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Abstract
Micro- and mesozooplankton were studied in the Sergipe estuary, northeastern Brazil, in order to assess the temporal variability in abundance and biodiversity under stressed conditions (urban pollution). Zooplankton samples and
abiotic data were collected at one station during a full tidal cycle in July 2001 and in February 2002, corresponding
to the rainy and dry seasons, respectively. The salinity regime was euhaline-polyhaline. Phosphate and dissolved
oxygen were higher in July 2001, and nitrite, nitrate and ammonia in February 2002. Chlorophyll-a concentrations
were low as a result of light limitation, with 1.18 ± 0.88 µg.m–3 in February and 1.53 ± 1.48 µg.m–3 in July. Fifty-nine
zooplankton taxa were identified. Microzooplankton were abundant, mainly the tintinnid Favella ehrenbergii, and
ranged from 18,649 ind.m–3 in July to 678,009 ind.m–3 in February. Mesozooplankton ranged from 1,537 ind.m–3 in
July to 37,062 ind.m–3 in February and were dominated by barnacle nauplii in July and by copepods in February. The
cluster analysis by taxa revealed the existence of three distinct groups: resilient species, characteristic of estuarine
areas and occurring during all the year; species mainly more abundant in July (indicators of a healthier environmental
condition); and species more abundant in February (tolerant to poor water quality).
Keywords: zooplankton, tropical estuaries, seasonal variability, northeastern Brazil.

Dinâmica da comunidade zooplanctônica em relação a um ciclo sazonal e
aportes de nutrientes em um estuário urbano tropical no Brasil
Resumo
O micro-e o mesozooplâncton foram estudados no estuário do rio Sergipe, Nordeste do Brasil para conhecer a variação temporal em abundância e biodiversidade sob condições de estresse. Amostras do zooplâncton e dados abióticos foram coletados em uma estação durante um ciclo completo de marés em julho de 2001 e em fevereiro de
2002, correspondendo aos períodos chuvoso e seco, respectivamente. O regime de salinidade variou de euhalino a
polihalino. O fosfato e o oxigênio dissolvidos foram mais elevados em julho 2001, e o nitrito, o nitrato e a amônia,
em fevereiro 2002. As concentrações de clorofila-a foram baixas devido à limitação da luz, com valores médios de
1,18 ± 0,88 µg.m–3 em fevereiro e 1,53 ± 1,48 µg.m–3 em julho. Foram identificados 59 taxa zooplanctônicos. O microzooplâncton foi abundante, principalmente o tintinídeo Favella ehrenbergii, que variou de 18.649 ind.m–3 em julho
a 678.009 ind.m–3 em fevereiro. O mesozooplâncton variou de 1.537 ind.m–3 em julho a 37.062 ind.m–3 em fevereiro
e foi dominado por náuplios de Cirripedia em julho e por Copepoda em fevereiro. A análise de agrupamento por taxa
revelou a existência de três grupos: espécies resilientes, características de áreas estuarinas de ocorrência contínua;
espécies que dominaram em julho (indicadores de uma melhor condição ambiental); e espécies mais abundantes em
fevereiro (tolerantes à baixa qualidade da água).
Palavras-chave: zooplâncton, estuário tropical, variação sazonal, nordeste do Brasil.
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1. Introduction
The Sergipe estuary is surrounded by Aracaju City
(Sergipe State, northeastern Brazil), and as with many
other tropical estuaries, is threatened by the diverse uses
to which humans put this water body and the land areas
that drain into it. Consequently, the estuary has a multitude of environmental problems. The most common are
degraded natural habitats, declining plant and animal
populations, diminishing fish and shellfish harvests, and
impaired water quality (JICA, 1998).
In the estuary, the fresh and more saline waters mix
to an extent that depends on conditions in the river, the
ocean, the shoreline, and the air, all of which are changing with the tides and seasons. These natural interactions
of physical, chemical, and biological factors, combined
with the influence of human use, challenge our ability to
understand and manage this natural resource.
Zooplankton species are diagnostic in determining
the ecosystem quality and they can be quantitatively
measured (Maguire, 1973; Resh and Unzicker, 1975;
Day Jr. et al., 1989). The zooplankton is also an important intermediate component in estuarine food webs,
acting as a trophic link between small organic particles
(e.g. detritus and microalgae) and planktivorous fishes
(McLusky and Elliott, 2004). The larvae of commercially important fish, shrimp and crab species are part of the
zooplankton community (Morgan, 1990).
Knowledge of the variability of the estuarine zooplankton composition and abundance at different temporal scales is a prerequisite to the understanding of the
ecosystem dynamics. In estuaries the temporal variation
in environmental conditions strongly affects the distribution of zooplankton species (Dauvin et al., 1998). Since
the most important factor affecting variability in mesoand macrotidal estuaries is the tide, accuracy in estimates
of the zooplankton requires sampling over a 24 hours period (McLusky and Elliott, 2004).
One question to be addressed in this study is whether
the abiotic phenomena in the Sergipe River estuary (e.g.
circulation pattern, tides) and water condition have a relationship with identifiable patterns in the zooplankton
assemblages structure.
Despite the ecological and social importance of the
Sergipe River estuary, few investigations of its zooplankton community have been published: Forneris et al. (1977)
on taxonomic composition; Araújo (1982) on qualitative and quantitative aspects, with special reference to
Hydromedusae; and Rocha (1978) and Nascimento and
Rocha (1994) on general diversity and abundance.
Few studies have been dedicated to the comparison of the temporal variability of micro- and mesozooplankton densities in marine systems (Sorokin, 1995;
Gismervik et al., 2002), and even fewer data on the dynamics of these communities are available for tropical
estuaries.
The main objectives of the present study were to
compare tidal, diurnal and seasonal effects on the vari752

ability of the main physico-chemical and biological parameters in the Sergipe River estuary, and to compare the
dynamics of micro- and mesozooplankton communities
in an extremely eutrophic and variable environment.

2. Materials and Methods
2.1. Study site
The Sergipe River rises in Bahia State and flows
140 km (10.8°, 11.0° S and 37.2°, 37.0° W) to the
Western Atlantic Ocean in Aracaju City (ADEMA,
1984). The estuary has an area of 33 km2 with an average
depth of 3 m (Alcântara et al., 1979). Runoff varies from
560,000 m3 per day in the rainy season to 70,000 m3 per
day in the dry season (Harleman, 1979).
Aracaju, the capital of Sergipe State, has more than
461,000 inhabitants, and of 116,689 residences only
56.4% are linked to the official system of domestic sewage treatment (IBGE, 2000). Industries that discharge
waste directly into the river include sugar and paper
mills, textile industries, beverage manufacture and coconut processing (JICA, 1998). Formerly, mangrove forests covered the estuarine margins, but large areas have
been logged to accommodate urban expansion since
1975 (JICA, 1998; Souza, 2000).
2.2. Sampling and sample processing
Sampling was conducted every three hours over a
24 hours period at a station 3 km from the Sergipe River
inlet (Figure 1). Sampling was performed from 28 to
29 July 2001 (rainy season) and from 07 to 08 February
2002 (dry season). Both sampling periods corresponded
to neap tide, with an average amplitude of approximately
1.0 m.
Water samples were taken with a Van Dorn bottle at
subsurface and near the bottom (local depth 3 m). The
following variables were measured: temperature (digital
thermometer, 0.5 °C accuracy), salinity (refractometer,
American Optical, Model 10423), pH (portable pH meter), and dissolved oxygen (Winkler method, Strickland
and Parsons 1965). Water samples for measurements
of chlorophyll-a were immediately transferred to the
adjacent laboratory, and filtered through a 0.45 µm
Millipore filter. Chlorophyll-a was measured on a Femto
700 Plus spectrophotometer by the tri-chromatic method
(Strickland and Parsons 1965) and nutrients (ammonia, nitrite, nitrate and phosphate) according to APHA
(1995). The molecular ratio of total inorganic nitrogen
(TIN), i.e. the sum of NO3– + NO2– + NH4+, to PO4– was
calculated to assess the limiting nutrient.
The micro- and mesozooplankton were sampled
with two different plankton nets (mesh sizes 75 and
200 µm, mouths diameter 0.3 m) towed simultaneously for 3 minutes at sub-surface. A calibrated flowmeter
(General Oceanics model 2030) was fitted on the opening of each net. Samples were preserved in a 4% buffered
formaldehyde seawater solution. All zooplankters were
identified as accurately as possible, mostly to species or
Braz. J. Biol., 68(4): 751-762, 2008
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Figure 1. Map of the Sergipe River estuary (Northeastern Brazil) and the position of the sampling station.

genus level. After the sample was diluted to 500 mL and
gently homogenized, abundance was estimated under a
stereomicroscope on the basis of 2 mL subsamples taken
with a Stempel-pipette. Three subsamples were counted
and the average value was calculated.
2.3. Data analysis
To verify potential correlations between abiotic and
biotic variables, Spearman rank correlation analysis
(Zar, 1990) was performed at α = 0.05 with the 20 main
parameters (concentrations of nutrients, oxygen and
chlorophyll-a, and densities of the most abundant microand mesozooplankton taxa). One-way Kruskal-Wallis
ANOVA (Zar, 1990) was used to test for significant
(α = 0.05) effects of the factors “depth”, “season”, “day/
night”, and “tide” on the same 20 main abiotic and biotic parameters. These analyses were performed with
STATISTICA 5.1 (StatSoft Inc.).
The Shannon diversity index (H’) was applied for
the estimation of community diversity based on log2
(Shannon, 1948). Evenness was calculated according to
Pielou (1967). Cluster analysis on the sample-species
data matrix used the Bray-Curtis index and the Ward
cluster method. Relations between biotic and abiotic
data were analyzed through canonical correspondence
analysis (Ter Braak, 1986). Multivariate analysis was
performed with the most important species only (more
than 0.3% of the total abundance), using the CANOCO
3.1 software (Ter Braak, 1989; Ter Braak and Smilauer,
1998).
Braz. J. Biol., 68(4): 751-762, 2008

3. Results
3.1. Abiotic factors
Temperatures in July (average: surface 25 ± 1.13 °C;
bottom 24.63 ± 0.44) were generally lower than in
February (average: surface 27.38 ± 0.88 °C; bottom
27.19 ± 0.96). No thermal stratification was observed.
The pH was above 8 in all water samples (Table 1).
Salinity ranged from 21.4 to 32.6 in July, and from
23.9 to 32.6 in February, the wider range being during
the rainy season. The salinity regime was euhaline-polyhaline with a strong marine influence.
In July, average dissolved oxygen concentrations were 7.67 ± 0.49 mg.L–1 at the surface and
6.95 ± 0.38 mg.L–1 at the bottom. In February, average values were 6.53 ± 0.35 mg.L–1 at the surface and
6.28 ± 0.24 mgL–1 at the bottom. Oxygen saturation was
always close to 100%.
Nutrient concentrations (NH4, NO2, NO3, and PO4)
had considerable variation according to tidal situation
and season (Table 1). Phosphate and dissolved oxygen
concentrations were higher in the rainy season, when a
strong water flux from upstream diluted the urban sewage. Concentrations of nitrite, ammonia at the bottom
and nitrate at the bottom were significantly higher during the dry season when the load of organic matter was
high.
In July, average N:P ratio varied from 0.6 to 4.2, this
being lower than the Redfield ratio (7.3), and hence ni753
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Table 1. Environmental variables during the tidal cycle in July 2001 and February 2002.

Parameter
Chlorophyll-a (µg.L–1)
Temperature (S) (°C)
Temperature (B) (°C)
pH (S)
pH (B)
Salinity (S)
Salinity (B)
Dissolved Oxygen (S) (mg.L–1)
Dissolved Oxygen (B) (mg.L–1)
Ammonia (S) (µg.L–1)
Ammonia (B) (µg.L–1)
Nitrite (S) (µg.L–1)
Nitrite (B) (µg.L–1)
Nitrate (S) (µg.L–1)
Nitrate (B) (µg.L–1)
Phosphate (S) (µg.L–1)
Phosphate (B) (µg.L–1)

July
Min
0.00
23.00
24.00
8.00
8.10
21.40
30.50
7.14
6.38
5.42
4.14
0.14
0.14
3.55
4.12
12.05
13.33

Max
3.96
27.00
25.00
8.20
8.10
29.20
32.60
8.53
7.53
39.29
13.89
4.23
5.46
101.10
60.08
21.04
26.17

Aver
1.84
25.00
24.63
8.10
8.10
24.80
31.03
7.67
6.95
14.41
6.98
1.81
1.30
33.31
18.58
16.87
20.07

SD
1.48
1.13
0.44
0.05
0.00
2.65
0.69
0.49
0.38
11.84
3.12
1.46
1.80
41.47
19.96
3.93
4.54

Min
0.23
26.00
26.00
8.00
8.00
23.90
29.50
5.95
5.88
8.94
7.18
5.77
4.84
35.74
37.21
0.91
0.91

February
Max
Aver
2.80
1.21
28.50
27.38
28.50
27.19
8.20
8.09
8.30
8.11
31.50
27.00
32.60
31.50
6.95
6.53
6.61
6.28
21.88
13.95
16.45
12.93
13.80
10.52
11.64
8.20
55.96
44.52
61.84
47.14
9.48
2.41
10.77
2.57

SD
0.88
0.88
0.96
0.08
0.11
2.57
1.20
0.35
0.24
4.01
2.95
3.09
2.56
6.65
7.75
3.10
3.52

Fifty-nine micro- and mesozooplankton taxa were
identified (Table 2). Generally, holoplanktonic organisms predominated (81%) over the meroplankton
(19%). Nearly all zooplankton was composed of typical marine euryhaline species. The richest Class was
Copepoda, with 23 species. The most common copepods
were, in the microzooplankton samples, Parvocalanus
crassirostris (copepodite), Oithona nana and O. hebes
and, in the mesozooplankton samples, Parvocalanus
crassirostris, Paracalanus quasimodo and Temora
turbinata. There were high numbers of bivalve larvae in
the 75 µm samples and barnacle larvae in the 200 µm
samples. Gastropod and polychaete larvae were occasionally present in high numbers.
Microzooplankton diversity was very low, ranging from 0.35 bits.ind–1 (July, diurnal ebb tide) to
1.61 bits.ind–1 (February, nocturnal ebb tide) (Figure 2),
with an average of 0.66 ± 0.37 bits.ind–1 in July and
1.05 ± 0.38 bits.ind–1 in February. This low diversity was
clearly related to the general dominance of the tintinnid
Favella ehrenbergii, which accounted for 69.8% and
78.5% of the microzooplankton assemblage.
Mesozooplankton diversity was generally low in July
(1.96 ± 1.02 bits.ind–1), although a single higher diversity
754

July
February

LTD
FTD
HTD
ETD
LTN
FTN
HTN
ETN

3.2. Species composition and density

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

LTD
FTD
HTD
ETD
LTN
FTN
HTN
ETN

trogen was the limiting nutrient. In February, the average
ratio varied from 11.6 to 26.7, with phosphorus being the
limiting factor.
Chlorophyll-a concentrations were always low, with
average values of 1.84 ± 1.48 µg.L–1 in July and 1.21 ±
0.88 µg.L–1 in February (Table 1).

(bits.ind 1)

Min = minimum, Max = maximum, Aver = average, SD = standard deviation, S = surface, B = bottom.

Microzooplankton

Mesozooplankton

Figure 2. Zooplankton species diversity during the dry and
rainy seasons. Low tide (LT), flood tide (FT), high tide (HT),
ebb tide (ET), diurnal (D), nocturnal (N).

value of 3.66 bits.ind–1 was registered at nocturnal high
tide (Figure 2). In February (dry season), average diversity was higher (2.96 ± 0.74 bits.ind–1), with a maximum
of 3.20 bits.ind–1 at diurnal flood tide (Figure 2).
Total zooplankton average density during the dry and
rainy season presented significant differences (KruskalWallis p < 0.05), mainly in the microzooplankton fraction. In July, microzooplankton average density was
86,002 ± 59,074 ind.m–3, ranging from 18,649 ind.m–3
(nocturnal high tide) to 168,962 ind.m–3 (diurnal ebb tide)
(Figure 3). The holoplankton dominated with 71.9%,
with 69.8% being F. ehrenbergii; the density of this species (Figure 4) varied from 17,603 to 162,477 ind.m–3.
The meroplankton accounted for 28.1% of the microzooplankton, with 26.7% being Bivalvia larvae. In February
Braz. J. Biol., 68(4): 751-762, 2008
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Table 2. Micro and mesozooplankton composition in the Sergipe River estuary in northeastern Brazil, during the rainy (July
2001) and dry (February 2002) seasons.

Taxa
Foraminiferida

Oithona plumifera Baird, 1843

Tintinnina

Oithona simplex Farran, 1913

Favella ehrenbergii (Claparède and Laachmann, 1858)

Oithona hebes Giesbrecht, 1891

Leprotintinnus nordqvisti (Brandt, 1906)

Oithona spp.

Hydrozoa

Euterpina acutifrons (Dana, 1852)

Bougainvillia ramosa (Van Beneden, 1844)

Oncaea media Giesbrecht, 1891

Eucheilota duodecimales A. Agassiz, 1862

Corycaeus amazonicus F. Dahl, 1849

Eutima sp.

Corycaeus giesbrecht F. Dahl, 1849

Liriope tetraphylla (Chamisso and Eysenhardt, 1821)

Corycaeus spp.

Siphonophorae

Hemicyclops thalassius (Vervoort and Ramírez,1966)

Scyphozoa – Scyphomedusae

Copepoda (nauplius)

Polychaeta (larvae)

Cirripedia (nauplius and cypris)

Cladocera

Decapoda (larvae)

Penilia avirostris Dana, 1852

Lucifer faxoni Borradaile,1915

Ostracoda

Amphipoda

Copepoda

Isopoda (larvae)

Paracalanus aculeatus Giesbrecht, 1888

Gastropoda (larvae)

Paracalanus quasimodo Bowman, 1971

Bivalvia (larvae)

Paracalanus spp. (copepodite)

Ectoprocta (Membranipora sp. larvae)

Parvocalanus crassirostris F. Dahl,1894

Echinodermata (Echinopluteus)

Subeucalanus pileatus Giesbrecht, 1888

Echinodermata (Ophiopluteus)

Centropages furcatus (Dana, 1849)

Chaetognatha

Pseudodiaptomus acutus (F. Dahl, 1894)

Sagitta enflata Grassi, 1881

Pseudodiaptomus richardi F. Dahl, 1894

Sagitta tenuis Conant, 1896
Appendicularia

Temora stylifera Dana, 1848
Temora turbinata (Dana, 1849)

Oikopleura dioica Fol,1872

Calanopia americana F. Dahl, 1894

Oikopleura longicauda (Vogt, 1854)
Thaliacea

Labidocera fluviatilis F. Dahl, 1894
Pontellopsis brevis (Giesbrecht, 1889)

Thalia democratica (Forskal, 1775)

Acartia lilljeborgi Giesbrecht, 1889

Doliolum sp.
Teleostei (egg and larvae)

Figure 3. Zooplankton total density during the dry and rainy
seasons. Low tide (LT), flood tide (FT), high tide (HT), ebb
tide (ET), diurnal (D), nocturnal (N).
Braz. J. Biol., 68(4): 751-762, 2008
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Figure 4. Density of Favella ehrenbergii sampled with a
75 µm mesh net during the dry and rainy seasons. Low tide
(LT), flood tide (FT), high tide (HT), ebb tide (ET), diurnal
(D), nocturnal (N).
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the average density was 410,232.9 ± 59,074 ind.m–3,
with a minimum of 182,622 ind.m–3 at diurnal low tide
and a maximum of 678,009 ind.m–3 at nocturnal high
tide (Figure 3). The holoplankton accounted for 85.0%
of the relative abundance, with 78.6% being Favella
ehrenbergii; the density of this species varied from
158,118 to 626,147 ind.m–3 (Figure 4). The meroplankton accounted for 15.0% of the relative abundance, with
14.3% being Bivalvia larvae.
The mesozooplankton average density in July was
7,519 ± 6,064 ind.m–3 and varied between 1,537 at nocturnal ebb tide to 16,580 ind.m–3 at nocturnal flood tide
(Figure 3). The meroplankton accounted for 87.9%:
72.7% Cirripedia nauplii, 7.9% Decapoda larvae and
2.2% Bivalvia larvae. The holoplankton comprised
12.1%, with 7.0% being Copepoda, and 2.4% being specifically Acartia lilljeborgii.
In
February,
the
average
density
was
11,566 ± 10,750 ind.m–3, varying from 4,405 ind.m–3
at dusk low tide to 37,062 ind.m–3 at diurnal flood tide
(Figure 3). The holoplankton comprised 84.7% of the
community, with 43.0% being Copepoda and 39.1%
Favella ehrenbergi. The most abundant Copepoda were
Parvocalanus crassirostris (22.9% of the holoplankton),
Paracalanus quasimodo (6.39%) and Temora turbinata
(5.45%). The meroplankton comprised 15.3%, with
8.6% being Cirripedia larvae.
3.3. Community analysis
Spearman correlation analysis with an input matrix
of 42 x 42 variables yielded 126 significant correlations
(65 positive and 59 negative, not shown). However, there
was no correlation (positive or negative) between chlorophyll-a concentration and any other parameter, including
nutrient concentrations.
Kruskal-Wallis ANOVA showed that among the four
factors considered, only the factor “season” showed
significant differences (Table 3). Temperature was significantly higher during the dry season, as expected for
the region. Oxygen and phosphate concentrations were
significantly higher in the rainy season, whereas nitrite
concentrations were significantly higher in the dry season. Total microzooplankton density, and the densities
of F. ehrenbergii (in micro- and mesozooplankton samples), Oithona hebes, O. nana, and Euterpina acutifrons
(in the mesozooplankton) were significantly higher in
the dry season, whereas microzooplankton diversity
and densities of O. plumifera, Acartia lilljeborgi, and
fish eggs were significantly higher in the rainy season
(Table 3).
Cluster analysis by samples clearly showed that
the two plankton nets sampled different communities.
Each group could be divided into February and July
to reflect significant (p < 0.05) differences (Figure 5).
Liriope tetraphylla, Eutima sp., Pontellopsis brevis,
Sagitta enflata and Thalia democratica occurred only
in July (rainy season), whereas Bougainvillia ramosa,
Eucheillota duodecimalis, Paracalanus aculeatus,
756

Table 3. One-way Kruskal-Wallis ANOVA results conducted with 42 parameters and four factors (“season”, depth”,
“day/night”, and “tide). Only the factor “season” showed
significant differences. D: dry season, R: rainy season.

Parameter
Temperature
Oxygen concentration
Oxygen saturation
Phosphate
Nitrite
Microzooplankton (75 µm)
Favella ehrenbergii
Oithona plumifera
Total microzooplankton
Diversity
Mesozooplankton (200 µm)
Favella ehrenbergii
Acartia lilljeborgi
Oithona hebes
Oithona nana
Euterpina acutifrons
Fish eggs

Seasonal effect (p)
0.0019 (D > R)
0.0008 (R > D)
0.016 (R > D)
0.0005 (R > D)
0.0008 (D > R)
0.0011 (D > R)
0.033 (R > D)
0.0008 (D > R)
0.036 (R > D)
0.02 (D > R)
0.0205 (R > D)
0.0016 (D > R)
0.005 (D > R)
0.0237 (D > R)
0.0022 (R > D)

Pseudodiaptomus richardi, Oithona plumifera, Oithona
simplex, Oncaea media and Farranula gracilis were registered only in February (dry season).
Cluster analysis by taxa showed the existence of
three groups (Figure 6): resilient estuarine species that
occurred in both seasons; species that were more abundant mainly in July, when an intense flux of unpolluted
water from upstream diluted the urban sewage, allowing the survival of Decapoda and fish larvae; and marine
zooplankton that occurred in large numbers mainly in
February, brought into the area by the marine influx.
Canonical correspondence analysis revealed the correlation of the microzooplankton community with the
bottom phosphate and surface salinity (p < 0.05). The
environmental variables measured and included in the
analysis explained 60.7% of the variation in biotic data.
There is a seasonal variation, with July samples on the
right side of the plot and February samples on the left
side (Figure 7). Phosphate and dissolved oxygen were
higher in July when the urban sewage was diluted by upstream fluxes.
In February, during the dry season when the residence time of the domestic sewage was higher, the
high organic matter increased the nitrite, nitrate and
ammonia. Salinity and temperature were also higher.
In these conditions Favella ehrenbergii (average density 322,235 ind.m–3) and Bivalvia larvae (average
density 58,599 ind.m–3) were the dominant taxa and
together reached 92.8% of the microzooplankton assemblage. Parvocalanus crassirostris, Oithona nana,
O. hebes, Calanopia americana, Euterpina acutifrons,
Braz. J. Biol., 68(4): 751-762, 2008
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Figure 5. Cluster analysis (Q mode analysis) of samples from the Sergipe River estuary in July 2001 (J) and February 2002
(F). Second symbol: L, low tide; F, flood tide; H, high tide; E, ebb. Two final letters: Mi, microzooplankton; Me, mesozooplankton.

Temora stylifera and T. turbinata were more abundant in
February when tide currents and salinity were higher.
Canonical correspondence analysis showed that the
mesozooplankton were significantly correlated with the
nitrite, ammonia and dissolved oxygen (p < 0.05). The
biplot of stations and environmental variables (Figure 8)
is similar to that for microzooplankton, with a clear seasonal pattern where July samples are on the right side of
the plot and February samples on the left side.
The measured environmental variables explained
63.2% of the variation in biotic data. In July, Cirripedia
nauplii (average density 5,466 ind.m–3) were domiBraz. J. Biol., 68(4): 751-762, 2008

nant (72.7%), and larvae of Decapoda, Bivalvia and
Echinodermata were also important. In February,
F. ehrenbergii accounted for 39.1% of the individuals
caught in the mesozooplankton net despite its small
size.

4. Discussion
This study examined the seasonal and tidal variation
of micro- and mesozooplankton in the Sergipe River estuary aiming a more comprehensive understanding of the
biodiversity and species abundance, and their relation to
physico-chemical conditions. Little is known about the
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Figure 6. Cluster analysis (R mode analysis) results on the basis of zooplankton composition in the Sergipe River estuary in
July 2001 and February 2002.

zooplankton dynamics in tropical estuaries. According
to Buskey (1993), micro- and mesozooplankton have
rarely been studied concurrently in tropical or temperate
estuaries.
Tropical and subtropical estuaries fundamentally differ from the more commonly studied temperate estuaries, in that they experience less marked seasonal changes
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in temperature and solar radiation. During this study, the
temperature averaged between 24 and 27 °C. In most
tropical and sub-tropical estuaries, where temperature
and solar radiation are higher than in temperate zones,
turnover rates are also high and in many countries, there is
often little or no treatment of domestic sewage (Lam and
Ho, 1989). Thus, extreme eutrophication is common in
Braz. J. Biol., 68(4): 751-762, 2008
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Figure 7. Correlations of microzooplankton with environmental variable vectors and samples in the Sergipe River
estuary in July 2001 (J) and February 2002 (F); Axis 1 and
2 biplot showing results of CCA analysis. Tide stages: flood
tide (F), high tide (H), ebb tide (E), low tide (L). Periods
of the day: dawn (Dn), day (Da), dusk (Du) and night (Ni).
Abiotic data: Temperature Surface (TS), Temperature Bottom (TB), Salinity Surface (SS), Salinity Bottom (SB),
Dissolved Oxygen Surface (DOS), Dissolved Oxygen Bottom (DOB), Ammonia Surface (NH4S), Ammonia Bottom
(NH4B), Nitrite Surface (NO2S), Nitrite Bottom (NO2B),
Nitrate Surface (NO3S), Nitrate Bottom (NO3B), Phosphate
Surface (PO4S), Phosphate Bottom (PO4B).

Figure 8. Correlations of mesozooplankton with environmental variable vectors and samples in the Sergipe River
estuary in July 2001 (J) and February 2002 (F); Axis 1 and
2 biplot showing results of CCA analysis. Tide stages: flood
tide (F), high tide (H), ebb tide (E), low tide (L). Periods
of the day: dawn (Dn), day (Da), dusk (Du) and night (Ni).
Abiotic data: Temperature Surface (TS), Temperature Bottom (TB), Salinity Surface (SS), Salinity Bottom (SB),
Dissolved Oxygen Surface (DOS), Dissolved Oxygen Bottom (DOB), Ammonia Surface (NH4S), Ammonia Bottom
(NH4B), Nitrite Surface (NO2S), Nitrite Bottom (NO2B),
Nitrate Surface (NO3S), Nitrate Bottom (NO3B), Phosphate
Surface (PO4S), Phosphate Bottom (PO4B).

coastal and estuarine areas. Our results showed that the
Sergipe River estuary receives large amounts of nutrients.
This is a consequence of the increasing growth of human
populations in the Sergipe River watershed, combined
with the spread of industrial and agricultural technologies. Most of the problems observed in this estuary are
related to domestic sewage, thus closely linked to human
population density. This is a feature common to most estuaries in northeastern Brazil, mainly those close to cities
(Sankarankuty et al., 1979; Neumann-Leitão et al., 1992;
1996; Neumann-Leitão and Matsumura-Tundisi, 1998;
Silva et al., 2003).
Relatively high loads of nutrients in both months
caused by anthropogenic inputs could favor phytoplankton growth, but the turbidity of the water (transparency < 0.20 m) probably limited the primary production.
Restricted phytoplankton biomass in estuaries as a result
of light limitation is a feature commonly found in northeastern Brazil (Eskinazi-Leça et al., 2000), and there is
an increasing trend towards light limitation as continuous deforestation of mangrove and riparian vegetation
causes higher loads of suspended matter.
In July, primary productivity was limited by nitrogen,
whereas in February phosphorus was the limiting nutrient. Input of organic nitrogen matter from anthropogenic
sources associated with transformation and mobilization

of N and P at the water-sediment interface can change
the N limitation to P (Paerl, 1997). This probably occurred in February, when there was little dilution of domestic sewage in the river because rainfall was low. An
increase in microzooplankton abundance was observed
during the dry season, when the concentration of nitrogen was higher. In experimental studies carried out by
Gismervik et al. (2002), both micro- and mesozooplankton responded positively to increased nutrient loading;
although the response of ciliates was rapid and shortlived, the mesozooplankton had doubled in biomass.
In the present study, microzooplankton density exceeded five times the mesozooplankton density, mainly
due to presence of the tintinnid F. ehrenbergii. Tintinnids
are an important component of the planktonic microprotozoan community in most marine environments (Landry
and Hasset, 1982; Verity, 1987; Pierce and Turner, 1993;
Cordeiro et al., 1997; Tillmann, 2004), and they can be
important occasionally in estuarine waters (Sanders,
1987; Barría de Cao, 1992; Dolan and Gallegos, 2001;
Urrutxurtu, 2004). In the São Sebastião Channel (São
Paulo) under estuarine influence, tintinnids represented
the most abundant group of the microzooplankton community (Eskinazi-Sant’Anna and Björnberg, 2006).
High abundance, fast reproduction rates, and short
generation times, coupled with a high capacity to use a
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large spectrum of food resources, enhance the importance of tintinnids as a key trophic link between the microbial and the metazoan compartments (Fenchel, 1980;
Capriulo and Carpenter, 1983; Dolan and Marrasé, 1995;
Capriulo et al., 2002; Urrutxurtu, 2004).
Some species have an apparent cosmopolitan distribution in the seas and oceans (Marshall, 1969). Favella
ehrenbergii has been commonly found in coastal and estuarine areas in Brazil, in a high density in some periods
(Neumann-Leitão et al., 1992; Lopes, 1994; EskinaziSant’Anna and Tundisi, 1996).
The high densities of F. ehrenbergii markedly influenced the structure of the microzooplankton community
(negative contribution to Shannon’s diversity index) in
the present study. The diet of F. ehrenbergii is composed
mainly of nanoflagellates (Bernard and Rassoulzadegan,
1993), and the species occurs in regions with high temperatures and highly variable salinity (Godhantaraman
and Uye, 2003).
The mesozooplankton was dominated by copepods
in February and by barnacle nauplii in July. This finding
contradicts our original expectation that copepods and/
or decapod larvae would dominate in both zooplankton
fractions in both periods, as has been commonly described for Brazilian tropical estuaries (Tundisi, 1970;
Lopes et al., 1986; Lopes, 1994; Neumann-Leitão, 1995;
Silva et al., 2004). The high abundance of barnacle larvae reflects the reproductive patterns of the benthic adult
forms of these organisms, and shows their resilience
in an impacted system. Barnacle nauplii were also the
dominant group in the Ipojuca estuary in Pernambuco
State, northeastern Brazil, a strongly polluted estuary
(Neumann-Leitão and Matsumura-Tundisi, 1998).
Among the copepods in the Sergipe River estuary,
Acartia lilljeborgi and Parvocalanus crassirostris were
abundant. Acartia lilljeborgi had an important role in
July (rainy season), and this may have been related to the
large quantities of detritus occurring in this season; detritus can be consumed by this species (Schwamborn, 1997;
Schwamborn et al., 1999). Parvocalanus crassirostris was
important in July and it is very common in most Brazilian
estuaries (Matsumura-Tundisi, 1972; Björnberg, 1981),
even those that are heavily impacted (Schwamborn et al.,
2004; Silva et al., 2004). Parvocalanus crassirostris
feeds significantly on picoplankton and nanoplankton
and behaves as an opportunistic particle feeder, showing
higher consumption rates upon the most abundant cells
(2-5 µm nanoplankton) (Calbet et al., 2000). Generally,
it is an abundant species in eutrophic systems, showing
its r-strategist behavior.
Other copepod species did not occur in any considerable number, most of them being typical of coastal waters
(Boltovskoy, 1981; 1999; Neumann-Leitão et al., 1999;
Magalhães et al., 2006) or euryhaline; this shows that the
intense marine influx in the Sergipe River estuary during
high tide altered the zooplankton composition.
In general, species distributions along the tidal cycle
reflected an overlap of different patterns of marine and
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estuarine species. A more important intrusion of marine
species (mainly copepods) in low densities was observed,
which increased diversity in the mesozooplankton.
As a whole, the Sergipe River estuary is under environmental stress and it seems reasonable to assume that
anthropogenic impacts in the watershed have resulted
in changes in the species dynamics and trophic structure. During high tide, a very low density of a marine
assemblage (e.g. Paracalanus quasimodo, P. indicus,
Calanopia americana, Oncaea media, Corycaeus (C.)
speciosus and Microsetella rosea) occasionally increases
the species diversity and evenness.
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