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ABSTRACT 

The purpose of this work was to study the composition and abundance of the 
mesozooplankton at two stations at the continental shelf off Sergipe. At each station, 
oblique plankton tows were carried using plankton nets with 200 µm mesh size, in six 
hours intervals during three consecutive days. One hundred and three taxa were 
identified and Copepoda was the dominant group with fifty one species. The 
mesozooplankton assemblage was composed by coastal, neritic and oceanic tropical 
species. There were significant differences in composition and abundance between the 
two studied stations (p<0,05) but not between tidal stages. At station 1, the most 
abundant species were Creseis acicula, Oikopleura spp., Temora stylifera, Paracalanus 

quasimodo and Aglaura hemistoma, and at station 2 Paracalanus quasimodo, 
Paracalanus spp., Siphonophora, Gastropoda and Decapoda larvae. Coastal species such 
as Parvocalanus crassirostris, Acartia lilljeborgi, Euterpina acutifrons and Corycaeus 
giesbrechti occurred only at the last station, located close to the mouth of the São 
Francisco River, where surface salinity and transparency values were low. In this station 
the salinity average value at surface was 30,8±1,9 and at the bottom layer was 
35.0±0.3 PSU. Mesozooplanhton density values ranged between 124 ind.m-3 and 2,658 
ind.m-3 at station 1, and from 734 ind.m-3 to 3,061 ind.m-3 at station 2. A Monte Carlo 
test based on a canonical ordination revelead that local depth and water transparency 
were significantly correlated to the mesozooplankton distribution. 

Key words: zooplankton community, Copepoda, shelf off Sergipe, tropical.  

DISTRIBUIÇÃO DO MESOZOOPLÂNCTON NA PLATAFORMA CONTINENTAL DE 

SERGIPE, BRASIL  

RESUMO 

A proposta desse trabalho foi estudar a composição e abundância do 
mesozooplâncton em duas estações, na plataforma continental de Sergipe. Em cada 
estação, arrastos oblíquos de plâncton foram feitos utilizando-se uma rede de plâncton 
de 200 µm de abertura de malha, em intervalos de seis horas, durante três dias 
consecutivos. Cento e três táxons foram identificados e Copepoda foi o grupo dominante 
com cinqüenta e uma espécies. A assembléia mesozooplanctônica foi composta por 
espécies tropicais costeiras, neríticas e oceânicas. Houve diferença significativa na 
composição e abundância entre as duas estações estudadas (p<0,05), mas não entre os 
estágios tidais. Na estação 1 as espécies mais abundantes foram Creseis acicula, 
Oikopleura spp., Temora stylifera, Paracalanus quasimodo e Aglaura hemistoma e na 
estação 2, Paracalanus quasimodo, Paracalanus spp., Siphonophora e larvas de 
Gastropoda e Decapoda. Espécies costeiras tais como Parvocalanus crassirostris, Acartia 

lilljeborgi, Euterpina acutifrons e Corycaeus giesbrechti ocorreram apenas na estação 2, 
que está localizada próxima à foz do Rio São Francisco, onde os valores de salinidade de 
superfície e a transparência da água foram baixos. Nesta estação o valor médio de 
salinidade na superfície foi 30,8±1,9 e na camada de fundo foi 35.0±0.3 PSU. Valores de 
densidade flutuaram entre 124 ind.m-3 e 2.658 ind.m-3 na estação 1 e de 734 ind.m-3 a 
3.061 ind.m-3 na estação 2. O teste de Monte Carlo, baseado em uma ordenação 
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canônica, revelou que a profundidade local e transparência da água estiveram 
correlacionadas significativamente com a distribuição do mesozooplâncton.  

Palavras-chave: Comunidades zooplanctônicas, Copepoda, plataforma de Sergipe, 
tropical. 

INTRODUCTION 

Zooplankton community plays an important role in the biological cycle of carbon 
and other elements in the ocean (PALOMRES-GARCIA; GÓMEZ-GUTIERREZ, 1996) and 
presents variable distribution patterns and indicative species of the environmental 
conditions (PARANAGUÁ et al., 2004).  

Variations in composition and abundance of the marine zooplankton are related to 
water mass movements (DESSIER and DONGUY, 1985; KOUWENBERG, 1994), available 
food (PINCA and DALLOT, 1997; RIOS-JARA, 1998), biological interaction such as 
predator-prey association (WIAFE and FRID, 1996), bottom topography (ARASHKEVICH 
et al., 2002) or combined effects of climatology, hydrological variables and biotic factors 
(RIOS-JARA, 1998). Schwamborn et al. (1999) added the exportation of organisms from 
estuaries to continental shelf waters. 

The continental shelf off Sergipe is located in the northeastern region of Brazil, 
where the tropical climate is characterized by high temperatures all over the year, and it 
is well defined by two seasons: dry season, from September to February, and rainy 
season, from March to August. Five rivers discharge their waters in this area (São 
Francisco, Japaratuba, Sergipe, Vaza-Barris and Piauí-Real). The most important one is 
the São Francisco. This river has a length of 3,161 km and an average flux of 2,850 m3.s-

1 (CUNHA and GUERRA, 2003). The turbid waters of the São Francisco plume are moved 
toward the south by coastal currents and inhibit the development of reef constructions in 
the area under its influence (VILLWOCK, 1994; COUTINHO, 1995). 

The shelf off Sergipe is narrow with an average width of 30 km, and an abrupt 
slope interrupted by two large submarine canyons of the São Francisco and the 
Japaratuba Rivers and by several narrow shallow channels that reach up to 10 km from 
the shore line (FRANÇA et al, 1976; SUMMERHAYES; et al., 1976). In consequence of 
these erosive characteristics the width of the shelf ranges from 12 to 35 km, and the 50 
m isobath is close to the shelf break so that almost all shelf can be considered as a 
continental inner shelf (CUNHA and GUERRA, op. cit.). 

The knowledge about the biological community dynamics is necessary in the area to 
evaluate the natural environmental dynamics and the anthropic action such as fishing 
activities and oil and natural gas production. The distribution patterns of the zooplankton 
in this shelf area are still unknown. The purpose of this work is to study the composition 
and abundance of the mesozooplankton community at two stations in the continental 
shelf off Sergipe, so as to contribute towards the knowledge of its distribution patterns. 

MATERIAL AND METHODS 

Sampling and sample processing 

Sampling was carried out at two stations in December 2002, during the dry season 
of the year. Station 1 is located 500 meters from an oil production platform and close to 
the Japaratuba submarine canyon (10º 59’ S; 36º 56’ W) where the local depth is 27 
meters, while station 2 is located in the area influenced by the São Francisco River (10º 
37’ S; 36º30’ W) and close to the São Francisco submarine canyon. The local depth at 
this station is 20 meters (Fig. 1). 

Water was sampled with a Van Dorn bottle at two levels of the water column: below 
the surface and near the bottom. The following variables were measured: transparency 
(Secchi disc); temperature (digital thermometer); salinity (digital conductivity meter); 
dissolved oxygen and chlorophyll-a (STRICKLAND; PARSONS, 1965) and nutrients - 
ammonia, nitrite, nitrate, phosphate and silicate (APHA, 1995). 
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Figure 1. Continental shelf off Sergipe with the sampling stations (stations 1 and 2). 

At each station, an oblique plankton tow was carried out every six hours, for three 
consecutive days, using plankton nets with 200 µm mesh size. A General Oceanic 
flowmeter was adjusted in the net mouth for measuring the filtered water volume. 
Samples were preserved in a buffered 4 % formaldehyde solution. 

Zooplankton abundance was estimated from sub-samples drawn with a 5ml 
Stempel pipette and counted under a dissecting microscope. Mesozooplankton organisms 
were identified, most of them down to species or genus levels. The abundance was 
expressed as number of individuals per cubic meter (ind.m-3). 

Data analyses 

Diversity of the mesozooplankton assemblage was expressed by Shannon-Wienner 
index (SHANNON-WIENNER, 1948) and equitability by Pielou’s eveness index (PIELOU, 
1977). A one-way ANOVA was used to test differences in zooplankton abundance 
between hauls in each station (hauls, night and day). The variance homogeneity was 
tested through the Levene test. The non-parametric Mann-Whitney U test (α = 0,05) was 
used to determine whether the zooplankton densities were different in the two sampled 
stations and at night and day (ZAR, 1984). The analyses were conducted employing the 
computer package STATISTICA 5.1 (StatSoft Inc.). 

In order to classify the samples and the taxa, a cluster analysis was applied to the 
density matrix, after the data had been transformed by log (x+1). The Bray-Curtis 
dissimilarity coefficient was used and taxa with density less than 5,0 ind.m-3 were 
eliminated. The samples were represented by two digits: the first one corresponding to 
station 1 or 2 and the last one to the tidal stage (E: ebb tide and F: flood tide). 

Associations between mesozooplankton communities and environmental variables 
were analyzed using canonical correspondence analysis - CCA through the CANOCO 
program (TER BRAAK, 1987; 1989). The robustness of this analysis was determined 
using the Monte Carlo’s permutation test (TER BRAAK, 1986). 
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RESULTS 

Hydrologic variables 

Mean water temperatures at sampling stations were high and bottom values were higher 
especially at station 2 where the difference between surface and bottom reached 4ºC. 
Transparency (2.4±0.7m), surface salinity (30.8±1.9 PSU) and pH (8.3) values were 
significatively lower at station 2, indicating the influence of the São Francisco flow in this 
area (Tab. 1). Nutrient (NH4, NO2, NO3, PO4 and Si(OH)4) concentrations showed a high 
variability. Minimum, maximum, mean and standard deviation values were in the Table 
1.  

Table 1 – Minimum and maximum values, mean and standard deviation of the 
hydrologic variables at surface (S) and bottom (B) of the Sergipe shelf in December 
2002. 

 

Significative difference (p<0.01)* (p<0.05)** between stations 1 and 2. 

Species composition and distribution 

One hundred and three taxa were identified. Copepoda was the dominant group 
with fifty one species. Decapod larvae were the most abundant meroplanktonic 
organisms. 

At station 1 Copepoda formed 40.9% of the mesozooplanktonic community and 
Temora stylifera (8.23%), Paracalanus quasimodo (7.45%), P. indicus (5.05%), 
Clausocalanus furcatus (4.17%) and Euchaeta marina (2.95%) were the most abundant 
species. Creseis acicula (14.64%), Appendicularia (12.76%) and Hydromedusae (6.66%) 
were also important taxa. Meroplanktonic larvae composed 4.64% of the community 
(Tab. 2; Fig. 2). The mesozooplankton average density was 587±692 ind.m-3. The 
density values ranged from 124 ind.m-3 (09 AM, ebb tide) to 2,658 ind.m-3 (03 PM, flood 
tide) (Fig. 3). Creseis acicula (650 ind.m-3) and Aglaura hemistoma (330 ind.m-3) were 
the most abundant species in the flood tide. 

At station 2, Copepoda reached 61.4% of the mesozooplankton assemblage (Fig. 
2). The most important species were Paracalanus quasimodo (26.12%), Temora stylifera 

(4.93%), Paracalanus aculeatus (3.32%), Corycaeus giesbrechti (2.89%) and Oithona 

plumifera (2.78%). 
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Meroplanktonic larvae comprised 13.5% of the community (Tab. 2). The average 
density of the mesozooplankton was 1,678±765 ind.m-3 and density values ranged 
between 734 ind.m-3 (00 AM, flood tide) and 3,061 ind.m-3 (12 PM, flood tide) (Fig. 3). In 
the flood tide, the most abundant taxa were Gastropoda larvae (524 ind.m-3), 
Paracalanus quasimodo (512 ind.m-3) and Decapoda larvae (305 ind.m-3). 

 

 
Figure 2 – Relative abundance of the mesozooplanktonic taxa of the Sergipe shelf in 
December 2002. 

Table 2 – Relative abundance (%), average density (ind.m-3) and standard deviations of 
mesozooplanktonic taxa of the Sergipe shelf (stations 1 and 2) in December 2002. 
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The average diversity values were high (4.79 bits.ind-1 - station 1 and 4.61 bits.ind-

1 - station 2) (Tab. 1). At station 1, the lowest value (2.94 bits.ind-1) was registered at 
07 AM during the ebb tide when only 23 taxa were registered, and Creseis acicula formed 
37.2 % of the mesozooplankton assemblage. The evenness was 0.65. The highest value 
was 4.83 bits.ind-1 at 03 AM during the flood tide when 61 taxa were identified and the 
evenness value was 0.82. At this station eighty one taxa were identified. At station 2, 
minimum diversity was 2.80 (13 PM, flood tide), when only 24 taxa were registered and 
the equitability was low (0.52) due to the dominance of Paracalanus quasimodo that 
formed 55 % of the community. Maximum diversity was 4.78 bits.ind-1 at 00 AM during 
flood tide, when the evenness reached the maximum value (0.86) and eighty nine taxa 
were identified in this sample (Fig. 3). 

 

Figure 3 – Density (D) and diversity index (H’) of the mesozooplankton of the Sergipe 
shelf during diurnal (D) and nocturnal (N) hauls in December 2002. 

 The ANOVA revealed no significant temporal variations of zooplankton densities. 
However, the Mann-Whitney U test showed that zooplankton densities were significantly 
lower at station 1 than at station 2 (Fig. 4) and that there is no significative defference 
between densities of the mesozooplankton from night and daily hauls at both stations 
(p>0.05).  

 

Figure 4 – Mann-Whitney U test. Mean density, standard deviation and standard error of 
the mesozooplankton of the Sergipe shelf (stations 1 and 2) in December 2002. 

The cluster analysis revealed that the mesozooplankton distribution presented a 
strong spatial variation with two distinct sample groups. The first one comprised those 
samples from station 2, where the mesozooplankton density values were higher, and the 
second group comprised those hauls from station 1 located in a deeper area close to an 
oil production platform, with waters more transparent (Fig. 5).  
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The taxa cluster analysis presented three groups (Tab. 3; Fig. 6). Group 1 was 
composed by abundant and frequent species of both stations. Group 2 was mostly 
composed by exclusive species of station 1 or taxa that were more abundant in this 
station. And group 3 was composed by taxa that occurred exclusively or in higher 
abundances at station 2.  

 

Figure 5 - Cluster analysis showing the sample groups at the continental shelf off 
Sergipe. Stations (1 and 2) and tide stages (E: ebb tide; F: flood tide). 

 

Figure 6 - Cluster analysis showing groups of taxa. The composition of each group is in 
table 3. 
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Table 3 – Groups of taxa formed by the cluster analysis in December 2002 at the two 
stations in the continental shelf off Sergipe. 

 

The water transparency and local depth correlated significantly to the 
mesozooplanktonic community distribution (p<0.05) according to the Monte Carlo 
permutation test of canonical correspondence analysis. The correlation coefficients were 
0.90 and 0.82, respectively. The variance explained by the measured environmental 
factors was 76.5 %. 

As one can see in the CCA biplot of samples and environmental variables, there is a 
clear spatial variation. The samples from station 1 are plotted on the right side of the 
CCA diagram and are associated to more transparent waters and high values of depth, 
temperature, pH, ammonia and surface salinity. Acrocalanus longicornis, Neocalanus 

gracilis, Subeucalanus crassus, Lucicutia ovalis, Paracandacia simplex and Rhincalanus 

cornutus occured exclusively in this station. The samples from station 2 are plotted on 
the left side and nitrite, nitrate, silicate values were higher than at station 1 and surface 
salinity were lower (Fig. 7). Parvocalanus crassirostris, Temora turbinata, Acartia 

lilljeborgi, Oithona oculata, O. setigera, Euterpina acutifrons and Corycaeus amazonicus 
were the coastal and neritic species that occurred only at this station. 

GROUPS TAXA 

1 

Aglaura hemistoma, Hydromedusae, Siphonophorae, Paracalanus 

quasimodo, Paracalanus indicus, Paracalanus aculeatus, Paracalanus spp., 
Calocalanus spp., Clausocalanus furcatus, Centropages furcatus, Euchaeta 

marina, Temora stylifera, Calanopia americana, Mecynocera clausi, Oithona 

plumifera, Oithona spp., Corycaeus giesbrechti, Corycaeus spp., Oncaea 

media, Copepoda (nauplii), Ostracoda, Lucifer faxoni, Decapoda (larvae), 
Bivalvia (larvae), Creseis acicula, Pteropoda, Gastropoda (larvae), 
Ectoprocta (larvae), Echinodermata (larvae), Sagitta tenuis, Sagitta 

enflata, Sagitta spp., Oikopleura longicauda, Oikopleura spp., Krohnitta sp. 

2 

Foraminiferida, Radiollaria, Liriope tetraphylla, Cnidaria, Polychaeta 
(larvae), Nanocalanus minor, Undinula vulgaris, Acrocalanus longicornis, 

Clausocalanus spp., Acartia danae, Calanidae, Farranula gracilis, Corycaeus 

speciosus, Cirripedia (nauplii), Sagitta hispida, Salpida, Doliollida, Fritillaria 
sp., 

3 

Subeucalanus pileatus, Calocalanus pavo, Parvocalanus crassirostris, 
Candacia pachydactyla, Temora turbinata, Pontellopsis brevis, Labidocera 

fluviatilis, Acartia lilljeborgi, Oithona tenuis, Oithona robusta, Oithona 

setigera, Oithona oculata, Oithona nana, Euterpina acutifrons, 
Harpacticoida, Corycaeus amazonicus, Oncaea venusta, Oncaea spp., 
Copilia mirabilis, Cirripedia (cypris), Amphipoda, Isopoda, Oikopleura 

dioica, Teleostei (eggs), Teleostei (larvae), 
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Figure 7 – Diagram of the first factorial canonic plan with samples and abiotic variables 
coordinates. Depth (D); temperature (T); transparence (Tr); salinity (S); silicate (Si); 
surface (s); bottom (b); ebb tide (E); flood tide (F). 

DISCUSSION 

The mesozooplankton assemblage was characterized by coastal, neritic and oceanic 
tropical species. Diversity values were high and similar to those registered by Neumann-
Leitão et al. (1999) in the offshore-shelf region of the Brazilian Northeast. 

Copepoda was the dominant taxon and contained the most frequent and abundant 
species of group 1 of the cluster analysis. Paracalanus quasimodo, Temora stylifera, 
Siphonophora, Creseis acicula and Fritillaria sp. were the most abundant holoplanktonic 
taxa, whereas Decapoda and Gastropoda larvae composed a significant part of the 
mesozooplanktonic community, specially at station 2. 

Statistic tests performed on the whole data set revealed a clear difference between 
the two stations in terms of mesozooplankton composition and abundance. At station 2, 
located close at the mouth of the São Francisco River holoplanktonic species and 
meroplanktonic larvae presented higher abundance values than at station 1. 
Parvocalanus crassirostris, Acartia lilljeborgi, Euterpina acutifrons, Corycaeus amazonicus 
occurred at this station only and their presence suggested the influence of the São 
Francisco plume on the mesozooplankton composition. The waters were more turbid and 
surface salinity values were lower in this area. These species are associated to coastal 
waters (BJORNBERG, 1963; 1981) and are frequent and abundant in estuaries, lagoons 
and embayments of Brazil coastal regions (LOPES, 1994; ESKINAZE-SANT’ANNA and 
TUNDISI, 1996; SILVA et al., 2003; ARA, 2004). 

Paracalanus quasimodo was dominant at station 2 reaching 26.1% of the total 
mesozooplankton. It is a neritic species frequently registered in Brazilian shelf waters 
(ARAUJO et al., 1990; NEUMANN-LEITÃO et al., 1999; LOPES; BRANDINI; GAETA, 1999; 
SARTORI; LOPES, 2000). It was also the most frequent and abundant species in the shelf 
off Ubatuba (VEGA-PÉREZ; HERNANDEZ, 1997). 

Paracalanidae copepods present herbivorous feeding strategies (PAFFENHÖFER, 
1984). Food conditions may be the most important parameter in the distribution pattern 
of the mainly herbivorous copepods, which are by far the most abundant and attract the 
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carnivores, which feed on them (KOUWENBERG, 1994). Paracalanidae dominance was 
probably related to phytoplankton production, due to nutrient contribution from São 
Francisco River or from local upwellings. Paes (2004) observed that in the areas close to 
the São Francisco and Japaratuba submarine canyons, the distribution of temperature 
and salinity in the water column suggested the occurrence of local upwelling, mainly in 
December. 

The outflow of the São Francisco River had an influence on the hydrological 
conditions at the Sergipe shelf. The water column presented haline stratification. Salinity 
average value at surface was 30.8±1.9 and at the bottom layer was 35.0±0.3 PSU. This 
condition allowed the development of a coastal zooplanktonic fauna, including benthic 
larvae usually registered in estuarine areas. 

Estuaries are important to the adjacent ocean because they export organisms to 
the inner shelf waters (SCHWAMBORN et al., 1999) and replenish inorganic components, 
mainly phosphorates, nitrogenates and silicates (ESKINAZI-LEÇA et al., 2004). In the 
coast area off Galicia meroplankton were located in the inshore stations in consequence 
of outflow of coastal water from the Rias (VALDES et al., 1990). The relation between 
nutrients and high densities of the mesozooplankton in this area was shown by the 
canonical correspondence analysis. 

Besides the influence of estuarine waters, the mesozooplankton was influenced by 
oceanic water masses. Subeucalanus pileatus, Clausocalanus arcuicornis, Phaena 

spinifera, Haloptilus mucronatus, Pleuromama piseki, Centropages longicornis, 
Microsetella rosea and Copilia mirabilis were exclusive species from station 2 and other 
oceanic species were also identified. These copepods are typical of the open sea 
(BRADFORD-GRIEVE et al., 1999) and may indicate the effect of oceanic water intrusions 
over the shelf off Sergipe. 

At station 1, with a local depth of 27 m and more transparent waters, the epipelagic 
Thecosomata Creseis acicula was the most abundant species. It is registered in neritic 
and oceanic areas from tropical and subtropical regions. It is cited for the Brazilian coast 
and has been associated to the Brazil Current (VAN DER SPOEL; DADON, 1999). In the 
Copepoda assemblage Temora stilyfera was the most important species and according to 
Bradford-Grieve et al. (1999) it is a typical species from tropical and sub-tropical areas. 
Oceanic copepod species such as Neocalanus gracilis, Acrocalanus longicornis, 
Subeucalanus crassus, Lucicutia ovalis, Paracandacia simplex, Rhincalanus cornutus, 
Macrosetella gracilis, Oncaea media, Sapphirina nigromaculata and Pterosagitta draco 
occurred only in this station which presented higher salinity values, specially at the 
bottom. These species ocurred in low abundances, and do not seem to influence the 
community dynamic. The mesozooplankton was formed by a mixture of neritic and 
oceanic species usually registered at the Brazilian shelf waters. The oceanic species 
founded in the two stations reflected the effect of ocenic water intrusions on the Sergipe 
shelf. 

The shelf and oceanic areas of the Brazilian Northeast are affected by the Tropical 
(TW) and South Atlantic Central Waters (SACW) (STRAMMA; IKEDA; PETERSON, 1990). 
According to PAES (2004) the salinity and temperature profiles showed that ocenic 
waters spread on the Sergipe shelf probably because it is narrow and interrupted by two 
big submarine canyons. 

Further studies on physical oceanography of the Sergipe shelf area are necessary 
for better understanding of the interelation between hydrodynamic and the zooplankton 
distribution, which seems complex due to the estuarine influence and the oceanic water 
intrusions.  

CONCLUSIONS 

• The mesozooplankton was characterized by coastal, shelf and oceanic tropical 
species and their distribution suggests the influence of the outflow of the São 
Francisco River and oceanic water intrusions on the shelf off Sergipe. 
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• A total of one hundred and three taxa were identified and Copepoda was the 
dominant group with fifty one species. 

• Creseis acicula, Oikopleura spp., Temora stylifera, Paracalanus quasimodo, P. 

indicus and Aglaura hemistoma were the most abundant taxa at station 1. 
Paracalanus quasimodo, Siphonophora, Paracalanus spp., Temora stylifera, 
Decapoda and Gastropoda larvae occurred with greater abundance at station 2, 
located close to the São Francisco River mouth. 

• Acrocalanus longicornis, Neocalanus gracilis, Subeucalanus crassus, Lucicutia 

ovalis, Paracandacia simplex and Rhincalanus cornutus occured exclusively in 
station 1. Parvocalanus crassirostris, Temora turbinata, Acartia lilljeborgi, Oithona 

oculata, O. setigera, Euterpina acutifrons and Corycaeus amazonicus were the 
coastal and neritic species that occurred only at station 2 where phosphate, 
nitrite, nitrate, silicate values were higher and surface salinity were lower.  

• Mesozooplankton abundance presented spatial variation with higher values at the 
station located close to the São Francisco River plume. 
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