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Abstract

Spatial and temporal variability of the phytoplankton community in the tropical coastal Imboassica lagoon, an environ-
ment naturally isolated from the ocean by a narrow sandbar, was analysed every two weeks for 19 months by sampling
three sites. During this study, the lagoon received direct input of marine water three times, resulting in remarkable
salinity, nutrient concentrations and phytoplankton biomass variations in both temporal and spatial aspects. The phyto-
plankton biomass presented relatively low values ranging, on average, from 0.54 mg.L"! in the station closest to the sea
(station 1) to 1.34 mg.L"! in the station close to a macrophyte bank (station 3). Diatoms and cryptomonads dominated
in stations 1 and 2 (located relatively close to station 1, yet receiving the runoff of domestic sewage), and euglenoids,
cryptomonads and dinoflagellates at station 3. Stations 1 and 2 usually presented the same dominant species but sta-
tion 2 presented a higher phytoplankton biomass. On the other hand, station 3 showed more similar results concerning
phytoplankton biomass with station 2, however the dominant species were usually different. The high fluctuations of
salinity and the reduced nutrient availability are pointed out as the main factors structuring the dynamics of the phyto-
plankton community at the Imboassica lagoon.
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Flutuacio temporal e espacial do fitoplancton em
uma lagoa costeira tropical do sudeste brasileiro

Resumo

VariacOes espaciais e temporais da comunidade fitoplanctonica da lagoa Imboassica, um ambiente naturalmente iso-
lado do oceano por uma estreita barra de areia, foram analisadas com base em coletas quinzenais, realizadas em
trés estagdes, durante 19 meses. Durante este estudo, a barra de areia foi rompida trés vezes, resultando em acentuadas
variagdes temporais e espaciais na salinidade, na concentracio de nutrientes e na biomassa fitoplanctonica. Esta apre-
sentou valores relativamente baixos, variando de 0,54 mg.L"! na estaciio mais proxima ao mar (estagdo 1) a 1,34 mg.L"!
na estaciio préxima a um banco de macrdfitas (estagdo 3). Diatomdceas e criptoficeas dominaram nas estagdes 1 e 2
(esta ultima localizada, relativamente préxima a estag@o 1, porém recebendo aporte de esgotos domésticos), e eugle-
noficeas, criptoficeas e dinoficeas na estagio 3. As estacdes 1 e 2 apresentaram, de modo geral, as mesmas espécies
dominantes, diferindo neste aspecto da estagdo 3, no entanto, esta diferiu significantemente apenas da estacio 1, em
termos de biomassa fitoplanctOnica. As elevadas flutuagdes na salinidade e a reduzida disponibilidade de nutrientes sdo
apontadas como os principais fatores estruturadores da dinamica da comunidade fitoplanctonica na lagoa Imboassica.

Palavras-chave: diatomdaceas, algas flageladas, lagoa costeira, distirbios antropogénicos, fitoplancton.

1. Introduction

Several studies have addressed the importance of pe-
lagic vegetation in freshwater ecosystems, but few stud-
ies have been carried out on coastal lagoons. In Brazil,
coastal lagoons occur practically throughout the entire
coastline, and may be considered to be one of the most
representative continental aquatic ecosystems of the
country (Esteves, 1998). Cities have developed near or
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around many coastal lagoons and on account of this, es-
pecially in the state of Rio de Janeiro, they are increas-
ingly threatened with the increasing runoft of effluents
that increase eutrophication (Knoppers et al., 1991).
Other anthropic disturbances such as landfills and the
opening of sandbars also cause strong alterations in the
biotic communities and metabolic processes of these
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ecosystems (Faria et al., 1998; Suzuki et al., 1998, 2002;
Palma-Silva et al., 2000; Kozlowsky-Suzuki and Bozelli,
2004).

Resource availability, especially of nutrients and
light, stands out as the main temporal and spatial fac-
tor regulating phytoplankton assemblages. In coastal
lagoons, salinity also plays an important role in phy-
toplankton communities (Rojo and Miracle, 1989;
Herrera-Silveira et al., 1998; Domingos and Carmouze,
1993; Torgan et al., 2002). In lagoons isolated from the
sea, salinity effects are maximized when the sandbar is
open. This favours the development of organisms that are
usually more common in brackish and marine environ-
ments (Huszar and Silva, 1992; Melo and Suzuki, 1998;
Melo et al., 2006).

In the Imboassica Lagoon, the effect of sandbar
opening events on phytoplankton and invertebrate com-
munities have been studied by Branco et al. (1998), Melo
and Suzuki (1998) and Kozlowsky-Suzuki and Bozelli
(2004). However, intensive short term studies of lim-
nological aspects and the phytoplankton communities
spanning more than one sandbar opening are still scarce.
The investigation reported in this paper looked at the
temporal and spatial distribution of the phytoplankton
community in the Imboassica Lagoon over a period of
nineteen months during which three sandbar opening
events occurred.

2. Material and Methods

2.1. Study area

The Imboassica Lagoon is a small (3.3 km?), shal-
low (mean depth 1.1 m) coastal lagoon located in Macaé
(22°24’ S and 41° 42’ W) in the northeast of the state
of Rio de Janeiro, Brazil (Figure 1). It is separated from
the sea by a sandbar that is sometimes opened by man in
order to avoid houses from being flooded that were built
on the flooding area of the lagoon. The lagoon-sea inlet
is kept open anywhere between 15 to 30 days. After this,
the sandbar normally closes up rapidly by natural sedi-
ment deposition. Another disturbance in the Imboassica

Lagoon is caused by the incoming discharge of domestic
sewage. Although the inflow of seawater can be observed
during the times that the sandbar is opened, the lagoon is
basically supplied with freshwater from a small river and
also pluvial waters.

2.2. Sampling and laboratory analysis

Integrated samples of the water column were col-
lected at three stations (Figure 1) from November, 1996
to May, 1998. These stations were selected according
to their exposure to the inflow of seawater (Station 1),
exposure to the inflow of domestic sewage (Station 2),
and proximity to an aquatic macrophyte stand made up
of Eleocharis mutata (L.) Roem. and Schult. and Typha
domingensis Pers (Station 3). Due to the sandbar opening
events, it was not always possible to sample at Stations 2
and 3.

Water samples were preserved with a lugol solution
for phytoplankton analysis and frozen for nutrient analy-
sis. The water used for the dissolved nutrient analyses
was filtered through Whatman GF/F filters immediately
upon collecting. The water temperature and salinity were
measured in a vertical profile every 0.1 m with a YSI
model 30 hand-held meter (Yellow Springs Instruments).
The water transparency was measured with a Secchi
disk.

Dissolved oxygen concentrations and pH were
measured about an hour after being collected using the
Winkler method (Golterman et al., 1978) and a pH meter
(Analion Model PM 608), respectively.

Total phosphorus (TP) and soluble “reactive” phos-
phorus (SRP) were determined by the molybdenum blue
reaction (Golterman et al., 1978). Total nitrogen (TN) and
total dissolved nitrogen (TDN) were determined by titra-
tion according to the Kjeldahl digestion. Nitrate (N-NO,)
was determined by a flow injection analysis using the
cadmium reduction method (Mackereth et al., 1978).
Ammonium (N-NH,*) was estimated by the indophenol
colorimetric method (Koroleff, 1976) and dissolved or-
ganic nitrogen (DON) was calculated as the difference
between TDN and inorganic nitrogen (nitrate and ammo-
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Figure 1. Geographical position of the Imboassica Lagoon. Sampling station indicated by numbers.
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nium). Soluble “reactive” silicon (SRSi) was determined
by the molybdate method (Golterman et al., 1978).

The phytoplankton population density was estimat-
ed according to Utermohl (1958) and specific biomass
(mg [wet weight] L") was calculated as the product of
population density and mean unit volume (Edler, 1979),
assuming a specific cell density of 1 g.cm™. The mean
diatom unit volume was calculated from the biovolume
minus 35%, which corresponds to the vacuoles in pen-
nate forms, and minus 65%, in centric forms (Round
et al., 1990). Specific diversity and equitability were cal-
culated by the Shannon-Wiener (Shannon and Weaver,
1963) and Pielou (1966) rates. The species richness is
given as the number of taxa per sample.

2.3. Data analysis

Taxonomical algal groups were identified according
to Hoek et al. (1997). Diatoms were identified according
to the classification proposed by Round et al. (1990). In
sandbar opening events, phytoplankton composition and
biomass variations, six periods were defined to analyse
the results (Table 1).

Comparisons of the variables of the different sta-
tions were made by the “one way” variance analysis
(ANOVA). For the purpose of testing the correlations
between the abiotic variables and the phytoplankton
(total biomass and the biomass of the main groups), a
Spearman correlation was used.

3. Results

At the beginning of this study, two sandbar openings
occurred in less than two months (November 16, 1996
and January 06, 1997) because of heavy rains and a new
one was recorded in February 16, 1998. Salinity increase
is one of the major effects brought about by the sand-
bar opening. In general, higher values of salinity were
found at Station 1 which is closest to the sea and lower
values were found at Station 3, the lagoon’s distal region
relative to the sea (Figure 2). The water depth is another
sandbar opening effect and this varies from 2.5 to zero
meters when the water column was dry. In relation to
dissolved oxygen, the lagoon was fairly well oxygen-
ated with decreasing mean values from Stations 3 to 1
(Table 2). With regards to pH, the lagoon was mainly
neutral to alkaline. In general, the mean values of nutri-
ents (Table 2) were greater at Station 2, except for solu-
ble reactive silicon and dissolved organic nitrogen that
were greater at Station 3 where phytoplankton biomass
was also greatest. On the other hand, Station 1 presented

greater depth, salinity concentration, pH and Secchi disk
extinction values, but the minor values of phytoplankton
biomass had specific diversity and equitability.

The floristic composition of the Imboassica Lagoon
(Table 3) was represented by 56 taxa, 39% of which were
diatoms. In general, a fairly low biomass was observed in
all stations (Figure 3), but there was a tendency for values
to increase from the station nearest the sea towards the
most distant station. The Imboassica lagoon was charac-

I 10 G\ 1T v v VI

30+ Station 1

20

10'\/ /\/\/\/\

0 rTrrrrrrrrTTrrrrrrTrrTTr T TrTTTTr TTTTT TTTT

Station 2

30

20 \

10 A N

O TTTT TrTTTrTrTT1TTrTTT T T TTTT T T T TT T T TTT TTTT
Station 3

30

20

10

/ \/\/\

O TTTTTTTTT I/I\I rTTrrrrrrrrTrTrrrTTrrTrTrTrTTTTT
= = 3 S = d 3
= = [Pl o) o = ¥
S — — —_

Figure 2. Temporal variations of salinity (%o) in three sam-
ple stations in the Imboassica Lagoon from November, 1996
to May, 1998. (The interval between vertical lines show
the duration of the periods; the three sandbar openings are
shown by arrows).

Table 1. Identification of the six study periods and sandbar openings in the Imboassica Lagoon from November, 1996 to

May, 1998.

Period I Period 11

Period I1I

Period IV Period V Period VI

DP 06/11-11/96  21/11-27/12/96 17/01-04/03/97 18/03-13/09/97 03/10/97-15/02/98 03/03-04/05/98

SO - 16/11/1996

09/01/1997

- 16/02/1998 -

DP = Duration of the periods; SO = Sandbar opening
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Table 2. Average and standard deviation of abiotic variables and phytoplankton attributes from the Imboassica Lagoon from
November, 1996 to May, 1998 in three sampling stations.

Abiotic variables/Phytoplankton attributes Station 1 Station 2 Station 3
Temperature (°C) 254+25 259+25 26.6+34
Depth (m) 1.1+£0.5 0.7+0.3 0.8+0.3
Secchi (m) 09+0.4 0.6+0.2 0.7+£0.2
Salinity (%o) 14.6 £10.1 9.2+4.1 6.8145
pH 8.2+04 7.8+0.5 7.1+1.2
Dissolved oxygen (mg.L") 7.21£1.27 6.47 £2.26 6.05t1.8
Total nitrogen (uUM) 359+12.1 539+16.3 51.0+15.4
Total phosphorus (UM) 1.0+04 24+18 0.8+0.3
Dissolved organic nitrogen (1M) 225+74 294494 33.2+11.0
Dissolved inorganic nitrogen (UM) 53%58 23.7+£24.5 12.0£22.6
Total dissolved phosphorus (uM) 0.7+£0.3 0.8+0.6 0.4+0.2
Soluble reactive phosphorus (uUM) 0.2+0.1 0.5+0.5 0.3+0.1
Soluble reactive silica (uUM) 67.0 £ 56.0 80.0 +54.0 166.5 + 68.0
Phytoplankton biomass (mg.L'") 0.54£0.58 0.84+£1.0 1.34+£1.7
Species richness 12+3 14+3 11.0+4
Specific diversity (bits.mm) 2.1£0.8 3.0£0.73 240t 1.1
Equitability (%) 60 £ 19 78 £ 19 68 £25

Table 3. Floristic composition of phytoplankton in the Imboassica Lagoon from November, 1996 to May, 1998.

CYANOPHYTA
Anabaena planctonica
Chroococcus microscopicus
Jaaginema geminata

BACILLARIOPHYTA
Amphora coffeaeformis
Chaetoceros muelleri
Chaetoceros subtilis
Chaetoceros wighamii
Cocconeis placentula var. euglypta
Craticula halophila
Cyclotella choctawhatcheeana
Cyclotella aff. striata
Cyclotella pseudostelligera
Cylindrotheca closterium
Eunotia pectinalis
Gomphonema gracile
Gomphonema parvulum
Mastogloia braunii
Mastogloia smithii
Melosira dubia
Nitzschia compressa
Nitszchia filiformis
Nitzschia palea
Nitzschia reversa
Pleurosigma sp.
Pseudo-nitzschia sp.

RAPHIDOPHYTA Pseudoscourfieldia marina
Chattonella sp. Pyramimonas grossii

PRYMNESIOPHYTA Resultor mikron
Chrysocrhromulina sp. Scenedesmus grahnensii

CRYPTOPHYTA Tetraedron minimum

Campylomonas reflexa

CRYPTOPHYTA
Chroomonas nordstedtii

Cryptomonas parapyrenoidifera

Cryptomonas pyrenoidifera

Hemiselmis simplex

Plagioselmis nannoplanctica

Teleaulax acuta

DINOPHYTA

Durinskia baltica

Gymnodinium sanguineum

Gymodinium sp

Prorocentrum aff. cassubicum

Prorocentrum minimum
EUGLENOPHYTA
Euglena acus var. acus

Euglena caudata
Euglena spirogyra
Eutreptia cf. viridis
Lepocinclis ovum
CHLOROPHYTA

Chlamydomonas sp.
Closteriopsis acicularis var. acicularis
Elakatothrix sp.

Monoraphidium contortum

Monoraphidium nanum

Nephroselmis minuta

QOocystis submarina

Braz. J. Biol., 67(3): 475-483, 2007
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Figure 3. Temporal variations of phytoplankton biomass
(mg.L") in three sample stations in the Imboassica Lagoon
from November, 1996 to May, 1998. (The interval between
the vertical lines show the duration of the periods; the three
sandbar openings are shown by arrows).

terized by remarkable temporal biomass variations with
values ranging from 0.008 to 6.56 mg.L™! at station 3, for
instance. On average, phytoplankton biomass fluctuated
between 0.54 (station 1) and 1.34 mg.L"! (station 3) as
shown in Table 2.

At station 1, the highest biomass (2.76 mg.L'") was
observed after the third sandbar opening event (Figure 3).
At this time, Pseudo-nitzschia brasiliana Lundholm,
Hasle and Fryxell, a recently described species from
Brazil (Lundholm et al., 2002) was responsible for 92%
of the total biomass. Nanoplankton organisms (<20 pm)
were generally dominant at this station (Table 4), and
Cyclotella choctawhatcheeana Prasad was the dominant
species before the first sandbar opening (November,
1996) with 75% of the total phytoplankton biomass and,
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in November and December 1997 when it attained two
biomass maximums, 94 and 81% of the total phytoplank-
ton biomass, respectively (see Melo et al., 2006).

Together with a cryptomonad [7eleaulax acuta
(Butcher) Hill] and raphidophytes (Chattonella sp.),
C. choctawhatcheeana made up more than 65% of the
biomass in the period between the first and the sec-
ond sandbar opening events. Immediately following
the second and third sandbar openings, dinoflagel-
lates [Prorocentrum minimun (Pavillard) Schiller and
Protoperidinium leonii (Pavillard) Balech], cryptomon-
ads (Teleaulax acuta) and diatoms (P. brasiliana) were
the most representative groups in terms of biomass.

At station 2, diatoms, cryptomonads, dinoflagel-
lates and blue green algae were the dominant groups
(Figure 3). Durinskia baltica (Levander) Carty and
Cox, T. acuta and C. choctawhatcheeana made up 63%
of the total biomass prior to the second sandbar open-
ing event (Table 4). No significant variation of phy-
toplankton biomass was observed from February to
September, although there were three small increases in
the diatoms Nitszchia filiformis (W. Smith) van Heurck
(21%) and Mastogloia braunii Grunow (19%) in early
April; C. choctawhatcheeana (44%) in early July; and
Melosira dubia Kiitzing (59%) and M. braunii (11%)
in early September. However in spring, greater fluctua-
tions were observed. There was an increase in diatom
biomass in November with a significant contribution of
C. choctawhacheeana (27%), Melosira dubia (18%),
Nitzschia palea (Kiitzing) W. Smith (15%), in addi-
tion to Cocconeis placentula Ehrenberg var. euglypta
(Ehrenberg) Grunow (10%). In December, an important
increase in Euglena caudata Hiibner was recorded when
it made up 40% of the total biomass (12/17) followed
by 7. acuta (21%) and D. baltica (11%). P. brasiliana
was responsible for the biomass maximum in this station
(5.20 mg.L'") after the third sandbar opening compris-
ing 91% of the total biomass. After this, M. dubia and
Gymnodinium sanguineum Hirasaka were the dominant
taxa. In both Stations 1 and 2, another important species
was Pyramimonas grossii Parke, especially in November
and December of 1997. It made up 48% of the total bio-
mass in Station 1 in November and reached 64% of the
total biomass in December in Station 2.

At station 3, cryptomonads, dinoflagellates and eu-
glenoids were the dominant groups, especially in the
samples just after the sandbar opening (Figure 3). Three
very distinct biomass maximums were recorded. The
first on April 05, 1997 consisted of euglenoids (Euglena
acus Ehrenberg and E. spirogyra Ehrenberg), which rep-
resented 83% of the total biomass (6.58 mg.L"); the sec-
ond, on October 17, 1997, when the total biomass was
5.56 mg.L'! and the dinoflagellates were the dominant
group with Prorocentrum cf. cassubicum (Woloszynska)
Dodge representing 88% of the biomass; and the third,
when cryptomonads reached a biomass of 4.33 mg.L"!,
with Cryptomonas pirenoidifera Geitler and Chroomonas
nordstedtii Hansgirg representing 67 and 16% of the
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Table 4. Main phytoplankton species with more than 5% of total phytoplankton biomass in the Imboassica Lagoon from three
sample stations and in the six periods from November, 1996 to May, 1998. (The number indicates the relative biomass (%)

of each species).

Taxa/Periods

Station 1

Station 2 Station 3

PI PII PIII PIV

PV PVI PII PIV PV PVI PII PIV PV PVI

10 14
Jaaginema geminata - - - -
75 24 9 29
12 - - -
Melosira nummuloides - - - -
Nitzschia filiformis - 7 - -
N. palea - - - -

Chroococcus microscopicus 9 -

Cyclotella choctawhatcheeana
C. striata

Pleurosigmaa sp. - - - -
Pseudo-nitzschia brasiliana - - - -
21
22

Campylomonas reflexa - - - -

Chatonella sp. -
Teleaulax aff. acuta -

Chroomonas nordstedtii - - - -
Cryptomonas pyrenoidifera - - - -
Hemiselmis simples - - - 6
Plagioselmis nanoplanctica - - 7 8
Durinskia baltica - - 6 -
Gymnodinium sanguineum - - - -
Prorocentrum aff. cassubicum - - - -
P. minimum - -
Protoperidinium leonis - -
Euglena acus - - - -
E. caudata - - - -

E. spirogyra - - -
Eutreptia aff. viridis - - -

[o) W@

Elakatothrix sp. - - -
Pyramimonas grossii - - -

14 - 6 7 7 - -
15 - 10
10 - -

43 - 10 - 6

11

24 -

total biomass (4.96 mg.L"), respectively on March 3,
1998. Jaaginema geminata (Meneghini ex Gomont)
Anagnostidis and Komdrek, which represented 46% of
the total biomass on June 5, 1997, and E. caudata that
comprised 57 and 58% of the total biomass on January 6
and February 1, 1998, respectively also stood out in
Station 3 (see Table 4).

Significant differences (p < 0.05) were found when
comparing the average results of the three Stations
(Table 5). Station 1 differed from all Stations with
the lowest values of total nitrogen, ammonium and
phytoplankton biomass. It differed from Station 2 by
comparative lower values of total and soluble reac-
tive phosphorus. Moreover, it differed from Station 3
by comparatively higher values of salinity, dissolved
oxygen and pH and by lower values of nitrate and sol-
uble reactive silicon. Finally, Station 2 differed from
Station 3 by higher values of salinity, pH, ammonium,
nitrate and total phosphorus and by less soluble reac-
tive silicon.

4. Discussion

The Imboassica lagoon presented oligohaline to euri-
haline water depending on the sandbar openings events
and the amount of fresh water discharge. Although only
a narrow sandbar makes up the boundary between the
lagoon and the ocean, the influence of the ocean with
respect to the salinity of the lagoon appears to be more
strongly related to the sandbar openings and rough sea
events (as occurred in November, 1997) that results in
the inflow of salt water. Other salt water incursions such
as via sea spray and ground water seepage, assumed
by Esteves (1998) as easily found at the Imboassica la-
goon, and of recognized influence on the phytoplankton
community structure (Rojo and Miracle, 1989), may be
pointed out as one of the mechanisms that maintained
the higher salinity in Station 1 throughout the study.

Concentrations of soluble reactive phosphorus and
dissolved inorganic nitrogen, which are nutrients pri-
marily assimilated by algae, showed great temporal

Braz. J. Biol., 67(3): 475-483, 2007
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Table 5. Comparison by ANOVA of some abiotic variables and phytoplankton biomass from three station samples in the
Imboassica Lagoon in the period from November, 1996 to May, 1998.

Salinity pH O, Total-N N-NH,” N-NO, Total-P SRP SRSi Total Phytoplankton
Biomass
EI-E2  ns ns ns HE HE ns o HE ns o
El_E3 Kok skk skek koK kek koK ns ns ksk skk
E2_E3 koK skk ns ns ek koK kek ns ksk ns

** =Significant differences (p < 0.05).

and spatial variation, generally reflecting the influence
of sandbar openings and domestic sewage discharge
(Melo, 2001). Most of the time, especially at Station 1,
they could be considered as limiting to the phytoplank-
ton growth because they were below 0.1 uM for soluble
reactive phosphorus and 7 uM for dissolved inorganic
nitrogen, therefore the environment can be considered as
chronically deficient for the growth of planktonic algae
(Reynolds, 1997). Thus, the lesser biomass at Station 1
might be a consequence of the lesser availability of these
nutrients. Limitation by soluble reactive phosphorus in
the Imboassica lagoon was found earlier by Panosso and
Esteves (1999), who pointed out the hydrolysis of the
organic phosphorous by phosphatase activities as the
main inorganic phosphorous source to maintain the phy-
toplankton.

The main limnological parameters (nutrient concen-
trations, salinity, pH and temperature) of the Imboassica
lagoon are similar according to all sandbar opening
events (Melo, 2001). However, there was a difference
in the dominance of planktonic algae groups. This was
probably due to the presence of inoculum originating
from the sediment or from adjacent water bodies at a
certain moment. For example, the occurrence and domi-
nance of Pseudo-nitzschia, a primarily marine algae
genus, occurred with more than 90% of the total phyto-
plankton biomass in Stations 1 and 2, and the high bio-
mass of P. cf. cassubicum at Station 3, a dinoflagellate
common in the benthos of brackish environments can be
explained by the inoculum input in the water. The occur-
rence of P. brasiliana, for instance, was associated to the
presence of it in the neighbouring marine environment
in the third sandbar opening, a fact recorded in the same
period on the southern seashore of Rio de Janeiro, which
highlights the distribution of this genus along the whole
Rio de Janeiro state coast (Villac et al., 2005).

The influence of the sandbar opening in the more
internal area of the lagoon was reduced when com-
pared to the Station closer to the sea. In the former,
there was a prevalence of freshwater, a reduced water
column, lower pH and higher N-amoniacal concentra-
tions. There was also a dominance of euglenoids (E. acus
and E. spirogyra) and cryptomonads (C. pyrenoidifera,
C. parapyrenoidifera and C. nordstedtii) after the second
and third sandbar opening events, respectively, when the
freshwater inflow still predominated at this station. In ad-
dition to the oligohaline conditions, the input of organic
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matter coming from the decomposing macrophytes may
have been another factor that affected the development
of these algae (Klaveness, 1988; Reynolds et al., 2002).

The higher biomass of Station 2 compared to
Station 1 can probably be explained by the higher availa-
bility of nutrients originating from the sewage discharge
and to the greater plant organic matter in that area, as reg-
istered by (Lopes-Ferreira and Pasin, 1998; Palma-Silva,
1999). In the station further from the sea (Station 3) the
dominant species was characteristic of both freshwater
and mesohaline environments. Although, in general,
nutrient concentrations at Station 3 were lower than at
Station 2, the phytoplankton biomass did not differ sig-
nificantly, but the dominant species did. At station 3, the
maximum biomass values are attributed to the expressive
development of euglenoids and cryptomonads after the
second and third openings of the sandbar and by P. cf.
cassubicum in Period V. On the other hand, the high bio-
mass values at Station 2 are attributed to P. brasiliana in
Period VL.

The sandbar opening events were followed by a
temporary dominance of species common to marine
and brackish environments, such as the dinoflagellates
P. leonis and P. minimum and the diatom P. brasiliana at
Stations closer to the sea. As has been recorded for zoo-
plankton, (Kozlowsky-Suzuki and Bozelli (2004), large
marine algae enter the lagoon bringing about an increase
in the phytoplankton biomass. On the other hand, the
frequent sandbar opening events recorded in this study
contributed to the nutrient export from the lagoon which
prevented an increase in eutrophication. This influence
of sandbar opening events on a trophic level was empha-
sized by Melo et al. (2003) who registered hypereutroph-
ic conditions in the Imboassica lagoon after a period of
two years without sandbar openings.

To conclude, three distinct areas were identified in
the lagoon according to their salinity, pH, dissolved oxy-
gen, nutrient and phytoplankton biomass. Salinity and
nutrient concentrations may be confirmed as the factors
that most influenced the spatial distribution of the phy-
toplankton in the Imboassica lagoon. Taking the species
that most contributed in terms of biomass at the three
stations, it can be observed that a greater similarity was
found between stations closer to the sea, as compared to
the more distant ones. Similar salinity at Stations 1 and
2 suggest that this is probably the main selective factor for
the similar dominant species at these stations, especially
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C. chctawhatcheeana, P. brasiliana, P. nanoplanctonica
and T. acuta.
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