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Introducao

Nas ultimas décadas, um grande corpo de literédunasido devotado a explicar
paleoambientes na bacia amazobnica. Tradicionalmanigalinologia traz grandes
vantagens nos estudos paleoecoldgicos, mas a oraggw de diferentes métodos tem
culminado em registros mais detalhados e acurag@se| tornam proxies convergindo
de vérias areas do conhecimento. Entre os locastdeo palinolégico na Amazonia, o
Morro dos Seis Lagos € um bom exemplo disto. Agrdima original (Colinvauet al,
1996), analises paleoquimicas foram adicionadashBual, 2002), que permitiram aos
autores inferirem as causas dos ciclos orbitaigegisnes de precipitacdo locais. Esses
autores, acima citados, combinaram pesquisas pajicas com estudos geoquimicos
cujos resultados possibilitaram detalhar uma hestambiental para as condicbes do
glacial tardio na Amazoénia. (Bugt al,2004).

A lagoa da Pata é um dos poucos pontos da Amazfigapreservou uma
histéria continua, ou quase continua. Uma lacursedanentacao € clara entre 35 e 26
mil anos antes do presente, embora mudancas ntgagado tenham sido detectadas,
e a fase mais seca parece entdo ter ocorrido pestalo ao invés do ultimo maximo
glacial (UMG). Entretando, a sedimentacdo em 18amds atrds € questionavel pelo
fato de que argilas nodulares talvez indiquem lbatreamento (Ledret al, 1998), e até
mesmo um evento seco durante o Holoceno inicial édion € evidente pela
sedimentacdo e conteudo polinico (Mayle and PoR@£18). N&o obstante a existéncia
de um hiato sedimentar (Ledetial, 1998; Van Der Hammen and Hooghiemstra, 2000)
ou pelo menos um forte decréscimo na precipita¢dmoghiemstra and Van Der
Hammen, 1998), a lagoa da Pata é constantemeatia @bmo um registro de floresta
intocada, tanto por aqueles que advogam a favanmidevegetacao fragmentada durante
o ultimo méaximo glacial -UMG- (Hooghiemstra andriMaer Hammen, 1998; Van Der
Hammen and Hooghiemstra, 2000; Haffer and Prar@@?)2ou pelos que se opbem a
ela (Colinvaux and De Oliveira, 2000, 2001; Colimxeet al, 2001). Os mapas de
cobertura da vegetacdo durante o UMG até hoje qadws (Van Der Hamenn and
Absy, 1994; Bush, 1994; Haberle and Masli, 1999od¢fvemstra and Van Der
Hammen, 1998; Anhudt al, 2006) geralmente colocam a lagoa da Pata ncelidatum
grande bloco de floresta pluvial a oeste, cercadp egetacdo tipo savana ou
semidecidua. A manutencéo de floresta pluvio-tadgarece improvavel, assim como

a extrema expansdo de savanas, 0 que tem levadooastru¢cbes mais mosaicas



(Cowling et al, 2001; Anhuf et al, 2006), embora diferentes interpretacoes,
principalmente pelo falta de dados, ainda sejarsipes (Anhufet al,2006).

O nucleo de sondagem retirado da lagoa da Patagtexse sete metros de
profundidade e passa dos 170 mil anos, que foiridifepor uma interpretacao
peleoquimica de cétions de potdssio bem correladmy com ciclos precessionais
(Bush et al, 2002), sendo assim usados para extrapolacdo daadatbasal.
Constringindo a idade basal do nucleo em 170 nukgor meio do uso da natureza
ciclica dos picos de potassio (oito ao total) agsuma taxa de sedimentacéo constante,
que por sua vez esta de acordo com uma simplespeldcdo das datacdes
radiocarbonicas dos 1,5 metros superiores, corgideruma sedimentagao constante.
Apesar de que o nucleo completo possa compreemiercitlos glaciais completos,
iniciando no estagio isotopico 6 (MIS6), dados dkep foram publicados apenas para

0s Ultimos 50 mil anos.



Objetivos

Geral

Analisar pélen contido em amostras de sediments;rcdo um ciclo glacial
inteiro, portanto atingindo MIS 5e bem como avesiga evolucdo da paisagem no
Morro dos Seis Lagos durantes os ultimos 110 nusan

Especificos

Testar a replicabilidade dos dados, uma vez quepfaoste do estudo ja foi
realizada por outros pesquisadores.

Comparar metodologias usadas antes e no preséuntie.es

Verificar se conjuntos de dados de outras natursgasssemelham ou ndo aos
aqui produzidos.

Construir um cenario paleoambiental para o ultihagigl na Amazonia.
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Abstract
Pollen in sediments of Lake Pata, northwestern Aimawas studied with the

aim of covering the entire last glacial cycle. Altigh a tall tropical forest seems to have
remained unbroken throughout the past ~110,000syeaanalyses and reinterpretation
of data suggest the so-called nonanalog ice agetatgn was more seasonal,
resembling present day seasonal tropical dry ferebhis agrees with a prolonged
annual dry season and polar air advection as titerfes setting the region biome. The
very local paleoenvironmental interpretation canetperfectly extended to a broader
lowland region because like presently, orographio caused the hill to have remained

moister and less susceptible to drought, unlikeotherall mesic lowland forests of the



upper Rio Negro basin. Thus the dry events affetiiedregion more drastically than
what could have been assessed by means of a @blldy at the hill. Seasonally dry
and moderately cooler is the most probable climatiture for the region during the last

ice age.

Key words: fossil pollen, Amazon, glacial, seasonal.

1. Introduction

Over the past few decades a large body of litezdtas been devoted to explain
paleo-environments in the Amazon basin. Traditignalalynology fairly contributes to
paleoecological studies, but the incorporation ifecent methods, proxies converging
from various research areas, has led to more aecaral detailed records. Among the
pollen sites in the Amazon, the Hill of Six Lakesai good example of such picture. To
the original diagram (Colinvauet al, 1996) paleochemical analyses were added (Bush
et al 2002), which allowed the authors to infer thesemuof orbital forcing on local
precipitation regimes.

Lake Pata is one of the few pollen sites in theaaam that preserved a
continuous, or almost continuous, history. A gagedimentation is suggested between
35,000 and 26,000 years before present, and tlestgrhase seems therefore to have
occurred in this period rather than in the lastiglamaximum (LGM). Nevertheless,
the sedimentation at 18,000 is questionable du#hdofact that nodular clays may
indicate sediment reworking (Ledat al, 1998), and even a pronounced dry early-mid
Holocene event is evident from both sedimentataie and pollen (Mayle and Power,
2008). Regardless of the existence of a sedimehiatys (Ledrwet al,1998; Van Der

Hammen & Hooghiemstra, 2000) or at least a markémller estimated precipitation



(Hooghiemstra & Van Der Hammen, 1998), Lake Pataisstantly cited as a record of
unbroken forest, either by those who advocate worfaf a more fragmented LGM

Amazon vegetation (Hooghiemstra & Van Der Hammed98] Van Der Hammen &

Hooghiemstra, 2000; Haffer & Prance, 2002) or thwbese interpretations oppose it
(Colinvaux & De Oliveira, 2000, 2001; Colinvaet al, 2001). The published maps of
vegetation cover during the LGM (Van Der Hamenn &s¥, 1994; Bush, 1994;

Hooghiemstra & Van Der Hammen, 1998; Haberle & Mak999; Thomas, 2000;

Anhuf et al 2006) generally place the area of Lake Pata eneitige of a major

evergreen forest block westwards, which is surredndoy savannah-like or

semideciduous vegetation. Both views support thet that the maintenance of
untouched evergreen forest in Amazonia during glaitmes seems unlikely and so
does an extreme savannah expansion, which ha® letbte mosaic reconstructions
(Cowling et al, 2001; Anhufet al, 2006), though different interpretations, due ryain
to limited data, are still possible (Anheif al,2006).

The core raised from Pata is almost seven meteep é&nd spans the last
170,000 years, which was inferred from a palaeoatwnmterpretation of K cation
peaks well correlating with precessional cyclesgtiBet al, 2002), thus being suitable
for an age extrapolation. Constraining the basal@ghe core in 170,000 by means of
using the cyclic nature of the potassium peaksh{eifpads to the assumption of a
constant sedimentation rate throughout the complate, which in turn is in agreement
with a simple extrapolation dfC dates from the upper 1,5 meters. Despite theavhol
core is suggested to comprises two complete glagieles, beginning at the marine
isotope stage 6 (MIS 6), pollen data were publisioedhe last 50,000 years only. The
objective of the present study is to analyse pahesediments covering one full glacial

cycle, hence reaching MIS 5e. As a matter of fee, replicability of pollen analyses



10

can be therefore tested since a large part of thre ¢s being re-analysed, and
methodological comparisons will be drawn so asrtuttompilations and reviews take

into consideration inherent analytic differencepollen studies.

1.2. The Six Lakes Hill (Morro dos Seis Lagos)

The hill rose after a cretaceous magmatic intrug®&chobbenhaus, 1984), which
also created some other smaller rock outcrops theaiSix Lakes, that is located at
0°16’N - 66°41'W. The site occupies the Rio Bramtio- Negro Pediplain at an
elevation of 300 meters (Viegas-Filho & Bonow, 1Pp7€limate is the typical
equatorial warm one. The northwestern region ofAhnazon basin does not experience
a real dry season; there is no month when raimgaless than 100 mm and annual
rainfall ranges around 3000 mm (Sombroek, 2001 Tain source of rain is a
continental-equatorial air mass, product of grouedétation cover evaporation.

The little information on vegetation of the Six lesk Hill comes from the
previous study of Busét al(2004), where field observations of the vegetal jposition
and physiognomy are commented; from RADAMBRASIL {69 Projeto Seis Lagos
held by CPRM (Viegas-Filho & Bonow, 1976), commuations with some colleagues
who performed botanical collections at the hill (WM. Aradjo and A. C. Weber) and
checking some few herbarium sheets from Six Lal@eaions (INPA Herbarium-
Manaus). The edaphically-constrained vegetatiomsinsilar to those of white sand
vegetations (heath forests; Whitmore, 1984), notly ostructurally but also
taxonomically. Nevertheless, for the occurrence tafe dense-forest trees, bare
rock/very thin soil areas, open areas with typgedondary forest elements, the overall
vegetation growing on the hill is better called xtore rather than one single type. At

some points, like the Esperanca swamp and lakesusutings,Maurita, Mauritiella,
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Euterpeand Ludwigia are recorded. RADAMBRASIL (1976) includes the Siakes
Carbonatite into the dense forest classificatioth point out the high abundance of the
tree macucu-de-pacaAlflina latifolia Spruce ex Benth.). Furthermore, othaxa
reported as abundant aki&chornea, Ourateaylelastomataceae, Clusiaceae and palms.
Modern pollen spectra obtained from moss polstarsxd one single field work
shows high abundance éichornea/Aparisthmiurnthat though unusual is reflected in
the percentages found in Holocene and Pleistocedienents of lakes Pata and Verde
(Bush et al, 2004). Other common forest elements were alsotifteh mostly trees,

and very few herbs.

2. Methods

The sediments analysed in this survey come frompamallel core drilled by P.
Colinvaux and his colleagues in October of 1991e Tield procedure for coring is
detailed in Colinvawet al (1999) and more information is found in the methodls
Bush et al (2004). In the occasion of their work in the Amiazdacilitations were
provided by the Federal University of Amazonas (ElatAM), where one of the
parallel cores was left as testimony material. Tise was taken to Italy where Antonio
Rossi performed mineralogical analyses at the Usiige delgi Studi di Modena
(Modena-Italy). Later, subsamples were taken follepoanalyses at the National
Institute for Amazon Research (INPA-Manaus-AM).

During one excursion held in the nineties by augrof INPA, a moss polster
near Lake Pata had been collected as asked byfarse(BILA) and since then properly
stored. This is now used for pollen rain.

Two centimeters subsamples were weighed (aroug@i®s) at more or less 10

cm intervals Lycopodium clavatunablets (Batch n177745) were added for absolute
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counting (Stockmarr, 1971) and the methodology used the standard one: 10%
KOH, acetolysis and heavy liquid separation by botorm (Faegri & Iversen, 1989).
Residues were mounted in glycerin gelatin. Pregi880 pollen grains were counted
per sample and other palynomorphs (Pterydophyteespalgae and fungal spores and
hyphae) were counted in parallel to the 300 podem. Pterydophyte spores were
separated in every different morph and identifigtem possible, but algae and fungal
spores and hyphae were not. The percentages cdsspare based on the pollen sum
plus spores sum, algae and fungal remains arentegsen the percentage diagram as
abundances. The concentration of algae within ¢déngents was remarkably high, thus
it was counted 300 algal cysts per sample andotiaé dbundance paralleling 300 pollen
grains is estimated from a simple rule of threaustiBet al (2004) set a “rule of thumb”
stating that small tricolporate pollen much likelgme from trees and shrubs, so they
included the unknown tricolporate pollen within theboreal sum. Based on their
evidences and experience on palynology the argwsmgimen for this rule of thumb
were that other ecologic groups are more easilytified, like herbs, montane taxa and
taxa favored by disturbance but small tricolporgitains from the species rich forests
are more complicated to divide into types. We galheagree with this statement as it
seems quite reasonable. Nevertheless, unknownnpglains will not be included
within the arboreal sum here. What is more, theipeecounting of 300 grains and the
differentiation of palynomorphs into as many tymesspossible gives a more detailed
impression to the pollen diagram and hence maynigmithe subjectivity carried by
different pollen analysts.

Pollen identification was aided by pollen illusioas and descriptions published
by Absy (1975, 1979), Hooghiemstra (1984), Roubik&reno (1991) and Colinvaux

et al (1999). The Amazon pollen manual and atlas (Colimvet al, 1999) contains
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microphotographs and morphological descriptionpafen and spores obtained from
lake sediments from the Six Lakes Hill, thus bemnmajor aid for identification here,
on the one hand. One the other, after comparingntages within the atlas with pollen
slides of the pollen collection at the Palynologgbbratory (INPA) we realized that
sometaxawere doubtful, even considering possible intradpecariation. For instance,
the pollen ofCitrus is listed but this is an exotic species to Southefica, unless this
pollen was found in very recent sediments or astvaeanic dispersion brought some
Citrus pollen to the lake, it is misidentified (as wentkit is). In addition, som&xain
the pollen diagram of Busdt al (2004) are not described and illustrated in Caimnet
al (1999) and even Lecythidaceae that are presenhenvery original diagram
(Colinavauxet al, 1996) were as well not included in the atlas. Wek that if ataxon
is present in a pollen diagram it occurs more tbaoe in the fossil record (usually
pollen diagrams includéaxa more than 2%) and hence it is strange that the aila
Colinvaux and his colleagues omits sotaea. This is quite evident when one realizes
that the more refined pollen taxonomy presentethéndiagrams of Busht al (2004)
containtaxathat are absent in the 1999 atlas. Palynologyeotropical plants is a hard
taxonomic task yet in need of intense study, andaveewell aware of the expected
divergence among different palynologysts, althougle found some pollen
identifications to be a bit doubtful it is not oaim to discredit the Amazon pollen
manual and atlas of Colinvawet al (1999) which still is one of the few guides for
amazon pollen taxonomy.

The main identification reference used was the gpolcollection of the
Palynology Laboratory and recent botanical colteddi at the Hill of Six Lakes
performed by a group of INPA added new species ¢batd be compared with the

fossil types. Pollen diagrams were built using pnegram TILIA and TILIAGRAPH
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(Grimm, 1992) and the separation of pollen zondediby CONISS (Grimm, 1987).
Percentage diagrams preséma > 1%, the rest is grouped within life form or family
diagrams. Concentration diagrams predama> 5.000 pollen per gram. The hollow
curves within the diagrams are six times exaggamati

The stratigraphy of the parallel core analysedehisrthe same as the cores
previously studied (as described in Buethal, 2004). The chronology was established
based upon carbon dates of a principal and a phrefire. **C dates used for a
compared chronology come from three cores alreatlighed (two cores in Bugdt al,
2002, 2004 and one core in San&bsal, 2001), where all dates are presented in detail,
and the new core studied here. More general infoomas given in Barbosat al

(2004), with new dates from two different cores.

3. Results
3.1. Stratigraphy x Chronology

The core is composed of 200 cm carbon rich sedsnémigarded as black
gyttja) with a discontinuous unity between 60-83which has evidences of oxidation
(regarded as nodular yellowish clay). Indeed, 6@&88is a thin transitional layer that
resembles the oxidized lower unity. The upper 60acepure black gyttja, similar to
the gyttja from 83-200 cm, but softer. From 200-30€@ composition of the sediments
is a brown silty clay, and at two levels (around 2hd 305 cm) this silty clay is of a
darker brown.

In order to establish a good chronology (Fig.1b) carbon dates were used from
the original coring (Buslet al, 2002, 2004), and 15 from a different core publishgd
Santoset al (2001). The dates in the first two cores provid®laust chronology, but a

possibly problematic point, not mentioned beforasviound: two dates of 35 BP Ky
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(ages will be expressed as kilo years Before PtekgnBP) were obtained at different
levels of the principal and parallel core, 105-th®and 84.5 cm, respectively. The date
at 84.5 was adopted as it is continuous to anatherat 82 and both comprise a smaller
interval of sediments.

Sedimentation during the upper Holocene (from 46B& on) and early-mid
glacial (>45-35 Ky BP) are similar, ranging aroufd1 cm yeat. The period
comprised between these phases demonstrates latesr of deposition (0.001 and
0.0002 cm yeah) and pollen concentration (around 48,000 graindlg)a of Santost
al (2001) show a general similar trend in sedimectuawlation but a very discrepant
point is noticed, an erosional event during thé ¢dacial maximum (arrow in Fig.1),
evidenced from the noludar clay unity consistenthva high depositional rate from
sediment reworking rather than extremely low seditgon rate as explained by
Colinvaux et al (2000) and Buslet al (2004). Although published prior to the new
pollen work, Santost al (2001) is not cited by Busdt al (2004).

The cores studied by San&tsal (2001) and Barboset al (2004) were analysed
regarding total organic carbon (TOC) and water eontWhat corresponds to the
erosional unity (=30 to 15 Ky BP), much lower carbwas recorded, water is also
lower but the lowest water level content is actuétlund around 15-10 Ky BP. The
authors explain this hiatus as a result of tore¢mains in a more seasonal and cooler

climate, which made sediments to be remobiliset Wié deposition of clastic material.
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Figure 1: Interpolations of depth and age. Combipedcipal and parallel core (squares) and the studied by
Santoset al (2001) (circles). Note the stratigraphic columroigy correspondent to the principal and paralteks.

Arrow (erosional event), shaded symbol (exclude@)daoft green-black gyttja (A), yellowish nodutprttja (B) and

bluish black gyttja (A").

3.2. Pollen rain

The sample of moss polster analysed for pollenymilded arichness of 41axa
of pollen and only two types of pterydophyte spadieig. 2). Such richness is higher
than the average of five other samples analysdgiusyet al (2004), that was 32.2, but
the spectra identified is similar. The most strikaifference was an extreme dominance
of Protium only explained by trees of this genus being rtkarmoss polster when
collected, not to mention that moss polsters atepahin indicators fail to comprise
longer periods of the year, but generally few men#hichornea/Aparisthmiurnare
important but not as abundant as the previous ses/ycontrarily to the statement that
field observations did not match with thés<onbeing a major contributor to pollen rain

(Bush et al, 2004), the recent botanical collections at the hdbnfirm
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Alchornea/Aparisthmiunis very abundant, and thus a good tool to infeasent day
vegetation.

Much interestingly, we found two grains Mdfyrsing like Bushet al (2004), who
found one. This confirms thd#lyrsine may be presently contributing to the pollen
spectra, or it might be that a relateckon misled us all to a wrong identification, in
spite ofMyrsinepollen being quite easy to identify.

Many Anthuriumpollen and another probably Araceae pollen weuado their
non representation in the fossil spectra is muobatnly due to selective preservation as
these grains are fragile. Moraceae/Urticaceae latively abundant (10%), in the
previous study it reached 15% in one sample, otivef but is generally less frequent.
In relation to spores, 25 monoletes were counteticarly oneSelaginella making up

12% of the pollen sum.
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Figure 2: Most abundatdixafound in a moss polster sample collected at thedfliBixs Lakes (216 pollen counted,

spores percentage are calculated on the basis pbilen sum).

3.3. Pollen taxonomy and ecological features

The overall taxonomic resolution was very similarthe previous published
identified taxa However, some differences are evident and willcbacerned here.
Firstly, pollen types oMauritia and Mauritiella were thought to be distinguishable and
thus compose two different diagrams. Indeed, soraphological variation may rise
uncertainty in distinguishing them, but two morpipes (Fig. 3 a-b) were so clear that
any error in separating them is smalllean gathering them into one single type. The
most evident difference, which actually made usasse them, was observed in one
sample (55-57 cm) where a high abundance oMaeritia type was found. These two
types were identified and separated in Colinveval. (1999).

An important type, mainly in Holocene sedimentsgswsafely identified as
Ouratea(Fig.3 i-j and m-n)y comparing the fossil with aQuratearecently collected
at the hill (Fig.3 k-1 and 0-p), which is an abuntiaomponent of the mesic forest. This
type is correspondent ©opaiferain the previous diagrams and atlas (Colinvatal,
1999, page 274, figure 219).

An abundant pollen grain through the entire cors dantified asAldina (Fig.3
g-h). It is possible that this type was previouslysidentified asAmburana aff.
cearensis(Colinvaux et al, 1999, page 277, figure 239), which is a typical ugen
occurring in the Cerrado and Caatinga vegetatidims fossil type was extremely
similar to twoAldina species within our pollen collection (Fig.3 c4yt we did not
have the specimen presently occurring at the tilijch is locally very abundant
(RADAMBRASIL, 1976 and M. T. Araujo,personnal communicatipnand thus

ensures our identification. RADAMBRASIL (1976) Bst'macucu-de-paca’Aldina
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latifolia Spruce ex Benth) at the hill and at least four m@macular names are cited to
occur in the vicinities of Sdo Gabriel da Cachodveanaus-AM), for the fact that
vernacular names are often unreliable at the spdeiel| (Ter Steeget al, 2006) we
can be neither sure of the species level identiinanor whether only on@ldina
species occur at the hill. In addition, there amdl Wocumented varieties that probably
contribute to pollen morphology variation. RADAMBSAL’s phytogeographical
inventories foundAldina broadly spread in the upper Rio Negro basin, ogiogp
lowland and submontane dense tropical forests, gpdmontane forests with palms
and dense alluvial or submontane arboreal Campinar@ense heath forests).

Some legume pollen grains are difficult to distiistuinto reliable types and are
generally grouped as Fabaceae (or its subfamilieshe Pata fossil record some genera
of the Caesalpinioideaand Papilionoideae prevented us from creating dasuly
group. RemarkablyBowdichiaand Cassiacan be confused depending on the view,
which many times is neither polar nor equatoriat, somewhat oblique. Apart from the
types shown in Colinvaugt al(1999; figure 214, page 273 and figure 240, pagg ar
least two other types dowdichiaand Cassiain our pollen collection were seen to be
hardly distinguishable.

Other taxonomic differences are minor and less mapd, other aspects of the
present fossil record would be more relevant fdiff@rent paleoecologial interpretation
than the pollen taxonomy itself.

Ecological affiliation groups were conservative,p@sally concerning the
montane group. We have seen in overall literatdrem herbarium sheets and
communications with experienced colleagues tlet, Humiria and Ericaceae are
commonly found in heath forests, not to mentiort tha present day pollen spectra at

the hill showsllex relatively well represented, as well as Ericace@lee genus
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Gaylussaciacannot be distinguished fromAgarista(Colinvauxet al, 1999) and thus it

is questionable whether the fossil type indicat@d conditions inferred from thiaxa
confined to montane vegetations, or arid conditiomferred from the present day
distribution of shrubbytaxa from Cerrados where both genera are recorded (Von
Linsingen et al 2006). Importantly, an indicator species of Camapanas is
GaylussaciaamazonicaHuber, and hence its representation may indicateoma
openness. What is mor8atyria panurensigBenth. ex Meisn.) Hook. f. ex Nied. That
was collected has a very similar pollenGaylussacia/Agaristal-or the above cited
reasons we regard as montane taxa oRlydocarpus, Myrsine, Hedyosmum,

WeinmanniandAlnus

- ‘ =~ - .
' | : l
.

Figure 3: Fossil and recent pollen; (a) foséduritia, (b) fossil Mauritiella; (c-d) Aldina latifolia Spruce ex Benth.;

(e-f) Aldina heterophyllaSpruce ex Benth(g-h) fossil Aldina; (k- and o-p) recenOuratea (collected at the Six

Lakes Hill and yet not identified to species leyélj and m-n) fossiDuratea (Scale bar= 10 um).

3.4. Zoning
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The pollen record of Lake Pata does not show tsorepant zones. The
Holocene, the late glacial and the last interglaara quite clearer than other zones,
though strong biome changes are not intense. Ftr tmde zones and sub-zones
creation we used percentage and concentration fdata pollen, spores, algae and
fungal remains. The nature of sediments was alsonmgortant aspect taken into
consideration for zonation, and so was dating,dsgecting the glacial into its phases
did not influence pollen zones as much as palynaaly assemblage itself. The
CONISS dendrogram helped the zones setting buiniia establishment was visual.
The following descriptions reveal the main reasavtsy each zone was adopted
according to palynological configurations that mbg indicative or distinctively
recognizable, at least at a local extant. Percerdeagrams are found in Fig. 4.

3.4.1.Zone 1 (305-285 cmit the beginning of the record a high and distirect
peak ofMauritia, coupled with the nearly absence of monate elen(@nis2%) and the
indicative representation of palms, Ancardiaceaegradeae/UrticaceaeQuratea,
Laetia, Casearia, Protiumand Cecropia, raise a great similarity with holocenic
sediments. Concentration data (average of ~540yd@ids/g) are comparable to those
of the Holocene, the same behavior is also fountthéncounts of fungal remains and
algae. This zone is unique in a high occurrence Ptéris/Pityrograma. Such
palynologycal data suggest this zone comprisesastenterglacial period, that has its
lower boundary at about 110 Ky BP. However, it &g possible to establish precise
boundaries in this zone as our analyses end up#ypnan its onset.

3.4.2.Zone 2 (285-200 cmYhis zone is subdivided into three periods, thst f
of which (2-A) has a peak iAlchornea/Aparisthmiunfpllowed by slight increases in
Sagittaria Anacardiaceae an@rotium, a decrease in total ferns, and a still high

concentration of algae and fungal remains. Totalcentration (average of 165,000
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grains/g) and the absence Mhuritia were indications for setting a new zone rather
than extending zone 1 until the upper limit of sadme 2-A (247 cm).

Subsequently, 2-B has contrasting abundances afafuremains and algae,
though both concentrations are very low. Some itambtaxa have a markedly similar
behavior in this zoneAlchornea/AparisthmiumiMoraceae/Urticaceae, Combretaceae
/Melastomataceae and Myrtaceae) peaking whileegjurhes interestingly decrease.
Sapotaceae 1 and Bignoniaceae 2 are well représeriitee highest peak dldina
throughout the core is comprised between zonesa?dB 2-C, and in 2-C ferns like
Asplenium/BlechnurandPolypodiuml are abundant while fungal remains are not.

3.4.3. Zone 3 (200-82 cm)Along this period algae are low, ferns are
comparatively moderate and fungal remains readh tieximum representation. Given
the suppressing trees percentage, herbs are riddcaa well as montane elements.
Ourateais a feature of the zone with an initial peak, &mong the most abundant types
no remarkable variation is clear. Indeed, a peroepof this zone would be a high
number of rare elements appearing and disappeavimgh would then cause a marked
turnover. Among an average of ~150,000 grainsi&pme 3, a high pollen concentration
(380,000 grains/g) is seen at 175 cm and very Ioes@at126 and 136 cm, 76,000 and
41,000 grains/g respectively. Sedimentation ratevéen 113 and 160 cm is 0.021 cm
yeai’. In subzone 3-B, algae and fungi are decreasingewlerns increasing,
sedimentation is lower, 0.002 cm yéathat is when black gyttia ends and a new
stratigraphic unity appears.

3.4.4.Zone 4 (82-58 cm)This zone corresponds to the full-late glaciaiiquk
(35-12 Ky BP), sediments are oxidized, nodular €layhe first portion of the zone (4-
A) has more algae, fungal remains, and less fdpPaslocarpusreaches its highest

representation (5%Mauritia andMauritiella are present before shrinking to zero in 4-
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B, where ferns reach their highest pedlex and Hedysomumhave their highest
percentages, Poaceae is only 3,6%. One single gf#@imuswas found. Zone 4 is the
lowest concentrations of the core, averaging arod8@®00 grains/g and reaching
37,000 grains/g at 69-71cm. At this sample, no ealggst and fungal hyphae were
found, but only 6 fungal spores. A portion of 27%tle grains could not be identified,
many of which were broken and smashed, likewiseynwdrthe spores that given the
very low total pollen concentration, have a remhbhkaigh concentration here. This
zone also includes a small distinct layer betwe@nafd 63 cm (not shown in the
lithology of the pollen diagram) that is somewhedygsh. Sediment were deposited at a
very slow rate, about 0,0017 (4-A) and 0,0026 (4B)year', but an even slower rate
is found between 82-84 cm (0.00028 cm {ar

3.4.5.Zone 5 (58-0 cm)The Holocene is more evident for high abundamdes
palm pollen combined witlsagittaria, not to mention all pollemaxa cited in Zone 1.
Total pollen concentration is very high (average ~#85,000 grains/g), reaching
~653,000 grains/g at 20 cm. The first sample aealy9-11 cm) had one single grain of
Podocarpusand the third (29-31 cm) two éfedysomumDuring the early Holocene,
total pollen concentration is lower, 130,000 gragnSubzone 5-A has a markedly high
peak (64%) ofMauritia and at this same sample total ferns are still ,htgpering
upwards. The upper Holocene has the lowest fernmtsoof the entire profile.
Sediments in zone 5 are soft black gyttja, thatuemdated at different rates of
approximately 0.001 (5-A) and 0.012 (5-B) cm yeatone 5 is the correspondent Pata
4 zone in Buslet al (2004), where it is mentioned that, “An unknowrl@o type, a
small tricolporate reticulate grain occurred asage rcomponent in many samples, but
reached a peak occurrence of 55% in a single maedéne sample”. This is very

much surprising since no pollen percentage scadm egaches 50%, and once small
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tricolporate grains were included in the ‘otheradal’ sum (their ‘rule of thumb’), it
would be presumably expected to see the ‘otherradtoreaching this 55% at such
sample, but it did not. Possibly this pollen typaswsomehow omitted, or an analytical

problem caused this outcome.
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Figure 4. Percentage pollen diagram of Lake Pata.

3.5. Concentration of palynomorphs x Sedimentation

The pollen histories of lakes Pata, Verde and Bog@ushet al,2004) revealed
a complex pattern of pollen accumulation in seditsieNodular clays and more soft
gyttjas did not follow one only trend in pollen @@mtration, but reverse ones. Simple
predictions could be ofi)( higher pollen concentrations in more carbonoulnsents,
like black gyttjas, and, to the contraryi) (lower concentrations in less carbonous
sediments, like noludar ones that may have evideficexidation. Nevertheless, the
general assumption of Bugt al (2004) is that where sedimentation is slower, more
pollen grains will concentrate and, contrarily, whaedimentation is fast, less pollen
will. For instance, the nodular clay unity in Patéthology (63-83 cm) had very high
pollen concentrations (600,000 and 800,000 graind)and is explained as (quoted
literally) “...Such high concentrations were congistwith a very slow accumulation
rate, and suggest that the sediments were notranygh to be fully oxidized”, hence
neither () nor (i), but ii).

Analyzing all three diagrams we see important déifees regarding total
concentration (TC). Dragdo diagram shows low T@atyellowish nodular gyttja unity
(i), the peak of concentration at a khaki nodulartjgytnity (ii) and still high
concentration at a green-gray gyttja unity The low TCs during mid-Holocene are
explained by more profund drying with oxidation yfeg a role. Spores concentration
follows the same overall pattern, low and high @miations concomitants to the TC.
Pata shows high TCs at the black gyttja uniti¢d@t extremely higher peaks at the
yellowish nodular gyttjaiif). At 60 cm, a percentage peak of more than 60%hef
spore Blechnumis completely absent in its concentration diagrdhis is strange

because once being shown separately one would texpesee a correspondent
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concentration diagram according to the percentage WYerde has high TCs at black
and green-gray gyttjas)(and also low TC at green-gray gyttja9.(Like Dragao, and
unlike Pata, spores concentration in Verde is wgkn TC is high.

The conclusion that can be reached from all tom®entration diagrams is that
high TCs track slow sedimentation rates, but ptedjcconcentration from lithology is
not accurate. This is best evidenced by seeingthieatodular yellow clays in Pata and
Dragdo have, respectively, high and low total cotregions. Likewise, the khaki
nodular gyttja unities in Dragdo and Verde havespeetively, high and low
concentrations.

The contrasting concentration values of nodulaysduring the late glacial (22-
12 Ky BP) in Pata and Dragao, no sediment accuimulaiuring the full glacial (35-22
Ky BP) in Dragéo, very slowly in Pata with nodulelays, and coarsely laminated
sediments in Verde, not to mention the evidencerfitlennial hiatuses, give rise to an
interpretation at local scale of all lakes havinged up either occasionally or for
millennial periods.

Our concentration data (Fig.5) strikingly contsasfith previous values at Pata.
Assumptions of low pollen concentration in lessamig rich sedimentsi)(and the
contrary {i) are readily recognized. During the full-late géhcand early Holocene,
concentrations are lower, in contrast to the upgpelocene and last interglacial. We
therefore suggest oxidation played an importang ial diminishing pollen quantity,
which very well fits the argument of accumulatidnctastic material by remobilisation
(Santoset al,2001; Barbosat al,2004). A support for this is the high amount of rgso
when concentration reaches its minimum. Sporestebeé more abundant when humid

conditions favour them to grow near deposition&ssior when sediment reworking



29

selectively preserved more spores due to theiebegsistance (Colinvaust al, 1999),
the latter is obviously the case.

All these conclusions are notwithstanding suppbltg data from Carajas (Absy
et al, 1991). The more organic rich is the sediment,ntoge abundant forest elements
are represented, and higher is pollen concentrafianthe contrary, when clastic
material is accumulated, pollen concentration dsisply (Absyet al, 1991 and Absy,
unpublished data). Other pollen sites where comatoh data are available provide
important similarities, like in SW Amazonia (NoekHKpf), the low concentration of
pollen is explained by low sedimentation rates tteaised superficial sediments to be
oxidized (Burbridge et al 2004). Likewise, in CetBrazil (Vereda das Aguas
Emendadas; Barbieet al, 2000), the drastic decrease in palynomorphs cdraten is
interpreted as drier and more seasonal climatiditons, also during the LGM and

early Holocene.
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Figure 5: Concentration pollen diagram of Lake Pata

4. Discussion
4.1. Inferring the vegetational type from the fosgirecord

Major biome changes are easy to be identified ipolen record, like the
replacement of forest by savannah. The nearly aangtof pollen assemblage through
Pata’s history can be interpreted as unbroken fouith elements that are presently
confined, though not necessarily (Van Der HammenH&oghiemstra, 2000), to
montane areas, and this has been shown to composeaaalog vegetation (Behling,

2001; Colinvauxet al 2001a, Ledruet al, 2001, Burbridgeet al, 2004), being a
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modest cooling the factor governing plant commesitireassortment. While this
hypothesis becomes a strong ecological statemenbtiyet, it is still questionable
whether a cooler and wet, or cooler and dry climatvailed. In adittion to this, the
extent to which plant communities reassorted cate$ted.

The best way to calibrate paleopalynological imtetations is to analyse them
under the light of present day pollen spectra. bplate, the most informative and
distinctive pollen rain data for the neotropicalland region is provided in Gosliref
al (2009), who comparatively studied different vegetaal formations in southwestern
Amazonia. The strongest differentiation possible be made is assigning
Moraceae/Urticaceae (>40%ecropia(>3%), Hyeronimaand Celtis as indicative of
moist evergreen tropical forests. Whitlyeronimaand Celtis are rare elements in our
records, not suitable for such a discussion, M@e#tdrticaceae andecropiaare found
in both pollen rain samples and sediments. Allgaken rain samples (five in Bust
al, 2004, and one here) are very similar regardirggabundance of these twaxa,
Moraceae/Urticaceae never exceeds 15% (generall) lendCecropiais rare, we
found only two grains (<1%) and Bugi al (2004) certainly less than 2% in only one
sample. To the extent comparisons can be drawrrfdilte non systematic nature of
both pollen rain studies), the two records indicatsmoderate lower representation of
evergreen forest during the middle to late glagabbably due to mesic conditions at
the hill instead of complete tall forest cover. @me one hand, we reckon a
methodological problem might have decreased thentdies of very small grains
(Salgado-Laboriau, 2007) lik€ecropiaand some Moraceae/Urticaceae, which we do
not believe bias our interpretation; but on the eaqthit is noticeable that our

Moraceae/Urticaceae abundances are more similéuetpollen rain spectra and hence
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may not be biased. Anyway, the lower abundanceid grains allowed other types to
be better represented, and this was crucial fargmizing the local paleovegetation.

In woodland savannah and seasonally dry troparaist (SDTF), the presence of
spores is more indicative of these vegetation typan it is for evergreen forests. The
upper Holocene sediments of lake Pata containedsfewes, and during the full-late
glacial they have higher richness of types andivelaabundance. This may be another
argument in favour of a more seasonally dry vegetaBushet al (2004) interpreted
spores abundance as a signal typical from evergreest forests, we do not, however,
believe so, because when one compares glacialg@dienents to Holocene ones, the
difference in both richness and abundance is higjken that no other period has
moisture levels as high as the Holocene (apart fitwenlast interglacial), an important
argument raises for assigning spores to a commuhéwpge. It is also true that not only
SDTF show higher abundances of spores, but alsotamencommunities when
compared to near lowland ones (Weegal 2004).What is more, the presence of
montate elements does not preclude the existenaeS@TFs, for instance Rodgers &
Horn (1996) found montante elements likgeinmanniain a pollen rain study
performed at a SDTF.

With regard to Poaceae pollen, some evidencesdtalithe possibility of open
vegetation like the woodland savannah not beingidatad by Poaceae in the fossil
records (Ledru, 2002; Golsingt al, 2009). Indeed, even a gradation was found by
Ledru (2002), showing more grass represented irptiien rain samples according to
the degree of openness of the cerrado formatiars, éxhibiting an expectable relation
of the degree of canopy openness with grass padieresentation, and hence providing
an important argument as a more sensitive proxyeNleeless, using Poaceae pollen as

sensitive indicators in forested areas is rath@blpmatic, it may become a good
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indicator of precipitation and seasonality chandeemvrainfall falls below 2,000 mm
(Bush, 2002). Present day precipitation at the filBix Lakes is around 3,000 mm, if
the predictions of Van Der Hammen & HooghiemstraO@ are correct, precipitation
may have reached some 1,500 mm, in events whelakkedried up. In this case we
may be on the edge of Poaceae pollen becomingdarator, and in spite of still being
a poor tool for reconstructing the local paleoemwiment, the moderate increase in
Poaceae and other herbs may signal some openniésg dud to late glacial (seen in
pollen zones 3 to 4, likewise montane elements).

When comparing pollen rain data with fossil assegéds of Lagunas Bella
Vista and Chaplin (Burbridget al, 2004), Goslinget al (2009) point out evidences of
dry forest during the last glacial being represéntby Machaerium type,
Paullinia/Roupalaand Myrtaceae, and others, which are also founBata’'s record.
The decrease of thestaxa coupled with the increase in Moraceae/Urticaceae
abundance would mark the beginning of present tleyate and forest structure. This
trend is also seen in the Lake Pata record, in & mmoderate level. Indeed, not only
Myrtaceae but also Combretaceae/ MelastomatacedePanteria (majority within
Sapotaceae 1) can be components of SDTF and wasdyisah’s pollen rain spectra,
respectively, and the same trend above cited beidigund for
Combretaceae/Melastomataceae Bodteriamay indicate, again, the presence of dry
forest at the hill during the last glacial. Othtaxa that are often cited as important
components of SDTF are legumes and Bignoniaceagn(ifegtonet al, 2000), the
present record shows very clearly the higher peacms of Fabaceae prior to Holocene.
Bignoniaceae is likewise similarly well represent&bmetaxa within Fabaceae are

especially important as indicators of drier foreslke Bowdichig though not
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quantifiable (see results 3.3). Apocynaceae andidRehe may show the same

indications.

4.1.2.What was the vegetation really like?

After the publication of the first pollen diagranmoin the Hill of Six Lakes
(Colinvaux et al, 1996), Penningtoret al (2000) raised the possibility of a broad
expansion of SDTF based on the similarities at gemevel of the fossil assemblage at
Pata with SDTFs. Bushkt al (2004) refuted this hypotheses based on the disten
Poaceae pollen representation in savannahs’ pianstudies and on the lack of high
quantities of charcoal. Moreover, a pattern oftamon being overrepresented and a
general high arboreal diversity would be crucial feewing the paleovegetation at the
hill as clear signal of uninterrupted forest coveshat is interpreted as long-term
lowland biome at the regional scale, with only @oglplaying a role in reassorting the
vegetation.

However, for all reasons discussed above (4.1) laiencthere is room for the
interpretation that during the last glacial pertbd vegetation at very local scale had a
structure similar to those found nowadays in dme$ts. It is obvious that using the
blend of most abundarttxa for such interpretation can be misleading, sirnoeyt
belong to different vegetation types. So a good mamson would be seeing how the
same controversigaxabehave in other pollen site in Amazonia, whereviigetational
change is clearer. Carajas share some of the mumghdant taxa with Pata,
Aparisthmium Melastomataceae and Moraceae have the genera $snd of
abundancesAlchornea is an abundant element of the upper Holocene amd |
represented during the glacial period, Moraceaewshthe same pattern, and

Melastomataceae the contrary, being more repreasentiuring the glacial (Absgt al,
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1991 and Absy, unpublished data). The strongeggrdiice is openness evident from
herbaceous pollen. At Maicuru (Colinvaakal 2001b), where a clear sedimentary gap
of almost 15 Ky exists during the full-late glaciaimilarities are found for
Alchornea/Aparisthmium  Cecropia Melastomataceae, Myrtaceae and
Moraceae/Urtiaceae.

The best indicator proving the existence of noal@g vegetation during most of
the last glacial period, at least at the very laszle, isAldina. Its present altitudinal
range never exceeds submontane biomes, and issegpation in the fossil record is
nearly constant throughout the core (Fig. 4 andrh)s, coupled with the invasion of
montane elements, suggests the level of NAV’s masent as a moderate one.

Aldinais widespread in the Rio Negro basin, often citethe RADAMBRASIL
(1976) inventories. In Central Amazon#, latifolia is very common and dominant in
black-water flooded forests (Parok al, 2004). In relation to scleromorfism, which is
characteristic of all campinas types, populatiafisA. heterophyllastudied near
Manaus showed similar degrees of leaf scleromorfishen comparing different
habitats of Amazon caatingas (open, tall and shadbedl showed better environmental
adaptation for tall campinas (Araudjo & Mendonc¢a98p At the same site Robesdsal
(1999) showed that leaf flush pattern is linkedhte start of the dry season, defined by
the first month where potential evapotranspirateaneeds precipitation. Individuals of
Aldina collected in the Pico da Neblina National Parlaritée Hill of Six Lakes, have
dry, large-seeded sclerocarpic fruits comparabkbddse of the Guaiana Shield legumes
(Boubli, 2002). It is clear thatldina commonness is related to its ecological
successfulness and plasticity, inferred mainly frbra fact that it tends to be more
abundant in habitats where water stress has anemdk in the physiognomy (e.g.

flooded forests and heath forests of Hydromorplpod®sols). We then hypothesize
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Aldina was able to resist slight climatic changes witlmie hill by means of displaying
phenotypic plasticity, to a extent sufficiently istant to cooling, or the other way
round, temperature depression was not high enongtestabilizeAldina population,
whereas climatic changes may have affected moes tatka

Unquestionably, the hill underwent a cooling dgrithe last ice age, more
evidently at the glaciation peaks. The most impurtpaleobotanical record is the
occurrence ofPodocarpus,Hedyosmumand Weinmania,which is consistent with a
temperature depression in the order of 4-5%. Bdnigher abundance3pdocarpuss a
keytaxon.Bushet al (2004) stated that three phormsRafdocarpugpollen were found,
two of which differ mainly in size, and the photamigraphs show these three phorms
but has no scale bar. The two most comrRodocarpusspecies in BrazilR. sellowii
and P. lambert) have been studied by Barth (1962) and the autmmcluded it
impossible to distinguish between the two specisgqu their sizes. In addition,
Podocarpudound in the pollen spectrum of bees in Manausveliloa great variation in
pollen shape and size (Marques-Souagyress. Unlike Bushet al (2004), we do not
believe three species invaded the hill, this wdaddunderestimating variation in pollen

morphology.

4.2. Other regional evidences
Some independent sources from geological stym@ade evidences for a drier
climate in north Amazon. Upstream the Rio Negrorseuclear relict eolian dunes
strengthen the argument claiming for drier periddeng Peistocene-Holocene in the
region (Carneiro-Filhet al,2002). In the Roraima-Guayana region, again retian
dunes were found and suggest a late Pleistocenpaiigd, with wind direction the

same as that of the modern annual dry season festse & Nelson 2001). In such
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cases, because dune activity suggests a very spagséation cover, the late glacial
scenario is even more drastic than those predicted pollen sites, especially Pata.
Eolian activities are elsewhere seen in central Zona (Iriondo & Latrubesse, 1994).

With respect to the Negro Basin, it is interestiognotice that the mid glacial alluvial

deposits carried abundant quartz sand, which caacbeunted as a product of more
seasonal conditions in the upper chachment (Lataé& Franzinelli 2005). Dry late

glacial conditions are as well evident from differéandforms, where aridity affected

steam activity and semi-arid forms occurred atliG® (Thomas & Thorp, 1995).

The regional morphoclimatic evolution, as discdsse RADAMBRASIL
(1976), reveals a generalized past dry climate. pleestocenic pediplanation which
took place in the Rio Branco-Rio Negro region aedateveral small residual inselberg-
type reliefs that have just recently been colonizgdegetation covers. Furthermore, at
some sites within the Pediplain, incompletely cdidsped ferrugineus concretions very
clearly indicate that there was an interval of @imwith dry and humid season during
the elaboration of the Pediplain. Although suclidtires can date some million years
(as argued by Colinvaux & de Oliveira, 2001), matgne lines in the Amazon are
Pleistocene aged and have present day analogusavannah patches within the

Amazon (Costa, 1991).

4.3. Lake level and seasonality

Variation in lake level was explained as a causerbital forcing (Bushet al,
2002). Precessional cycles would have reduced rin@pptation during the wet season
(December-January-February, DJF), and therefordatig episodes of lake lowstand
would enhance productivity of planktonic and benthigae. These phases of lake

eutrophism are suggested to have concentrateditkin the system which was inferred
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from the paleochemical record. All this interpriatis based on the cyclic nature of K
peaks and algal blooms coinciding with these pe&kbe nodular sediments, but only
one peak is comprised within the range of @ates, around 15 Ky BP, when
sedimentation is very slow. Moreover, some estimafealgal remains concentrations
are given, but not systematically like it is hefdthough it may be questionable that
counting algal cysts is somewhat biased by cysignfientation, samples prepared
equally and counted by the same analyst are fainyparable among them.

Our quantitative data contrasts with the previmisrpretation because samples
at the nodular clay unity presented comparatively toncentrations of algal cysts (Fig.
5). Indeed, between 69 and 71 cm, which dates bat¢ke LGM, no algal cyst was
recorded. Hence, during the LGM the lake may hawvieddup for longer than
episodically. The low algae concentration extenglsouthe early Holocene, and is very
high at the upper Holocene as well as at the tastglacial. We cannot strongly refute
the intricate lake level dynamics because our supbag interval is less refined than
the previous analyses, but our data firmly sugg#sis eutrophism, and hence algae
concentration, has a relationship with humid pesjothat is, if sedimentation was
always constant. However, the erosional event megdy Santost al (2001) agrees
more with our data suggesting a drier and more osehsLGM. Actually, if
sedimentation was never interrupted we have afolua slightly humid interval during
the late glacial- LGM, when algae and fungal remmantrease while total spores, which
may then be related to sediment remobilisationo(tph selective preservation),
decrease (pollen sub-zone 4B).

Because it is seasonality and not total precipitathat sets biomes where
rainfall is >2000 mm (Sternberg, 2001; Buethal, 2004b) and no significant change in

pollen assemblage was found, Bushal (2004) interpreted there was no decreased
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precipitation during June-July-August (JJA). It [uite reasonable to expect
precipitation reached at least 2000 mm during drgses of the last glacial and even
less in events when the lake dried up (Van Der Hami& Hooghiemstra, 2000). In
addition, local convective activity is the respdisi for most rain events
(RADAMBRASIL, 1976), and this continental moist aimass certainly significantly
diminished its strength since vegetation cover n@tsas massive as nowadays during
the glacial period, which reflects in lower watepply from the evaporating ground.
An orographic source of moisture cannot be discadineind neither can the effect
lowered temperatures cause in evaporation, espeagthill. All this, coupled with the
evidences of torrential rains that caused erosmollen data indicative of some
moderate community reassortment resembling drysteyelow lakestands more
plausibly occurring during enhanced “dry” seasomst to mention evidences from
other sources of data suggest an overall scerarivdm untouched forest cover. Based
on the combination of several data sets, we proffeseegional climate was seasonally

drier during the last glacial cycle, especiallyta full glacial period.

4.4. Climatic evolution

By constraining the basal age of the core in 11®,B@, the major climatic
events of the last glacial period become consisteetlected in the lake system (Fig.6).
Phases of lake eutrophism, when algae and pollenecdration are higher, coincide
with “climatic optimums”, these are MIS 5e, 5a, ensf MIS 3 and MIS 1. On the
contrary, phases of ice sheet enhancement genewfigide with lake lowstand, and
poorer preservation, MIS 5e, offset of MIS 5, MISMIS 2 and onset of MIS 1. The
important role that selective preservation playseadily seen when one realizes pollen

concentration is somewhat in contrast with sporecgntages, especially in strong
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sedimentary events like the LGM. With total abseotalgae cysts, spores peak, and,
interestingly, with a slight increase in pollen aldae concentrations, spores fall in the
onset of MIS 2 (pollen sub-zone 4-A).

Changes in lithology also reflect climatic phasBise only contrasting point is
MIS 5e and MIS 4, when dark brown silty clays sderfollow different environmental
conditions, however the formation of such sediméntsnclear and our biotic proxies
are consistent with major global climatic eventfhia@iges in the biotic proxies not
reflected in the lithological unities may be duentore complex bioclimatic settings not
prone to analogies with isotopic stages. For irtg#anhe hypothesis of Buskt al
(2002) of K peaks owing to lake lowstand and thus enhancedghism, is not
mutually exclusive from oxidation playing a majale in establishing palynomorphs’
concentrations. If short phases of enhanced euswpbaused by lake lowstand did
incorporate K in the sediments, poorer preservation in the imteing troughs
diminished concentrations, being the later a grogsexy than the first, but more
reliable since absolute counting is less likely @oors. Finally, how to explain
sediments without algae remains if not by oxidaiéiurthermore, dating the basal age
of the core by means of using the cyclic natur&Kbstands in sharp contrast to our
suggesting of dating around 300 cm to the lastrghdeial, which we think is pretty
more consistent based on the indicative pollennalslsge. If their extrapolation is
correct, it would mean that the same sedimentatit;moccurred at different lithological
unities, which is senseless.

A well balanced paleoenvironmental conditions nindeby Cook & Vizy
(2006), which includes the meaningful topographaciable into the analysis, showed
the reason why seasonality was enhanced in the émilasin during the LGM was a

delayed start of the moonson annual period. Thig iagreement with Santcst al
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(2001), Barbosat al (2004) and the present interpretation. Their sithareveals a
25-35% lower annual rainfall, which very well filseasurements of Van Der Hammen
& Hooghiemstra (2000) as well as a threshold okgeality playing a more important
role than total annual precipitation in settingrbes. In their model, Cook & Vizy
(2006) point out two extra Amazonian regions oftigatar interest, the Andes and the
semi-arid Brazilian Northeast, both of which expaded wetter conditions at the LGM.
Independent field work prove this true, in a rens®mi-arid site in NE Brazil data from
speleothems and travertines demonstrate that vegit®Whave occurred during much of
the Pleistocene, allowing the formation of a sestiduous forest linking the Amazon
basin to the Atlantic rain forest (Aulest al 2004). The Andean region is more
complex, with wetter and drier periods co-occuryifog instance the Bolivian Altiplano
that underwent wetter (Chepstat al, 2005) and drier (Argollo & Mourguiart, 2000)
conditions at the LGM.

In relation to cooling, polar air advections maywé been the source of lowered
temperatures (Latrubesse & Ramonell, 1994), thisorsespondent to the present day
“friagem” events in south-southwestern Amazon tgkplace during the dry season.
This seasonal approach regarding glacial coolimghioed with warmer annual periods
caused by the disabled latent heat flux from thiéasae (Cook & Vizy, 2006) suggests
higher temperature amplitude and instability. Theerall temperature depression
suggested on the order of 4-5°C is in contrast dokC& Vizy (2006), whose model
predicts a cooling of more or less 2°C, which isagreement with sea surface
temperature decreases at the LGM. The clue of menggements being found in the
pollen rain spectra at the hill (i.8dyrsine, Podocarpusand Hedyosmunfound in
upper Holocene sediments (also seen in the previtagram forHedyosmum the

contrasting picture of a forested hill against aendrastic dry scenario in the lowlands,
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coupled with Cook & Vizy's (2006) modeling may s&gg that a 4-5°C temperature
depression is exaggerated.

The strongest signal in the record is the erogmaht that occurred at the LGM.
Santoset al (2001) and Barbosat al (2004) interpreted this event as a cause of a
markedly increased seasonality, with torrentiahsaand cooler temperatures, typical of
seasonal climates. This fits very well our intetptiens. What remains unresolved is
whether the rest of the glacial followed the sam@d or not. A simplest view would
agree with one only pattern setting the climatel, ls&nce most of the glacial would be a
less expressive climatic expansion of seasonaditthé north, like it is nowadays in
central Brazilian biomes. No other clue provesdbetrary, thus it seems reasonable to
accept seasonality as the feature governing thelifiatic regional evolution

throughout the last glacial.
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5. Concluding remarks

The pollen record from Lake Pata has been intexgras a continuous register
of lowland forest in northwestern Amazonia. The copancies in the
chronostratigraphies of different cores plus astéao clear problems with the pollen
diagram of Pata (an omitted grain and the straogecbncentration of high percentages
of spores) raised the possibility of a reanalygind plausible. Our new pollen analyses
and interpretations, compiled with some other scait regional evidences show that
the Six Lakes Hill must have been a site with gliglaltered forest in a more arid
region (which has nothing to do with the refugegpdtiiesis) and not the contrary as
proposed by Colinvaux (1998). The main source @nge is seasonality, seen from
both rain season delay (Cook & Vizy, 2006) and ahpolar cold air masses advection
(Latrubesse & Ramonell, 1994). The contrasting fsoemerging from paleobotany and
geology cannot be resolved as mutually exclusivesoRather, they should compose a
more complex environmental situation, seen at tHeak the result of an altitudinal
moisture distribution unparalleled to the lowlands.

The extent to which the forest was affected bynatic changes is a little
obscure. Whereas it is clear that during MIS 2rangt event occurred, it remains to be
explained what the landscapes were like during gha®t as dry as MIS 2 and not

super humid like the present and past interglacials
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Concluséo

O registro polinico dos sedimentos da lagoa da teatssido interpretado como
um continuo de floresta na regido onde é situad&erddcas nas cronologias
estratigraficas de nucleos de sondagens distintas, pelo menos dois problemas bem
evidentes com o diagrama polinico da lagoa da Batasao a omissdo de um gréo e a
baixa concentracdo de esporos mesmo estes tendaltangorcentagem, fizeram com
gque uma re-analise fosse plausivel. Os dados deemtes trabalho, bem como as
interpretacdes compiladas com outras evidénciasmaig mostram que o0 morro dos
seis lagos foi um ponto de floresta levemente nuatih em uma regido mais seca (o
gue ndo pode erroneamente interpretado a luz datek dos refligios) e ndo o
contrario como proposto por Colinvaux (1998). A ondbnte de mudancas climaticas
foi 0 aumento da sazonalidade, vista pelo atrasestecdo chuvosa (Cook and Vizy,
2006) e chegada de massa de ar frio polar (Latselsasd Ramonell, 1994).

A extensdo com a qual a floresta se modificouspeiadancas climéticas € um
pouco obscura. Enquanto um forte evento climatieviéente na MIS 2, ainda esta por
ser explicada a configuracdo das paisagens plérstas durantes fases nao tdo secas

guanto a MIS 2 e ndo tdo umidas quando o presente.
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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