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ABSTRACT

Seasonal changes of the phytoplanktonic community and limnological abiotic characteristics of Ca¢é pond
(Maranh&o Sate, Brazil) was evaluated from two field researches during the rainy (April 1999) and dry (November
1999) seasons. Measurements of twelve chemical and physical variables and phytoplankton collections were carried
out at eight sampling stations. The Chlorophyceae and Cyanobacteria groups were in highest fractions during the
rainy and dry seasons, respectively. The limnological abiotic variables showed a homogenous spatial distribution.
The cluster analysis, using Bray-Curtis distance, distinguished two major groups, represented by the most common
and abundant species in both the periods. The results showed that the climate regime, due to the seasonal changes
in pluviosity, was a determinant over the phytoplanktonic community structure at Cagé pond.

Key words: Seasonality, phytoplankton, diversity, tropical region
1995; Arajjo e a. 1998, Pereira, 1999,

Moschini-Carlos and Pompéo, 1999; Araljo et a.,
1999; Ericeira, 2000; Arajjo, 2000, and

INTRODUCTION

Ecological studies in tropica regions can be

considered recent, particularly for their natura
lakes located close to the Equatorial zone. The
majority of these works were developed a the
Amazon basin, which has been considered
one of the tropicd aeas best studied
limnologically (Huszar, 1994). In the Brazilian
north-eastern region, the phycologica
studies are scarce and most the times restricted
to species lists. The phytoplankton community
knowledge of the Maranhdo State is comprised in
works by Eskinazi-Lega et a., 1985; Olivera et
al., 1986; Lavor-Fernandes, 1987, 1988a, 1988b;
Barbieri et a., 1989; Pessoa, 1992; Azevedo,

* Author for correspondence

three technica reports (Labohidro/UFMA, 1983;
1990; 1994).

The phytoplankton spatid and tempora
distribution knowledge is important for an
adequate comprehension of the lentic ecosystems
structure and functioning. The study of this
community is complex due to the multiplicity of
factors that influence it (Huszar, 1996). In tropica
regions lakes, the environmenta variables which
regulate seasona patterns of the phytoplankton are
not only light and temperature, since these factors
can be considered relatively more constant along
the year, other variables assume greater relevancy,
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such as the precipitation, the wind and the water
level fluctuation, which develop patterns of
variations within the nutrient and light availability
and ae reflected in the phytoplanktonic
populations cycle (Espindola et a., 1996). The
interaction of the climatological and hydrological
factors and their direct or indirect influence
over other environmental variables affect the
biologica distribution in both verticd and
horizontal spatial axis.

The am of this study is to contribute to the
knowledge of the phytoplanktonic community
structure at the Cagd pond, in Maranhdo State,
considering the climatic seasonality in terms of the
rainfall quantity along the year.

MATERIALS AND METHODS

The Cago pond (2°58'S and 43°25'W) is located in
the northern region of the Maranhdo State at
Primeira Cruz county, approximately 100 km from
the sea. The region is under sub humid tropical
climate, with total rainfall between 1,500 and
1,750 mm/year (Nimer, 1989), essentialy
controlled by the Intertropical Convergence Zone
(ITCZ) seasona movement above the Atlantic
ocean and by the winds regime, which provides a
six months rainy period (from January to June),
when the ITCZ is located in the south of Equator
and a period of sx dry months (dry season, from
July to December), when the ITCZ is located to
the north of Equator.

Two samplings, one in April (rainy period) and
another one in November (dry period) of 1999,
were performed at eight sampling stations (S1 to
$8), following a southwest to north-eastern
transect (Fig. 1).

Total monthly rainfall (mm) was obtained at TutGia
and Barreirinhas Meteorological Stations (MA).
Fourteen abiotic limnological variables were
andysed in this study. The water temperature (°C),
conductivity (n&cm), pH, dissolved oxygen
(mg/l), were obtained with Horiba equipment,
model U-10. The water trangparency (m) was
determined with Secchi disk. The euphotic zone
(m) according to Cole (1994). The akalinity
(mEg/l) according to Golterman et a. (1978). The
free CO, (mg/l) was determined according to Stum
and Morgan (1981). The concentrations of the
dissolved nutrients (nitrite, nitrate, ammonium,
and orthophosphate) were determined by HPLC

and the total nutrients (nitrogen = TN and
phosphorus = TP) according to Valderrama
(1981). Also, total nitrogen and phosphorous ratio
(TN:TP) was cal cul ated.

For the quantitative study of the phytoplanktonic
community, samples were collected in Van Dorn
bottle and transferred to a flask with known
volume, preserved in lugol and maintained in a
fresh and dark place until the moment of the
anaysis. The phytoplankton quantification was
carried out in ainversed microscopy of Carl Zeiss
mark, with a 400x maximum magnification and
followed the method of sedimentation in chambers
described by Uthermohl (1958). The count up
limit was established by the smallest area method
(Bicudo, 1990). The results were expressed in
individuasml and calculated according to Ros
(1979). During transportation of the collected
materia to the laboratory, the samples concerning
to the 4 (surface and middle) and S8 sampling
stations of the rainy season and S1 and S8 (middie
and bottom) of the dry season were mislead and
were not considered.

Figure 1 - Map showing the eight sampling stations
(S1-S8) at Cagd pond, Maranhdo State,
Brazil.
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The indexes concerning the phytoplanktonic
community structure were calculated from the data
obtained in the quantitative andysis. For the
caculation of the species diversity (H’), the
Shannon-Wienner index (Shannon and Wienner,
1963) were used. The equitability or uniformity (J)
were evaluated according to Pielou (1975) and the
community dominance (D) was estimated through
Simpson’s (1949) formula. The specific richness
was represented as the total number of taxa
presented within the samples.

The descriptive dtatistic analyses (minimum and
maximum values and the mean and standard
deviation) was used for the abiotic limnological
variables. The Bray-Curtis distance (Vaentin,
2000), calculated considering the absolute values
of the taxa in each sample, was used to verify the
similarities among sampling seasons (April and
November) in relation to the phytoplanktonic
community specific composition. A cluster
anadyss was caried out from the distance
vaues usng UPGMA as clustering method.

204
1 50

10}

Total rainfall {(mm)

A0

Jan  Teb  Mar Apr May

1a

Jun

643

The cophenetic correlation coefficient (r) was

caculated to evauate the representation
of the distance matrix in the dendrogram
(Valentin, 2000).

RESULTS

Tota monthly rainfall (mm) registered during the
studied period is presented in Fig. 2. The tota
rainfal in 1999 was 1,440 mm, what can be
considered a typica year, according to Tutéia and
Barreirinhas Meteorologica Stations data (MA),
for the period from 1965 to 1999.

The minimum and maximum values, means and
standard deviations (s) of the abiotic limnological
variables are presented in Table 1. The
concentrations of the nitrite and orthophosphate
nutrients were always below the detection level of
the method used.

Jul Aug  Sep

Months

Figure2- Total monthly rainfall (mm) during 1999 at Cag6 pond region, according to Barreirinhas and Tutbia

Meteorological Stations data (MA).
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The higher water temperatures were registered in
the rainy period. The variation between the
sampled periods were only 0.3 °C. The water
transparency varied from 4.5 m to 4.7 m in April
and 4.2 m to 4.3 m in November. The euphotic
zone comprise the maxim depth of the pond in
both sampled period. The environment was well
oxygenated, with the dissolved oxygen
concentrations varying between 5.3 mg/l and 7.6
mg/l in April and 53 mg/l and 7.8 mg/l in
November. The pH data obtained suggested an
environment with water dightly acid with values
always lower than 7.0. The results of conductivity
showed a variation from 30 n§/cm to 37 n&/cm in
April and from 35 nScm to 39 n&cm in
November. The mean akdinity was higher in
April. The same pattern was observed for the free
CO,. Among the dissolved nutrients, ammonium
presented grester concentrations in April and
nitrate, in  November. Tota nitrogen and
phosphorus ratio suggested that the concentrations
of these essentia nutrients were limited at the
Caco pond.

The mean vaue of the phytoplanktonic
community total density varied from 1.30 x 10
ind/ml in April (rainy period) to 1.39 x 10° ind/ml
in November (dry period). The Chlorophyceae
were best represented in terms of density at the
magjority of the sampled dations, during the
rainy season (Fig. 3), while during the dry season,
the best representative were the Cyanobacteria
(Fig. 4). The other classes didn't show a clear
distribution pattern in relation of the two seasons
and sampled stations.

The specific richness and the diversity, equability
and dominance indexes of each dsation and
sampled season ae presented in Table 2.
Considering the seven sampled stations in April,
the specific richness was 84 taxa and the diversity
index was 4.04 bitind. For the eight sampled
stations in November, the registered richness was
46 taxa and the diversity index was 3.79 bits/ind.
The equitability indexes were higher in November.
There was no dominance of any taxa.

The dendrogram resulted from the cluster analysis
with the Bray-Curtis distance (Fig. 5) presented
two magjor groups formed by the separation of the
rainy season samples in relation of the tota
samples from the dry season, in an estimated
distance of approximately 0.63 (37% of the
similarity).

DISCUSSION

Considering the absolute rainfall values presented
in Fig. 2, the two studied periods could be
characterised as rainy season (April/1999) and dry
season (November/1999). Some authors, as Martin
(2000), showed that in the tropical Brazil, the
rainfalls were controlled by the expansion and
retraction of the South and North anticyclones and
by the wind changes, which controlled the ITCZ
seasona movements above the Atlantic ocean and
determine the rainy season duration. This was
observed by Moura and Shukla (1981) in the
Brazil’s north and north-eastern regions and by
Marengo (1992) in the Amazonian region.
Therefore, the local climatic seasonality observed
through the rainfal vaues in 1999 could be
interpreted as consequence of the ITCZ location
over the ocean, in function of the trade winds
activity. Regarding the abiotic limnologica
variables, a homogeneous spatiad distribution
pattern and high similarity among periods was
observed. This resemblance among the two studied
periods could be due to the dynamic system which
was probably influenced not only by the rainfal
differences but also by other characteristics, such
as few changes in the temperature along the year
and by the activity of trade winds within the
region.

The total phytoplankton density vaues ranged
from 1.30 to 1.39 x 10" ind/ml during the whole
studied period, being dightly higher on the dry
season. In genera, a homogeneity of the
phytoplanktonic classes in relation to the dry and
rainy periods were observed. However,
considering the eight sampled sations, was
observed a gpatia heterogeneity with some
stations presenting higher density values. The
Chlorophyceae class contributed highest to the
total phytoplankton density during the rainy
season. According to Huszar (1996), a higher
contribution of the Chlorophyceae class occurs so
much in tropical as in temperate lakes. Lewis
(1978), studying a tropical lake in the Philippines,
observed that the Chlorophyceae, Cyanobacteria
and Dinophyceae classes contributed with higher
density vaues under high luminosity and low
nutrient concentrations conditions, which was aso
observed at Cago pond. During the dry season, the
Cyanobacteria group was the most expressive in
number of individuas per sample anaysed.
According to Reynolds (1984), values over 12 for
the N:P ratio indicated the phosphorus as the
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(Cyanobacteria) to tolerate extreme environments
could explain this fact. Huszar (1994) and
Araljo (2000) encountered similar results in their
studies about phytoplanktonic communities.

limiting nutrient for the phytoplankton growth,
facilitating the species which supported a nutrient
scarcity in the environment, as it was the case of
the Cagd pond. The ability of these organisms

Tablel - Minimum, maximum and mean values and standard deviation (s) of the abiotic [imnological variables at

the eight sampling stations in Cagé pond, on both studied periods (April and November 1999).

April November

Min Max Mean S Min Max Mean S
Water temperature (°C) 284 30 29.1 031 28.3 29.9 28.8 0.27
Water transparency (m) 45 4.7 4.6 42 4.3 4.3
Euphotic zone (m) Total Total
Conductivity (mS/cm) 30 37 354 147 35 39 3.1 0.57
pH 4.13 6.31 5.0 0.52 4.32 6.31 53 0.44
Alkalinity (mEg/l) 0.01 0.08 0.05 0.02 0.03 0.04 0.03 0.01
D. O. (mg/l) 533 7.59 6.6 0.51 530 7.81 6.7 0.85
Free CO, (mg/l) 391 16.09 10.67 375 4.37 10.22 853 16
TP (ngll) 4.32 12.48 8.16 2.29 4.98 7.92 6.5 0.89
TN (mg/l) 205.15 327.13 246.78 30.36 233.85 439.32 288.1 46.58
Ammonium (ng/l) 324 14868  28.37 34.34 2.88 77.58 25.88 24.77
Nitrate (ng/l) 21.7 58.28 34.82 10.10 4836  106.64 63.4 12.03
TN:TP 19.5 60.3 33.4 12.27 30.3 69.96 45.16 10.36

Table 2 - Specific richness (R), Shannon-Wienner diversity (H’) (bits/ind), equitability or uniformity (J) and
dominance (D) indexes of the eight sampling stations (S1 to S8), in both studied periods.

R H’ J D
April November  April November April November  April November
S 54 20 340 242 0.59 0.81 0.07 0.12
2 23 2 2.65 2.78 0.59 0.90 0.10 0.09
3 21 23 201 239 0.46 0.76 0.17 0.14
A a7 26 347 263 0.62 0.81 0.06 0.12
S5 19 25 183 3.64 043 113 0.19 011
9] 19 2 214 250 051 0.81 0.14 011
S7 20 23 2.03 267 047 0.85 0.15 0.10
S8 19 249 0.85 0.12
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Figure 3 - Vertical and horizontal distributions of the phytoplanktonic classes density (ind x 10%/ml) in rainy
season, at seven sampling stations and in three depths.
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Figure 4 - Vertical and horizontal distributions of the phytoplanktonic classes density (ind x 10/ml) in dry
season, at eight sampling stations and in three depths.
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Figure 5 - Dissimilarity dendrogram as a result from the application of the Bray-Curtis distance, using
UPGMA as clustering method, between the eight sampled stations and the three depths, in rainy

and dry seasons. (r = 0.80)

The verticd  didtribution of the total
phytoplanktonic density at Cagd pond did not
present a clear pattern. However, in the rainy
season, higher values were observed, occurring
from the intermediate stratum of the water column
(middle and bottom). Stratified vertical profiles are
common and generally the lower algal densities
are registered on the bottom and the higher ones
on the intermediate stratum. The light availability
and the water column instability, probably, were
the determinant factors of the phytoplankton
distribution in the different stratum of the water
column, since the mgjority of the species found at
Caco pond are known to be not regulators of their
fluctuation and concerned 90% of the species
registered. Harris and Smith (1977) commented
that the light availability, because of its
exponentia attenuation with the deepness within
the aguatic environment, is the determinant factor

for the phytoplankton vertical allocation. This
characteristic imposes a strong verticdity over the
phytoplankton, so that discontinuous vertica
distributions are expected and occur commonly.
Thus, much planktonic associations are found
randomly disperse through light gradients
(Reynolds, 1992).

The cluster anadysis, considering the taxa densities
in each sampling station in both periods, displayed
two great groups. The first group was composed
by species which were most common and
abundant on the rany season, mainly
Chlorophyceae  class  (Didymocystis  p.,
Monoraphidium cf. minutum and Monoraphidium
p.) representatives and the second group was
represented, mainly by the Cyanobacteria class
(Aphanothece comasii,  Aphanothece  cf.
conglomerata, Aphanothece sp., Chroococcus
minimus and Chroococcus cf. sonorensis). These
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genera are common in natura lakes plankton and
widely scattered around the world. The differences
in the rainfall amount between the two collection
seasons, as the water column instability,
contributed to these two great groups separation.
According to Tundis (1990), the vertical mixture
promotes changes in the phytoplankton specific
composition. As a result, the variety of life forms
encountered in the phytoplanktonic community are
seen as being adaptable to an unstable and
turbulent environment, to the periodical stresses
occurrence associated with nutrient availability
and to the vertical mixture. These factors represent
the higher selective pressures in which the
phytoplankton is exposed (Margalef, 1978).
According to Harris (1986), the species
composition and abundance changes would be
associated randomly and controlled by externa
factors, while to Reynolds (1984), these changes
would be consequence of external interventions
(allogenics) or of the organism activities, which
would result in progressve changes in the
environment (autogenics). The phytoplanktonic
species composition and abundance
reorganisation, as a result of the environmenta
(alogenic) and of the community (autogenic)
interactions were called by Hutchinson (1967) as
“seasona succession” and have been used to the
phytoplankton tempora variability. Considering
that, for the Cagd pond, the changes in the density
and abundance of the species have occurred
possibly due to the rainfal quantity (alogenic
factor) and the sample collections were carried out
in only one day, in both periods, such changes
maybe cannot be characterised as a successiona
process.

The species diversity can be considered high at
Cag6 pond. According to the Intermediate
Digturbance Hypothesis, formulated by Connell
(1978), the high diversity must be related to
disturbances of intermediate frequencies or
intensities, however must be based in sampling
scales close to the algae generation time, regularly
done, through several years (Sommer et a., 1993).
In Brazil, few water bodies were studied aong
many years and the Cag6 pond is not an exception.
Higher species diversity index (H') were
registered in April, coinciding with the higher
rainfall values, which, probably, caused the aga
suspension of the sediment and the periphyton
removal, increasing the specific richness as well as
the possibility to collect a higher number of
species than during the dry season. According to

Lewis (1978), the disappearance of species in
lakes is just apparent, due to the probability
diminution of registering them in periods of low
densities. Rainy period presented a low uniformity
in equitability index due to the higher density
values of the Chlorophyceae class. Considering the
dominance index, no taxon were dominant at the

Caco pond.
Thus it could be concluded, that the climatologic
factor, conditioned by the seasond ITCZ

movement, providing two distinct periods, in
terms of pluviosity, was determinant over the
dynamic and the structure of the Cagd pond's
phytoplanktonic community.
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RESUMO

Mudancas sazonais na comunidade fitoplanctonica
e nas caracteristicas limnologicas abidticas da
lagoa do Cagd, Estado do Maranh&o, Brasil, foram
avaliadas a partir de duas coletas, nos periodos de
chuva (Abril/1999) e seca (Novembro/1999).
Medidas de quatorze varidveis fisicas e quimicas e
coletas do fitoplancton foram redlizadas em oito
estagbes de amostragem. Quantitativamente, 0s
grupos  Chlorophyceae e Cyanobacteria
apresentaram maior contribuicdo nos periodos de
chuva e seca, respectivamente. As variavels
limnol 6gicas abiéticas mostraram uma distribuicéo
espacia homogénea em relagdo aos dois periodos
amostrados. A andise de agrupamento a partir da
distéhcia de Bray-Curtis para comunidade
fitoplancténica distinguiu dois grandes grupos
(estacdo seca e chuvosa), representados pelas
espécies mais comuns e abundantes em ambos
periodos. Os resultados deste estudo permitiram
conclur que o regime climatologico foi
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determinante sobre a dindmica e a estrutura da
comunidade fitoplancténica da lagoa do Cago.
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