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ABSTRACT — Five sedimentary cores were collected on the ancient sedimentary clay deposits of Itupanema Beach,
Barcarenatown, Para State, Amazon region, where diatom analysiswas performed to infer the history of the paleoecological
and paleohydrological changes during the last millennium. The results revealed 58 diatoms species among benthic and
planktonic life forms. Correspondence analysis applied to relative abundance of diatoms and associated with sedimentary
texture, OM contents and “C dating, defined three ecozones. The lower sandy ecozone 1 dated at 930 + 40 ““C yr BP (Beta
217590) was dominated by the benthic/epipsammic species Saurosira obtusa, Saurosirella pinnata and Staurosirella
crassa (nov. comb.), that indicated more hydrodynamic energy than in present days, originating a shallow sedimentary
environment, under erosive conditions, unfavorable to the colonization of vegetation. The intermediate grey clay ecozone
2 that was observed only in the IT1 core, dated at 520 + 40 **C yr BP (Beta 217591) showed the prevalence of planktonic
diatoms, providing evidence of a deeper and calmer environment, located in a probably protected area, with intense
sedimentation of clay particles with abundant plant remains, colonized by mangrove forest and alluvial palm forest. The
upper organic-clay to organic-sand ecozone 3 much younger than 520 + 40 *“C yr BP, showed more agitated and erosive
sedimentary conditions, however, with less energy than that in lower ecozones, indicated by higher abundance of A.
granulata, strongly silicified. This new sedimentary environment allowed colonization by aquatic macrophyte vegetation
which persists on the beach today.
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RESUMO — A andlise de diatomaceas realizada em cinco testemunhos sedimentares obtidos de um antigo deposito
sedimentar na praia de Itupanema, Barcarena, Estado do Para, regido amazonica, permitiu inferir a histéria das mudancas
pal eoecol égicas e palaeohidrolégicas durante o Ultimo milénio. Os resultados revelaram a presenca de 58 espécies de
diatoméceas, de habitos bentbnico e planctonico. A Andlise de Correspondéncia foi aplicada aos dados de abundancia
relativa de diatoméaceas e associada a textura sedimentar, teor de MO e datagdes *C, definindo trés ecozonas. As ecozonas
inferiores 1, datadas em 930 + 40 #C anos AP (Beta 217590), mostraram dominancia de Saurosira obtusa, Saurosirella
pinnata e Saurosirella crassa (comb. nov.), benténicas/epi psamicas, queindicaram maior energiahidrodinamicaqueosdias
atuais, em um ambiente sedimentar arenoso raso, erosivo, desfavoravel para a colonizagdo da vegetagdo. Na ecozona
intermediaria 2, com sedimentos argil 0-organicos cinza e abundantes restos vegetais, observados somente em 1 T1, datados
em 520 + 40 “C anos AP (Beta 217591), dominaram as diatomaceas planctonicas em um ambiente mais profundo e mais
calmo, localizado em uma provéavel area protegida, colonizada por manguezal e florestaaluvial. As ecozonas superiores 3,
argilo-orgéni cas aareno-organi cas, mostraram o retorno de um ambiente mais agitado e erosivo, porém, com menor energia
do que nas ecozonas inferiores, provavelmente muito depois de 520 + 40 *“C anos AP, tendo em vista a maior abundancia
de A. granulata, fortemente silicificada. Este novo ambiente sedimentar permitiu a colonizagdo da vegetacéo de macrofitas
aquaéti cas que sdo observadas na praia até hoje.

Palavras-chave: diatoméaceas, taxonomia, planicie de maré, estuarios, Amazonia, Brasil.

INTRODUCTION food webs (Pinckney & Zingmark, 1993 in Kasin & Mukai,

2006). These organisms are conserved in sediment, when

Diatoms are an important component of the subjected to anoxic conditions, because of the siliceous
microphytobenthic community of intertidal sand flats of composition of their frustules (Cooper, 1999).

estuarine ecosystems and contribute markedly to primary The estuaries are dynamic because they display high

production in plankton and play an important role within variability in the environmental variables such as salinity,
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sedimentary deposition processes, currents, turbidity and
sediment biogeochemistry (Cooper, 1999). The estuarine pro-
cessesform several depositional environments: (i) tidal flats,
(i) sand flats, (iii) mangroves, (iv) tidal channel bars, (v)
beaches and (vi) dunes, observed in the Amazonian coastal
zone (SouzaFilho & El-Robrini, 1996; Francaet al., 2007).

Sand flats show water’s vertical movement generated by
tides and other associated processes that promote the
deposition and resuspension of sediment and affect the
composition and distribution of the diatoms. In addition,
hydrodynamic processes carry planktonic diatoms present
in the aquatic estuarine environment to the intertidal zone
(Mitbavkar & Anil, 2002).

Thus, environmental changes affect the composition,
diversity and abundance of the taxa, and therefore, diatom
assemblages are excellent natural records of biostratigraphic
modificationsin temporal sedimentary series.

In Brazil, studies have utilized diatoms as useful
biomarkers of paleoenvironmental reconstructions (Abreu
etal., 1987; Ireland, 1987; Callegaro & Lobo, 1990) and these
studies have been intensified in the last decade, especially
applied to the Brazilian Coastal Plain (Medeanic et al., 2001,
Nascimento et al., 2003; Clerot et al., 2003; Saupe &
Mosimann, 2003; Medeanic & Torgan, 2006; Medeanicetal.,
2009). These paperswere compared in terms of methodol ogy
and results when applied to the Holocene Brazilian Coastal
Plain (Ribeiro & Senna, 2005).

Papers are still scarce on the Amazonian North Coast of
Brazil. Ribeiro et al. (2005) identified five ecozonesbased on
diatom assemblage and related the different compositionsto
palecenvironmental and paleohydrological changes, caused
by relative variations in sea level, whose basal sediments
were dated at 6850 + 40 yr “C BP (Ribeiro et al., 2006). The
diatom data were correlated to pollen datain the same core
and showed the same pal eoenvironmental and climatic events
during the Holocene for Marapanim Bay, in Para State (Senna
& Ribeiro, 2005).

A study of the modern diatom distribution in surface
sediments, intheintertidal zone of Itupanema Beach, showed
that the sand/clay ratio was influenced by present-day
hydrodynamic processes, probably determining the local
prevalence of planktonic diatom assemblages associated with
muddy to mud-sandy sediments and benthic/epipsammic
diatom assembl ages associated with sandy samples (Ribeiro
et al., 2008). These results allowed us to evaluate the whole
of diatoms on estuarine dynamics as a biological indicator
for erosion/accretion processes (Ribeiro et al., 2008).

Thus, the aim of the present paper was to determine
whether the same modern pattern of diatom distribution
occurred during the last millennium at Itupanema Beach,
Amazon in Para State, to infer the history of the
paleoecological and paleohydrological changes along the
sedimentary core sequencesin ancient sedimentary deposits.

STUDY AREA
ItupanemaBeach islocated in Barcarena County (Figure

1) and integratesthe continental estuarine sector of the coastal
plain of Para State (Alves et al., 2005). This area consists of

sandy beaches that are small and narrow, and are always
limited by promontoriesthat originated during the Holocene,
being influenced by both Guajara Bay and the estuary of the
ParaRiver (Rodrigues, 1996 apud Oliveira, 2002).

Theclimateischaracterized by amean annual precipitation
> 2000 mm yr?, classified as fully humid equatorial climate
(IDESP, 1983 apud Oliveira, 2002). The seasonal regime of
precipitation defines two seasons, a rainy season (between
December and May) and a dry season (between July and
November) when total rainfall decreases by half (Bastos,
1972; Falesi, 1986; IDESP, 1983, 1984; Rodrigues, 1986 apud
Oliveira, 2002).

The geology of the region is represented by two
geological depositsaccording to Oliveira(2002). The Barrei-
ras Group (Plio-Pleistocene age) consists of continental
siliciclastic deposits, poorly selected. The Holocene
sedimentary deposits are represented by recent alluvial
deposits consisting of gravels, unconsolidated sands and
clays(Oliveira, 2002).

However, there is an ancient sedimentary deposit
composed of organic-clay sediments, with organic matter
debris and associated vegetation remains (branches, leaves
and roots). The sedimentary deposit was probably exposed
by present erosional coastal processesand is currently being
re-colonized by herbaceous plants.

The regional vegetation was composed mainly of rain
forest, but it is currently very impacted by human activities,
being replaced by secondary forests, whilethealluvial forests
are only observed closeto therivers (Brasil, 1974 apud Oli-
veira, 2002). Locally, through field work, stem and root remains
of treeswere observed in life position of theflooded plain, as
genus Pterocarpus and Mauritia flexuosa (buriti palm), as
well as the mangrove genera Rhizophora and Avicennia.

MATERIAL AND METHODS

Coresamplingand *C dating

Thefivesediment cores(1T1, 1T2,1T3,IT4and IT5) were
taken from organic-clay sedimentary deposits located in the
intertidal zoneat ItupanemaBeach (01°31' 03" & 48°43 27 W),
using a mud sampler, in December 2004. The samples were
collected on atransect directed pardlél to the present shoreline.
The sediment cores were 42, 20, 36, 42 and 44 cm long,
respectively. The distances between coreswere: IT1-1T2=7.5
m; IT2-IT3=15m; IT3-IT4andIT5=1.5m. Thedescription of
sediments was based on texture, structure and consistency (Le-
mos & Santos, 1996) and color (Munsell, 1975).

Two sedimentary samples (40-42 cm/IT1) and (20-22 crm/
IT1) were taken for *C dating by the accelerator mass
spectrometry method (AMS) at Beta Analytic Inc, Miami,
U.S.A. *C dating providestime control on sediment deposits
accumulated (Table 1).

Organic matter contents

The cores were sectioned at 5-cm intervals. The 35
subsamples were analyzed at the Laboratorio de Solos e Se-
dimentos of Museu Paraense Emilio Goeldi and organic matter
content was determined according to Walkley-Black (1934)
modified method by Jackson (1982 in EMBRAPA, 1997).
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Diatom analysis

Thediatom analyses utilized 40 subsamples of 2 cm?, taken
at 3-cm intervals, and were processed according Florin s/d
apud Moro & Santi (1999). Three permanent slides were
mounted for each sample using Canada Balsam (Index
H=1.54). A ZEISSlight microscope (1,000X magnification) was
utilized for the identification and the quantification of the
diatom species. The scanning electron micrographs that
composed the plate were then taken using aZEI'SS Scanning

0°00..

Electron Microscope (SEM), LEO 1450 VP model, at theLa-
boratdrio de Microscopia Eletronica de Varredura of Museu
Paraense Emilio Goeldi.

The relative abundance was calculated on total diatom
sumsof 300 valvesper level for each core. Theidentification
of the diatoms was based on the taxonomy studies of Hendey
(1964), Patrick & Reimer (1966), Krammer & Lange-Bertalot
(1991) and Metzeltin & Lange-Bertalot (1998). The
classification system of the species was based on Round et
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Figure 1. Location of Itupanema Beach, Para State (indicated by arrow). The coring station is indicated with a solid dot (modified from

Ribeiro et al., 2007).



24 REVISTABRAS LEIRA DE PALEONTOLOGIA, 13(1), 2010

al. (1990). A table contai ning information about diatom species
ecology was constructed. The slideswere deposited in diatom
reference collection of the Laboratério de Palinologia e
Pal eoecol ogiadaAmazdnia (LAPPAM), Coordenacéo de Ci-
éncias daTerrae Ecologia/Museu Paraense Emilio Goeldi.

Thediatom relative abundance datawere used to generate
diatom diagrams for each core analyzed, using EXCEL for
Windows software. These data included the group of most
abundant species, with relative abundance > 5% in at least
two samples, excluding the rare species (< 5%). The local
biostratigraphic ecozones in the cores of Itupanema Beach
were established utilizing the ordination technique
correspondence analysis for species that showed relative
abundances > 5% in at least two samples, excluding the rare
species (< 5%), performed by PAST version 1.4 software
(Hammer etal., 2001).

The reconstructions of both paleoecological and
paleohydrological history of Itupanema Beach during the
last millennium were based on the diatom diagrams, organic
matter content, sedimentary texture and “C dating. These
datawere then correlated to additional datafrom the modern
distribution of the diatom assemblages and the association
with the sedimentary texture on the surface (Ribeiro et al.,
2008).

RESULTS

Thetransfer of FragilariacrassaD. Metzeltin & H. Lange-
Bertalot to the genus Staurosirella Williams & Round
(Bacillariophyceae)

Saurosirella crassa (D. Metzeltin & H. Lange-Bertalot)
Ribeiro & Torgan nov.comb.
Basionym. Fragilaria crassa D. Metzeltin & H. Lange-
Bertalot, Iconographia Diatomologica, Annotated Diatom
Micrographs, v. 5, p. 89, fig. 1:20-23; fig. 2: 1. 1998.
Synonym. Staurosira crassa (D. Metzeltin & H. Lange
Bertalot) D. Metzeltin, H. Lange-Bertalot & F. Garcia-
Rodriguez, |conographia Diatomologica, Annotated Diatom
Micrographs, v. 15, p. 270, fig. 37. 2005.
Observations. Fragilaria crassa was described by Metzeltin
& Lange-Bertalot (1998) from Amazon, Brazil (at sediment
11,000 yr BP). Morphological features such as striae
composed of dlit-like areolae oriented parallel to the apical
axis of the valveis significant enough for its transfer to the
genus Saurosirella Williams & Round emend. Morales
(Morales& Manoylov, 20063, b).

Sedimentary sequences

The sedimentary sequences are shown in Figure 2. The
textural variation observed on the sediments indicated that
core | T1 wasthe most diversified among the cores analyzed,
because it showed five sedimentary strata, while core 1T2
showed a single stratum composed of sand-clay sediments

with organic rich material and plant remains. Cores|T3, IT4
and IT5 showed very similar texture, being composed of
sandy sedimentswith alittle organic material and afew plant
remains on the bottom, where organic matter content
increased towards the top.

Diatom analysis

The diatom analysis of the five cores reveal ed fifty-eight
diatom species. The composition of the diatom speciesalong
all cores was the same, although relative abundance values
weredifferent. The planktonic species Aulacoseira granulata
(Ehrenberg) Simonsen, Actinocyclus normanii (Gregory)
Hustedt, Cyclotella meneghiniana Kitzing, Polymyxus
coronalis L. W. Bailey and Thalassiosira sp. and benthic
diatoms Saurosirella crassa (Metzeltin & Lange-Bertalot)
Ribeiro & Torgan nov. comb., S. pinnata (Ehrenberg) Williams
& Round and Saurosira obtusa (Hustedt) Garcia were the
most abundant species in this study (Figure 3). The
information about species ecology is shown in Table 2.

The first two components of a CA ordination of species
abundance and samples explained 63.01% of variance and
expressed changes in the environment during the last
millennium (Table 3). The first axis accounts for 39.97%
differentiated lower ecozones (intervalslocated on the right)
from the intermediate and upper ecozones (located in the
center and on the left). Thus, there was a gradient of sandy
to clay-organic sediments (Figure 4), which a so distinguished
planktonic diatoms associated with organic-clay ecozones
from benthic diatoms (S crassa and S obtusa) associated
with sandy ecozones.

The second axis accounts for 23.04% of variance and
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Figure 2. Sedimentary sequences of cores IT1, IT2, IT3, IT4 and
IT5, with *#*C dating.

Table 1. Sedimentary samples taken of core IT1 for **C dating, interval sample, sedimentary texture and radiocarbon dates (AMS).

Lab number Depth interval (cm) Sedimentary texture “CyrBP
Beta —217591 20-22 clay with abundant plant remains, branches androotlets 930 £40
Beta — 217590 40-42 sandy with a few plant remains 520 £40
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showed that the most abundant benthic/epiphytic species
including Carpatogramma, Encyonema silesiacum,
Frustulia rhomboides, Gomphonema parvulum (K {tzing)
Kitzing, Gomphonema sp. 3, Planothidium lanceolatum,
Stauroneis sp. 2, S. pinnata were present on the surface
samples of cores, which were differentiated from other
samples(Figure4).

Diatom recor dsfrom ItupanemaBeach
[tupanema Corel T1. Thediatom assemblagewasrepresented
by 29 benthic species and 13 planktonic species. Based on
diatom analysisand textural related variations, it was possible
to establish three ecozones (Figure 5).

Thelower ecozone 1 (42-26 cm) was dated at the base at
930+ 40yr BP (Beta217590), being composed of sandy and
grey sand-clay (3/10Y) sediments and low organic matter,

with a few plant remains. This ecozone was dominated by
both benthic diatoms, Staurosira obtusa and Staurosirella
pinnata. However, the planktonic diatom Polymyxus
coronalis reached a very high relative abundance at the
middle of thiszone.

Theintermediate ecozone 2 (26-10cm) iscomposed of grey
organic clay (3/10Y) sediments, rich in organic matter,
abundant plant remains, branches and rootlets, age 520 + 40
yr BP (Beta217591). The sediments comprised thin particles
(clay), where the sedimentary deposit consisted of a 16-cm-
thick layer, with a mixture of fine sand at the base and only
clay material inthelast 12 cm. The diatom composition was
the same as the subjacent layer, but the abundance of benthic
diatoms was reduced with this ecozone being dominated by
the planktonic diatoms Thalassiosira sp., Aulacoseira
granulata and Actinocyclus normanii.

Figure 3. Diatom species most abundant in ltupanema Beach cores. A-E, planktonic diatoms: A, Actinocyclus normanii; B, Aulacoseira
granulata; C, Cyclotella meneghiniana; D, Polymyxus coronalis; E, Thalassiosira sp. F-H, benthic diatoms: F, Staurosirella crassa; G,

Staurosirella pinnata; H, Staurosira obtusa.
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Table 2. Ecology of most abundant diatom species of the sediments at ltupanema Beach.

Species

Ecology

Reference

Aulacoseira granulata

Actinocyclus normanii
Cyclotellameneghiniana
Fragilaria crassa

P olymyxus coronalis

Thalassiosira sp.

Staurosira obtusa

Staurosirella pinnata

Freshwater to brackish water, mesosaprobic, alkaliphilic, eutrophic,
planktonic

Mesohalobous, indifferent pH, planktonic

Freshwater to oligohalobous, alfa-mesosaprobic, alkaliphilic, planktonic
Freshwater, epipsammic

Mesohalobous, planktonic, typical of Amazon estuary, present actualy in

phytoplankton of the study area

Predominantly marine planktonic genus, several species in freshwater

Estuarine sandy beach, epipsammic

Freshwater, indifferent salinity, oligosaprobic, eutrophic, epipsammic

Moro & Fiirstenberger (1997)

Moro & Fiirstenberger (1997)
Moro & Firstenberger (1997)
Metzeltin & Lange-Bertalot (1998)
Moreira-Filho et al. (1974)

Paiva etal. (2006)

El Robrini etal. (2006)
Aké-Castilloetal. (1999)

Torgan & Santos (2006)

Garcia (2006)

Round et al. (1990)

Table 3. Eigenvalues and variance explained by correspondence analysis of the diatom species of cores IT1, IT2, IT3, IT4 and IT5.

Axes (CA) Eingenvalue Variance explained (%)
Axis 1 0.43012 39.97
Axis 2 0.24794 23.04
Axis 3 0.103443 9.6125
Axis 4 0.070394 6.5414
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Figure 4. Correspondence analysis ordination of diatom species and sampling intervals of cores IT1, IT2, IT3, IT4 and IT5.
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The upper ecozone 3 (10-0 cm) displayed grey sand-clay (3/

N) sediments, richin organic matter, with abundant plant remains,
aso occurring both arboreal vegetation remainsand pamremains
inlifeposition onthesurface, indicating that the sediment ageis
certainly much younger than 520 + 40 yr BP. The diatom data
showed that this zone was still dominated by Thalassiosira sp.
and A. granulata, but the benthic diatom S pinnata increased
strongly towards the top, in contrast to the relative abundance
values observed for other benthic taxa.
[tupanema Corel T2. Corel T2 showed aunique sedimentary
stratum composed of grey organic sand-clay (3/10Y) sediment
(20 cm), with abundant plant remains and correlated with the
upper ecozone 3 of the I T1 core. The diatom assemblage was
composed of 35 benthic species and 14 planktonic species
(Figure6).

The ecozone 3 was dominated by the planktonic species
Thalassiosira sp., A. granulata and C. meneghiniana.
Otherwise, A. normanii and Polymyxus coronalis were better
represented at the base of ecozone. However, the benthic
diatom S. pinnata increased towards the top of the core and
reached high values on the surface.
[tupanemaCoreslIT3,1T4and I T5. CoresIT3,IT4and IT5
showed 20, 22 and 26 benthic species and 13, 10 and 10
planktonic species, respectively. The diatoms were absent
between 35 and 33 cm of core| T3. Thus, thethree coreswere

very similar in sedimentary texture and diatom assemblages,
where they were analyzed together. The diatom analysis
related to organic matter contents showed the existence of
two ecozones.

The lower ecozones 1 (36-18 cm/IT3), (42-15.5 cm/IT4)
and (44-14 cm/IT5) were composed predominantly of sandy
(5/10Y) sediments and low organic matter and corresponded
to the lower ecozone 1 in IT1 (Figures 7-9). The relative
abundance of the benthic species showed the highest values
for S. obtusa and S. crassa. The benthic diatoms dominated
the basal ecozones of all cores, in terms of species richness.
However, inIT5, at adepth of 42-40 cm, the planktoni ¢ species
reached 50% of relative abundance, being represented by
Thalassiosira sp., A. granulata, C. striata and A. normanii.

The upper ecozones 3 (18-0 cnm/IT3), (15/5-0cm/IT4) and
(14-0 cm/IT5) were composed of organic sand (6/10Y)
sediments rich in organic matter and plant remains,
corresponding to upper ecozone 3 in IT1 and the unique
ecozone in IT2. In these zones, benthic diatoms decreased
towardsthe surface, and the planktonic species Thalassiosira
sp. and A. granulata were dominant. The diatom A.
granulata showed a progressive increase in abundance,
reaching the highest values on the surface of the three cores.
Thalassiosira sp. had the same abundance pattern, but its
numbers were reduced at the surface. The benthic species S.
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Figure 5. Lithology, OM contents and distribution of most abundant diatom species of core IT1.

% Relative Abundance - IT2

L_ithology 40 0 20 40 400 10 200 10 20 0200 400 Ecozones
7 _
N| £ sup
/ =
T 2 o
E
‘N | @
oLoN 2 4, 3
E
L8| £ qo.
15 B < 12-14
N E
20l [ & 1719
S.pinnata

Legend - Organlc sand

Thalassiosira sp. A.granulata C. meneghiniana A. normanii P. coronalis OM fc.)l'?(te)nts
g9/hkg

Figure 6. Lithology, OM contents and distribution of most abundant diatom species of core IT2.



28 REVISTABRAS LEIRA DE PALEONTOLOGIA, 13(1), 2010

% Relative Abundance - IT3

Lithology 0 20 40 60 0 10 200 0 20 0 40 0 20 40 0 30 60_Ecozones
N sw (- _
5| [S= 1
‘Nl 12 N
z 1 3
1S s - [
15 1281T o4 - -
20| |45 £ 14-16 ] ]
2| |2 202 - -
| = {
- . |2 . _ 1
(|~ [ 2820 - |
35| 3335 |
A. granulata Thalassiosira sp. S. pinnata S. crassa S. obtusa OM contents
(g/Kg)
£ | Organic sand
Legend g
[X]sand

Figure 7. Lithology, OM contents and distribution most abundant of diatom species of core IT3.
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Figure 8. Lithology, OM contents and distribution of most abundant diatom species of core IT4.
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pinnata showed large fluctuations in terms of relative
abundance aong the cores.

Organic matter content

ItupanemaCorel T1. Low OM contentswere observedinthe
sandy lower ecozone 1. In the intermediate ecozone 2, OM
contents increased abruptly. The upper ecozone 3 showed
the highest values of OM contents observed (Figure 5).
[tupanema Core | T2. The OM contents increased strongly
along core T2, reaching very high values at the top. Core
I T2 showed the highest OM contents (464.58 g/kg) among
all cores, which represented twicethe OM val ues determined
in1T1 (213.39 g/kg) and approximately nine times the OM
values found in IT3 (57.72 g/kg), 1 T4 (52.47 g/kg) and IT5
(34.98 g/kg) cores (Figure6).
[tupanemaCoresIT3,1T4and I T5. CoresIT3,IT4and IT5
displayed similar OM contents along the sedimentary strata.
The lower ecozones 1 showed very low OM contents. These
OM values increased dlightly along the cores, but low OM
values were observed at the top. The higher values at the top
of cores|T3, 1T4 and I TS5 werelower than those of the lower
ecozone of core IT1. Core IT5 had the lowest OM contents
along the sedimentary strataamong al the cores (Figures 7-9).

DISCUSSION

Modern distribution of diatomsat ItupanemaBeach

The planktonic diatoms are supplanted by benthic forms
in number of species and relative abundance on the surface
sediments of the Itupanema Beach, indicating that
hydrological conditions were unfavorable for sedimentation
of the planktonic diatoms from the water column (Ribeiro et
al., 2008). However, the planktonic diatoms were more
abundant in clay sediments, in the calmer sedimentation
conditions. Otherwise, the benthic/epiphytic species were
more numerically important, when attached to sand and clay-
sand sediments, indicating more energy from wavesandtides,
under erosive conditions (Ribeiro et al ., 2008).

Ribeiro et al. (2008) reported that the autochthonous
community, represented by benthic/epiphytic species,
occupied several substrates, from sandy to clay sediments,
in addition to herbaceous vegetation at the sampling area.
The allochthonous community, represented by planktonic
species, was associated with clay sediments, as they represent
good sedimentation conditions, preserving the frustules that
dueto the higher dendity of vegetation would be less subject to
the both abrasion and dissolution processes.

Thus, the data of the modern distribution of the diatom
species appear to be reliable for paleocenvironmental and
paleohydrological reconstructions of Itupanema Beach
during thelast millennium.

Palecenvir onmental and palechydr odynamicrecongructions
The paleoecological and paleohydrological history of

[tupanema Beach during thelast millennium was shown along

three ecozones that were delimited based on the diatom

diagram associated with organic matter content, sedimentary

texture and “C dating.

Ecozone 1 (930 + 40 yr **C BP - Beta 217590). During this

period, sedimentation occurred in a shallow estuarine
environment, with strong hydrodynamic energy. Thesandy plain
was subject to an intense erosive process, with substratum
exposed to wave and tide actions, therefore unfavorable for
colonization by herbaceous plants, as shown by the low OM
contents observed in the lower ecozones of coresIT1, IT3,1T4
and I T5. Thisenvironmental condition was corroborated by the
presence of the diatom species Staurosira obtusa and
Staurosirella crassa, which dominated the diatom
assembl age and showed ecol ogical affinity to the epipsammic
habitat (Table 2). Garcia (2006) also reported S, obtusa as
having an epipsammic habitat in Laranjal Bay in South Brazil.

The low richness of planktonic diatom species and the low
abundance was also observed in the sandy zones. This is
probably due to the low resistance of the diatom valves to
abrasion and dissolution with more hydrological energy. The
absence of diatoms was observed in core bases of El Caimito
Lake, at Chocd, Pacific coast of Colombia, due ahigh porosity
of sandy deposit preventing the algal preservation (Vélezetal.,
2001). The same situation was al so observed in acore collected
a El Pifid Lake, northeast Colombia, with high sand content
and low organic content, attributed to ahigh energy depositional
environment (Vélez etal., 2005). Garcia(1996) d so showed that
the sampling stations with the lowest numbers of organisms
were those located near the zone with substrate disturbance by
wave action, and therefore, with more depositional energy.

The sandy ecozone IT1 showed a probably short event
Stuated at 34-32 cm depth, representing a calm sedimentary
environment, with minimum influence of waves and tides,
evidenced by elevated abundance of the planktonic species
Polymyxus coronalis (57.67%). This species is a typical
component of phytoplankton in the estuarine region of the
AmazonRiver (Moreira-Filhoet al., 1974), and occurswithmore
than 50% rel ative abundance in microphytoplankton of Gugjara
Bay and the mouth of the Guama River aong the whole year
(Paiva et al., 2006). Therefore, its abundance decreases (30-
35%) in the dry season at the mouth of the Para River, which
flowsinto ItupanemaBeach (El - Robrini et al., 2006).

Thus, only a depositional environment sufficiently calm
could show conditions for the preservation of the large
Polymyxus coronalis diatom (44 to 128 pum diameter),
according to Navarro & Peribonio (1993), and with large
available surface to abrasion and dissolution processes. In
addition, this species showed low representation in recent
sediments of ItupanemaBeach (Ribeiro et al., 2008).
Ecozone 2 (520 + 40 years “C BP - Beta 217591). The
organic grey clay sediments occurred at ecozone 2 which
was present only in the IT1 core. The diatom assemblage in
this zone was dominated by planktonic species A. normanii,
A. granulata and Thalassiosira sp., indicating a calmer
environment, with deeper water and relatively low
hydrodynamic energy, which facilitated the preservation of
these organisms. This indicated a local change of
sedimentation environment in a probably protected area,
which favored the intense sedimentation of clay material
associated with higher OM contents, where plant remains
(branches, roots and leaves) were associated with
paynological data, indicating a probable mangrove forest
associated with alluvial palm forest (Sennaet al., 2007).
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Ribeiro et al. (2008) reported that at surface sediments of
Itupanema Beach, A. granulata and Thalassiosira sp. were
associated with clay sediments, reaching higher values of
relative abundance, while A. normanii was associated with
clay-sand sedimentsand integrated the group of rare species.

In Iguape Bay, Bahia State, Brazil, Gomes et al. (2003)
analyzed the sediments of a core and characterized this
sedimentation environment by the presence of clay sediments
with small plant fragments, and good preservation of diatom
valves, where the ratio of planktonic:benthic diatoms was
higher, indicating low hydrodynamic energy.

Palynological studies conducted at the Para Coastal Zone

showed a decrease in the frequency of inundation and,
consequently, acalmer sedimentary environment, associated
with a period of relatively lower sea level and dry season
with less rainfall for the same time period. The new
environmental conditions were associated with sea-level
regression in northeastern Para (Behling et al., 2001, Cohen
et al., 2005b) and aretemporally correlated with the so-called
LittlelceAge (Cohen et al.,20053a).
Ecozone 3 (younger than 520 + 40 yr BP). Inthisperiod, a
new change was detected in the sedimentary record, with
higher hydrodynamic energy than that of ecozone 2, with
shallow water conditions. However, the hydrodynamic energy
was less than that in ecozone 1 and showed a new erosive
period on Itupanema Beach. In this ecozone, the planktonic
species still showed high abundance. The diatoms A.
granulata and Thalassiosira sp. prevailed with highest values
of relative abundance in both organic strata and surface of
cores, while other diatom species showed abrupt numerical
reductions. The sediments had higher organic and plant
remain contents, also higher OM contents, probably because
of the decomposition of herbaceous vegetation, which still
occurs currently on the beach.

The pollen analysis on the same sediments showed the
predominance of palm pollen (Mauritia/Mauritiella type)
with the highest values of relative abundance, associated
with herbaceous pollen of Gramineae and Cyperaceae and
Rhizophora pollen (Sennaet al., 2007). Therefore, the pollen
data showed a local fluvial-estuarine environment with
floodplain ecosystem and mangrove patches, with
predominance of palm trees very similar to the current one.
Thus, these data confirm that the sediment age of ecozone 3
ismuch younger than 520 + 40 yr BP.

The aguatic herbaceous vegetation probably played a
very important role in reducing both wave energy and tidal
current velocities at 1tupanema Beach and contributed to the
retention of muddy sediments and consequently preserving
planktonic species (Ribeiro et al., 2008).

The relative abundance of A. granulata reached values
closeto 10% in the phytoplankton collected at the Para River
(El-Robrini et al., 2006), but in upper ecozonesfrom sediments
of Itupanema Beach, the relative abundance of A. granulata
reached higher values. These results are explained by the
heavily silicified frustules of this genus (Bradbury, 1975 in
Wolin & Duthie, 1999), resistant to abrasion in aenvironment
with high energy on the surface, in contrast to other fragile
planktonic species (e.g., Polymyxus coronalis and A.
normanii).

The presence of A. granulata in organic sediments
indicated a turbulent aquatic environment, where the genus
shows high sinking rates, and thus, its ecology requires
turbulence to maintain its presence in the water column
(Bradbury, 1975 inWolin & Duthie, 1999).

Véez & Hooghienmstra (2005) characterized A. granulata
asaspeciesliving in both fresh and brackish water, in mixed
water and moderately eutrophic and alkalinewater in astudy
on Lake El Pifial, northeastern Colombia. In the same study,
A. gralulata reached higher values of abundance in samples
collected fromrootsand sedimentsin thelittoral zone (36.17%)
compared to plankton (23.85%) and to surface sediments of
the bottom of the lake (22/89%).

The taxon Thalassiosira sp. was quite frequent and
abundant, with presencein all ecozonesand cores, with simi-
lar distribution compared to A. granulata. However, thereis
no ecological information about this species, where its
presence in works on Brazilian estuaries has not yet been
reported. Thus, the species needs detailed studies about its
taxonomy, morphology, ecology and distribution.

In the upper ecozone 3, only S. pinnata was the benthic
species that reached higher numerical values, mainly in
surface sediments. Its presence in surface sediments was
also demonstrated in several studies (Bennion, 1995;
Sylvestre et al., 2001; Gomes et al., 2005). The surface
sediments of ltupanema Beach showed S. pinnata as the
most abundant species in sandy and clay-sand sediments,
being associated principally with sandy sediment (Ribeiro et
al., 2008).

Gomeset al. (2005) analyzed surface sedimentsfrom Lake
Boqueirdo, Rio Grande do Norte State, northeast Brazil, where
S pinnata was the more abundant species (41.6%), being
considered a typical littoral species, living on the bank of
shallow lakes, generally associated with periphyton, but in
this caseits presence was associated with macrophyte banks.

In surface sediments from hypersaline coastal lagoon
Araruama, located in Rio de Janeiro, Brazil, Sylvestre et al.
(2001) observed different areas of the lagoon with a specific
diatom assemblage composed of two dominant taxa,
Saurosira elliptica (Schumann) Williams & Round and
Saurosirella pinnata. In Araruama Lagoon, S. elliptica is
epipsammic, forming ribbon-shaped coloniesand S. pinnata
is a tychoplanktonic species, generally living in fresh to
oligosaline water (0-5%). The dominance of this speciesin
these lagoon areas was related to fluctuationsin water level,
where these areas are influenced by water inputs from the
ocean and from rivers adjacent to the lagoon.

Bennion (1995), also studied surface sediments from
shallow, artificial, enriched ponds in southeast England and
reported that the diatom assemblages were dominated by
Fragilaria spp. (genus split by Williams & Round, 1987 into
several new genera: Fragilariforma, Pseudostaurosira,
Punctastriata, Staurosira and Staurosirella), commonly
associated with a benthic habitat. Therefore, a possible
explanation for itsdominanceisthat the very shallow waters,
both in thelittoral zone and even in the deep zone, provide a
considerableareafor colonization by benthic forms, with much
of the bottom sediment lying within the photic zone.
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CONCLUSIONS

Thetextural variation observed in thefive core sediments
demonstrated changes in estuarine hydrodynamics, with
strong implications on distribution and relative abundance
of both planktonic and benthic diatoms and on vertical and
lateral variations of sedimentary environment.

The modern diatom distribution and its association with
textural sedimentsobservedintheintertidal zoneat Itupanema
Beach showed an important role in the paleoecological and
pal echydrological reconstruction during the last millennium.

About 900 yr BP, Itupanema Beach showed more
hydrodynamic energy than nowadays, originating ashallow
sedimentary environment, with sandy sediments under
erosive conditions, unfavorable for the colonization of
vegetation. Evidence of these environmental conditions was
the prevalence of benthic/epipsammic diatoms in the
sediments. These conditions persisted for about 400 years.
However, a short period of calm sedimentary environment
probably occurred, with minimum influence of waves and
tides shown by the high abundance of the planktonic species
Polymyxus coronalis.

The hydrodynamic conditions changed about 500 yr BP to
adeeper and calmer environment, located in aprobably protected
area, with intense sedimentation of clay particleswith abundant
plant remains (branches, roots and leaves), forming an organic
clay sedimentary deposit, colonized by mangrove forest and
aluvial palm forest. These new environmental conditions
contributed to the retention of organic muddy sediments and
favored the dominance of planktonic diatom species, indicated
by the good preservation of these organisms.

Itupanema Beach returned to more agitated and erosive
sedimentary conditions, however, with less energy than that
in lower ecozones. This new sedimentary environment
allowed colonization of aquatic macrophyte vegetation,
probably at a younger age than 520 + 40 yr BP. These
environmental conditions persist on the beach today. The
diatom assemblage was dominated by planktonic species,
highlighting the strongly silicified diatom species A.
granulata, associated to Thalassiosira sp.

The Little Ice Age period, evidenced by pollen analysis,
showed the need for further research for apossible correlation
with the diatom data of Itupanema Beach, to prove if this
event can be confirmed for the Continental Estuarine Sector
of Para State.

Taken together, the results show that the changes in the
sand/clay ratio of the sedimentary stratainfluenced theratio
of the benthic/planktonic diatom species, probably caused
by local hydrodynamic changesthat occurred during the last
millennium.
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