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Abstract
Little information exists about the dynamics of the use of estuarine beaches by fishes. 
The present study describes the spatial and temporal changes in the fish assemblage of 
the estuarine beaches of Babitonga Bay, Santa Catarina State (Brazil). A total of 13 col-
lections were conducted at seven estuarine beaches of Babitonga Bay from August 2005 
to August 2006. At each sampling site, beach seine tows parallel to the coast were made, 
each with a different seine net. A total of 45,874 individuals (76 taxa) (>99% juveniles) 
was caught in 273 samplings. Paralichthyidae and Sciaenidae had the largest number of 
species, followed by Carangidae, Gobiidae, Gerreidae, Engraulidae, Mugilidae and Tetra-
odontidae. The following taxa were the most abundant: Lycengraulis grossidens, Mugil 
sp., Atherinella brasiliensis, Eucinostomus sp., Harengula clupeola, Sphoeroides greeleyi, 
Eucinostomus argenteus and Sphoeroides testudineus, comprising 93.34% of the total 
catch. There were significant differences among months regarding the mean number of 
individuals, number of species, diversity and evenness. Considering that the conservation 
of the studied beaches is under constant threat, the data surveyed in this work show the 
necessity of conservation and management plans for these environments, important as 
nurseries for fishes.
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Resumo
Existem poucas informações sobre a dinâmica do uso de praias estuarinas por peixes. 
Este trabalho descreveu as mudanças temporais e espaciais na assembléia de peixes 
de praias estuarinas na baía da Babitonga, Santa Catarina, Brasil. De agosto de 2005 
a agosto de 2006, foram realizadas treze coletas em sete praias estuarinas do setor po-
lihalino da baía da Babitonga. Na margem de cada ponto amostral, foram realizados três 
arrastos paralelos à linha de costa com redes tipo picaré. Nas 273 amostras obtidas fo-
ram capturados 45.874 indivíduos (76 táxons), predominantemente juvenis (>99%). Maior 
número de espécies foi observado em Paralichthyidae e Sciaenidae, seguidas por Ca-
rangidae, Gobiidae, Gerreidae, Engraulidae, Mugilidae e Tetraodontidae. Os seguintes 
táxons foram os mais abundantes na área: Lycengraulis grossidens, Mugil sp., Atherinella 
brasiliensis, Eucinostomus sp., Harengula clupeola, Sphoeroides greeleyi, Eucinostomus 
argenteus e Sphoeroides testudineus, os quais constituíram 93,34% da captura total. Di-
ferenças significativas mensais ocorreram entre o número médio de indivíduos, número 
de espécies, diversidade e equitabilidade. Considerando que a conservação das praias 
estudadas está sob constante ameaça, os dados coletados nesse trabalho mostram a ne-
cessidade de elaboração de planos de conservação e manejo dessas importantes áreas 
de criação para peixes.

Palavras-chave: peixes juvenis, águas rasas, diversidade, criadouro, baía da Babitonga.

The role of estuarine beaches as habitats 
for fishes in a Brazilian subtropical environment

O papel de praias estuarinas como habitats 
para peixes em um ambiente subtropical brasileiro

José Maria Souza-Conceição1*
zzze.maria@yahoo.com.br

Henry Louis Spach2

henry@ufpr.br

Daliana Bordin3

bordin.daliana@gmail.com

Delaide Frisanco4

debiomar@hotmail.com

Micheli Duarte de Paula Costa5

duarte.micheli@yahoo.com.br

1 EEB Alexandre Guilherme Figueredo - SED-SC. Rua 
Osório Domingos Correa, 519, 88380-000, Balneário 
Piçarras, SC, Brasil.
2 Centro de Estudos do Mar, Universidade Federal do 
Paraná. Av. Beira Mar, s/n, 83255-976, Pontal do Sul, 
PR, Brasil.
3 Universidade do Contestado. Rua Roberto Ehlke, 86, 
89460-000, Canoinhas, SC, Brasil.
4 Universidade da Região de Joinville. Rua Paulo 
Malschitzki, 10, Campus Universitário, 89219-710, Joinville, 
SC, Brasil.
5 Laboratório de Ecologia do Ictioplâncton, Instituto de 
Oceanografia - Universidade Federal de Rio Grande, 
Campus Carreiros. Av. Itália, Km 8, Caixa Postal 474, 
96201-900, Rio Grande, RS, Brasil.
* Corresponding author.



122

José Maria Souza-Conceição, Henry Louis Spach, Daliana Bordin, Delaide Frisanco, Micheli Duarte de Paula Costa

Volume 8 number 3  september - december 2013

Introduction

Seasonal and spatial changes of tem-
perature, salinity, dissolved oxygen 
and turbidity influence composition, 
structure, the spatial and temporal 
distribution of the ichthyofauna in 
estuaries (Blaber and Blaber, 1980; 
Loneragan and Potter, 1990; Whit-
field, 1999). Biological aspects such 
as reproduction of the species and pat-
terns of recruitment and/or migration 
(Akin et al., 2003) as well as abun-
dance of predators and availability 
of prey (Taylor and Rand, 2003) also 
influence the use of shallow estuarine 
areas by fishes. 
Fish may spend all or part of their life 
cycles (including migration, feeding 
and reproduction) in an estuarine hab-
itat (Costello et al., 2002; Elliott and 
Hemingway, 2002). Therefore, estuar-
ies may be regarded as very important 
areas for the growth of many fish spe-
cies (Moyle and Cech Jr., 1996; Rozas 
and Minello, 1997). The high levels of 
food availability, as well as protection 
against predators, favor the perma-
nence of fish in estuaries (Weisberg et 
al., 1996; Rönnbäck, 1999).
In estuaries, several intertidal and 
subtidal environments offer abundant 
and diverse food resources, protection 
against predation, and other favora-
ble environmental conditions for the 
growth and survival of fish (Patterson 
and Whitfield, 200). Matić-Skoko et 
al. (2005) cite salt marshes and man-
groves as examples of these estuarine 
environments. Elliott and Hemingway 
(2002) included the interface with 
fresh water, reed beds, beds of macro-
algae, bottoms rich in biogenic struc-
tures and intertidal substrata (tidal 
flat) (including estuarine beaches).
Studies of Brazilian beach fish assem-
blages have evaluated specific com-
position, spatio-temporal variation 
and comparison of areas (Giannini 
and Paiva-Filho, 1995; Teixeira and 
Almeida, 1998; Lopes et al., 1999; 
Gomes et al., 2003; Godefroid et al., 
2004). Other authors have investigat-
ed the daily patterns of variation of the 

ichthyofauna and the influence of the 
morphodynamic gradient on fishes in 
a beach environment (Pessanha and 
Araújo, 2003; Gaelzer and Zalmon, 
2003; Félix et al., 2007a, 2007b; Fé-
lix-Hackradt et al., 2010). 
Estuarine beaches, unique environ-
ments that differ from beaches by 
presenting a stable substrate (allowing 
the fixation of fauna and flora) (Nor-
dstrom, 1992) have been studied less 
(Godefroid et al., 1997; Hackradt et 
al., 2009; Hackradt et al., 2011). Little 
information exists about the dynam-
ics of the use of this environment by 
fishes. In this context, this study of es-
tuarine beaches of the southern coast 
of Brazil aims to describe: (i) the com-
position and the structure of the ich-
thyofauna; (ii) the spatial and monthly 
variations of fish assemblages; (iii) the 
correlation between environmental 
factors such as temperature, salinity 
and transparency, and fish abundance.

Material and methods

Study area

Babitonga Bay, southern Brazil, is 
a homogeneous microtidal and se-
midiurnal estuary that has an area of 
130 km², an average depth of 6 me-
ters and an approximate volume of 
7.8 x 108 m3 (IBAMA, 1998), with a 
tide amplitude of 1.30 m (Cremer et 
al., 2006). The length of the bay is 20 
km; its width varies from 1.5 km (at 
the outlet to the sea) to 5 km (inner 
portion). It is part of the largest es-
tuarine complex of the Santa Catarina 
State coast, being surrounded by the 
Atlantic Forest, mangroves, and salt 
marsh banks (mainly Spartina alterni-
flora), as well as sandy beaches, rocky 
formations and extensive tidal flats 
(Knie, 2002). 
Around Babitonga Bay, the nearby mu-
nicipalities of Joinville, Araquari, São 
Francisco do Sul, Itapoá and Garuva 
are home to more than 500,000 inhab-
itants, and form the largest industrial 
area of the state. Thus, the area suffers 
from increasing water pollution from 

industrial and domestic wastes. In ad-
dition, there is illegal deforestation, 
predatory fishing, concealed hunting, 
illegal occupation of public areas, 
badly-dimensioned constructions and  
landfill of mangrove forests (IBAMA, 
1998). There is still lack of informa-
tion about the area, which makes it 
more vulnerable to anthropogenic 
pressures.

Environmental variables

The water temperature (°C) and sa-
linity were recorded in situ using 
a HORIBA multi-parameter probe 
(model U-10) at the subsurface. The 
water transparency was determined in 
centimeters (Secchi disc) at a maxi-
mum distance of 50 m offshore. 

Fish collections

During the day monthly sampling 
was performed from August 2005 to 
August 2006 (during the neap high 
tide) at seven estuarine beaches dis-
tributed on the shoreline along a 7-km 
stretch in the polyhaline sector of 
Babitonga Bay (Figure 1). All seven 
stations were always sampled on the 
same sample day following the tidal 
wave at each sampling station. Three 
single tows parallel to the coast (maxi-
mum depth 1.5 m) were carried out in 
the margin of each sampling site us-
ing seine nets. One tow used a 15m 
x 1.6m (5mm mesh) net, one a 15m x 
1.6m (2.5mm mesh) net and one a 6m 
x 1.6m (1mm mesh) net. The tow dis-
tance was standardized at 20 meters 
for nets with the 2.5-mm and 5.0-mm 
meshes, and at 6 meters for the 1.0-
mm mesh. The 6-m tow was adopted 
to minimize mesh clogging.
The 2.5-mm and 5.0-mm mesh sam-
ples were collected and stored in 
plastic bags and kept on ice in a ther-
mal box for transport; whereas  the 
1.0-mm mesh samples were stored in 
containers with 4% buffered formal-
dehyde solution. Fishes were counted 
(abundance) and identified to the low-
est possible taxonomic level (Figuei-
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redo and Menezes, 1978, 1980, 2000; 
Menezes and Figueiredo, 1980, 1985; 
Fahay, 1983; Moser, 1996; Ré, 1999; 
Richards, 2006). Inference about ju-
veniles in the catches was carried out 
based on available maturity informa-
tion for each species (Froese and Pau-
ly, 2012).

Statistical analysis

Considering months as replicates for 
each beach and beaches as pseudo-
replicates for each month, a separate 
one way ANOVA, with degree of 
freedom 12 for the temporal and 6 
for the spatial analysis, was applied 
to identify spatio-temporal variations 
in the temperature, salinity and wa-
ter transparency, and in the number 
of specimens, number of species (S), 
Shannon-Wiener diversity (H’) and 
Pielou evenness (J). All data were 
tested as regards the homogeneity of 
the variance (Bartlett’s test) and nor-
mality (Kolmogorov-Smirnov test). 
Log (x+1) transformation was used in 
the analysis of the number of speci-
mens to carry out the presuppositions 
of the ANOVA. The test of Tukey was 
applied a posteriori where significant 
differences occurred (p < 0.05) (Sokal 
and Rohlf, 1995).
Hierarchical Cluster grouping analy-
sis was used to study time and space 
variations in the fish assemblage com-
position. The similarity matrix was 
generated through the Bray-Curtis 
index of similarity, and the unweight-
ed pair group method with averages 
(UPGMA) used to generate groups. 
Analysis of Similarity (ANOSIM) was 
applied to evaluate the significance of 
differences between groups of months 
and beaches. Percent Similarity analy-
sis (SIMPER) was used to identify 
which species were mainly responsi-
ble for similarities within each group 
defined by Cluster Analysis (normal 
mode) and for dissimilarities between 
those groups (discriminant species) 
(Clarke and Warwick, 1994).
The BIOENV routine allowed the 
examination of the environmental 

variables or group of environmental 
variables that explained the observed 
biological patterns (Clarke and War-
wick, 1994).

Results

Environmental data

The water temperature varied between 
19 and 29.9ºC. The mean temperatures 
were significantly different between 
months (ANOVA, F = 336.00; p < 
0.01) and collection sites (ANOVA, 
F = 3.42; p = 0.005), with the lowest 
occurring in June, July, August and 
September and the highest in January, 
February and March (Figure 2). As re-
gards the beaches, the mean tempera-
ture was significantly higher at beach 
1 than at beaches 6 and 7 (Figure 2).

The salinity varied between 23.3 and 
36 at the collection site. Although 
statistically different, the mean sa-
linities did not indicate any sea-
sonal pattern in the sampling area 
(ANOVA, F = 24.14; p < 0.01) 
(Figure 2). The mean salinities were 
higher at beaches 4, 5, 6 and 7 than at 
beach 3, with no differences between 
the other beaches (ANOVA, F = 5.96; 
p < 0.01 (Figure 2).
Transparencies between 23.5 and 92.3 
cm were observed. As regards the 
collection months, the mean trans-
parency was only statistically differ-
ent between May and August 2006 
(ANOVA, F = 2.25; p = 0.018) (Figure 
2). The lowest mean transparency was 
observed at beach 3, with similar means 
between the other beaches (ANOVA, 
F = 11.89; p < 0.01) (Figure 2).

Figure 1. Location of the study area on the coast of Brazil and the seven estuarine beach-
es in Babitonga Bay, Santa Catarina State.
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Figure 2. Spatial and temporal variation of mean values (±standard error) of the water 
temperature, water salinity and water transparency in Babitonga Bay, southern Brazil.

Species assemblage

A total of 273 samples resulted in the 
capture of 45,874 fish, distributed 
among 76 taxa. The sampled fish as-
semblage was predominantly juvenile 
(> 99%), usually dominant in estuarine 
shallow waters. The largest number of 
species was observed in Sciaenidae 
and Paralichthyidae (7 species each), 
Carangidae and Gobiidae (6 spe-
cies each), Gerreidae and Mugilidae 
(5 species each), Engraulidae and 
Tetraodontidae (4 species each). In 
decreasing order the families En-
graulidae, Mugilidae Atherinopsidae, 
Gerreidae, Tetraodontidae, and Clu-
peidae contributed to 95.54% of the 
total number of captured individuals 
(Table 1).
The taxa Atherinella brasiliensis, Eu-
cinostomus argenteus, Eucinostomus 
sp., Harengula clupeola, Lycengrau-
lis grossidens, Mugil sp., Sphoeroides 
greeleyi and Sphoeroides testudineus 
were the most abundant and consti-

tuted 93.34% of the total catch. Most 
of the other taxa contributed individu-
ally with less than 1% of the total abun-
dance. The taxa A. brasiliensis, Ci-
tharichthys spilopterus, Ctenogobius 
shufeldti, E. argenteus, Eucinostomus 
gula, Eucinostomus sp., H. clupeola, 
L. grossidens, Micropogonias furnieri, 
Mugil sp., S. greeleyi, S. testudineus, 
Strongylura timucu, Synodus foetens 
and Trachinotus carolinus were the 
most frequent in the samples, with 
most of the other species present in less 
than 10% of the samples (Table 1).

Temporal changes

There were significant differences be-
tween the monthly mean number of 
captured individuals (ANOVA, F = 
4.86; p < 0.01). There was a tendency 
towards an increasing mean value be-
tween August and December 2005, 
followed by a decrease in the subse-
quent months (Figure 3). The mean 
for December 2005 was statistically 

higher than the mean for August 2005 
and May, June, July and August 2006; 
however, January 2006 presented a 
higher mean than the ones observed in 
July and August 2006 (Figure 3).
The monthly mean number of spe-
cies (ANOVA, F = 7.09; p < 0.01) 
was also different. The mean rate 
increased between August and Sep-
tember 2005, and between November 
2005 and January 2006. A continuous 
reduction in the number of species 
occurred between January and May 
2006, followed by an alternating se-
quence of increases and decreases in 
the mean species quantity between 
May and August 2006 (Figure 3). The 
mean for March 2006 was higher than 
the means for August 2005 and May 
2006; however, the means for De-
cember 2005 and February 2006 were 
higher than the ones for August 2005, 
May 2006 and July 2006 (Figure 3).
Significant differences between the 
monthly mean Shannon-Wiener di-
versity index (ANOVA, F = 2.4; p = 
0.01) were observed. However, the 
test of Tukey did not show differ-
ences between the mean rates (Figure 
3). The mean was generally lower 
in 2005 than in 2006. Differences 
were observed between the monthly 
mean evenness (ANOVA, F = 2.43; 
p < 0.01). The Tukey test shows that 
the June and August 2006 means were 
higher than the December 2005. There 
were no differences between the other 
mean rates.
Three groups of months can be ob-
served at the 55% level of similarity 
(all species) (Figure 4): Group I was 
formed at the 58% similarity level 
(August, September and October 
2005) (60.43% internal similarity), 
with (mainly) Mugil sp., S. greeleyi, 
H. clupeola, A. brasiliensis and L. 
grossidens contributing to the simi-
larity of the group (Table 2). Group 
III was formed at the 67% similarity 
level (May, June and August 2006) 
(59.32% internal similarity), with A. 
brasiliensis, L. grossidens, Mugil sp., 
S. greeleyi, Eucinostomus sp. and E. 
argenteus contributing most (Table 2).
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Table 1. List of taxa, frequency (percentage of the total number), occurrence (percentage of samples in which individuals occurred) and 
standard length (mm; mean ± standard deviation) of fishes collected in estuarine beaches of Babitonga Bay, southern Brazil.

Taxa Frequency (%) Occurrence (%) Standard Length  (mm)
Achirus lineatus (Linnaeus, 1758) 0.017 2.19 37.75 ± 14.58
Albula vulpes (Linnaeus, 1758) 0.013 1.83 41.33 ± 15.73
Albula sp. 0.002 0.36 25.00
Anchoa januaria (Steindachner, 1879) 0.002 0.36 27.00
Anchoviella sp. 0.002 0.36 33.00
Anisotremus sp. 0.002 0.36 11.00
Archosargus probatocephalus (Walbaum, 1792) 0.002 0.36 56.00
Atherinella brasiliensis (Quoy and Gaimard, 1825) 19.704 62.63 43.78 ± 21.62
Bairdiella ronchus (Cuvier, 1830) 0.004 0.36 69.50 ± 6.36
Bathygobius soporator (Valenciennes, 1837) 0.020 2.56 60.44 ± 22.95
Belonidae 0.002 0.36 31.00
Cetengraulis edentulus (Cuvier, 1829) 0.050 2.19 45.00 ± 28.98
Chaetodipterus faber (Broussonet, 1782) 0.089 7.69 18.70 ± 4.91
Chilomycterus spinosus (Linnaeus, 1758) 0.065 6.95 40.24 ± 13.25
Citharichthys arenaceus (Evermann and Marsh, 1900) 0.050 4.76 46.39 ± 25.35
Citharichthys spilopterus (Günther, 1862) 0.240 19.41 60.45 ± 28.83
Citharichthys macrops (Dresel, 1885) 0.011 1.46 39.60 ± 6.18
Ctenogobius shufeldti (Jordan and Eigenmann, 1887) 0.937 30.76 25.79 ± 8.49
Ctenogobius boleosoma (Jordan and Gilbert, 1882) 0.013 0.73 37.66 ± 4.67
Cynoscion leiarchus (Cuvier, 1830) 0.002 0.36 108.00
Dactylopterus volitans (Linnaeus, 1758) 0.002 0.36 160.00
Diapterus rhombeus (Cuvier, 1829) 0.229 4.39 55.07 ± 15.13
Diplectrum radiale (Quoy and Gaimard, 1824) 0.009 1.09 48.75 ± 10.43
Elops saurus (Linnaeus, 1766) 0.052 4.39 35.83 ± 22.68
Engraulidae 0.002 0.36 35.00
Etropus crossotus (Jordan and Gilbert, 1882) 0.004 0.36 48.50 ± 6.36
Etropus longimanus (Norman, 1933) 0.009 0.36 22.25 ± 3.30
Eucinostomus argenteus (Baird and Girard, 1855) 2.882 32.39 40.52 ± 15.75
Eucinostomus gula (Quoy and Gaimard, 1824) 0.423 13.55 44.54 ± 21.00
Eucinostomus sp. 5.615 16.84 14.58 ± 8.05
Gerreidae 0.841 1.83 8.95 ± 0.93
Gobiesox strumosus (Cope, 1870) 0.013 0.73 14.00
Gobionellus stomatus (Starks, 1913) 0.002 0.36 72.00
Gobionellus sp. 0.017 2.19 13.37 ± 9.31
Haemulidae 0.070 1.83 9.63 ± 1.37
Harengula clupeola (Cuvier, 1829) 5.301 10.62 38.68 ± 13.44
Hemiramphus brasiliensis (Linnaeus, 1758) 0.013 1.09 68.66 ± 28.23
Hippocampus reidi (Ginsburg, 1933) 0.015 1.46 103.33 ± 43.68
Hyporhamphus unifasciatus (Ranzani, 1841) 0.004 0.36 24.00
Lagocephalus laevigatus (Linnaeus, 1766) 0.004 0.73 76.50 ± 33.23
Lycengraulis grossidens (Agassiz, 1829) 29.812 45.05 31.76 ± 15.32
Menticirrhus americanus (Linnaeus, 1758) 0.009 0.73 65.00 ± 48.00
Menticirrhus littoralis (Holbrook, 1847) 0.004 0.73 52.50 ± 30.40
Microgobius meeki (Evermann and Marsh, 1900) 0.015 1.46 27.57 ± 7.63
Micropogonias furnieri (Desmarest, 1823) 0.196 10.25 26.85 ± 16.99
Mugil curema (Valenciennes, 1836) 0.020 0.73 52.33 ± 12.72
Mugil gaimardianus (Desmarest, 1831) 0.312 3.29 54.01 ± 13.82
Mugil liza (Valenciennes 1836) 0.007 0.36 63.66 ± 9.86
Mugil platanus (Günther, 1880) 0.007 0.36 82.00 ± 12.00
Mugil sp. 23.905 49.45 25.68 ± 7.97
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Taxa Frequency (%) Occurrence (%) Standard Length  (mm)
Oligoplites saliens (Bloch, 1793) 0.085 9.15 21.02 ± 12.92
Oligoplites saurus (Bloch and Schneider, 1801) 0.135 4.39 33.74 ± 24.98
Orthopristis ruber (Cuvier, 1830) 0.009 0.36 12.00 ± 1.82
Paralichthys brasiliensis (Ranzani, 1842) 0.013 1.83 142.80 ± 88.47
Paralichthys patagonicus (Jordan, 1889) 0.002 0.36 35.00
Poecilia vivípara (Bloch and Schneider, 1801) 0.002 0.36 11.00
Pomadasys corvinaeformis (Steindachner, 1868) 0.275 5.49 50.94 ± 11.50
Pomatomus saltatrix (Linnaeus, 1766) 0.004 0.36 16.50 ± 4.94
Prionotus punctatus (Bloch, 1793) 0.026 4.02 40.00 ± 12.24
Sciaenidae 0.007 0.36 10.50 ± 0.70
Selene vomer (Linnaeus, 1758) 0.004 0.36 39.00 ± 4.24
Sphoeroides greeleyi (Gilbert, 1900) 4.735 75.82 56.06 ± 22.36
Sphoeroides testudineus (Linnaeus, 1758) 1.389 47.25 50.03 ± 27.34
Sphoeroides sp. 0.070 3.29 11.15 ± 2.78
Stellifer stellifer (Jordan and Snyder, 1902) 0.002 0.73 31.00
Stephanolepis hispidus (Linnaeus, 1766) 0.007 1.09 30.66 ± 16.86
Strongylura sp. 0.002 0.36 54.00
Strongylura timucu (Walbaum, 1792) 0.255 15.01 88.95 ± 60.32
Syngnathus folletti (Herald, 1942) 0.004 0.73 148.00 ± 65.05
Syngnathus Rousseau (Kaup, 1856) 0.044 3.66 93.94 ± 21.66
Synodus foetens (Linnaeus, 1766) 0.617 17.94 58.16 ± 21.20
Trachinotus carolinus (Linnaeus, 1766) 0.813 19.78 26.75 ± 8.42
Trachinotus falcatus (Linnaeus, 1758) 0.218 8.79 21.02 ± 9.64
Trachinotus goodei (Jordan and Evermann, 1896) 0.007 0.36 12.33 ± 0.57
Ulaema lefroyi (Goode, 1874) 0.229 8.42 29.14 ± 13.91
Umbrina canosai (Berg, 1895) 0.022 1.09 38.80 ± 36.77

Table 1. Continuation

Figure 3. Temporal variation in the mean (± 95% confidence intervals) number of fish, 
number of species, Shannon–Wiener diversity index and Pielou evenness index at the 
estuarine beaches of Babitonga Bay, southern Brazil.

Group II was formed at the 58% level 
(November and December 2005 and 
January, February, March and April 
2006) (70.48% internal similarity), 
with A. brasiliensis, S. greeleyi, L. 
grossidens, Mugil sp. and S. testu-
dineus contributing most (Table 2).
Group I displayed a mean dissimilar-
ity of 50.73% in relation to group II, 
due to the higher mean abundance of 
L. grossidens, A. brasiliensis and Eu-
cinostomus sp. in group II and Mugil 
sp. and H. clupeola in group I (Table 
2). The mean dissimilarity between 
groups I and III was 46.48%, due to 
higher occurrences of discriminant 
taxa Mugil sp., H. clupeola and L. 
grossidens in group I. The mean dis-
similarity between groups II and III 
was 50.26%, with higher mean abun-
dance of L. grossidens, A. brasilien-
sis, Mugil sp. and Eucinostomus sp. in 
group II (Table 2).
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Analysis of Similarity (ANOSIM) 
showed that the formed month groups 
were significantly different (R = 0.759; 
p = 0.1%), indicating, through paired 
comparison, a higher difference be-
tween groups I and III (R = 0.870; p = 
2.9%), followed by the comparison of 
groups I and II (R = 0.802; p = 1.2%), 
and the lowest difference between 
groups II and III (R = 0.758; p = 0.5%).

Spatial differences

As regards grouped months, no statis-
tical difference was observed between 

the beaches in the mean number of 
specimens (F = 1.16; p = 0.334), the 
mean number of species (F = 1.03; 
p = 0.41), the mean Shannon-Wiener 
diversity (F = 2.34; p = 0.96) and the 
mean Pielou evenness (F = 0.37; p = 
0.89).
At the similarity level of 65%, three 
beach groups were formed (Figure 5): 
Group I - beaches 1 and 2 (75.35% 
internal similarity), with A. brasilien-
sis, S. greeleyi, Mugil sp. and L. gros-
sidens (Table 3) strongly contributing 
to this similarity. The largest contribu-
tion to the internal similarity of group 

III (beaches 4 and 5) was, in decreas-
ing order, L. grossidens, A. brasilien-
sis, S. greeleyi, H. clupeola and Euci-
nostomus sp. Group II was formed by 
beaches 3, 6, and 7, with an internal 
similarity of 66.51%, due especially 
to the numerical occurrence patterns 
of L. grossidens, Mugil sp., A. brasil-
iensis, E. argenteus and H. clupeola 
(Table 3).
A dissimilarity of 38.39% was ob-
served between groups I and II, due to 
a greater abundance of A. brasiliensis 
and Mugil sp. at beaches 1 and 2, re-
spectively; whereas at beaches 4 and 
5 it was due to L. grossidens and H. 
clupeola (Table 3). Between beaches 
of groups I and III, dissimilarity was 
38.34%. Mugil sp., L. grossidens and 
H. clupeola in group III and A. brasil-
iensis in group I contributed most to 
the results. Between groups I and III, 
the mean dissimilarity was 37.37%, 
due, especially, to a more massive 
presence of Mugil sp., L. grossidens, 
H. clupeola and E. argenteus in group 
III (Table 3).
Although the Analysis of Similarity 
(ANOSIM) indicated significant dif-
ferences between the beach groups (R 
= 0.900; p = 1.0%), such differences 
were not significant in paired com-
parisons between groups I and II (R = 
0.833; p = 10.0%), groups I and III (R 
= 1.0; p = 33.3%) and groups II and III 
(R = 0.833; p = 10.0%). 
Very low correlation values were ob-
served in the analysis of the influence 
of the environmental parameters on the 
spatial and temporal  structuration of 
the ichthyofauna (BIOENV) (Table 4), 
which indicated that the parameters 
considered in the distribution of the 
species had little influence. 

Discussion

Among the 76 recorded taxa, 9 oc-
curred in every collection month and 
17 at every beach. The results con-
firmed that the structure of the fish 
assemblage at the studied estuarine 
beaches is basically conditioned by the 
occurrence of large aggregates of a few 

Table 2. SIMPER results showing species contribution to similarities within each group 
and dissimilarities between groups of sampling months in Babitonga Bay, southern Brazil, 
identified using Cluster analysis (I: September, October and August/05; II: May, June, July 
and August/06; III: November, December/05, January, February, March and April/06).

Mean Similarity (%) Mean Dissimilarity (%)

Groups
I II III I x II I x III II x III

60.43% 59.32% 70.48% 50.73% 46.48% 50.26%
Mugil sp. 30.46 14.51 9.26 12.01 29.47 10.80
Sphoeroides greeleyi 12.61 9.70 16.34
Harengula clupeola 11.60 9.16 17.48
Atherinella brasiliensis 7.42 17.28 18.72 11.38 12.13
Lycengraulis grossidens 7.04 16.07 15.82 14.61 9.44 17.52
Sphoeroides testudineus 9.22
Eucinostomus sp. 8.12 9.02 10.43
Eucinostomus argenteus 5.78

Figure 4. Dendrogram based on the abundance of all the species sampled monthly, show-
ing similarities between the thirteen sampling months at the estuarine beaches of Babi-
tonga Bay, southern Brazil (55% similarity level).
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possess species that remain for a short 
time and others that complete their 
entire life cycle in this environment. 
Santos et al. (2002) report that a low 
number of species and families found 
in an estuary has their biological cycles 
being developed only there. Thus, few 
fish groups have evolved to remain 
exclusively in estuaries, because the 
physical and chemical changes in these 
environments are rapid and demand, 
in physiological terms, a lot of energy 
from the fish, which makes the surviv-
al of many species difficult (Elliot and 
Hemingway, 2002).
A numerical dominance of resident 
and marine-estuarine species was ob-
served in studies about the fish fauna 
of Paraná State tidal plains (Spach et 
al., 2006; Santos et al., 2002). The 
shallow zones of the estuary presented 
a community dominated by small resi-
dent estuarine fish, e.g. A. brasiliensis, 
and dependent marine-estuarine spe-
cies, such as Mugil spp. (Garcia and 
Vieira, 2001), which were observed at 
the beaches of Babitonga Bay. As in 
the present study, resident species A. 
brasiliensis, S. greeleyi and S. testu-
dineus have been constant and abun-
dant in the samples from Paranaguá 
Bay (Paraná state) (Félix et al., 2006). 
Occasional visitor marine species, like 
representatives of the tropical families 
Carangidae and Gerreidae, represent-
ed a numerous group that has appeared 
irregularly in the estuarine waters of 
Babitonga Bay. This has also been ob-
served in estuaries of Rio Grande do 
Sul State (Fisher et al., 2004). 

Table 3. SIMPER results showing species contribution to similarities within each group and dissimilarities between groups of beaches 
(I: 1 and 2; II: 4 and 5; III: 3, 6 and 7) in Babitonga Bay, southern Brazil, identified using Cluster analysis.

Mean Similarity (%) Mean Dissimilarity (%)

Groups
I II III I x II I x III II x III

75.35% 67.79% 78.92% 38.39% 38.34% 37.27%
Atherinella brasiliensis 26.54 11.74 14.56 12.97 8.93
Sphoeroides greeleyi 13.26 8.39
Mugil sp. 11.38 15.03 5.66 8.16 14.91 21.11
Lycengraulis grossidens 11.09 15.81 16.95 7.82 14.59 11.50
Eucinostomus argenteus 8.15 6.25
Harengula clupeola 7.73 6.71 6.65 10.79 6.55
Eucinostomus sp. 6.06

Figure 5. Dendrogram based on the abundance of all the species sampled monthly, show-
ing similarities between the seven estuarine beaches of Babitonga Bay, southern Brazil 
(65% similarity level).

Table 4. Procedure BIOENV applied to find the best match among multivariate patterns in 
a fish assemblage sample, in Babitonga Bay, southern Brazil, and those from environmen-
tal variables associated  with the samples (1: temperature; 2: salinity; 3: transparency).

Number of Variables Spearman correlation Selections
1 0,106  3
2 0069 1; 3
2 0,058 2; 3
3 0,045 1; 2; 3
1 0,016 1
2 -0,006 1; 2
1 -0,007 2

dominant species (generally 10% of 
the species total). There was a spatially 
stratified dominance of some species, 
which could indicate that some of the 
beaches were chosen due to the abiotic 
characteristics and location within the 

estuarine complex. A large number 
of fish species remain in an estuarine 
region for only a short period, while 
some complete their entire life cycle 
there (Garcia and Vieira, 2001). The 
beaches studied in Babitonga Bay also 
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The most abundant families in Laranjei-
ras and Paranaguá bays (Paraná State) 
were Atherinopsidae, Engraulidae and 
Mugilidae (Falcão et al., 2006). These 
three families were the most abundant 
at the studied estuarine beaches (Babi-
tonga Bay), with the inclusion of Ger-
reidae, Gobidae, Paralichthyidae and 
Tetraodontidae. A similar pattern was 
found by Ramos and Vieira (2001) in 
estuaries of Rio Grande do Sul State. 
In Barra do Saí (northern coast of San-
ta Catarina State), Vendel and Chaves 
(2006) (using beach tows) recorded 
Gerreidae, Atherinopsidae, Centropo-
midae, Tetraodontidae, Paralichthyidae 
and Gobidae in every collection in the 
lagoon. The predominance of other 
families was also reported at other 
sites (Felix et al., 2006; Paiva-Filho 
et al., 1987). The composition of the 
fish communities in the shallow areas 
near the mouth of the main estuaries 
of southern Brazil seems to determine 
the composition of the estuary because 
families that dominate at one site are 
replaced by others at another site, or 
the dominant species is not the same 
in the different estuaries (Ramos and 
Vieira, 2001). 
A larger number of specimens in the 
spring and in the summer was re-
corded at the estuarine beaches stud-
ied in Babitonga Bay, mainly due to 
a larger number of juveniles linked to 
periods after reproduction in the area 
(IBAMA, 1998; Cremer et al., 2006; 
Costa and Souza-Conceição, 2009). 
This has been corroborated by Paiva-
Filho et al., (1987) and Godefroid 
et al. (2003). On the other hand, the 
larger number of fish species in Babi-
tonga Bay occurs during the summer 
and neighboring months, mainly at the 
beginning of autumn, as it is related 
to the reproductive period and the 
recruitment of juveniles in the area 
(IBAMA, 1998; Cremer et al., 2006). 
According to Johannes (1978), the re-
productive activity of coastal marine 
fish generally extends over a consider-
able part of the year. There are certain 
periods in which a large number of 
species and individuals of these spe-

cies reproduce (collective spawning).  
The specific composition of the es-
tuarine fish community changes 
constantly and drastically due to the 
variability of the environmental con-
ditions and the specific limits of toler-
ance of certain species as regards the 
environmental alterations (Kennish, 
1990; Loebmann and Vieira, 2005). 
According to McLachlan (1983) and 
Elliot and Hemingway (2002), the 
structure and the distribution of the 
fish community change because of the 
influence of spatial factors like degree 
of exposure, wave energy and hydro-
graphical factors like temperature and 
salinity, which vary at short distances. 
Although BIOENV had not indicated 
any significant influence of the envi-
ronmental variables on the distribution 
pattern of the species, the location of 
the beaches in the Babitonga Bay es-
tuarine complex and the environmen-
tal configuration of each were impor-
tant in the structuration of the juvenile 
fish assemblage that was found. The 
most abundant taxon, L. grossidens, 
expressed a clear dominance at beach-
es 4 and 7, which possess more marine 
characteristics due to their being in 
the outermost sector of the bay. Mugil 
sp. was dominant at beaches 3 and 
6, with the presence of a river plume 
and, even in the most external sector, 
a constant surface runoff, respective-
ly, which, according to Menezes and 
Figueiredo (1985) and Santos (1992), 
attracts mullets in their initial phases. 
As A. brasiliensis prefers the inner 
areas of estuaries, it was dominant at 
beaches 1 and 2 (the innermost of this 
study). According to Oliveira-Neto et 
al. (2004), spatial stratification can 
reduce trophic competition between 
species and between phases that have 
a similar diet, and consequently favor 
growth along the estuary. Ikejima et 
al. (2003) and Félix et al. (2006) dem-
onstrated significant differences in the 
composition of families and species 
of fish in nearby areas within a single 
estuary, which were probably associ-
ated with the different environmental 
configurations of each study site.

Economically important taxa appear in 
the study area samples (e.g.: Menticir-
rhus americanus, M. littoralis, Mi-
cropogonias furnieri, Mugil platanus, 
M. gaimardianus, Oligoplites saliens, 
O. saurus, Paralichthys brasiliensis, 
Pomatomus saltatrix, and Trachinotus 
carolinus). Some, although classified 
as with lower commercial importance, 
perform a fundamental role in fam-
ily subsistence in study area fishing 
communities; whereas others repre-
sent regional fishery stocks exploited 
by industry. Godefroid et al. (2003) 
described that the Atami beach sam-
ples were dominated by a few com-
mercially less important species, e.g. 
M. littoralis, H. clupeola, Odonthestes 
bonariensis (Cuvier & Valenciennes, 
1835), T. carolinus and Anisotrem-
us surinamensis (Block, 1791), the 
abundances of which varied over the 
year. According to Garcia and Vieira 
(1997), M. furnieri, very important in 
the fisheries of southern Brazil, is one 
of the most abundant species in the 
Laguna dos Patos estuary. 
The Babitonga Bay estuary is ecologi-
cally, economically and socially very 
important; however, it is under strong 
anthropogenic pressure and has, conse-
quently, suffered environmental degra-
dation (IBAMA, 1998), with the stud-
ied beaches under a constant threat. 
This and the data surveyed in this work 
show the necessity of conservation and 
management plans for these beach en-
vironments (important as nurseries for 
fishes) and demonstrate that the estab-
lishment of an environmental reserve 
(e.g. fauna reserve) would be a key 
factor in the protection of species and 
their habitats in the estuarine complex 
of Babitonga Bay.

Acknowledgments

We acknowledge the financial aid 
and logistical support provided by the 
Universidade da Região de Joinville 
(UNIVILLE), Universidade Federal 
do Paraná (UFPR) and Fundação de 
Amparo à Pesquisa do Estado de 
Santa Catarina (FAPESC). We thank 



130

José Maria Souza-Conceição, Henry Louis Spach, Daliana Bordin, Delaide Frisanco, Micheli Duarte de Paula Costa

Volume 8 number 3  september - december 2013

the fishermen P.C. Rocha, E. Melo, 
Mr. Tião, Mr. Valdir and Rubinho, 
who helped in the fish sampling. 
We also thank F.P. Camacho, F.S. 
Döge, A.M. Almeida, P.S.V. Pan-
dolfo, L.N. Duarte, R.V.V. Navarro, 
J.L.C. Serena, L.C.F.C. Silva, B.R. 
Moeller, T. Soares and J.C.G. Paludo 
(UNIVILLE) for their help in the field 
and/or in the laboratory.

References

AKIN, S.; WINEMILLER, K.O.; GELWICK, 
F.P. 2003. Seasonal and spatial variations in 
fish and macrocrustacean assemblage structure 
in Mad Island Marsh estuary, Texas. Estuarine, 
Coastal and Shelf Science, 57(1):269-282. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / S 0 2 7 2 -
7714(02)00354-2
BLABER, S.J.M.; BLABER T.G. 1980. Fac-
tors affecting the distribution of juvenile estua-
rine and inshore fish. Journal of Fish Biology, 
17:143-162. 
http://dx.doi.org/10.1111/j.1095-8649.1980.
tb02749.x
CLARKE, K.R.; WARWICK, R.M. 1994. 
Changes in marine communities: an approach to 
statistical analysis and interpretation. Plymouth, 
Natural Environment Research Council, 144 p.
COSTA, M.D.P.; SOUZA-CONCEIÇÃO, J.M. 
2009. Composição e abundância de ovos e lar-
vas de peixes na baía da Babitonga, Santa Cata-
rina, Brasil. Pan-American Journal of Aquatic 
Science, 4(3):372-382.
COSTELLO, M.; ELLIOTT, M.; THIEL, R. 
2002. Endangered and rare species. In: M. EL-
LIOTT; K.L. HEMINGWAY (ed.), Fishes in 
estuaries. Oxford, Blackwell Science Ltd, p. 
217-265. 
http://dx.doi.org/10.1002/9780470995228.ch5
CREMER, M.J.; MORALES, P.R.D.; OLIVEI-
RA, T.M.N. 2006. Diagnóstico Ambiental da 
baía da Babitonga. Joinville, UNIVILLE, 256 p.
ELLIOTT, M.; HEMINGWAY, K.L. 2002. 
Fishes in estuaries. Oxford, Blackwell Science 
Ltd., 636 p. 
http://dx.doi.org/10.1002/9780470995228
FAHAY, M.P. 1983. Guide to the early stages 
of marine fishes occuring in the Western North 
Atlantic Ocean, Cape Hatteras to the Southern 
Scotian Shelf. Journal of Northwest Atlantic 
Fishery Science, 4:1-423. 
http://dx.doi.org/10.2960/J.v4.a1
FALCÃO, M.G.; SARPÉDONTI, V.; SPACH, 
H.L.; OTERO, M.E.B.; QUEIROZ, G.M.L.N.; 
SANTOS, C. 2006. A ictiofauna em planícies 
de maré das Baías das Laranjeiras e de Paran-
aguá, Paraná, Brasil. Revista Brasileira de Zoo-
logia, 8(2):125-138.
FÉLIX, F.C.; SPACH, H.L.; HACKRADT , 
C.W.; MORO, P.S.; ROCHA, D.C. 2006. Abun-

dância sazonal e a composição da assembléia 
de peixes em duas praias estuarinas da baía 
de Paranaguá, Paraná. Revista Brasileira de 
Zoociências, 8(1):35-47.
FÉLIX F.C.; SPACH H.L.; MORO P.S.; 
SCHWARZ R.; SANTOS C.; HACKRADT 
C.W.; HOSTIM-SILVA, M. 2007a. Utilization 
patterns of surf zone inhabiting fish from beach-
es in southern Brazil. Pan-American Journal of 
Aquatic Science, 2:27-39.
FÉLIX, F.C.; SPACH, H.L.; MORO, P.S.; 
HACKRADT, C.W.; QUEIROZ, G.M.N.; 
HOSTIM-SILVA, M. 2007b. Ichthyofauna 
composition across a wave – energy gradient 
on southern Brazil beaches. Brazilian Journal 
of Oceanography, 55:281-292. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 5 9 0 / S 1 6 7 9 -
87592007000400005
FÉLIX-HACKRADT, F.C; SPACH, H.L.; 
MORO, P.S.; PICHLER, H.A.; MAGGI, A.S.; 
HOSTIM-SILVA, M.; HACKRADT, C.W. 
2010. Diel and Tidal variation in surf zone fish 
assemblages of sheltered beach in southern 
Brazil. Latin American Journal of Aquatic Re-
search, 38:447-460. 
FIGUEIREDO, J.L.; MENEZES, N.A. 1978. 
Manual de peixes marinhos do sudeste do 
Brasil. II. Teleostei (1). São Paulo, Museu de 
Zoologia/USP, 110 p.
FIGUEIREDO, J.L.; MENEZES, N.A. 1980. 
Manual de peixes marinhos do sudeste do 
Brasil. III. Teleostei (2). São Paulo, Museu de 
Zoologia/USP, 90 p.
FIGUEIREDO, J.L.; MENEZES, N.A. 2000. 
Manual de peixes marinhos do sudeste do 
Brasil. VI. Teleostei (5). São Paulo, Museu de 
Zoologia/USP, 116 p.
FISHER, L.G.; PEREIRA, L.E.D.; VIEIRA, 
J.P. 2004. Peixes estuarinos e costeiros. Rio 
Grande, Ecoscientia, 127 p.
FROESE, R; PAULY, D. 2012. FishBase. World 
Wide Web electronic publication. Available at: 
http://www.fishbase.org/home.htm. Accessed 
on: 2012/08/15.
GAELZER, L.R.; ZALMON, I.R. 2003. The 
influence of wave gradient on the ichthyofauna 
of southeastern Brazil. Focusing the community 
structure in surf-zone. Journal of Coastal Re-
search, 35:456-462.
GARCIA, A.M.; VIEIRA, J.P. 1997. Abundân-
cia e diversidade da assembléia de peixes den-
tro e fora de uma pradaria de Ruppia maritima 
L., no estuário da Laguna dos Patos. Atlântica, 
19:161-181.
GARCIA, A.M.; VIEIRA, J.P. 2001. O aumento 
da diversidade de peixes no estuário da Lagoa 
dos Patos durante o episódio El Niño 1997-
1998. Atlântica, 23:133-152.
GIANNINI, R.; PAIVA-FILHO, A.M. 1995. 
Análise comparativa da ictiofauna da zona de 
arrebentação de praias arenosas do Estado de 
São Paulo, Brasil. Boletim do Instituto Ocea-
nográfico, 43(2):141-152.
GODEFROID, R.S.; HOFSTAETTER, M.; 
SPACH, H.L. 1997. Structure of the fish assem-

blage in the surf zone of the beach at Pontal do 
Sul, PR. Neritica, 11:77-93. 
GODEFROID, R.S.; SPACH, H.L.; SCHWARZ 
JR., R.; QUEIROZ, G.M.L.N.; OLIVEIRA-
NETO J.F. 2003. Efeito da Lua e da maré na 
captura de peixes em uma planície de maré 
do setor euhalino da baía de Paranaguá - PR. 
Boletim do Instituto de Pesca de São Paulo, 
29(1):47-55.
GODEFROID. R.S.; SPACH, H.L.; SANTOS, 
C.; MACLAREN, G.N.Q.; SCHWARZ JR., R. 
2004. Mudanças temporais na abundância e di-
versidade da fauna de peixes do infralitoral raso 
de uma praia, sul do Brasil. Iheringia – Serie 
Zoologia, 94(1):95-104. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 5 9 0 / S 0 0 7 3 -
47212004000100017
GOMES, M.P.; CUNHA, M.S.; ZALMON, I.R. 
2003. Spatial and temporal variations of diurnal 
ichthyofauna on surf-zone of São Francisco do 
Itabapoana beaches, RJ, Brasil. Brazilian Ar-
chives of Biology and Technology, 46(4):653-664.
h t t p : / / d x . d o i . o r g / 1 0 . 1 5 9 0 / S 1 5 1 6 -
89132003000400020
HACKRADT, C.W.; PICHLER, H.A.; FE-
LIX, F.C.; SCHWARZ JR., R.; SILVA, L.O.; 
SPACH, H.L. 2009. A estrutura da comunidade 
de peixes em praias de baixa energia do com-
plexo estuarino da Baía da Paranaguá, Brasil. 
Revista Brasileira de Zoociências, 11:231-242.
HACKRADT, C.W.; FÉLIX-HACKRADT, 
F.C.; PICHLER, H.A.; SPACH, H.L.; SAN-
TOS, L.O.  2011. Factors influencing spatial 
patterns of the ichthyofauna of low energy es-
tuarine beaches in southern Brazil. Journal of 
the Marine Biological Association of the United 
Kingdom, 91:1345-1357. 
http://dx.doi.org/10.1017/S0025315410001682
IBAMA. 1998. Proteção e controle de ecossis-
temas costeiros - Manguezal da Baía da Babi-
tonga. Brasília, Editora do IBAMA, 147 p.
IKEJIMA, K.; TONGNUNUI, P.; MEDEJ, T.; 
TANIUCHI, T. 2003. Juvenile and small fishes 
in a mangrove estuary in Trang province, Thai-
land: seasonal and habitat differences. Estua-
rine, Coastal and Shelf Science, 56:447-457. 
http://dx.doi.org/10.1016/S0272-7714(02)00194-4
JOHANNES, R.E. 1978. Reproductive strate-
gies of coastal marine fishes in the tropics. En-
vironmental Biology of Fishes, 3: 65-84. 
http://dx.doi.org/10.1007/BF00006309
KENNISH, M.J. 1990. Ecology of estuaries. 
Boston, CRC Press, 391 p.
KNIE, J.L.W. 2002. Atlas Ambiental da Região 
de Joinville: Complexo Hídrico da Baía da Ba-
bitonga. Florianópolis, FATMA/GTZ, 139 p.
LOEBMANN, D; VIEIRA, J.P. 2005. Dis-
tribuição espacial e abundância das assem-
bléias de peixes no Parque Nacional da Lagoa 
do Peixe, Rio Grande do Sul, Brasil. Revista 
Brasileira de Zoologia, 22(3):667-675. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 5 9 0 / S 0 1 0 1 -
81752005000300023
LONERAGAN, N.R.; POTTER, I.C. 1990. 
Factors influencing community structure and 



131Neotropical Biology and Conservation

The role of estuarine beaches as habitats for fi shes in a Brazilian subtropical environment

distribution of different life-cycle categories of 
fishes in shallow waters of a large Australian 
estuary. Marine Biology, 106:25-37. 
http://dx.doi.org/10.1007/BF02114671
LOPES, P.R.D.; OLIVEIRA-SILVA, J.T.; 
SENA, M.P.; SILVA, I.S.; VEIGA, D.C.M.; 
SILVA, G.R.; SANTOS, R.C.L. 1999. Con-
tribuição ao conhecimento da ictiofauna da 
praia de Itapema, Santo Amaro da Purificação, 
Baía de Todos os Santos, BA. Acta Biológica 
Leopondensia, 21(1):99-105.
MATIĆ-SKOKO, S.; PEHARDA, M.; PAL-
LAORO, A.; FRANIČEVIĆ, M. 2005. Species 
composition, seasonal fluctuations, and resi-
dency of inshore fish assemblages in the Pan-
tan estuary of the eastern middle Adriatic. Acta 
Adriatica, 46(2):201-212.
MCLACHLAN, A. 1983. Sandy beaches ecolo-
gy - A review. In: A. MCLACHLAN; T. ERAS-
MUS, T. (ed.), Sandy beaches as ecosystems. 
The Hague, Dr. Junk Publishers, p. 321-380.
MENEZES, N.A.; FIGUEIREDO, J.L. 1980. 
Manual de peixes marinhos do sudeste do 
Brasil. IV. Teleostei (3). São Paulo, Museu de 
Zoologia/USP, 96 p.
MENEZES, N.A.; FIGUEIREDO, J.L. 1985. 
Manual de peixes marinhos do sudeste do Bras-
il. V. Teleostei (4). São Paulo, Museu de Zoolo-
gia/USP, 90 p.
MOSER, H.G. 1996. The early stages of fishes 
in the California Current Region. CALCOFI AT-
LAS N° 33. Lawrence, Allen Press Inc., 1505 p.
MOYLE, B.P.; CECH JR., J.J. 1996. Fishes. An 
introduction to ichthyology. New Jersey, Pren-
tice Hall, 590 p.
NORDSTROM, K.F. 1992. Estuarine Beaches: 
An introduction to the Physical and Human fac-
tors affecting use and management of beaches 
in estuaries, lagoons, bays and fjords. London, 
Elsevier Science Publishers Ltd, 225 p. 
OLIVEIRA-NETO, J.F.; GODEFROID, R.S.; 
MACLAREN, G.N.Q.; SCHWARZ JR., R. 
2004. Variação diuturna na captura de peixes em 
uma planície de maré da Baía de Paranaguá, PR. 
Acta Biológica Leopoldensia, 26(1):125-138.

PAIVA-FILHO, A.M.; GIANNINI, R.A.; RIBEI-
RO NETO, F.B.; SCHMIEGELOW, J.M.M. 
1987. Ictiofauna do complexo Baía Estuário de 
Santos e São Vicente, SP, Brasil. Relatório In-
terno do Instituto Oceanográfico, 17:1-10.
PATERSON, A.W. WHITFIELD, A.K. 2000. 
Do shallow-water habitats function as refugia 
for juveniles fishes? Estuarine, Coastal and 
Shelf Science, 51:359-364. 
http://dx.doi.org/10.1006/ecss.2000.0640
PESSANHA, A.L.M.; ARAÚJO, F.G. 2003. 
Spatial, temporal and diel variations of fish as-
semblages at two sandy beaches in the Sepetiba 
Bay, Rio de Janeiro, Brazil. Estuarine, Coastal 
and Shelf Science, 57:817-828. 
http://dx.doi.org/10.1016/S0272-7714(02)00411-0
RAMOS, L.A.; VIEIRA, J.P. 2001. Com-
posição específica e abundância de peixes de 
zonas rasas dos cinco estuários do Rio Grande 
do Sul, Brasil. Boletim do Instituto de Pesca de 
São Paulo, 27(1):109-121.
RÉ, P.M.A.B. 1999. Ictioplâncton estuarino da 
península Ibérica (Guia de Identificação dos 
ovos e estados larvares planctônicos). Lisboa, 
Universidade de Lisboa, 78 p.
RICHARDS, W.J. 2006. Early stages of Atlan-
tic fishes. An identification guide for the West-
ern Central North Atlantic. Boca Raton, CRC/
Taylor & Francis, 2640 p.
RÖNNBÄCK, P. 1999. The ecological basis 
for economic value of seafood production sup-
ported by mangroves ecosystems. Ecological 
Economics, 29:235-252. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / S 0 9 2 1 -
8009(99)00016-6
ROZAS, L.P.; MINELLO, T. J. 1997. Estimat-
ing densities of small fishes and decapod crusta-
ceans in shallow estuarine habitats: a review of 
sampling design with focus on gear selection. 
Estuaries, 20(1):199-213. 
http://dx.doi.org/10.2307/1352731
SANTOS, E. 1992. Nossos Peixes Marinhos. 
Rio de Janeiro, Villa Rica, 265 p. 
SANTOS, C.; SCHWARZ JR., R.; OLIVEIRA-
NETO, J.F.; SPACH, H.L. 2002. A ictiofauna 

em duas planícies de maré do setor euhalino da 
Baía de Paranaguá, PR. Boletim do Instituto de 
Pesca de São Paulo, 28(1):49-60.
SOKAL, R.R.; ROHLF, F.J. 1995. Biometry. 
New York, W.H. Freeman and Company, 859 p.
SPACH, H.L.; FÉLIX, F.C.; HACKRADT, 
C.W.; LAUFER, D.C.; MORO, P.S.; CAT-
TANI, A.P. 2006. Utilização de ambientes rasos 
por peixes na Baía de Antonina, Paraná. Bio-
ciências, 14(2):125-135.
TAYLOR, J.C.; RAND, P.S. 2003. Spatial over-
lap and distribution of anchovies (Anchoa spp.) 
and copepods in a shallow stratified estuary. 
Aquatic Living Resources, 16:191-196. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / S 0 9 9 0 -
7440(03)00012-3
TEIXEIRA, R.L.; ALMEIDA, G.I. 1998. Com-
posição da ictiofauna de três praias arenosas de 
Maceió, AL-Brasil. Boletim do Museu de Biolo-
gia Mello Leitão, 8:21-38. 
VENDEL, A.L.; CHAVES, P.T.C. 2006. Use of 
an estuarine environment (Barra do Saí lagoon, 
Brazil) as nursery by fish. Revista Brasileira de 
Zoologia, 23(4):1117-1122. 
h t t p : / / d x . d o i . o r g / 1 0 . 1 5 9 0 / S 0 1 0 1 -
81752006000400020
WEISBERG, S.B.; WILSON, H.T.; HIM-
CHAK, P.; ALLEN, R. 1996. Temporal trends 
in abundance of fish in the tidal Delaware river. 
Estuaries, 19(3):723-729. 
http://dx.doi.org/10.2307/1352531
WHITFIELD, A.K. 1999. Ichthyofaunal as-
semblages in estuaries: A South African case 
study. Reviews in Fish Biology and Fisheries, 
9:151-186. 
http://dx.doi.org/10.1023/A:1008994405375

Submitted on November 21, 2012
Accepted on September 09, 2013


