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Abstract - Fifteen surface sediment samples were collected at Lagoa de Cima lake (21°46'28" South and 41°31'15" West),
situated in the Rio Imbé river micro basin, municipality of Campos, in the north of Rio de Janeiro, Brazil. They were
collected in May 1999 following a northeast/southwest transect, along the same direction of the dominant winds. The results
of the palynological analysis yielded new information about the recent richness, concentration and spatial depositional
variation of the green algae gendétaelastrum Pediastrumand Scenedesmughlorococcales) on the bottom of the lake.

In 30 g of analyzed sediments 4,182 individuals were counted, mainly Scemedesmuspecies (94,1%). High ratios of
Scenedesmuspecies $. acunaeComas,S. magnusMeyen S. pannonicusHortob., S. protuberansand S. ohauensis
(Lemm.) G.M. Smith) occurred almost everywhere in the analyzed sediments of the basin of thHeo&&strum(C.
reticulatumDang, C. pulchrumand C. proboscideunBohlin) andPediastrum(P. duplexMeyen var.subgranulatumRacib

andP. duplexMeyen var duplex)species were present near the area of drainage at the northeast boundary of the lake, always
with low ratios. At the littoral sediment (stations 1 and 15) and in its deepest region (station 7) these algae do not occur.

Keywords - Chlorococcales, Recent Holocene, Lagoa de Cima lake, Brazil.

INTRODUCTION level of the sea, since the origin of the pond until
the present times. The entrance of water of higher
In geological studies, the green algae of thealinity in the lake environment causes, on several
order Chlorococcales of the gene€amelastrum occasions, a total change in the richness, diversity
Pediastrumand Scenedesmusamong others, are and density of certain genera of algae. The charac-
indicators of freshwater habitats and/or of fluviateristics of phytoplankton in this ambient, when it is
influence. Such evidences suggest that, dependingder direct marine influence, expresses high biom-
on the concentration of these algae in the deposit,aat, high productivity and low diversity (Margalef
some moment there had been an entrance of a larg@69). So, for the maintenance of the species in the
portion of freshwater into that location. plankton of the lake, it is necessary an elevated rate
The phytoplankton community in coastalof multiplication, of such a form that overcomes the
ponds and lakes is conditioned by dynamic pramixture rate between water of the lake and water of
cesses related to the physical-chemical water insthe sea. As a result, the phytoplankton communities
bilities, among which the salinity fluctuations andn these ecosystems need a period of fast growth,
the variations in the nutrients concentration starglie to the intense loss of individuals and conse-
out. These factors regularize the populations amgliently a low diversity. In periods of environmental
interfere in the succession of phytoplankton. Sudtability in the lake there is a decrease in the relation
fluctuations are related to the circulation of wateproduction/biomass with a consequent increase in
which is the reflection of the local hydrographiahe diversity (Huszar & Silva 1992).
system and of the concentration of the material in All chlorococcalean algae present an
suspension in the water, besides being conditioneddogene vegetative reproduction, where the number
to the annual cycle of the entrance/exit system of cleavages of the mother cell determines the num-
water (evaporation/rainfall) (Margalef 1969; Huszaber of daughter cells or the cell number of the colony.
& Silva 1992). In large scale, the fluctuations of th&ome green algae have cells that lay isolated inside
populations of the phytoplankton in coastal pond&e colony (for example in Botryococcaceae), while
and lakes were conditioned to the variations of tha another algae the cells are united one with another
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forming a coenobium (for example in Coelastraceakected with a mesh net in the surface waters of the
Hydrodictyaceae and Scenedes-maceae). The vegégoa de Cima lake (PROAGRO 1975; Huszaal

tive spores of the coenobial forms 8tenedesmus 1987 and Huszar & Silva 1992), however none of
and Coelastrumare non-motile and build a newthem evaluated the recent spatial depositional varia-
coenobium with the same form as the mother cetlpn of the green algae along the bottom of the lake.
being called autospores. IRediastruma vesicle In the present paper the data of the recent
overcasts the vegetative spores as soon as they escpadial depositional variation of the algaeenedes-
from the mother cell. For a certain period, the vesiclaus Coelastrumand Pediastrum(Chlorococcales)
remains motile, being called zoospore before formirig surface samples of the sediments of the Lagoa de
a new coenobium. The dimensions of the single cé&lima lake were obtained through the palynological
(coenobia) and of the coenobium depend on tlmalysis of 15 samples from the upper five centime-
growth rate, which is constrained by environmentaérs of the bottom of the lake. They were taken in a
factors. Increasing the temperature, the average of thensect from edge to edge of the lake, in the north-
coenobium decreases and, the number of coenobmst-southwest direction. A differential rate of sedi-
increase, andice-versa Also the chemical composi- mentation in relation to the genera of the green al-
tion of the water influences the cell’s growth. Thigiae in the analyzed sediments was confirmed.
way, the number of the single cells of coenobium o

reflects the environmental condition during the reprd?€Scription of the study area

ductive process and, the size of the coenobium re- The Lagoa de Cima lake is located 50 km

flects the conditions during the vegetative statgym the coast line to the west (21°46'28" South and
(Brenner & Foster 1994). ~ 41°31'15" West), in the deltaic plain of the river
Several recent genera of the algae assignediigraiha do Sul and situated at an altitude of about
the order Chlorococcales have resistant thin outer @ m in the bordering portion of the Crystalline
ganic walls, composed by sporopollenin, as such thSX/stem in the region of the Barreira Formation,
have the potential to be preserved in sediments ag§\;thwest of the Paraiba do Sul river delta. It is in
become a fossil. Some of them are from the subordgjntact with the flattened littoral sediments of the
Chlore”ineae (the hOIe fam"y CthI‘e”aceae and th@uaternary coastal plain’ which recovers the creta-

subfamily Botryococcoideae-family Botryococcaceaepeous layers of the Campos Basin (Fig. 1). The
some from the suborder Scenedesmineae (the familiggyoa de Cima lake would have its probable origin

Coelastraceae and Scenedesmaceae) and, the sub@idgie limit from the Pleistocene to the upper Ter-
Hydrodictyoineae (family Hydrodictyaceae), being alliary, when fluvial sediments deriving from the river
thus the ones that extending back in the geologigahraiba do Sul, together with detritus sediment
history more than 500 million of years’ ago (Brenneformers of the Barriers Group, carried from the
& Foster 1994). steeper relief of the micro basin, piled up and barred
The recent differential sedimentation of algaghe direct communication of a Ururai Palaeolagoon
of the generaCoelastrum(family Coelastraceae), with the sea (Lamego 1955). This would be the old-
Pediastrum(family Hydrodictyaceae) an&cenedes- est lake in the north of the state of Rio de Janeiro.
mus (family Scenedesmaceae) was studied along a The Lagoa de Cima lake is an open system
transect in the Lagoa de Cima lake located near to {gich receives permanent inflowing streams of the last
Atlantic coast, north of the state of Rio de Janeirimposing portion of the basement, in the eastern slope
Brazil. The results to be obtained may be comparedl Serra do Mar mountains (the rivers Imbé and
with the sedimentary sequences of the Lagoa de Citdeubu), which penetrate in its southwest margin. In the
lake. These algae are useful to make palaeoenvirorthwest boundary of the Lagoa de Cima lake there is
mental reconstitutions of mostly freshwater or lova beach with round format and in the northeast margin
salinity habitats because these algae are good indiok-the lake its waters are channeled into the river
tors of temperature, salinity and pH of water. In th&rurai, in the direction to the Lagoa Feia lake located
studied region these reconstitutions are related to ie-the quaternary coastal plain. This last lake is con-
gressive and transgressive regional marine events thaeted to the sea by a channel (vide Fig. 1).
affected the water level of the lake during the Ho- The topography of the bottom of the Lagoa
locene (Luzet al 1999; Luz & Barth 2000). de Cima lake is practically plain, with an average
Some authors have described the taxonomitepth of around 2 m and a maximum of 3,4 m at the
genera of Cholorococcales of the phytoplankton catenter of the lake. It has a maximum width of 4 km
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Figure 1 - Localization map of the study area and geology of the deltaic plain of the river Paraiba do Sul.

and a maximum length of 7,5 km (Fig. 2). Its watersorganic type of silt with sand of medium to fine
are sweet (salinity = 0,05%), with low conductivitysize and, to the organic type of a very fine clay,
(conditioned by the predominantly fluvial processewithout sand, rich in humus material. Diatomite
on its formation, with no influence of the sea atleposits are present at its margins (PROAGRO
present time and, by the influence of the rainfall1975; Esteve®t al. 1984; Reid & Esteves 1984).
varying from slightly acid to slightly alkaline (pH= Regarding the region of study, the total en-
5,6 - 7,4). They are clear and relatively transparentfonment has a hot and humid climate. The rain
presenting reddish tonality due to humus contribyrecipitations are concentrated especially in sum-
tions. It presents a low percentage of calcium, andhzer, with indexes above 200 mm per month. Winter
higher percentage of silica, beside others ions. Thee relatively dry. The driest period extends from
Lagoa de Cima lake shows an absence of thernMby to September. The average annual rainfall is
stratification and its waters have an average teraround 1,250-1,500 mm. The average annual tem-
perature of around 30°C. The euphotic zone reache=rature is around 22°C (RADAMBRASIL PRO-
the entire water column. Its sediments belong to tETO 1983).
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MATERIAL AND METHODS RESULTS

Fifteen samples were analyzed, collected in a There is a sediment accumulation tendency of
transect of 500 m by 500 m from edge to edge of the&rger granulometry (medium sand) in the littoral and
lake, in the northeast-southwest direction, that is tlhe the deeper and central area of the lake (samples 1,
direction of the dominant winds in the region (vide, 7 and 15) (Box 1). The water flow entrance of the
Fig. 2). They were collected in May 1999, in theivers Imbé and Urubu “pushes” the surface of the
upper five centimeters of the sediment of the bottosediments towards the northern boundary of the lake,
of the lake. Sample 1 was collected in a distance af the output of the waters by the river Ururai.

500 m from the northeast edge of the lake. Samples The residual organic fraction of the treated
6, 7 and 8 were collected in the center of the lake, samples showed pollen and spores of Pteridophytae
its deepest region (3,4 m of depth). Sample 15 wasd Bryophytae, besides zygospores, coenobiums
sampled next to the southwest edge of the lake, at Hred colonies of algae. In a total of 30 g of sedi-
boundary of a sand bank, which is located betweements, the alga&€oelastrum Pediastrumand

the entrances of the two rivers Imbé and Urubu. Scenedesmusomprised 4,182 individuals; other al-

For the quantitative analysis of the samplegae reached only 50 individuals.
fractions of the sediment were treated according to In relation to the number of individuals
the purposed palynological standard method of prepasunted of microscope slide preparations (Fig. 3), the
ration of Quaternary sediments (Ybett al 1992). largest deposition offoelastrum, Pediastrunand
They were subjected to KOH, HCL, HF and acetolyScenedesmuagae occurred in samples 3, 4, 5, 6, 9
sis treatments. The separation of the inorganic froamd 11. In samples 1 and 15, located respectively in
the organic fraction was done using a Zmjueous the northeast and southwest boundaries of the lake,
solution, with 2.3 density. Microscope slides werand in the sample 7, algae were not observed. In the
prepared using glycerine gelatin. They have be@eepest area of the lake (sample 8) and in samples 2,
kept in the slide collection of the Laboratory of Pa10, 12, 13 and 14, a substantial sedimentation of
lynology, Department of Geology, Institute of Geothese algae in relation to counted individuals was not
sciences, Federal University of Rio de Janeiro. Thabserved, that is less than 150 individuals per sample.
absolute values and percentages of the algae of @eelastrumwas not observed in the samples 8, 10
generaCoelastrum Pediastrum Scenedesmuand and 12.Coelastrumwas observed in a low count of
others algae, were presented in this study. “Othensidividuals in samples 9, 11, 13 and 14, that is less
comprise a lower absolute number of individuals dhan 20 individuals per samplBediastrumwas not
Mougeotiaand Diatomaceae and not identified algaebserved in samples 9, 10, 11, 12, 13 and 14.
(called “Indeterminates”), which are included in théediastrumwas observed in a low count of individu-
graphs. The percentage of each genus was calculatslin the samples 2, 4, 5, 6 and 8, that is less than 10
and plotted by the Excel program of Microsoft Corindividuals per sampleéscenedesmugas observed in
poration (Figs. 3, 4). The concentration of each tygelow count of individuals in samples 2, 12, 13 and
of algae in each sample was plotted by the Tilia pra4, that is less than 20 individuals per sample.
gram (Grimm 1987) (Fig. 5). The calculations wer®iatomaceae were observed in low count of individu-
based upon the number of each type of algae countdd in samples 3, 4, 11 and 14, that is less than 3
in relation to the counted number of marker sporaésdividuals per samplé/ougeotiawas observed only
(Lycopodium clavatuinper gram of sediment in sample 10, with just 1 individual.

(Stockmark 1971). The spore marker was introduced According to the results of percentage analy-
into each sample through tablets, which have sis, Scenedesmugas observed with high values in
known number of spores. almost all the samples. Only samples 2 and 12 showed

For the qualitative analysis of the sampledess than 50% oBcenedesmus relation to the total
other fractions of the sediments were prepared by tbe counted algae (Fig. 4). Diatomaceae were always
direct method, without application of chemical reagentsbserved in low percentages in sample 3 (0,7%),
when the sediments were diluted in distilled water arshmple 4 (0,2%), sample 11 (0,3%) and sample 14
set up in microscope slides. The description of the se#;5%); Mougeotiaonly in sample 10 (0,7%).
ments of each sample, location and a list of the algae According to the results of concentration
species and genera were presented in Box 1. analysis of the algae, samples 3, 4, 5, 6, 8, 9 and 11

The Figure 6 show photomicrographies ohad the largest sedimentation, with more than
species and genera of observed algae in the aB&0,000 individuals/g of sediments (Fig. 5).
lyzed samples. Coelastrumshowed a lower concentration in the
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Figure 3 — Algae diagram - number of individuals.
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Figure 5 - Algae diagram — concentration of algae in 1 gram of sediment.

samples 2, 13 and 14, that is less than 2,000 indamples, distributed as follows: 11 taxa of Chloro-
viduals/g* of sediments, and showed lgggest con- phyceae; 1 taxon of Zygnemaphyceae (Desmidia-
centration in the samples near the northeast bounsgae) and, 31 taxa of Bacillariophyceae (Diato-
ary of the lake (samples 3, 4, 5 and 6), that is mofgaceae). Diatomaceae were observed in all samples.
than 12,000 individualsfgof sedimentsPediastrum |t was found in the qualitative analysis that algae of
showed large concentration in the samples near i genusiulacoseiradominate the littoral sediment
northeast boundary (samples 3, 4, 5 and 6) anddf the |ake.Scenedesmusvas not observed in
the sample of the center of the lake (sample 8), @amples 1, 12, 13 and 1Goelastrumwas observed

though in this sample, absolute values were VeRhly in the samples 4 and Pediastrumwas ob-

low. Scenedesmusas observed in high concentraganed only in the sample 7.

tions in almost all the samples, however the biggest

values were found mostly in the areas corresponding DISCUSSION
to samples 3, 4, 5, 6, 8, 9 and 11, with more than
300,000 individuals/g§of sediments. Diatomaceae In the environmental studies deve|0ped in the

were observed in high concentrations in sample Jjlagoa de Cima lake by PROAGRO (1975) the plank-
with more than 10,000 individual$/gf sediments; ton was collected with a net of 50 im meshes. A total
Mougeotiain sample 10, with about 500 individu-of 17 phytoplankton taxa and predominance of the
als/g* of sediments. genus Scenedesmué68,1%) has been observed.
The results of the qualitative analysis (Box 1Pediastrum boryanun{0,8%) andPediastrumspp.

obtained from the preparations without use of chem(@,1%) presented low percentages of the total of ob-
cal reagents demonstrated a great richness of algagenved algae, as well as other algae that were not con-
the surface sediments of the bottom of the Lagoa dielered in our study. They also mentioned the registra-
Cima lake, reaching 43 taxa in the total of the 1fon of several Bacillario-phyceae (Diatomaceae) with
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Figure 6 - 1)Coelastrum proboscideurfd00 X); 2) C. pulcrum (100 X); 3) C. reticulatum(surface cells of the cenobium) (100 X); @)

reticulatum (central cells of the cenobium) (100 X); Bediastrum duplexar. subgranulatum(400 X); 6) Scenedesmus magn(&000 X); 7)

S. ohauensig1000 X); 8)S. ohauensig1000 X); 9)S. protuberang1000 X); 10)S. protuberang1000 X); 11) Aulacoseirasp.(1000 X);
12) Ciclotella meneghiniang1000 X); 13)Luticula sp. (1000 X).
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Box 1 - Localization of the samples, types of sediments of each sampleandccurrence of the observed algae in each analyzed sample
of the Lagoa de Cima lake.

SAMPLES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
21°45' | 21°45' | 21°45' | 21°45' | 21°45' | 21°46' | 21°46' | 21°46' | 21°46' | 21°46' | 21°46' | 21°46' | 21°47' | 21°47' | 21°4T"'
23" 34" 42" 47" 55" 03" 45" 19" 27" 37" 45" 54" 02" 11" 16"
LONGITUDE 41°29' | 41°29' | 41°29' | 41°29' | 41°30' | 41°30' | 41°30' | 41°30" | 41°31' | 41°31' | 41°31' | 41°31' | 41°32' | 41°32' | 41°32'

(W) 11" 25" 44" 55" 11" 28" 42" 59" 14" 28" 44" 59" 12" 25" 34"
Meters from the

northeast +30 | +530m | £1030 | +1530 | +2030 | +2530 | +3030 | +3530 | +4030 | #4530 | +5030 | +5530 | +6030 | +6530 | +7030
boundary

TYPE OF
SEDIMENT

Chlorophyceae

Coelastrum
proboscideum

LATITUDE (S)

sand | sand clay clay clay clay sand clay clay clay clay clay clay clay | sand

Coelastrum
pulchrum

Coelastrum
reticulatum
Pediastrum
duplex var. X
subgranulatrum

Scenedesmus
acunae

Scenedesmus
westii

Scenedesmus
magnus

Scenedesmus
ohauensis

Scenedesmus
pannonicus
Scenedesmus
protuberans

Scenedesmus
Sp
Zygnemaphyceae
Staurodesmus
Sp
Bacillariophyceae
Achnanthes sp X
Amphipleura sp X
Amphora sp X

Arachnoidiscus-
(??)

Aulacoseira
granulata

Aulacoseira
granulata var. X
angustissima

Aulacoseira
italica

Aulacoseira sp X X X X X X

Caloneis sp X

Ciclotella
meneghiniana

Diploneis sp X

Encyonema
silesiacum

Eunotia sp X X X X X X
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(Continuagao)

Fragillaria

pseudocons-tru- X

em var.

rhombica

Fragillaria sp X
Frustulia X X X
crassinervea

Gomphonema X X X X X

gracile

Gomphonema X

parvulum

Gomphonema X X X
sp

Luticula sp X X X X X X X X
Melosira sp X X X X X X X X X
Navicula sp X

Nitszchia sp X
Pinullaria spl X X X X
Pinullaria sp2 X

Rhopalodia sp X
Stauroneis sp X X X
Surirella sp X X X X

Synedra ulna X X

Synedra sp X X X X X X
Tabellaria sp X X

Melosira spp. (13,2%) of large occurrence. These daspecies observed in our study and not referred by these
agree partially with our data, since the results obtainadthors there ar€oelastrum proboscideyrScenedes-
from the surface samples of the sediments also indius acunaeS. magnusS. ohauensjs$s. pannonicuand
cated a deposition of 3,7 % Gbelastrumof the total S. protuberansCoelastrum reticulatunwas the most
algae counted, and this genus was not mentionedr@presentative species of this genus in our analyses and
PROAGRO’s study. In our countingScenedesmus Scenedesmugredominated in all samples which pre-
reached higher percentage. As demonstrated in @ented algae, reaching 94,1% from the total algae
results, Scenedesmuwas the genus with the largesttounted.Pediastrum duplexnly reached 0,8% of the
sedimentation ratio (count of individuals, percentagetal of algae.
and concentration evaluations). It was also the genus Huszar & Esteves (1988) listed the results
that presented the highest richness of species in tifethe phytoplankton observed in January and Sep-
samples prepared by the palynological standateémber 1983 \ide Huszaret al 1987), where the
method, while using the method without chemical redominant taxon wasscenedesmus opoliensiar.
agents Diatomaceae presented the highest richnessnononensig65%). As mentioned above, we did not
Huszaret al (1987) did taxonomic studies inobserve this specie in our samples.
phytoplankton collected with a 20 im mesh net in the Huszar & Silva (1992) analyzed the density
surface waters from the central point of the Lagoa ded diversity of the community of phytoplankton of
Cima, in January and September 1983 and, March drafjoa de Cima lake, using samples collected in dif-
December 1986. They identified 18 taxa at specific aferent depths of the waters of the lake, with a 20im
infra specific levels of the Chlorophyceae, this classesh net, in March and December 1986. The au-
being one of the two classes of greatest specific richnéissrs found the total of 5faxa They verified that
in the lake. Among the most common taxa, in all collethe phytoplankton concentration fluctuated among
tions accomplished by these authors, the algae m&m247 individuals/mi, belonging to 35 taxa (March/
tioned areCoelastrum pulchrumC. reticulatum 1986 - sampled in 2,4 m of depth) and 5,239 indi-
Pediastrum boryanumP. duplexand Scenedesmus viduals/mi!, belonging to 31 taxa (March/1986 -
opoliensisvar. mononensisamong other species notsampled in 0,1 m of depth). They did not register
being analyzed in our study. Among taxa referred lominance of species, howev&cenedesmus
these authors, in our study were only observemotuberansf. danubianuswas mentioned as being
Coelastrum pulchrumnC. reticulatum Pediastrum du- one of the most abundant. This species was not
plexand Scenedesmus quadricau@atuallyS. westl, mentioned in the paper of Huszral (1987) that
among other species not observed in our study. Amoagalyzed also samples collected in the same periods

74



of 1986. In our study, this species was observeibns. 6) The algad€Coelastrum Pediastrumand
frequently in the samples of surface sediments &tcenedesmusvell preserved in the sediments of the
the bottom of the lake; its largest spatial deposi-agoa de Cima lake, will possibly be useful in palyno-
tional area corresponded to sample 11 (vide Fig. 2Qgical facies analyses as well as they give a strati-
Other species of algae not been mentioned gmaphic signal for the presence of freshwater.
Huszaret al (1987) werePediastrum tetras
Scenedesmus bijugus. bijugusvar. disciformisand  Acknowledgements- The authors acknowledge to Bruno Santos Pe-
S. denticulatusbesides no species Gbelastrum ") Sinta, ¥ Bareto, Lus Eduardo Ubert Sao, hiago and Marcos
Esteveset al (1984) framed the Lagoa deto the M.Sc. Luciane G. Coelho by the collaboration in the confection

; ; ; ; ; of the Tilia graphs that were presented in this paper. We are grateful
Cima lake as 0|IgO'[I’OphIC with low denSIty of algaet‘o the Conselho Nacional de Desenvolvimento Cientifico e

This fact was reviewed by Huszar & Silva (1992)Tecnolégico (CNPg), Fundagéo de Amparo a Pesquisa do Rio de Ja-

They verified a great richness and high specific densfi§{jg A(Ffé)Pf'f)E”ﬂ)n :nnc?afgﬂgg‘gfo de Amparo a Pesquisa de Goias

in the phytoplankton and demonstrated that the Lagoa
de Cima lake presented elevated specific diversity of
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. ¢ao a seu conhecimentNeritica, 2 (supl.): 75 - 104.
We can conclude that: 1) The genu|S—|uszar, V.L.M. & Esteves, F.A. 1988. Consideracbes sobre o

Scenedesmymesented the greatest richness of specieSﬁtoplancton de rede de 14 lagoas costeiras do Estado do Rio de
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6)' In this local, the Conﬂguratlon of the lake faCIIItateg vegetacdo em sedimentos holocénicos da Lagoa de Cima, norte do
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