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ABSTRACT 

 

FRANCISQUINI, M. I. Reconstitution of Atlantic Rainforest vegetation dynamics since 

the Late Pleistocene at southeastern (Espirito Santo state coast and Minas Gerais 

eastern) and northeastern (Bahia southern) Brazil. 2017. 117 p. Thesis (PhD) – Centro de 

Energia Nuclear na Agricultura, Universidade de São Paulo, Piracicaba, 2017.  

 

This research is associated to the FAPESP 2011/0095-7 thematic project, “Interdisciplinary 

palaeoenviromental studies at Espirito Santo coast” and to the FAPESP Research Program 

about Climate Global Change (PFPMCG-FAPESP). The objectives were: (1) to characterize 

the late Pleistocene connection between Atlantic and Amazon rainforest and possible routes 

of interaction (coast, continent or both); (2) to identify environmental characteristics that 

indicates the Northeastern Espírito Santo and Southern Bahia as a stable forest since the late 

Pleistocene; (3) reconstitute the vegetation dynamics and infer climate fluctuations. Three 

sedimentary cores were collected: at northern Espirito Santo (ES) state, southern Bahia (BA) 

and eastern Minas Gerais (MG). Carbon and nitrogen isotope analyses and bioindicators in 

sediments/ soils, chronologically determined by radiocarbon dating, contributed to the local 

palaeoenvironmental reconstitution. At ES, from ~33,460 to ~13,740 cal yr BP the vegetation 

was composed of arboreal/ shrub cold adapted species and the organic matter recorded the 

dominance of C3 plants (δ13C ~-28‰), suggesting a cold and humid forest domain. From 

~13,740 to ~9500 cal yr BP vegetation changes, with the increase of grasses and decrease of 

arboreal types. Between ~9500 and to ~4000 cal yr BP herbs were abundant with a probable 

mixture of C3 and C4 plants (δ13C ~-24‰) and algae, suggesting a higher seasonality between 

humid and dry season. From ~7300 cal yr BP until present the peat layer initiates its 

deposition, and the pollen records represents the current vegetation. At BA, radiocarbon 

dating in high-resolution, C and N isotopes and palynology each ~150 years from ~6400 to 

~3400 cal yr BP showed detailed vegetational dynamics. From ~6400 to ~5620 cal yr BP the 

pollen record indicates abundance of trees and shrubs (up to 96%). From ~5620 to  

~4850 cal yr BP occurred a slightly increase of herbs (28%) but the δ13C of ~-28% indicate C3 

plants domain. From 4850 to ~3400 cal yr BP trees and shrubs abundance increases up to 

94%, indicating the forest domain. The results confirm the forest stability and high local 

humidity, allowing to recognize the area as a probable refugee since 6500 cal yr BP. 

Vegetation, climate and the landscape has changed at MG since ~10,000 cal yr BP.  

From 10,600 to ~9500 cal yr BP, pollen was not preserved, C/N values (2 to 11) reveal the 

algal contribution, the δ13C (~-20‰) indicate the mixture of C3 and C4 plants and radiocarbon 

date inversions indicate that the material was reworked. From 9,500 to 7,500 cal yr BP the 

vegetation was predominantly herbaceous with mixture of C3 and C4 plant sources  

(δ13C ~-17‰). From 7,500 to 7,000 cal yr BP C3 plants (δ13C ~-30‰) as trees/shrubs domains 

the polen record. From ~7,000 to ~6500 cal yr BP the pollen records the herbaceous 

abundance, dominated by C4 plants (δ13C ~-12 to 18‰). Peat deposition starts at  

~6500 cal yr BP composed by C3 plants, mainly dominated by trees. Pollen records since at 

least early Holocene and the floristics of current vegetation did not show any disjunct specie 

with Amazon.  

 

Keywords: Last Glacial Maximum (LGM). Palynology. Carbon isotope. Nitrogen isotope. 

Radiocarbon dating. Quaternary. Forest refuge.  
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RESUMO 

 

FRANCISQUINI, M. I. Reconstituição da dinâmica da vegetação de Mata Atlântica 

desde o Pleistoceno tardio nas regiões sudeste (costa norte do estado do Espírito Santo e 

leste de Minas Gerais) e nordeste (sul da Bahia) do Brasil. 2017. 117 p. Tese (Doutorado) 

– Centro de Energia Nuclear na Agricultura, Universidade de São Paulo, Piracicaba, 2017.  

 

Este projeto está associado ao temático FAPESP 2011/00995-7, “Estudos paleoambientais 

interdisciplinares na costa do Espírito Santo”, e ao Programa FAPESP de Pesquisas sobre 

Mudanças Climáticas Globais (PFPMCG-FAPESP). Os objetivos foram: (1) caracterizar a 

conexão da Mata Atlântica e Floresta Amazônica e possíveis rotas de interação (litorânea, 

continental ou ambas); (2) identificar padrões que caracterizem a região da costa norte do 

Espírito Santo e sul da Bahia como refúgios florestais; (3) reconstituir a dinâmica da 

vegetação e inferir flutuações climáticas desde o Pleistoceno tardio. Três testemunhos 

sedimentares foram coletados: ao norte do Espírito Santo (ES), ao sul da Bahia (BA) e ao 

leste de Minas Gerais (MG). Análises isotópicas de carbono e nitrogênio e bioindicadores em 

sedimento/solos, cronologicamente determinados por datação 14C, contribuíram para a 

reconstituição paleoambiental nestas regiões. No ES, de ~33.460 a ~13.740 anos cal AP, a 

vegetação era composta por espécies de árvores/arbustos típicas de regiões frias com o 

domínio de plantas C3 (δ
13C ~-28‰), sugerindo a presença de uma floresta fria e úmida. De 

~13.740 a ~9500 anos cal AP ocorreu o aumento das herbáceas e diminuição dos tipos 

arbóreos. Entre ~9500 e ~4000 anos cal AP, as herbáceas tornaram-se abundantes com 

mistura de plantas C3 e C4 (δ13C~-24‰) e algas, sugerindo maior sazonalidade entre as 

estações seca e úmida. De ~7300 anos cal AP até o presente, iniciou-se a deposição da turfa e 

pólen da vegetação atual. Na BA, a alta resolução de datação C-14, isótopos de C e N e 

palinologia a cada ~150 anos entre ~6400 e ~3400 anos cal AP revelaram a dinâmica da 

vegetação. Entre 6400 e 5620 anos cal AP arbóreas/arbustivas (96%) são abundantes. De 

~5620 até ~4850 anos cal AP ocorreu um pequeno aumento de herbáceas (28%), e os valores 

de δ13C ~-28% indicam o domínio de plantas C3. De 4850 a ~3400 anos cal AP, a abundância 

de arbóreas/arbustivas (94%), indica domínio florestal. Os resultados confirmam a 

estabilidade florestal e a umidade local, permitindo reconhecer esta área como um possível 

refúgio florestal desde pelo menos 6500 anos cal AP. Em MG, desde ~10.000 anos cal AP ao 

presente, a vegetação, o clima e a paisagem modificaram consideravelmente. De 10.600 a 

~9500 anos cal AP não houve preservação de pólen, os valores de C/N (~2 e 11) revelam a 

contribuição algal, o δ13C (~-20‰) indica mistura de plantas C3 e C4 e inversões nas datações 

indicam o retrabalhamento do material. De 9500 a 7500 anos cal AP a vegetação era 

predominantemente herbácea, com mistura de C3 e C4 (δ
13C ~-17‰). De 7500 a 700 anos cal 

AP, plantas C3 (δ13C ~-30‰) arbustivo-arbóreas dominam o registro polínico. De ~7000 a 

6500 anos cal AP as herbáceasC4 (δ
13C ~-12‰) são abundantes. A deposição de turfa iniciou 

em ~6500 anos cal AP, composta por plantas C3 arbóreas. Registros palinológicos desde o 

Holoceno inferior e a avaliação florística atual não revelaram a presença de espécies de 

distribuição disjunta com a Amazônia. 

 

Palavras-chave: Ultimo máximo Glacial (UMG). Palinologia. Isótopos de carbono. Isótopos 

de nitrogênio. Datação Carbono-14. Quaternário. Refúgios florestais. 
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1. INTRODUCTION 

The Atlantic rainforest "latu sensu" originally covered and area of approximately 

1.400.000 km2 extended through Brazil coastline, from Rio Grande do Norte to Rio Grande 

do Sul state (RIZZINI, 1997). Despite the intense deforestation due to the human activities 

from the last 500 years, the forest still preserves its biodiversity and high natural endemism 

(CONSERVATION INTERNATIONAL OF BRAZIL, 2000).  

According to Prum (1988) and Rizzini (1997), an explanation to the high local 

endemism and biodiversity could be a result of the ancient contact of Atlantic Rainforest and 

other biota, as Amazon, followed by long term isolation. This contact probably occurred in 

two periods, first during Pliocene and other at Pleistocene/Holocene, at 10 - 20 thousand years 

(PRUM, 1988; HACKETT; LEHN, 1997). To complement this hypothesis, forest refugees 

surrounded by Savanna (Cerrado) in Amazon Basin during Last Glacial Maximum (LGM) 

allowing the biome isolation and speciation (HAFFER, 1969; PRANCE, 1973; VANZOLINI, 

1970; AB´SABER, 1977; 1992; STEYERMARK, 1979; GENTRY, 1992; VAN DER 

HAMMEN; ABSY, 1994). 

The forest refuge hypothesis was refuted by Colinvaux et al. (1996) and Bush and 

Oliveira (2006), who affirms that there is no convincing evidence of a significant drought in 

the Amazon Basin or forest retraction during LGM, but the maintence of local humidity and 

mosaics. Similar probably occurred at Atlantic Rainforest during Pleistocene (DE 

OLIVEIRA, 1992; PESSENDA et al., 2009) and Holocene (BUSO JUNIOR et al., 2013). 

Recent modelling studies based on paleoclimate proposes that the areas referred as 

forest refuge were maintained as stable forests, whose high contemporary diversity allowed 

the development of high local biodiversity (CARNAVAL; MORITZ, 2008; LEITE et al., 

2016).  

The ideas of ancient linkage between Atlantic Rainforest and Amazon and the 

refugia hypothesis are based on the premise that the biomes are different from those existent 

in the past when considered its geographic distribution and floristic composition.  

The interest to reconstitute the paleoenvironment from the Northern Espírito Santo to 

Southern Bahia is based on the idea that this local could be considered as a forest  

refugia during Pleistocene (PRANCE, 1982), defined as historically stable by Carnaval  

and Moritz (2008). Probably, this area was a contact zone to Amazon Rainforest  

in the past, due to the presence of disjunct distribution species between terra firme  
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forest from Amazon and Matas de Tabuleiro from Atlantic Rainforest (PRANCE, 1982; 

MORI et al., 1983; 1989; RIZZINI, 1997).  

Buso Junior et al. (2013) and Buso Junior (2015) records evidences of the domain of 

dense forest during Holocene, allowing to infer a humid climate at northern Espírito Santo 

state. Those studies also describe the presence of typical disjunct genera between Amazon and 

Atlantic Rainforest from Linhares-ES, indicating the possible connection of these biomes 

since at least ~8000 cal yr BP. Although, there are still questions if this interaction occurred 

since late Pleistocene (~50,000 cal yr BP, the limit of radiocarbon dating) and which possible 

routes taken to this confluence, by the coast, by the continent or both.  

This work proposed to reconstitute the vegetation changes in three sites: Northern 

Espírito Santo, Southern Bahia and Eastern Minas Gerais, to verify the presence of preserved 

pollen that characterize the interaction between Amazon and Atlantic Rainforest since late 

Pleistocene and identify the possible routes of this interaction. Also, identify patterns of 

interaction between vegetation and climate that corroborates of refute the idea of forest 

stability in these area since late Pleistocene. 

Samples from areas or periods not studied yet, together with the interdisciplinary 

approach and the use of elementary Isotope tools (C, N, C/N, δ13C, δ15N) chronologically 

determinate by radiocarbon dating, associated to biologic indicators (pollen and spores), 

facies description and granulometry generated results that can collaborate to reconstitute the 

vegetation dynamics during Quaternary. Also, it can be helpful to corroborate or refute the 

hypothesis exposed and infer the climatic variations at Southern Bahia, Eastern Minas Gerais 

and Northern Espírito Santo. 

The association of the results compared to other studies developed in these areas and 

other regions of Brazil can contribute to amplify the database of climatic models and to 

understand the vegetation dynamics during Quaternary.  
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1.1 Introdução  

Originalmente, a vegetação de Mata Atlântica latu sensu cobria uma área de 

aproximadamente 1.400.000km2 e se estendia por uma longa faixa ao longo da costa 

brasileira, desde o Rio Grande do Norte até o Rio Grande do Sul (RIZZINI, 1997). Apesar da 

intensa degradação sofrida por este bioma ao longo da ocupação humana nos últimos  

500 anos, estudos mostram que a floresta ainda conserva sua biodiversidade e alto endemismo 

natural (CONSERVATION INTERNATIONAL DO BRASIL, 2000).  

Segundo Prum (1988) e Rizzini (1997) uma explicação para o alto endemismo e 

biodiversidade local teria ocorrido devido ao contato da Mata atlântica com outras biotas 

como a Floresta Amazônica, seguida por longos períodos de isolamento. Este contato teria 

ocorrido em dois períodos, no Plioceno e outra mais recente, na transição entre o Pleistoceno 

para o Holoceno, entre 10 -20 mil anos (PRUM, 1988; HACKETT; LEHN, 1997). Outra 

hipótese complementar seria explicada através da teoria dos refúgios, proposta inicialmente 

por Haffer (1969), retomada por Prance (1973) Vanzolini (1970), Ab´Saber (1977; 1992) 

Steyermark (1979), Gentry (1992) e Van der Hammen e Absy (1994), que sugerem a 

existência de refúgios florestais, rodeados por vegetação de cerrado na bacia Amazônica 

durante o último máximo glacial (UMG).  

A teoria dos refúgios, no entanto, foi refutada por Colinvaux et al. (1996) e Bush; 

Oliveira (2006), que afirmam a ausência evidências convincentes para uma seca significativa 

na bacia Amazônica, bem como a redução de sua área durante o UMG, mas sim a manutenção 

da umidade local e mosaicos florestais. Situação similar provavelmente ocorreu na Mata 

Atlântica durante o Pleistoceno (DE OLIVEIRA, 1992; PESSENDA et al., 2009) e Holoceno 

(BUSO JUNIOR et al., 2013). 

Estudos recentes de modelagem baseados no paleoclima propõem que tais áreas 

referidas como refúgios se mantiveram como florestas estáveis, cuja alta diversidade 

contemporânea permitiu o desenvolvimento da alta biodiversidade local (CARNAVAL; 

MORITZ, 2008; LEITE et al., 2016).  

Tanto a hipótese da conexão pretérita entre a Mata Atlântica e a Floresta Amazônica 

como a teoria dos Refúgios trazem como premissa a ideia de que os biomas atuais são 

diferentes daqueles existentes no passado, e que este passou por transformações na sua 

distribuição e composição florística durante a última glaciação. 

O interesse em trabalhar a reconstrução do paleoambiente na região nordeste do 

Estado do Espírito Santo e no sul da Bahia reside no fato de que estas poderiam ser 
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consideradas como uma das regiões que atuaram como refúgio florestal durante o Pleistoceno 

(PRANCE, 1982), definida como "historicamente estável" por Carnaval e Moritz (2008). Esta 

provavelmente foi uma zona de congruência com a floresta Amazônica no passado devido à 

presença de espécies com distribuição disjunta entre a vegetação de terra firme da Amazônia 

e as Matas de Tabuleiro da hileia baiana (PRANCE, 1982; MORI et al., 1983; 1989; 

RIZZINI, 1997).  

Buso Junior et al. (2013a) e Buso Junior (2015) evidenciam alguns registros de 

predomínio de vegetação florestal durante o Holoceno, permitindo inferir um clima sempre 

úmido na região de Linhares-ES. Estes trabalhos descrevem também a presença de gêneros de 

fanerógamas de distribuição disjunta com a vegetação amazônica na região de Mata Atlântica 

de Linhares - ES, indicando uma possível conexão pretérita entre estes dois biomas desde 

~8000 anos cal AP. No entanto, ainda residem questões se essa interação pode ter ocorrido 

pelo menos desde o Pleistoceno tardio (~50.000 anos, limite da técnica do 14C) e quais as 

prováveis rotas tomadas para sua confluência, se pela zona costeira, continental ou ambas. 

A princípio este trabalho propõe a reconstituição da vegetação em três regiões: ao 

norte do Espírito Santo, ao sul da Bahia e ao nordeste do estado de Minas Gerais, a fim de 

verificar a presença de pólen e/ou esporos de preservados nos sedimentos gêneros que 

caracterizem a interação entre Amazônia e Mata Atlântica desde o Pleistoceno tardio e 

identificar possíveis rotas dessa interação. Além disso, identificar padrões de interação entre 

vegetação e clima que corroborem ou refutem a possibilidade de as áreas de estudo terem 

atuado como florestas estáveis entre o Pleistoceno superior e Holoceno inferior. 

A coleta de materiais em áreas ou períodos ainda não estudados, concomitante à 

abordagem interdisciplinar, com o uso de ferramentas elementares (C, N e C/N) e isotópicas 

(δ13C, δ15N) cronologicamente determinados por datação 14C associados aos indicadores 

biológicos (pólen e esporos), descrição de fácies e granulometria, permitiu a obtenção de 

dados interdisciplinares que, em conjunto, podem atuar como base para reconstruir a dinâmica 

da vegetação local desde o Pleistoceno tardio, corroborando ou refutando as teorias expostas, 

bem como permitindo inferências climáticas na região sul da Bahia, nordeste de Minas Gerais 

e norte do Espírito Santo. 

A associação do conjunto de dados obtidos através dos trabalhos desenvolvidos e em 

desenvolvimento no projeto temático e a comparação com outras regiões brasileiras 

contribuirão para a ampliação das bases de dados dos modelos climáticos e compreensão da 

dinâmica da vegetação no passado. 
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2 COLD AND HUMID ATLANTIC FOREST DURING THE LATE GLACIAL, 

NORTHERN ESPÍRITO SANTO STATE, SOUTHEASTERN BRAZIL 

 

Abstract 

From Northern Espirito Santo to Southern Bahia, the composition of native Atlantic forests 

can be related structurally and taxonomically to the Amazon Rainforest and it has been 

considered a stable forest during the Pleistocene glacial times, referred as Bahia forest refuge. 

The aim of this study was to reconstitute the vegetation dynamic since ~35,000 yr cal BP by 

using palynology, radiocarbon dating, Carbon and Nitrogen elemental and isotope of organic 

matter, and infer climatic changes since the Late Glacial at the Atlantic Rainforest. Vegetation 

changes were verified at “Brejo do Louro's” bog, located at Vale Nature Reserve at Espírito 

Santo State, southeastern Brazil. From ~33,460 to ~13,740 cal yr BP the arboreal/shrub 

vegetation was dominated by C3 plants (δ13C ~-28‰), mainly constituted by Tapirira, Ilex, 

Symplocos and other species in low percentage as Podocarpus and the rare Amazon genera 

Glycidendron, suggesting the dominance of a cold and humid dense forest. From ~13,740 to 

~9500 cal yr BP the pollen spectra changes, with the increase of grasses and decrease of 

arboreal types. Between ~9500 and to ~4000 cal yr BP herbs are abundant with a probable 

mixture of C3 and C4 plants (δ13C ~-24‰) and Algae (as Zygnema and Spirigyra), suggesting 

a higher seasonality between humid and dry season. From ~7300 cal yr BP until present the 

peat layer initiates its development, possibly due to the sea level rising (transgressive) phase 

recorded in Brazilian coast, which could influence the dynamic of the water table under the 

bog and the humidity of the site, highly significant for the peat deposition. Typha is dominant 

followed by Melastomataceae, Alchornea and Moraceae/Urticaceae, which represents the 

current vegetation.  

 

2.1. Introduction 

Some theories have been proposed to explain the high percentage of endemism 

(PRANCE, 1982; 1987; MORI et al., 1981), the greatest diversity of species (SMITH, 1962), 

and botanical uniqueness (MORI et al., 1981) of tropical forests. From Northern Espírito 

Santo to Southern Bahia, the Atlantic Rainforest was considered stable during the Pleistocene, 

referred as Bahia forest refuge by Prance (1982) or as the most "historically stable regions of 

Atlantic forest" by Carnaval and Moritz (2008). 

In this context, paleoenvironmental studies have contributed to understand the 

Atlantic Rainforest vegetation dynamics, its local distinct response to Quaternary climate and 

instigated the debate about forests refuge hypothesis, especially in ecotone of forests versus 

savanna. In central and western regions of Atlantic Forest, the Last Glacial Maximum (LGM) 

was characterized by the expansion of grasslands and savannas elements and decrease of 
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arboreal pollen (BEHLING; LICHTE, 1997; STEVAUX, 2000; LEDRU et al., 2005; 2009) or 

isotopic variations from C3 to C4 plants recorded in soil organic matter (GOUVEIA et al., 

2002; PESSENDA et al., 2004; SAIA et al., 2008) in the late Pleistocene/mid-Holocene 

interval. Other studies have shown no evidence of forest's reduction, but the maintenance of 

the local humidity or the mosaics (forest and grasslands), even during the LGM (DE 

OLIVEIRA, 1992; CRUZ et al., 2006; 2007; PESSENDA et al., 2009) and Holocene (BUSO 

JUNIOR et al., 2013a), corroborating to the hypothesis of the existence of stable tropical 

forested areas during glacial times.  

Recent studies of ecological niche models under paleoclimate compared to small 

animal’s indicators and DNA (CARNAVAL; MORITZ, 2008; CARNAVAL et al., 2009; 

LEITE et al., 2016) has re-incited the forest refugee hypothesis debate, not by considering the 

geographic barriers as the main responsible of speciation, but proposing that the historic 

stable forest and high contemporary diversity was probably the most important components 

for forests biodiversity (LEITE et al., 2016). 

Furthermore, the composition of native Atlantic Rainforest at Bahia forest refuge can 

be related structurally and taxonomically to the Amazon Rainforest, which similar floristic is 

reinforced by numerous disjunct species (OLIVEIRA-FILHO et al., 2000; RIZZINI, 1963; 

PRANCE, 1982; MORI et al., 1983; 1989; BUSO JUNIOR et al., 2013a) probably due to an 

ancient link between Amazon and Atlantic Rainforest. 

By using the oldest record found from the northern Espírito Santo state, an area 

supposed to be a stable forest during LGM, this study reconstituted the Atlantic Rainforest 

paleovegetation through palynology, radiocarbon and carbon and nitrogen elemental and 

isotopes and its relation to climatic changes since the end of late Pleistocene. 

 

2.2 Study Area 

At the northern coast of Espírito Santo state, Brazil, between Doce and São Mateus 

river, two ecological reserves of Atlantic Rainforest, Vale Nature Reserve (VNR) and 

Sooretama Biological Reserve (ReBio Sooretama) together cover an area of approximately 

500,000 m2of preserved vegetation (Figure 1).  

The sampling point, known as Brejo do Louro (BL), comprises a bog under an area 

of grassland (Muçununga (BRASIL, 1987)), surrounded by dense Atlantic Rainforest ~33km 

far from the current coast line. The area becomes flooded during the rainy season, presenting 

a water column around 0.5 m that preserves plant remains in an anoxic environment, 

developing a suitable place to peat preservation.  
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Underneath the peat, the substrate contains a coarse-grained sand, classified as 

Spodosol by Santos et al. (2004) based on maps of soil distribution. Spodosoils are most 

common in cold climates as northern Europe and Central Asia, but can be found in tropical 

regions. In Brazil spodosols are present mainly in coastal environment (GOMES et al., 2007; 

OLIVEIRA et al., 2010; COELHO et al., 2010a; 2010b) and in Amazon, upper Rio Negro 

basin (MAFRA et al., 2002). They are relatively young soils, chemically poor and strongly 

influenced by water table fluctuations (CALEGARI et al., 2017). 

Spodosols (Podzol) have been used to reconstruct the paleoenvironment. Dimbleby 

(1952) showed that spodosols in Yorkshire (UK) can preserve high concentrations of pollen 

and spores, which assemblage represents the local vegetation changes over time. Also, 

Laroque and Campbell (1998) related many palynological studies in spodosols, all in 

temperate and boreal regions of Northern hemisphere. 

 

Figure 1 - Map of Brazil emphasizing the study site and the sampling point 
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Geomorphology 

Three different geomorphologic provinces are described for this region:  

(1) Coastal plain, that comprises sediments accumulated during Quaternary from Pleistocene 

and Holocene, strongly controlled by sea-level changes with diffuse drainage 

patterns, formed by marine and fluvial sediments, covered by peat in some areas 

(SUGUIO; MARTIN, 1981; MARTIN et al., 1993; 1996). 

(2) Tertiary sedimentary deposits covered by Neogene fluvial and alluvial continental deposits 

of Barreiras Formation to the East, shaping a steep plain towards the sea (IBGE, 

1987; SUGUIO; MARTIN, 1981).  

(3) A highland sierra area of Precambrian crystalline rocks to the West, that becomes lower in 

altitude and further away from the coast, especially from Northern of Doce river 

(IBGE, 1987; SUGUIO; MARTIN, 1981).  

Quaternary deposits are composed by marine sand terrains divided in two 

generations, internally from Pleistocene and externally from Holocene. The Pleistocene 

deposits are from the end of the last marine transgression. The Holocene deposits occupies the 

Quaternary coastal plain of lower altitude (in comparison to Pleistocene deposits),  

between 0 and 4 m above the sea level (IBGE, 1987; MARTIN et al., 1993). Also, there are 

the lagoons, fluvial and mangrove deposits (MARTIN, 1993).  

 

Climate 

The regional climate is strongly seasonal classified as "Aw" - tropical humid- at the 

Köppen System (KÖPPEN, 1948) with an average temperature ranging between 20 - 26°C. 

The mean annual precipitation is 1215 mm (data obtained from RNV weather station) highly 

concentrated during austral summer, controlled by the South America Monsoon system 

(SAMS) - the South Atlantic Convergence Zone (SACZ) (GARREAUD et al., 2009; 

CARVALHO et al., 2004). The dry season occurs during austral winter, from May to 

September. Other two important air masses that acts bringing humidity to this region are the 

South Atlantic Trade Winds and the Atlantic Polar Front (BIGARELLA, 1972; 

DOMINGUEZ et al., 1992). The annual rainfall increases and the seasonality decreases from 

Espírito Santo to Southern Bahia, sustaining warm and humid coastal rainforest known as 

"hylaea" (OLIVEIRA-FILHO, 2000).  
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Vegetation 

The region presents diverse phytophysiognomies inserted at Atlantic Rainforest latu 

sensu domain, basically composed by Tabuleiro's forest, Muçununga and narrow areas of 

mangroves, rarely present at the coast.  

Tabuleiro's forests are characterized by a canopy around 30 m, containing emergent 

threes up to 40, considered structurally similar to Amazon Terra-firme forest (RIZZINI, 

1997). It is also present an inferior arboreal stratum of 20 m and a not so dense herbaceous 

stratum. Rizzini (1997) highlights the occurrence of some typical taxa from Amazon 

Rainforest, some elements endemics from this region and elements very common in other 

areas of Atlantic Rainforest from Southeast Brazil. This type of vegetation (i.e. Tabulero's 

forest) occurs from Rio de Janeiro to Pernambuco, but the central area is from northern 

Espirito Santo to Southern Bahia, above the tertiary deposits of Barreiras Formation.  

Muçununga is settled above sandy soil stains and the lateritic layers around 1 or 2 m. 

Its physiognomies vary from grassland (sometimes called as "Campos Nativos" (PEIXOTO; 

GENTRY, 1990) to forest (SIMONELLI, 1998; MEIRA NETO et al., 2005) and according to 

IBGE (1987), this vegetation is considered a pioneer formation and probably will become 

similar to Savanna Park in the future.  

 

2.3. Sampling and Methods 

A 123-cm long core was collected during the dry season in the middle of Brejo do 

Louro's bog using a vibro-corer system (MARTIN; FLEXOR, 1989), composed by an 

aluminium tube connected to an engine. The water table was right below the bottom of the 

tube.  

At the 14C Laboratory of CENA/USP, fourteen sediment organic matter samples 

were sent to radiocarbon dating by accelerator mass spectrometer (AMS) at University 

Federal Fluminense Radiocarbon Laboratory (LACUFF) and Centre for applied Isotope 

Studies at University of Georgia, USA (UGAMS). Contaminants as small roots and leaves 

were physically eliminated during the treatment. Organic bulk sediment samples were  

pre-treated with Hydrochloric acid 2% for four hours at 60°C (PESSENDA et al., 2009). 

Radiocarbon ages were reported as 14C yr (1 σ) BP (Before 1950 AD), each sample was 

normalized to a δ13C VPDB and in calibrated years as cal yr (2 σ) BP (REIMER et al., 2013). 

All results and discussions are based on the mean calibrated age (mean cal yr B.P.). 
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Sedimentary samples were systematically taken each 2 cm for several analyses and 

described according to the variation of colours, grain size and texture. Roots, charcoal and 

vegetation fragments were also recorded and collected. 

To grain size analysis, sub-samples were sent in natura to the Geosciences Institute 

from University of São Paulo (USP) and processed by Milene Fornari. The grain size 

distribution was performed using a Laser Diffraction Particle Size Analyzer (MALVERN 

MASTERSIZER - 2000). Results were statistically analyzed by using the software SysGran 

(CAMARGO, 2006) and plotted at Shepard (1954) diagram. Particles were separated 

according to Wentworth (1922), defined as sand (from 1 to 0.0625 mm) silt (from 0.0625 to 

0.0039mm) and clay (from 0.0039 to 0.00012 mm). 

Elemental and isotopic analyses of total carbon and nitrogen of organic matter were 

performed each 2 cm. Contaminant roots were physically removed, and bulk sediment 

samples were dried at 50 °C as described by Pessenda et al. (1996). The most representative 

modern plant species around the sampling point were also analyzed to carbon isotope. Whole 

plants were washed in deionized water, dried at 40 °C, and grinded. Then, plants and 

sediment subsamples were sent to the Stable Isotope Laboratory of CENA/USP (São Paulo, 

Brazil) and analyzes were carried out on an elemental analyzer attached to a Mass 

Spectrometry ANCA SL 2020 of Scientific Europa. Total Carbon and Nitrogen are expressed 

as percentages of dry weight. δ13C and δ15N are measured with respect to VPDB (Vienna  

Pee Dee Belemnite Standard) and atmospheric nitrogen, respectively, using the conventional 

δ (‰) notation, with standard deviation of ±0.2‰.  

Subsamples of 2 cm3 were processed each 2-cm using standard methods according to 

Colinvaux et al. (1999), with the addition of two spikes of exotic Lycopodium clavatum 

spores to determine pollen and spore’s concentration. In this specific case, it was necessary to 

sieve (0.210 mm) the samples before the chemical treatment, due to high concentration of 

coarse-grained sand. The procedure was based on the addiction of HF to remove minerals, 

KOH and Acetolysis to remove humic acids, intine and the organic contents of the 

palynomorphs. 

Slides were build using glycerine, that allows spinning the grains and taking photos 

from both polar and equatorial view. For each sample, at least 300 pollen grains were counted 

using ZEISS photomicroscopes at x1000, excluding the aquatic types.  
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Identification was based on the pollen reference collection of the 14C Laboratory 

(CENA/USP) that contains at least 4000 slides of different species, collected at Atlantic 

Rainforest vegetation and the pollen reference collection mainly from Amazon from Dr Frank 

Mayle of the University of Reading. Pollen diagrams were plotted using TILIA and TGView 

1.7.16 (GRIMM, 1992), and CONISS to calculate the zone boundaries (GRIMM, 1987). 

 

2.4. Results and Discussions 

2.4.1 Grain size, core description and radiocarbon dating 

No depositional structure was visible along the core. Shepard diagram indicates that 

the material is composed mainly by sand and sandy silt. Medium grained sand containing 

organic matter domains the profile from 123 to 20 cm (Figure 4). The range of  

sand compounds varies from 83 up to 90% from 119 to 75 cm and from 50 to 80% from  

75 cm to the top, followed by silt (5 to 30%) (Figure 2). From ~16 cm to the top, it is possible 

to visualize preserved vegetal remains and roots. The mean calibrated age ranges from 

~35,910 cal BP at 119 cm to ~2140 cal BP at 11 cm (Table 1). The relatively old carbon may 

suggest a high rate of decomposition combined with a low rate of deposition all over the core. 

 

Figure 2 - Grain size obtained from samples of BL, plotted at Shepard diagram and distributed 

by percentage through the core 
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Two different sections show very low sedimentation rates, one of almost 6000 years 

where mean calibrate age vary from 19,310 (53 cm) to 13,740 cal yr BP (49 cm) presenting 

deposition value of 0.007 mm/year and another of 4000 years from 13,650 (45 cm) to 9500 

(41 cm) cal yr BP, where deposition was around 0.009 mm/year. Possibly, this represents a 

major erosion event and/or very low organic matter deposition. 

 

Table 1 - Radiocarbon dating of the Brejo do Louro core 

Laboratory code Depth 

(cm) 

Age 

(14C yr BP) 

Age 

(cal yr BP) 

Mean Cal. 

age 

(cal yr BP) 

Sedimentation 

rate  

(mm/year) 

UGAMS#21574 11 2120 ± 25 2002 - 2283 2140 0.05 

LACUFF#140148 21 6374 ± 35 7253 - 7417 7300 0.02 

UGAMS#21576 41 8430 ± 30 9466 - 9533 9500 0.09 

LACUFF160058 45 11,835 ± 79 13,467 - 13,792 13,650 0.009 

LACUFF160037 49 11,915 ± 81 13,555 - 13,988 13,740 0.44 

LACUFF160041 53 16,004 ± 92 19,035 - 19,563 19,310 0.007 

LACUFF160062 57 17,356 ± 104 20,636 - 21,278 20,940 0.02 

UGAMS#21577 61 18,160 ± 45 21,830 - 22,212 22,020 0.04 

LACUFF160048 71 17,312 ± 101 20,590 - 21,202 20,880 - 

UGAMS#21578 81 21,430 ± 55 25,606 - 25,904 25,760 0.02 

LACUFF160052 85 23.148 ± 165 27,143 - 27,701 27,440 0.02 

LACUFF160034 95 27.448 ± 262 30,944 – 31,741 31,300 0.03 

UGAMS#15864 103 29,210 ± 120 33,077 - 33,760 33,460 0.04 

LACUFF160038 119 32.024 ± 416 34,949 - 36,848 35,910 0.06 

 

2.4.2 Carbon Isotope of current vegetation 

 

The dominant vegetation within the bog BL is basically composed of shrubs and 

herbs, although, for instance, it is possible to find small trees like Alchornea triplinervia 

(δ13C -29,35‰) (Figure 3). 

The most representative vegetation collected around the sampling point presented an 

isotopic value typical of C3 plants. Herbs as Poaceae and Cyperaceae, which were expected to 

be classified as C4 plants, presented depleted δ13C values, varying from -20.6‰ (Andropogon 

bicornis - Poaceae) to -29.8‰ (Cyperus sp. - Cyperaceae). The value range of C3 plants may 

be attributed to the water layers present at the bog, since the high humidity is suitable to its 

development and establishment.  
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Figure 3 - Most representative plants collected around sampling point, the isotopic value 

(δ13C) and habit 
 

 
 

2.4.3 Stable Isotope analysis (Carbon and Nitrogen) of sedimentary organic matter 

 

The total organic carbon (TOC) between 123 and 92 cm was ~ 16% (Figure 4).  

From 90 to 20 cm the mean value was around ~3.5% and at the shallow layer (from 18 cm to 

the top), the mean value varies from 21% (at 15 cm) to 65% (at 5 cm). Probably the variation 

of the carbon concentration along the material may be attributed to the soil structure, as 

described by Calegari et al. (2017). The bog was developed in a depression of Spodosol, 

which is strongly influenced by the water table. The unexpected TOC observed at the bottom 

of the core possibly corresponds to the Spodic B horizon formed by a podzolization process 

and the low TOC plus sandy layer (from 90 to 20 cm) corresponds to the E horizon. 

Carbon isotopic values (δ13C) with a mean value of -28‰, typical of C3 plants, 

indicates the presence of the forest and/or C3 grasses sources since Late Pleistocene  

(at least ~33,460 cal yr BP). Nevertheless, a slight isotopic enrichment occurred between 

~8400 to ~2140 cal yr BP, when the mean δ13C value of around -26‰ increases up  

to -24‰ (~7300 cal yr BP). From ~2140 cal yr BP to present δ13C became depleted and 
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varied from ~-27‰ to ~-30‰ at the top, which can be considered representative of the current 

vegetation.  

Values of δ15N vary between -2.3‰ and 3.2‰ with and outstanding value of +9.3‰  

at 63 cm, indicating the mixture land vegetation and phytoplankton as the sources of organic 

matter in most of the profile. The mean ratio between C(organic)/N(organic) indicates a tendency of 

land plant resources along the core, except in two intervals: at ~ 9500 cal yr BP (44 - 32 cm) 

and ~2140 cal yr BP (14 - 6 cm) when lower C/N values were recorded, such as ~7.8 and ~9.4 

(respectively), indicative of the highest contribution of organic matter from the phytoplankton 

sources. 

 

Figure 4 - Core description and radiocarbon dating correlated to the respective elemental and 

isotope analysis by depth 
 

 

 

The C/N x δ13C correlation (Figure 5) indicates the predominance of C3 plants and the 

tendency to contribution of freshwater sources since~13,740cal yr BP until present. 
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Figure 5 - Correlation between δ13C and C/N and its meaning (according to Meyers (2003)): 

C4 Land plants, C3 Land plants and Lacustrine algae 
 

 

 

2.4.4  Palynology 

Cluster analysis by similarity index established seven main palynological associations 

(Figures 6 and 7). The aquatic types where not included to the total percentage, since it was 

very abundant in some zones and just represented the local vegetation, and not the dense 

forest around. 

 

2.4.4.1. Pollen zone I (From ~35.900 to ~33,460 cal yr BP) 

Despite the presence of organic matter and TOC values around 12%, this zone did not 

present palynomorphs. It is possible to consider that as the water table right above this layer, 

its eventual rising may cause the leaching of pollen grains. Another possibility is that the 

podzolization process affected the pollen preservation, due to chemical and physical process 

related to the soil genesis, as probably occurred to phytoliths (CALEGARI et al., 2017). 
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Figure 6 - Grain size and mean calibrated age related to percentage of pollen grains through the core BL depth. Pollen Zones are separated by 

CONISS 
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Figure 6 (Cont.) - Grain size and mean calibrated age related to percentage of pollen grains through the core BL depth. Pollen Zones are 

separated by CONISS 
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Figure 7 - Grain size and mean calibrated age related to the palynology by groups in 

percent’s. Pollen Zones are defined based on CONISS 

 

 
 

2.4.4.2. Pollen zone IIa (From ~33,460 to ~25,760 cal yr BP) and Pollen zone IIb  

(From ~25,760 to ~13,740 cal yr BP) 

 

The pollen spectra at the end of early glacial was highly dominated by trees and shrubs 

types (~85%). Tapirira was the most abundant (~21%), probably due to its relatively high 

pollen dispersal power (BEHLING; NEGRELLE, 2006; BEHLING at al., 1997) followed by 

Symplocos (~12%) and Ilex (~10%). Together with Podocarpus, whose representativeness 

reaches ~4%, the pollen assemblage indicates the presence of plant communities very 

different from the present. Symplocos, Ilex and Podocarpus are strongly related to high 

altitudes and relatively low temperatures in South and Southeastern Brazil (WEBSTER, 1995; 

OLIVEIRA-FILHO; FONTES, 2000). Ledru et al. (2009) also refers to Podocarpus as a 

conifer indicator of a cool and moist climate. Besides, pollen traps from Atlantic Rainforest of 

Santa Catarina state (Southern Brazil), characterized as meso-thermic with no frosts and very 

humid without a dry season (NIMER, 1986), shows similar pollen assemblage found at zones 

IIa and IIb as: Tapirira (24.9%), Alchornea (12%), Rapanea (6.8%), Sloanea (5.4%), 

Ilex (0.9%) and Podocarpus (0.8%) (BEHLING; NEGRELLE, 2006). 
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Typically forest trees such as Laplacea (4%), Eriotheca (3%), Virola (2%) and 

Sloanea (~1%) - known by its timber economic interests - indicate the presence of the  

dense forest near Brejo do Louro. The rare type Glycidendron present up to ~1%, a disjunct 

genus between Amazon and Atlantic Rainforest (BUSO JUNIOR et al., 2013a), also indicates 

the forest humid conditions and that the genus occupied this region since at least  

~25,760 cal yr BP. 

Pollen Zones IIa and IIb are very similar when compared the composition of  

pollen grains since both present the domain of trees and shrubs (mean values of ~85% and 

~71%, respectively) but at IIb the herbs percentage starts to increase, ranging from ~7% at 

~25,760 cal yr BP to ~37% at ~13,740 cal yr BP.  

 

2.4.4.3 Pollen zone IIIa (From ~13,740 to ~8,400 cal yr BP) and pollen zone IIIb (From 

estimated ~8,400 to ~4000 cal yr BP) 

 

Herbs dominance increases continuously from zone IIIa (mean value ~60%) to IIIb 

(mean value ~85%, reaching a peak of 95% of representativeness). Poaceae represents up to 

~87%, followed by Cyperaceae (5% - 8%) and Asteraceae reached a peak of abundance of 

~30% at IIIa but hardly decreases at IIIb to ~1.3%. Trees and shrubs become less abundant 

when compared to the previous period (mean value of ~25% at IIIa and 11% at IIIb). The 

generas Tapirira, Ilex and Symplocos, which were highly dominant now presents lower mean 

percentages of 0.4, 1.4 and 6% respectively. Dense forest trees such as Laplacea, Eriotheca, 

Virola and Sloanea, even present in low abundance, indicate that the forest was present. Some 

Algae were abundant, especially in zone IIIb, as Zygnema (6 - 58%) and Spirogyra 

(0.3 – 6.7%). 

 

2.4.4.4Pollen zone IV (From estimated ~4000 to 970cal yr BP) 

 

Pollen zone IV is remarked by the abrupt increase of Typha, which reached values 

around 250% of representativeness over total, followed by other aquatic types such as 

Potamogeton (18%) and the spore of Salvinia (11%).  

Pollen grains from herbaceous plants as Poaceae (11%), Cyperaceae (7%), Asteraceae 

(7%), which were dominant at the previous zone, became less abundant (between 25 and 

32%). Trees and shrubs present frequency of ~55 to 70%, as Melastomataceae/ Combretaceae 
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(~16%), Myrtaceae (~9%), Alchornea (~5%), Tapirira (~2%) and Cordia (~2%). The 

abundance of Moraceae/Urticaceae (4 - 23%) indicates that the forest vegetation was 

relatively close. 

 

2.4.4.5Pollen zone V (From estimated 970 cal yr BP to modern) 

 

Trees and shrubs present ~50 to 73% of frequency with abundance of 

Melastomataceae/ Combretaceae (15 - 42%), Alchornea (4 - 22%), Myrtaceae (3 - 8%), 

Tapirira (1 - 4%) and Cordia (0 -1%). Herbs represents 25 - 37% of total frequency, mainly 

by Poaceae (13 - 25%), Cyperaceae (2 - 7%) and Asteraceae (2 - 4%). Aquatics are abundant, 

with 70 - 90% of representativeness, represented by Typha (55 - 76%), Potamogeton 

(6 - 10%) and Echinodorus (1 - 6%). 

Nowadays these families and genera are found around Brejo do Louro, as a 

transitional vegetation between the bog and the dense forest. Zone IV testify the current 

vegetation at Brejo do Louro, composed mainly by small trees and shrubs sparsely distributed 

together with Poaceae and Cyperaceae and aquatic plants, which occurs during the rainy 

season. 

Despite present in very low abundance, pollen genera strictly from dense forest as 

Virola (~3%) and Chrysophyllum (0.3%), suggests that this vegetation is near Brejo do Louro, 

as it is possible to observe in loco.  

Pollen traps implanted for 20 months at Nativo da Gavea, whose vegetation structure 

is similar to Brejo do Louro, 13 km southeast (19°12’29’’S/ 39°57’46’’W), presented 

relatively similar frequency when compared to Zone V (BUSO JUNIOR, 2015). Trees and 

shrubs were well represented (60%) as Proteaceae (14%), Myrtaceae (12%), 

Melastomataceae/Combretaceae (9%), Moraceae/Urticaceae (7%), Byrsonima (5%), 

Alchornea (3%) and Anacardiaceae (1%) also herbs (31%) as Poaceae (14%), Cyperaceae 

(10%) and Asteraceae (5%). Aquatic herbs present 0%, probably because Nativo da Gavea 

does not become flooded as Brejo do Louro. 

 

2.4.5 Paleoenvironmental Interpretation 

 

From ~33,460 cal yr BP to ~25,760 cal yr BP, palynology and isotope analysis 

indicates the presence of a cold and dense forest near the bog and terrestrial organic matter 

sources domain. The presence of an early glacial humid and cold Atlantic rainforest has also 
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been characterized at Salitre (19°S / 46° 46'W) (LEDRU et al., 1996), and in the marine 

record GeoB 3202-1 (21°37′S /39°58'W) (BEHLING et al., 2002). At Colonia Crater 

(23°52'S/ 46°42'W), São Paulo state, Ledru et al, 2009 recorded rainforest expansion between 

30 and 23 cal yr BP, characterized by different floristic assemblage than present, which can be 

associated to a cold rainforest, due to the presence of Araucaria, Ilex, Hedyosmum, 

Podocarpus and Weinmannia. At Curucutu state park (23°56'S, 46°39'W), the presence of 

Podocarpus, Rapanea, Symplocos, Weinmannia, Ericaceae, Melastomataceae, and Myrtaceae 

suggest a cold and humid forest from ~32,400 to ~27,000 cal yr BP (PESSENDA et al., 

2009). 

Forest extent during the LGM is a debated topic. Pollen records suggest that 

grasslands dominated Southern and Southeastern Brazil during this period, indicating a 

markedly drier and cooler climate (BEHLING; LICHTE, 1997; BEHLING, 2002; SAIA et 

al., 2008). Despite the increase of Poaceae (from 7% to 37%) and decrease of arboreal/shrub 

specimens between ~25,760 and ~13,740 cal yr BP, the high concentration of arboreal plants 

(90 - 65%) and the depleted mean value of δ13C (~28‰) indicate the forest dominance 

associated to C3 herbs during LGM, allowing us to refer to this place as a stable forest in 

predominant humid climate during the end of late Pleistocene, despite differences in floristic 

composition when compared to present. Cruz et al. (2005, 2006 and 2007) and Cheng et al. 

(2012) based on studies in speleothems, refers to LGM, Heinrich 1 and Younger Dryas, as 

wet periods in southeastern Brazil, due to the expansion of Ice sheets in Northern 

Hemisphere, causing a southward shift in the Intertropical Convergence Zone (ITCZ) 

(WANG et al., 2004) and the strengthener of the South America monsoon system. Also, the 

decrease of sea level to at least 100m during LGM, exposed significantly more land, as in the 

Abrolhos bank, Northeastern Brazilian coast, allowing the expansion of the forest cover onto 

the continental shelf (LEITE et al., 2016). Similar event was recorded by Pessenda et al. 

(2012) in the Cardoso Island, southeastern Brazilian cost. 

Lacks in sedimentation and age inversions are reported from the end of Late 

Pleistocene and beginning of Holocene in Southeast Brazil, between 23 and 12kyr 

(BEHLING; NEGRELLE, 2001; BEHLING et al., 2002; LEDRU et al., 1998; PESSENDA et 

al, 2009), which can be attributed to erosive conditions during LGM, attesting dry conditions 

at this latitude (LEDRU et al., 2009). Similar low sedimentation/soil accumulation rate is 

reported at BL between 19,310 to 13,740 yr cal BP and from 13,650 to 9500 cal yr BP and an 

age inversion at 71cm (20,880 cal yr BP). In this case, it is also important to consider the 

podzolization process related to spodosol genesis, erosion and leaching caused by the water 
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table movement and the bioturbation. These processes must be more relevant than dry 

conditions, once the palynology and depleted mean value of δ13C ~-28‰ attests the forest and 

C3 grasses dominance during this period, allowing to infer a humid climate.  

Between 13,740 and 7300 cal yr BP herbaceous plants domains the palynological 

records (up to 95%) and the δ13C values ranged from ~-28‰ to ~-24‰, indicating an isotope 

enrichment since ~9500 cal yr BP up to ~7300 cal yr BP. At this age, a mixture of C3 and C4 

sources were about 78.6% of C3 plants and 21.4% of C4 calculated by mass balance equation 

(BOUTTON, 1998). Phytoliths from BL also indicate the presence grasses (up to 43%) of C4 

(panicooid 2.4%) mixed to C3 herbaceous plants (Pooid 5.4%) at the same period 

(CALEGARI et al., 2017).  

Drier period is described in Brazil during the early and mid-Holocene (LEDRU, 1993; 

FERRAZ-VICENTINI; SALGADO-LABOURIAU, 1996; GOUVEIA; PESSENDA, 2000; 

FREITAS et al., 2001; BEHLING, 2001; PESSENDA et al., 2010). At BL, the vegetation 

changes from arboreal/shrub to herbaceous, the presence of Zygnema and Spirogyra Algae, 

high dominance of herbs and the mixture of C3 and C4 plants may indicate high seasonal 

climate system. 

From ~7300 cal yr BP to present occurs the boundaries delimitation of peat formation 

(sedimentation and soil genesis). The TOC increases (up to 66%) and C/N x δ13C indicates 

the presence of freshwater phytoplankton, due to the water layer that maintains the local 

humidity and creates an anoxic place, minimizing the organic carbon degradation and 

supporting the peat preservation. Similar paleoenvironmental dynamic was verified at Nativo 

do Flamengo bog, also on a Spodosol (19°09’49,1’’S/ 39°56’20,7’’W) and 11 km southeast of 

BL (BUSO JUNIOR, 2015; BUSO JUNIOR et al., 20171). In this site, between 7043 and 

2037 cal yr BP, pollen and sponge spicules indicated an open vegetation covered mainly by 

Poaceae and exposed to periodic and temporary flooding, probably due to the seasonal 

climate and the presence of impermeable B spodic Horizon. 

Suguio and Martin (1981), Suguio et al. (1985) and Angulo et al. (2006) proposes the 

occurrence of a transgressive sea level during Holocene, that starts to rise at ~6500 14C yr BP 

reaching a peak at ~5000 14C yr B.P. Papers published in the Northern Espirito Santo  

state also verified very similar condition. (BUSO JUNIOR et al., 2013a; 2013b; CASTRO  

et al., 2013; FRANÇA et al., 2014; LORENTE et al., 2014, COHEN et al., 2014;  

                                                           
1 BUSO JUNIOR, A.A.; PESSENDA, L.C.R.; MAYLE, F.E.; LORENTE, F.L.; VOLKMER-RIBEIRO, C.; 

BENDASSOLLI, J.A.; MACARIO, K.; SIQUEIRA, G.S. Holocene palaeoenvironmental dynamics in the 

Atlantic rainforest of SE Brazil - a multi-proxy analysis of a Spodosol. Catena, Amsterdam, 2017. 15p. 

(submitted). 
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ROSSETTI et al., 2015; FRANÇA et al., 2015). As both areas (Brejo do Louro and Nativo do 

Flamengo) have no link to water channel, all the water source comes from rain and the water 

table under the bogs, probably driven by sea level dynamics and climatic conditions. 

The high concentration of Typha, Potamogeton and the spore of Salvinia indicates 

local flooding at Brejo do Louro mainly from ~2100 to aquatic 970 (estimated) cal yr BP. At 

Nativo do Flamengo from 2000 to 823 cal yr BP, high concentration of taxa reflects its local 

colonization, indicating higher frequency and intensity of flooding. 

Climate changes reported during late Holocene have contributed to the local moisture 

due to the intensification of South America Monsoon System for the last ~4000 cal yr BP, 

caused by the increase of summer insolation (CRUZ et al., 2005). This humid period is 

corroborated by many authors throughout Atlantic Rainforest (BEHLING et al., 1997; 

LEDRU et al., 2005; PESSENDA et al., 2009; PESSENDA et al., 2010). 

Since ~823 cal yr BP (estimated) the pollen testifies the establishment of current 

vegetation, composed by small trees and shrubs sparsely distributed with abundance of 

Melastomataceae/ Combretaceae, Alchornea, Myrtaceae, Tapirira and Cordia. These families 

and genera are found around BL, as a transitional vegetation between the bog and the dense 

forest. Poaceae and Cyperaceae mainly from C3 photosynthetic cycle, and some aquatic plants 

that occurs during the rainy season shows a very local signal.  

At Nativo do Flamengo, pollen and sponge spicules analysis also attested the current 

condition since ~950 cal yr BP. Pollen traps implanted for 20 months at Nativo da Gavea, 

whose vegetation structure is similar to BL, 13 km southeast (19°12’29’’S/ 39°57’46’’W), 

presented similar pollen percentages and assembly when compared to surface samples from 

BL. Trees and shrubs were well represented (60%) as Proteaceae (14%), Myrtaceae (12%), 

Melastomataceae/Combretaceae (9%), Moraceae/Urticaceae (7%), Byrsonima (5%), 

Alchornea (3%) and Anacardiaceae (1%) (31%); and herbs (31%) as Poaceae (14%), 

Cyperaceae (10%) and Asteraceae (5%) (BUSO-JUNIOR, 2015). 

 

2.5. Conclusions 

 

This study based on palynology and isotopes indicates that the Atlantic Rainforest at 

Northern Espirito Santo was covered by cold and dense forest at the end of the late 

Pleistocene, especially during LGM, suggesting that this region was part of a wider area of 

historically stable forest during late Quaternary climatic cycles. During early Holocene, the 
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domain of herbaceous C3 and C4 plants in low concentration indicate vegetation changes, 

probably associated to high seasonality. The current vegetation was established since the late 

Holocene. 
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3. STABLE FOREST FROM MID TO LATE HOLOCENE IN SOUTHERN BAHIA - 

BRAZIL 

 

Abstract 

High resolution of radiocarbon dating, C and N isotopes and palynology, each ~150 years 

from ~6400 to ~3400 cal yr BP, showed vegetation dynamics in Southern Bahia. From 6400 

to 5620 cal yr BP pollen assemblages are dominated by trees (up to 96%) (Myrtaceae, Ilex, 

Melastomataceae/ Combretaceae, Symplocos, Alchornea) and typically forest elements such 

as Chrysophyllum, Eriotheca and Hyeronima. Aquatic pollen such as Typha has peak 

abundance at ~5620 cal yr BP. From 5620 to 4850 cal yr BP a slight peak in herbs (up to 

28%) and δ13C values of ~ -28% indicate that C3 plants dominate. From 4850 to ~3400 

(estimated) cal yr BP tree and shrub abundance increases up to 94%, represented mainly by 

Alchornea, Scheflera, Bonnetia, Bowdichia, Ilex, Melastomataceae/ Combretaceae, Moraceae/ 

Urticaceae, Tapirira and Myrtaceae, colonizing around the bog and Chrysophillum, Eriotheca 

and Sloanea are typical forest types. This is the first palynological record obtained from the 

dense forest considered to be a centre of endemism in southern Bahia, which demonstrates 

stability of the forest biome from the end of the mid Holocene to the beginning of the late 

Holocene. The results confirm the forest stability and high local humidity, allowing to 

recognize the area as a probable refugee since at least 6500 cal yr BP. 

 

3.1. Introduction 

In Southern Bahia, the dense Atlantic Rainforest occupies the coastal zone, which is 

approximately 100 – 200 km wide, and gets progressively dry inland (THOMAS et al., 1998) 

from wet forest to mesophytic forest to liana forest and then to caatinga (MORI; SILVA, 

1979).  

The native wet forest in Southern Bahia shelters a unique vegetation, related 

structurally and taxonomically to the Amazon rainforest, enriched with a high local endemism 

(MORI, 1983), where it is still possible to find unidentified species and genera, as well as 

some primitive species which are very important for understanding the evolution of their 

constituent families. Despite its importance, the deforestation of the Atlantic Rainforest at 

Southern Bahia was very severe due to extensive timber extraction and sugar cane and coffee 

plantations (MORI et al., 1981). 
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Mori et al. (1981) analysed the distribution of 1245 arboreal species from southern 

Bahia and concluded that 53.5% were endemics and 7.9% were disjunct between the Atlantic 

region and the Amazon basin. Comparable results were found by Thomas et al. (1998) in two 

different forest fragments, albeit with a lower proportion of endemic species (~44%) but a 

similar proportion of disjunct species (7.8%). 

Modelling studies suggest that the high diversity associated with high local 

endemicity may be related to long term stability as a forest refugium, resulting from forest 

contraction (LEITE et al., 2016; CARNAVAL; MORITZ, 2008), as happened during the 

LGM (LEDRU et al., 2009) and early - mid Holocene (LEDRU, 1993; GOUVEIA et al., 

2005; PESSENDA et al., 2005; LEDRU et al., 2005; PESSENDA et al., 2010). Studies based 

on butterflies (BROWN, 1979) and reptiles (JACKSON, 1978) also suggest that southern 

Bahia was a refugium and centre of endemism for these species, which is consistent with 

Mori et al.’s (1981) local findings.  

The overall aim of this research is to test, by means of pollen, C and N isotope 

analyses of bog sediments, whether the forest biome was stable during the mid-Holocene. 

Recently, some papers based on palynology from Southern Bahia were published (FONTES 

et al., 2017; MORAES et al., 2017), demonstrating mangrove retraction and variations in the 

geological landscape since ~7,500 cal yr BP, but this is the first research from extreme 

Southern Bahia to test the hypothesis that forests in this centre of endemism have been stable 

through the Holocene.  

High-resolution radiocarbon dating, C and N isotopes, and palynology, at ~150-year 

resolution from ~ 6400 to ~ 3400 cal yr BP, was undertaken to reveal fine-scale vegetation 

dynamics in Southern Bahia. By comparing the results of this study with those from northern 

Espirito Santo (Chapter 2 from this document), it will be possible to obtain a more robust 

understanding of mid-Holocene vegetation history. 

 

3.2. Study Area 

The study area is located at the southern coast of Bahia state, near Prado - BA, close 

to Descobrimento National Park (17°08’42,2” S/ 39° 25’13,1” O). This conservation area was 

established in June 2012 and covers an area of approximately 22 thousand hectares of native 

Atlantic Rainforest (Figure 8). 
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Figure 8 - Map of Brazil emphasizing the study area at Bahia state and the sampling point, 

Brejo de Prado (BP) 

 

 

3.2.1 Climate  

The regional climate is very distinctive and is similar to that of Amazonia, according 

to the Köppen-Geiger system, defined as Af tropical Rainforest wet or super wet, with no dry 

season. However, in southern Bahia a dry season of one to three months is typical (MORI et 

al., 1983). Data obtained from Martorano, Coutinho and Assis (2003) indicates that Prado’s 

rainfall average between 1954 and 2000 was around 1360 mm per year. The annual mean 

temperature varies between 24°C and 25°C, with a maximum record of 38°C (MORI et al., 

1983). 

The Trade Wind Belt of the South Atlantic reaches the area from the Northeast and 

East during austral spring/summer and from the Southeast and East during autumn/ winter. 

The region is also influenced by periodic incursions of the Atlantic Polar Front (from south/ 

southeast) (ANDRADE et al., 2003). 
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3.2.2 Vegetation  

The vegetation is classified as Atlantic Rainforest, but due to its floristic similarity to 

the Amazon Rainforest, and the presence of some taxa with disjunct distributions, the area is 

known as "hylaea Baiana" or Tabuleiro’s forest. This area extends from northern Espirito 

Santo state to southern Bahia, despite differences in regional temperature and humidity. Some 

circular areas of “Muçununga” and “Campos Nativos” vegetation occur in abrupt contact with 

Tabuleiro’s forest, both in northern Espirito Santo and southern Bahia.  

Remote sensing data obtained by Landsat optical images (MORAES et al., 2017) 

indicate that the plateau, which is now dominated by pasture, was originally covered by 

Atlantic Rainforest; while floodplains are dominated by herbaceous vegetation. Gallery 

forests grow along the scarps, while mangroves form a fringe along tidal channels under 

marine influence.  

 

3.2.3 Geology 

The study area spans two main geological domains: (1) Sediments from Barreira's 

formation deposited during the Pliocene, geomorphologically characterized by coastal 

Tabuleiros (IBGE, 1987) on top of a crystalline Precambrian basement (SUGUIO; 

NOGUEIRA, 1999) and the predominance of flat-topped hills (NUNES; SILVA, 2011), in 

contact with (2) Quaternary deposits of coastal plains, resulting from multidirectional 

dendritic fluvial drainage systems, sometimes abandoned due to neotectonic movements 

(LIMA et al.,1997; 2006).  

The last two marine transgressions of the Bahia coast, the first during the Pleistocene 

~123 kyr BP (MARTIN et al., 1982) and the second during the mid-Holocene, ~5000 yr BP 

(SUGUIO et al., 1985; MARTIN et al., 1996), left regressive coastal sand deposits because of 

the coastline progradation. The marine terrace surface has well-delimited beach ridges 

(DOMINGUEZ et al., 2002) and coral reefs, exposed during low tide (SILVA et al., 2001).  

Small cliffs in Holocene sandy areas occur near Prado, as result of coastline retreat. 

The Abrolhos and Royal Charlotte Banks are remarkable in this area of the continental shelf 

(SILVA et al., 2001). Figure 9 shows a simplified geologic map from the study area.  
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Figure 9 - Simplified geological map from study area at Southern Bahia (Adapted from Lima 

et al. (2006)) 
 

 

 

3.3. Material and Methods 

 

3.3.1 Sampling  

 

Near Descobrimento National Park, sedimentary samples were collected by drilling 

using a Russian corer in a bog called Brejo de Prado (BP) (17°09'34.0"S 39°22'23.1"W). 

Overlapping cores were collected to facilitate sampling at continuous, high-stratigraphic 

resolution.  

The Russian sampler has been used by our team to collect samples from bogs, peat, 

and mangroves. Basically, it consists of an aluminum 50 cm long chamber that penetrates the 

sediment, using 1 m connecting rods. Figure 10 illustrates the coring procedure. 
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Figure 10 - (A and B) the capsule is manually introduced in the sediment as deep as 

necessary. The sampler is rotated clockwise (or anti-clockwise, depending on the 

equipment) so the sediment becomes trapped inside the chamber (C). The chamber 

and rods are removed from the ground (D). When the chamber is opened it is 

possible to visualize the material obtained, its color and the preserved structures (E). 

The material is transferred to a 50 cm PVC pipe and protected with plastic film (G) 

 

 

 

Also, the most representative plants of the vegetation within a ~ 0.5 km radius of the 

core site were collected to determine their carbon isotopic value and thereby aid interpretation 

of the sediment core isotopic record. 

 

3.3.2 Rapid Ecological Evaluation of modern Atlantic Rainforest Vegetation at 

Descobrimento National Park 

A rapid ecological assessment of the dominant taxa comprising the modern 

vegetation in and around the core site was undertaken in order to understand the modern 

vegetation - pollen assemblage relationship and thereby aid palaeoecological interpretation of 

the fossil pollen record. This vegetation inventory was undertaken by Geovane Siqueira, the 

curator of the Vale Natural Reserve herbarium. The species and genera are organized and 

identified according to APGII (2003).  

At Descobrimento National Park, the inventory of arboreal angiosperms  

took place in a forested area, classified as Tabuleiros's Forest (at Km 21 road - 17°05’6.1” 

S/39°15’27.4” W), and in a Muçununga area (km18 road - 17°03'36.8"S/ 39°21'52.6''W).  
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Soil type differs between these two areas; Ultisols occur in the forested area, while 

Quartzipsamment occurs in the Muçununga area, which is similar to the Restinga soil, typical 

of coastal areas. 

 

3.3.3 Laboratory analysis  

The cores were X-rayed prior to further analysis, to determine fine-scale lithological 

features of the sediments. 

A total of six sub-samples were selected for radiocarbon dating. Basically, the 

procedure involved the removal of any contaminants by floating and sieving the supernatant. 

Then, the material underwent hydrolysis with 2% HCl for 4 hours at 60°C, neutralized and 

kiln-dried at ~40°C (PESSENDA; CAMARGO, 1991). The sub-samples were then 

combusted to obtain CO2 via the Benzene Synthesis Line at the CENA/USP 14C lab. The 

resultant gas was trapped in a glass capsule and sent to the Accelerator Mass Spectrometry 

(AMS) at the Laboratory of Federal Fluminense University (LACUFF). 

To undertake grain-size analysis, sub-samples were pre-treated with hydrogen 

peroxide (H2O2) at 60°C to remove organic matter. The grain size distribution was performed 

using a Laser Diffraction Particle Size Analyzer, SALD-2201 SHIMADZU. Results were 

statistically analyzed by using the software SysGran (CAMARGO, 1999) and plotted as a 

Shepard (1954) diagram. Particles were separated according to Wentworth (1922), defined as 

sand (from 1 to 0.0625 mm) silt (from 0.0625 to 0.0039mm) and clay (from 0.0039 to 

0.00012 mm). 

Carbon isotope (δ13C) and elementary (C and N) analyses of organic matter were 

performed every 2 cm. Contaminant roots were physically removed and sediment samples 

were dried at 40°C and grinded. For Total Organic Carbon and δ13C analysis, samples were 

sent to the Stable Isotope Laboratory of CENA/USP, where they were run through the 

elemental analyzer attached to a Mass Spectrometry ANCA SL 2020 of Scientific Europe. 

Results are expressed as δ13C according to Vienna Pee Dee Belamnite Standard (vPDB): 

𝛿13𝐶(‰) =
𝑅𝑠𝑎𝑚𝑝𝑙𝑒−𝑅𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝑅𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
× 1000, 

Rsample and Rstandard = 13C/12C with analytical precision of ±0.2‰. 
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For Total Nitrogen, the same samples were sent to the Nutrient Cycle Laboratory at 

CENA/USP where they underwent dry combustion using a LECO CN- 2000 elementary 

analyser. 

Twelve subsamples of 1 cm3 were processed for pollen according to the methods 

described by Colinvaux et al. (1999). One spike (tablet) of Lycopodium clavatum was added 

to enable determination of pollen and spore concentrations. The process entailed treatment 

with Hydrofluoric acid, to remove silicates, and Potassium hydroxide and Acetolysis (Sulfuric 

acid plus acetic anhydride) to remove organic material. Slides were mounted in liquid 

glycerin, to enable grain rotation and hence examination of both polar and equatorial views. 

At least 300 terrestrial pollen grains were counted in each sample, using a ZEISS 

photomicroscope at x1000 magnification. Palynomorph identification was based on pollen 

plates available in several theses (LUZ, 2003; BUSO, 2010; 2015; LORENTE, 2015) and 

books/atlases (COLINVAUX et al., 1999; WILLARD et al., 2004; YBERT et al., 2017a; 

2017b), and especially the pollen reference collection of the 14C Laboratory at CENA/USP. 

Pollen diagrams were plotted using the software Tilia and TGView 1.7.16 (GRIMM, 2011) 

and CONISS to calculate the zone boundaries (GRIMM, 1987).  

 

3.4. Results and Discussions 

 

3.4.1 Rapid Ecologic evaluation  

Forest area  

Some plant taxa in the Tabuleiro’s forest (Table 2) exhibit a disjunct distribution 

with Amazon Rainforest; e.g. Parkia pendula (Willd.) Benth. Ex Walp. (Fabaceae-

Mimosoidae) (ROSA; CAVALCANTI, 2005; SOUZA; LORENZI, 2012), Clarisia racemosa 

Ruiz & Pav (Moraceae) (SANTOS; CAMARGO; FERRAZ, 2008), Eriotheca macrophylla 

(K. Schum.) A. Robyns (Malvaceae) (DUARTE, 2010), Ecclinusa ramiflora Mart. 

(Sapotaceae) (MIQUEL, 1840), Manilkara elata Allemão ex Miq (Sapotaceae) 

(PENNINTON, 1990; ALMEIDA-JUNIOR, 2010) Vatairea heteroptera (Allem.) Ducke ex 

de Assis Iglesias (DUCKE, 1949; CORRÊA, 1982), Pourouma guianensis Aubl. (Urticaceae) 

(GAGLIOTI et al., 2013) and Simarouba amara Aubl. (Simaroubaceae) (LOUREIRO et al., 

1979). All of them are large trees (~30-40 m height), many of which are managed for 

commercial wood production. 
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The family Lecythidaceae is considered representative of Amazonia, although it also 

occurs in the Atlantic Rainforest of Northeastern Brazil (SOUZA; LORENZI, 2012). Mori 

(1990) states that the species Lecythis lanceolata Poir is endemic in Atlantic Rainforest, 

where it has a broad distribution. 

Other species typical of Atlantic Rainforest include Virola officinalis Warb. 

(Myristicaceae) (RODRIGUES, 1980) and Hymenaea rubriflora var. rubriflora Ducke 

(Fabaceae- Caesalpinoidae) (LEE; LANGENHEIM, 1975), which occur between Espírito 

Santo and Rio Grande do Norte states. The genus Manilkara is also common in Atlantic 

Rainforest; Manilkara bella Monach occurs in old-growth forests between Rio de Janeiro and 

Espírito Santo (PENNINGTON, 1990), while Manilkara salzmannii (A.DC.) H. J. Lam is 

typical of transitional areas with a mix of forest and restinga (ALMEIDA-JUNIOR et al., 

2010). 

In addition to Angiosperms, the tree fern (Pteridophyta) Cyathea microdonta (Desv.) 

Domin. (Cyatheaceae) is also found in humid forests.  
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Table 2 - Rapid Ecologic Evaluation of arboreal Angiosperms observed at forested area 

(Tabuleiro's forest) at Descobrimento National Park 

Family Genera/ Specie Popular 

Brazilian name 

APOCYNACEAE Aspidosperma discolor A. DC  

 Aspidosperma parvifolium A. DC Pequiá amarelo 

ARECACEAE Geonoma elegans Mart.  

BIGNONEACEAE Tabebuia spp. Gomes ex DC Ipê 

CHRYSOBOLANACEAE Couepia belemiiPrance  

 Licania bahiensis Prance  

 Parinari parvifolia Sandw Bafo-de-boi 

ELAEOCARPACEAE Sloanea Obtusifolia K. Schum Gindiba 

FABACEAE 

(Caesalpinoidae) 

Hymenaea rubriflora var. rubriflora Ducke Jatobá vermelho 

 Sclerolobium striatum Dwyer Ingá louro 

 Tachigali pilgeriana (Harms) Oliveira-Filho   

FABACEAE (Cercideae) Bauhinia longifolia Steud  

FABACEAE (Faboidae) Andira legalis (Vell.) Toledo Angelim roxo 

 Swartzia apetala var. glabra (Vogel) R.S. 

Cowan 

Arruda rajada 

 Vatairea heteroptera (Allem.) Ducke ex de 

Assis Iglesias 

Angeli aracuí 

 Zollernia modesta A.M.de Carvalho & R.C. 

Barneby 

Orelha de onça 

FABACEAE (Mimosoidae) Parkia pendula (Willd.) Benth. Ex Walp.  

LAMIACEAE Vitex polyantha Baker Barauna 

LECYTHIDACEAE Lecythis lanceolata Poir. Sapucaia mirim 

 Lecythis lurida (Miers) S.A. Mori inuíba-vermelha 

MALVACEAE Eriotheca macrophylla (K. Schum.) A. 

Robyns 

Imbiruçu 

 Hydrogaster trinervis Kuhlm Bomba d’água 

MENISPERMACEAE Abuta spp.  

MORACEAE Clarisia racemosa Ruiz & Pav. Oiticica/ 

Guariúba 

MYRISTICACEAE Virola officinalis Warb.  

OLACACEAE Cathedra bahiensis Sleumer  

SAPOTACEAE Ecclinusa ramiflora Mart. Guaquapari 

 Manilkara bella Monach Parajú 

 Manilkara elata Allemão ex Miq. Paraju branco 

 Manilkara salzmannii (A.DC.) H. J. Lam Maçaranduba 

SIMAROUBACEAE Simarouba amara Aubl. Caixeta** 

URTICACEAE Cecropia spp. Linn Embaúba 

 Pourouma guianensis Aubl. Uva-de-macaco 

VIOLACEAE Rinorea bahiensis (Moric.) Kuntze Tambor * 

VOCHYSIACEAE Qualea megalocarpa Stafleu Pequi preto 

 Qualea spp. vermelhinha 
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Muçununga  

Some species identified at Muçununga (Table 3) also occur in Restinga's vegetation, 

and are thus well adapted to sandy plains; e.g. Eugenia rotundifolia Casar (Myrtaceae), found 

in Rio de Janeiro's restinga (DEFAVERI et al., 2011); Desmoncus orthacanthos Mart. 

(Arecaceae), found in restinga between Rio de Janeiro and Pernambuco State (HENDERSON, 

2011), and Pouteria macahensis T.D.Penn. (Sapotaceae), found in restinga and ombrophilous 

lowland forest (PENNINGTON, 1990). 

Species indicative of Tabuleiros's forest were also found, such as Andira legalis 

(Vell.) Toledo and Simarouba amara Aubl. (Simaroubaceae). Andira legalis (Vell.) Toledo 

grows in both shaded, forest habitats and open Restinga vegetation (Muçununga in this case), 

although it exhibits morphological differences between shaded and non-shaded sites 

(PEREIRA et al., 2009). Simarouba amara Aubl., however, has a disjunct distribution 

between Amazonian rainforest and the Atlantic rainforest of Bahia, Ceará and Pernambuco, 

but also occurs floodplain forests and occasionally in grasslands and savannas (LOUREIRO 

et al., 1979). 

 

Table 3 - Rapid Ecologic Evaluation of arboreal angiosperms observed at Muçununga 

vegetation at Descobrimento National Park 
Family Genus /Specie Popular Brazilian 

name  

ANACARDIACEAE Tapirira guianensis Aubl Cupuba 

ARECACEAE Desmoncus orthacanthos Mart. Cerca onça 

BIGNONEACEAE *Handroanthus serratifolius (Vahl) S. O. 

Grose 

 

 Jacaranda obovata Mart. ex A. DC.  

 Jacaranda puberulavar. microphylla Cham  

CHRYSOBALANACEAE Couepia ovatifolia Benth. (g)  Oiti-do-nativo 

FABACEAE (Faboidae) Andira legalis (Vell.) Toledo Angelim-roxo 

 Acosmium bijugum (Vogel) Yakovlev Macanaíba do 

nativo 

HYPERICACEAE Vismia ferruginea Kunth  

ICACINACEAE Emmotum nitens (Benth.) Miers  

MALPIGHIACEAE Byrsonima sericea DC. Murici 

MORACEAE Ficus trigona L.f.  

MYRSINACEAE Rapanea coriácea (Sw.) Mez.  

MYRTACEAE Eugenia rotundifolia Casar.  

 Eugenia sulcata Spring ex Mart Pitanga-preta 

 Neomitranthes langsdorffii (O. Berg) J.R. 

Mattos 

Araçá-coco 

RUTACEAE Dictyoloma vandellianum A.H.L. Juss  

SAPINDACEAE Cupania emarginata Cambess.  

SAPOTACEAE Manilkara triflora (Allemão) Monach. (g)  

 Pouteria macahensis T.D. Penn Ripeira-branca 

SIMAROUBACEAE Simarouba amara Aubl. Caixeta 
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3.4.2 Grain size and core description 

From 88 to 33 cm, the sediment is rich in decomposed organic matter and is 

structurally uniform, as revealed both in the core photo and X-ray (Figure 11). From ~50 cm 

to 33 cm small roots and plant remains are dominant. The same material is present between 33 

cm and the surface, but was too watery to permit retrieval using the corer (Figure 12). 

 

Figure 11 - X-ray and the correspondent photography of core BP A) X-ray and B) 

photography of the core 
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Figure 12: Simplified scheme of core BP representing a material mainly constituted by peat 

from 88 to 33 cm and water layer from 33 cm to the top. Vegetal remains and roots 

in decomposition are visible along the core 

 

 
 

 

Grain size analysis indicates that the clastic material is mainly composed of sand and 

sandy-silt, with a small percentage of clay (1 - 2%) (Figure 13). Sand concentration ranges 

from 40 (at 85 cm) to 92% (at 40 cm). Silt ranges from 58% (at 85 cm) to 8% (at 40 cm). 

Although, more accurate analysis indicate that the grain size of sand is classified as thin or 

very thin (0.125 and 0.0625 mm, respectively).  
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Figure 13 - Grain size obtained from BP samples, plotted at Shepard diagram and distributed 

by percentage thought the core 

 

 
 

 

3.4.3 Radiocarbon dating 

The radiocarbon dates reveal that the BP core is mid-Holocene in age, dating from 

~6400 cal yr BP at 86 cm to ~4680 cal yr BP at 50 cm (table 4). There is an age reversal  

at 58 cm (4010 cal yr BP) probably due to bioturbation or the penetration of overlying roots. 

No samples were selected for radiocarbon dating between 50 and 33 cm depth due to the high 

concentration of roots from modern vegetation in this uppermost part of the core.  

 

Table 4 - Radiocarbon dating of the Brejo de Prado core 

Depth 

(cm) 
Lab code 

Age 

 (year BP.) 

Calibrated age 

cal yr BP (2ơ) 

Mean cal 

yr BP 

BP 50 LACUFF150042 4139±57 4522 - 4834 4680 

BP 58 LACUFF160055 3677±54 3864 - 4152 4010 

BP 64 LACUFF160049 4277±57 4627 - 5033 4850 

BP 72 LACUFF160053 4880±57 5476 - 5738 5620 

BP 80 LACUFF160035 4935±56 5586 - 5881 5670 

BP 86 LACUFF160036 5619±58 6292 - 6528 6400 
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The Bayesian age-depth model provided by Bacon (run in R-Studio) provides the 

core chronology (red line, Figure 14).  

Figure 14 - Bayesian age depth model obtained by using Bacon in R-studio 

 

 

 

3.4.4 Carbon Isotopes of current vegetation 

Only Imperata brasiliensis (Poaceae) had an isotopic value typical of C4 plants (δ13C 

= -13‰) when compared to the plants collected around the BP sampling point (Figure 15). 

All the other specimens are C3, whose values range from δ13C ~-27 (Qualea crytantha) to 

δ13C ~-30 (Byrsonima sericea), even the herbaceous genera Jacquemontia (δ13C = -29‰). 
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Figure 15 - Most representative species collected around the BP sampling point and its 

respective isotopic value (δ13C) 
 

 
 

 

3.4.5 Stable Isotope analysis (Carbon and Nitrogen) of sedimentary organic matter 

Total organic carbon (COT) values ranges from 46 to 63% of carbon indicating the 

domain of organic matter and the δ13C between -29 and -27‰ indicates predominance of C3 

between ~6400 cal yr BP and ~3400 cal yr BP (Figure 16).  

C/N values of 65 to 96 are indicative of a high contribution of carbon from terrestrial 

sources, mainly due to the high concentration of organic matter under decomposition, 

represented by TOC. The graph correlating δ13C x C/N (based on MEYERS, 2003) (Figure 

17) shows the predominance of C3 land plants throughout the core.  

 

 

  



61 

Figure 16 - TOC, NT, δ13C (‰) and C/N correlated to grain size and the mean calibrated age 

and the respective depth from core BP 

 

 

Figure 17 - Graph correlating δ13C and C/N and its meaning (according to Meyers, 2003): C4 

Land plants, C3 Land plants and Lacustrine algae 

 

 

 

3.4.6 Palynology  

3.4.6.1 Pollen zone I (from 6400 to 5620 cal yr BP) 

Trees dominate this zone (~79 - 96%), represented mainly by Myrtaceae (29 - 60%), 

Ilex (1 - 36%), Melastomataceae/ Combretaceae (0.3 to 48%) and Symplocos (0.3 - 11%). 

These families and genera are common components of the bog flora, not only at BP,  
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but also at the Brejo do Louro (Chapter 1) and Nativo do Flamengo sites (BUSO-JUNIOR, 

2015), from Linhares-ES. 

Genera representative of vegetation in the transition zone between the bog perimeter 

and surrounding forest are: Alchornea (0.8 - 2.2%), Agarista (0.3 - 2.3%) and Tapirira 

(0.3 - 1.3%). Chrysophyllum (0.3 - 0.9%), Eriotheca (0.3%) and Hyeronima (0.6%) signify 

forest but are rare in the pollen record. Herbs also colonized the bog and the surrounding area 

in low abundance, between 1 - 12%, mainly represented by Poaceae (1 - 11.7%) and 

Cyperaceae (0.3 - 1.3%). 

At 5670 cal yr BP (82cm) there is a peak in Typha, representing 39% of total pollen 

grains (aquatic pollen is excluded from the total pollen sum), and δ13C of ~-29‰ and C/N of 

65 still indicate the strong C3 land plant influence. 

 

3.4.6.2 Pollen zone II (from 5620 to 4850 cal yr BP). 

This pollen zone is characterized by a slightly increase in spores (up to 28%) and 

herbaceous pollen, which varies from ~4 to ~27% abundance, represented by Poaceae (~16%) 

and Cyperaceae (~7%). However, trees are still dominant (~64 to 88%), represented by 

Melastomataceae/ Combretaceae (7 to 67%), Moraceae/ Urticaceae (4.5 to 13%), Myrtaceae 

(3 to 15%), Ilex (1.4 to 13%) and Tapirira (0.3 to 2%). Dalbergia (0.3 to 30%), Bowdichia 

(0.2 to 14%), Agarista (0.5 to 13%) and Alchornea (2 to 6%) probably grew close to the bog. 

Forest genera are also present, albeit in low percentages, such as Chrysophillum (0.5 to 2.3%) 

and Sloanea (2%). Bonnetia also first appears in this zone (up to 13%), a small shrub typically 

found in Campos rupestres at Monte Roraima (at 1000 or more meters) and restinga areas 

close to the coast (MORI et al., 1981).  

 

3.4.6.3 Pollen zone III (from 4850 to ~3400 (estimated) yr cal BP). 

Herb pollen percentages decrease (10% - 1%), especially Poaceae which varies from 

6% to 0.3%; while arboreal taxa increase (78 - 94%). Spores (3 to 17%) and aquatic taxa 

(~0.3%) are also present. Trees and shrubs are represented by Alchornea (3.5 to 7%), 

Scheflera (1 to 14%) Bonnetia (up to 22%), Bowdichia (3 to 38%), Ilex (9 to 35%), 

Melastomataceae/ Combretaceae (0.3 to 2%), Moraceae/ Urticaceae (1.2 to 23%), Tapirira 

(1 to 4%), Myrtaceae (4 to 57%) colonizing the bog and the area around it. Typical forest taxa 

Chrysophillum (0.3 to 8%), Sloanea (up to 2%) and Eriotheca (~0.3%) are present in low 

percentages. 
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Figure 18 - Percentage of pollen grains and spores through the core BP depth compared to core description and mean calibrated age. Pollen 

Zones are divided based on CONISS 
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Figure 19 - Groups (trees, herbs, aquatics, spores and unknown grains) percentage through the core BP by depth compared to C and N 

elementary and isotope analysis and mean calibrated age. Pollen Zones are divided based on CONISS 

 

. 
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3.4.7 Paleoenvironmental Interpretation 

Between the end of the mid-Holocene and beginning of the late Holocene, Brejo do 

Louro (located at ~230 km southern from Brejo do Prado, at Linhares - ES) had high 

percentages of herbs (~up to 95%) and algae, such as Zygnema (6 -58%) and Spirogira 

(0.3 - 6.7%), while trees and shrubs were less abundant (up to 11%) and δ13C was around  

~-26‰ to -24‰. Furthermore, between ~7040 and 2040 cal yr BP at Nativo do Flamengo 

(BUSO-JUNIOR, 2015) in Linhares - ES, the zone of Poaceae and sponge spicules is 

indicative of an open vegetation exposed to periodic flooding. These study sites indicate that, 

at the end of the mid-Holocene, the northern Espirito Santo state probably had a seasonal 

climate.  

A drier and/or less humid mid Holocene with higher seasonality has previously been 

recorded in many other regions of Brazil; e.g. Amazonia (ABSY et al., 1991; DESJARDINS 

et al., 1996; PESSENDA et al., 1996; GOUVEIA et al., 1997; CORDEIRO et al., 2008); 

northeastern (GOUVEIA et al., 2005; PESSENDA et al., 2005; LEDRU et al., 2005) 

southeastern (LEDRU, 1993; GOUVEIA; PESSENDA, 2000) and central Brazil (FERRAZ-

VINCENTINI; SALGADO-LABOURIAL, 1996). But in these areas, the ITCZ and SACZ 

seem to have been the main driver influencing the climate, as concluded by these authors.  

Mid Holocene drying in southern Bahia was either reduced or absent, due to the 

influence of the Trade Wind Belt of South Atlantic influence, which today maintains local 

humidity year-round. At BP, trees and forest elements were present throughout the period 

(from 64% up to 95% of representativeness) from 6400 to 3400 cal yr BP, and the δ13C record 

(~-28‰) confirms the dominance of forest.  

The facies association and changes in vegetation obtained from a core collected in a 

flood plain at Jucuruçu river, Southern Bahia (FONTES et al., 2017) located 5 km east of BP 

and 17 km from the sea, indicate a transitional environment from estuarine to fluvial influence 

around ~5350 cal yr BP, due to a peak, and subsequent fall, in Relative Sea Level (RSL) and 

probably due to an increase in precipitation. Martin et al. (2003) compared sea-level curves 

from Caravelas, Ilheus and Salvador (Bahia) and concluded that there was a maximum peak 

of RSL at 5600 cal yr BP. Although less influenced by sea-level change than mangrove 

systems, the continuous presence of forest at the BP site is likely due to the maintenance of 

local humidity in this region by it strong oceanic influence. Also, as with Brejo do Louro, 

changes to the local water table may have influenced the bog’s hydrology, which can be 

inferred by changes in abundance of Typha. 
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The slight increase in herbs, such as Poaceae and Cyperaceae, right after the peak in 

Typha (from ~5620 to 4850 cal yr BP) may signify a local response to the fall in RSL and 

consequent lowering of the bog’s water table. However, the δ13C record (~-28‰) indicates 

that any change in bog hydrology had little impact on the local terrestrial vegetation which 

was dominated by arboreal (C3) taxa throughout this period. 

Currently, Bonnetia occupies the Muçununga areas from northern Espírito Santo and 

southern Bahia (SAPORETTI JUNIOR, 2009) and is present in the palynological record of 

BP since at least ~5620 cal yr BP. Its high abundance (up to 38%) is interesting, given that 

this genus supports the hypothesis that the Amazonian and Atlantic Rainforest floras were 

formally connected (MORI et al., 1981; BUSO-JUNIOR, 2015).  

Other disjunct genera/species, such as Parkia pendula, are absent from the pollen 

record of BP, but this absence likely reflects their low pollen dispersal/productivity. Much 

larger pollen sums (above the standard 300 grains) would be required to test whether these 

key taxa were present or not at this site during the Holocene.   

 

3.5. Conclusions 

The Brejo do Louro core obtained at Linhares, northern Espírito Santo, enabled the 

reconstruction of vegetation dynamics since ~33,000 cal yr BP in that region, but due to its 

low sedimentation rate of 0.4 to 0.007 mm/year, vegetation reconstruction was only possible 

at coarse temporal resolution. Due to its higher sedimentation rate, the core from Brejo do 

Prado (BP) enabled pollen and isotope based vegetation reconstructions at higher temporal 

resolution (~150 years) between ~6500 and ~3400 cal yr BP.  

This Holocene record from BP is the first vegetation history from the central core of 

the Atlantic rainforest (southern Bahia) to demonstrate stability of the forest biome since 

~6500 cal yr BP.  
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4 VEGETATION DYNAMIC AND CLIMATIC INFERENCES AT MEDIUM RIO 

DOCE VALLEY – MINAS GERAIS STATE, BRAZIL 

 

Abstract 

The aim of this work was to verify palaeovegetation changes and the presence of Amazon 

Forest elements (disjunct genus) currently or in the past at Eastern Minas Gerais Seasonal 

Semidecidous Forest, by using palynology and isotopes since around 10,000 cal yr BP. The 

vegetation dynamic was reconstituted with climatic inferences, and compared to other study 

sites, Northern ES and Southern BA, to check the forest stability during Holocene. 

Vegetation, climate and the landscape has changed at Rio Doce State Park since at least 

~10,000 cal yr BP. From 10,600 to ~9500 the channel at Brejo da Delegacia (BD) was still 

active, leaching the organic matter and depositing fine sand. The pollen grain was not 

preserved and radiocarbon date inversions indicate that the material was reworked. C/N 

values (between 2 and 11) typical of high algal contribution and the δ13C (~-20‰) is 

indicative of a mixture of C3 and C4 plants. From ~9,500 to ~6700 cal yr BP a lake developed 

and established. From 9,500 to 7,500 cal yr BP the vegetation was predominantly herbaceous 

composed mainly by Poaceae and Cyperaceae and δ13C of ~-17‰, indicative of the 

dominance of C4 plants possibly associated to a less humid/dry climate. From 7,500 to 7,000 

cal yr BP C3 plants (δ13C ~-30‰) as Melastomataceae/ Combretacae, Alchornea, Cecropia, 

Tapirira, Ilex and Schefflera domain the record, suggesting an expansion of arboreal species 

and more humid climate than the previous period. From ~7,000 to ~6500 cal yr BP the pollen 

records the herbaceous abundance/expansion, dominated by C4 plants (δ13C ~-12 to - 18‰) 

and probably associated to a new less humid/dry period. Peat deposition starts probably 

around ~6500 cal yr BP and is predominantly composed by C3 plants, mainly dominated by 

trees and presenting a peak of Cyperaceae (probably C3) around ~3200 cal yr BP. Palinology 

presented families/ genera more representative around lakes and eventually flooded soils and 

some typical groups from Seasonal Semidecidous Forest as Alchornea, Melastomataceae/ 

Combretaceae, Myrtaceae, Cecropia, Arecaceae, Tapirira and Celtis. Pollen records since at 

least early Holocene and modern vegetation did not show any disjunct genus from Amazon 

region. The vegetation dynamics during the last 10,000 years shows that this community 

reacted very different to past climate changes, when compared to the forest stability observed 

at Northern ES and Southern BA during the Holocene.  

 

4.1. Introduction  

 

Por (1992) proposes some possible routes as ancient connections between Amazon 

and Atlantic Rainforest: the most important linking Brazil Southeastern to Northwestern, 

another through Brazil Northeast coast and other possible routes though Central Brazil, across 
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Cerrado vegetation. Recently, some works based on modelling, palaeobiological and 

molecular data are testing these possible routes and bringing some answers, about when, and 

how these routes possibly happened (COSTA, 2003; SOBRAL-SOUZA et al., 2015; LEDO; 

COLLI, 2017). 

Ledo and Colli (2017) proposed that routes linking Amazon Rainforest and Atlantic 

Rainforest occurred many times in the past, but the plant community’s composition was 

different, with cold adapted vegetation probably during Last Glacial Maximum (LGM) and 

warm adapted vegetation during interglacial periods. 

One of the PhD project proposal was to verify the presence of Amazon elements at 

Atlantic Rainforest from Northern Espirito Santo (ES), Southern Bahia (BA) and Eastern 

Minas Gerais (MG), mainly though palynology, and check if there is any indicative of the 

routes where the ancient connection may have occurred. 

Despite being part of Atlantic Forest, the vegetation and the climate at eastern MG is 

very different from the Atlantic Rainforest at Northern ES and Southern BA, once the first is 

classified as Seasonal Semidecidous Forest while the second is a Dense Ombrophilous Forest. 

Also, the forested area from Northern ES and Southern BA coast is known by its similarity to 

the Terra-firme Amazon Rainforest, called as "Bahia Refuge" or "Hylaea Bahiana" also 

considered as historically stable forest at least since LGM (PRANCE, 1982; CARNAVAL; 

MORTIZ, 2008). 

Paleoenvironmental reconstitution in lake sediments from Atlantic Rainforest at 

medium Rio Doce Valley – MG, indicate that this forest was not stable during Holocene, and 

presented moist and dry periods interleaved, probably with expansion and retraction of the 

forest in ecotone areas (ALBUQUERQUE, 1998; YBERT, 1997; 2000; PERONICO, 2009; 

TURCQ et al., 1994).  

A forest retraction followed by expansion probably occurred in central Brazil, 

according to the synthesis of vegetation dynamics in Southern and Central Brazil by Ledru et 

al. (1998) and Behling (2002) during Holocene. These works have compiled some researches 

(e.g. BARBERI et a1., 1995; FERRAZ-VICENTINI; SALGADO-LABOURIAU, 1996; DE 

OLIVEIRA, 1992; LEDRU et al., 1996; PARIZZI et al., 1998; RODRIGUES-FILHO et al., 

2002) and conclude that basically Early Holocene was relatively dryer until around 7,000 yr 

BP, when seasonal climate was dominant, followed by moister condition and forests and 

gallery forests expansion, after 4,000 yr BP, when forests became fully developed. 
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The aim of this chapter was to verify the presence of Amazon forest elements 

(disjunct genera) currently or in the past at Eastern MG, by using palynology and isotopes 

since around 10,000 cal yr BP, to reconstitute the vegetation and the environment dynamics 

with climatic inferences, and compare to other study sites, Northern ES and Southern BA, in 

order to check the forest stability during Holocene. 

 

4.2. Study Area 

A sedimentary core was collected in a bog at Rio Doce State Park, a conservation 

unit from 1944 that preserves the biggest Atlantic Rainforest reserve from Minas Gerais state, 

with 36 thousand hectares.  

The climate is classified as Aw "Tropical savanna climate" or "tropical wet and dry", 

with rainy summer dominated by the South Atlantic Convergence Zone (SACZ) monsoon 

system and dry winter sometimes reached by cold fronts (CAVALCANTI et al., 2009). The 

mean rainfall recorded at the Park is 1480.3 mm and mean annual temperature of 21.9°C 

(Information obtained from the Park's Management plan).  

The local Atlantic Rainforest is characterized as sub montane semidecidual seasonal 

forest in different stages of ecological succession, from open vegetation to climax forest 

(VELLOSO et al., 1991). 

The Park is inserted in a depression of Rio Doce Valley (IGA-MG, 1997; MELLO, 

1997), an elongated depression probably originated by tectonic movements during Cenozoic 

and part of Mantiqueira Province (ALBUQUERQUE, 1998; ALMEIDA et al., 1997) 

dominated by a wide lacustrine system from Quaternary (Figure 20). Mello et al. (1999) based 

on stratigraphic and structural analysis suggests that the lakes evolution could be divided in 

two distinct stages, first due to an intense alluvial sedimentation during Early Holocene and 

the second due to neotectonics mechanism. These mechanisms explain the Rio Doce 

migration and abandonment of channels, originating paleochannels (MELLO et al., 1999).  

The lagoon system of Rio Doce valley can be divided by following Geomorphologic 

forms: (1) Hills with leveled tops, from 200 to 500 m covered by thick soils (2) accumulation 

areas 20 m above river level, presenting paleochannel traces (3) obstructed lakes (4) eroded 

terrains (PFLUG, 1969 qtd. in MELLO, 1997).  
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Figure 20 - Simplified map from Rio Doce State Park showing its drainage system and some 

geological features (Extracted from Mello et al. (1999)) 

 

 

 

4.3. Material and Methods  

 

4.3.1 Sampling point 

A 5.90 m sedimentary sample was collected by using a Russian sampler in a bog 

close to the Park's entrance (at 19°45'30.60"S/ 42°38'1.02"W) known as “Brejo da Delegacia” 

(BD) (Figure 21). Samples were collected every 50 cm by overlapping cores, offering more 

material than a simple collect and less information is lost.  
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Figure 21 - Location map obtained by Google Earth® emphasizing the Rio Doce State Park 

area and the study site BD 

 

 

4.3.2 Rapid Botanic/Ecologic Evaluation (RBEE) of modern Atlantic Rainforest Vegetation at 

Rio Doce State Park 

The vegetation inventory was undertaken by Geovane Siqueira, biologist responsible 

from Vale Natural Reserve Herbarium. The main propose was to characterize the current 

vegetation close to the sampling point and verify the possible presence of disjunct species to 

Amazon Rainforest. Genera and species identified were organized following the APG II 

(2003) classification system.  

The procedures occurred in May 2016 at the forest fragment close to the sampling 

point, starting at 19°45'27.68"S/ 42°37'55.83"W  
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4.3.3 Laboratory analysis  

Eighteen cores obtained in overlapping from BD sampling point were sent to X-ray 

analysis before handling, so it was possible to check depositional structures preserved and not 

discernible to the eyes. The cores were described according to the color, structures, grain size 

and presence of material remains as roots and leaves, for example.  

A total of eleven sub-samples were submitted to radiocarbon dating. The 

contaminants as roots and leaves were removed by floating and sieving the supernatant. Then, 

the samples were submitted to the hydrolyses with HCl 2% for 4 hours at 60 - 70°C, washed 

until ~ pH 5 and dried at 50°C as described in Pessenda and Camargo (1991). The sub-

samples were sent to the benzene synthesis line at 14C Laboratory (CENA/USP) to obtain CO2 

trapped in a glass capsule, then sent to the Accelerator Mass Spectrometry (AMS) at the 

Radiocarbon Laboratory (LACUFF), Federal Fluminense University and to the Center for 

applied Isotope Studies, University of Georgia (UGAMS), USA. 

To grain size analysis, sub-samples were pre-treated with Oxygen Peroxide (H2O2) at 

60°C in a hot plate until the final residue become clear, indicating that all the organic matter 

was removed. The particle size distribution was performed in a Laser Diffraction Particle Size 

analyzer, SALD - 2201 SHIMADZU, based on the monochromatic light dispersion. Results 

were statistically analyzed by using the software SysGran (CAMARGO, 2006) and plotted at 

Shepard (1954) diagram. Particles were defined as sand (from 1 to 0.0625 mm) silt (from 

0.0625 to 0.0039 mm) and clay (from 0.0039 to 0.00012mm) (WENTWORTH, 1922). 

Elementary analysis of total organic carbon (TOC) and carbon isotope (δ13C) were 

performed each 5 cm, and each 10 cm to total nitrogen (TN) and C/N. Contaminants as roots 

and leaves were physically removed and the samples were dried at 40°C. For TOC and δ13C 

samples were sent to Laboratory of Stable Isotopes and for TN samples to the Laboratory of 

Nutrient Cycling, CENA/USP.  

Eighteen subsamples of 1 cm3 were processed to palynology analysis according to 

Colinvaux et al. (1999), using one spike of Lycopodium clavatum to determinate 

palynomorphs concentration, Fluoridric acid (HF) to remove silica and Potassium Hydroxide 

(KOH) and Acetolysis mixture (Sulfur acid plus Acetic Anhydride in a concentration of 9:1) 

basically to remove humic acids and organic contents. 
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Slides were prepared in a glycerin medium allowing the visualization of polar and 

equatorial view. When possible, at least 300 non-aquatic pollen were counted in a  

ZEISS photomicroscope at x1000 (some samples did not have pollen grains or only very low 

concentration). The pollen identification was mainly based on the pollen reference collection 

of 14C Laboratory and some plate references of palynology from Minas Gerais (LORENTE; 

MEYER, 2010; SALGADO-LABOURIAU, 1973). Pollen diagrams were plotted in Tilia and 

TGView 1.7.16 (GRIMM, 1992) and CONISS to calculate the zone boundaries (GRIMM, 

1987).  

 

4.4. Results and Discussions 

 

4.4.1 RBEE of Rio Doce State Park 

All the species identified at the (Rapid Ecologic Evaluation) RBEE are typically 

from Seasonal Semideciduous Atlantic Rainforest. Some species are very typical from Bahia 

to São Paulo, found especially in Minas Gerais, as for example Melanoxylon brauna Schott. 

(Fabaceae - Caesalpinoidae) (RAMALHO; MARANGON, 1989). Some occurs at Atlantic 

rainforest and at Cerrado as Pera glabrata (Schott) Baill. (Peraceae) (FREITAS et al., 2011) 

and some are very typical from Cerrado as Xylopia aromatica (Lam.) Mart. (Annonaceae) 

(ALMEIDA et al., 1998), also pioneer in forested areas as Xylopia Sericea A. St.-Hil. 

(Annonaceae) and Cecropia (Urticaceae). Some species were identified at Vale Natural 

Reserve at Northern ES too (Chapter 2), as Dalbergia nigra (Vell.) Allemao ex Benth 

(Fabaceae). 

Despite being well preserved, the Park has suffered a huge fire on 1960s, responsible 

for the destruction of more than 1/3 of all the forested area, as informed by the reserve 

administration. For this reason, the areas where the plants were identified are not in climax 

stage yet, presenting many pioneer and secondary succession species.  
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Table 5 - RBEE from the Angiosperm species identified at Seasonal Semidecidous forest at 

Rio Doce State Park - Minas Gerais 

Family Genera/ Specie Popular Brazilian 

name 

ANACARDIACEAE Tapirira guianensis Aubl. Cupuba 

 Tapirira obtusa (Benth.) J. D. Mitch.  

ANNONACEAE Annona cacans Warm. Graviola-do-mato 

 Xylopia aromatica (Lam.) Mart.  

 Xylopia sericea A. St.-Hil. pindaíba-branca 

 Guatteria spp.  

APOCYNACEAE Prestonia spp.  

ARECACEAE  Astrocaryum aculeatissimum (Schott) 

Burret 

Brejaúba 

 Attalea humilis Mart. ex Spreng. Pindoba 

BIGNONIACEAE Handroanthus chrysotrichus (Mart. ex DC.) 

Mattos 

Ipê-amarelo 

 Zeyheria tuberculosa (Vell.) Bur.  Ipê-felpudo 

BIXACEAE Bixa arborea Huber  

BORAGINACEAE Cordia trichocladaDC.  

BURSERACEAE Protium heptaphyllum (Aubl.) Marchand. Amescla-cheirosa 

CONVOLVULACEAE Ipomoea grandifolia(Dammer) O'Donell Ipoméia 

CHRYSOBALANACEAE Couepia spp.  

 Hirtella spp.  

 Licania belemii Prance  

 Licania guianensis (Aubl.) Kuntze.  

FABACEAE 

(Caesalpinoidae) 

Apuleia leiocarpa (Vogel) J.F. Macbr. Garapa 

Copaifera langsdorffii Desf. Óleo-de-copaíba 

Melanoxylon brauna Schott. Braúna-preta 

Peltophorum dubium (Spreng.) Taub. Angico-canjiquinha 

Senna multijuga (L. C. Rich.) H. S. Irwin & 

Barneby 

Amarelão, pau-

cigarra 

FABACEAE  

(Faboidae) 

Andira fraxinifolia Benth.  

Dalbergia nigra (Vell.) Allemao ex Benth. Jacarandá-caviúna 

Dioclea violacea Mart. ex Benth.  

 Pterocarpus rohrii Vahl. Pau-sangue 

 Samanea inopinata (Harms) Ducke  

 Swartzia oblata Cowan.  

FABACEAE  

(Mimosoidae) 

Anadenanthera peregrina (L.) Speg. Angico-curtidor 

Anadenanthera colubrina (Vell.) Brenan Angico-Jacaré 

Plathymenia reticulata Benth.  Vinhático 

Pseudopiptadenia contorta (DC.) G.P. 

Lewis & M. P. M.de Lima 

Angico-rosa 

ERYTROXYLACEAE Erythroxylum spp.  

EUPHORBIACEAE Alchornea triplinervia (Spreng.) Müll.Arg.  

 Croton floribundus Spreng. Capixingui 

 Hevea brasiliensis L. Seringueira 

 Joannesia princeps Vell. Boleira, Indaguaçu 

 Mabea fistulifera Mart.  

 Senefeldera verticillata (Vell.) Croizat.  

LAMIACEAE Aegiphila tomentosa Cham. Mululu- Branco 

 Vitex spp.  

LAURACEAE Nectandra membranacea (Sw.) Griseb  

 Nectandra oppositifolia Nees.  

  To be continue… 
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Family Genera/ Specie Popular Brazilian 

name 

LECYTHIDACEAE Lecythis lurida (Miers) S.A. Mori  

LOGANIACEAE Spigelia L.  

MALPIGHIACEAE Byrsonima sericeaDC Murici 

MALVACEAE Guazuma crinita Mart.  

MELASTOMATACEAE Miconia albicans (Sw.) Triana  

MELIACEAE Cedrela fissilis Vell.  

 Guarea guidonia (L.) Sleumer Peloteira 

 Guarea macrophylla Vahl.  

MIRSINACEAE Rapanea umbellata (Mart.) Mez   

MORACEAE Ficus gomelleira Kunth & C.D. Bouché  

MYRTACEAE Eugenia spp.  

 Myrcia splendens (Sw.) DC.  

PERACEAE Pera glabrata (Schott) Baill.  

 Pera heteranthera (Schrank) I.M. Johnst.  

RUBIACEAE Genipa americana L.  

 Psychotria guianensis (Aubl.) Raeusch.  

RUTACEAE Zanthoxylum spp.  

SALICACEAE Casearia catharinensis Sleumer. Limãozinho 

SAPINDACEAE Cupania rugosa Radlk. Pau-magro 

 Paullinia cupana Kunth  

SAPOTACEAE Pouteria gardneri (Mart. & Miq.) Baehni Leiteiro-branco 

SIPARUNACEAE Siparuna reginae (Tul.) A. DC.  

URTICACEAE Cecropia spp. Embaúba 

ULMACEAE Trema spp.  

VERBENACEAE Citharexylum laetum Hiern.  

VITACEAE Cissus erosa L. Rich.  

VOCHYSIACEAE Qualea spp.  

 

4.4.2 Radiocarbon dating  

 

Radiocarbon dating recorded close to the core’s base (596 - 594 cm) was  

10,200 cal yr BP, and relatively similar age 10,600 cal yr BP was recorded at 491 - 488 cm 

and 10,400 cal yr BP at 411 - 409 cm (Table 6). It is possible that these results indicate that 

~2m of sediment, composed of silty-sand was deposited in a short period, when the channel 

was still active and the sediment was reworked. Other two inversions occurred during mid-

Holocene, at 353-350 cm (~6430 cal yr BP) and 219 - 216 cm (~7400 cal yr BP) probably due 

to a possible channel reactivation that might happen sometimes during the lake development 

and establishment. 

From 211 cm to the top the age sequence agrees to the depth, as it is possible to 

verify at the Bayesian age-depth model (Bacon, run in R-Studio) (Figure 22). These ages 

correspond to the period of peat deposition. 
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Comparing the dates to the core description, it is possible to correlate the disturbed 

deposition to facies correspondent to channel (from 590 to 430 cm) and lake (430 to 220), and 

the undisturbed to the peat facies, indicating a stable depositional environment.  

 

Table 6 - Radiocarbon date in years BP; calibrated (cal yr BP 2ơ) and mean calibrated age 

(cal yr BP), the respective samples and lab code 

Sample / Depth (cm) Lab code Age 

 (yr BP.) 

Calibrated age 

Cal yr BP (2ơ) 

Mean calibrated age  

(Cal yr BP) 

BD1 24 - 21 LACUFF#160075 869±61 690 - 914 790 

BD1 64 - 61 LACUFF#160077 3016±62 3006 - 3364 3200 

BD1 124 - 121  LACUFF#160057 4912±64 5482 - 5882 5650 

BD1 154 - 151 LACUFF#160103 5651±53 6307 - 6556 6430 

BD1 184 - 181 LACUFF#160076 5865±64 6499 - 6844 6680 

BD1  211 - 209 UGAMS#19753 6890±25 7672 - 7786 7730 

BD1 219 - 216 LACUFF#160056 6497±66 7274 - 7555 7400 

BD1 353 - 350 LACUFF#160102 5651±53 6307 - 6556 6430 

BD1  411 - 409 UGAMS#19754 9250±30 10,284 – 10,518 10,400 

BD1 491 - 488 LACUFF#160079 9378±76 10,298 – 11,061 10,600 

BD1  596 - 594 UGAMS#19755 9010±30 10,171 – 10,234 10,200 

 

Figure 22 - Bayesian age depth model from BD core (Bacon, in R-Studio) 

 

 

4.4.3 X-ray and core description  

Images obtained by X-ray compared to the opened core photos (Figure 22) was 

helpful to describe depositional structures. Other characteristics as particle size (clay, silt, 

sand) were obtained by the grain size analysis (Figure 23). Those data allowed to build the 

core stratigraphic profile (Figure 24).  
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Figure 23 - X-Ray images from BD core, collected in overlapping (BD and BDa) (A) and 

correlated to the real image of the core opened (B) 

 

 
 

Subsamples classified at Shepard diagram (1954) indicate that the grain size is 

composed of clayey silt, silty sand, sandy silt and silt. The percentage graph indicates the 

domain of silt along the core and higher concentration of sand close to the base. 
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Figure 24 - Core BD Grain Size analysis distributed at Shepard (1954) diagram (plotted using 

the software SysGran (CAMARGO, 2006) and percentage (grain size classification 

of Wentworth (1922)) 

 

 
 

From 600 to 412 cm the sediment is composed by light brown bulky fine sand, 

presenting a slight parallel lamination between 500 and 470 cm. From 470 to 455 the sand is 

rich in dark brown organic matter with organic matter laminae of 1 cm from 447 to 446 cm. 

During this period, probably the channel was still active at least from 10,600 to  

9,500 cal yr BP, as also recorded at Dom Helvécio Lake by Albuquerque (1999), 1.4 km from 

BD and part of the same abandoned channels system. Mello (1997) attributes the intense 

alluvial sedimentation at the regional drainage basin and the consequent overflow of fluvial 

valleys to a neotectonic event that started around 9,500 yrs BP and extended until  

~7,500 yrs BP. 

From 412 to 350 cm the interbedded deposition of dark grey silt and light brown fine 

sand is well delimited, and from 385 to 370 cm occurs the higher concentration of  

dark grey organic matter in parallel lamination. From 430 to 221 cm there is a mixture of silt 

and light grey clay and parallel lamination from 260 to 240 cm. From 221 cm to the  

top is possible to visualize the abrupt contact delimiting the peat, composed of dark grey clay 

rich in organic matter with a small deposition well marked of light grey silt from  
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132 to 129 cm and other of light brown massive silt compacted from 41 to 31 cm. The 

sediment at the first 20 cm to the top presents high concentration of vegetal remains.  

 

Figure 25 - Core BD description according to depth and the radiocarbon dates 
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4.4.4 Carbon Isotope of current vegetation 

Plants collected around the sampling point were predominantly classified as  

C3 plants (Figure 26). Ferns presented δ13C values varying from ~-30‰ (Thelypteris)  

to ~-26‰ (Osmunda regalis and Blechnum serrulatum Rish.). The herb Scleria (Cyperaceae) 

is still classified as a C3 representative (-24.1‰), while the Poaceae Andropogon bicornis is 

the only C4 plant at this point (-12.6‰). The dominance of C3 plants is indicative of local 

humidity.  

 

Figure 26 - Most representative species collected around BD sampling point and the 

respective isotopic value 

 

 
 

4.4.5 Stable Isotope analysis (Carbon and Nitrogen) of sedimentary organic matter 

Total Organic Carbon (TOC) values around 0.55% indicate low organic matter 

preservation at the core base, from 595 to 425 cm. The percentage increases gradually, from 

410 to 225 cm the mean TOC value is around ~7%. From 220 cm to the top the mean value is 

35% up to ~49% close to the surface (Figure 27).  

Values of δ13C indicate variations in vegetation composition along the core when 

compared to the present (surface δ13C =~-29‰). From 595 to 390 (~10.200 to ~9000 cal yr 

BP (estimated), δ13C values vary between ~-17 and -24‰, indicating a mixture of C3 and C4 

plants. From 385 to 270 cm (~9000 cal yr BP to ~7500 cal yr BP (estimated)) δ13C become 

depleted (between -30 to - 20‰), indicating the domain of C3 plants.  
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Values become enriched in the interval 270 and 235 cm (~7500 cal yr BP 

(estimated)), and the δ13C of -11 to -16‰ indicates the domain of C4 plants. From 220 cm to 

the top (~7400 cal yr BP to present), the vegetation is predominantly composed by C3 plants, 

with δ13C from -24 to -29‰.  

 

 

Figure 27 - TOC, NT, δ13C (‰) and C/N correlated to grain size, core description and the 

mean calibrated age and the respective depth from core BD 

 

 
 

The relation between Carbon and Nitrogen (C/N) indicates the domain of organic 

matter from lake algae sources, rich in protein and cellulose poor (MEYERS, 1994; 2003), 

with values that vary from 2 at 595 cm to 11 at 505 cm (around ~10.400 cal yr BP). From  

480 cm to the top, the vascular land plants (poor in protein and rich in cellulose) are 

dominant, despite the short intervals with C/N of around 11 to 16 indicating the mixture of 

land plants and algae still indicating the presence of the phytoplankton, probably due to the 

local water column variations.  
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C/N x δ13C when plotted in a graph (Figure 28) allow us to visualize the mixture of 

different sources that composes the sediment. The basis has high contribution of lacustrine 

algae, while in the middle of the core this relation confirms the domain of C4 land plants and 

of C3 close to the top.  

 

Figure 28 - Graph correlating δ13C and C/N and its meaning according to Meyers (2003): C4 

Land plants, C3 Land plants and Lacustrine algae 

 

 
 

4.4.6  Palynology  

Six main palynological associations were established based on the cluster analysis by 

similarity index build by CONISS (Figures 29 and 30). Aquatic types were not included, 

despite not being so representative along the core, but in the superficial layer.  

 

4.4.6.1. Pollen Zone I (~10,600 cal yr BP) 

During this period, as probably the channel was still active, the organic matter was 

not deposited and consequently, the pollen grains were not preserved.  

 

 



89 

 

Figure 29 - Percentage of pollen grains and spores through the core BD depth and the respective mean calibrated age (Cal yr BP). Pollen zones 

are divided based on CONISS 
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Figure 30 - Groups (trees, herbs, aquatics, spores and unknown grains) percentage through the core BD by depth compared to core description, 

mean calibrated age and elementary and isotope analysis (C and N). Pollen Zones are defined based on CONISS 
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4.4.6.2. Pollen Zone II (~9,500 to ~7,500 (estimated) cal yr BP) 

Herbs become dominant and the percentages that vary from 95% (480 cm) to 80% 

(at 380 cm), represented mainly by Poaceae from 80% (480 cm) to 20% (380 cm) followed by 

Cyperaceae (12 to 47%) and Asteraceae (1 to 4%).  

Trees presents 3% (at 430 cm) to 13% (at 380 cm) of abundance, represented by the 

palm Mauritia (~3%), Eriotheca (~2%), Schefflera (1 to 6%), Melastomataceae (1 to 4%) and 

Moraceae (1 to 3%). These genera are typically pioneer in tropical Rainforest and commonly 

found in areas close to rivers, lakes and swamps. The tree fern Cyathea was also 

representative, mainly around ~10,000 cal yr BP, when its abundance was around 9%.  

Despite the high contribution of herbs, the δ13C value of around -17 and -22‰ 

indicate a mixture of C3 and C4 plants. Probably, as it was verified with the Cyperaceae 

Scleria nowadays, the Cyperaceae pollen represented in this layer was also a C3 plant. 

Palynology shows a very local signal, around BD, which was probably in a 

transitional environment of channel to a shallow lake. The preservation of Typha (0.2% at  

380 cm) and the deposition of small layers of organic matter indicates that the herbaceous 

vegetation probably colonized the lake in short periods.  

 

4.4.6.3. Pollen Zone III (~7500 to ~7000 (estimated) cal yr BP) 

This zone testifies the decrease of pollen of herbs percentage (from 50 to 22%) and 

increase of trees (from 33 to 65%), together with the carbon isotope impoverishment of 

around δ13C -30‰. Poaceae's abundance representativeness vary from 30 to 10%, Cyperaceae 

from 15 to 6% and Asteraceae from 3 to 6%. 

Pollen of trees are represented mainly by the pioneer types typical of predominantly 

wet soils as Melastomataceae/ Combretacae (up to ~20%), Alchornea (up to 14%), Cecropia 

(~7.5%), Tapirira (~3%), Ilex (~2%) and pioneer but also drought tolerant as Schefflera (2%).  

The genera Byrsonima can be the forest representative Byrsonima sericea DC found 

nowadays around BD, but this genus has also species typical from Cerrado, as Byrsonima 

crassifolia. Although, to characterize the presence of Cerrado, it would be necessary to have a 

pollen spectrum containing other representative species. 
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Other main representative families/ genera are Moraceae/Urticaceae (10 - 13%) 

Hedyosmum (~5%), Rapanea (1 - 3%) and the typically forest types Pradosia and Eriotheca 

(less than 1%).  

 

4.4.6.4. Pollen Zone IV (~7000 to ~6500 (estimated) cal yr BP) 

The herbaceous pollen abundance increases (40 to 53%) when compared to the zone 

III (22%). Poaceae is the most representative (30%) followed by Cyperaceae (5 to 18%) and 

Asteraceae (3%). The carbon isotope enrichment of around δ13C ~-12 to ~-18‰ indicates that 

the herbs are predominantly C4 plants.  

Trees abundance vary from 47 to 40%, represented mainly by Moraceae (17%), 

Alchornea (8%), Schefflera (3%), Cecropia (3%), Melastomataceae/ Combretaceae (3%), 

Myrtaceae (2,5%) and Cordia (0.3%).  

 

4.4.6.5. Pollen Zone V (~6500 (estimated) to ~3200 cal yr BP) 

Herbs abundance decreases from 50 to 23%, but presents a peak of 90% at around 

3200 cal yr BP. Different from the previous zones, Cyperaceae is the most abundant 

herbaceous type (14 to 85%), followed by Poaceae (7 to 0.2%). δ13C of around ~-28‰ 

indicates that the Cyperaceae is probably a C3 plant.  

Trees abundance reaches 78% then decreases to 11% near 3200 cal yr BP. The most 

representative groups are those that colonize the lake's or bogs margin as Moraceae (9 - 1%), 

Melastomataceae/ Combretaceae (42 - 2%), Hedyosmum (9 - 1%), Anacardiaceae (12 - 0.3%), 

Alchornea (6 - 3%), Schefflera (4%), Cecropia (4 %).  

Ferns spores also become more abundant in this zone, around 8 - 12%. Nowadays, 

Pteridophyta as Thelypteris, Osmunda regalis and Blechnum serrulatum occupy the bog, and 

probably similar situation was verified during this period in the past. 

 

4.4.6.6. Pollen Zone VI (~3200 cal yr BP to present) 

Pollen of trees are abundant (~80%) from ~3200 cal yr BP to present and the aquatic 

types (up to 37%), spores (34%) and the Algae Maugeotia (4%) abundance indicate  

a wet environment and the presence of a water layer at the bog, probably due to a  

humid period. Semi-deciduous forest types as Cecropia (34%), Myrtaceae (17%), 

Melastomataceae /Combretaceae (2%), and Tapirira (5%) and Moraceae (~5%) are dominant 
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and close to the bog. Also, Hedyosmum (up to 43%) and Arecaceae (4%) together with  

Typha (37%) and Cyperaceae (4%) represents the vegetation adapted to waterlogged soils 

near the bog or even occupying the area.  

Herbs (20%) are represented by Asteraceae (10%), Cyperaceae (4%) and Poaceae 

(2%). δ13C of -29‰ indicate the C3 plants abundance and C/N of 11 to 21 is representative the 

mixture of land plants and lacustrine algae in a bog environment.  

 

4.4.7. Paleoenvironmental Settings 

 

Vegetation, climate and the landscape has changed substantially at Rio Doce State 

Park since at least ~10,000 cal yr BP. From 10,600 to ~9500 the channel at BD was still 

active, leaching the organic matter and depositing fine sand, probably provoking the pollen 

grain destruction. Radiocarbon date inversions during this period indicate that the material 

was reworked. C/N values (between 2 and 11) shows high algal contribution and the δ13C  

of~-20‰ indicate the mixture of C3 and C4 plants. Some evidences show that Dom Helvecio 

Lake was formed around 9,000 yr BP (ALBUQUERQUE, 1998; YBERT et al., 1997; 2000) 

due to neotectonic activities that occurred from ~9500 to 7,500 yr BP and controlled the high 

sedimentation rate barring channels and forming the lake complex of medium Rio Doce 

Valley (MELLO, 1997). Also, Turcq et al. (1994), Ybert et al. (1997; 2000) and Matin et al. 

(1997) by using pollen analysis describe the same period as drier during Holocene, which 

could also contribute to lakes system formation. 

A lake was established at BD from ~9,500 to ~6700 cal yr BP and vegetation 

changed during this interval predominantly from herbs in a mixture of C3 and C4 plant sources 

from 9,500 to 7,500 cal yr BP. Ybert et al. (1997) describes a Cerrado vegetation dominated 

by Graminae from 9,000 to 8,200 yr BP at Lake Dom Helvecio and Albuquerque (1998) 

report dryer phases before 8,300 yr BP at the same place.  

From 7,500 to 7,000 cal yr BP C3 arboreal vegetation domain and then herbaceous 

C4 plants become abundant from ~7,000 to ~6500 cal yr BP. Albuquerque (1998) describes 

dryer period from 7000 to 5500 yr BP (~ 7800 to 6300 cal BP) and for Ybert et al. (1997) the 

dry phase occurred from 7,900 to 5700 yr BP (~8700 to 6500 cal BP). Besides, many other 

studies carried out in Brazil Southeastern region show a drier climate during Early Holocene 
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(DE OLIVEIRA, 1992; BEHLING, 1995; PESSENDA et al., 1996; SCHEEL-YBERT et al., 

2003; PESSENDA et al., 2004) to mid-Holocene (LEDRU, 1993; DE OLIVEIRA, 1992; 

BEHLING, 1995). 

Peat deposition starts probably around ~6800 cal yr BP, predominantly composed by 

C3 plants, mainly dominated by trees indicating a humid period, even presenting a peak of 

Cyperaceae (probably C3) around ~3200 cal yr BP. Albuquerque (1998) and Ybert et al. 

(1997) describes a short dry period around ~4000 and ~2400 yr BP at Dom Helvecio, but at 

BD, as the δ13C is around -28‰, probably this herbaceous peak just correspond to the process 

of bog's colonization, once the local C/N value around 26 in this period is also land plant 

representative. The paleoenvironmental interpretation obtained by pollen data associated to 

carbon isotope here shows the importance to correlate techniques to understand the vegetation 

dynamic. 

Vegetation (and climate) changes during Holocene indicate that, different from 

Northern Espirito Santo and Southern Bahia, this vegetation cannot be considered as a 

"Historically stable forest". 

Palinology presented families/genera more representative around lakes and 

eventually flooded soils and some typical groups from Seasonal Semidecidous Forest as 

Alchornea, Melastomataceae/ Combretaceae, Myrtaceae, Cecropia, Arecaceae, Tapirira and 

Celtis, for example (according to LEDRU et al., 1998). Palynology and rapid 

ecologic/floristic evaluation did not show any disjunct specie from Amazon, unless by the 

specie Dinizia excelsa, whose genus is present in Amazon and at Northern Espirito Santo 

(LEWIS et al., 2017) and is described in a list of species obtained from management plan of 

Rio Doce State Park with reference of Gilhuis (1986). Our group did not find the specie while 

doing the rapid ecologic evaluation, but it is important to consider that the evaluation was 

restricted to the area around BD. Also, palynology did not present any spectra typical from 

Cerrado vegetation at least during Holocene. 
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5. Conclusions 

The Atlantic Rainforest in Minas Gerais cannot be considered as a “historically 

stable forest”, since the vegetation and climate changed substantially since at least 10,000 cal 

yr BP. Also, there is no indicative in the past nor in the present of local connection to 

Amazon, if considered the same genera/ species used as indicative in Southern Bahia and 

Northern Espirito Santo. The core obtained from Brejo da Delegacia also did not present 

pollen types typical from Cerrado. The pollen spectra are characteristic of Seasonal 

Semideciduous Forest and some typical groups representative around lakes and wet soils, 

sometimes dominated by Poaceae/ Cyperaceae. 

It is relevant to highlight the importance to correlate palynology and carbon isotope 

analysis in paleoenvironmental studies, once the presence of C3 herbs are indicative of a 

humid, and not dry environment.  

The long core and well-preserved pollen grains from 4 m to the top (since ~9,500 cal 

yr BP) is suitable to invest in a high-resolution palynology, allowing to verify the vegetation 

dynamics in short periods.  
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5. FINAL COMMENTS AND CONCLUSIONS 

 

The core obtained from Northern Espirito Santo state provided response of 

vegetation and climate changes from the last ~35,000 cal yr BP. The Dense Atlantic rainforest 

was always present, despite the differences on its composition. During LGM the palynology 

and C and N isotopes indicate the presence of a cold and humid forest probably in a 

predominantly wet climate. During early Holocene a seasonal climate resulted in vegetation 

changes, despite the presence of dense forest during the hole period. The unique Amazon 

disjunct genera found on pollen records was Glycidendron, since at least ~25.000 cal yr BP. 

The current vegetation was established since late Pleistocene.  

Higher resolution each ~150 years from the end of mid-Holocene and beginning of 

late Holocene was provided by a core collected in Southern Bahia. During this period, 

palynology and C and N isotopes indicate the presence of a stable forest under a humid 

climate. The floristic evaluation of current vegetation shows the presence of typically disjunct 

genera with Amazon, despite its absence in pollen records.  

The forest and climate context of Seasonal Semidecidous Atlantic rainforest at Minas 

Gerais is completely different from the Dense forest at Northern Espirito Santo and Southern 

Bahia. As expected, since at least ~10,000 cal yr BP, pollen and C and N isotopes indicate 

vegetation and climate changes from dry to humid periods, discarding the local “stable forest” 

hypothesis. No typical disjunct genera were found in the current vegetation neither in the 

pollen record.  

The three cores presented a high diversity of pollen grains, generating a high 

percentage of “unknown” types. As typically dense forest and Amazon disjunct types remain 

rare in the pollen spectra, possibly much information is being non-evaluated. It would be 

necessary to invest more efforts on identification, probably checking different pollen 

collections.  

Also, as disjunct Amazon genera are very rare, an alternative way to find them while 

counting the slides would be to try to perform a “scan” method. Basically, it would be 

necessary to know some specific types and search for them while scanning as many slides as 

possible.  
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The record from Southern Bahia offered an interesting view of local vegetation. It 

would be interesting to find an older and complete core, to increase the knowledge allowing 

more inferences of vegetation and climate changes, given the importance of the local 

biodiversity.  

The core obtained from Minas Gerais is rich in pollen grains well preserved  

from ~4 m to the top. It allows to increase the palynology resolution, offering detailed 

changes in landscape and climate at medium Rio Doce Valley during Holocene.  

  



103 

 

 

 

 

 

 

 

 

 

 

ATTACHMENTS 

 

 

 

 

 

 

 

 

 

 

 

  



104 

  



105 

 

 

  



106 

  



107 

 

 



108 

  



109 

 

 



110 

  



111 

 

 

 



112 

 
Figure attached 1 - Pollen concentration in grains/cm3 at core BL – Espírito Santo (part 1) 
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Figure attached 2 - Pollen concentration in grains/cm3 at core BL – Espírito Santo (part 2) 
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Figure attached 3 - Pollen concentration in grains/cm3 at core BP – Bahia (part 1) 
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Figure attached 4 - Pollen concentration in grains/cm3 at core BP – Bahia (part 2) 
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Figure attached 5 - Pollen concentration in grains/cm3 at core BD – Minas Gerais (part 1).
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Figure attached 6 - Pollen concentration in grains/cm3 at core BD – Minas Gerais (part 2) 


