 1.68E+00 4.25E-05 

Vochysia 0.009194 2.89E-01 7.17E-01 1.12E-01 2.26E-01 

Ouratea 0.289571 1.75E-02 1.66E-02 1.33E-01 2.73E+00 

Cyrtocarpa 1.467075 5.73E-01 1.21E-01 3.76E-02 1.73E+00 

Jacaranda 0.403733 8.87E-01 2.54E+00 1.92E+00 8.58E-03 

Tabebuia 1.012926 7.05E+00 1.02E+00 2.99E-01 5.16E-01 

Erythroxilum 1.273246 4.04E+00 2.01E+00 4.01E-01 1.15E+00 

Caesalpinea type 0.186274 6.28E-01 2.04E-01 1.50E-01 5.10E-02 

Dalbergia 0.077493 3.50E-03 1.29E-01 2.71E-01 1.07E-03 

Dipteryx type 0.222771 7.62E-01 2.87E+00 5.03E-03 2.28E-01 

Machaerium 0.025338 1.29E-01 1.20E-02 1.46E-01 3.05E-01 

Byrsonima 3.848225 8.85E-01 3.68E-02 2.17E+00 2.06E-01 

Peltogyne 0.032795 5.77E+00 1.01E+00 4.48E-02 8.90E-03 

Caryocar 0.123721 4.71E-02 2.08E-01 1.67E-01 4.18E-01 

Plenckia 0.187918 7.40E-01 2.16E-01 1.20E+01 1.53E-01 

Curatella 1.665836 9.96E-01 2.36E-01 6.00E-02 2.19E+00 

Pterodon 0.112336 9.95E-04 6.79E-02 1.67E-01 1.48E+00 

Lafoensia 0.008988 9.33E-01 1.72E-02 4.36E-01 1.39E+00 

Citrus 0.655789 6.51E-02 1.85E-01 2.41E-02 3.55E+00 

Neosprucea 0.529339 6.51E-01 1.78E-01 2.60E+00 1.62E-01 
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Family Pollen taxa LF PS S-L Habitat 
Gallery forest           
Anacardiaceae Tapirira t e ms-st Commonly found in moist soils that can tolerate a reduction 

in humidity 
Aquifoliaceae Ilex t e ls-st When present and well established can support low 

humidity. Can be present in montane forest and in floodplain 
or swampy gallery forest 

Arecaceaea Euterpe t e ls-st Moist soils and/or increase in precipitation  

Cannabaceae Celtis t e ls Moist soils, when present in gallery forest can support 
periodic flooding 

Cannabaceae Trema t ae ls-ld Found in humid soils, but can growth in inundated areas. 
Pioneer tree 

Euphrobiaceae Alchornea t a us-ld Along river banks and alluvial plains 

Fabaceae (mim) Anadenanthera t e md-ld Fertile soils with resistance to water deficiency 

Malphigiaceae Banisteropsis t e ls-ld Inside gallery forest and dry forest 

Malvaceae Apeiba t e ms Moist soils with low resistance to water deficiency 

Melastomataceae Melast-Comb t e ls Fertile and moist soils. Can be found associated with the 
edge of swamps and marshes 

Moraceae Mor-Urt t ae ls Well-drained soils in moist forest, common in rainforest 
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Myrtaceae Myrtaceae t e ls Moist soils, adapted to reduction in water availability. Can 
tolerate less humid conditions 

Primulaceae Myrsine t e us-ld Usually found in forest (gallery forest, dry forest and 
cerradão), tolerant to reduced water availability 

Urticaceae Cecropia t ae ls-ld Moist soils. Pioneers with rapid growth: re-establishes 
woodland physiognomies 

Cerrado           
Poaceae Poaceae t a f Most species C4 plants, dominant on open cerrado 

physiognomies 
Anacardiaceae Astronium t e ls Commonly found in rocky and dry soils, with a preference 

for fertile soils, and can tolerate reduction in humidity 
Dillenaceae Curatella t e ls Adapted to dry soils; drought tolerant and slow growth  

Fabaceae (pap) Dalbergia t e ls-st Fertile soils; adapted to dry conditions and reduced water 
availability 

Malphigiaceae Byrsonima t e ls Well-drained soils, adapted to reduced water availability 

Ochnaceae Ouratea t e ls, lm-
ld 

Well-drained soils, can tolerate dry conditions. Found in 
transition zones from open to closed physiognomies, usually 
in Cerrado sensu stricto and cerradão 

Pentaphylaceae Ternstroemia t e ls Fertile soils; when established can tolerate drought 

Salicaceae Casearia t e ls Found in moist soils; tolerates reduced water availability. 
Natural pioneer trees, observed after burn episodes. 
Commonly found near river banks, in the upper area, and in 
transition zones from grassland to arboreal vegetation 
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Figure IV.1. a) Map of northern South America showing the Cerrado biome location (dark line) inside the Brazilian 
territory (filled in gray) and the limits of Tocantins state (green line), and the Cerrado division of the biome defined 
by Fraçoso et al. (2019) �± NW=northwestern, NE= northeastern, C=center, CW=central western, C&CE=central and 
southeastern, SW=southwestern. b) Picture of Varjão do Getulio swamp, Tocantins (by M-P Ledru) c) Map of Brazil 
showing the distribution of the austral summer precipitation, the limits of the biome Cerrado (red line),  the states of 
Brazil (black line), the location of core VGE-17 (yellow rhomb), and the pollen (brown rhomb) and isotope records 
(yellow circle) from cerrado and adjacent areas. 1. Rahina, 2. Paraiso, 3. Lapa Sem Fim, 4. Botuverá, 5. Feia, 6. Rio 
Preto, 7. Caço, 8. Saquino,  9. Saci, 10. Carajas, 11. Pau de Fruta, 12. Aguas Emendadas, 13. Pandeiros, 14. Crôminia, 
15. Pinheiro, 16. Confusão, 17. São Jose, 18. Salitre, 19. Getulio swamp (this study). 
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Table IV.1. Classification of modern vegetation in the Cerrado region in comparison with the northeast Cerrado. 
(based upon: Felfili et al., 2007; Ribeiro and Walter, 2008; Medeiros et al., 2012; Medeiros and Walter, 2012; Lemos 
et al., 2013; Silva et al., 2016; Antar and Sano, 2019) 

Vegetation 
physiognomy 

Vegetation description Common Family, genera or species northwestern Cerrado 

Open Cerrado 
 
(cerrado campo 
limpo (úmido) 
(open fields), 
campo sujo (dense 
fields), campo 
rupestre) 

Continuous ground cover of 
graminoids, herbs and shrubs can 
be present and 5% to 10% are 
cover by treelets or trees if they 
are present. 

Campo limpo: Burmanniaceae, 
Cyperaceae, Droseraceae, Iridaceae, 
Lythraceae, Orchidaceae, Poaceae, 
Polygalaceae, complemented by 
Asteraceae, Eriocaulaceae and Xyridaceae.  
Campo sujo: Poaceae and Cyperaceae 
dominates, the some families of 
Leguminosa (Andira, Mimosa), Lamiaceae 
(Hyptis), Myrtaceae and Rubiaceae. Genus 
of Gomphrena, Cuphea, Diplusodon, 
Eryngium, Lippia, Polygala, Syagrus and 
Xyris. 

When campo limpo dominates the 
predominance of Poaceae, 
Cyperaceae, Eriocaulaceae and 
Xyridaceae, they constitue the 
54%. Then can be found Hirtella 
ciliata and Pouteria ramiflora, as 
some tree, with Mimosa sericantha 
and Mouriri elliptica 
(Melastomataceae) in middle 
stratum. Mimosa sericantha is 
present in Campo sujo.  
Shruby species where Toulicia sp., 
Ouratea macrantos, Simaba 
trichilioides, Krameria tomentosa, 
Jacaranda ulei, Manhiot tripartite 
and Davilla elliptica. 

Arboreal Cerrado 
 
(cerrado sensu, 
stricto cerradão, 
dry forest) 

dry forest: They are not 
associated to water courses. In 
rich of nutrient soils, with 
semideciduous forest, they have 
15-25 m height covering the 74-
90% of the canopy during rainy 
season. 
cerradão: 50-90% of arboreal 
cover, with trees 8-15 m tall they 
can be present from mid to low 
fertile soils to dystrophic soils the 
vegetation is mostly 
sclerophyllous. 
cerrado ss: moderately acid soils, 
covering the 20 to the 50% with 
components arboreal-arbustive, of 
3-6 m tall. 

cerrado ss: Astronium, Brosimum, 
Casearia, Byrsonima, Caryocar, 
Curatella, Davilla, Eriotheca, Hancornia, 
Kelmeyera, Pouteria, Ouratea, Qualea, 
Roupala, Tabebiua, Alibertia, Andira, 
Copaifera, Emmotum, Schefflera, 
Simarouba, among others. 
cerradão: common genus are Caryocar, 
Kielmeyera and Qualea. And others like 
Fabaceae (Dalbergia, Machaerium, 
Pterodon), Astronium, Hirtella, Brosimum, 
Casearia, Copaifera, Alibertia, Bahuinia, 
among others.  
dry forest: common family are Fabaceae 
(Acacia, Anadenanthera, Cassia), 
Bignoniaceae (Jacaranda, Tabebuia) and 
Anacardiaceae (Tapirira), Rutaceae 
(Zanthoxylum), and others. 

cerrado ss: Qualea parviflora, 
Anacardium occidentale, Hirtella 
ciliata and Caryocar coriaceum 
(cerrado-caatinga transition), and 
Vochysia cinnamonea, Curatella 
americana, Dimorphandra 
gardneriana, Cenostigma 
tocantinum, and Astronium 
fraxinifolium and Magonia 
pubescens in more fertiles soils. 
cerradão: Principal species are 
Parkia platycephala, Sclerobium 
paniculatum, Byrsonima sericea, 
Agonandra brasiliensis, Caryocar 
coriaceum, Celtis iguanea and 
others. 
dry forest: Dilodendron 
bipinnatum, Acacia tenuifolia, 
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 Pseudobombax tomentosum, 
Combretum duarteanum and 
Myrracrodruon urundeuva 
representing the 56.4%, and 
Cavanillesia arborea, Tabebuia 
impetiginosa, Sterculia striata, 
Aspidosperma subincanum and 
Astronium fraxinifolium. 
 

Forest 
(gallery/ciliary 
forest) 

Canopy cover >70%, generally 
associated to water bodies, 
shrubby and herbaceous 
understory and usually present 
surrounded by wet (shrubby) 
grasslands, the transition is sharp 
when open Cerrado (grasslands) 
dominates. When ciliary forest 
(possess deciduous elements), 
sometimes there is a transition 
towards other arboreal 
physiognomies like dry forest or 
Cerradão. 

Gallery Forest: when they are non-
flooded Apocynaceae (Aspidosperma), 
Leguminosae, Lauraceae (Nectandra, 
Ocotea), Myrtaceae, Rubiaceae (Alibertia, 
Psychotria, Guettarda). In  flooded, the 
common families are Annonaceae 
(Xylopa), Burseraceae (Protium), 
Clusiaceae (Clusia), Euphorbiaceae 
(Richeria), and an excessive number of 
species of Melastomataceae (Miconia), 
Piperaceae (Piper), Rubiaceae 
(Palicourea, Posoqueria, Psychotria), also 
can be observed Croton, Cedrela, Euterpe, 
Hedyosmum, Mauritia, among others. 
Ciliary Forest: common genus are 
Anadenanthera, Casearia, Apeiba, 
Aspidosperma, Celtis, Tapirira, Trema, 
Syagrus and Athalea tree palms. 
Protium and Tapirira are present in both 
types of physiognomies. 

Licania egleri, Protium 
heptaphyllum, Sclerobium 
paniculatum, Brosimum rubescens, 
Tapirira guianensis, Trattinickia 
rhoifolia, Oenocarpus distichus, 
Physocalymma scaberrimum, 
Myrtaceae and Emmotum nitens. 
Also, Ocotea sp., Heisteria sp., and 
Richeria grandis. 

Palm swamp 
 
Vereda 

Continuous layer of graminoids, 
forbs and shrubs, with palm trees 
(12-15 m tall), scattered or 
clumped, and few tree and shrub 
species (canopy cover 5-10%). 
When Mauritia is present, canopy 
cover increases to 40-70%, herbs 
and shrubs are scarce or absent, 
connected with the gallery Forest. 

Common families are, Poaceae, 
Cyperaceae, Melastomataceae, Fabaceae 
and Eriocaulaceae, with the genus of 
Chamaecrista, Echinodorus, Habernia, 
Hyptis, Ludwigia, Lycopodiella, Mimosa, 
Polygala, Utricularia and Xyris. For the 
establishment of Buritizal (Mauritia 
flexuosa) the presence of other genus like 
Cecropia, Euplassa, Hedyosmum, 
Miconia, Myrsine, as the arboreal 
component from adjacent gallery Forest. 

The richest families are Poaceae 
and Cyperaceae, and genera 
Rhynchospora and Xyris.  
Common species: Andropogon 
bicornis, Anthaenantia lanata, 
Ascolepis brasiliensis, Ludwigia 
nervosa, Mauritia flexuosa and 
Rhynchospora globosa. 
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Table IV.2. Radiocarbon dates of VGE-�������F�R�U�H�����&�D�O�L�E�U�D�W�H�G���D�J�H�V�������1�����Z�H�U�H���R�E�W�D�L�Q�H�G���I�U�R�P���&�D�O�L�E������������Stuiver and 
Reimer, 1993) 

Laboratory code  Depth (cm) 14C age (yr 
BP) 

Age range (cal 
yr BP) 

Mean cal age  

SacA53912 20 75 ± 30 3-251 212 
SacA57442 40 1630 ± 30 1406-1539 1463 
SacA53913 74 4370 ± 30 4837-4977 4816 
SacA53914 96 4705 ± 30 5312-5477 5349 
SacA57443 106 4630 ± 30 5270-5333 5644 
VGE-110 110 5405 ± 30 6165-6281 6074 
SacA53915 125 5920 ± 35 6662-6799 6695 
SacA57444 140 6455 ± 30 7270-7422 7342 
SacA53916 160 7875 ± 40 8516-8777 8626 
SacA53918 220 10085 ± 50 11284-11764 11604 
SacA57446 228 10735 ± 50 12622-12744 12157 
SacA57448 265 11400 ± 60 13158-13360 13285 
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Figure IV.3. Principal component analysis from Isotopic and XRF elements from VGE-17 core. 
Z-�V�F�R�U�H�V�¶���F�X�U�Y�H�V���I�U�R�P���I�L�U�V�W���I�R�X�U�W�K��principal components.  
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Figure IV.6. Synthetic diagram showing the regional changes in our study area through time. From left to right, pollen 
frequency according to their growth forms; changes in Mauritia frequency (green) and  pollen influx (PAR) (black 
bars); z-scores obtained from �3�&�����D�Q�G���3�&�������/13C signal, Si/Ti and Ti/Al ratio, charcoal influx (area/cm2/yr) (red line), 
and the regional climatic periods. Hs1a = Heinrich stadial 1a (16,110 -14,690 yr BP), YD = Younger Dryas, EH = 
early Holocene, MH = mid Holocene, LH = late Holocene. 
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�X�P�L�G�R�����6�'�7�)��� ���6�H�P�L�G�H�F�L�G�X�R�X�V���7�U�R�S�L�F�D�O���I�R�U�H�V�W�����*�)� �J�D�O�O�H�U�\���I�R�U�H�V�W�����&�)� �&�L�O�O�L�D�U�\���I�R�U�H�V�W�����0�D�U�W�L�Q�V��
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Family Taxon Life form  Ecological group 

Acanthaceae Aphelandra  herb subshrub cerrado sl, dry anf gallery forest 

Amaranthaceae  Am/Chenop herb cerrado ss 

Amaranthaceae  Althernantera herb Cerrado ss vereda 

Amaranthaceae  Gomphrena herb subshrub Cerrado ss 

Apiaceae Eryngium herb Cerrado sl, GF, vereda 

Asteraceae Baccharis herb/shrub Cerrado ss, CR 

Asteraceae Asteraceae  herb/shrub Cerrado ss 

Boraginaceae Heliotrophium herb Cerrado ss 

Bromeliaceae Bromeliaceae  herb  Cerrado sl (CR, ss, CLU), GF 

Brassicaceae Brassicaceae herb Cerrado sl (campos brejos) 

Cabombaceae Cabomba herb Cerrado vereda 

Convolvulaceae Evolvulus herb shrub Cerrado ss vereda 

Droseraceae Drosera herb Cerrado sl (CLU, CR) vereda 

Euphorbiaceae Euphorbia type herb shrub Cerrado sl (rupestre ss) 

Lamiaceae Hyptis herb subshrub Cerrado sl (CLU, CR, s), vereda 

Lentibulariaceae Urticularia herb Cerrado sl (CLU, CR, s), vereda 

Lythraceae Cuphea herb shrub vereda, Cerrado sl (CLU, rupestre, ss) 

Menispermaceae Cissampelos type herb subshrub Cerrado sl (ss, rupestre) 

Onagraceae Ludwigia herb subshrub Cerrado sl (ss, CLU), vereda 

Poaceae Poaceae herb Cerrado sl 

Polygalaceae Polygala  herb Cerrado sl (CLU, ss), vereda 

Rubiaceae Borreria herb shrub Cerrado sl (ss, CLU), vereda 

Xyridaceae Xyris herb Cerrado CLU, vereda 

Araceae Spathiphyllum herb GF 

Euphorbiaceae Acalypha shrub GF CF, Dry Forest 

Piperaceae Peperomia shrub CF GF 

Ericaceae Ericaceae  shrub Cerrado (rupestre) 

Euphorbiaceae Sebastiana  shrub Cerrado sl (ss, rupestre, CLU) 

Fabaceae (caes) Chamaecrista shrub Cerrado sl (ss, rupestre) 

Fabaceae (caes) Senna/Chamaecrista shrub Cerrado sl (ss, rupestre) 

Fabaceae (pap) Copaifera shrub Cerrado sl (ss, rupestre, CLU) 

Fabaceae (mim) Mimosa  subshrub Cerrado sl (ss, rupestre) 
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Malpighiaceae Banisteriopsis shrub vine Cerrado sl (ss, rupestre), CF SDTF 

Malvaceae Helicteres shrub Cerrado sl (ss, rupestre, Cerradão), CF GF 

Menispermaceae Abuta shrub Cerrado ss, GF 

Piperaceae Piper shrub Cerrado sl (ss, Cerradão), vereda 

Rubiaceae Alibertia shrub Cerrado sl (ss, rupestre) 

Rubiaceae Sabiceae type shrub Cerrado ss 

Rubiaceae Psychotria shrub Cerrado ss, vereda 

Sapindaceae Diatemopterix shrub Cerrado sl (rupestre) 

Solanaceae Solanum  shrub Cerrado ss 

Verbenaceae Lantana  shrub Cerrado ss 

Verbenaceae Lippia  subshrub Cerrado sl (ss, Cerradão), vereda 

Euphorbiaceae Euphorbiaceae  variuos various 

Menispermaceae Menispermaceae  variuos various 

Melastomataceae Melastomataceae  tree various 

Myrtaceae Myrtaceae  tree various 

Anacardiaceae Anacardiaceae  tree Cerrado sl (ss, rupestre) 

Anacardiaceae Thyrsodium  tree SDTF, CF, cerradão 

Bignoniaceae Tecoma tree Cerrado ss Cerradão, GF CF 

Bignoniaceae Bignoniaceae  tree Cerrado ss 

Cannabaceae Celtis  tree Cerradão, GF CF SDTF 

Caryocaraceae Caryocar tree Cerrado (ss, rupestre cerradão) 

Celasteraceae Plenckia tree Cerrado ss , Cerradão 

Euphorbiaceae Sapium tree Cerrado ss, SDTF 

Fabaceae (pap) Andira  tree Cerrado sl (ss, rupestre, Cerradão) 

Fabaceae (mim) Anadenanthera tree Cerrado ss 

Malpighiaceae Byrsonima tree Cerrado sl (ss, rupestre), vereda GF 

Malvaceae Eriotheca tree Cerrado sl (ss, rupestre), CF SDTF 

Ochnaceae Ouratea  tree Cerrado sl (ss, Cerradão, rupestre) 

Pentaphylaceae Ternstroemia tree SDTF, Cerradão CF 

Phyllantaceae Hyeronimia tree Cerrado ss, CF GF 

Rubiaceae Chomelia tree Cerrado sl (ss, rupestre), CFGF 

Rubiaceae Guettarda tree Cerrado ss, GF CF 

Salicaceae Casearia tree Cerrado sl (ss, rupestre, Cerradão) 

Salicaceae Flacuortia tree Cerrado sl (ss, rupestre, Cerradão) 

Salicaceae Cissus tree Cerrado sl (ss, rupestre, Cerradão) 

Sapindaceae Thinouia type vine Cerradão 

Sapotaceae Pouteria tree Cerrado sl (ss, Cerradão, rupestre), GF CF 

Smilaceae Smilax vine Cerrado sl (ss, rupestre, CLU) vereda , CF GF 

Fabaceae Peltophorum  tree  SDTF 

Fabaceae Dialium  tree SDTF 

Anacardiaceae Tapirira tree CF GF Cerrado vereda 

Araliaceae Schefflera tree GF CF, Cerrado ss, rupestre 

Arecaceae Euterpe  treepalm GF, cerrado 
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Aquifoliaceae Ilex tree CF GF CR 

Bignoniaceae Tabebuia tree GF CF, SDTF Cerradão 

Boraginaceae Cordia tree shrub CF GF, Cerrado ss SDTF 

Boraginaceae Thunbergia vine forest, antropic 

Boraginaceae  Cordia tree shrub CF GF, Cerrado ss SDTF 

Burseraceae Protium tree CF GF 

Cannabaceae Trema tree CF GF 

Cecropiaceae Cecropia tree  CF GF, Cerrado 

Celasteraceae Clethra tree CF GF 

Celasteraceae Maytenus type tree CF GF Cerrado sl (ss) 

Chloranthaceae Hedyosmum tree GF vereda 

Cunoniaceae Weinmannia  tree GF, CR CLU 

Cunnoniaceae Lamanonia  tree CF GF Cerrado sl (Cerradão, CR) 

Dillenaceae Doliocarpus  tree CF GF Cerrado sl (ss, CR, Cerradão) vereda 

Euphorbiaceae Alchornea tree CF GF, Cerrado ss 

Euphorbiaceae Maprounea tree CF GF SDTF, Cerrado sl(rupestre, ss) 

Fabaceae Pterocarpus  tree GF CF, Cerrado sl (rupestre) 

Fabaceae Machaerium  tree CF GF, Cerrado sl (cerradão, ss) 

Fabaceae  Piptadenia tree SDTF, CF 

Icacinaceae Emmotum  tree CF GF, Cerrado sl (Cerradão, ss, rupestre, CLU) 

Icacinaceae Villaresia tree CF GF sdtf 

Lecythidaceae Eschweilera  tree CF GF, Cerrado sl (ss, campo sujo) 

Meliaceae Cabralea tree CF GF, Cerrado ss 

Meliaceae Guarea tree CF GF, Cerrado ss 

Moraceae mor/urt tree CF GF 

Primulaceae Myrsine tree GF, Cerradão 

Primulaceae Cybianthus tree CF GF 

Podocarpaceae Podocarpus tree GF, cerrado sl (rupestre) 

Rhamnaceae Zyziphus  tree GF 

Rubiaceae Amaioua tree CF GF 

Rubiaceae Bathysa  tree CF GF 

Rubiaceae Sisimira tree GFCF 

Salicaceae Salix tree GF 

Sapindaceae Paullinia vine GF 

Sapindaceae Matayba tree GF CF, Cerrado ss 

Sapotaceae Chrisophyllum tree GF 

Winteraceae Drymis tree CF GF 

Water-level related taxa       

Arecaceae Mauritia  tree palm vereda CLU 

Alismataceae Sagittaria herb pond lake 

Cyperaceae Cyperaceae various various 

Erioucalaceae Eriocaulon herb vereda, CLU pond 

Pontederaceae Eichornia aquatic herb vereda, CLU, lake, GF 
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Variables contribution 
  

PC1 %  PC2 % 

Poaceae 
Hedyosmum 
Paullinia 
Protium 
Cissus 
Simira 
Eriotheca 
Peperomia 
Melastomataceae/Combretaceae 
Ericaceae 
Smilax 
Casearia 
Acalypha 
Myrtaceae 
Matayba 
Brassicaceae 
Emmotum 
Baccharis 
Guarea 
Euterpe 
Menispermaceae 
Machaerium 
Xyris 
Lamanonia 
Eryngium 
Gomphrena 
Dialium 
Abuta 

8.051061 
6.554363 
6.489554 
6.296195 
5.758149 
4.884745 
4.802713 
4.302766 
3.458148 
2.901884 
2.542688 
2.172205 
2.00691 
1.888225 
1.88209 
1.775227 
1.715407 
1.561464 
1.529133 
1.505984 
1.455535 
1.392483 
1.250202 
1.243507 
1.208865 
1.204058 
1.129362 
1.034028 

Ilex 
Cordia 
Byrsonima 
Lippia 
Cuphea 
Casearia 
Cybianthus 
Peperomia 
Piptadenia 
Guettarda 
Sabicea 
Moraceae/Urticaceae 
Smilax 
Polygala 
Baccharis 
Hyeronimia 
Emmotum 
Hedyosmum 
Melastomataceae 
Solanum 
Caryocar 
Celtis 
Anadenanthera 
Cissus 
Matayba 
Mimosa 
Ericaceae 
Drosera 
Myrtaceae 

9.93 
8.23 
7.28 
5.39 
4.87 
4.50 
2.85 
2.60 
2.45 
2.23 
2.04 
1.74 
1.74 
1.64 
1.63 
1.50 
1.48 
1.47 
1.38 
1.37 
1.36 
1.36 
1.35 
1.34 
1.33 
1.27 
1.20 
1.11 
1.09 
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Ecosystems 
classification 

Pollen taxa indicators 

open Cerrado Herb: Poaceae, Baccharis, Brassicaceae Cuphea, Gomphrena usually present in well-
drained soils, meanwhile, Drosera, Eryngium, Polygala, and Xirys are associated to humid 
soils or tend to be present in vereda or marsh ecosystems  
Shrub: common in Cerrado with well-drained soils phygsionomies (campo limpo, rupestre 
and cerrado sensu stricto) Lippia, Ericaceae, Mimosa, Solanum. 

arboreal Cerrado �/�R�Z�H�U���X�Q�G�H�U�V�W�R�U�\�����”���������P�� 
Flood soils: Celtis and Melatomataceae/Combretaceae, usually found in humid soils. They 
can be adapted to flooded areas. Their occurrence in Cerrado phygsionomies is related to 
Cerradão, Campo rupestre, and in transition with Gallery forest.  
Well-drained soils:  Byrsonima and Caryocar are commonly found in well drained soils, 
however, they can be also associated to denser woodland in association with Casearia, 
Cissus, Eriotheca, Guettarda, and Smilax vine which in abundance suggest the presence of 
Cerradão physiognomy.  
�0�L�G�G�O�H���X�Q�G�H�U�V�W�R�U�\�����•���������P������Anadenanthera and Dialium both common in fertile soils, and 
also associated to semideciduous forest, they are rarely founded in savannas, in the South of 
Tocantins are commonly recorded in cerrado typic with mesotrophic soils. 

Gallery forest Lower understory (���”���������P):  
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Flood soils: Myrtaceae, Hedyosmum, Ilex, Protium 
Well drained soils: Moraceae/Urticaceae, Cordia (pioneer), Cybianthus, Emmotum,  
Euterpe, Lamanonia, Machaerium, (light-demanding), Matayba, Paullinuaand Simira. 
Shrubs-herbs:  Acalypha and Peperomia. 

Vereda or marsh  Eriocaulon, Sagittaria and Mauritia tree palm, all these taxa are present in flooded soils.  

 

�7�D�E�O�H�6���������5�H�V�X�O�W�V���R�I���W�K�H���3�&�$���D�Q�D�O�\�V�L�V���V�K�R�Z�L�Q�J���W�K�H���(�L�J�H�Q�Y�D�O�X�H�V���R�I���H�D�F�K���F�R�P�S�R�Q�H�Q�W���D�Q�G���W�K�H��
�V�L�J�Q�L�I�L�F�D�Q�F�H���D�V���D���S�H�U�F�H�Q�W�D�J�H�����W�K�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���H�D�F�K���H�F�R�O�R�J�L�F�D�O���J�U�R�X�S���D�Q�G���W�K�H�L�U���G�L�V�S�H�U�V�L�R�Q���L�Q���W�K�H��
�F�R�P�S�R�Q�H�Q�W�V�����K�H�U�E�7� ���W�H�U�U�H�V�W�U�L�D�O���K�H�U�E�V�����K�H�U�E�7�9� �W�H�U�U�H�V�W�U�L�D�O���K�H�U�E�V���S�U�H�V�H�Q�W���Q�H�D�U���L�Q�V�L�G�H���Y�H�U�H�G�D�V����
�6�K�U�X�E�&� �V�K�U�X�E�V���I�U�R�P���&�H�U�U�D�G�R���V�H�Q�V�X���O�D�W�R�����6�K�U�X�E�)� ���V�K�U�X�E�V���I�U�R�P���J�D�O�O�H�U�\���F�L�O�L�D�U�\���I�R�U�H�V�W�����7�U�H�H�&�'� ��
�W�U�H�H�V���I�U�R�P���&�H�U�U�D�G�R�V���V�H�Q�V�X���O�D�W�R���'�L�D�O�L�X�P���0�H�O�D�V�W���&�R�P�E�����7�)�0��� ���W�U�H�H���I�U�R�P���J�D�O�O�H�U�\���F�L�O�L�D�U�\���I�R�U�H�V�W��
�����0�\�U�W�D�F�H�D�H�� 

 
PC1 PC2 PC3 PC4 PC5 

eigenvalue 
% of variance 
cumulative % of variance 

2.725969 
38.94241 
38.94241 

1.377149 
19.67355 
58.61596 

1.124918 
16.07025 
74.68621 

0.821707 
11.73868 
86.42489 

0.457457 
6.535096 
92.95998 

Variable contribution 
   

Poaceae 
herbT 
HerbTV 
ShrubC 
ShrubF 
TreeCD 
TFM 

29.96796 
0.011491 
0.778559 
1.623812 
17.13087 
25.23299 
25.25432 

0.082008 
0.065034 
48.60633 
39.60093 
0.548029 
2.609593 
8.48807 

8.471121 
82.92428 
0.604308 
0.604641 
5.374611 
1.830312 
0.190731 

0.279151 
5.670112 
22.39181 
39.20948 
31.03858 
0.427162 
0.983705 

3.994738 
1.147863 
18.45691 
15.9869 

45.86997 
11.04968 
3.493941 

Variable coord 
    

Poaceae 
herbT 
HerbTV 
ShrubC 
ShrubF 
TreeCD 
TFM 

-0.90383 
0.017699 
-0.14568 
0.210392 
0.683361 
0.829363 
0.829714 

-0.03361 
0.029927 
0.818157 
0.738487 
0.086874 
0.189573 

-0.3419 

-0.3087 
0.965831 
-0.08245 
0.082473 
-0.24589 
-0.14349 
-0.04632 

0.047894 
0.215851 
0.428947 
-0.56762 
0.505021 
-0.05925 
-0.08991 

0.135182 
0.072464 
-0.29057 
0.270431 
0.458078 
-0.22483 
-0.12642 
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Depth (cm) Age (cal yr BP) Sedimentation rate (cm/yr) Deposition time (yr/cm) 
300 �± 265  15,020 �± 13,285 ~ 0.02 ~ 50 
264 �± 231  13,250 �± 12,280 0.031 �± 0.037 30 �± 25 
230 �± 160  
(224 �± 220) 

12,250 �± 8625 
(11,930-11,600)  

~ 0.02 
(~ 0.012) 

~ 50 
(~ 80) 

159 �± 140  8560 �± 7340  ~0.014 ~ 64 
130 �± 110  7300 - 6070 ~ 0.022 ~ 42 
109 �± 105  5970 �± 5540  ~ 0.009 ~108 
104 - 75 5515 �± 4870  ~ 0.045 ~ 23 
74 �± 70  4820 �± 4590  ~ 0.017 ~ 57 
69 �± 40  4482 �± 1436  ~ 0.0096 ~ 104 
39 - 20 1400 - 212 ~ 0.017 ~ 62 
19 �± 0  197 cal yr BP to 2017 AD ~ 0.07 ~ 14 
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Table S.6 resume of the results obtained from PCA analysis, showing the first fourth 
components, for elemental and isotope composition in VEG-17 core samples. 

Total Variance Explained  
Initial Eigenvalues Rotation Sums of Squared Loadings 

Component Total % of Variance Cumulative % 
1 6.429 33.595 33.60  
2 4.693 18.75 52.35  
3 1.741 14.955 67.30  
4 1.185 10.745 78.04  

 

Table S.7 Element and Isotope z-scores and contribution for the first fourth components from 
VEG-17 core samples. Bold scores signal the representative elements in each component. 

Rotated Component Matrix(a)  
Component scores 

  
Component contribution 

  
 

1 2 3 4 1 2 3 4 
C 0.94  0.13  0.10  0.11  0.88  0.02  0.01  0.01  
H 0.94  0.04  0.09  0.27  0.88  0.00  0.01  0.07  
N 0.90  -0.03  0.36  0.02  0.82  0.00  0.13  0.00  
O 0.86  0.01  -0.20  -0.19  0.74  0.00  0.04  0.04  
Si -0.85  -0.14  0.26  -0.29  0.73  0.02  0.07  0.08  
Br 0.70  -0.10  0.47  0.06  0.49  0.01  0.22  0.00  
Zr  -0.69  0.33  0.01  -0.07  0.48  0.11  0.00  0.01  
S 0.60  -0.22  0.09  0.47  0.36  0.05  0.01  0.22        

      
Fe 0.08  0.86  0.07  -0.13  0.01  0.74  0.01  0.02  
Sr 0.07  0.79  -0.07  0.15  0.00  0.63  0.01  0.02  
K -0.03  0.78  -0.33  -0.21  0.00  0.61  0.11  0.04  
Ti  -0.25  0.73  -0.53  0.24  0.06  0.54  0.28  0.06  
Al  -0.21  0.69  -0.53  0.30  0.04  0.47  0.28  0.09           

dN15 -0.04  -0.09  0.85  -0.01  0.00  0.01  0.72  0.00  
Ca 0.41  -0.25  0.60  -0.03  0.17  0.06  0.36  0.00  
C/N 0.50  0.29  -0.53  0.22  0.25  0.08  0.28  0.05       

 
   

dC13 -0.09  0.01  0.00  -0.91  0.01  0.00  0.00  0.83  
V 0.37  0.17  -0.41  0.63  0.14  0.03  0.17  0.40  
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�L�Q���F�R�U�H���9�*�(�����������0�$�7��� ���0�H�D�Q���$�Q�Q�X�D�O���7�H�P�S�H�U�D�W�X�U�H�����7�P�L�Q� ���0�L�Q�L�P�X�P���7�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H���F�R�O�G�H�V�W��
�P�R�Q�W�K�����0�$�3� �$�Q�Q�X�D�O���3�U�H�F�L�S�L�W�D�W�L�R�Q�����3�G�T� ���3�U�H�F�L�S�L�W�D�W�L�R�Q���R�I���W�K�H���G�U�L�H�V�W���T�X�D�U�W�H�U 

 

 

Age MAT  Tmin MAP Pdq 
212 21.1155779 11.5477387 1383.03518 18.9346734 
325 21.2763819 11.7286432 1367.9397 28.4020101 
439 20.9547739 11.5477387 1383.03518 26.8241206 
567 21.1155779 11.5477387 1390.58291 23.6683417 
709 21.1155779 11.7286432 1405.67839 23.6683417 
851 21.2763819 11.9095477 1398.13065 23.6683417 
910 21.2763819 11.7286432 1375.48744 28.4020101 
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969 20.9547739 11.7286432 1398.13065 26.8241206 
1088 20.9547739 11.7286432 1405.67839 26.8241206 
1210 21.1155779 11.9095477 1413.22613 28.4020101 
1336 21.1155779 11.7286432 1375.48744 28.4020101 
1436 21.1155779 11.7286432 1398.13065 25.2462312 
1669 20.9547739 11.7286432 1450.96482 26.8241206 
1876 21.2763819 12.2713568 1420.77387 20.5125628 
2073 21.1155779 11.9095477 1473.60804 20.5125628 
2259 21.2763819 11.7286432 1398.13065 25.2462312 
2445 21.2763819 11.7286432 1428.32161 28.4020101 
2648 21.2763819 11.7286432 1405.67839 23.6683417 
2852 20.9547739 11.7286432 1458.51256 28.4020101 
3060 20.9547739 11.7286432 1405.67839 26.8241206 
3274 20.9547739 11.5477387 1458.51256 26.8241206 
3489 20.9547739 10.281407 1398.13065 25.2462312 
3713 20.9547739 11.7286432 1458.51256 25.2462312 
3938 21.2763819 11.9095477 1420.77387 25.2462312 
4159 20.9547739 11.5477387 1450.96482 26.8241206 
4374 21.1155779 11.7286432 1405.67839 20.5125628 
4590 21.1155779 11.7286432 1375.48744 28.4020101 
4703 21.5979899 11.9095477 1383.03518 29.9798995 
4816 20.9547739 11.5477387 1398.13065 59.959799 
4895 20.7939698 10.1005025 1375.48744 28.4020101 
4938 21.1155779 11.9095477 1398.13065 28.4020101 
4982 21.4371859 11.9095477 1405.67839 20.5125628 
5028 21.1155779 11.7286432 1413.22613 25.2462312 
5073 20.9547739 10.8241206 1420.77387 28.4020101 
5117 20.9547739 11.7286432 1458.51256 28.4020101 
5160 20.9547739 11.5477387 1375.48744 39.4472362 
5204 21.2763819 11.7286432 1390.58291 36.2914573 
5254 20.9547739 11.5477387 1405.67839 28.4020101 
5305 21.1155779 11.5477387 1367.9397 29.9798995 
5349 20.9547739 11.3668342 1360.39196 28.4020101 
5388 20.9547739 9.73869347 1390.58291 28.4020101 
5427 21.1155779 11.7286432 1375.48744 28.4020101 
5471 20.9547739 11.0050251 1390.58291 28.4020101 
5515 21.1155779 11.5477387 1375.48744 28.4020101 
5644 21.2763819 11.7286432 1390.58291 25.2462312 
5859 21.2763819 11.7286432 1413.22613 20.5125628 
5966 20.9547739 9.73869347 1488.70352 25.2462312 
6074 20.9547739 11.3668342 1383.03518 25.2462312 
6157 20.9547739 11.7286432 1450.96482 28.4020101 
6239 21.2763819 11.7286432 1383.03518 28.4020101 
6322 20.9547739 11.7286432 1398.13065 29.9798995 
6406 20.9547739 10.8241206 1367.9397 29.9798995 
6489 20.9547739 11.7286432 1398.13065 28.4020101 
6572 20.9547739 11.3668342 1405.67839 25.2462312 
6654 20.9547739 11.7286432 1390.58291 25.2462312 
6738 20.9547739 11.7286432 1405.67839 28.4020101 
6822 20.9547739 11.5477387 1390.58291 25.2462312 
6907 20.9547739 11.7286432 1405.67839 26.8241206 
6992 20.9547739 11.7286432 1405.67839 28.4020101 
7077 21.1155779 11.7286432 1405.67839 25.2462312 
7164 23.3668342 13.1758794 1405.67839 26.8241206 
7253 20.9547739 12.2713568 1390.58291 25.2462312 
7342 21.1155779 11.7286432 1390.58291 25.2462312 
7467 21.2763819 13.718593 1375.48744 25.2462312 
7592 20.9547739 13.5376884 1375.48744 25.2462312 
7721 20.9547739 11.5477387 1375.48744 28.4020101 
7854 21.4371859 11.7286432 1375.48744 29.9798995 
7987 21.1155779 12.2713568 1383.03518 29.9798995 
8114 21.1155779 11.9095477 1375.48744 31.5577889 
8242 20.9547739 11.7286432 1383.03518 33.1356784 
8370 21.1155779 11.5477387 1375.48744 33.1356784 
8498 20.9547739 11.3668342 1383.03518 41.0251256 
8626 20.9547739 11.1859296 1383.03518 50.4924623 
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8729 20.9547739 11.0050251 1375.48744 48.9145729 
8831 21.1155779 11.5477387 1398.13065 39.4472362 
8933 20.7939698 10.6432161 1383.03518 53.6482412 
9034 20.7939698 10.1005025 1367.9397 53.6482412 
9135 20.7939698 10.4623116 1390.58291 28.4020101 
9237 20.7939698 10.281407 1383.03518 48.9145729 
9339 21.2763819 11.7286432 1390.58291 26.8241206 
9438 20.7939698 11.5477387 1383.03518 26.8241206 
9534 20.9547739 11.7286432 1390.58291 29.9798995 
9631 20.6331658 12.0904523 1405.67839 28.4020101 
9727 21.2763819 11.9095477 1398.13065 26.8241206 
9823 21.2763819 11.9095477 1383.03518 33.1356784 
9919 21.1155779 11.7286432 1398.13065 29.9798995 

10015 21.5979899 12.4522613 1383.03518 23.6683417 
10110 21.2763819 11.9095477 1390.58291 26.8241206 
10214 21.2763819 11.7286432 1405.67839 28.4020101 
10317 21.2763819 11.5477387 1390.58291 26.8241206 
10419 21.2763819 12.0904523 1390.58291 28.4020101 
10519 21.4371859 11.7286432 1383.03518 26.8241206 
10620 21.1155779 11.7286432 1405.67839 28.4020101 
10725 20.9547739 11.7286432 1390.58291 28.4020101 
10829 21.1155779 11.5477387 1405.67839 26.8241206 
10929 21.1155779 11.5477387 1405.67839 26.8241206 
11023 21.2763819 12.0904523 1405.67839 26.8241206 
11116 21.1155779 11.3668342 1383.03518 31.5577889 
11213 21.2763819 11.9095477 1398.13065 25.2462312 
11358 21.1155779 11.5477387 1383.03518 31.5577889 
11407 21.5979899 12.2713568 1383.03518 28.4020101 
11505 21.1155779 11.5477387 1398.13065 28.4020101 
11767 21.1155779 11.5477387 1398.13065 25.2462312 
11930 21.2763819 11.9095477 1405.67839 26.8241206 
12060 20.9547739 11.3668342 1398.13065 29.9798995 
12254 21.2763819 11.7286432 1398.13065 26.8241206 
12308 21.2763819 11.5477387 1398.13065 26.8241206 
12416 21.2763819 12.0904523 1398.13065 18.9346734 
12471 21.2763819 11.7286432 1420.77387 25.2462312 
12498 21.2763819 11.7286432 1428.32161 25.2462312 
12526 21.2763819 11.7286432 1420.77387 18.9346734 
12579 20.9547739 11.9095477 1443.41709 20.5125628 
12633 21.2763819 11.7286432 1450.96482 20.5125628 
12689 21.2763819 12.0904523 1420.77387 25.2462312 
12748 21.2763819 11.9095477 1413.22613 25.2462312 
12807 21.2763819 11.7286432 1435.86935 26.8241206 
12870 20.9547739 11.1859296 1413.22613 23.6683417 
12934 21.2763819 11.9095477 1428.32161 18.9346734 
12997 21.5979899 12.6331658 1420.77387 18.9346734 
13061 21.2763819 11.5477387 1413.22613 25.2462312 
13125 21.2763819 11.7286432 1458.51256 23.6683417 
13189 21.2763819 11.7286432 1398.13065 28.4020101 
13253 21.2763819 11.5477387 1375.48744 28.4020101 
13333 21.2763819 11.7286432 1398.13065 18.9346734 
13429 21.2763819 11.5477387 1428.32161 20.5125628 
13524 21.2763819 11.5477387 1398.13065 26.8241206 
13618 21.2763819 11.7286432 1413.22613 23.6683417 
13711 21.4371859 12.4522613 1405.67839 25.2462312 
13809 21.1155779 11.7286432 1413.22613 25.2462312 
13910 21.1155779 11.5477387 1413.22613 25.2462312 
14011 21.1155779 11.5477387 1413.22613 25.2462312 
14112 21.2763819 11.7286432 1398.13065 28.4020101 
14213 21.1155779 11.5477387 1405.67839 25.2462312 
14311 21.4371859 11.9095477 1390.58291 26.8241206 
14408 21.2763819 11.7286432 1390.58291 28.4020101 
14505 21.4371859 11.9095477 1420.77387 25.2462312 
14609 21.2763819 11.7286432 1405.67839 25.2462312 
14713 21.2763819 11.5477387 1390.58291 26.8241206 
14816 21.2763819 11.7286432 1390.58291 28.4020101 
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14917 20.9547739 11.1859296 1398.13065 29.9798995 
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Figure S.4. From left to right, the Age (cal yr BP), a summarized diagram of total pollen taxa 
respect to their growth forms (%), accompanied with the % (colored curve) and PAR (black bars) 
of Mauritia, the results of PC1 and PC2 of the ecological groups and the pollen zones. 
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Figure S. 6. From left to right, the Age (cal yr BP), a summarized diagram of total pollen taxa 
respect to their growth forms (%), accompanied with the % (colored curve) and PAR (black bars) 
of Mauritia, Cyperaceae, water-level related pollen taxa (Eriocaulon, Sagittaria), Pteris and 
Cyathea ferns, and Algae (Pseudoschizaea rubina and Zygnema), the total PAR of terrestrial 
pollen and the pollen zones. 
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