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ABSTRACT 

Akabane, T. K., 2019. Modern pollen signatures of the Amazon River and major tributaries 

[Master’s Thesis], São Paulo, Instituto de Geociências, Universidade de São Paulo, 98p. 

 

Part of the controversy of the ongoing debate about the paleoecology of the 

Amazon results from the scarcity of modern data to better elucidate the sources and 

processes controlling the fluvial pollen record. The Amazon River transports large 

amounts of pollen gathered from the several distinct environments present in the current 

drainage basin, but how each of these environments contribute to the pollen record 

remains poorly studied. In order to assess this problem, the palynological content of 36 

riverbed sediment samples covering from the mouth of Içá River to the Amazon Estuary 

was analyzed with the support of x-ray fluorescence (XRF) analysis. The palynological 

analysis shows that vegetation of lowland floodplains is the main source of the pollen 

transported by the Amazonian rivers. Therefore, aspects of fluvial dynamics and 

geomorphology that control vegetation over the floodplains echo in the pollen record. The 

upper reaches of Amazon River and western whitewater tributaries are responsible for an 

abundant Cecropia contribution, reflecting an early-successional vegetation induced by 

high rates of lateral erosion by the rivers and a landscape dominated by scroll-bars. The 

middle and lower reaches exhibit a progressive increase in herbs mainly represented by 

Poaceae, Cyperaceae, Asteraceae, Alternanthera, Amaranthus, and Acalypha, related to 

an opening in the floodplain vegetation cover and a flatter topography occupied by lakes. 

Floodplain forests of whitewater rivers (várzeas) are characterized by Iriartea, Mauritia, 

Ilex, Pseudobombax, and Luehea, which, in consortium with high amounts of Cecropia or 

herbs, suggest early to late stages of succession typical of these environments. The igapó 

forests, on the margins of black- and clearwater rivers, are palynologically expressed by 

higher values of Symmeria, Sapium, Piranhea, Pouteria, Amanoa, Myrtaceae, and 

Alchornea, which indicate conditions of higher environmental stability and a mature forest. 

Contribution from the Andean Mountains and from the cerrado are clouded by the pollen 

production of the lowlands. Extensive anthropogenic disturbance may reflect in a local 

increase of Cecropia, though its influence on the overall Amazonian signature is not 

detected. DCA analysis shows a gradual transition of the pollen signature from the upper 

to the lower reaches of the Amazon River, suggesting that the hindmost pollen signature 

is mainly influenced by the production along the main stem. Published palynological data 

are contrasted and discussed in the light of the present findings. 

 

Keywords: Palynology, Amazon Basin, modern analogue, riverbed sediments. 
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RESUMO 

Akabane, T. K., 2019. Assinaturas palinológicas modernas do Rio Solimões-Amazonas e 

seus principais afluentes [Dissertação de Mestrado], São Paulo, Instituto de Geociências, 

Universidade de São Paulo, 98p. 

 

Atualmente há uma grande quantidade de reconstruções paleoambientais, muitas vezes 

antagônicas, para tentar explicar a evolução ecológica da Amazônia. Parte da 

controvérsia decorre da escassez de dados modernos que permitam a comparação com 

o registro palinológico. O Rio Amazonas transporta grandes quantidades de pólen 

provenientes dos diversos ambientes que compõe a bacia de drenagem, no entanto o 

modo como cada um desses ambientes contribui para a formação do registro palinológico 

ainda é pouco conhecido. O presente estudo é baseado em análises palinológicas e de 

fluorescência de raios-X de 36 amostras de sedimentos coletados com draga ao longo 

de rios entre a foz do rio Içá e o estuário do Amazonas, incluindo os principais tributários. 

A assembleia palinológica encontrada mostra que a vegetação da várzea é a principal 

fonte do pólen transportado pelos rios. Portanto, os aspectos da geomorfologia e da 

dinâmica fluvial que impactam a vegetação sazonalmente inundada ecoam no registro 

palinológico. Os trechos superiores do Rio Solimões e tributários de águas brancas do 

oeste amazônico são responsáveis por uma expressiva contribuição de Cecropia, 

refletindo estágios iniciais de sucessão vegetal causados pelas altas taxas de erosão 

lateral, distúrbios causados pelos rios e a formação de barras. Os trechos médio e inferior 

exibem um aumento progressivo de pólen de ervas, representadas principalmente por 

Poaceae, Cyperaceae, Asteraceae, Alternanthera, Amaranthus e Acalypha, e 

relacionadas a uma abertura na cobertura vegetal da várzea e a uma topografia mais 

plana ocupada por lagos de várzea. As florestas de várzea são caracterizadas 

palinológicamente por Iriartea, Mauritia, Ilex, Pseudobombax e Luehea, e conjunto à 

grandes quantidades de Cecropia ou ervas, sugerem estágios iniciais e tardios de 

sucessão vegetal. As florestas de igapó margeiam rios de águas claras e pretas e são 

expressas por altos valores de Symmeria, Sapium, Piranhea, Pouteria, Amanoa, 

Myrtaceae e Alchornea, que indicam condições de maior estabilidade ambiental e uma 

floresta madura. A produção de pólen das terras baixas sobrepõe o sinal proveniente dos 

Andes e do cerrado. Distúrbios antropogênicos, como extensos desmatamentos, podem 

refletir em um aumento local de Cecropia que não se expressa na assinatura que chega 

à região do estuário. A análise de DCA mostra uma transição gradual da assinatura 

polínica ao longo dos rios Solimões e Amazonas, sugerindo que a assinatura palinológica 

é influenciada principalmente pela produção ao longo do canal principal. Por fim, dados 

palinológicos publicados são comparados e discutidos à luz do presente estudo. 

 

Palavras-chave: Palinologia, Bacia Amazônica, análogo moderno, sedimentos fluviais.  
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1 INTRODUCTION 

The Amazon Basin is the world’s largest drainage basin and home to the most 

species-rich terrestrial ecosystem, in an area that encompasses almost half of the planet's 

remaining rainforests. The geological, climatic and biological evolution of this complex 

system is subject of an ongoing debate and a holistic approach is necessary for a better 

comprehension of the intricate Hyleaen history.  

Palynology has an essential role in assessing past floristic shifts and as the 

vegetation tightly relates to the climate, hydrology and geomorphology, it works as a great 

paleoenvironmental tool (Salgado-Labouriau, 2007; Traverse, 2007). This is due to the 

fact that the pollen wall is made of an extremely stable biopolymer complex called 

sporopollenin that can last for hundreds of million years preserved in sediments (Brooks 

and Shaw, 1978; Schulte et al., 2008). This structure usually has striking features that 

allows us to trace back its parent-plant at family, genera and sometimes species level. 

Several palynological studies have been carried out to reconstruct the evolution of the 

Amazon Basin based on sediment cores collected in terra firme lakes (Colinvaux et al., 

1996; Bush et al., 2004; Soares et al., 2017), floodplain lakes (Horbe et al., 2011; Sá et 

al., 2016), riverbanks (Latrubesse et al., 2010; Feitosa et al., 2015), shallow cores in 

tributaries (Behling et al., 2001; Irion et al., 2006), deep borehole (Hoorn, 1993), and the 

sedimentary deposits of the Amazon Fan (Haberle, 1997; Hoorn, 1997; Haberle and 

Maslin, 1999; Hoorn et al., 2017). Although it is possible to recognize floristic changes 

over the geological time, most of the studies on fluvial system deposits had their 

palynological interpretations carried out without the support of broader studies on the 

representativeness of the modern vegetation. The current knowledge of the modern fluvial 

palynological signatures along the main Amazon River is limited to a few suspended 

sediment samples analyzed by Haberle (1997).  

The pollen content transported by the Amazon River derive from the riverbank 

vegetation, floating meadows, terra firme, extra-Amazonian regions, and reworked 

sediments of the floodplain. Sediments, as well as pollen grains gathered since the 

drainage headwaters, can be transported, deposited and reworked over thousands of 

kilometers before finally reach the ocean (Muller, 1959; Johnsson and Meade, 1990; 

Hoorn, 1997). Differently from endorheic lakes enclaved amid terra firme forests, that act 
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like a steady closed system, the fluvial systems are highly dynamic and influenced by a 

seasonal flooding regime, which restrict the edge vegetation to a lesser range of dominant 

várzea-adapted species (Kalliola et al., 1991; Wittmann et al., 2006). Frequent habitat 

disturbance by flooding, erosion of river margins and bars, and lateral channel shift, 

promotes an abundance of pioneer and early-successional vegetation along the Amazon 

River (Salo et al., 1986; Kalliola et al., 1991). The dynamics that affects the floristic 

aspects of floodplain reflect in the palynological record. According to Burn et al. (2010), 

the differentiation of riparian and terra firme pollen assemblages is driven mainly by the 

abundance of wind-pollinated taxa. The dominance of few anemophillous taxa, such as 

Cecropia, Poaceae, Alchornea and Moraceae contrasts with the rich diversity of 

entomophilous taxa that comprises the Amazon rainforest (Colinvaux et al., 1999). 

The interpretation of the pollen records relies on a basic understanding of their 

sources, dispersal and depositional mechanisms (Bush and Rivera, 1998; Burn et al., 

2010), which are still poorly known for the Amazon Basin fluvial system, although 

imperative for an accurate interpretation since the main sources of some pollen-types 

found in the record still remains obscure.  

In this work, the modern palynological content of riverbed sediments collected 

along some of the main tributaries of the Brazilian Amazon Basin was analyzed to 

determine its sources in order to establish its relationship to different landscape variables. 

Multivariate analyses were applied to investigate gradients of variability and to distinguish 

the assemblage of the main tributaries; grouping pollen-types according to ecological 

aspects allows discriminating sources and making inferences about fluvial 

geomorphological features that influence the pollen record. Geochemical and grain size 

analyses were used to evaluate the source of the inorganic sediments as support for the 

palynological data. Sediment sources were distinguished on the basis of Al/K ratio, as 

mineralogical maturity index (Guyot et al., 2007), together with Fe/Ca and Fe/K ratios 

(Vital and Stattegger, 2000; Häggi et al., 2016). The Al/Si ratio, a grain size proxy 

(Bouchez et al., 2011), was used to evaluate sorting effect and pollen concentration on 

the sediments. 

 

2 CONCLUSIONS 
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In this study, palynological analysis of riverbed sediments distributed along the 

Amazon Basin were used to investigate the relationship between the pollen source and 

the landscape. A significant conclusion of this study is that the palynogical signatures of 

the Amazon River and tributaries mainly correspond to the floodplain vegetation cover of 

the lowlands. Fluvial dynamics and the floodplain geomorphology play a important role in 

controlling the vegetation, which in turn reflects in the pollen load transported and 

deposited by rivers. The upper reaches of Amazon River, characterized by higher erosion, 

promotes constant succession that reflects in an abundance of Cecropia, whereas the 

lower reaches, a flatter floodplain covered by lakes, favor the dominance of herbs. 

The hindmost palynological signature of the Amazon Basin, at the estuary, results 

from a major contribution of Solimões and Amazonas rivers. Negro River influence is 

important at the downstream stretches near the confluence and decreases eastwards, 

whereas the contribution from other tributaries are minor. Poaceae and other herbs better 

correlate with várzea grasslands and grow in importance at the stretches between 

Madeira and Tapajós rivers. Xingu and Tapajós Rivers do not cause a detectable change 

in the Amazon River palynological signature, thus environmental changes in Central-

Brazil region are unlikely to cause major oscillations in the palynological record of the 

Amazon fan deposits. The dissonance between the modern pollen records and the 

regional surrounding vegetation raises another evidence of the dubious meaning of 

Poaceae as a reliable indicator of either open or dry landscapes in the terra firme context. 

Low values of Poaceae and montane taxa in the Western Amazon reveals that the Andean 

grasslands does not contribute with relevant amounts of pollen. Extensive anthropogenic 

disturbance does not cause an expressive change in grass signal, as indicated by Xingu 

River. These findings can help in a more accurate interpretation of the palynological record 

of fluvial deposits and the Amazon fan. 

 

 

  



5 
 

3 REFERENCES 

Adis, J., 1984, ‘Seasonal igapó’-forests of Central Amazonian blackwater rivers and their 

terrestrial arthropod fauna, in Sioli, H. ed., The Amazon, Dordrecht, Springer, p. 245–

268, doi:10.1007/978-94-009-6542-3_9. 

Albert, J.S., Val, P., and Hoorn, C., 2018, The changing course of the Amazon River in 

the Neogene: center stage for Neotropical diversification: Neotropical Ichthyology, v. 

16, p. 1–23, doi:10.1590/1982-0224-20180033. 

Almeida-Filho, R., and Miranda, F.P., 2007, Mega capture of the Rio Negro and formation 

of the Anavilhanas Archipelago, Central Amazônia, Brazil: Evidences in an SRTM 

digital elevation model: Remote Sensing of Environment, v. 110, p. 387–392, 

doi:10.1016/j.rse.2007.03.005. 

Archer, A.W., 2005, Review of Amazonian depositional systems: , p. 17–39. 

Baker, P.A., Seltzer, G.O., Fritz, S.C., Dunbar, R.B., Grove, M.J., Tapia, P.M., Cross, S.L., 

Rowe, H.D., and Broda, J.P., 2001, The History of South American Tropical 

Precipitation for the Past 25,000 Years: Science, v. 291, p. 640–643, 

doi:10.1126/science.291.5504.640. 

Behling, H., Keim, G., Irion, G., Junk, W., and Nunes De Mello, J., 2001, Holocene 

environmental changes in the central amazon basin inferred from Lago Calado 

(Brazil): Palaeogeography, Palaeoclimatology, Palaeoecology, v. 173, p. 87–101, 

doi:10.1016/S0031-0182(01)00321-2. 

Bertani, T.C., Rossetti, D.F., Hayakawa, E.H., and Cohen, M.C.L., 2015, Understanding 

Amazonian fluvial rias based on a Late Pleistocene-holocene analog: Earth Surface 

Processes and Landforms, v. 40, p. 285–292, doi:10.1002/esp.3629. 

Bertassoli, D.J. et al., 2017, The Fate of Carbon in Sediments of the Xingu and Tapajós 

Clearwater Rivers, Eastern Amazon: Frontiers in Marine Science, v. 4, 

doi:10.3389/fmars.2017.00044. 

Bouchez, J., Gaillardet, J., France-Lanord, C., Maurice, L., and Dutra-Maia, P., 2011, 

Grain size control of river suspended sediment geochemistry: Clues from Amazon 

River depth profiles: Geochemistry, Geophysics, Geosystems, v. 12, p. 1–24, 

doi:10.1029/2010GC003380. 

Brooks, J., and Shaw, G., 1978, Sporopollenin: A review of its chemistry, palaeochemistry 



6 
 

and geochemistry: Grana, v. 17, p. 91–97, doi:10.1080/00173137809428858. 

Brown, A.G., 1985, The potential use of pollen in the identification of suspended sediment 

sources: Earth Surface Processes and Landforms, v. 10, p. 27–32, 

doi:10.1002/esp.3290100106. 

Brown, A.G., Carpenter, R.G., and Walling, D.E., 2007, Monitoring fluvial pollen transport, 

its relationship to catchment vegetation and implications for palaeoenvironmental 

studies: Review of Palaeobotany and Palynology, v. 147, p. 60–76, 

doi:10.1016/j.revpalbo.2007.06.005. 

Brush, G.S., and Brush, L.M., 1972, Transport of pollen in a sediment-laden channel; a 

laboratory study: American Journal of Science, v. 272, p. 359–381, 

doi:10.2475/ajs.272.4.359. 

Burn, M.J., Mayle, F.E., and Killeen, T.J., 2010, Pollen-based differentiation of Amazonian 

rainforest communities and implications for lowland palaeoecology in tropical South 

America: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 295, p. 1–18, 

doi:10.1016/j.palaeo.2010.05.009. 

Bush, M.B., 1991, Modern pollen-rain data from South and Central America: a test of the 

feasibility of fine-resolution lowland tropical palynology: The Holocene, v. 1, p. 162–

167, doi:10.1177/095968369100100209. 

Bush, M.B., 2002, On the interpretation of fossil Poaceae pollen in the lowland humid 

neotropics: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 177, p. 5–17, 

doi:10.1016/S0031-0182(01)00348-0. 

Bush, M.B., De Oliveira, P.E., Colinvaux, P.A., Miller, M.C., and Moreno, J.E., 2004, 

Amazonian paleoecological histories: One hill, three watersheds: Palaeogeography, 

Palaeoclimatology, Palaeoecology, v. 214, p. 359–393, doi:10.1016/S0031-

0182(04)00401-8. 

Bush, M.B., and Rivera, R., 1998, Pollen Dispersal and Representation in a Neotropical 

Rain Forest: Global Ecology and Biogeography Letters, v. 7, p. 379, 

doi:10.2307/2997685. 

Campbell, I.A.N.D., 1991, Experimental Mechanical Destruction of Pollen Grains: v. 15, 

p. 29–33. 

Campbell, K.E., 2010, Late Miocene onset of the Amazon River and the Amazon deep-



7 
 

sea fan: Evidence from the Foz do Amazonas Basin: COMMENT: Geology, v. 38, p. 

e212–e212, doi:10.1130/G30633C.1. 

Campbell, I.D., 1999, Quaternary pollen taphonomy: examples of differential redeposition 

and differential preservation: v. 149, p. 245–256. 

Campbell, D.G., Daly, D.C., Prance, G.T., and Maciel, U.N., 1986, Quantitative Ecological 

Inventory of Terra Firme and Varzea Tropical Forest on the Rio Xingu, Brazilian 

Amazon: Brittonia, v. 38, p. 369, doi:10.2307/2807085. 

Campbell, K.E., Frailey, C.D., and Romero-Pittman, L., 2006, The Pan-Amazonian 

Ucayali Peneplain, late Neogene sedimentation in Amazonia, and the birth of the 

modern Amazon River system: Palaeogeography, Palaeoclimatology, 

Palaeoecology, v. 239, p. 166–219, doi:10.1016/j.palaeo.2006.01.020. 

Campbell Jr., K.E., Frailey, C.D., and Romero-Pittman, L., 2006, The Pan-Amazonian 

Ucayali Peneplain, late Neogene sedimentation in Amazonia, and the birth of the 

modern Amazon River system: Palaeogeography, Palaeoclimatology, 

Palaeoecology, v. 239, doi:10.1016/j.palaeo.2006.01.020. 

Campbell, D.G., Stone, J.L., and Rosas, A., 1992, A comparison of the phytosociology 

and dynamics of three floodplain (Várzea) forests of known ages, Rio Juruá, western 

Brazilian Amazon: Botanical Journal of the Linnean Society, v. 108, p. 213–237, 

doi:10.1111/j.1095-8339.1992.tb00240.x. 

Caputo, M.V., and Soares, E.A.A., 2016, Eustatic and tectonic change effects in the 

reversion of the transcontinental Amazon River drainage system: Brazilian Journal of 

Geology, v. 46, p. 301–328, doi:10.1590/2317-4889201620160066. 

Carim, M.D.J.V., 2016, Estrutura, composição e diversidade em florestas alagáveis de 

várzea de maré e de igapó e suas relações com variáveis edáficas e o período de 

inundação no Amapá, Amazônia Oriental, Brasil: Instituto Nacional de Pesquisas da 

Amazônia, 96 p. 

Carneiro, V.M.C., 2004, Composição Florística E Análise Estrutural Da Floresta Primária 

De Terra Firme Na Bacia Do Rio Cuieiras, Manaus-Am: INPA/UFAM, 61 p. 

Catto, N.R., 1985, Hydrodynamic distribution of palynomorphs in a fluvial succession, 

Yukon: Canadian Journal of Earth Sciences, v. 22, p. 1552–1556, doi:10.1139/e85-

163. 



8 
 

Chmura, G.L., and Liu, K.B., 1990, Pollen in the lower Mississippi River: Review of 

Palaeobotany and Palynology, v. 64, p. 253–261, doi:10.1016/0034-6667(90)90140-

E. 

Colinvaux, P., Moreno Patiño, J.E., and Oliveira, P.E. de, 1999, Amazon pollen manual 

and atlas/ Manual e atlas palinológico da Amazônia: Amsterdam, Harwood Academic 

Publishers, 332 p. 

Colinvaux, P.A., De Oliveira, P.E., Moreno, J.E., Miller, M.C., and Bush, M.B., 1996, A 

Long Pollen Record from Lowland Amazonia: Forest and Cooling in Glacial Times: 

Science, v. 274, p. 85–88, doi:10.1126/science.274.5284.85. 

Cornu, S., Lucas, Y., Lebon, E., Ambrosi, J.P., Luizão, F., Rouiller, J., Bonnay, M., and 

Neal, C., 1999, Evidence of titanium mobility in soil profiles, Manaus, central 

Amazonia: Geoderma, v. 91, p. 281–295, doi:10.1016/S0016-7061(99)00007-5. 

Cortez, A.C.A., 2016, Influência da sazonalidade e do modo de coleta na diversidade de 

fungos decompositores de madeira submersa de ambientes aquáticos da Região 

Amazônica: UFAM, https://tede.ufam.edu.br/handle/tede/5632. 

Costa, M.P.F., 2004, Use of SAR satellites for mapping zonation of vegetation 

communities in the Amazon floodplain: International Journal of Remote Sensing, v. 

25, p. 1817–1835, doi:10.1080/0143116031000116985. 

D’Apolito, C., da Silva-Caminha, S.A.F., Jaramillo, C., Dino, R., and Soares, E.A.A., 2018, 

The Pliocene–Pleistocene palynology of the Negro River, Brazil: Palynology, v. 6122, 

p. 1–21, doi:10.1080/01916122.2018.1437090. 

Dino, R., Soares, E.A.A., Antonioli, L., Riccomini, C., and Nogueira, A.C.R., 2012, 

Palynostratigraphy and sedimentary facies of Middle Miocene fluvial deposits of the 

Amazonas Basin, Brazil: Journal of South American Earth Sciences, v. 34, p. 61–80, 

doi:10.1016/j.jsames.2011.11.008. 

Duque, A.J., Cavelier, J., and Posada, A., 2003, Strategies of tree occupation at a local 

scale in terra firme forests in the Colombian Amazon: Biotropica, v. 35, p. 20–27, 

doi:10.1111/j.1744-7429.2003.tb00258.x. 

Durham, O.C., 1947, The volumetric incidence of atmospheric allergens: Journal of 

Allergy, v. 18, p. 231–238, doi:10.1016/0021-8707(47)90046-4. 

Elsik, W.C., 1966, Biologic Degradation of Fossil Pollen Grains and Spores: 



9 
 

Micropaleontology, v. 12, p. 515, doi:10.2307/1484797. 

Engle, D.L., and Melack, J.M., 1989, Floating meadow epiphyton: biological and chemical 

features of epiphytic material in an Amazon floodplain lake: Freshwater Biology, v. 

22, p. 479–494, doi:10.1111/j.1365-2427.1989.tb01120.x. 

Erdtman, G. (Gunner), 1986, Pollen morphology and plant taxonomy: E.J. Brill, 464 p. 

Espinoza, J.C., Ronchail, J., Guyot, J.L., Junquas, C., Vauchel, P., Lavado, W., Drapeau, 

G., and Pombosa, R., 2011, Climate variability and extreme drought in the upper 

Solimões River (western Amazon Basin): Understanding the exceptional 2010 

drought: Geophysical Research Letters, v. 38, p. n/a-n/a, 

doi:10.1029/2011GL047862. 

Faegri, K., and Iversen, J., 1966, Textbook of pollen analysis: Kobenhavn, Munksgaard, 

237 p. 

Feitosa, Y.O., Absy, M.L., Latrubesse, E.M., and Stevaux, J.C., 2015, Late Quaternary 

vegetation dynamics from central parts of the Madeira River in Brazil: Acta Botanica 

Brasilica, v. 29, p. 120–128, doi:10.1590/0102-33062014abb3711. 

Figueiredo, J., Hoorn, C., van der Ven, P., and Soares, E., 2010, Late Miocene onset of 

the Amazon River and the Amazon deep-sea fan: Evidence from the Foz do 

Amazonas Basin: Reply: Geology, v. 38, p. e213–e213, doi:10.1130/G31057Y.1. 

Figueiredo, J., Hoorn, C., van der Ven, P., and Soares, E., 2009, Late Miocene onset of 

the Amazon River and the Amazon deep-sea fan: Evidence from the Foz do 

Amazonas Basin: Geology, v. 37, p. 619–622, doi:10.1130/G25567A.1. 

Fisch, G., Marengo, J.A., and Nobre, C., 1992, Clima da amazônia: Clima da amazônia, 

v. 80, p. 1–15, doi:(INPE-11888-PRE/7235). 

Folk, R.L., 1974, Petrology of sedimentary rocks: Hemphll Publishing Company, Austin, 

p. 170, doi:10.1017/CBO9781107415324.004. 

Franzinelli, E., and Igreja, H., 2002, Modern sedimentation in the Lower Negro River, 

Amazonas State, Brazil: Geomorphology, v. 44, p. 259–271, doi:10.1016/S0169-

555X(01)00178-7. 

Fricke, A.T., Nittrouer, C.A., Ogston, A.S., Nowacki, D.J., Asp, N.E., Souza Filho, P.W.M., 

da Silva, M.S., and Jalowska, A.M., 2017, River tributaries as sediment sinks: 

Processes operating where the Tapajós and Xingu rivers meet the Amazon tidal river: 



10 
 

Sedimentology, v. 64, doi:10.1111/sed.12372. 

Gama, J.R.V., Botelho, S.A., Bentes-Gama, M. de M., and Scolforo, J.R.S., 2003, 

Estrutura e potencial futuro de utilização da regeneração natural de floresta de 

várzea alta no município de Afuá, estado do Pará.: Ciência Florestal, v. 13, p. 71, 

doi:10.5902/198050981744. 

Gama, J.R.V., Souza, A.L. de, Martins, S.V., and Souza, D.R. de, 2005, Comparação 

entre florestas de várzea e de terra firme do Estado do Pará: Revista Árvore, v. 29, 

p. 607–616, doi:10.1590/S0100-67622005000400013. 

Garreaud, R.D., Vuille, M., Compagnucci, R., and Marengo, J., 2009, Present-day South 

American climate: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 281, p. 

180–195, doi:10.1016/j.palaeo.2007.10.032. 

Gentry, A.H., 1992, Tropical Forest Biodiversity: Distributional Patterns and Their 

Conservational Significance: Oikos, v. 63, p. 19, doi:10.2307/3545512. 

Goldstein, S., 1960, Degradation of Pollen by Phycomycetes: Ecology, v. 41, p. 543–545, 

doi:10.2307/1933329. 

Gosling, W.D., Mayle, F.E., Tate, N.J., and Killeen, T.J., 2009, Differentiation between 

Neotropical rainforest, dry forest, and savannah ecosystems by their modern pollen 

spectra and implications for the fossil pollen record: Review of Palaeobotany and 

Palynology, v. 153, p. 70–85, doi:10.1016/j.revpalbo.2008.06.007. 

Gosling, W.D., Mayle, F.E., Tate, N.J., and Killeen, T.J., 2005, Modern Pollen-Rain 

Characteristics of Tall Terra Firme Moist Evergreen Forest, Southern Amazonia: 

Quaternary Research, v. 64, p. 284–297, doi:10.1016/j.yqres.2005.08.008. 

Govin, A., Chiessi, C.M., Zabel, M., Sawakuchi, A.O., Heslop, D., Hörner, T., Zhang, Y., 

and Mulitza, S., 2014, Terrigenous input off northern South America driven by 

changes in Amazonian climate and the North Brazil Current retroflection during the 

last 250 ka: Climate of the Past, v. 10, p. 843–862, doi:10.5194/cp-10-843-2014. 

Grace, J.B., 1993, The adaptive significance of clonal reproduction in angiosperms: an 

aquatic perspective: Aquatic Botany, v. 44, p. 159–180, doi:10.1016/0304-

3770(93)90070-D. 

Guyot, J.L., Jouanneau, J.M., Soares, L., Boaventura, G.R., Maillet, N., and Lagane, C., 

2007, Clay mineral composition of river sediments in the Amazon Basin: Catena, v. 



11 
 

71, p. 340–356, doi:10.1016/j.catena.2007.02.002. 

Haberle, S., 1997, Upper Quaternary vegetation and climate history of the Amazon Basin: 

correlating marine and terrestrial pollen records: Proceedings of the Ocean Drilling 

Program, Scientific Results, v. 155, p. 381–396, 

doi:10.2973/odp.proc.sr.155.225.1997. 

Haberle, S.G., and Maslin, M. a, 1999, Late Quaternary Vegetation and Climate Change 

in the Amazon Basin Based on a 50,000 Year Pollen Record from the Amazon Fan, 

ODP Site 932: Quaternary Research, v. 51, p. 27–38, doi:10.1006/qres.1998.2020. 

Häggi, C., Sawakuchi, A.O., Chiessi, C.M., Mulitza, S., Mollenhauer, G., Sawakuchi, H.O., 

Baker, P.A., Zabel, M., and Schefuß, E., 2016, Origin, transport and deposition of 

leaf-wax biomarkers in the Amazon Basin and the adjacent Atlantic: Geochimica et 

Cosmochimica Acta, v. 192, p. 149–165, doi:10.1016/j.gca.2016.07.002. 

Hammer, Ø., Harper, D.A.T. a. T., and Ryan, P.D., 2001, PAST: Paleontological Statistics 

Software Package for Education and Data Analysis: Palaeontologia Electronica, v. 

4(1), p. 1–9, doi:10.1016/j.bcp.2008.05.025. 

Haug, G.H., Hughen, K.A., Sigman, D.M., Peterson, L.C., and Röhl, U., 2001, Southward 

Migration of the Intertropical Convergence Zone Through the Holocene: Science, v. 

293, p. 1304–1308, doi:10.1126/science.1059725. 

Helena, D., Costa, M., Natalino, J., Silva, M., Olegário, J., and Carvalho, P. De, 2008, 

Crescimento de árvores em uma área de terra firme na Floresta Nacional do Tapajós 

após a colheita de madeira: Rev. ciênc. agrár, v. 50, p. 63–76. 

Henderson, A., 1990, Arecaceae. Part I. Introduction and the Iriarteinae: Flora Neotropica, 

v. 53, p. 1–100, doi:10.2307/2805360. 

Hess, L.L., Melack, J.M., Novo, E.M.L.M., Barbosa, C.C.F., and Gastil, M., 2003, Dual-

season mapping of wetland inundation and vegetation for the central Amazon basin: 

Remote Sensing of Environment, v. 87, p. 404–428, doi:10.1016/j.rse.2003.04.001. 

Hill, M.O., and Gauch, H.G., 1980, Detrended Correspondence Analysis: An Improved 

Ordination Technique.: Vegetatio, v. 42, p. 47–58, www.jstor.org/stable/20145789. 

Hooghiemstra, H., 1984, Vegetational and climatic history of the high plain of Bogotá, 
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