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O estado do Rio Grande do Sul apresenta grande diversidade paisagistica, resultante
de sua variedade geoldgica, pedoldgica, climética e vegetacional. A por¢cédo centro-sul
do Estado é constituida por paisagem campestre, denominada de Bioma Pampa (BP),
gue se estende para além das fronteiras nacionais, avancando sobre os paises
vizinhos Argentina e Uruguai, constituindo-se no setor norte das denominadas
Pradarias do Rio da Prata (PRP). E nesse contexto geomorfologico e vegetacional
gue se encontram alguns depdésitos de turfas no Rio Grande do Sul, como o do
municipio de Cacequi, local do presente estudo. Nas turfeiras sdo gerados ambientes
estagnados e anoxicos, criando as condi¢des propicias para a preservacao de poélen
e esporos, objetos de estudo da Palinologia. A interpretacdo destes dados permite a
caracterizacdo do ambiente deposicional no qual a turfeira foi gerada e, de maneira
mais precisa, sua histéria vegetacional evolutiva, acompanhando os cambios
climaticos que ocorreram durante o Quaternario. Ao longo do interval de tempo
estudado, no BP predominou paisagem do tipo savana, com grande contribuicdo de
taxons tropicais, ao contrario do que ocorre nos setores uruguaio e argentino das PRP.
A presente tese teve por objetivo a identificacdo do conteudo palinologico presente
em um testemunho de sondagem de 3,20 m, associando-o com dados estratigraficos,
geocronologicos e teores de cinzas, a fim de se estabelecer as condi¢des
paleoambientais e paleoecologicas ocorrentes ao longo dos ultimos 17.4 cal kyr B.P.,
idade relacionada ao final do Ultimo Méaximo Glacial (UMG). Foi possivel observar que,
ao longo deste intervalo de tempo, a diversidade vegetal se mostrou muito semelhante
a atual, com a predominancia de condicdbes campestres, mesmo ocorrendo
intercalacdes de condicbes climaticas secas e umidas. Embora ndo tenha ocorrido
mudancas vegetacionais significativas, a influéncia de grupos vegetais tanto
subtropicais quanto tropicais se fez presente, principalmente a partir do Holoceno,
momento em que se detectou maior aumento de umidade. Apesar de os dados
palinolégicos possibilitarem a indicacdo de aumento de umidade, eles ndo permitiram

a caracterizacao de condi¢cdes associadas a temperatura.

Palavras-chave: paleoclimatologia, paleoecologia, palinologia, Quaternario, turfeira.



The state of Rio Grande do Sul presents great landscape diversity that results from its
geological, pedological, climatic and vegetational variety. The central-southern portion
of the State is made up of a field landscape, called the Pampa Biome (PB), which
extends beyond national borders and advances over the neighboring countries of
Argentina and Uruguay, forming the northern sector of the so-called Rio de La Plata
Grasslands (RPG). It is in this geomorphological and vegetational context that some
peat deposits are found in Rio Grande do Sul, such as that in the municipality of
Cacequi, the location of the present study. Stagnant and anoxic environments are
generated in peatbog, creating favorable conditions for the preservation of pollen and
spores, objects of study in Palynology. The interpretation of these data allows the
characterization of the depositional environment in which the peatland was generated
and, more precisely, its evolutionary vegetation history, following the climatic changes
that occurred during the Quaternary. Throughout the time interval studied, the PB
predominated in a savanna-type landscape, with a large contribution of tropical taxa,
contrary to what occurs in the Uruguayan and Argentine sectors of the RPG. The
present thesis aimed to identify the palynological content present in a 3.20 m drill core,
associating it with stratigraphic, geochronological and ash content data, in order to
establish the paleoenvironmental and paleoecological conditions occurring along the
last 17.4 cal kyr B.P., age related to the end of the Last Glacial Maximum (LGM). It
was possible to observe that, throughout this period of time, plant diversity was very
similar to the current one, with the predominance of countryside vegetation areas, even
with interspersed dry and humid climatic conditions. Although there were no significant
vegetation changes, the influence of both subtropical and tropical plant groups was
present, mainly from the Holocene onwards, when a greater increase in humidity was
detected. While palynological data revealed an increase in humidity, they did not

provide information on temperature-related conditions.

Keywords: paleoclimatology, paleoecology palynology, peatlands, Quaternary.



Figura 1. Mapa simplificado da cobertura vegetacional do estado do Rio Grande do

Sul e das Pradarias do Rio da Prata (modificado de Hasenack et al.,

Figura 2. Localizacdo da area estudada. a) Distribuicdo das PRP na América do Sul
(modificado de Paruelo et al., 2007); b) regido de campos e municipio de
Cacequi (modificado de IBGE, 2019); c) mapa geolégico de Cacequi e local
de amostragem da turfeira analisada (modificado de Wildner et al.,

Figura 3. Modelo idade x profundidade e descricdo do testemunho sedimentar
(baseado em Bocalon et al.,, 2023). O modelo de profundidade média de
idade é indicado pela linha pontilhada vermelha, os intervalos de confianca
de 95% sao indicados pelas curvas pontilha cinza escuro e as quatro datas

calibradas S0 MOSradas €M AZUL. ...c..e.veee e eeeen 155

Figura 4. Blocos diagramas representando a evolugdo paleoambiental da turfeira
analisada, com base nos proxies estudados. Os diagramas sao meramente

ilustrativos e ndo representam resultados quantitativos................ccc.eveenee. 156

Figura 5. Perfil colunar da turfeira de Cacequi mostrando sucessao sedimentar,

matéria organica, teor de cinzas e grau de humificagao..............c.cccc.vuveeee 157
Figura 6. Diagrama percentual e frequéncia dos palinomorfos erbaceos................ 160

Figura 7. Diagrama percentual e frequéncia dos palinomorfos arbdéreos e aquati-

Figura 8. Diagrama percentual e frequéncia dos esporos e taxons de samambaias,

briofitas, algas € fUNQOS..........uuuiiiiiiiciic e 162

Figura 9. Diagrama de soma e zonas polinicas identuificadas através das analises de

AgrUPAMENTO COMNISS. . .iiii i i e e eei e e e e e e e e e e e e e e e ee e e e eeae e e nsanaaaes 163

Figura 10. Ephedra Tourn. ex. L, VE (A); Annonaceae, VG (B); Echinodorus Rich. ex.
Engel., VG (C). Sisyrinchium L., VE (D); Arecaceae, VE (E); Poaceae, VG
(F); Eleocharis R.Br., VE (G); Typha L., VE (H); Berberis L., VP (I); Roupala
Aubl., VP (J); Myriophyllum L, VP (K); Croton L., VP (L); Erythroxyllum
P.Browne, VE (M); Mimosa L.., VE (N); Mimosoideae, VE (O); Polygala L.,



VE (P); Prunus L., VE (Q); Phyllostylon P.Browne Tipo I, VP (U); Cuphea
P.Browne Tipo Il, VE (V); Miconia Ruiz & Pav., VE (W); Vochisiaceae, VE
(X); Schinus L., VE (Y); Sapindaceae, VP (Z). Barra de escala = 10 um. VE
= Vista Equatorial. VP = Vista Polar. VG = Vista Geral..........ccccccceeeeenennn. 164

Figura 11. Meliaceae, VE (A); Rutaceae, VE (B); Pavonia Cav., VG (C); Struthanthus
Mart., VP (D); Cerastium L., VG (E); Polygonum L., VG (F); Amaranthaceae,
VG (G); Loasaceae, VE (H); Ericaceae, VG (I); Myrsine L. Jacq., VP (J);
Sapotaceae, VE (K); Justicia Jacq., VE (L); Hyptis Jacq., VP (M); Sinningia
Nees, VE (N); Orobanchaceae, VP (O); Plantago L., VG (P); Lippia L., VP
(Q); Convolvulus L., VE (R); Solanum L., VE (S); Apocynaceae, VP (T);
Borreria G.Mey., VP (U); Tournefortia L., VE (V); llex L., VG (W); Asteraceae,
VP (X); Calyceraceae, VE (Y); Eryngium L., VE (Z); Valeriana L., VE (Z2).
Barra de escala = 10 um. VE = Vista Equatorial. VP = Vista Polar. VG = Vista

Figura 12. Influéncia dos taxons tropicais na porcéo brasileira das PRP. Tais taxons

referem-se, especialmente, aos arbOreos...........cccceeeveeeii i, 166

Figura 13. Distribuicdo espacial nas PRP dos graos de pdlen identificados neste
trabalho. Os taxons marcados com um asterisco (*) sdo descritos pela

PriMeIiravezZ NAS PRP........ccoii i 167



Quadro 1. Principais designacdes empregadas para caracterizar turfas e turfeiras
(adaptado de Craft,2016)........uuuuiiieeiiieeeeeeiee e s 19

Quadro 2. Classificagao das turfas de acordo com a matéria vegetal presente
(adaptado de Birks & Birks, 1980)........cccuuuuiiiiniiiiieeeeiee e 21



SUMARIO

INTRODUGAO ...t eeeeeee et et e et e sttt eeae st e ees st eesasseeseeeseesnesessaeesesseeseeesesseneseesnnas 14
OS CAMPOS SULINOS. ...ttt e et e e e e e s s s e e e e e e e e s s s snnrraeeeeae s 15
TURFAS, TURFEIRAS E REGISTROS PALEOAMBIENTAIS ....ciiiiiiiiin 17
CARACTERISTICAS E CLASSIFICACAO DAS TURFAS ...oioeieteeeeeeeeeeee e 19
PRINCIPAIS CONSTITUINTES VEGETAIS DAS TURFAS ..., 22
GRAU DE HUMIFICACAO DA TURFA ..ottt sttt ettt te et 23
AS TURFAS E OS REGISTROS PALEOECOLOGICOS......coecieeiecee e, 24
OS ESTUDOS PALINOLOGICOS NO BIOMA PAMPA ...ttt 26
AREA DE ESTUDO ....oouiiieiieiiiieeete et s teseetesbeseetesbeeesesbesaesesbesesestesaessstensessstansesens 29
MATERIAL E METODOS ..ottt ettt ettt e st e ste e st esreesatesaessaessesseessessenssereenneas 31
Coleta e Descricdo do Testemunho de Sondagem...........ccuuvvceeiiiiieriieeeiiiciineeeeeeen, 31
ANAlISES GranUIOMETIICAS ......uuuuuueee e 32
ANAlISES PaliNOIOQICAS........ceeeeeeiiiiii et e e e e e e e e e eeeeeee 32
[dades RAAIOMELIICAS. .....ccoeee e 33
Teor de Materiad OFgANICA ......cuuuuuuiieiieeeeieeeetieae e e e e e e e e eear s e e e e e e e eeeeaanarreeeaeeeeenennns 33
T OO U CNZAS .. s 33
(C1¢- 1o (ST o 18] 0 01 o= ot= To R 34
RESULTADOS . ..ottt ittt e e e s e e s s s s aab e e e e e e e e e s s s nsssbaaeeeeaes 34

CAPITULO |
Landscape changes in the Campos region, southernmost Brazil, since the early
deglaciation based on a multi-proxy analysis of a peat bog...............ccovvvunnnn.. 38
CAPITULO I

Late Pleistocene-Holocene spatial and temporal distribution of pollen from Rio

de La Plata Grasslands, South America: paleoecological significance............ 79
INTEGRAGCAO DOS RESULTADOS .....ciiitiieieie sttt et st esas st sane st sre et sneens 154
Aspectos Evolutivos da Turfeira de CaCeqUi.......cveeviireiriiiiiiiiiiineseiiiineeseeiiineeaeens 154
Palinologia da Turfeira D& CaCeOUi........cuuuuiiiiiiiiiiiieieiiiie et seiin e eesin e eeaaans 158

Distribuicdo Espaco-Temporal dos Taxons Polinicos nas Pradarias do Rio da Prata

............................................................................................................................ 159
CONCLUSOES ... oottt e e et teee e e e e et e e s saateeeessaateeeesaaseeeessassrereessaseneeass 168
TRABALHOS FUTURODS . ..ot e e e eeeeesaeeeeaaeaasateeasasesssaaeasaseessaseasaneeas 169

=y = = = = N[0 N T 170



INTRODUCAO




Pagina |15

Na regido sul do Brasil, as paisagens abertas estéo incluidas nos denominados
Campos Sulinos. Também conhecidos como Campos do Sul do Brasil, recobrem uma
area total de 13.656.000 ha. Nos estados do Parana, Santa Catarina e no nordeste do
Rio Grande do Sul, estdo situados em altitudes superiores a 800 m, constituindo os
Campos de Altitude, circundados pela Floresta Estacional Decidual e Floresta
Ombrofila Mista, ambas constituintes do Bioma Mata Atlantica (Overbeck et al., 2009;
Boldrini et al., 2010; IBGE, 2012; Andrade et al., 2016). No Rio Grande do Sul, os
denominados Campos Sulinos Subtropicais (Boldrini et al., 2010; Bencke et al., 2016;
Andrade et al., 2019; Borba & Sell, 2020) encontram-se situados a sul do paralelo 30°
e se estendem em direcdo ao Uruguai e a regido centro-norte argentina, denominado
de Pradarias do Rio da Prata (PRP; Paruelo etal., 2007; Baeza et al., 2022). No Brasil,
0os Campos Sulinos Subtropicais sdo denominados de Bioma Pampa (BP; Hasenack
et al., 2010; IBGE, 2019; Barbosa et al., 2022).

Esta regido € recoberta por vegetacdo predominantemente do tipo graminea,
desenvolvida sobre solos rasos (Cabrera & Willinck, 1980; Iriondo & Garcia, 1993;
Iriondo, 1999; Paruelo et al., 2007; Streck et al.,, 2008). Ela também apresenta
caracteristicas climaticas distintas e, por conseguinte, cobertura vegetal especifica
(Boldrini et al., 2005; 2010), correspondendo a Provincia Pampeana (Cabrera &
Wilink, 1980; Morrone, 2001). A Provincia Pampeana ocorre no leste da Argentina,
Uruguai e sul do Rio Grande do Sul, caracterizada por relevo plano com presenca de
esparsos morros testemunhos, e cuja vegetacdo dominante é do tipo graminea, com
predominancia de elementos floristicos dos dominios Chaquenho, Amazénico e
Andino-Patagdénico (Cabrera & Wilink, 1980; Morrone, 2014; Arana et al.,, 2017,
Morrone et al., 2022).

As PRP (Figura 1) abrangem area de cerca de 700.000 km?, estendendo-se
entre 30°S e 38°S de latitude, incluindo o extremo sul do Brasil, a totalidade superficial
do Uruguai e o centro-leste da Argentina (Paruelo et al., 2007; Oyarzabal et al., 2020).
No territério brasileiro, onde se localiza o limite norte das PRP, as areas de campo se
encontram sob forma de mosaicos, interconectando-se com as florestas de platd, no
sul (Andrade et al., 2016; 2018; Hasenack et al., 2023). A vegetacdo arbustiva se
encontra pouco representada, sendo constituida basicamente por Asteraceae
(Bacharis e Eupatorium; Paruelo et al., 2007; Oyarzabal et al., 2020). Da mesma

maneira, a vegetacao arbdrea ocorre de forma esparsa, estando preferencialmente
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associada a entornos de corpos d"4agua, formando as matas de galeria. A diversidade
de espécies deste grupo vegetal é baixa, além de componentes tropicais serem raros
(Andrade et al., 2018; Oyarzabal et al., 2020).

Legenda
@ Campos de Altitude
) Bioma Pampa
Pradarias do Rio do Prata
B Floresta
M Agua

Figura 1. Mapa simplificado da cobertura vegetacional do estado do Rio Grande do Sul e das
Pradarias do Rio da Prata (modificado de Hasenack et al., 2023).

A diversidade vegetacional do BP (Figura 1), caracterizada principalmente pela
presenca de grande numero de espécies das familias Poaceae e Asteraceae, bem

como de Fabaceae, se deve em grande parte a variacao climatica e pedolégica nele
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encontradas. O conjunto destas variaveis define, conforme Hasenack et al. (2010;
2023), os sistemas ecoldgicos campestres identificados no Rio Grande do Sul. Ao
todo, sdo reconhecidos nove sistemas ecoldgicos campestres inseridos no BP:
Campo Costeiro, Campo de Aristida, Campo Parque; Campo Interior Sub-Montano,
Campo Atlantico Sub-Montano, Campo de Solos Rasos, Campo Arenoso e Campo de
Gramas Baixas (Boldrini et al., 2010; Hasenack et al., 2010; 2023).

Uma das caracteristicas principais da vegetacao constituinte do BP é o fato de
estarem total ou parcialmente adaptadas a ambientes secos, embora as condi¢des
climaticas atuais favorecam o desenvolvimento de vegetacdo florestada (Verdum,
2016; Buriol et al., 2019). Tais adaptacdes consistem principalmente na reducao das
espessuras foliares, bem como na presenca de 6leos e ceras impermeabilizantes nas
porcdes expostas das plantas, entre outras (Boldrini et al., 2010; Bencke, 2016). De
acordo com varios autores, estas adaptacOes, associadas ao fato de existir
predominancia vegetacional herbacea onde o clima atual permitiria o0 desenvolvimento
de cobertura vegetal arborea, seriam indicativos de que as plantas se constituem em
relictos de um periodo em que, no passado, predominavam condi¢cdes climaticas
secas (Lindman, 1906; Rambo, 1956; Crawshaw et al., 2007; Boldrini et al., 2010;
Bencke et al., 2016; Verdum, 2016; Hasenack et al., 2019).

As principais caracteristicas vegetacionais e geomorfologicas dos Campos
Sulinos foram moldadas durante o Quaternario (Behling, 2002; Behling et al., 2009;
Andrade et al., 2018; Bocalon et al., 2023; Ribeiro et al., 2024). Estudos polinicos
realizados no sul do Brasil mostram que variacdes climaticas condicionaram a
evolucdo das caracteristicas vegetacionais dos Campos Sulinos. Assim, em periodos
mais umidos, as florestas predominaram nestas areas, ao contrario dos intervalos de
clima frio e seco, quando a cobertura vegetal campestre foi predominante (Behling et
al., 2009). Porém, tais estudos estdo mais concentrados nos planaltos gadcho (e.g.
Rooth, 1990; Behling, 2009) e catarinense (Jeske-Pieruschka et al., 2013; Perin et al.,
2021), sendo poucos e recentes os realizados no BP (e.g. Evaldt, 2013; Masetto &
Lorscheitter, 2019; Bocalon et al., 2023; Ribeiro et al., 2024).

Turfas compreendem material sedimentar organico em adiantado estado de

decomposicdo, com caracteristicas especificas, sendo geradas em ambientes Umidos
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(Couillard, 1994; Charman, 2002; Brown et al., 2003). Estes depdsitos organicos
apresentam coloragdo marrom a preta, dependendo do grau de decomposicdo da
matéria organica (Fuchsmann, 1980), processo esse que tende a reter o carbono e o
hidrogénio, em detrimento do oxigénio e do nitrogénio (Shotyk, 1996; Cocozza et al.,
2003). As turfas sédo importantes para os estudos paleoambientais, principalmente do
Quaternério, visto que associados a esses materiais organicos ocorrem polens e
esporos com Otimo grau de preservacdo. Tudo isso constitui fonte de informacéo
sobre as condi¢Bes climaticas e ambientais pretéritas, possibilitando a reconstituicao
da histéria evolutiva das turfas, conforme estudos feitos por varios autores a nivel
mundial (e.g. Narayana, 2007; De Vleeschouwer et al., 2012; Plado et al., 2012; Bao
et al., 2023; Blyakharchuk et al., 2024), bem como no Brasil (Fernandes, 2007; Oliveira
et al., 2012; Luz & Parolim, 2014; Lima et al., 2020; Horak-Terra et al., 2020).

Mundialmente distribuidas, as turfeiras sédo ecossistemas que recobrem 3% das
areas emersas e podem ser encontradas em diferentes condi¢des climaticas, embora
estejam associadas a climas mais frios, onde ocorrem em maior abundancia (Cratft,
2016). E usado o termo “turfeira” para designar o ambiente ecolégico onde as turfas
sdo geradas, enquanto o termo “turfa” se refere ao material preenchedor destes
ambientes (Charmann, 2002). O ambiente gerador da turfa geralmente esta associado
a depressbes do terreno, se desenvolvendo sobre solos impermeaveis, o que
possibilita o0 acimulo de agua. Com o passar do tempo, o ambiente ira apresentar
caracteristicas redutoras, ou seja, com circulacdo de agua ausente ou restrita. Sob
tais condi¢cOes, associadas ao fato de ocorrerem maiores taxas de producéo do que
de decomposicdo de matéria organica, sdo formados os depdsitos
predominantemente organicos de origem vegetal, que preenchem a depressao do
terreno e que serdo transformados em turfa, apés os processos de maturacao e
humificacdo (Thompson et al., 1995; Charman, 2002; Cocozza et al., 2003; Baudin et
al., 2007; Ma et al., 2021; Li et al., 2023).

Por se apresentarem amplamente distribuidas ao longo da superficie da Terra,
as turfas e turfeiras recebem véarias designacdes de acordo com as particularidades
relacionadas a origem e movimentacdo da agua nelas presente. Pelo fato de, no
Brasil, serem poucos os estudos relacionados as turfas e as turfeiras, certos termos
normalmente empregados na bibliografia técnica ndo encontram equivalentes na

lingua portuguesa. As designacdes mais comuns podem ser resumidas no Quadro 1.
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Quadro 1. Principais designacdes empregadas para caracterizar turfas e turfeiras (adaptado
de Craft, 2016).

Designacgéo Caracteristicas principais
“Mire” Turfeira onde a turfa estd em processo ativo de formacao
“Bog” ou “mire” Turfeira que se eleva acima da paisagem circundante e o
ombrotrofico aporte de agua € somente por precipitacdo
“‘Fen” ou “mire” Turfeira que esta situada em uma depresséao do terreno e
minerotrofico recebe agua que lixiviou solos e rochas
“Mire” soligeno “Fen” que recebe agua tanto de precipitacdo quanto de

escoamento superficial

“Fen” litdgeno “Fen” que recebe agua tanto de precipitacdo quanto do lencol
freatico
Histossolo Turfeira cujo solo contém ao menos entre 12% e 18% de C

organico e cuja espessura seja de no minimo 40 cm

Geralmente as turfas sdo geradas em locais onde a taxa de producdo de
matéria organica vegetal € maior que a taxa de decomposicédo, sendo a agua o
principal aspecto a ser levado em conta em relagdo a producao das turfas (Shotyk,
1996; Charman, 2002). Em terrenos alagados, nos solos com grandes quantidades
de matéria organica, a agua expulsa o oxigénio contido nos poros do solo, gerando
condi¢cBes redutoras. Tal caracteristica redutora € incrementada pela presenca de
micro-organismos que auxiliam o consumo do oxigénio intersticial, o que retarda ainda
mais a decomposicdo da matéria organica vegetal (Baudin et al., 2007). De acordo
com Shotyk (1996), trés ambientes principais criam as condicfes ideais para a
formacao de turfas: (i) corpos aquosos de pouca profundidade; (ii) solos inorganicos
com baixas taxas de percolacdo de fluidos, porém saturados em agua; (iii) bem como

solos pouco drenados localizados em areas onde predominam baixas temperaturas.

Por serem geradas em condicdes redutoras e possuirem altas concentracfes
de matéria organica vegetal, as turfeiras irdo apresentar caracteristicas fisicas e
guimicas especificas. Tais caracteristicas referem-se, principalmente, as relacdes
entre densidade e volume (a densidade aumenta de forma inversamente proporcional
ao volume da matéria vegetal), bem como as altas capacidades de trocas catibnicas,

devido a grande quantidade de material organico coloidal (Shotyk, 1996; Charman,
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2002; Bader et al., 2018). No entanto, as caracteristicas quimicas organicas variam
grandemente, uma vez que elas s&o o reflexo direto do tipo de constituinte vegetal
que deu origem a turfa. Indiferente disso, se observa comumente aumento de
carbono, hidrogénio e enxofre seguido de uma diminuicdo de oxigénio conforme se
processa a maturacdo da matéria organica na turfeira (Shotyk, 1996; Cocozza et al.,
2003; Szajdak et al., 2020; Lodigyn et al., 2023).

Nos ambientes turfosos, como ja acima relatado, a agua desempenha papel
fundamental em seu desenvolvimento, principalmente pelo fato de serem estes
ambientes locais de acumulo de agua (lvanov, 1981; Ingram, 1983; Eggelsmann et
al., 1993; Iturraspe & Roig, 2000). Em um perfil normal de turfeira é possivel observar
dois niveis distintos, de acordo com o tipo de movimentacdo da &agua e,
consequentemente, com o grau de decomposi¢céo da matéria organica que ocorre em
cada um destes niveis: o acrotelmo, superficial, e o catotelmo, inferior (lvanov, 1981,
Holden & Burt, 2003; Morris et al., 2011; Kurnain, 2019). O acrotelmo € caracterizado
pela presenca de uma cobertura vegetal viva, constituida principalmente por
Sphagnum e onde o nivel de agua apresenta maiores flutuacdes, o que permite,
temporariamente, a presenca de ar nos espagos porosos e, consequentemente,
bactérias aerébicas nos mesmos, facilitando a decomposicado da matéria organica. No
catotelmo, estas flutuacbes no nivel de agua néo ocorrem, fazendo com que os
espacos porosos figuem saturados em agua permanentemente, reduzindo
drasticamente a presenca de bactérias aerdbicas decompositoras da matéria organica
(lvanov, 1981; Beer et al., 2008; Szafranek-Nakonieczna & Stepniewska, 2014,
Cunha-Santino & Bianchini Jr., 2023).

As turfeiras sdo classificadas de acordo com os aspectos morfologicos e
hidroldgicos, além da estratigrafia e da cobertura vegetal, podendo ser definidas como
ombrotréficas e minerotréficas (Charman, 2002). As turfeiras ombrotroficas séo
hidrologicamente independentes das &guas subterraneas e de escoamento
superficial, recebendo umidade e nutrientes da precipitacdo pluviométrica (Charman,
2002; Nichols et al., 2006). Sdo formadas em locais onde as taxas de precipitacao
excedem as de evaporacdo da agua, e onde predominam condi¢cdes andxicas e de
baixo pH. As turfeiras ombrotroficas se apresentam com formas démicas ou colgadas,
sendo mais comuns as primeiras, e sao tipicas de regides de areas frias, por isso
sendo mais abundantes em paises do hemisfério norte (Charman, 2002). O material

sedimentar presente nas turfeiras ombrotréficas constitui importante arquivo para
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estudos paleocliméticos devido as relacdes estreitas entre a umidade do substrato e
as condi¢cBes atmosféricas, bem como ao alto potencial de preservacdo da matéria
organica (Nichols et al., 2006). Em geral, os depdsitos originarios de turfeiras
ombrotroficas sdo os materiais considerados ideais para a obtencdo de registros
paleoambientais, devido a auséncia de fluxos aquosos que transitam através do
deposito, retrabalhando-o e interferindo nas condigdes de preservacao do registro

fossil.

As turfeiras minerotroficas sdo aquelas alimentadas pelas dguas subterraneas
e de escoamento superficial (Charman, 2002; Keller & Bridgham, 2007). Nessas
condicdes, a turfa possui pH béasico e baixos teores de nutrientes. Estao situadas em
depressbes topograficas do terreno, sem saida de agua, ou em sopés de vales,
podendo ter um fluxo de agua disperso sobre o depdsito organico (Charman, 2002).
Em funcédo da passagem frequente de fluxos aquosos pelo depdsito, os materiais
desse tipo de turfeiras sao considerados, em geral, como menos promissores para a
obtencdo de registro paleoambiental confiavel, haja vista a relativa complexidade

associada aos processos deposicionais e tafonémicos que nelas predominam.

O tipo de vegetacdo presente na turfeira confere caracteristicas distintas a
mesma. Por ocorrerem em diferentes latitudes e em diferentes situacdes ecoldgicas,
nestes ambientes a cobertura vegetal predominante mostra-se variada (ICP, 2012).
Normalmente, em climas mais frios, a cobertura vegetal predominante é de briofitas e
musgos, enquanto em ambientes associados a regides temperadas a subtropicais a
diversidade vegetal tende a ser maior, incluindo constituintes herbaceos e/ou arboreos
(Birks & Birks, 1980). Nesse sentido, elas podem ser classificadas de acordo com o

tipo de vegetacéao possivel de identificacdo, como mostrado no Quadro 2.

Quadro 2. Classificacéo das turfas de acordo com a matéria vegetal presente (adaptado de
Birks & Birks, 1980).

Tipos de turfas Constituintes principais
Briofitica Musgos, principalmente Sphagnum e Polytrichum
Lenhosa Fragmentos da madeira de arvores e arbustos (cascas
e pedacos de troncos e galhos)
Herbacea Fragmentos de raizes e de folhas de herbaceas

Humica Material himico ndo reconhecivel
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Quando consideradas como solos, as turfas estao classificadas dentro do grupo
dos organossolos (Myslinska, 2003; Bader et al., 2018; Neto et al., 2023). De acordo
com EMBRAPA (2009), os organossolos séo aqueles onde o teor de carbono organico
excede 80 g por quilo de solo, e que apresentam horizonte histico (i.e., constituido
principalmente por material organico depositado sob condicfes de excesso de agua
ao longo do ano). Ainda com base na classificacéo de solos da EMBRAPA (2009), os
organossolos podem ser subdivididos em trés classes, a saber: (i) os organossolos
tiomérficos, com altos teores de enxofre; (i) os organossolos fdlicos, tipicos de
ambientes altimontanos, alagados somente parte do ano; e (iii) os organossolos
héplicos, ou seja, todos 0s organossolos que nao se enquadram nas classes
anteriores. Assim, de forma especifica, as turfas constituem organossolos haplicos,

caracterizados como organossolos haplicos fibricos tipicos.

Os constituintes vegetais presentes nos ambientes turfosos variam
grandemente em forma e tamanho, além de serem compostos predominantemente
por familias mais adaptadas a ambientes umidos alagados (Cocozza et al., 2003;
Garsetiasih et al., 2022). O principal componente vegetal associado as turfas séo
espécies de Sphagnum (Mendes & Dias, 2002; Rydin et al., 2006; Raven et al., 2007;
Muster et al., 2015). Ocorrendo em numero relativamente grande de espécies, 0
Sphagnum pode estar associado a condi¢des climaticas variadas, mas geralmente em
ambientes com caracteristicas Uumidas (Shaw & Cox, 2005; Makila et al., 2015).
Sphagnum é um género de briéfita conhecido desde o Ordoviciano e que estaria
sempre associado a turfeiras (Johnson et al., 2015; Cardona-Correa et al., 2016;
Graulich, 2021). Nos estudos de turfas, delimitar o momento em que o Sphagnum
passa a ocorrer como vegetacao predominante € um fator chave na ombrotrofitizacéo
da turfa, uma vez que ele acidifica o0 meio aquoso, tornando-a oligotréfica. Além disso,
o0 Sphagnum retém a agua acima do lencol freatico e auxilia na limitacdo da
decomposicéo da matéria organica (Shaw & Cox 2005; Tuitilla et al., 2012; Drollinger
et al., 2020; Nordstrom et al., 2022; Arsenault et al., 2024).

Além do Sphagnum, sdo comuns nestes ambientes a presenca de Typhaceae
(Typha), Cyperaceae (Carex), além de varios tipos de Poaceae e outras familias de
herbaceas (Canalli & Bove, 2017; Zhou et al., 2018). Em relagéo a familia Poaceae,

alguns géneros séo bastante adaptados a ambientes alagados, tais como: Eragrostis,
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Paspalum, Panicum, Echinochloa (Palit et al., 2017). Da mesma forma, Cyperaceae é
outra familia bastante comum em ambientes alagados (Sympson et al., 2011).
Associado ao fato de terem padrdo fotossintético tipo Cz e C4, com 0s do tipo Ca
(Eleocharis) sendo os mais comuns em regides de alagadicos (Sympson et al., 2011),
as ciperaceas sao largamente utilizadas para o entendimento da evolugdo das
turfeiras. Embora tenham surgido no Cretdceo Superior, somente a partir do
Pleistoceno teriam experimentado grande diversificacdo, chegando a se tornarem um
dos principais constituintes das turfeiras, a nivel mundial (Viljoen et al., 2013;
Waterway et al., 2016).

Grande parte dos depositos turfosos séo constituidos por substancias humicas.
Estas substancias sao provenientes da decomposicdo da matéria organica vegetal
que se desenvolve no ambiente turfoso. E definido como grau de humificacdo a
relacdo existente entre a taxa de transformacdo da matéria organica vegetal e o

desenvolvimento das substancias humicas (Klavins & Purmalis, 2014).

O grau de humificacdo de uma turfa pode ser determinado por varios métodos,
tanto de campo quanto de laboratério. O método de campo mais comumente
empregado é o de Von Post (1924; apud Fernandes, 2007), que leva em conta
aspectos fisicos da turfa, tais como fibrosidade, cor do material sélido e cor da agua
associada. O material analisado é comparado com uma escala, que varia de H1
(menor grau de humificacdo) até H10 (maior grau de humificacdo), e classificado em
turfa fibrosa (H1-H4), hémica (H5-H7) ou sépirca (H7-H10).

As turfas também sao classificadas de acordo com o grau de decomposicao e
a quantidade de fibras vegetais presentes no material (Kurki, 1982; Charman, 2002;
Chmielewska, 2023). Assim, podem ser designadas como turfas leves ou fibrosas,
turfas escuras ou hémicas e turfas pretas ou sapricas. As turfas fibrosas possuem
fibras vegetais que ainda sdo reconheciveis, apresentam cor marrom, constituem o
meio mais poroso da turfa, e estao situadas nos niveis mais superficiais dos depadsitos.
As turfas hémicas representam grau intermediario entre as turfas fibrosas e as
sapricas, isto é, apresentam poucas quantidades de fibras vegetais reconheciveis, sao

de cor cinza escura e estdo saturadas em agua. As turfas sapricas apresentam cor
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preta e sdo constituidas por material amorfo, de consisténcia gelatinosa, isto é, sem
quaisquer tipos de fibras vegetais reconheciveis, além de serem saturadas em agua.

O grau de humificacdo da turfa também pode ser identificado por métodos
laboratoriais, sendo a colorimetria e espectrofotometria os mais comuns (Chambers
et al., 2010). Associado a outros proxies (palinologia, teor de matéria organica e teor
de cinzas, principalmente), o grau de humificacdo auxilia no entendimento das
condicdes climaticas quando da formacédo de turfeiras ao longo do Pleistoceno e
Holoceno (Payne & Blackford, 2008; Xiao et al., 2017; Newnhan et al., 2019; Li et al.,
2023). Isto se deve, sobretudo, ao fato de a atividade microbiana na turfa ser
incrementada pelo aumento da temperatura e da umidade, favorecendo o aumento da
producéo vegetal e, assim, adicionando mais quantidades de restos vegetais a serem
decompostos no ambiente turfoso (Kurki, 1982; Blackford & Chambers, 1993; Wang
etal., 2010; Xiao et al., 2017). Desta maneira, os altos valores da humificagédo da turfa
seriam consequéncia de condi¢bes climaticas quentes e Umidas, enquanto que
valores baixos refletiriam condi¢des frias e secas (Wang et al., 2010; Xiao et al., 2017,
Li et al., 2020).

Desde os trabalhos pioneiros de Erdtman (1934), o estudo dos pdlens e
esporos preservados nas turfeiras tem se mostrado importante ferramenta nas
interpretacfes paleoecoldgicas (Charman, 2002). Isto se deve ao fato de, nestes
ambientes, o material féssil palinolégico ser encontrado em grandes quantidades,
fornecendo um conjunto de informacdes paleoecoldgicas ndo somente da turfeira,

mas também da paisagem circundante (Kurki, 1982; Charman, 2002).

Para além da palinologia, o ambiente onde a turfa é gerada possui grande
variedade de outros microfosseis. As condicfes tafondmicas na turfeira, onde as
caracteristicas altamente redutoras do meio e o material sedimentar siliciclastico
apresenta fracbes granulométricas extremamente finas, contribuem sobremaneira
para que o potencial de preservacao seja considerado excelente (Salgado-Labouriau,
2007; Barth-Schatzmayr & Barros, 2011; Worobiec, 2014; Fracasso et al., 2024).
Nelas encontram-se também fésseis de protozoarios (tecamebas), fungos e algas,
restos de animais invertebrados, principalmente artrépodes (Charman, 2002), bem
como material genético principalmente de restos vegetais preservados (Parducci et

al., 2015; Fracasso et al. 2024) e que sdo denominados como palinomorfos nao
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polinicos (van Geel, 2001; Shumilovskikh & van Geel, 2020). Como exemplo de
estudos de palinomorfos ndo polinicos, pode ser citado o trabalho de Medeanic &
Corréa (2010), que identificaram microalgas tanto de &gua doce (Botryococcus,
Debarya, Spirogyra e Pseudoschizaea) quanto salgada (cistos de Dinophyceae) ao
realizarem estudos em turfeiras da Planicie Costeira do Rio Grande do Sul (PCRS),
auxiliando na compreenséo das oscilacdes do nivel do mar nesta regido do estado.
Também em estudos de turfeiras no planalto do mesmo estado, Roth (1990), Roth &
Lorscheitter (2007) e Leonhardt & Lorscheitter (2010) conseguiram identificar mais de
sete tipos de fungos no material analisado, ajudando a determinar em qual momento
foram implantadas as condi¢Oes paludais durante a evolucéo da turfa. Tais estudos
contribuiram para a compreensao das variagdes paleocliméticas que influenciaram na

expansao da Mata com Araucaria naquela regiéo.

De forma geral, no sul do estado do Rio Grande do Sul, bem como em areas
de ocorréncia de paisagens campestres, tanto em territério argentino quanto uruguaio,
os estudos palinolégicos do Quaternario vém sendo realizados preferencialmente em
turfeiras. No Uruguai, de acordo com Iriarte (2006) e Mourelle et al. (2018), os dados
mostram significativas mudancas vegetacionais ocorridas desde o final do UMG, ha
cerca de 14.000 anos A.P., quando condic¢Oes frias e secas foram sendo substituidas
por umidas e quentes. As mesmas conclusbes foram levantadas em estudos de
turfeiras nos pampas argentinos (Prieto, 1996; 2000), coincidentes, por sua vez, com
as conclusdes obtidas por Behling et al. (2005), na regido oeste do territorio gaucho.
As pesquisas realizadas nestes ambientes, associados aos dados estratigraficos e
geocronologicos, fornecem um conjunto de valiosas informacdes para o entendimento
das modificacdes paleoecologicas e paleoclimaticas ao longo do Quaternario
(Charman, 2002).

Embora os ambientes de turfeira disponibilizem excelentes materiais em termos
de palinologia e que foram estudados no BP do Rio Grande do Sul (Burjack &
Marques-Toigo, 1980; Ribeiro et al., 2020; Ribeiro et al., 2024), outros ambientes
também vém fornecendo bons resultados, como os (i) depdsitos de meandros
abandonados (Barra do Quarai), analisados por Evaldt (2013) e Evaldt et al. (2014),
(i) depositos lagunares da PCRS (Medeanic & Corréa, 2010) e (iii) depositos
sedimentares plataformais da costa do Uruguai (Mourelle & Prieto, 2016) e do sul do
Brasil (Gu et al., 2018).
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Grande parte dos estudos palinoldgicos no Rio Grande do Sul estdo
concentrados no planalto nordeste. De acordo com estas pesquisas, a Mata com
Araucéria expandiu-se recentemente, em funcdo da flutuacdo climéatica de uma
condicao seca para Umida e até superumida, ocorrida ha cerca de 11.000 anos A.P.
(Roth, 1990; Roth & Lorscheitter, 1993; Behling et al., 2004; Scherer & Lorscheitter,
2008). A pesquisa pioneira envolvendo o estudo de poélens em sedimentos
quaternarios foi realizada por Burjack & Marques-Toigo (1980), tendo como objetivo
avaliar o potencial de preservacdo dos mesmos ao longo de um testemunho de
sondagem obtido na turfeira de Aguas Claras, no municipio de Viam&o. No entanto,
no que diz respeito aos trabalhos de pesquisas com objetivos paleoecolégicos e
paleoestratigraficos para o BP, existem poucos, visto que se tornaram mais comuns
somente a partir dos anos 2000, destacando-se aqui os de Neves & Bauermann
(2004), Bauermann et al. (2005), Behling et al. (2005), Bauermann et al. (2008), Evaldt
(2013), Evaldt et al. (2014), Masetto & Lorscheitter (2019), Ribeiro et al. (2020), Ribeiro
et al. (2024). Os resultados destes estudos para o BP tém mostrado as respostas

vegetacionais as mudancas climaticas desde o UMG.

Neves & Bauermann (2004), integrando estudos palinolégicos e estratigraficos
em testemunho de sondagem obtido em Capao do Ledo, detectaram aumento de
umidade ha cerca de 3.910 + 100 A.P., identificada pelo incremento de comunidades
vegetacionais arboreas, briofitas e pteridéfitas, bem como de comunidades
vegetacionais de ambientes umidos (Typha, notadamente). O aumento na umidade
climatica seria resultado do aumento do nivel do mar, ocorrido na PCRS nesse mesmo
periodo. ConclusGes semelhantes foram obtidas por Bauermann et al. (2005), para a
regido de Domingos Petrolini, também na PCRS. A deposic¢ao dos sedimentos a cerca
de 4.400 anos A.P. se deu sob condicbes marinhas transgressivas, enquanto que, ha
3.000 anos A.P., ocorreria 0 maior recuo do mar. Neste momento, o material
sedimentar foi depositado sob condi¢cdes ecoldgicas de ambientes alagados, com

vegetacao continental no entorno dos corpos d’agua.

Um dos trabalhos mais robustos realizados no interior do BP, foi o de Behling
et al. (2005). Estudando um testemunho de sondagem coletado em S&o Francisco de
Assis, oeste do estado, identificaram quatro zonas polinicas que indicavam
progressivo aumento de umidade e de temperatura em relagéo ao clima da regidao. A

zona polinica mais antiga (com idades entre 22.150 e 12.360 anos A.P.) é
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caracterizada por predominio de formacbes vegetais campestres, com poucos
constituintes arboreos e de &reas alagadas, sugerindo condi¢cfes climéaticas mais
secas. Tal situacdo é repetida ao longo da segunda zona polinica (entre 12.360 e
5.170 anos A.P.), ainda caracterizada por predominio de formacfes vegetais de
campo. No entanto, estas condi¢des mostram pequena modificacéo a partir da terceira
zona (entre 5.170 e 1.550 anos A.P.), quando foram observados ligeiros aumentos
nos constituintes vegetais arboreos, embora ainda predominassem constituintes
vegetais campestres. Esta modificagéo foi interpretada como aumento das matas de
galeria, decorrentes da implantacdo de condi¢fes climaticas mais imidas. A umidade
aumentaria ainda mais na ultima zona (entre 1.550 e 51 A.P. anos), onde o0s
constituintes vegetais arbdéreos estdo mais presentes, embora ainda predominem
comunidades vegetais de campo. Apesar de a umidade e a temperatura aumentarem,
os dados polinicos ndo mostraram variacdo das principais familias vegetais
identificadas, notadamente Poacea e Asteracea, sugerindo que as associacdes
vegetais campestres foram dominantes até os dias atuais. Posteriormente,
Bauermann & Fett Jr. (2014), trabalhando na mesma regiao do estado, identificaram
trés fases climaticas distintas: a primeira, onde predominariam condi¢des climaticas
frias e secas, sem desenvolvimento de matas de galeria, teria perdurado até cerca de
10.000 anos A.P. A partir desta data, as condi¢cdes climaticas frias e secas foram
progressivamente substituidas por clima uUmido e quente, propiciando o
desenvolvimento das matas de galeria, enquanto a Gltima fase, iniciada ha 1.000 anos,

estaria caracterizada pela implementacdo das condicfes climaticas atuais.

O trabalho de pesquisa apresentado por Bauermann et al. (2008) foi realizado
em Sao Martinho da Serra, no centro do estado, regido caracterizada por ser uma
zona de transicao entre a Floresta Estacional Decidual e o BP. Analisando o material
palinolégico contido no testemunho de sondagem obtido de uma turfeira, os autores
conseguiram identificar trés niveis polinicos. O mais antigo, datado entre 3.231 £ 42 e
1.574 + 42 anos A.P., estd constituindo basicamente por componentes herbaceos,
principalmente Poaceae, Asteraceae e Apiaceae, sendo raros o0s arboreos; o
intermediario, com idades entre 1.574 + 42 e 468 anos A.P., apresenta as mesmas
proporcdes entre constituintes herbaceos e arboreos que o anterior. Entretanto, os
componentes herbaceos mudam, sendo Poaceae, Amaranthaceae e Rubiaceae o0s
mais comuns. A fase mais jovem, entre 468 anos A.P. e o Recente, ainda mostra o0s

mesmos representantes vegetais que os do nivel anterior no que diz respeito a
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associacdo campestre. Neste nivel foi também observado ligeiro aumento dos

integrantes arboreos.

Evaldt (2013) e Evaldt et al. (2014), ao caracterizarem os sedimentos de
terracgos fluviais do rio Quarai, na localidade de Barra do Quarai, oeste do estado,
identificaram trés niveis polinicos distintos. O mais antigo, entre 3.380 e 2.350 anos
A.P., mostra a presenca da savana estépica parque ocorrendo na planicie de
inundacédo do rio, que nesse intervalo de tempo estaria frequentemente alagado, o
gue é atestado pela presenca de algas e macréfitas aquéticas, indicando condi¢des
de clima umido e quente. O nivel intermediario (entre 2.328 e 2.262 anos A.P.)
continua sugerindo a presenca de savana estépica parque, porém sendo identificado
ligeiro aumento de outras familias vegetais arboreas, mostrando o inicio de matas
ciliares. A este nivel estariam associadas condi¢bes climaticas quentes e secas,
caracterizadas pela auséncia de macrofitas aquaticas e algas. O nivel mais recente
(entre 2.130 e 1.620 anos A.P.) apresentaria fase de melhoria climatica, resultando
em aumento na diversidade de taxons arbéreos. Segundo Evaldt (2013), a supressao
da vegetacao tipo savana estépica parque se daria em funcdo do aumento das matas

ciliares, uma vez que ambas competiriam pelo mesmo ambiente ecologico.

Mourelle et al. (2018) compararam os dados palinolégicos das paisagens de
campo tanto do Uruguai quanto da regiao sul do Brasil. De acordo com os autores, as
associacfes vegetais tipicas de paisagens campestres seriam predominates até os
altimos 5.500 anos A.P., devido as condi¢des climaticas mais secas vigentes. Porém,
a partir desta data, foi observado leve aumento dos constituintes arbustivos e
arboreos, principalmente ao longo de corpos d’agua, sugerindo a implantagao de clima
umido. Este trabalho se mostrou importante por ser um dos Unicos estudos integrando

exclusivamente dados polinicos de dois dos trés paises onde as PRP se estendem.

Masetto & Lorscheitter (2019) estudaram sedimentos holocénicos na porcéo
sul da PCRS e identificaram um momento de inundacdo marinha maxima cerca de
6.000 a 5.000 anos atras. Esta inundacdo maxima teria ocorrido em um momento em
gue condicbes campestres predominavam na regido, € que se manteriam

onipresentes também apds a regressao do nivel do mar.

No contexto do tema em tela, destaca-se que o conceito de estudos multi-proxy
aparece pela primeira vez em Ribeiro et al. (2020), sendo seguido por Salgado et al.
(2021), Bocalon et al. (2023) e Ribeiro et al. (2024). Ribeiro et al. (2020; 2024)
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utilizaram proxies biolégicos (pdlens) associados a geoldgicos (“charcoals”) para
identificarem eventos de incéndios associados a periodos de secas ao longo dos
tltimos 39.000 anos na PCRS. Salgado et al. (2021), ao caracterizarem a evolucao
dos butiazais de Tapes, também na PCRS, empregaram tanto proxies biol6gicos
(pdlens e fitdlitos) quanto geoldgicos (sedimentologia e analises geoquimicas),
concluindo que os butiazais estiveram presentes na regido desde os ultimos 11.000
anos. Bocalon et al. (2023) integraram estudos palinolégicos com dados relacionados
a teores de matéria organica e teores de cinzas obtidos de uma turfeira descrita para
o interior do BP. Naquele estudo, os resultados obtidos foram também analisados em
conjunto com os alcancados por outros trabalhos realizados em outras regides do
continente, permitindo propor que durante o Holoceno inferior ocorreu um clima mais
hamido ndo somente ao longo da grande extensao ocupada pelas PRP, mas ao longo
de toda a América do Sul.

De acordo com os dados apresentados, a cobertura vegetal associada a
paisagem campestre tem sido predominante nas PRP desde o Pleistoceno Médio a
Superior. Ao longo do tempo, as associacfes vegetais vém respondendo prontamente
as mudancas climaticas, permitindo interpretacbes robustas sobre como se
processaram tais mudancas. No entanto, devido as caracteristicas vegetacionais
associadas as paisagens campestres — onde a cobertura vegetal predominante sédo
ervas e arbustos — as variagdes na flora se apresentam de forma sutil, notadamente
no que diz respeito ao conjunto de familias vegetais herbaceas e as pequenas
variacdes nos constituintes arbdéreos. Neste viés, varios autores sugerem que mais
estudos palinolégicos — associados a outros proxies — se fazem necessarios para que
se atinja um maior detalhamento da evolucédo das paisagens campestres do sul do

Brasil e ao longo de todas as PRP.

O municipio de Cacequi (Figura 2) esta situado na porcdo oeste do estado,
assentado sobre rochas sedimentares paleo-mesozoicas recobertas por rochas
vulcanicas basalticas, bem como sedimentos aluvionares holocénicos (Wildner et al.,
2006; Scherer & Lavina, 2005; Soares et al., 2008). O periodo Quaternario esta
representado por camadas arenosas de origem fluvial e edlica (Nascimento & Souza,

2010) que ocorrem ao longo das margens dos principais rios do municipio (Ibicui,
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Saicd, Santa Maria e Cacequi), depositadas ap6s o UMG (Da-Rosa, 2009). A estes

depositos sedimentares, localmente, estdo associadas as turfas (Streck et al., 2008).

[ Mata Atlantica

1500 kmn ] Pampa
50 [ 50 100 Km

| . S—

I I [
-54.900 -54.600 -54.300

Legenda:
D Depositos aluviais holocénicos - Formacdo Sanga do Cabral
Ij Formacdo Serra Geral, facies Gramado * Area estudada

Figura 2. Localizacdo da area estudada. a) Distribuicdo das PRP na América do Sul
(modificado de Paruelo et al., 2007); b) regido de campos e municipio de Cacequi (modificado
de IBGE, 2019); ¢) mapa geoldgico de Cacequi e local de amostragem da turfeira analisada

(modificado de Wildner et al., 2006).
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A area do municipio encontra-se em uma zona de transicdo entre os tipos
climéticos Subtropical Ib e Subtropical 1l, com sistemas polares e tropicais continentais
influenciando as caracteristicas climaticas (Wollmann & Galvani, 2012). As
temperaturas médias anuais variam entre 17° e 23°C, e os valores médios da
precipitacdo pluviométrica variam entre 1400 e 1700 mm, sendo mais abundantes as
chuvas no outono e na primavera (Rossato, 2020).

A vegetacdo predominante na area de estudo compreende propor¢des
aproximadas de gramineas de esta¢fes quentes (Cjy) e frias (Cs), com diminui¢do das
gramineas Cs em direcdo a sul (Andrade et al.,, 2018). A vegetagcdo arbustiva se
encontra pouco representada, sendo constituida basicamente por Compositae
(Baccharis e Eupatorium; Paruelo et al., 2007). Da mesma maneira, ocorre de forma
esparsa a vegetacao arborea, estando preferencialmente associada aos entornos de

corpos d"agua, formando as matas de galeria (Andrade et al., 2018).

Foi estudado no municipio de Cacequi, Rio Grande do Sul, um domo turfoso,
localizado nas coordenadas geograficas de 29°52’°33,6”’S e 54°50°'11,8”W. O referido
domo foi detalhado em seus aspectos estratigrafico e palinolégico, bem como suas
caracteristicas fisico-quimicas, com base em levantamentos tanto de campo quanto

de atividades laboratoriais, cujos processos séo descritos a seguir.

Coleta e Descri¢cao dos Testemunhos de Sondagem

Foram coletados dois testemunhos de sondagem com profundidades de 3,21
m utilizando-se amostrador Russian Peat Borer (Moore et al., 1998) e acondicionados
em tubos de PVC, vedados com plastico filme. Em campo foram identificadas algumas
das caracteristicas fisicas do material, tais como cor do sedimento (determinada
usando-se como referéncia o sistema de cores de Munsel (Munsel Soil Color Chart,
1994), textura ao tato, presenca ou auséncia de descontinuidades fisicas e
plasticidade do material. Um dos testemunhos foi transportado para o Laboratoério de
Geodinamica Superficial, da Universidade Federal de Santa Catarina (UFSC), para
analises granulométricas, grau de humificacdo e teor de matéria organica, bem como

coletas de sub-amostras para datacdo radiométrica. Outro testemunho foi levado para
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o Laboratério de Palinologia da Universidade Luterana do Brasil (ULBRA), Canoas,

Rio Grande do Sul, para estudos polinicos.

Analises Granulométricas

Subamostras foram coletadas em intervalos de 10 cm, sendo processadas
empregando-se o método tradicional proposto por Tucker (1988). O material
granulométrico com tamanho maior que 0,062 mm foi separado empregando-se o
método do peneiramento, enquanto que para a fracdo fina utilizou-se o método de
pipetagem. Para o tratamento estatistico dos dados foi utilizada a classifica¢ao textural
proposta por Flemming (2000), considerada a melhor aplicavel em sedimentos

lamosos.

Analises Palinolégicas

Para essa etapa, foram coletadas subamostras equivalentes a 1 cm?® em
intervalos de 6 cm. A metodologia empregada foi a acetélise, conforme proposta por
Faegri & Iversen (1975), que consiste em tratamentos com acidos para remocao de
matéria mineral e de constituintes humicos presentes nos materiais amostrados.
Posterior ao tratamento quimico prévio, foram montadas quatro laminas com gelatina
glicerinada para cada subamostra. As laminas foram identificadas, catalogadas e
registradas no livro tombo do Laboratorio de Palinologia da ULBRA. Cada lamina teve
numero minimo de 300 gréos de polens e esporos contados e identificados, utilizando-

se microscopio optico com lente de aumento de 400 vezes.

Para a identificacdo dos grédos de pdlens e esporos, foram caracterizados
atributos individuais dos mesmos, na ordem: unidade polinica, simetria, ambito, forma,
ornamentacao da exina e tamanho do grao de pélen (Salgado-Labouriau, 1973; Barth-
Schatzmayr & Melhem, 1988; Marchant et al., 2002; Punt et al., 2007; Bauermann et
al., 2008; Medeanic & Corréa, 2010; Evaldt et al., 2014; Chase et al., 2016; Radaeski
et al.,, 2016; Mourelle et al.,, 2018; Masetto & Lorscheitter, 2019). Também foram
consultados os catalogos de referéncia da Pollen Catalog Network (RCPol) e do
Global Pollen Project. A classificacdo taxon6mica do pdlen seguiu o0 sistema
estabelecido pelo Angiosperm Phylogeny Group IV (Chase et al., 2016). Ap6s a

identificagcdo e quantificagdo dos pdlens e esporos, foi realizada a documentagéo
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microfotogréfica digital dos mesmos, também no Laboratério de Palinologia da
ULBRA. O equipamento utilizado foi microscopio binocular da marca Zeiss, modelo
AxioVision SE64, acoplado a um computador e camera digital marca Zeiss, modelo
AxoCam MRc. As analises estatisticas foram realizadas com base em calculos da
frequéncia relativa e concentracao de graos de polens e esporos identificados, com o
emprego dos programas TILIA e TILIAGRAPH (Grimm, 2011). As andlises de
agrupamento foram estabelecidas por diagramas polinicos confeccionados utilizando-
se o programa CONISS (Grimm, 2011; Grimm & Troostheide, 1994).

Idades Radiométricas

Quatro subamostras de 1 cm?® foram coletadas nas profundidades de 0,48 m,
1,26 m, 2,60 m e 3,20 m, usando-se uma seringa plastica de 20 ml. Trés amostras
(0,48 m, 2,60 m e 3,20 m) foram datadas no Beta Analytic Radiocarbon Dating
Laboratory (Florida, EUA), enquanto que a amostra 1,26 m foi datada na Universidade
da Gedrgia (Geodrgia, EUA). Em ambos os laboratorios, a técnica utilizada foi a
espectrometria de massa acelerada por radiocarbono (AMS). O modelo de idade foi
construido com o pacote rBacon v.2.5.8. (Blaauw & Christen, 2011), com base nas

guatro datacdes por radiocarbono usando a calibracdo SHCAL20 (Hoog et al., 2020).

Teor de Matéria Orgéanica

Para a determinacdo do teor de matéria organica foi empregado o método
indireto da oxidac&o do carbono organico por via imida, proposto por Walkley-Black
(Tomé Jr., 1997), baseado na determinacao do carbono organico presente na matéria
organica da turfa. O teor de cinzas foi obtido através da queima da matéria organica,
restando apenas os constituintes siliciclasticos da amostra e calculando-se a relacao
entre 0 peso do residuo e o peso inicial da amostra, sendo o resultado expresso em

percentagem.

Teor de Cinzas

O teor de cinzas foi obtido como residuo proveniente da perda por ignicéo,
gueimando-se a matéria organica em mufla a 650° C por 4 horas e, em seguida,

calculando-se a relagcéo entre o peso residual e o peso inicial da amostra, sendo o
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resultado, expresso em porcentagem (Allen et al., 1989). Todas as subamostras foram
coletadas em intervalos de 6 cm até a profundidade de 2,70 m; a partir dai e em
direcdo a base do nucleo predominaram apenas sedimentos arenosos, e por esta

razao nao foram analisados.

Grau de Humificacédo

O método empregado para determinacdo do grau de humificacdo da turfa é o
de Chambers et al. (2010). A cada 3 cm, coletou-se 0,5 cm?® de subamostra, até a
profundidade de 2,73 cm. Cada subamostra foi seca em estufa a 50°C e, apds,
triturada e homogeneizada. Separou-se 0,2 g do material subamostrado e
acondicionado em Becker de 100 ml, onde foi adicionado 80 ml de solu¢cdo de NaOH
a 8% e a mistura aquecida por uma hora. A mistura foi entdo depositada em baléo
volumétrico de 200 ml e lavada com agua deionizada. Resfriou-se o material até
temperatura ambiente quando o mesmo foi agitado e filtrado com filtro corrugado em
frascos volumétricos de 100 ml, complementando-se o volume total do frasco com
agua destilada. O grau de humificacdo da amostra foi determinado registrando-se a
absorbancia e a porcentagem de transmissao de luz em um comprimento de onda de
540 pm, valor este referente a faixa maxima de transmissdo desejavel para a
sensibilidade as mudancas hidrolégicas (Blackford & Chambers, 1993). Para cada
amostra, entre duas a trés medicdes foram realizadas com um espectrofotémetro
visivel QUIMIS 360-1000 m. A precisdo analitica para as medidas foi de 0,8%. Os
valores finais estdo expressos em termos da porcentagem de absorcao de luz, que é
proporcional ao grau de humificacdo da turfa (ou seja, valores baixos mostrando

menor grau de humificacdo e valores altos indicando maior grau de humificacéo).

Os resultados desta tese estdo apresentados na forma de dois artigos

cientificos, aqui separados por capitulos.

Capitulo I: “Landscape changes in the Campos region, southernmost
Brazil, since the early deglaciation based on a multi-proxy analysis of a peat

bog”.
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Este artigo consiste em uma andlise integradora dos diferentes proxies
analisados durante a execuc¢ao da presente tese. Os referidos proxies consistem em
analises granulométricas, geocronologia, matéria organica e teor de cinzas da turfeira
descrita. Foi publicado no periédico Palaeogeography, Palaeoclimatology,
Palaeoecology, volume 623, no ano de 2023. O texto aqui transcrito esta formatado

de acordo com as normas da revista em tela.

Capitulo 1I: “Late Pleistocene-Holocene spatial and temporal distribution
of pollen from Rio de La Plata Grasslands, South America: paleoecological

significance”.

O artigo versa sobre a identificacdo dos diferentes gréos de pdlen registrados
ao longo do testemunho da turfeira de Cacequi. Concomitantemente é apresentada
uma analise comparativa da ocorréncia espacial e temporal dos graos identificados
ao longo de toda a extensdo das PRP. O artigo foi submetido no periodico Quaternary
International. O texto aqui transcrito estd formatado de acordo com as normas da

revista em tela.
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CAPITULO 1
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Abstract

The paleoecological evolution of a peat bog in the Campos region, Rio Grande
do Sul State, Brazil, was determined based on an integrated study of stratigraphy,
palynology, and geochronology. The peat bog is constituted of silty-clay material, with
high levels of ash (residue on ignition) and organic matter content that was deposited
on a sandy substrate. Palynological analysis show that grassland taxa dominated from
the base of the core at the early deglacial (~17.4 cal kyr B.P.) to the Present. Four
pollen zones were identified: CCQ | Zone (3.20 m to 2.50 m, covering the deglaciation
(Upper Pleistocene), corresponding to dry climate conditions; CCQ Il Zone (2.50 m to
1.60 m, latest deglaciation and Early Holocene), associated with a slightly humid
climate; CCQ Ill Zone (1.60 m to 0.50 m, mid to late Holocene), established under very
humid climatic conditions; and CCQ IV Zone (0.50 m to 0.00 m, last ~500 years),
representative of a low-humidity period. The floristic composition of grassland
communities observed throughout the drill core is very similar to that found in the region
where the municipality of Cacequi is located, in which Poaceae, Asteraceae,
Fabaceae, and Rubiaceae were identified as the most abundant families.

Consequently, although in the last ~17.4 cal kyr B.P. the humidity oscillated, the
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grassland vegetation remained predominant, although not being represented by the
same families, as indicated by changes in the floristic composition among the four
pollen zones. Palynological and geochronological data, when compared with other
sectors of the Rio de la Plata Grasslands, show a predominance of dry conditions over
the studied interval. From the early deglacial until the Present, climatic fluctuations
shaped the diversity of plant communities and affected the particularities of each sector
of the Rio de la Plata Grasslands, including the Campos region. High ash content was
detected along the core, similar to what occurs with other peatlands already studied in
Brazil. In the peat bog analyzed Poaceae is the predominant family, being known as a
major producer of biomineralized structures, which would explain the high ash content

recorded.

Keywords: Rio de La Plata Grasslands; deglaciation; Late Pleistocene, Holocene;

paleoclimatology; palynology
1. Introduction

The Rio de la Plata Grasslands (RPG), located in south-central South America,
is one of the largest areas composed of grasslands in the world (Paruelo et al., 2007;
Dixon et al., 2014; Andrade et al., 2018a, b). The Campos region represents the
extension of this large South American ecoregion in Brazilian territory, where it is also
known as Northern Campos or Subtropical Campos (Paruelo et al., 2007; Overbeck et
al., 2009; Bencke et al., 2016; Gorosabel et al., 2020). The Campos region shows a
great diversity of plants associated with grasslands, notably concernig the families
Poaceae, Asteraceae, Amaranthaceae, Rubiaceae, Fabaceae, and Apiaceae
(Perelman et al., 2001; Boldrini et al., 2010; Overbeck et al., 2015; Bencke et al., 2016;
Hasenack et al.,, 2019). According to palynological studies, this vegetational
association was shaped during the Quaternary after the ending of the Last Glacial
Maximum (LGM), which occurred between 23,000 and 19,000 years B.P. (Bauermann
et al.; 2005, Behling et al.; 2005, Tonello and Prieto, 2010; Mourelle and Prieto, 2016;
Gu et al., 2018).

Paleoecological studies in the RPG are concentrated in Argentina, with few
publications in Uruguay (Mourelle and Prieto, 2016; Gu et al., 2018) and Rio Grande
do Sul State, Brazil (Burjack and Marques-Toigo, 1980; Bauermann et al., 2005;
Behling et al., 2005; Ribeiro et al., 2020). Since the pioneering work of Erdtman (1934),

the study of pollens and spores preserved in peatlands has proved to be an important



Pagina |40

tool in paleoecological interpretations (Charman, 2002). This is because these
environments contain abundant macroscopic and microscopic plant fossil remains,
notably pollens, non-pollen palynomorphs, and biomineralized cellular and vascular
plant structures (Katz, 2014; 2015; Trembath-Reighert, 2015; Kumar et al., 2021),
providing a set of remarkable paleoenvironmental information on the peatland and also
on the surrounding landscape (Kurki 1982; Charman 2002; Rydelek, 2013). These
studies, associated with geochronological and stratigraphic data, have contributed to
detailing the paleoecological and paleoclimatic changes that occurred during the
Quaternary in the RPG (e.g. Iriondo and Garcia, 1993; Borromei, 1995; Behling et al.,
2005; Iriarte, 2006; Tonello and Prieto, 2010; Medeanic and Correa, 2010; Evaldt et
al., 2014; Mourelle and Prieto, 2016; Gu et al. 2018).

This work contributes to the knowledge of evolutionary processes related to the
vegetational associations in the Campos region along the late Quaternary. It is a multi-
proxy investigation based on geochronology, sedimentology, palynology, and organic
matter and ash content analyses applied to samples of a drill core recovered from a
peat bog located in the Cacequi municipality, State of Rio Grande do Sul (RS), Brazil.
Through the entire studied interval since the early deglaciation, grassland plant
assemblages predominate. This is the first peat bog analyzed in the Campos region
with a multi-proxy approach since the previous ones were retrieved in the Coastal Plain
of RS, such as the Aguas Claras peat bog in Viam&o (Burjak and Marques-Toigo,
1980; Ribeiro et al., 2020), Capéo do Leédo (Neves and Bauermann, 2004), Rio Grande
(Bauermann et al., 2005) and Tapes (Salgado et al., 2021) municipalities. In the interior
of RS only one peat bog was studied based on palynological and geochronological

analysis (Sao Francisco de Assis municipality, Behling et al., 2005).
2. Studied area

A drill core was taken from a peat bog in the municipality of Cacequi, RS,
southern Brazil (Figure 1). Cacequi, located in the central-western RS, is characterized
by distinct geomorphological features such as hills and plains (Nascimento and Souza,
2010; Rademann et al., 2016), lying over Mesozoic sedimentary rocks of the Parana
Basin and Quaternary sediments (Wildner et al., 2006; Eltink et al., 2017; Silva et al.,
2017; Oliveira et al., 2018; Oliveira et al., 2020). Quaternary deposits occur along the
flood plains of the main rivers in the area and are composed predominantly of sand
and gravel (Da-Rosa, 2009; Medeiros et al., 2009). The peatland analyzed is

associated with these fluvial deposits where the relief is predominantly flat to gently
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undulated, with an average altitude of 97 m above sea level. The peat bog is located
at the geographic coordinates of 29°52'37.3" S and 54°50'13.2" W presenting an
elliptical shape, whose major and minor axes measure 55.1 m and 34.2 m,
respectively. The minor axis direction is N57°W, while the major axis direction is

N30°E. The peat bog covers a total surface area of 1.5 km2.

oy v A& T B, 757N )
55200 54900 54600 5430

Key
- Sanga do Cabral Formation
% Studied area

Q2a Holocenic alluvial deposits
KiBg Serra Geral Formation, Gramado fadies

Fig. 1. a) Location map of the RPG (Paruelo et al., 2007); b) Campos region and
Cacequi Municipality (IBGE, 2019); c) geological map of Cacequi Municipality and

sampling location of the analyzed peat bog (modified from Wildner et al., 2006).
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3. Current climate and vegetation

The municipality of Cacequi is under a transition zone between Subtropical Ib
and Subtropical Il climate types (Rossato, 2020). The annual average temperature
varies between 17° and 23°C, with the warmest average temperature between 23° and
29°C, and the coldest average between 11° and 14°C. The rainfall is well distributed
throughout the year with average values varying between 1,400 and 1,700 mm, being
more abundant in austral autumn (March, April, and May) and spring (September,
October, and November). During austral winter (June, July, and August) the driest
season of the year occurs (Reboita et al., 2012). Such climatic characteristics,
however, may change in periods of El Nifio-Southern Oscillation (ENSO) and La Nifa
(Grimm et al., 2000).

Regarding the vegetation cover, the studied area is part of an ecological domain
where Poaceae and Asteraceae predominate (Hasenack et al., 2010; Andrade et al.,
2018). Around 53 species have been identified in these grasslands, distributed in more
than 43 genera and 16 families (Boldrini et al., 2015; Andrade et al., 2018). The most
common species and genera are Axonopus pressus, Elionorus, Schizachyrium
microstachyum (Poaceae), Senecio, Baccharis coridifolia (Asteraceae), Bulbostylis
(Cyperaceae), Psidium. (Myrtaceae), Cardionema ramosissima (Caryophyllaceae),
Borreria verticillata (Rubiaceae), and Butia paraguayensis (Arecaceae; Hasenack et
al., 2010; Boldrini et al., 2015; Andrade et al., 2018). The Campos region vegetation is
characterized by a predominance of herbaceous plants showing characteristics that
make them totally or partially adapted to dry environments, although current climatic
conditions favor the development of forests (Verdum 2016; Buriol et al. 2019). The
anthropic actions carried out in the area comprise activities such as cattle, goat and
sheep farming (related to the trampling of animals and forage production) and forestry,
which have systematically mischaracterized the original plant cover. As a result of
silviculture, exotic species were introduced, mainly Axonopus, Pinus and Eucalyptus
spp. (Trindade et al., 2008; Santos, 2012; Boldrini et al., 2015; Hasenack et al., 2019).

4. Methods
4.1 Field sampling

The drill core is 3.20 m long and was collected with a Russian Peat Borer (Moore
et al., 1998) and packed in PVC tubes. Some of the physical characteristics of the

material were identified in the field, such as the color of sediments (Munsell Soil Color
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Chart, 1994), texture to the touch, presence or absence of physical discontinuities, and

plasticity of the material.
4.2. Geochronology

Three 1 cm?3 subsamples at depths of 0.48 m, 2.60 m, and 3.20 m were collected
using a 20 ml plastic syringe. Radiometric dating was performed at the Beta Analytic
Radiocarbon Dating Laboratory (Florida, USA). The technique used was radiocarbon
accelerated mass spectrometry (AMS), and the ages were calibrated by BetaCal 4.20
with the SHCAL20 Database (Hogg et al., 2020). The age-depth model was built in the
R program using the rBacon package (R Core Team, 2020).

4.3. Sedimentological analysis

Subsamples were collected at 10-cm intervals and processed using the
traditional method proposed by Tucker (1988). The sieving method separated the
granulometric fraction larger than 0.062 mm, while the pipetting method was adopted
for the fine fraction. The textural classification proposed by Flemming (2000) was used,

being better applicable in muddy sediments.
4.4. Organic matter content

The traditional Walkley-Black method was applied (Walkley & Black, 1934),
oxidizing the organic carbon with potassium dichromate and adding concentrated
sulfuric acid. Potassium dichromate was added in a known amount greater than
organic carbon in the sample. The excess oxidizing agent from the reaction was
determined by titration with ferrous sulfate. Subsamples were collected at 10-cm

intervals.
4 5. Ash content

The ash content was obtained as residue from loss on ignition, burning the
organic matter in a muffle at 650° C for 4 hours and then calculating the relationship
between the residual weight and the initial weight of the sample, with the result,
expressed in percentage (Allen et al., 1989). All subsamples were collected at an
interval of 6 cm up to a depth of 2.70 m; from there and towards the base of the core,

only sandy sediments predominated (data available on request).

4.6. Palynological analysis
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Subsamples equivalent to 1 cm® were collected at 6 cm intervals. The
methodology used was acetolysis (Faegri and lversen, 1975), which consists of
treatment with HCI and HF acids to remove mineral matter and humic constituents
present in the sampled materials, as well as adding two tablets of Lycopodium
clavatum. After the chemical treatment, four slides were mounted with glycerine for
each subsample. A minimum of 300 pollen grains were counted and identified in each
slide analyzed under an optical microscope with a 400x magnification lens. Pollen
grains were identified by comparison using previous articles as reference (Salgado-
Labouriau, 1973; Barth-Schatzmayr and Melhem, 1988; Bauermann et al., 2005; Punt
et al., 2007; Medeanic and Corréa, 2010; Evaldt et al., 2014; Chase et al., 2016;
Radaeski et al, 2016; Mourelle et al., 2018) and the Pollen Catalog Network (RCPol)
reference catalog. Pollen’s taxonomic classification followed the system established
by the Angiosperm Phylogeny Group IV (Chase et al., 2016). After pollen identification
and quantification, digital photographic documentation was performed using a Zeiss
binocular microscope model AxioVision SE64, coupled to a computer and Zeiss digital
camera model AxioCam MRc.

4.7. Statistical analyses

Pollen sums were calculated based on all taxa present and belonging to
different categories (herbs, trees and aquatics). Statistical analyses were based on
calculations of the relative frequency of identified pollen grains using the TILIA and
TILIAGRAPH programs (Grimm and Troostheide, 1994). Cluster analysis was
established by pollen diagrams using the programs CONISS (Grimm, 2011) and R (R
Core Team, 2022). Pollen zoning was initially based on a cluster analysis of raw data
values with double standardization of Wisconsin and Bray-Curtis distance using the
UPGMA method (Unweighted Pair Group Method using Arithmetic averages). The R
packages “dendextend” (Galili, 2015) and “vegan” (Oksanen et al., 2022) were adopted
to produce the dendrogram and the similarity matrices, respectively. Wisconsin
standardization scales the abundance of each taxon (matrix contenting all biological
data) to its maximum values throughout the core (Mander et al., 2010). This equalizes
the possible effects of rare and/or very abundant taxa (Bray and Curtis, 1957). Based
on the “cutree” function of the R package “dendextend” (Galili, 2015), pollen zonation
was divided into four groups (similarity less than 0.6). A permutation analysis of

variance (PERMANOVA) was performed to test whether the groups are statistically
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different. A Non-Metric Multidimensional Scaling (NMDS) was also carried out to

recognize and interpret assemblage-level patterns in a two-dimensional space.
5. Results
5.1. Geochronology

The drill core covers the last ~17,4 cal yr B.P., spanning the late Upper
Pleistocene stage and the Holocene series (see Cohen et al., 2021). The age and
depth model (Figure 2) shows a sedimentation rate relatively uniform between depths
of 3.20 m and 0.50 m (calibrated ages between 17,427 cal yr B.P. and 523 cal yr B.P.,
Table 1), with a mean rate of 16 cm/kyr. Between 0.50 m and 0.00 m (sampling year
in 2014), the deposition rate is higher, equivalent to 85 cm/kyr. This uppermost level
corresponds to the peat acrotelm, where oxidation processes are more intense and
sediment compaction is lower (Holden, 2005). Given the limited number of radiocarbon
datings and, therefore, limited age control, we refer our results in broad time-windows

instead of precise age-intervals.

Logd Ciecive.
ol i

Cacequi

i

i

Fig. 2: Age-depth model for the 3.20 m sediment core sampled (bottom panel). The
mean age-depth model is indicated by the red stippled line, the 95% confidence ranges
are indicated by dark-grey stippled curves, and the three calibrated dates are shown
in blue. Upper panels from left to right display (1) the Markov chain Monte Carlo
(MCMC) iterations, the prior (green curves) and posterior (grey histograms)

distributions for (2) the sedimentation rate and (3) memory.



Pagina | 46

Table 1. Conventional radiocarbon and calibrated ages (in yr B.P.) obtained for the

Cacequi peat bog samples based on SHCal20 (Hogg et al. 2020).

Depth  Laboratory = Conventional 2-sigma calibrated Median age
(m) ID age ages ranges (cal yr BP)
(**C yr BP) (cal yrs BP)
0.48 Beta-351385 460 + 30 520 to 446 (83.9 %) 494
357 to 333 (11.5%)
2.60 Beta-349807 11,320 £ 60 13,301 to 13,101 13,191
3.20 Beta-35210 14,390 £ 50 17,796 to 17,312 17,427

5.2. Granulometry, ash content and organic matter

The sedimentary profile is constituted by fine sediments, with mud being

predominant (Figure 3). The vertical variations of granulometry and ash and organic

matter contents along the analyzed profile are shown in Figure 4 and data referring to

granulometry and organic matter are shown in Table 2.

Description of the sedimentary material

0.00

Palecenvironmental interpretation

Clayey silt and silty clay with 2.6% sand, 67.1% silt and
B 30.3% clay. Massive and with a lot of crganic plant material
associated (fragment of leaves and roots). Dark greemsh gray
i (SGY/A).

Peat bog formation.

0.50

Silty slightly sandy nmd, clayey shghtly sandy mud. shghtly
clayey silt, with 3.9% sand 734% silt and 20.8% clay.
Massive and with little associated plant organic material (Toot
fragments). Very dark gray (N/3).

Depth (m)

1.70

Peat bog formation.

Clayey sandy mud with 39.7% sand 33.4% silt and 26.9%
clay. Massive and with a lftle associated plant orgamic
material (root fragments). Dark greemush gray (10G/4).

Lacustnne emvironment, perenmal and low-energy, with
organic matter aceunmlation.

2.50

Shghtly silty sand and shghtly clayey sand with 83.1%
sand, 10.3% silt and 6.4% clay. Massive and no plant and
organic material associated. Dark grayish green (3GY/4/2).

3.20

Lacustine environment, ephemeral and low-energy, with no
organic matter aceunmlation.

Fig. 3: Sedimentary profile showing the variation in mean grain size and

paleoenvironmental interpretation of Cacequi peat bog.

Sandy fractions only occur at the base of the core, between 3.20 and 2.50 m.

At this level, the sedimentary material is characterized by slightly silty sand to slightly
clayey sand (83.1% sand, 10.5% silt, and 6.4% clay). The color is dark
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Fig. 4: Columnar profile of Cacequi peat bog showing sedimentary succession, organic

matter, and ash content.

grayish green (5GY/4/2) and no plant remains were identified. The average percentage
of organic matter content is 1.8%, accompanied by a maximum ash content of 96.93%.
At the top of this level, the sediment remains massive, but presents a vertical gradation

to dark greenish gray (10G/4) massive clayey sandy mud, which extends to a depth of

1.70 m.

The 2.5-1.70 m interval is characterized by small amounts of decomposed
fragmented plant remains and the intercalation of dark greenish gray (10G/4) clayey
sandy mud. More precisely, the sedimentary material comprises 39.7% sand, 33.4%
silt, and 26.9% clay. The organic matter reaches an average value of 15.03% and ash

content reaches 86.19%. This interval indicates the
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Table 2. Values (in percentage) of granulometry and M.O. of the samples referring to

the Cacequi peat bog.

SAMPLE DEPTH (m) % SAND % SILT % CLAY % O.M.
1 0.0 1.33 94.96 3.70 58.19
0.1 2.49 35.26 62.25 62.90
3 0.2 5.18 62.43 32.39 49.11
4 0.3 1.38 75.79 22.83 20.00
5 0.4 0.53 72.40 27.07 21.24
6 0.5 0.81 92.59 6.59 14.50
7 0.6 0.65 90.66 8.69 33.86
8 0.7 1.43 97.81 0.76 30.31
9 0.8 1.10 88.61 10.29 30.25
10 0.9 1.17 84.20 14.63 18.58
11 1.0 10.33 86.33 3.33 52.64
12 11 8.05 76.52 15.43 45.83
13 1.2 6.04 56.44 37.52 30.65
14 1.3 8.66 64.48 26.87 17.14
15 1.4 4.04 50.19 45.77 11.70
16 15 3.06 69.12 27.82 30.80
17 1.6 4.52 50.28 45.20 31.85
18 1.7 7.41 90.49 2.10 33.90
19 1.8 20.63 34.87 44.51 24.10
20 1.9 32.14 28.69 39.17 22.54
21 2.0 47.84 34.72 17.45 13.65
22 2.1 45.99 27.54 26.47 10.70
23 2.2 46.59 33.14 20.27 9.03
24 2.3 56.05 15.21 28.74 4.75
25 2.4 67.73 16.49 15.78 1.58
26 25 83.09 16.15 0.76 2.84
27 2.6 84.27 11.07 4.66 2.17
28 2.7 84.42 4.17 11.41 1.53
29 2.8 81.20 14.27 4.53 0.80
30 29 83.53 8.23 8.24 0.70
31 3.0 79.47 2.66 17.88 241
32 3.1 78.85 9.38 11.77 1.97
33 3.2 80.40 4.87 14.73 1.71

implantation of reducing conditions in the environment, favoring the preservation of

organic matter in relation to the previous interval.

Between 1.70 and 0.50 m, the sediments are characterized by silty slightly
sandy mud, clayey slightly sandy mud and slightly clayey silt, with 3.9% sand, 75.4%
silt and 20.8% clay. The material is massive with a few plant fragments associated
(root fragments) and with a very dark gray (N/3) color. The organic matter reaches an
average value of 28.4% and ash content reaches 50.38%. Both the lower and upper
contact are gradual. The higher organic matter content and consequent darker color
compared to the previous level, is associated with fine grain-sizes which favor reducing

environmental conditions.

In the uppermost portion, above 0.40 cm, the sediment consists of clayey silt

and silty clay, with 2.6% sand, 67.1% silt and 30.3% clay. It has a dark greenish-gray
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color (5GY/4/1) and a large amount of fragmented plant remains (leaves and roots)
associated. This level has the highest average of organic matter (46.05%) which is
associated with an ash content of 58.47%. This ash content greater than 50%,
classifies as a highly silty peat bog (Okruzko, 1994).

5.3. Palynology

Palynological data show a predominance of grasses and herbs throughout the
sedimentary profile. Despite this apparent homogeneity, some variation occurs in the
plant assemblages. CONISS analysis shows four distinct pollen zones (Figures 5A,
5B, 5C and 5D), which are also indicated in the cluster analysis (Figure 6A), being
statistically different from each other (p=0.002, F=5.1349). Considering the four pollen
zones, only one is suggested by a single sample, being indicated both in the CONISS
analysis and in the cluster analysis. Cluster analysis also reveals that the closest taxa
within each zone are the most common and abundant palynomorphs. Finally, NMDS
analysis once again revealed the same four pollen zones, as well as overlapping pollen

groups with sample clusters throughout the core (Figure 6B).

CCQ I Zone (3.20 m — 2.50 m) shows a predominance of grassland taxa, with
Poaceae (40 — 55%) and Asteraceae (5 — 15%) occurring in greater quantity. Four taxa
comprise between 5 and 10% (Eryngium, Amaranthaceae, Borreria. and Hyptis), while
eleven reach values below 5% (Croton, Cuphea, Pavonia, Valeriana, Lippia,
Cerastium, Solanum, Justicia, Orobanchaceae, Erythroxylum and Sinningia). The
most abundant tree constituent is Myrcia, between 5 and 20%, accompanied by
Rutaceae, Tetrapterys, Acacia and Apocinaceae, each with 5%. Struthanthus,
Melastomataceae, Phyllostylon, Myrsine, Vochysiaceae and Sapindaceae occur as
less than 5%. Agquatic taxa are represented by Myriophyllum and Polygonum, both
between 5 and 15%. Great diversification is observed regarding ferns and bryophytes,
but below 20%. The most representative taxa for each of these groups are Blechnum
and Selaginella (ferns), as well as Anthoceros, Phaeoceros and Sphagnum
(bryophytes). Botryococcus and Closterium are the predominant algae, representing

more than
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Fig. 5: Percentage diagram of the palynomorphs showing the frequency of pollen grains, spores and algae taxa from the core grouped
into herbs (5a), trees and aquatics (5b), ferns, bryophytes, algae, and fungi (5¢), sum and pollen zones (5d).
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Fig. 6: Cluster analysis from Cacequi peat bog and the four pollen zones indicated by
pollen similarities (A) and NMDS analysis pointing out previously distinct groups as
well as the overlap of pollen groups with the clustering of samples along the core (A).

The cores representing the cluster groups (B).

20%. Fungi (more than 75%) and hyphae (20%) are abundant at this pollen zone.

Arthropods fragments were identified in the base of this zone.

CCQ Il Zone (2.50 m — 1.60) is characterized by an increase in both Poaceae
(55 — 65%) and Asteraceae (10 — 25%) as well as Eryngium L. (5 — 15%).
Amaranthaceae (5 — 10%) and Borreria (5%) remain stable, while taxa with less than
5% are more diversified (Hyptis, Ephedra, Eleocharis, Polygala, Cuphea, Pavonia,
Valeriana, Convolvulus, Orobanchaceae, Erythroxylum and Sinningia). Myrcia and
Acacia represents arboreal taxa (5 — 10%), in addition to Rutaceae, Mimosa,
Apocynaceae, Weinmannia and Sapotaceae each with 5%. Struthanthus, Phylostylon,
Vochysiaceae and Sapindaceae occur lower than 5%. Aquatic taxa show little
diversification, being represented by Myriophyllum in 5%, and Typha and Polygonum
below 5%. Ferns and bryophytes show little change, with an increase in Blechnum (up
to 70%) at the zone base but decreasing again towards the top (15 — 40%). No major
changes were noted regarding to bryophytes, except for a decrease in the amount of
Anthoceros. The algae constituents are still represented mainly by Botryococcus (both
with up to 20%), but there is a pronounced increase in Pseudoschizaea (15%), which
in the previous zone were less than 5%. Fungi decreased (55%) while hyphae

remained unchanged (20%).
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CCQ Il Zone (1.60 m — 0.50) is also characterized by an increase in Poaceae
(50 — 75%) and Asteraceae (15 — 30%), followed by a slight decrease in Eryngium
(10%); Amaranthaceae, Croton, Borreria, Ephedra, Eleocharis with 5% and Hyptis,
Polygala, Cuphea, Pavonia, Plantago, Valeriana, Solanum, Convolvulus,
Sisyrinchium, Berberis, Orobanchaceae, Erythroxylum and Sinningia appear with less
than 5%. Myrcia, the major arboreal constituent, shows a decrease (5%), as well the
other trees (Weinmannia, Gunnera, Loasaceae, Rutaceae, Acacia, Phylostylon,
Vochysiaceae, Ericaceae, Stizophyllum, Mimosa, Tournefortia, Myrsine, Prunus, and
Sapindaceae), with less than 5%. Greater diversification is observed among aquatic
constituents, being Typha (5%) the most abundant, followed by Polygonum,
Echinodorus, and Myriophyllum, with less than 5%. There is a significant increase in
Blechnum (35 — 75%), values that remain relatively constant throughout the pollen
zone. Regnellidium, Anemia and Hymenophyllum are no longer detected. Regarding
bryophytes, the taxa remain the same, with a slight increase in Anthocerus Algae
shows an evident decrease, being represented by Closterium and Pseudoschizaea,
both with 5%. There is also a remarkable decrease in fungi (20%) and a smaller one
in hyphae (15%). Arthropods fragments and remains of plathyhelminthes eggs were

identified in this zone.

CCQ IV Zone (0.50 m — 0.00 m) shows Poaceae (40 — 60%) and Asteraceae (5
— 20%) still predominating, followed by Amaranthaceae (5 — 15%), Eryngium (5 — 10%)
and Borreria (10%). Hyptis, Croton, Polygala, Cuphea, Pavonia, Plantago, Valeriana,
Lippia, Solanum, Calyceraceae, Orobanchaceae, Erythroxylum and Sinningia occur in
less than 5%. Arboreal taxa are represented by Myrcia (5 — 10%) along with Rutaceae,
Tetrapterys and Acacia each with 5%, while Mimosa, Weimannia, Annonaceae,
Roupala, Phylostylon, Vochysiaceae, Schinus, llex, Arecaceae, Stizophyllum,
Meliaceae, Sapindaceae and Sapotaceae occur with values below 5%. The most
abundant aquatic constituent is Polygonum (5%), followed by Echinodorus. and
Laguncularia with less than 5%. A decrease in Blechnum. (25 — 35%) is observed, as
well as the absence of Botrychium, Isoetes, Regnellidium diphyllum, Anemia and
Hymenophyllum. Ophioglossum and Sphagnum is registered in the same quantities.
Botryococcus Kiitzing and Closterium (each with 5%) are the predominant algae,
occurring a slight decrease of Pseudoschizaea. A conspicuous increase in fungi (60%)

is observed, while hypha remains at 15%. As in the previous zone, fragments of
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arthropods and remains of plathyhelminthes eggs were identified. Table 3 shows a

summary of vegetation changes and associated climatic events in the study area.
6. Paleoenvironmental interpretation

The most notable aspect observed is the predominance of taxa associated with
grasslands throughout the time covered by the core. However, the compositions of the
identified floral assemblages changed over time, mainly regarding the aquatic taxa. In
the lower sandy layers of the core, aquatic taxa, ferns, and bryophytes are less
abundant and diversified. This shows that at the beginning of the peat formation, the
water body was shallow and ephemeral, receiving large amounts of sediments due to
an incipient vegetation cover that would prevent erosion of its margins. In this sandy
basal pollen zone (CCQ I), where the sediment color is light gray, the lowest values of
organic matter occur, and Closterium and Botryoccoccus are more common,
evidencing a reduced contribution of plant remains in an unfavorable environment for
preservation. The climatic characteristics would be associated with drier conditions
which would last throughout the deglaciation from the base of the record up to the
Holocene onset. Similar condition is observed by other authors in different regions of
the RPG based on palynological studies (Iriondo and Garcia, 1993; Iriarte, 2006;
Tonelo and Prieto, 2010; Paez et al., 2015) as well as on different proxies (Novello et
al., 2017, Cufa-Rodriguez et al. 2020, Lopes et al., 2021). According to such studies,
cold and dry conditions prevailed on the southern portion of South America, associated
to the Antarctic Cold Reversal (Pedro et al., 2016; Segredo et al., 2018, Mendelova et
al., 2020), a climatic event between 14.700 and 13.000 yr B.P., that was observed
specially in the southern hemisphere (Fogwill et al., 2020; Stewart et al., 2021). While
our data is consistent with drier climatic conditions it is not sufficient to indicate cold
conditions. The high ash contents associated with low amounts of organic matter
indicate oxidizing conditions, inhibiting the processes related with accumulation and

maturation of plant organic
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Table 3. Synthesis of vegetation changes and associated climatic characteristics (see section 5.3) within the identified pollen zones,

indicating their depth intervals and estimated calibrated age ranges (see section 5.1) in the Cacequi peat bog.

DEPTH
INTERVAL

(m)
0.00 - 0.50

0.50-1.70

1.70-2.50

3.20-2.50

ESTIMATED AGE
INTERVAL (median
agesinyr B.P.)

523 to 64
(sampling year = 2014)

7,769 to 523

12,666 to 7,769

17,427 to 12,666

ZONE

CCQ IV

ccol

ccQll

cCcQl

PALYNOLOGICAL
ASPECTS

Polygonum and small decrease in the
quantity and diversity
of ferns and bryophytes;
predominant grassland plant
formations;
tree and shrub plant diversified.

Typha and increase in the quantity
and diversity of ferns and bryophytes;
predominant grassland plant
formations;
tree and shrub plant diversified.

Myriophyllum and Typha and slight
increase of ferns and bryophytes;
predominant grassland plant
formations;
tree and shrub plant diversified.

Myriophyllum and Polygonum and
slight increase of ferns and
bryophytes;
predominant grassland plant
formations;
tree and shrub plant diversified.

INTERPRETED
PALEOENVIRONMENT

Silted up lake, swampy
environment.

Perennial and swampy lake.

Perennial, shallow and slightly
reducing lake.

Ephemeral, shallow and
oxidizing lake.

INTERPRETED
CLIMATIC
CHARACTERISTICS

Humid

Very humid

Slightly humid

Dry
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matter. In this pollen zone, the antagonistic relationships between ash content and
organic matter are similar to those observed in other peat bogs (Silva et al., 2009;
Rydelek, 2013; Galka et al., 2016), indicating that the mineral material associated with
the ash is allochthonous. The absence of fragmented plant remains and the lighter
color of this material indicate an oxidizing environment, and the external origin of ashes
at the base of the drill core. The inversely proportional relationship between ash
content and organic matter continues at CCQ Il Zone, but with a trend decreasing ash
content and increasing organic matter. That indicates the beginning of wetter
environmental conditions for the preservation of organic matter and decrease of the
external sandy sedimentary input, probably associated with a more stable water table.
A slight increase in the diversity of aquatic macrophytes is observed at the base of this

pollen zone, as well on Pseudoschizaea increaese.

Up to higher zones (CCQ Il and CCQ IV) there is a more evident increase in
the diversity of aquatic taxa, ferns, and bryophytes. The sediment is muddy and
associated with high levels of organic matter and plant fragments. An increase in plant
population at the edges of the water body better prevents the input of sandy material
from outside the bog. These characteristics indicate perennial and anoxic aquatic
conditions fully established during peat evolution. This context also suggests that
higher humidity rates would be occurring in the Campos region, since not only a greater
increase in the amounts of Poaceae and Asteraceae were detected in these zones,
but also an increase in the abundance of other pollen taxa, notably Borreria, Croton,

Polygala, Plantago and Solanum.

A similar increase in diversity of trees constituents is observed through these
zones mainly of Mimosa, Roupala, Ericaceae and Myrsine. But the relevant taxa are
the aquatic (Myriophyllum, Polygonum, Typha, Echinodorus, and Laguncularia)
definitely showing the increase in climatic humidity. This augmentation of humidity is
not only noticeable in the Campos region, but also throughout the entire area covered
by the RPG, both in Uruguay and Argentina. In Uruguay, Iriarte (2006), Mourelle and
Pietro (2016) and Mourelle et al. (2018) identified an increase in vegetation
constituents associated with humid environments, notably Myriophyllum, between
10,000 and 6,620 years B.P. Likewise in Argentina, the increase in aquatic constituents
is more evident between 8,000 and 5,000 years B.P. (Borromei, 1995; Pietro, 1996;
Quattrocchio et al., 2008; Grill and Morras, 2010; Paez et al., 2015). This increase in

humidity detected by palynology was also recorded in other parts of South America,
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based on different proxies. Bernal et al. (2016) observed this event through isotopic
studies in a stalagmite from Botuvera Cave (southern Brazil), resulting from increased
rainfall in the region during the Holocene. Furthermore, Guerra et al. (2017) identified
the same trend for the northern portion of the RPG in Argentina, based on geochemical
analyses of Holocene sediments from Lake Melinkué. The CCQ IV Zone still remains
the humid climatic conditions. Such a scenario is in agreement with the various results
presented for the south of the RPG, based mainly on studies of different microfossils
present in lagoon environments (Stutz et al., 2014; Cufia-Rodriguez et al., 2020;
D’Ambrosio et al., 2020; Sagrario et al., 2020; Lopez-Blanco et al., 2021; De Francisco
et al., 2022). Figure 7 schematically shows the main palynological features associated
with the time intervals covered by the core.

In the CCQ Ill and CCQ IV Zones, ash content and organic matter show very
similar behavior, indicating that the mineralized contents associated with the ash are
autochthonous and biogenic. At these pollen zones, the abundant presence of
Poaceae would be contributing significantly to the high ash content recorded, since
this family is a major producer of biomineralized structures (Hodson et al., 2005; Katz,
2014; He et al., 2014, Talik et al., 2018; Cuéllar-Cruz et al., 2020; Cortizas et al., 2021;
Kumar et al., 2021). One of the most interesting findings of this work is the probable
association of high ash content in the peat with the type of vegetation that constitutes
it, particularly in what concern Poaceae. This is because, although Sphagnum occurs
in all pollen zones, especially at the lower ones, its quantity is always small, less than
10% of the identified bryophytes. Therefore, this plant constituent could not be the main
contributor to the ash content, as occurs in classic peat bogs in the northern
hemisphere (e.g. Rydin et al.,, 2006; Loisel et al., 2008; Peregon et al., 2009,
Pawloswski et al., 2014; Makila et al., 2018) where few peats are dominated by shrub
or arboreal constituents (Birks and Birks, 1980; Edvardsson et al., 2015). In this
context, the Cacequi peat bog shows more similarities with other peat bogs described

in Brazil, where the predominant vegetation constituents are
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Fig. 7: Main palynological features associated with time intervals covered in the core.
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phanerogams associated with grasslands areas (Suffert, 1998; Silva et al., 2013;
Araujo et al., 2019; Lima et al., 2020).

In the four identified pollen zones, forest-related plant taxa show little variation
through time, with Myrcia prevailing in all of them. At CCQ | Zone the forest taxa show
values close to 20%. However, in the Zones CCQ Il and CCQ Ill, fluctuation of these
constituents is observed, and in the limit between both, the minimum values of Myrcia
occurs (between 5 and 10%). Following the fluctuation of forest constituents, an
increase in Poaceae, aquatic constituents, ferns and bryophytes is observed mainly at
CCQ Il Zone. This could be suggesting that the forest constituents are no longer near
or on the edges of the water body, but further Away from them, which would have
inhibited the arrival of forest pollens to the peat bog area. Arboreal vegetation located
away from the edges of the water bodies is a common feature in the RPG (Tonello and
Pietro, 2008; 2009; Grill and Morras, 2010; Mourelle and Pietro, 2016; Gu et al., 2018).
Another possible interpretation is change of part of the genera related to Poaceae,
exchanging grassland constituents by forest’s (e.g., Bambusoideae type), under wetter
climatic conditions, a fact observed by Iriarte (2006), Quattrocchio et al. (2008), and
Mourelle and Pietro (2016) in Argentina and Uruguay, and Radaesky et al. (2016;
2020) for the coastal plain of RS, within the Campos region. However, in the same way
that herbaceous constituents have shown variation through time, the arboreal ones
also show this change. At CCQ Il Zone the decrease in Myrcia is accompanied by a
slight increase in Rutaceae and Acacia, while at CCQ Ill Zone the greatest diversity of
forest taxa is identified. The most abundant plant constituents related to forests
identified in the present study (Myrcia, Rutaceae, and Acacia) were also identified in
other areas of the RPG, both in Uruguayan (Mourelle and Pietro, 2016) and Argentina
territory (Grill and Morras, 2010).

7. Conclusions

The integrated analysis between sedimentology, geochronology, ash content,
organic matter content, and palynology proved to be useful, allowing to establish the
evolution of the studied peatland. The base of the record at the early deglacial (~17.4
cal kyr B.P.), indicating initially an ephemeral pond associated with a dry climate. The
pond gradually evolved into a permanent water body associated with wetter climatic
conditions (Figure 8). For the first time in the Campos region, a drill core was analyzed
not only from the perspective of palynology, geochronology, and sedimentology but

also with the analysis of ash and organic matter content. The integrated analysis of
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these proxies made it possible to establish the evolutionary processes of the peat-
forming environment and its surroundings and, consequently, the variations in climatic

conditions for the Campos region over the studied time interval.

A

Sand - Mud - Organic matter-rich mud

Fig. 8: Block diagrams representing the paleoenvironmental evolution of the analyzed
peat bog, based on the analyzed proxies. The diagrams are merely illustrative and do

not represent quantitative results.

The palynological content is dispersed along the sedimentary profile,
predominantly constituted by organic mud deposited on a sandy substrate. This
material was generated in subaqueous conditions, gradually evolving from an
intermittent to a permanent lake. All pollen taxa here identified and associated with
grasslands have current equivalents. The changes in climatic humidity throughout the
record were identified not only by sedimentological data, ash and organic matter
contents, but mainly through the quantitative variation of aquatic taxa, in the same way
as in other areas of the RPG. During dry climate intervals, the high ash content present
in the peat was due to the input of sediment in the peat-forming environment. In these
periods, the surroundings of the water body have a smaller area of plant cover and,

therefore, are more susceptible to erosion processes.
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However, when the climatic conditions became more humid, the high ash
content in the peat was maintained by the biomineralized structures produced by the
Poaceae, since the erosive effects in the surroundings of the peat would decrease,
reducing the plant contribution resulting from them. This is consistent with the
predominance of muddy sediments in the upper levels, and not more sand, as in the
lower level. Due to the prevalence of grassland vegetation throughout the core, similar
to the present day, the floristic diversity of the PB Campos region would have been

established prior to the deglaciation, when dry weather predominated.
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Abstract

The Rio de la Plata Grasslands is a biome characterized by a vast and open landscape
with a vegetational set constituted predominantly by herbs and sparse trees. It covers
the central-west portion of Argentina, all of Uruguay and the central-southern portion
of the State of Rio Grande do Sul (southern Brazil) where it is called the Pampa Biome.
Despite its apparently monotonous vegetation cover, the Rio de la Plata Grasslands
hide a great floral heterogeneity and species richness since it comprises one of the
richest regions in plant diversity in the world. In this context, it is surprising that
palynological research on this immense and important biome has been concentrated
in the territory corresponding to Argentina, with rare studies coming from Uruguay and
Brazil. This work illustrates and describes phanerogam pollen grains recovered from a
core drilled in a peat bog located in the municipality of Cacequi, Rio Grande do Sul
State, Brazil, also contributing to the understanding of landscape and climate evolution
in the Rio de la Plata Grasslands. The drill core is 3.20 m long, and its base has been
dated at 17,424 cal BP. Twenty-five taxa associated to grassland formations, twenty-
two to forested formations and five to aquatic environment were identified. The

grassland taxa remained dominant throughout this time interval.
Keywords: palynology, Quaternary, phanerogams, Pampa Biome.

1. Introduction
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The Rio de la Plata Grasslands (RPG) comprise one of the largest areas
constituted by field landscapes of the world (Paruelo et al., 2007; Dixon et al., 2014;
Andrade et al., 2018; Overbeck et al., 2022; Hasenack et al., 2023). It is subdivided
into different ecoregions shared between Argentina, Uruguay, and Brazil (Vega et al.,
2009; Paruelo et al., 2007; Oyarzabal et al., 2020). The Brazilian and Uruguayan
portion of the RPG is known as Campos do Norte, which in Brazilian territory is also
called Subtropical Southern Fields or Pampa Biome (PB) (Boldrini et al., 2010; Bencke
et al.,, 2016; Andrade et al., 2019; Figueir6é and Sell, 2020; Overbeck et al., 2022;
Hasenack et al., 2010, 2023). According to Mourelle and Prieto (2016) and Andrade et
al. (2018), within the PB, C4 grasses predominate while in the southernmost portion of
the RPG Cs grasses are dominant. One of the main aspects concerning the PB is the
predominance of grassy vegetation completely or partially adapted to dry climates,
although the current humid conditions would favor the development of forests
(Lindman, 1906; Rambo, 1956; Crawshaw et al., 2007; Boldrini et al., 2010; Bencke,
2016; Verdum, 2016; Hasenack et al., 2019; Buriol et al., 2019).

Palynological data shows that until the Last Glacial Maximum (LGM) there was
predominance of grassland vegetation associated with a dry climate, and that this
condition lasted until about 8,000 years ago in the entire RPG (Prieto, 1996; Iriondo,
1999; Coronato et al., 1999; Iriarte, 2006; Medeanic and Correa 2010; Paez et al.,
2015; Gu et al., 2018). From this period onwards, the gradual increase in humidity was
accompanied by the increase and diversification of arboreal taxa, however not
restricted to refuges and gallery forests, but also in the form of more diversified albeit
sparse tree vegetation (Behling, 2002; Behling et al., 2009; Andrade et al., 2018;
Bocalon et al., 2023). Despite this arboreal diversification, plant taxa associated with
herbs and shrubs are still predominant (Behling et al., 2009; Evaldt et al., 2013;
Radaeski et al., 2020; Bocalon et al., 2023).

Palynological studies in the PB have been carried out only in recent years, as
most investigations have been conducted in the Argentinian RPG territory, with a
significant lack of research both in Brazil and Uruguay. Therefore, comparative studies
regarding geochronological data and paleoclimatic conditions prevailing during the
Late Pleistocene and Holocene in the RPG are still scarce. In this context, the recent
work by Bocalon et al. (2023) investigated a core collected from a peat bog located in
the municipality of Cacequi, State of Rio Grande do Sul (RS), Brazil. The study was

based on geochronology, sedimentology, palynology, and organic matter and ash
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content, making it possible to understand the environmental evolution of the peatland
and its surroundings and the climate changes in the PB since the base of the record
at the early deglacial (~17.4 cal ka BP). The present study, therefore, tries not only to
describe and illustrate the pollen grains present in the drill core, but also to emphasize
their spatial and temporal occurrence along the RPG since the LGM. This article
assumes relevantimportance because for the first time it tries to integrate palynological
data collected in RPGs during recent years.

2. Studied Area

The drill core was collected in a peat bog located in the municipality of Cacequi
(Figure 1), in the central-western portion of RS, where the geomorphological landscape
is composed of gentle hills and plains (Nascimento and Souza, 2010; Rademann et
al., 2016) developed over Mesozoic sedimentary rocks of the Parana Basin and
Quaternary sediments (Wildner et al., 2006). Quaternary deposits are mainly
composed of sand and gravel (Da-Rosa, 2009; Medeiros et al., 2009), occurring along

the flood plains of the Cacequi, Saicd, and Santa Maria rivers (Rademann et al., 2016).

Cacequi municipality is located in a transition between Subtropical Ib and
Subtropical Il types (Rossato, 2020), with annual average temperature ranging
between 17° and 23°C with warm summer and cold winter. Rainfall is more abundant
in austral spring and autumn with winter generally being the driest season (Reboita et
al., 2012).

The vegetation cover of the Cacequi region is included in the grassland
ecological system classified as inland sub-montane by Hasenack et al. (2023).
Previous studies (Trindade et al., 2008; Boldrini et al., 2015) have identified about 16
families, the most common being Poaceae, Asteraceae, Cyperaceae, Myrtaceae,
Caryophyllaceae, Rubiaceae, and Arecaceae. However, the current anthropic
pressures taking place in the area, mainly those related to forestry and goat, cattle and
sheep farming, are de-characterizing the original vegetation cover. Noteworthy is the
introduction of exotic species by foresters, mainly of the genus Eucalyptus (Trindade
et al., 2008; Hasenack et al., 2019).

The peat bog is elliptical and covers a total area of 1.5 kmz, with the longest axis
measuring 55.1 m and the shortest 34.2 m, located at the geographic coordinates of
29°52'37.3" S and 54°50'13.2" W.
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Figure 1. a) Location map of the RPG (Paruelo et al., 2007); b) Cacequi Municipality
(IBGE, 2019); c¢) Palynological records of the RPG used in this work (according to
Table 2).
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3. Methods

A Russian Peat Borer (Moore et al., 1998) was used to collect the drill core,
which has a total depth of 3.20 m. A detailed core description is available in Bocalon
et al. (2023). Figure 2 shows a concise description and the age-depth model which
was built based on three accelerator mass spectrometry (AMS) radiocarbon datings,
published in Bocalon et al. (2023), and one additional AMS radiocarbon dating from
this study (Table 1). The age model was built with the rBacon package v.2.5.8. (Blaauw
and Christen, 2011), based on the four radiocarbon datings using the SHCAL20
calibration (Hoog et al., 2020) and considering the sampling year (2014) as the age of
the top. The core spans a period of 17,424 yr, comprising the late Upper Pleistocene
stage and the Holocene series (see Cohen et al., 2021). In agreement with the previous
version, the age-depth model reveals a relatively uniform sedimentation rate of ~16
cm/kyr between depths of 3.20 m and 0.50 m increasing to ~85 cm/kyr between 0.50
m, and the top. This uppermost level represents the peat acrotelm, characterized by

heightened oxidation processes and reduced sediment compaction (Holden, 2005).
4. Palynology

At an interval of every 6 cm along the profile, a subsample of 1 cm?® was
collected. The subsamples were acetolysed according to Faegri and Iversen (1975),
where HCl and HF were used to remove mineral matter and humic constituents present
in the sampled materials, along with the addition of two tablets of Lycopodium
clavatum. After the chemical treatment, four slides were mounted with glycerin for each
subsample. Every slide had a minimum number of 300 pollen grains counted and
identified using an optical microscope with a 400x magnification lens. The identification

of pollen grains was based on
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Dark greenish gray (5GY 4/1) Clayey silt
and silty clay, massive with abundant
fragments of leaves and roots

Very dark gray (N3) silty slightly sandy

mud, clayey slightly sandy mud, and

clayey silt, massive with little associated
\ plant organic material (root fragments).

Depth (cm)

Dark greenish gray (10G/4)
clayey sandy mud, massive with
little associated plant organic
material (root fragments).

A Dark grayish gray (5GY 4/2),
slightly silty sand and slightly
clayey sand, massive with no
organic material associated.

-

0 5000 10,000 15,000
cal BP
Figure 2. Age-depth model and description of the sediment core (based on Bocalon et
al., 2023). The mean age-depth model is indicated by the red stippled line, the 95%
confidence ranges are indicated by dark-grey stippled curves, and the three calibrated

dates are shown in blue.

Table 1. AMS dated samples used to build the age-depth model and corresponding
calibrated ages considering the SHCal20 curve (Hogg et al., 2020).

2-sigma calibrated

Depth Conventional Age
Laboratory ID ages ranges Source
(m) (**Cyr BP)
(cal yrs BP)
0.48 Beta-351385 460 + 30 520 - 446 Bocalon et al. (2023)
1.26 CENA#1583 4,433 + 27 4,858 — 5,053 This study
2.60 Beta-349807 11,320 + 60 13,301 - 13,101 Bocalon et al. (2023)

3.20 Beta-352010 14,390 + 50 17,796 — 17,312 Bocalon et al. (2023)
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comparison using previous articles as reference (Salgado-Labouriau, 1973; Barth-
Schatzmayr and Melhem, 1988; Marchant et al., 2002; Punt et al., 2007; Bauermann
et al., 2008; Medeanic and Corréa, 2010; Evaldt et al., 2014; Chase et al., 2016;
Radaeski et al., 2016; Mourelle et al., 2018). Pollen Catalog Network (RCPol) and
Global Pollen Project reference catalogs were also consulted. Pollen’s taxonomic
classification followed the system established by the Angiosperm Phylogeny Group IV
(Chase et al., 2016). After pollen identification and quantification, digital photographic
documentation was performed using a Zeiss binocular microscope model AxioVision
SE64, coupled to a computer and Zeiss digital camera, model AxioCam MRc.
Statistical analyses were generated based on calculations of the relative frequency
and concentration of identified pollen grains using the TILIA and TILIAGRAPH
programs (Grimm and Troostheide, 1994; Grimm, 2011). The results obtained here
were compared to other studies carried out in the RPG covering the Pleistocene and
Holocene time interval (Table 2). Articles related to actuopalynology and non-pollen

palynomorphs were not considered here.
5. Results

Fifty-two taxa related to phanerogams were identified, of which 25 are related
to grasslands, 22 to forests and five to aquatic environments. The description of the
identified pollen grains as well as their taxonomic and ecological attributes and spatial

distribution in RPG are described below.
GYMNOSPERMS

GNETALES

Ephedraceae

Ephedra Tourn. ex L. (Figure 3 A)

Description: monad, medium grain, radial symmetry, isopolar, amb eliptical,

prolate, inaperturate, psilate. P = 24 ym; E =13 um; P/E = 1.84 um.

Current occurrence in RPG: genera with a wide morphological diversity
(Ivarsson, 2013), but occurring preferentially in the form of shrubs associated with
grassland environments in southern Brazil and Uruguay (Haretche et al., 2012; Fuhro
et al., 2015; Luz, 2016; Siegloch and Marchiori, 2018), where is associated
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Table 2. Site name, geographical coordinates, type of material, corresponding site location in Fig. 1, and corresponding references

for all RPG palynological records used in this work.

Site name
Sauce Grande

Empalme Querandies
Sauce Chico
Cerro La China
Fortin Necochea
Naposta Grande
Cuenca Media
Lagoa de Tramandai
Arroyo La Ballenera
Naposta Grande
Profile 1
Profile 2
La Horqueta
Encruzilhada do Sul
Sdo Gabriel
Laguna Hinojales
Rio Quequén Salado

Rio Lujan
Puente de la Tropa
Passo de Corro
India Muerta/Los Ajos
S&o Francisco de Assis
Arroyo Las Brusquitas
Passinhos
Porto Alegre

Latitude

38°29° S

37°00” S
38°05° S
37°57 S
37°23* S

38°32°02” S
29°57°32” S
38°19'S

38°21° S
38°32° S
38°18’ S
30°33°17” S
30°05°30” S
37°34> S
38°53° S

34°34°40” S
34°33°17” S
33°42° S

29°35°12” S
38°14° S

30°02°03” S
30°04°32” S

Longitude
61°47° W

60°07" W
62°16> W
58°37 W
61°08* W

62°03°34” W
50°10°49” W
57°57 W

62°20° W
62°03° W
58°49° W
52°41°02” W
54°20°16” W
57°27' W
60°32° W

59°08°’14” W
59°07°07” W
53°57"' W

55°13°02” W
57°46> W

50°23°11” W
51°06°05” W

Type of material

Eolian and fluvial
deposits

Fluvial deposits
Lacustrine deposits
Loess deposits
Alluvial deposits

Fluvial deposits
Lacustrine deposits
Alluvial deposits
Fluvial deposits

Marsh deposits
Marsh deposits
Lacustrine deposits
Fluvial and marine
deposits

Fluvial deposits
Fluvial deposits
Peat

Peat

Fluvial deposits
Marsh deposits
Marsh deposits

Site number
on Fig. 1
1

gk~ wiN

6b
6c

10
11
12
13

14a

14b
15
16
17
18
19

Country
Argentina

Argentina

Argentina

Argentina
Brazil

Argentina
Argentina

Brazil
Brazil
Argentina
Argentina

Argentina

Uruguay
Brazil
Argentina
Brazil
Brazil

Reference

Borromei, 1995; 1998; Quattrocchio
and Borromei, 1998; Prieto, 2000
Prieto, 1996; Prieto, 2000

Prieto, 1996; Nieto and Prieto, 2013

Grill, 1997

Lorscheitter and Dillenburg
Stutz et al., 1999

Prieto, 2000

Bauermann et al., 2000
Neves et al., 2001
Stutz et al., 2002

Grill, 2003

Prieto et al., 2004

Iriarte, 2006
Behling et al., 2005
Vilanova et al., 2006
Macedo et al., 2007
Behling et al., 2007



Table 2. Continued.

Site name

Santa Maria
Castellar 3
Laguna Negra
Nahuel Ruca
Arroyo Claromec6
Paso Otero

Rio Salado

Barra do Quarai
india Muerta/L aguna
Merin

Solis Grande
Cacapava do Sul
Laguna Formosa
Core GeoB6211-2
Continental Shelf off
Rio Grande do Sul
Core GeoB13813-4
Continental Shelf off
Uruguay
Hermenegildo
Laguna San Crsitdbal
Laguna Cué

Laguna Miranda
Viamao

Tapes

Laguna Hinojales
Laguna Tobares
Lago Kakel Huincul
Cacequi

Latitude

29°27°21” S
34°39°06” S
33°56° S
37°37 S
38°50' S
38°12°41.79” S

35°55° S
30°16°28” S
33°40°36” S

34°45' 35" S
30°20” S
31°48°43” S
32.50° S

34044’ S

33°42°12” S

27°39°20.31” S
27°44°39.96” S
27°48°58.71” S

30°06°24” S

30°31°24” S
37°23" S
37°30" S
36°48° S
29°52'37.3" S

Longitude
53°41°52” W
58°38728” W
53°33° W
57°26° W
60°05' W
59°06°33.95” W
57°53° W
57°26°34” W
53°49°15” W
55° 25" 55"W
53°18° W
54°28°41” W
50.24° W
53°33’ W
53°18°57” W

56°32°05.21” W
56°30°48.80” W
56°30°07.08” W

50°49°05” W

51°21°45” W
57°23" W
57°28" W
57°4T W
54°50'13.2" W

Type of Material

Peat

Loess deposits
Lacustrine deposits
Lacustrine deposits
Alluvial deposits
Paleosoils and
fluvial deposits
Fluvial deposits
Alluvial deposits
Marsh deposits

Estuarine deposits
Marsh deposits

Lacustrine deposits
Marine deposits

Marine deposits

Beach deposits
Lacustrine deposits

Peat

Peat
Lacustrine deposits

Lacustrine deposits
Peat

Site number
on Fig. 1
20
21
22
23
24
25

26
27
28

29
30
31
32

33

34
35
36
37
38

39
40
41
42
43

Country

Brazil
Argentina
Uruguay
Argentina
Argentina
Argentina

Argentina
Brasil
Uruguay

Uruguay
Brazil

Uruguay
Brazil

Uruguay

Brazil
Argentina

Brazil

Brazil
Argentina

Argentina
Brazil
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Reference

Bauermann et al., 2008

Grill and Morras, 2010
Garcia-Rodriguez et al., 2010
Stutz et al., 2010

Vilanova et al., 2010
Gutierrez et al., 2011

Vilanova and Prieto, 2012
Evaldt et al., 2014a, b
Mourelle et al., 2015a

Mourelle et al., 2015b
Behling et al., 2016
Mourelle et al., 2017
Gu et al., 2018

Mourelle et al., 2018

Masetto and Lorscheitter, 2019
Pacella and Dipasquo, 2020

Burjack and Marques-Toigo, 1980;
Ribeiro et al., 2020; Ribeiro et al.,

2024
Salgado et al., 2021
De Francesco et al., 2022

Vuichard et al., 2023
Bocalon et al., 2023
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to rocky and sandy terrains near the coastal plain. In Argentina it is also widely
associated to open areas, but located on sandy terrains of arid and semi-arid
environments, with elevations near 300 m (Hunziker, 1995; Huzinker and Novara,
1998; Rodriguez-Aradijo et al., 2019).

Quaternary fossil record on RPG: genus commonly described both in
Pleistocene and Holocene sequences from the RPG (Borromei, 1995; Quattroccchio
and Borromei, 1998; Lorscheitter and Dillenburg, 1998; Grill, 2003; Tonello and Prieto,
2008; Bauermann et al., 2008; Vilanova and Prieto, 2012; Mourelle and Prieto, 2016;
Mourelle et al., 2017; Gu et al., 2018; Masetto and Lorscheitter, 2019; De Francesco
etal., 2022), and in all these studies it is grouped into “grasslands” or “herbs” registered

from the Upper Pleistocene au to the Holocene.
ANGIOSPERMS

MAGNOLIALES

Annonaceae (Figure 3 B)

Description: tetrad, very large grain, radial symmetry, heteropolar, amb
ellipsoidal, prolate spheroidal, monocolpate, microrreticulate. P = 101.4 um; E = 85.7
pm; P/E =1.18 pm

Current occurrence in RPG: lianas, shrubs, small trees and trees occurring in
open areas in Brazil and Uruguay (Doyle and Le Thomas, 1997; Lopes and Mello-
Silva, 2014; Guo et al., 2017; Lopes et al., 2018; Bangkomnate et al., 2021; Vilela and
Lopez, 2022), but is associated mainly with riparian forests. Few records in the western

portion of the Argentine RPG, also associated to riparian forests (Erkens et al., 2022).
Quaternary fossil record on RPG: only in this paper.

ALISMATALES

Alismataceae

Echinodorus Rich. ex Engelm. (Figure 3 C)
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Figure 3. Ephedra Tourn. ex L., EV (A); Annonaceae, GV (B); Echinodorus Rich. ex.
Engel., GV (C); Sisyrinchium L., EV (D); Arecaceae, EV (E); Poaceae, GV (F);
Eleocharis R.Br., EV (G); Typha L., EV (H); Berberis L., PV (1); Roupala Aubl., PV (J);
Myriophyllum L., PV (K); Croton L., PV (L); Erythroxyllum P.Browne, EV (M); Mimosa
L., EV (N); Mimosoideae, EV (O); Polygala L., EV (P); Prunus L., EV (Q); Phyllostylon
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Capn. ex Benth & Hook.f., PV (R); Combretaceae, PV (S); Myrcia DC., PV (T) Cuphea
P.Browne | Type, PV (U); Cuphea P.Browne Il Type, EV (V); Miconia Ruiz & Pav., EV
(W); Vochisiaceae, EV (X); Schinus L., EV (Y); Sapindaceae, PV (Z). Scale bar =10
pm. EV = Equatorial View. PV = Polar View. GV = General View.

Description: monad, small grain, radial symmetry, apolar, amb circular, prolate

spheroidal, pantoporate, echinate. D = 24.09 pm.

Current occurrence in RPG: the genus comprises aquatic herbs with wide
distribution on the three countries of RPG, preferably associated with wet and flooded
areas of different substrate types (Bevilaqua et al., 2001; Costa et al., 2006; Joaquim
et al., 2010).

Quaternary fossil record on RPG: few records in Argentina (Borromei, 1995;
Gutierrez et al., 2011), but more common in Uruguay (Mourelle et al., 2015; 2017) and
southern Brazil, where it is more widely distributed (Lorscheitter and Dillenburg, 1998;
Macedo et al., 2007; Evaldt et al., 2014). Palynological records show that the genus
occurs more abundantly during the Upper Pleistocene, decreasing during the
Holocene (Borromei, 1995; Macedo et al., 2007).

ASPARAGALES
Iridaceae
Sisyrinchium L. (Figure 3 D)

Description: monad, large grain, radial symmetry, heteropolar, amb ellipsoidal,

prolate, monosulcate, reticulate. P = 58 ym; E = 31 um; P/E = 1.87 um.

Current occurrence on RPG: genera with wide distribution in South America,
especially Brazil, Uruguay and Argentina (Celsi and Monserrat, 2008; Souza-Chies et
al., 2012; Deble et al., 2021). It comprises herbs that occur mainly in open areas and
forest edges, both in the subtropical and altitude fields (Eggers, 2008; Aita et al., 2013;
Dantas-Queiroz and Luz, 2016; Eggers et al., 2019). Also found surrounding swamps
and lakes in fields of southern Brazil, Uruguay and Argentina (Zanotti and Sassone,
2019; Chukr, 2022).

Quaternary fossil record on RPG: although they are widely distributed in South

America grasslands, representatives of this family are recorded in small numbers in
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pollen studies especially in southern Brazil (Neves et al., 2001; Evaldt et al., 2014;
Ribeiro et al., 2020). Few records in Pleistocene sequences (Behling et al., 2005;
Ribeiro et al., 2020), but more commonly associated to Holocenic ones (Evaldt et al.,
2014; Behling et al., 2016). Few records in Argentina (Grill, 2003).

ARECALES
Arecaceae (Figure 3 E)

Description: monad, medium grain, radial symmetry, heteropolar, prolate, amb
ellipsoidal, monosulcate, psilate to scabrate. P = 42 ym; E = 22 ym; P/E = 1.92 um.

Current occurrence on RPG: trees that occur preferentially in field areas forming
palm groves, mainly in the coastal plains; it also occurs in isolated forms in riparian
forests (Soares et al., 2014; Rivas et al., 2017; Oyarzabal et al., 2018; Mai et al., 2019).

Quaternary fossil record on RPG: a common grain pollen identified in the
Uruguayan RPG during the Holocene (Anzétegui and Garralla, 2004; Iriarte, 2006;
Garcia-Rodriguez et al., 2010; Mourelle and Prieto, 2012; Mourelle et al., 2015; 2018;
Gu et al., 2018). It was identified in southern Brazil both in the interior (Behling et al.,
2005; Bauermann et al., 2008; Evaldt et al., 2014; Behling et al., 2016) and along the
coastal plain (Macedo et al., 2007; Ribeiro et al., 2020; Salgado et al., 2021), also

during the Holocene.
POALES
Poaceae (Figure 3 F)

Description: monad, large grain, radial symmetry, heteropolar, amb circular,

prolate spheroidal, monoporate, scabrate. D = 46 um.

Current occurrence on RPG: herbs that, although occurring in different
ecological environments, they are the most common, diversified, and abundant in
grasslands, under many genera (Boldrini et al., 2010; Welker and Longhi-Wagner,
2012; Andrade et al., 2018; Oliveira et al., 2019). In Uruguay it is the most abundant
herb as well as in the Argentine Pampean region (Zuloaga et al., 2014; Zuloaga and
Belgrano, 2015).

Quaternary fossil record on RPG: Poaceae is always registered with high
percentages (> 30%) of all phanerogam pollens, being the most abundant family all

over the grasslands in the RPG during the Upper Pleistocene and Holocene (Borromei,
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1995; Behling et al., 2005; Bauermann et al., 2008; Tonello and Prieto, 2008, Garcia-
Rodriguez et al., 2010; Evaldt et al., 2014; Radaeski et al., 2014; Mourelle and Prieto,
2016; Gu et al., 2018; Radaeski et al., 2018; Masetto and Lorscheitter, 2019).

Cyperaceae
Eleocharis R.Br. (Figure 3 G)

Description: monad, small to medium grain, radial symmetry, heteropolar, amb

circular, suboblate, scabrate to granulate. P = 32 um; E = 37 um. P/E = 0.86 um.

Current occurrence on RPG: in southern Brazil, Uruguay and Argentina is
associated to aquatic environment (Aradjo and Longhi-Wagner, 1996; Trevisan and
Boldrini, 2008; Vilanova and Prieto, 2012; Soares et al., 2015; Oyarzabal et al., 2018;
Oliveira et al., 2019; Mai et al., 2022).

Quaternary fossil record on RPG: a very common herb within the RPG, used to
determine wet periods during the Pleistocene and Holocene (Borromei, 1998; Stutz et
al., 2002; Prieto et al., 2004; Bauermann et al., 2008; Tonello and Prieto, 2008; Stutz
et al., 2010; Mourelle et al., 2015; Ribeiro et al., 2024).

Typhaceae
Typha L. (Figure 3 H)

Description: monad, medium grain, radial symmetry, heteropolar, amb
ellipsoidal, prolate, monoporate, rugulate to reticulate. P = 53.1 um; E = 37.5 um; P/E

=1.4 pm.

Current occurrence on RPG: aquatic herbs with wide distribution associated to
river, swamp and lake environments (Sobrero et al., 1993; Trindade et al., 2010;
Carvalho et al., 2021).

Quaternary fossil record on RPG: one of the most common constituents in the
pollen records of the RPG associated with flooded areas, occurring both on the edges
(Pacella and di Pasquo, 2020) and in other sectors of the RPG (Borromei, 1995, 1998;
Stutz et al., 1999, 2002; Vilanova et al., 2006; Bauermann et al., 2008; Vilanova and
Prieto, 2012; Mourelle et al., 2015, 2017, 2018; Masetto and Lorscheitter, 2019; De
Francesco et al., 2022; Vuichard et al.,, 2023), being more abundant during

Pleistocene.
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RANUNCULALES
Berberidaceae
Berberis L. (Figure 3 1)

Description: monad, medium grain, radial symmetry, heteropolar, amb circular,

suboblate, monocolpate, reticulate. P = 36 um; E = 53 pm; P/E = 0.68 pum.

Current occurrence on RPG: shrubs associated with riparian forests occurring
in RPG in southern Brazil (Marchiori and Denardi, 2005; Stehmann, 2020), Uruguay
(Haretche et al., 2012) and Argentina (Zuloaga and Belgrano, 2015; Radice et al.,
2020).

Quaternary fossil record on RPG: only in this paper.
PROTEALES
Proteaceae
Roupala Aubl. (Figure 3 J)

Description: monad, medium grain, radial symmetry, heteropolar, amb

triangular, triporate; psilate to reticulate. E = 32 pm.

Current occurrence on RPG: trees and shrubs widely associated with riparian
forest formations all over the grasslands in southern Brazil and Uruguay (Grings and
Brack, 2009). In Argentina, it only occurs associated to riparian forests over the

northern border of the Mesopotamic Pampa (Fernandez, 2017).

Quaternary fossil record on RPG: few records in the RPG, all of them associated
to riparian forest on the southern Brazil coastal plain (Lorscheitter and Dillenburg,
1998; Bauermann et al., 2008; Masetto and Lorscheitter, 2019), all of Holocene age.
More associated with rainforest formations in southern Brazil (Leonhardt and
Lorscheitter, 2010; Roth et al., 2021).

SAXIFRAGALES
Haloragaceae
Myriophyllum L. (Figure 3 K)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

suboblate, tetraporate, scabrate. D = 34.09 um.
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Current occurrence on RPG: aquatic herbs that occur in shallow and fresh
waters aquatic environments, with wide distribution on RPG (Lourdes et al., 2007;
Moody and Les, 2010; Stutz et al., 2010; Robles et al., 2011). Also occurs associated

to moderate running rivers with sandy substrate (Harguinteguy et al., 2016).

Quaternary fossil record on RPG: one of the most important taxa used to
characterize humidity variation in the RPG, both in Argentia and Uruguay (Borromei,
1995, 1998; Quattrocchio and Borromei, 1998; Stutz et al.,, 2002; Iriarte, 2006;
Anzétegui and Garralla, 2004; Vilanova et al.,, 2006; Mourelle et al., 2017; De
Francesco et al., 2022; Vuichard et al., 2023) as well as in the late Pleistocene and
Holocene in southern Brazil (Lorscheitter and Dillenburg, 1998; Macedo et al. 2007,
Bauermann et al., 2008; Evaldt et al., 2014; Masetto and Lorscheitter, 2019; Ribeiro et
al., 2020).

MALPIGHIALES
Euphorbiaceae
Croton L. (Figure 3 L)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

subprolate, tricolporate, scabrate. D = 24 ym.

Current occurrence on RPG: herbs and shrubs of common occurrence in
riparian forests (Lima and Pirani, 2008; Araujo et al., 2012; Souza et al., 2020). Few
occurrences in open areas with sandy or gravel soil in southern Brazil, Argentina and
Uruguay (Sodré et al., 2019; Sodré et al., 2022).

Quaternary fossil record on RPG: there are few records, all of them associated
with a Holocene grassland environment in southern Brazil (Macedo et al., 2007;
Bauermann et al., 2008; Behling et al., 2016) and Argentina (Grill, 1997; Quattrocchio
and Borromei, 1998).

Erythroxylaceae
Erythroxylum P.Browne (Figure 3 M)

Description: monad, medium grain, radial symmetry, isopolar, amb ellipsoidal,

prolate to subprolate, tricolporate, reticulate. P = 38.7 um; E = 26.3 um; P/E = 1.47 pm.
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Current occurrence on RPG: shrubs in both riparian forest and field areas in
southern Brazil (Mendonca et al., 1998; Sobral et al., 2006). Rarer in Argentina and
Uruguay where it is associated to riparian forests (Cordeiro et al., 2017).

Quaternary fossil record on RPG: few records in Holocene deposits in southern
Brazil (Neves et al., 2001).

FABALES
Fabaceae
Mimosa L. (Figure 3 N)

Description: polyad; small grain; radial symmetry; heteropolar; amb circular to

ellipsoidal; suboblate; psilate. P = 22 um; E = 19 pm; P/E = 1.16.

Current occurrence on RPG: trees and shrubs associated with open areas with
sandy and gravel soil and also with gallery forests in Brazil, Uruguay and Argentina
(Deble and Marchiori, 2009; Silveira and Miotto, 2013; Madanes et al., 2015; Antonio-
Domingues et al., 2018; Silveira et al., 2018; Bahadour et al., 2022).

Quaternary fossil record on RPG: very common in Quaternary grasslands in
southern Brazil (Lorscheitter and Dillenburg, 1998; Macedo et al, 2007; Bauermann et
al., 2008; Gu et al., 2018; Masetto and Lorscheitter, 2019; Ribeiro et al., 2024), with
few records in Uruguay (Mourelle et al., 2017). Its highest occurrence has been
recorded during the Pleistocene (Macedo et al, 2007; Mourelle et al., 2017; Gu et al.,
2018).

Mimosoideae (Figure 3 O)

Description: poliad, small grain; radial symmetry, heteropolar, amb circular to
ellipsoidal, suboblate, psilate. P = 22.07 um; E = 18.62 um; P/E = 1.18 pm.

Current occurrence on RPG: trees and shrubs occurring in opened and rocky
areas as well in riparian forests in southern Brazil (Deble and Marchiori, 2009;
Machado et al., 2016). In Argentina and Uruguay, it can be found associated with

forested and humid areas (Pometti et al., 2019).

Quaternary fossil record on RPG: occurring since the late Pleistocene in
Uruguay and Argentina, commonly associated to riparian forests (Borromei, 1995,
1998; Grill, 1997; Quattrocchio and Borromei, 1998; Mourelle et al., 2017).
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Polygalaceae
Polygala L. (Figure 3 P)

Description: monad, large grain, radial symmetry, isopolar, amb circular, prolate
spheroidal, polycolpate, psilate. P = 45 ym; E = 41 um; P/E = 1.08 pm.

Current occurrence on RPG: herbs and shrubs in fields (Aguiar et al., 2008;
Ladtke et al., 2013). In Uruguay (Martinez et al., 2022) and Argentina (Martinez and
Pastore, 2020) it occurs in the coastal plain.

Quaternary fossil record on RPG: few records associated to field environments
in the Argentinian portion of the RPG (Grill and Morras, 2010), but relatively common
in the Brazilian and Uruguay portion where it also occurs associated to fields
(Bauermann et al., 2008; Evaldt et al., 2014; Mourelle et al., 2017; Ribeiro et al. 2020).
It occurs since Upper Pleistocene (Mourelle et al., 2017; Ribeiro et al., 2020), being

more common during the Holocene (Iriarte, 2006; Evaldt, 2014).
ROSALES

Rosaceae

Prunus L. (Figure 3 Q)

Description: monad, small grain, radial symmetry, isopolar, amb ellipsoidal,

prolate spheroidal, tricolporate, reticulate to striate. D = 23.85 um.

Current occurrence on RPG: herbs and shrubs with very few occurrences along
the Parana Delta in Argentina (Albornoz et al., 2007); in Brazil and Uruguay it is found

mainly associated to riparian forests (Backes and Irgang, 2002; Sobral et al., 2006).

Quaternary fossil record on RPG: few records in Holocene sequences from
southern Brazil (Evaldt et al., 2014), mainly in the highlands of the Araucaria forest
(Behling et al., 2016).

Ulmaceae
Phyllostylon Capan. ex Benth & Hook.f. (Figura 3 R)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

prolate, triporate, psilate. P = 26 um; E = 19 ym; P/E = 1.37 um.
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Current occurrence on RPG: trees and shrubs associated to riparian forests and
wetlands in Brazil, Argentina and Uruguay (Puerto, 1969; Marchioretto, 1988; Berg and
Dahlberg, 2001; Pederneiras et al., 2011; Pederneiras and Machado, 2017; Abarca et
al., 2022).

Quaternary fossil record on RPG: although the genus Celtis L. is common
throughout grasslands of Argentina (Borromei, 1995; Prieto, 1996; Quattrocchio and
Borromei, 1998; Grill, 2003; Tonello and Prieto, 2008; Stutz et al., 2010; De Francesco
et al., 2022; Vuichard et al., 2023), Uruguay (Iriarte, 2006; Mourelle et al., 2015, 2018),
and Brazil (Lorscheitter and Dillenburg, 1998; Behling et al., 2005; Macedo et al., 2007;
Bauermann et al., 2008; Evaldt, 2014; Gu et al., 2018; Masetto and Lorscheitter, 2019),

the only genus of the Ulmaceae family identified in this work was Phyllostylon.
MYRTALES
Combretaceae (Figure 3 S)

Description: monad, small grain, radial symmetry, isopolar, amb circular,
subprolate, tricolporate, heterocolpate, reticulate. P = 24 ym; E = 19 um; P/E = 1.26

gm.

Current occurrence on RPG: trees and shrubs occurring in the transition from
aquatic to terrestrial forest environments and in other humid habitats (Linsingen et al.,
2009; Bartz et al., 2015; Ribeiro et al., 2017) with few occurrences in southern Brazil
(Souza et al., 2018). In Uruguay and Argentina, it also occurs in wet areas, both around

riverbanks and beaches (Ramos et al., 2023).

Quaternary fossil record on RPG: few records on Pleistocene and Holocene in
Argentina, but without genus characterization (Borromei, 1995). The genus
Combretum Loefl. was identified in Holocene deposits from southern Brazil (Evaldt,
2014).

Myrtaceae
Myrcia DC. (Figure 3 T)

Description: monad, small grain, radial symmetry, isopolar, amb triangular with
concave sides, oblate, tricolporate to syncolporate, angulaperturate, psilate to

scabrate. E = 22 um.
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Current occurrence on RPG: trees and shrubs found both in forest and open
areas (Amorin et al., 2015; Sobral et al., 2014, 2015; Santos et al., 2017) in Brazil. It is
a very common genus occurring over open habitats in Uruguay and Argentina (Lima
et al., 2015; Santos et al., 2017; Amorin et al., 2019).

Quaternary fossil record on RPG: a very common grain pollen widely distributed
in South American grasslands since the Late Pleistocene, commonly associated to
riparian forests in Uruguay and Argentina (Grill, 1997; Tonello and Prieto, 2008;
Gutierrez et al., 2011; Mourelle and Prieto, 2016; 2018) as well as in southern Brazil
(Behling et al., 2005; Sobral et al., 2006; Masetto and Lorscheitter, 2019; Ribeiro et al.,
2020).

Lythraceae
Cuphea P.Browne
Type | (Figure 3 U)

Description: monad, small to medium grain, radial symmetry, isopolar, amb
triangular with protruding angles, prolate, triporate, tricolporate, sincolpate, striate. P =
29 um; E = 20 um; P/E = 1.45 pm.

Type Il (Figure 3 V)

Description: monad; small grain; radial symmetry; isopolar; amb circular;

prolate; diporate; striate. P = 25 um; E = 16 um; P/E = 1.56 um.

Current occurrence on RPG: herbs and shrubs that occur widely associated to
humid grasslands in southern Brazil (Graham and Cavalcanti, 2013; Brauner and
Cavalcanti, 2018; Facco et al., 2022); less frequent in Uruguay and Argentina, also

associated to humid fields (Graham and Cavalcanti, 2013; Zuloaga et al., 2019).

Quaternary fossil record on RPG: no records in RPG. In southern Brazil it is
associated with the expansion of the Araucaria forest in the highland areas during the
late Pleistocene, being more common in the Holocene (Scherer and Lorscheitter,
2014).

Melastomataceae

Miconia Ruiz & Pav. (Figure 3 W)
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Description: monad; small grain; radial symmetry; isopolar; amb ellipsoidal;
prolate spheroidal; triporate; heterocolpate; verrucate. P = 15.0 um; E = 7.5 pm.

Current occurrence on RPG: trees and shrubs occurring in different ecological
conditions, both in open and forested areas (especially in riparian forests) in Brazil,
Uruguay and Argentina (Souza, 1984; Marchant et al., 2002; Siegloch et al., 2011;
Slanis and Goldenberg, 2011; Michelangeli et al., 2013). Also, it may occur associated
to dry and flooded areas as well on rocky outcrops and coastal formations in these
countries (Goldenberg, 2004; Michelangeli et al., 2013).

Quaternary fossil record on RPG: only in this paper.
Vochysiaceae (Figure 3 X)

Description: monad, small grain, radial symmetry, isopolar, amb circular, oblate

spheroidal, tricolpate, rugulate. P = 15 um; E = 17 um; P/E = 0.88 um.

Current occurrence on RPG: trees and shrubs associated with riparian forests,
mainly in shallow soils in Brazil and Uruguay (Siegloch et al., 2011). In Argentina, very
common in rocky soils from northern boundary of the Pampean Province (Velazco et
al., 2018b).

Quaternary fossil record on RPG: only in this paper.
SAPINDALES
Anacardiaceae
Schinus L. (Figure 3 )

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

subprolate, tricolporate, striate. P =25 um; E = 21 um; P/E = 1.24 um.

Current occurrence on RPG: trees and shrubs associated to forested
environments (Siegloch et al., 2013). It can be found in wet soils, being the most
common genus in South Brazil, Uruguay and Argentina (Haretche et al., 2012; Hall
and Gil, 2017). In Argentina, it occurs preferably in dry soils (Fabbroni and Cano,
2021).

Quaternary fossil record on RPG: very common taxon associated to xerophytic
forests in Argentina (Quatrocchio and Borromei, 1994; Borromei, 1995, 1998; Girill;
2003; Anzétegui and Garralla, 2004; Grill and Morras, 2010; Vilanova and Prieto, 2012)
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and to riparian forests in southern Brazil (Behling et al., 2005; Macedo et al, 2007;
Bauermann et al., 2008; Evaldt et al., 2014; Gu et al., 2018; Masetto and Lorscheitter,
2019), since the Pleistocene.

Sapindaceae (Figure 3 Z)

Description: monad, medium grain, radial symmetry, heteropolar, amb

triangular, oblate, triporate, tricolporate, microrreticulate. E = 35 pum.

Current occurrence on RPG: trees and shrubs very common in forest formation
(Siegloch et al., 2013). In Argentina and Uruguay, it occurs in different ecological
environments, especially in open areas, where shrubs are more representative
(Rzedowski and Rzedowski, 2006).

Quaternary fossil record on RPG: few records in Holocene sequences from
southern Brazil (Lorscheitter and Dillenburg, 1998; Macedo et al., 2007; Bauermann et
al., 2008; Ribeiro et al., 2020).

Meliaceae (Figure 4 A)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,
prolate spheroidal, tricolpate, triporate, granulate. P = 32.3 um; E = 29.2 um; P/E =
1.11 pm.

Current occurrence on RPG: trees and shrubs occurring associated to forest
formations and riparian forests in Brazil (Flores et al., 2017; Goncalves-Esteves et al.,
2022). Few occurrences in Uruguay (Haretche et al., 2012) and Argentina (Zapater et
al., 2004).

Quaternary fossil record on RPG: it is associated to Holocene deposits in the
southern Brazil coastal plain (Macedo et al., 2007; Bauermann et al., 2008; Masetto
and Lorscheitter, 2019).

Rutaceae (Figure 4 B)

Description: monad, medium grain, radial symmetry, heteropolar, amb
subtriangular, prolate, tricolporate, microrreticulate. P = 31.9 um; E = 19.4 um; P/E =
1.60 pm.

Current occurrence on RPG: trees and shrubs very common in forest formations

(Siegloch et al., 2013). In Argentina there are few native genera that occur in different
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habitats (Arana and Oggero, 2009; Garrala and Mautino, 2021), while in Uruguay
Rutaceae is very common associated with palm forests (Rivas et al., 2017).
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Figure 4. Meliaceae, EV (A); Rutaceae, EV (B); Pavonia Cav., GV (C); Struthathus
Mart., PV (D); Cerastium L., GV (E); Polygonum L., GV (F); Amaranthaceae, GV (G);
Loasaceae, EV (H); Ericaceae, GV (I); Myrsine L. Jacq., PV (J); Sapotaceae, EV (K);
Justicia Jacq., EV (L); Hyptis Jacq., PV (M); Sinningia Nees, EV (N); Orobanchaceae,
PV (O); Plantago L., GV (P); Lippia L., PV (Q); Convolvulus L., EV (R); Solanum L.,
EV (S); Apocynaceae, PV (T); Borreria G.Mey., PV (U); Tournefortia L., EV (V); llex L.,
GV (W); Asteraceae, PV (X); Calyceraceae, EV (Y); Eryngium L., EV (Z); Valeriana L.,
EV (ZZ). Scale bar = 10 um. EV = Equatorial View. PV = Polar View. GV = General

View.

Quaternary fossil record on RPG: few records throughout the Holocene in the
Argentine coastal fields (Grill, 2003).

MALVALES
Malvaceae
Pavonia Cav. (Figure 4 C)

Description: monad, gigantic grain, radial symmetry, isopolar, amb circular,

prolate spheroidal, pantoporate, columelate and echindate. D = 118 um.

Current occurrence on RPG: herbs and shrubs associated to areas of
grasslands and rocky soils in Brazil (Grings and Boldrini, 2013; Pinto et al., 2013),
Uruguay and Argentina (Minué and Gandullo, 2019; Colli-Silva and Pirani, 2021),

where it is also found near bank rivers.

Quaternary fossil record on RPG: few records in Argentina (Gutierrez et al.,
2011), but relatively common in southern Brazil (Evaldt et al., 2014; Ribeiro et al.,

2020). All these records are associated with Holocene deposits.
SANTALALES

Loranthaceae

Struthanthus Mart. (Figure 4 D)

Description: monad, medium grain, radial symmetry, apolar, amb triangular,

oblate spheroidal, tricolpate, reticulate. E = 30 pum.
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Current occurrence on RPG: parasitic herbs of wide occurrence in riparian
forests (Caires and Dettke, 2010; Arruda et al., 2012; Dettke and Waechter, 2014).

Quaternary fossil record on RPG: a few records in Holocene deposits in
southern Brazil (Evaldt et al., 2014).

CARYOPHYALLES
Caryophyllaceae
Cerastium L. (Figure 4 E)

Description: monad, medium grain, asymmetric, apolar, amb circular, prolate

spheroidal, pantoporate, microequinate. D = 33 um.

Current occurrence on RPG: herbs with restricted occurrence in the grasslands
of southern Brazil (Marchioretto et al., 2010; Pinto et al., 2013), but relatively abundant
in Uruguay and Argentina (Crovetto, 1967; lamonico, 2022), where it occurs in different
ecological habitats (Zanotti et al., 2022; Brignone, 2022).

Quaternary fossil record on RPG: genus uncommon in Argentina and Uruguay
(Borromei, 1995, 1998; Gutierrez et al., 2011), but well documented in southern Brazil
(Lorscheitter and Dillenburg, 1998; Neves et al., 2001; Behling et al., 2005; Bauermann

et al., 2008), occurring associated with Pleistocene and Holocene sequences.
Polygonaceae
Polygonum L. (Figure 4 F)

Description: monad, medium grain, radial symmetry, apolar, amb circular,

prolate spheroidal, pantoporate, granulate. D = 25.45 um.

Current occurrence on RPG: herbs and aquatic macrophytes in lakes and
swamps widely distributed in Brazil, Uruguay and Argentina (Cialdella, 1989; Melo,
2000; Vicente et al., 2022).

Quaternary fossil record on RPG: a very common pollen grain associated to
aquatic Pleistocene and Holocene environments in the RPG (Borromei, 1995;
Anzotegui and Garralla; 2004; Vilanova et al., 2006; Iriarte, 2006; Stutz et al., 2010;
Mourelle et al., 2015; 2018; Masetto and Lorscheitter, 2019; Ribeiro et al., 2020;
Vuichard et al., 2023).

Amaranthaceae (Figure 4 G)
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Description: monad, small grain, radial symmetry, apolar, amb circular, prolate
spheroidal, pantoporate, scabrate to psilate. D = 12 um.

Current occurrence on RPG: herbs and subshrubs of wide distribution in the
grasslands of southern Brazil (Marchioretto et al., 2008, 2010), as well as throughout
Uruguay and in different portions of the Pampean Province (Morichetti et al., 2013;
Bayodn, 2022; Vuichard et al., 2023).

Quaternary fossil record on RPG: commonly associated to Pleistocene and
Holocene field environments both in Argentina and Uruguay (Vilanova et al., 2006;
Iriarte, 2006; Mourelle et al., 2017; Gu et al., 2018), as also in southern Brazil (Behling
et al., 2005; Macedo et al., 2007; Bauermann et al., 2008; Evaldt et al., 2014; 2018;
Masetto and Lorscheitter, 2019; Ribeiro et al., 2020).

CORNALES
Loasaceae (Figure 4 H)

Description: monad, medium grain, radial symmetry, isopolar, amb elipsoidal,

prolate, tricolporate, reticulate. P = 31 um; E = 22 um; P/E = 1.41 pm.

Current occurrence on RPG: in Brazil and Uruguay it is found more frequently
in forest edges, as herbs and shrubs, in temporarily flooded areas or rocky terrains
(Fuhro et al., 2015; Mai et al., 2022). In Argentina it occurs in different ecological

habitats, especially in rocky terrains (Santilli et al., 2020; Slanis and Bulacio, 2022).
Quaternary fossil record on RPG: only in this paper.

ERICALES

Ericaceae (Figure 4 1)

Description: globular tetrad, medium to large grain, radial symmetry,
heteropolar, amb circular, prolate spheroidal, tricolporate, verrucate to microrugulate.
P =45.0 um; E = 43.2 um; P/E = 1.04 pm.

Current occurrence on RPG: trees and shrubs associated to open areas,
especially in nutrient-poor soils throughout the RPG (Grela and Brussa, 2005; Deble
et al., 2013; Teillier et al., 2019).

Quaternary fossil record on RPG: only in this paper.

Myrsinaceae
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Myrsine L. (Figure 4 J)

Description: monad, small grain, radial symmetry, isopolar, amb circular, prolate

spheroidal, tetracolpate, psilate. P = 23 um; E = 21 pym; P/E = 1.10 pm.

Current occurrence on RPG: trees very common in Brazil and Uruguay,
occurring in both forested and open areas (Longhi et al., 1999; Freitas and Carrijo,
2008; Freitas and Kinoshita, 2005). Few occurrences in riparian forest in Argentina
(Paschoa et al., 2018).

Quaternary fossil record on RPG: common taxon occurring in the northern
sector of the RPG (Mourelle et al., 2015; Gu et al., 2018; Mourelle et al., 2017; Mourelle
et al., 2018), as well as in the PB (Behling et al., 2005; 2016; Macedo et al., 2007,
Bauermann et al., 2008; Masetto and Lorscheitter, 2019). According to the same
authors, Myrsine is relatively rare in the Pleistocene, becoming more common in the

Holocene.
Sapotaceae (Figure 4 K)

Description: monad, small grain, radial symmetry, isopolar, amb elipsoidal,

prolate to perprolate, tricolporate, reticulate. P = 15 ym; E =9 um; P/E = 1.67 um.

Current occurrence on RPG: trees and shrubs occurring associated with riparian
forests (Fabris and Peixoto, 2013; Ménico et al., 2017). In Uruguay it occurs in coastal
areas covered with psammophilic vegetation (Delfino et al., 2005) and in Argentina it
is more common in the central and northern portion of the country (Garralla and
Mautino, 2021).

Quaternary fossil record on RPG: few records associated to Holocene deposits
in Argentina (Anzétegui and Garralla, 2004) and Brazil (Masetto and Lorscheitter,
2019).

LAMIALES
Acanthaceae
Justicia L. (Figure 4 L)

Description: monad, medium grain, radial symmetry, isopolar, amb circular to

subtriangular, perprolate, tricolpate, scabrate. P = 30 um; E = 14 ym; P/E = 2.14 pm.



Pagina | 106

Current occurrence on RPG: herbs and shrubs common in riparian forests of
grasslands formations, where there is a higher amount of humidity (Marchioretto et al.,
2015; Lauton et al., 2022), or associated to open areas with low humidity, as in the

case of Uruguay and Argentina (Ezcurra, 2002).

Quaternary fossil record on RPG: few records in Holocene sequences from
southern Brazil (Macedo et al., 2007; Evaldt et al., 2014).

Lamiaceae
Hyptis Jacq. (Figure 4 M)

Description: monad, small grain, radial symmetry, heteropolar, amb subcircular,
prolate spheroidal, polycolpate (six colpos), reticulate. D = 42 pm.

Current occurrence on RPG: herbs present in any grassland
ecological environment being more abundant in southern Brazil and northern Uruguay
(Bordignon et al., 1998; Boldrini et al., 2010; Harley and Pastore, 2012; Soares et al.,

2022). Few occurrences reported from Argentinian grasslands (O’Leary, 2015).

Quaternary fossil record on RPG: there are few records in Pleistocene deposits
in Argentina (Grill and Morras, 2010; Gutierrez et al., 2011), but it is a very common
grain pollen described in Holocene sediments from southern Brazil (Neves et al., 2001;
Macedo et al., 2007; Bauermann et al., 2008; Evaldt et al., 2014).

Gesneriaceae
Sinningia Ness. (Figure 4 N)

Description: monade, small grain, radial symmetry, isopolar, amb subtriangular,

subprolate, tricolporate, microrreticulate. EE = 20 um.

Current occurrence on RPG: common herbs in rupicolous or grassland
environments with poorly drained sandy soils (Ferreira et al., 2016). In Uruguay and
Argentina, it occurs more commonly associated to coastal areas (Gasparino et al.,
2021).

Quaternary fossil record on RPG: only in this paper.

Orobanchaceae (Figure 4 O)
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Description: monad, small grain, radial symmetry, heteropolar, amb
subtriangular, prolate spheroidal, tricolporate, microrreticulate. P = 23 um; E = 20 um;
P/E = 1.15 pm.

Current occurrence on RPG: shrubs and subshrubs occurring in montane
grasslands in central and southern Brazil (Boldrini, 2009; Souza et al., 2022). Very
common in open areas of Uruguay and Argentina (Ortiz et al., 2021).

Quaternary fossil record on RPG: only in this paper.
Plantaginaceae
Plantago L. (Figure 4 P)

Description: monad, small to medium grain, radial symmetry, isopolar, amb

subtriangular, tricolporate, reticulate to scabrate. D = 20 um.

Current occurrence on RPG: common herbs in grasslands permanently or
periodically flooded (Hefler et al., 2011). Found in Uruguay and Argentina in the
northern sectors of the Pampean Province (Hassemer et al., 2015; Matzenauer et al.,
2019).

Quaternary fossil record on RPG: a grain pollen commonly detected in
grasslands since the Pleistocene in southern Brazil (Lorscheitter and Dillenburg, 1998;
Macedo et al., 2007; Bauermann et al., 2008; Evaldt et al., 2014; Behling et al., 2016),
Uruguay and Argentina (Borromei, 1995; Borromei and Quattrochio, 1994; Gutierrez
et al., 2011; Mourelle et al., 2017; De Francesco et al., 2022; Vuichard et al., 2023).

Verbenaceae
Lippia L. (Figure 4 Q)

Description: monad, small to medium grain, radial symmetry, isopolar, amb

subtriangular, tricolporate, reticulate to scabrate. D = 20 um.

Current occurrence on RPG: shrubs of grassland areas, occurring in both dry
and wet soils from southern Brazil, Uruguay and northern Argentina (Thode and Metz,
2010; O’Leary et al., 2011; Lu-Irving et al., 2021).

Quaternary fossil record on RPG: few records in Holocene sequences from
southern Brazil (Bauermann et al., 2008) and Argentina (Grill, 2003, Vilanova et al.,
2010).
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SOLANALES
Convolvulaceae
Convolvulus L. (Figure 4 R)

Description: monad, large grain, radial symmetry, isopolar, amb circular, prolate,
pantocolpate, psilate. P = 38 um; E = 25 um; P/E = 1.52 um.

Current occurrence on RPG: shrubs widely distributed in grassy areas or edges
of forest environments (Ferreira and Miotto, 2013). Few occurrences in Uruguay and
Argentina, where it occurs in dry and open areas (Moreira et al., 2020).

Quaternary fossil record on RPG: few records in Argentina, where it is more
abundant during the Pleistocene (Borromei, 1995, 1998; Grill, 2003), but only in
Holocene sequence in Brazil (Macedo et al., 2009; Masetto and Lorscheitter, 2019).

Solanaceae
Solanum L. (Figure 4 S)

Description: monad, small grain, radial symmetry, isopolar, amb subtriangular,

oblate spheroidal, tricolpate, tectate. P = 18 um; E = 19 um; P/E = 0.95 um.

Current occurrence on RPG: shrubs found in rupicolous and in sandy terrains
in southern Brazil, Uruguay and Argentina coastal plains (Celsi and Monserrat, 2008;
Soares et al., 2011; Palchetti et al., 2020; Landi et al., 2021).

Quaternary fossil record on RPG: there are records of this genus along the late
Pleistocene and Holocene in Argentina and Uruguay (Borromei, 1998; Quattrocchio
and Borromei, 1998; Stutz et al., 2002; Grill, 2003; Grill and Morras2010; Gutierrez et
al., 2011), and also in southern Brazil (Bauermann et al. 2008; Evaldt et al., 2014).

GENTIANALES
Apocynaceae (Figure 4 T)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

suboblate, heterocolpate, microrreticulate. P = 39 um; E = 45 um; P/E = 0.87 um.

Current occurrence on RPG: trees, shrubs and herbs occurring both on forested
and open areas (Barth and Lutz, 2008; Artico et al., 2010). It is a family very commonly

found in southern Brazil, Uruguay and Argentina (Gonzales and Keller, 2020).
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Quaternary fossil record on RPG: few descriptions, all of them associated to late
Pleistocene and Holocene deposits in Uruguay (Iriarte, 2006) and Brazil (Evaldt et al.,
2014; Ribeiro et al., 2020).

Rubiaceae
Borreria G.Mey. (Figure 4 U)

Description: monad, small to large grain, radial symmetry, isopolar, amb
circular, prolate spheroidal, pantoporate (5 colpos), microrreticulate. D = 24 pm.

Current occurrence on RPG: herbs or subshrubs in forested areas througth
Brazil (Gongalves-Esteves et al., 2020; Dutra et al., 2020) and grasslands in southern
Brazil (Joly, 2002; Vitarelli and Santos, 2009). Very common in Uruguay and Argentina,
being more distributed in the transition zone between the Chaco and Pampean
provinces (Chiapella and Demaio, 2015), as well on the Mesopotamic Pampa (Miguel
et al., 2022).

Quaternary fossil record on RPG: present in Argentina (Borromei, 1995; Grill,
2003), Uruguay (Iriarte, 2006) and southern Brazil (Behling et al., 2005; Bauermann et
al., 2008; Evaldt et al., 2018; Ribeiro et al., 2020). All these previous works recorded

Rubiaceae during the Pleistocene and Holocene.
BORAGINALES

Boraginaceae

Tournefortia L. (Figure 4 V)

Description: monad, medium grain, radial symmetry, isopolar, amb
subtriangular, prolate, tricolporate, microrreticulate. P = 30 um; E = 21 um; P/E = 1.43

pm.

Current occurrence on RPG: trees and shrubs associated with riparian forests
(Vaccaro and Longhi, 1995; Gilbert and Favoreto, 2012) and open dry areas in Brazil,
Uruguay and Argentina (Melo, 2007; Melo and Lyra-Lemos, 2008; Cavalheiro et al.,
2011).

Quaternary fossil record on RPG: few records associated to Pleistocene and
Holocene deposits in Argentina (Borromei, 1995) and southern Brazil (Macedo et al.,
2007; Bauermann et al., 2008).
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AQUIFOLIALES
Aquifoliaceae
llex L. (Figure 4 W)

Description: monad, medium grain, radial symmetry, isopolar, amb circular,

peroblate, tricolporate, corrugate. P = 31 um; E = 30 um; P/E = 1.03 pm.

Current occurrence on RPG: trees and shrubs associated to riparian forests in
lowland areas in Brazil (Cabral et al., 2019) In Uruguay it occurs as isolated forms
(Gilberti, 1979; Martinez et al., 1997; Ramirez and Samuel, 2022). It also occurs in

Argentina, but not in open areas within RPG (Gonzales and Tarragd, 2009).

Quaternary fossil record on RPG: wide occurrence in the pollen records since
the Pleistocene of the RPG in both Uruguay (Mourelle et al., 2018), and Brazil
(Lorscheitter and Dillenburg, 1998; Macedo et al.,, 2007; Bauermann et al., 2008;
Behling et al., 2016; Masetto and Lorscheitter, 2019; Ribeiro et al., 2020.

ASTERALES
Asteraceae (Figure 4 X)

Description: monad, small grain, radial symmetry, heteropolar, amb

subtriangular to triangular, tricolporate, echinate. EE = 24 um.

Current occurrence on RPG: herbs and shrubs common in open areas in Brazil,
Uruguay and Argentina (Mondin and Vasques, 2004; Heiden et al., 2009; Fagundes et
al.,, 2015). In Uruguay it occurs widely in different soils always in open areas
(Rodriguez-Cravero et al., 2019; Valtierra et al., 2021). In Argentina it is one of the
most common herbs occurring in open areas and different soils (Katinas et al., 2007;
Schiavinato and Bartoli, 2020; Sabatino and Deble, 2022), as well as in the Tandilia

and Ventania mountains (Crisci et al., 2001).

Quaternary fossil record on RPG: like Poaceae, Asteraceae is one of the most
common and abundant pollen types broadly described in the RPG, with records in
Argentina and Uruguay (Borromei, 1995; Grill, 2003; Prieto et al., 2004; Iriarte, 2006;
Vilanova et al., 2010; Vilanova and Prieto, 2012; Mourelle et al., 2015; Gu et al., 2018),
as well as in southern Brazil (2008; Behling et al., 2005; Masetto and Lorscheitter,
2019; Ribeiro et al., 2020).
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Calyceraceae (Figure 4Y)

Description: monad, small grain, radial symmetry, apolar, amb triangular,

prolate spheroidal, tricolporate, microrreticulate. P = 13 ym; E = 12 um; P/E = 1.08 pm.

Current occurrence on RPG: herbs that occur both in riparian forests and in
open areas in Brazil (Magenta, 2020). In Uruguay it occurs througthout the country.
Only a few genera were recorded in the northern and central portion of the Argentinean
Pampa (Zavala-Gallo et al., 2011; Denham et al., 2016).

Quaternary fossil record on RPG: only in this paper.
APIALES
Apiaceae
Eryngium L. (Figure 4 Z)

Description: monad, medium grain, radial symmetry, heteropolar, amb
ellipsoidal, prolate to perprolate, tricolporate, psilate. P =43 ym; E =17 um; P/E = 2.53

gm.

Current occurrence on RPG: herbs that occur in different physiographic regions
(Lucas and Boldrini, 2018), although preferentially in humid grasslands and marshes
(Quadros and Pillar, 2002; Joly, 2002; Calvifio and Martinez, 2007; Marchi et al., 2018).
It occurs througthout Uruguay (Brussa and Grella, 2007; Calvifio et al, 2008). In
Argentina it is very common in the northern sector of the Pampean province (Calvifio
et al., 2008; Oyarzabal et al., 2018).

Quaternary fossil record on RPG: a very common herb widely detected in
Pleistocene and Holocene deposits in Uruguay and Argentina (Stutz et al., 2002;
Vilanova et al., 2006, 2010; Vilanova and Prieto, 2012; Iriarte, 2006; Tonello and Prieto,
2008; Tonello e Prieto, 2010; Mourelle and Prieto, 2012; Mourelle et al., 2015; Gu et
al., 2018; De Francesco et al., 2022; Vuichard et al., 2023), as well as in southern
Brazil (Lorscheitter and Dillenburg, 1998; Behling et al., 2005, 2016; Macedo et al.,
2007; Bauermann et al., 2008; Evaldt et al., 2014; Ribeiro et al., 2020).

DIPSACALES
Valerianaceae

Valeriana L. (Figure 4 ZZ)
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Description: monad, medium grain, radial symmetry, isopolar, amb ellipsoidal,
prolate spheroidal, tricolporate, microechinate. P = 28.8 um; E = 25.6 um; P/E = 1.13

gm.

Current occurrence on RPG: herbs and subshrubs in open areas in southern
Brazil (Longhi-Wagner et al., 2008). It occurs more frequently in western borders of the
Pampean province in Argentina (Kutschker, 2011; Kutschker and Morrone, 2012;
Zanotti et al., 2014), especially in rocky terrains (Méndez, 2010). Few occurrences in
Uruguay (Zuloaga et al., 2019).

Quaternary fossil record on RPG: recorded in Holocene deposits in southern
Brazil (Macedo et al., 2007; Bauermann et al., 2008).

6. Discussion

According to stratigraphic aspects observed in the drill core and previously
discussed by Bocalon et al. (2023), the sandy sequence at the base was formed in a
shallow and ephemeral body of water, where a significant amount of sediment was
deposited. This occurred because there was no vegetation covering the margins,
which would have otherwise helped to prevent erosion. The sediment has a light gray
color and shows the lowest values of organic matter, evidencing an unwelcoming
environment for the preservation of plant remnants. The climatic characteristics would
be associated with drier conditions which would last between 17,424 cal BP and 11,320
+ 60 cal BP (Iriondo and Garcia, 1993; Iriarte, 2006; Tonelo and Prieto, 2010; Paez et
al., 2015; Novello et al., 2017; Cuiia-Rodriguez et al. 2020; Lopes et al., 2023; Ribeiro
et al., 2024). When the input of sand ceases, it is observed an increase in the mud
supply associated to an increase in organic matter. That means an increase in humidity
levels, which creates favorable conditions for the preservation of organic matter. This
change is likely linked to a more stable water table. These wetter climatic conditions
are more evident between 8,000 and 5,000 years B.P. (Borromei, 1995; Prieto, 1996;
Quattrocchio et al., 2008; Grill and Morras, 2010; Paez et al., 2015), a period informally
designated in Argentina as “Platense Stage” (Iriondo and Garcia, 1993) and were
detected elsewhere in South America (Bernal et al., 2016; Guerra et al., 2017). Up to
higher sequences, the sediment is muddy and contains high levels of organic matter
and plant remains, indicating a perennial and anoxic aquatic condition fully established
at the time of peat evolution, already showing the current weather conditions (Bocalon
et al., 2023).
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Figure 5 shows the distribution of pollen grains identified with the records of studies
carried out in countries covered by the RPG, here informally designated as
Argentinian, Uruguayan and Brazilian sectors. Based on the identified pollen grains, it
is seen that the open vegetation has always been predominant throughout the studied
interval, i.e., since the early deglaciation, and that the amount of identified herbaceous
and forest taxa is practically the same. In total, 52 pollen grains were identified, of
which 25 are herbs, 22 trees, and five of aquatic constituents. However, data referring
to the sum of the pollen grains show a predominance of grassland taxa throughout the
entire drill core (Bocalon et al., 2023). The lowest values are associated with the basal
interval (between 3.20 and 2.50 m), while the highest values are concentrated in the
interval between 1.70 and 0.50 m. Within these same intervals higher concentrations

of aquatic taxa are also observed.

The most abundant taxon is Poaceae, occurring in large quantities all through
the core. The omnipresence of Poaceae is a phenomenon that predominates in the
RPG according to many studies carried out on Argentina, Uruguay, and Brazil
(Borromei, 1995; Grill, 2003; Behling et al., 2005; Tonello and Prieto, 2008; Garcia-
Rodriguez et al., 2010; Evaldt et al., 2014; Masetto and Lorscheitter, 2019; Ribeiro et
al., 2020). Asteraceae, Apiaceae, Amaranthaceae, Rubiaceae, Lamiaceae,
Euphorbiaceae, Ephedraceae and Cyperaceae are also some of the most important
taxa identified along the core. However, while in the northern portion of the RPG (Brazil
and Uruguay) Poaceae is generally associated with Asteraceae, in the southern
portion (Argentina) Chenopodiaceae is the main taxon associated with Poaceae
(Borromei, 1995; Grill, 2003; Garcia-Rodriguez et al., 2010). Chenopodiaceae was not
identified in the present study. When compared with other sectors of the RPG, in the
studied area Poaceae shows very high values, surpassing 80%, similar to those
obtained by Mourelle et al. (2015, Uruguayan coast of the Rio de la Plata Estuary) and
higher than those identified in Argentina (Borromei, 1995; Grill, 2003; Quattrocchio and
Borromei, 1998), where the average values do not exceed 50%. The presence of
Chenopodiaceae in the southern portion of the Argentinian sector shows that the
dynamics of the vegetation there would have been different. While in the Uruguayan
and Brazilian sectors, during the Upper Pleistocene a savanna-type vegetation
predominated associated to C4 grasses, in the southern portion of the Argentinian
sector, the predominant vegetation was steppe associated to Cz grasses. These

conclusions were obtained not only by palynological records (Barreda et al., 2007), but
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Figure 5. Spatial distribution in the RPG of pollen grains identified in this work. The

taxa marked with an asterisk (*) are described for the first time in RPG.
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also by mammal vertebrate paleontology (Farifia, 1995; Prado et al., 2021). During the
Holocene, all sectors of the RPG would share a more homogeneous savanna-like
landscape, and this landscape would also extend to northwestern areas, beyond the

current RPG boundaries (Vivo and Carmignoto, 2004; Velazco et al., 2018b).

Regarding arboreal taxa, the most abundant (5-15%) are Myrtaceae, Rutaceae
and Fabaceae (Mimosoideae). In smaller quantities (5%) were identified Apocinaceae,
Loranthaceae, Ulmaceae, Vochisiaceae, Myrsinaceae, and Sapindaceae. A large
number of taxa occurring with amounts less than 5% were identified, they being
Fabaceae (Mimosa L.), Annonaceae, Melastomataceae, Loasaceae, Proteaceae,
Anacardiaceae, Aquifoliaceae, Arecaceae, Ericaceae, Boraginaceae, Meliaceae,
Rosaceae and Sapotaceae. If compared to the Uruguayan and Argentinian sectors of
the RPG, the diversity of forest taxa is greater in the present study. Some of these taxa
are shared in the Brazilian, Uruguayan, and Argentinean sectors of the RPG, like
Myrtaceae (Myrcia DC.), Fabaceae (Mimosoideae), Aquifoliaceae (llex L.), Arecaceae,
Ulmaceae and Vochisiaceae. Annonaceae, Ulmaceae (Phylostyllum Capan.ex Benth
& Hook.f.), Loasaceae, Ericaceae and Orobanchaceae are for the first time being
registered in the RPG. This shows that the Brazilian sector of the RPG presents a
greater contribution of tropical taxa, while the Uruguayan and Argentinian sectors are
influenced by temperate taxa contribution, once the principal trees are Podocarpus
L’Hér. Ex Pers., Nothofagus Blume, Salix L. and Phyllanthus L. (Borromei, 1995;
Tonello and Prieto, 2008; Vilanova et al., 2006; Mourelle et al., 2015; Gu et al., 2018).
The influence of tropical taxa on the Brazilian portion of the RPG (Figure 6) was
previously detected by Behling et al. (2005) and Mourelle et al. (2018).

Aquatic pollens occur along the entire core, being more abundant at 2.50 m
depth and towards the top, reaching maximum values between 1.70 and 0.50 m. These
taxa comprise Halloragaceae (Myriophyllum L.), Polygonaceae (Polygonum L.),
Typhaceae (Typha L.), Alismataceae (Echinodorus Rich. ex Engelm.) and
Combretaceae, all of them commonly described throughout the RPG (Borromei, 1995;
Quatrocchio and Borromei, 1998; Behling et al., 2005; Mourelle et al., 2012; Evaldt,
2014; Masetto and Lorscheitter, 2019).

The palynological data reveal that there were some variations in the vegetation
during the time interval herein analyzed (Bocalon et al., 2023). This difference was

noted in relation to taxa with frequencies exceeding 10%, and it is associated with
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Figure 6. The influence of tropical taxa in the Brazilian portion of the RPG. Such taxa
refer, especially, to arboreal ones.

changes in humidity level that fluctuate over time. Despite the expected correlation
between an increase in humidity and the rise of arboreal taxa, it was actually the
increase in aquatic taxa that characterized the observed changes in humidity level.
The increase in humidity observed between 1.70 and 0.50 m is in conformity with the
data obtained along the RPG (Prieto,1996; Behling et al., 2005; Iriarte, 2006; Paez et
al., 2015; Mourelle and Prieto, 2016; Gu et al., 2018).

It is important to note that most of the pollen taxa associated with the identified
grasslands are the same ones found in the current composition of plant diversity of the
PB. According to Boldrini et al. (2015), the main plant species occurring in the PB are
Poaceae (423 species), Asteraceae (480), Fabaceae (234), Cyperaceae (145),
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Malvaceae (83), Verbenaceae (67), Cactaceae (57), Iridaceae (57) and Apiaceae (32).
Except for Cactaceae, all of them were identified in the present study, which strongly
suggests that the plant diversity of the PB would have been established in a period
prior to the late Pleistocene. The oldest data obtained for RPG are found in Aguas
Claras Peat (last 38.000 years; Ribeiro, 2024), Mar Chiquita, Cérdoba province,
Argentina (last 25,000 years; Cufia-Rodriguez et al., 2020), S&o Francisco de Assis
municipality, southern Brazil (last 22,000 years; Behling et al., 2005) and southern
Brazilian continental shelf (last 19,000 years; Gu et al., 2018). All these studies point
to the presence of grassy landscapes already established in this period, with Poacea,
Asteraceae and Apiaceae being the predominant plant families at this time. Even
works carried out beyond the current limits of RPG show these prevailing conditions,
as in the case of the northern portion of the state of Rio Grande do Sul (Behling et al.,
2004; Leonhardt and Lorscheitter, 2010; Jeske-Pierushka and Behling, 2011; Spalding
and Lorscheitter, 2015; Roth and Lorscheitter, 2021), and the southeastern portion of
the state of Santa Catarina (Behling, 1995; Perin et al., 2021; Botezzini et al., 2021).

In the Brazilian and Uruguayan sectors, although the pollen taxa reveal a
vegetation adapted mainly to dry environments, the current climatic conditions favor
the development of forested vegetation (Verdum, 2016; Buriol et al., 2019). Such
adaptations consist mainly in the reduction of leaf thickness, as well as the presence
of waterproofing oils and waxes in the exposed portions of the plants, among others
(Boldrini et al., 2010; Bencke, 2016). According to many authors, such adaptations
indicate that these plants constitute relicts of a past period in which dry climate
conditions predominated (Lindman, 1906; Rambo, 1956; Crawshaw et al., 2007;
Boldrini et al., 2010; Bencke, 2016; Verdum, 2016, Hasenack et al., 2019; 2023).

7. Conclusions

The grassland communities observed in the studied drill core exhibit a floristic
composition that closely resembles the vegetation found today in the vicinity of
Cacequi municipality, with Poaceae, Asteraceae, Fabaceae and Rubiaceae being the
most abundant families. Fifty-two taxa related to phanerogams were identified, as
follows: 25 associated to fields, 22 to forests and five to aquatic environments. All
grassland-related pollen taxa have current equivalents except Cactaceae, not
identified in the present study. The palynological content is dispersed in muddy
sediments rich in organic matter, which were deposited in the sandy bottom of a lake

with variable hydraulic conditions from intermittent to perennial system. Humidity
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fluctuations were identified based on the quantitative study of aquatic taxa, since the
other taxa were not suitable for this analysis. Aquatic pollen grains are more abundant
and diverse only in the interval between 1.70 and 0.50 m (4.965 kal yr BP), during the
period of maximum humidity in the PB. Despite the small changes in humidity, it is
noteworthy that the prevalence of grassland vegetation similar to current fields
indicates that the PB plant diversity was established before the early deglaciation,
during a period when dry climatic conditions prevailed.
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A pesquisa desenvolvida procura contribuir para o conhecimento dos processos
evolutivos relacionados as associa¢gfes vegetacionais na regido do Bioma Pampa e,
por extensdo, as PRP, ao longo do Quaternario Superior. Trata-se de uma
investigagcdo multiproxy baseada em analises de geocronologia, sedimentologia,
palinologia e teor de matéria organica e cinzas aplicadas a amostras de testemunho
de sondagem de uma turfeira localizada no municipio de Cacequi, estado do Rio
Grande do Sul, Brasil. Os dados palinolégicos foram comparados com publicacfes
relacionadas ndo somente do Brasil, mas também do Uruguai e Argentina, a fim de se

determinar a distribuicdo espaco-temporal dos taxons polinicos aqui identificados.

Nos topicos abaixo segue a sintese integradora dos resultados obtidos nos dois
artigos apresentados, bem como das discussdes e conclusdes. Além disso, ha planos
de utilizar as mesmas amostras para estudos com outros proxies, conforme

brevemente discutido no ultimo topico, intitulado Trabalhos Futuros

Aspectos Evolutivos da Turfeira de Cacequi

O testemunho de sondagem abarca os ultimos 17.400 anos A.P., abrangendo
o final do Pleistoceno Superior e 0 Holoceno. Quatro intervalos granulométricos foram

identificados ao longo do perfil sedimentar de 3,20 m de profundidade (Figura 3).

A porcédo basal (3,20 e 2,50 m) se constitui por fracbes predominantemente
arenosas (areia levemente siltosa e areia levemente argilosa), com coloracdo cinza
esverdeado escuro (5GY/4/2). Neste nivel, a quantidade de cinza foi maxima (96.93%)
e o teor de matéria organica foi minimo (1,8%). Neste intervalo basal, ndo foram
identificados restos vegetais associados. A idade deste intervalo (estimada entre
17.427 e 12.666 cal. yr. B.P.) se associa ao final do UMG. Os constituintes vegetais
associados a campo predominam nesta fase, estando associados com maiores
porcentagens de constituintes arbdreos. Pouca quantidade e diversificacdo de
bridfitas e samambaias foram identificadas. As caracteristicas climéticas estariam
associadas a condi¢cdes mais secas que perduraram durante todo o final do UMG,
desde o tempo de formacado da base da turfa até o inicio do Holoceno. O corpo hidrico
durante o inicio da formagéo da turfa era raso e efémero, onde aportavam grandes
guantidades de sedimentos devido a uma cobertura vegetal incipiente capaz de

impedir de forma efetiva 0s processos erosivos de suas margens.
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Figura 3. Modelo idade x profundidade e descricdo do testemunho sedimentar (baseado em
Bocalon et al.,, 2023). O modelo de profundidade média de idade é indicado pela linha
pontilhada vermelha, os intervalos de confianca de 95% sao indicados pelas curvas pontilha
cinza escuro e as quatro datas calibradas sdo mostradas em azul.

O segundo intervalo (2,50-1,70 m) esta constituido pela intercalacdo de lama
arenosa argilosa cinza esverdeada escura (10G/4), com pequenas quantidades de
restos vegetais fragmentados e decompostos associados. Observa-se aumento de
matéria organica (15,03%) e ligeira reducéo do teor de cinzas (86,19%). Em relacéo
aos constituintes vegetais, ocorre aumento dos constituintes campestres e diminui¢ao
dos constituintes arbéreos. Também este aumento € observado entre as samambaias
e algas, que ocorre em todo o intervalo; em relacdo as briéfitas, o aumento é
perceptivel na base. Com idades entre 12.666 e 4.433 cal. yr. B.P., este intervalo
indica o inicio da implantacdo de condi¢cdes redutoras, em um ambiente lacustre
perene, de baixa energia, sem mais tanto aporte de material clastico terrigeno, o que

favorece a preservacdo da matéria organica em relacéo ao intervalo anterior.

O intervalo entre 1,70 e 0,50 m mostra idades entre 4.433 e 523 cal. yr. B.P. se
mostra bastante distinto em relacdo aos anteriores. Esta constituido por lama arenosa
levemente siltosa, lama arenosa levemente argilosa e silte levemente argiloso, com
coloragéo cinza muito escuro (N/3). O valor médio da matéria organica aumenta para
28,4%, enquanto que o teor de cinzas diminui para 50,38%. Os constituintes

campestres ainda sdo predominantes, enquanto os arboreos mostram pequeno
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decréscimo. Este intervalo se caracteriza, também, ndo somente pelo aumento dos
constituintes aquéaticos, mas também pela ampla variagdo dos mesmos, fato este
observado em relacdo as samambaias e bridfitas. As caracteristicas mostram que,
neste momento, as condi¢cdes de banhado estdo implementadas, onde as condi¢des
anbxicas sdo mais tipicas, e sem aporte de material detritico. E neste momento que
as maiores taxas de umidade foram observadas ao longo da evolugdo do ambiente
estudado.

O intervalo mais superior, abarcando os ultimos 500 anos, esta constituido por
silte argiloso e argila siltosa, com coloracdo cinza esverdeado escuro (5GY/4/1),
associado a grande quantidade de restos e fragmentos de plantas. Apresenta as
maiores quantidades de matéria orgéanica (46,05%), enquanto que os teores de cinzas
mostram pequeno decréscimo na quantidade, atingindo maximo de 58,47%). Os
constituintes vegetais campestres predominam, porém associados a diminuicdo dos
constituintes aquaticos e das samambaias e bridfitas. Os constituintes arboreos
aumentam neste intervalo. As caracteristicas mostram um ambiente palustre
assoreado, ainda associado a condi¢cfes climaticas umidas. A Figura 4 representa a

evolucao paleoecoldgica da turfeira de Cacequi

A

Areia

- Lama - Lama rica em matéria organica

Figura 4. Blocos diagramas representando a evolucdo paleoambiental da turfeira analisada,
com base nos proxies estudados. Os diagramas sdo meramente ilustrativos e néo
representam resultados quantitativos.

Os teores de cinzas e de matéria organica mostram grandes varia¢des ao longo

do testemunho estudado (Figura 5). No nivel basal (entre 3,20 e 2,50 m), os elevados
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teores de cinzas associados as baixas quantidades de matéria organica indicam
condic¢des oxidantes, inibindo os processos relacionados ao acumulo e maturacao da
matéria organica vegetal. E neste nivel, portanto, que o grau de humificagio é menor.
Sao observadas relagdes antagdnicas entre o teor de cinzas e a matéria organica, fato
bastante comum observado em turfeiras. Esta relacdo é mantida no intervalo entre
2,50 e 1,70 m, porém com diminuicdo do teor de cinzas e aumento de matéria
organica. Isso indica o inicio de condi¢cdes ambientais mais Umidas para preservacao
da matéria organica e diminuicdo do aporte sedimentar arenoso externo,
provavelmente associado a um lencol freatico mais estavel; na por¢cdo média a
superior deste nivel, se observa tendéncia de aumento no grau de humificacdo da
turfa. Nos niveis mais superiores (1,70 e 0,50 m e 0,50 m e 0,00 m), o teor de cinzas
e a matéria organica apresentam comportamento muito semelhante, indicando que os

contetdos mineralizados associados as cinzas sao autoctones e biogénicos.
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Figura 5. Perfil colunar da turfeira de Cacequi mostrando sucessao sedimentar, matéria
organica, teor de cinzas e grau de humificagdo.

Entre 1,70 m e 0,50 m, o grau de humificagdo atinge valor maximo, indicando

as condi¢des altamente anodxicas e propicias para a maturacdo da matéria organica.



Pagina | 158

No entanto, no nivel mais superior (0,50 m e 0,00 m), o alto grau de humificacdo

mostra tendéncia de decréscimo, o que € sugerido por condicdes menos redutoras.
Palinologia da Turfeira de Cacequi

Os quatro intervalos granulométricos descritos anteriormente também se
refletem no contetdo palinoldgico, onde quatro zonas polinicas foram identificas,

conforme pode ser observado nas Figuras 6, 7, 8 e 9.

A Zona CCQ I, basal, se caracteriza por predominio de formacdes vegetais
predominantes de pastagens, sendo Poaceae, Asteraceae os predominantes (mais
de 60%) e quatro taxas ocorrendo em quantidades entre 5 e 10% (Apiaceae,
Amaranthaceae, Rubiaceae e Lamiaceae), além de varios taxons ocorrendo em
guantidades menores que 5%. Os taxons arboreos perfazem até 20%, sendo
Myrtaceae, Fabaceae, Rutacea, Malpighiaceae e Apocynaceae. Haloragacea e
Polygonaceae se constituem nos representantes aquaticos, junto com samambaias e

briofitas, ocorrendo em quantidades abaixo de 20%.

Ao longo da Zona CCQ IlI, os principais taxons campestres descritos
anteriormente permanecem, porém agora acompanhados por Ephedraceae e por leve
diversificacdo de taxons aquaticos, onde Typhaceae se faz presente junto com
Haloragaceae e Polygonaceae, acompanhados por aumento de samambaias e
briofitas. Os taxons arboreos também mostram pequena diminuicdo, porém
acompanhada por aumento na diversidade dos mesmos visto que, além dos taxons
descritos na zona anterior, nesta ocorrem Sapotaceae, Loranthaceae, Vochysiaceae

e Sapindaceae.

A Zona CCQ Il mantém a predominancia de taxons campestres, com aumento
na quantidade de Poaceae e Asteraceae, além de aumento e diversificacdo de taxons
com até 5% e menos de ocorréncia: Amaranthaceae, Euphorbiaceae, Polygonaceae,
Lythraceae, Malvaceae, Plantaginaceae, dentre outros. Os taxons arboreos mostram
pequena reducdo na quantidade, porém mantendo a diversidade: Myrtaceae,
Fabaceae, Loasaceae, Rutaceae, Vochysiaceae, Ericacea, Myrsinaceae. Os taxons
aguaticos neste nivel, e isso € importante ressaltar, mostram-se em maior quantidade
e maior diversidade, sendo representados por Typhacea, Polygonaceae, Lythraceae,
e Haloragaceae e Combretaceae. Esta diversificagdo é também acompanhada por

significativo aumento de samambaias e bridfitas.
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A Zona CCQ IV se mantém constituida basicamente por tAxons campestres,
sendo Poaceae e Asteraceae dominantes; varios tdxons ocorrem associados em
guantidades entre 5 e 10%: Amaranthaceae, Apiaceae, Amaranthaceae, Solanacea,
Calyceraceae, Euphorbiaceae, Rubiaceae, Solanaceae. Os taxons arb6reos mostram
ligeiro aumento na quantidade, sendo representados por Myrtaceae, Rutaceae,
Malpighiaceae, Annonaceae, Valerianaceae. Os taxons aquaticos mostram ligeiro
decréscimo, sendo representados por Typhaceae, Haloragaceae, Polygonaceae e
Combretaceae. Também se da pequeno decréscimo na quantidade de samambaias
e bridfitas. Os taxons vegetais identificados ao longo das quatro zonas estdo
mostrados nas Figuras 10 e 11.

Os estudos palinolégicos ao longo das quatro zonas identificadas mostra que
0s constituintes campestres se mantém dominantes, fato este que é acompanhando
por ligeira flutuacdo dos constituintes florestais. Embora ocorrendo em poucas
guantidades nas quatro zonas, 0s taxons aquaticos se mostraram mais presentes e
diversificados na Zona CCQ lll, mesma zona em que samambaias e bri6fitas também
ocorrem em maiores quantidades. Este aumento esta associado a um momento
especifico do BP, quando condicbes mais umidas foram impostas, ou seja, ha 4.000
anos atras. Este aumento de umidade foi gradual, e teria iniciado apos o final do UMG.
E importante notar que a maioria dos taxons polinicos identificados associados a
campo sdo 0s mesmos encontrados na atual composicéo da diversidade vegetal do
BP.

Distribuicdo Espaco-Temporal dos Taxons Polinicos nas Pradarias do Rio

da Prata

Comparando-se as ocorréncias dos taxons polinicos estudados, se percebem
diferencas bastante importantes entre as diferentes por¢des das Pradarias do Rio da
Prata. Na porcéo norte das Pradarias do Rio da Prata (Brasil e Uruguai) Poaceae esta
geralmente associada a Asteraceae, enquanto que, na porcdo sul (Argentina),
Chenopodiaceae € o principal taxon associado a Poaceae. Tal fato mostra que a

dinAmica da vegetacao teria sido diferente nestas porc¢oes.
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Figura 6. Diagrama percentual e frequéncia dos palinomorfos herbaceos.
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Figura 9. Diagrama de soma e zonas polinicas identificadas através das analises de agrupamento Coniss.
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Figura 10. Ephedra Tourn. ex. L, VE (A); Annonaceae, VG (B); Echinodorus Rich. ex. Engel.,
VG (C). Sisyrinchium L., VE (D); Arecaceae, VE (E); Poaceae, VG (F); Eleocharis R.Br., VE
(G); Typha L., VE (H); Berberis L., VP (I); Roupala Aubl., VP (J); Myriophyllum L, VP (K);
Croton L., VP (L); Erythroxyllum P.Browne, VE (M); Mimosa L.., VE (N); Mimosoideae, VE (O);
Polygala L., VE (P); Prunus L., VE (Q); Phyllostylon P.Browne Tipo |, VP (U); Cuphea
P.Browne Tipo Il, VE (V); Miconia Ruiz & Pav., VE (W); Vochisiaceae, VE (X); Schinus L., VE
(Y); Sapindaceae, VP (Z). Barra de escala = 10 um. VE = Vista Equatorial. VP = Vista Polar.
VG = Vista Geral.
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Figura 11. Meliaceae, VE (A); Rutaceae, VE (B); Pavonia Cav., VG (C); Struthanthus Mart.,
VP (D); Cerastium L., VG (E); Polygonum L., VG (F); Amaranthaceae, VG (G); Loasaceae, VE
(H); Ericaceae, VG (l); Myrsine L. Jacq., VP (J); Sapotaceae, VE (K); Justicia Jacq., VE (L);
Hyptis Jacq., VP (M); Sinningia Nees, VE (N); Orobanchaceae, VP (O); Plantago L., VG (P);
Lippia L., VP (Q); Convolvulus L., VE (R); Solanum L., VE (S); Apocynaceae, VP (T); Borreria
G.Mey., VP (U); Tournefortia L., VE (V); llex L., VG (W); Asteraceae, VP (X); Calyceraceae,
VE (Y); Eryngium L., VE (Z); Valeriana L., VE (ZZ). Barra de escala = 10 um. VE = Vista
Equatorial. VP = Vista Polar. VG = Vista Geral.
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Enquanto nos setores uruguaio e brasileiro, durante o Pleistoceno superior
predominou uma vegetacdo do tipo savana, na por¢cao sul do setor argentino a
vegetacao predominante foi do tipo estepe. A paisagem mais homogénea, como hoje
€ compartilhada em todas as por¢bes das PRP, teria sido moldada durante o
Holoceno, quando uma cobertura vegetal tipo savana se estabeleceria amplamente.
Chenopodiaceae nao foi identificada no presente estudo. Se comparado aos setores
uruguaio e argentino das PRP (Figuras 12 e 13), a diversidade de taxons florestais é
maior no BP. Isso mostra que o setor brasileiro das PRP apresenta maior contribuicao
de taxons tropicais, enquanto os setores uruguaio e argentino sao influenciados pela
contribuicdo de taxons temperados. Alguns desses taxons sdo compartilhados nos
setores brasileiro, uruguaio e argentino das PRP, e este compartilhamento ocorre

principalmente a partir do Holoceno.

Figura 12. Influéncia dos taxons tropicais na por¢éo brasileira das PRP. Tais taxons referem-
se, especialmente, aos arboéreos.
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Figura 13. Distribuicdo espacial nas PRP dos gréos de pdlen identificados neste trabalho. Os
tdxons marcados com um asterisco (*) sdo descritos pela primeira vez nas PRP.



Pagina | 168

Com base nos estudos que compdem a tese, destacam-se aqui as principais
conclusdes por eles geradas, como segue:

- a idade basal do testemunho de sondagem (17,4 cal kyr B.P.) est4 inserida
ao final do UMG, periodo em que grande parte dos autores estudados associa a
condicdes climéticas frias e secas entdo prevalecentes. No entanto, os dados aqui
apresentados, quando analisados em conjunto, apenas suportam a ideia de condicéo
climatica seca. Nao foram identificados taxons polinicos que corroborem presenca de
clima frio neste periodo para o BP;

- cerca de 4.965 cal kyr B.P., 0 aumento de umidade identificado ja identificado
a partir de 12,7 cal kyr B.P., atinge seu maximo. Esta interpretacédo esta baseada no
aumento ndo somente de taxons aquaticos, mas também de samambaias e bridfitas,
gue atingem maxima diversidade neste periodo. A maxima diversidade destes taxons
vegetais esta associada ao maior grau de matéria organica e ao maior teor de material

argiloso presente no testemunho analisado;

- 0 aumento de umidade identificado no presente estudo € coincidente com o
aumento de umidade ndo somente ao longo de toda a extensdo da Pradaria do Rio
da Prata, mas ocorrendo em toda a América do Sul. Portanto, ndo se pode somente
creditar este aumento de umidade devido a influéncia de maritimidade como
consequéncia da subida do nivel do mar, como aventado anteriormente por varios
autores. Este incremento de umidade deve, sim, ser creditado a fen6menos climaticos

regionais e mesmo mundiais;

- ao longo de todo o testemunho de sondagem prevalecem taxons vegetais
herbaceos. As pricipais familias presentes atualmente no BP (Poaceae, Asteraceae,
Amaranthaceae, Fabaceae, Apiaceae e Rubiaceae) ja estavam estabelecidas ha 17,4
cal kyr B.P., isto €, desde o final do Pleistoceno. O mesmo se observou em relacao
aos taxons arbéreos, com predominancia das familias Myrtaceae, Rutaceae e

Fabaceae. Os demais tdxons arboéreos foram estabelecidos a partir do Holoceno;

- a predominancia de Poaceae associada a Asteraceae e demais taxons
herbaceos aqui identificados (Amaranthaceae, Rubiaceae, Malvaceae, Lamiaceae),
observada ao longo de todo o testemunho, nos permite a afirmacdo de que uma
paisagem do tipo savana teria predominado ao longo dos ultimos 17.000 anos. A

comparacao dos dados palinoldgicos do presente estudo com os demais feitos tanto
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no Uruguai quanto na Argentina, sugerem que a paisagem tipo savana teria se
implementado ao longo do Holoceno, em substituicdo a uma paisagem tipo estépica
(Poaceae-Chenopodiaceae) até entdo existente nestes paises;

- € também a partir do Holoceno que o BP passa a mostrar sua atual
configuragéo vegetacional. Isto se deve ao fato de maior quantidade de constituintes
vegetacionais de origem tropical contribuirem no aumento do elenco de taxons

vegetacionais, notadamente os arboreos;

- principalmente no que se referem aos tdxons herbaceos identificados, eles
correspondem aos mesmos taxons que predominam atualmente ao longo da

paisagem do BP.

O trabalho de pesquisa de uma tese néo se encerra nas conclusdes. Devido a
sua natureza dinamica, frequentemente abre possibilidades para novas analises e
interpretacdes, que serdo exploradas em futuras pesquisas. Neste viés, 0 presente
autor ja iniciou investigacbes com base em outros proxies utilizando as mesmas

amostras que foram estudadas na tese, como segue:

- caracterizacdo dos palinomorfos ndo polinicos e associacao da distribuicao

dos mesmos com o grau de humificacdo ao longo do testemunho de sondagem;

- analise dos fitélitos presentes nas amostras em tela visando sua contribuicao

para a caracterizacdo paleoambiental do BP no Quaternario superior.
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Conceito: A

PARECER:
A tese apresentadatraz dados interessantes e inéditos sobre o passado recente do
bioma pampa e representa uma importante contribuicéo para a palinologia
regional, discutindo seus resultados no contexto Brasil-Argentina-Uruguai.

A tese, apresentada de forma clara e bem escrita, esta estruturada em dois artigos.
O primeiro versa sobre as mudancas vegetacionais e climaticas a partir da
interpretacdo do registro sedimentar de uma turfeira em Cacequi. O segundo traz
uma descricdo morfoldgica dos graos de pélen encontrados e uma
contextualizacao regional e temporal destes.

Abaixo, apresento os principais questionamentos e sugestdes apresentados no
momento da arguicao.

Introducéao

A Introducédo deveria conduzir o leitor para o problema abordado na tese — as
mudancas vegetacionais e climaticas na PRP. Porém, ela focou muito em o que
sdo turfeiras, o que nao é o foco.

Area de estudo
Seria mais interessante descrever melhor a geologia, clima e vegetacao da area de
estudo do que caracterizar as turfas em geral.

Material e Métodos

Caracterizar mais detalhadamente o processamento quimico, jA que nos artigos
néao é possivel fazer isso. Faltou especificar os 4cidos utilizados.

A anélise de MO parece diferente do que esta descrito no artigo 1.

Artigo 1 (embora j& publicado, as sugestbes podem ser aproveitadas em trabalhos
futuros)

Foram contados 300 pdlens, ou pdlens + esporos?




Na andlise litolégica, ja hd um aumento de MO na 22 parte do testemunho, portanto
n&o concordo com a sua descri¢cao na tabela.

Na primeira descricdo das zonas, € dito que uma delas é representada apenas por
1 amostra (pag 49), mas nao sao as zonas aplicadas nos diagramas, e sim as
analises apresentadas na Figura 6. A escrita poderia estar mais clara neste ponto.

Nos diagramas:

- Apresentar ao menos as idades 14C

- Especificar que “somatorios” se refere ao dado bruto (grdos contatos) e nédo a
algum outro somatério, como de porcentagens, por exemplo.

- Pg ndo foram apresentadas curvas de concentracdo ou influxo polinico? S&o
muito importantes para a interpretacdo paleoambiental.

A Figura 6 foi pouquissimo explorada e a importancia da anélise representada néao
ficou clara.

O inicio do registro € interpretado como de clima seco. No entanto, nesta fase os
indicadores de mata estdo em seu maximo. Como explicar? Curvas de
concentracdo ou influxo polinico poderiam ajudar a interpretar esta zona.

N&o concordo com o destaque dado as plantas aquaticas (por exemplo, na tabela
3), cujo registro € bastante escasso e esparso no testemunho. O aumento de
umidade é muito melhor evidenciado pelo aumento expressivo de pteridéfitos e
briofitos.

Figura 7 e Figura 8: posicionar as idades nas zonas apresentadas. A legenda da
figura 8 ndo explicaoque sao A,BCeD.

Artigo 2
Na metodologia se descreve as analises estatisticas (tilia e tiliagraph), porém isso
nao é utilizado neste artigo.

Alguns taxons apresentados sdo comumente identificados apenas em nivel de
familia em trabalhos de paleopalinologia. Se € possivel identificar em nivel de
género, é interessante apresentar na descricdo as caracteristicas que 0s
distinguem. Outra opcgédo € utilizar a expressdo “genus” type. Sao eles:
Echinodorus, Eleocharis, Myrcia, Pavonia.

Na Discussdo, ha uma mistura entre as mudancas climaticas e floristicas vistas
neste trabalho com as descritas para a grande regido na literatura. Revisar e
escrever com maior clareza.

Em todo o artigo 2, as mudancas vegetacionais e climaticas sédo referenciadas em
relacdo a profundidade no testemunho, mas seria melhor relacionar com as idades.

Esclarecer se ndo ha Chenopodiaceae no Brasil ou apenas néo foi encontrado
neste trabalho. Pois em turfeiras da serra do RS este tdxon €& conhecido,
identificado como Amaranthus-Chenopodiaceae (foi esclarecido na arguicdo que
realmente este taxon realmente ndo ocorre nas PRP brasileira. Revisar a escrita).

Se a ideia é fazer uma comparacao regional para compreender a distribuicao
espacial dos palinomorfos, seria interessante produzir uma comparacao entre os
taxons encontrados em todos os locais da tabela 2 (ndo somente 0s encontrados
nesta turfeira — foi esclarecido na arguicdo que esta comparacdo maior foi
realizada), e com isso aprimorar a figura 5, e explora-la mais no texto.




As conclusfes deste artigo repetem em parte as conclusdes do artigo 1. Poderiam
focar na distribuicao espacial dos tipos polinicos descritos.

Integracao dos dados e discusséao
N&o ha necessidade de repetir as figuras que ja foram apresentadas, a néo ser q
estivessem realmente integradas ou resumidas.

O grau de humificacéo foi apresentado somente aqui e ndo nos artigos? Por qué?
Essa analise poderia ter tido mais destaque neste capitulo, ja que aparece apenas
aqui.

Conclusdes

“O aumento de umidade descrito no trabalho ha 4,9 kyr BP nao pode ser explicado
apenas pela subida do nivel do mar, mas também por fendmenos climaticos
regionais/mundiais” - essa reflexdo ndo apareceu nos artigos e poderia/deveria ter
sido melhor explorada.

Assinatura: Data: 16/08/2024
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Ciente do Aluno:
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PARECER:
O documento apresentado esta bem escrito, com texto integrador claro e bem
organizado. H4 uma boa introducéo teodrica referente aos distintos tdpicos e
ferramentas que foram usados no estudo. O estudo realizado configura-se em uma
contribui¢cdo importante para a aumento do conhecimento sobre a evolugao
ambiental e climatica do Bioma Pampa ocorrida a partir do final do Pleistoceno.
Apesar da analise palinologica ter sido o principal método aplicado no estudo, este
foi apoiado por outros tipos de analises que justificam o subtitulo da tese, i.e. “uma
abordagem multi-proxy”. Salienta-se, por conseguinte, a integragéo de distintos
métodos feita pelo candidato, o que deu um panorama mais amplo para efetuar a
interpretacédo das mudancas registradas ao longo do testemunho analisado. Deste
modo, os resultados obtidos mostraram-se bastante resultados robustos e bem
embasados. Tanto que um dos artigos propostos ja foi publicado em um tradicional
periodico internacional, enquanto que o outro se encontra submetido em outro
reconhecido periodico internacional. Sugeriu-se ao candidato, no entanto, a adi¢éo
de uma anélise geomorfoldgica e da significancia ecoldgica da presenca de certas
espécies, a fim de aprimorar as interpretacdes feitas. Durante a defesa, o
candidato fez uma apresentacéo clara, organizada e bem ilustrada e, na arguicao,
ele mostrou conhecimento e respondeu a todas as questdes de forma clara, direta
e segura. Deste modo, considero que o trabalho alcancou o nivel de doutorado.
Aprovado.
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PARECER:

ApoOs andlise detalhada da tese intitulada "Evolugao Paleoambiental do Bioma
Pampa Durante os Ultimos 17.400 Anos: Uma Abordagem Multi-Proxy", e da
apresentacéao realizada, concluo que o trabalho apresenta uma contribuigao
significativa para o entendimento da histéria paleoambiental do Bioma Pampa. A
pesquisa foi conduzida com rigor cientifico, utilizando uma abordagem multi-proxy
que permitiu a obtencdo de dados robustos e diversificados, essenciais para a
reconstrucao paleoambiental.

Aspectos Positivos:

e A pesquisa demonstra um sélido entendimento das variagbes
paleoambientais no Bioma Pampa ao longo dos ultimos 17.400 anos,
oferecendo novas perspectivas sobre as mudancas climaticas e ecoldgicas
ocorridas na regiao.

e A abordagem multi-proxy utilizada € um ponto forte da tese, combinando
diferentes métodos e fontes de dados para fornecer uma visdo abrangente
das mudancgas ambientais.

e A clareza na apresentagao dos resultados, bem como a integragao dos
dados obtidos com a literatura existente, refor¢ca a qualidade do trabalho e a
relevancia das conclusdes alcancadas.

Recomendacgoées:

1. Exploracao das Datagoes: Sugere-se uma exploragdo mais aprofundada
das datagdes obtidas, buscando correlaciona-las com eventos regionais e
globais. Isso pode enriquecer ainda mais a contextualizagdo dos resultados
e fornecer uma perspectiva temporal mais integrada com as mudancgas
ambientais de outras regides.

2. Nearest Living Relative: Recomenda-se considerar o uso do método
"nearest living relative" para inferir condi¢des paleoambientais, o que pode




oferecer uma maior precisdo na reconstrucao das condigcdes ambientais, em
especial da paleotemperatura passada com base nas espécies fosseis
identificadas.

3. Curva de Diversidade: A inclusao de uma curva de diversidade ao longo do
tempo poderia contribuir para uma compreensao mais detalhada das
mudangas na flora da regido e suas possiveis causas.

4. indice de Espécies Indicadoras (IndVal): Incluir o indice de espécies
indicadoras (IndVal) para cada zona palinolégica identificada pode ajudar a
destacar as espécies mais representativas de cada periodo, oferecendo
insights adicionais sobre as condi¢gdes ambientais predominantes.

5. Correlagao entre Umidade e Nivel do Mar: Sugere-se estabelecer uma
correlagao entre o aumento da umidade e o aumento do nivel relativo do
mar nos ultimos 5 mil anos, o que poderia fornecer evidéncias adicionais
para compreender a relagao entre as mudancgas climaticas e as variagdes no
nivel do mar na regiao.

Conclusao:

A tese "Evolucdo Paleoambiental do Bioma Pampa Durante os Ultimos 17.400
Anos: Uma Abordagem Multi-Proxy" € um trabalho de alto nivel académico e
cientifico. As recomendacdes apresentadas visam apenas fortalecer ainda mais a
analise e interpretacédo dos dados, e ndo comprometem a qualidade e relevancia
do estudo.

Al e o
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