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Benthic macrofauna of sandy intertidal zone at Santos estuarlne system, 
São Paulo, Brazil 

Introduction 
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• Abstract: Species composition, faunal density, species diversity and zonation 
patterns of benthic macrofáUIUl, as well as its relation to sediment charac
teristics were examined and compared in three sandy beaches on the polyhaline 
area at Santos estuarme system in the State of São Paulo. Samples were collected 
quarterly during one year (July/1977 "' May/1978). Low, mean and high intertidal 
leveIs were sampled Polychaetes dominated the faUIUl, both in terms of numbers 
of species and numbers of individuals. The community structure ofPonta da Praia 
beach was characterized by high density, low diversity (H') and evenness (J'), due 
to the dominance of the spionid Scolelepis squamata. At Vicente de Carvalho the 
fauna was characterized by the dominance of the polychae~es Laeonereis acuta 
and Capitella capitata and presented low density, high diversity and evenness. At 
Bertioga Channel, intermediate values were observed and the fauna was 
dominated by Scololepis squamata andLaeonereis acuta. The sediment texture was 
responsible for those figures, although some difIerences in diversity may be 
explained by difIerences in wave energy. The low number of crustaceans and 
molluscs suggests the effect of the estuarme pollution upon the fauna. The zonation 
pattem of both species distribution and community structure differed at the 
studied sites; it was not correlated with sediment characteristics which were 
relatively uniform down shore; however, the lowest diversity was observed at the 
high leveI in all sites. 

• Descriptors: Zoobenthos, Intertidal environment, Community composition, 
Species diversity, Estuaries, Santos, SP. 

• Descritores: Zoobentos, Zona entremarés, Composição da comunidade, 
Diversidade das espécies, Estuários, Santos, SP. 

The Santos estuarine system is considered a highly 
polluted environment due to the presence of a harbor, a 
considerable urban development and the presence of an 
industrial centre which utilizes the fluvial complex as 
output (Tommasi, 1979). The biological communities as 
well as the effect of pollution on them were investigated by 
several authors (CETESB, 1978; Gianesella-Galvão, 1978; 
Tommasi, 1979; Monteiro, 1980; Sousa, 1983; Eston, 1985). 

the polyhaline area of Sántos estuarine system. Last years 
there was a steady interest in studing the macrobenthos of 
Brazilian sandy beaches quantitatively (Gianuca, 1987; 
Amaral et ai., 1990); however, community structure 
received little attention (Monteiro, 1980; Varoli, 1988). 

The purpose of this study was to examine species 
composition, faunal density, species diversity and zonation 
patterns, related to sediment characteristics and to 
compare in three sandy beaches. 

The present research has been conducted in order to 
study the benthicmacrofauna of intertidal sandy zones in 
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Studyarea 

Santos estuarme system is situated on the coast of the 
State of São Paulo (23°56'S - 46OW'W). The climate is wet 
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and tropical, presenting a mean annual temperature of 
22°C (Santos, 1965). Tides are semidiurnal and the mean 
tidal range is 0.77 m (Brasil, DHN, 1977). 

Three sites were chosen in the polyhaline area of the 
system (Fig. 1), salinities ranging from 19 to 340/00 (Cor
bisier, 1981). Water temperature ranged -from 21.0 to 
29SC over the study period. 

Site 1, Ponta da Praia Beach, at the entrance of 
Santos ChanneI is a sand depositional zone, 50 m wide 
deeply situated at the Santos Bay. Site 2, Vicente de 
Carvalho Beach is situated in the interior of the Santos 
ChanneI, very close to the port area, unliable to wave action 
and approximately 40 m wide. These two beaches are 
gent1y sloped (1:33). Site 3, approximately 40 m, with a 
slope of 1:25, is situated on the northem margin of the 
Bertioga ChanneI, at its eastem entrance, on one side of 
the channel. Following McLachlan's definition ofbeaches 
(1980) in terms of exposure to wave action, the three 
beaches were considered very sheltered. For the purposes 
of this study, they were distinguished as semi-sheltered 
(site 1), sheltered (site 3) and very sheltered (site 2), 
according to increasing sheltering conditions. 
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Material and methods 

At each study site, one transect was established and 
three intertidalleveIs were chosen on each transect. They 
were located near 0.0 water levei (low), mean and high tide 
leveis, the last one v.ear 1.0 water leveI, and the other one 
at the mean distance between the other two. These leveis 
were located with reference to permanent landmarks in 
relation to 0.0 water leveI. The samples were collected at 
3-monthly intervals during one year: July 28 - August 2 
(winter), October 29 - 30 (spring) 1977, January 31 -
February 1 (summer) and May 5 (fall) 1978. During 
ebb-tide, ten replicate sedim~nt samples were randomly 
collected within an area of 1 m ,at every leveI, using a PVC 
core, 10 em diameter x 10 em deep, giving a total sampling 
area of 0.08 m2• This number of cores was determined as 
representative in a previous collection (Corbisier, 1981). 
All samples were gent1y washed on a 05 mm mesh sieve so 
as to remove excess sediment, and preserved in 70% 
ethanoI. In the laboratory, macrofaunal organisms were 
sorted under stereomicroscope, identified to the lowest 
possible taxon and then counted. 

lO' 
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Fig. 1. Stucly sites a10ng the Santos estuarine system: 1 - Ponta da 
Praia, 2 - Vicente de Carvalho anel 3 - Bertioga Channel 
beaches. 
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One core (the same size as described above) was taken 
from each leveI in order to estimate grain size distribution 
and organic matter contento Sediment was analysed by 
sieving and pipetting classic methods (Suguio, 1973). To 
estimate the total percentage of organic matter, an aliquot 
was taken out of each sample before washing, dried at 70°C, 
and afterwards combusted in a muffle fumace at 550°C for 
2h. 

Community structure was evaluated by comparing 
number of individuais per 0.08 m2 (N), and species num
bers (S), Shannon index of species diversity (H', log 2) and 
Pielou's index of evenness (J') per sample (Pielou, 1969). 
As suggested by Dauer & Simon (1975) numbers of in
dividuais per site were estimated ~ calculating the average 
number of individuais per 0.08 m from the three leveis to 
reduce error due to patchiness distribution of organisms. 
The differences among sites were examined by Kruskal
Wallis rank test K (2 - tailed probabilities) (Zar, 1974) and 
"a posteriori" multiple comparison test of Dunn (Gibbons, 
1976). Correlations were. examined using Spearman rank 
coeficient rs. 

Results 

Sediment 

The sediment was characterized as very fine sand (Mz 
between 3 and 40) at all sites (Table 1). At sites 1 and 3, 
the sand was well to very well sorted, while at site 2 it was 
predominantly moderately sorted, with a higher d than the 
other two sites (Tables 1 and 7). Statistical analysis of the 
sorting coefficient of the sediments has not shown zonal 
trends high to down shore at any of the beaches (Table 7). 

In sediments with higher silt-clay content (site 2), or
ganic content was also high (Tables 1 and 7). A positive 
correlation was found between these two parameters (rs = 
0.72, rscrit = 035). There were no significant differences in 
the distribution of these two factors among tidalleveIs at 
any of the study sites, except for silt -clay at site 2, which was 
generally lower at high levei (Figs 2 and 3, Table 7). 

Macro/auna 

Species composition and numerical dominan~ 

A total number of 24 species of benthic macro
invertebrates was identified in the samples (Tables 2 to 5). 
Polychaetes dominated the fauna, both in terms of species 
(14 species) and number of individuais (92.2 to 985% of 
total fauna). They were followed by bivalves with seven 
species and from 03 to 7.6% of total number of individuais. 

At site 1, the spionidScolelepis squamata accounted for 
86.7 to 98.4% of all macrofauna and was present 
throughout the year. This species was considerably 
abundant at the high intertidal level (Tables 2 to 5). 
Agregates of tubes of Diopatra cf cuprea were always ob
served at this beach; however its presence was not quan
tified because its distribution was deeper in the sediment 
than the depth of the samples. The bivalve Donax gemmula 
was the one significantly represented. This species was 
more numerous at lowand middle leveis, depending on the 

water level This species was absent from samples during 
the fall (Table 5). 

At site 2, the numerical dominant species were the 
nereid Laeonereis acuta (38.8 - 75.4% of total) and the 
capitelid Capite/la capitata (12.7- 35.6%) mainlyat the high 
intertidaI level (tab. 2 to 5). The pilargidSigambra bassi was 
substantially found (2.5 to 13.6% in total fauna). The 
glycerid Glycinde multidens, the bivalves Anomalocardia 
brasiliana and Tagelus divisus were commonly observed 
in low numbers. The decapod Callinectes sp was the only 
crustacean that occurred in more than one sample. 

At site 3, the spionid Scolelepis squamata was the 
dominant species (825 - 953%), except during the fall. The 
second more abundant species was Laeonereis acuta (3.1 -
13.1%) from winter to summer. Capite/la capitatawas not 
found in winter samples (Table 2) but, during the fall, this 
species represented 57.8% of total fauna, while S. 
squamata, 313%. Polychaetes were usually more abundant 
at high and middle intertidalleveIs; but during the fall, a 
beach profile modification was observed and polychaetes 
occurred only at middle and low leveis (Table 5). 

Community structure 

Differences in overall faunal density were observed 
among the three study sites as well as along the leDgth of 
each transect (Table 6). The highest densities (249 to 724 
inds.O.08m -2) occurred at site 1, w~e the lowest were 
observed at site 2 (35 to 141 inds.O.08m - ) (Tables 6-7). The 
general standard of total faunal density was a rise in num
ber of individuais from low to high leveis, except during the 
fall, at site 3 (Tables 6-7). 

A pattem of species numbers along each transect on 
the beaches was not observed, but a significant difference 
among the sites was observed, site 1 presenting a lower 
number of species than site 3 (Tables 6-7). . 

Species diversity (H') and evenness (J') varied con
siderably from season to season at a given site and leveI' 
(Table 6). Overall diversity and evenness were generally 
higher in site 2 and lower in site 1 (Table 7). The zonation 
pattem of species diversity and evenness was not similar in 
the three sites. At site 1, the highest values of diversity 
and evenness were observed at the middle leveI, whereas 
these values were usually lower at the high leveI, although 
the J' values were not significantly different (Tables 6-7). 
At site 2, the lowest values were found at the high leveI 
(Table 7). This was aIso true for site 3, except during the 
fall, when the highest species diversity and evenness were 
found at the middle leveI, showing insignificant diferences 
among leveis in H' and J' (Tables 6-7). 

Discussion and conclusions 

Comparlson among sites 

The sites were marked by polychaetes dominance 
probably on account of the sheltered characteristic of the 
sites. This was observed by both Knott et ai. (1983) and 
Croker (1977), in ~e V.S. Atlantic coast in contrast with 
the dominance of peracarid crustaceans in larger exposed 
sandy beaches. Dextei" (1983) found the same in beaches 
of New South Wales, Australia. 
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labIa 1. Results of the sedimentologlcal analysis. Mz = mean grain size (IZJ), d = standard deviation. 
L - low, M - mlddle, and H - high intertldal leveis. W - winter, Sp - spring, Su - sumrner, F - fali 

Level Period Mz Silt-clay Organic 
00 content (X) 

Site 
L W 3.35 0.37 3.31 1 .41 
M W 3.34 0.36 3.24 1. 50 
H W 3.34 0.36 3.57 1 .52 
L Sp 3.30 0.39 2.33 0.74 
M Sp 3.30 0.35 2.52 0.86 
H Sp 3.33 0.34 2.19 0.63 
L Su 3.27 0.35 2.00 0.79 
M Su 3.14 0.39 1 .89 0.70 
H Su 3.27 0.38 3.08 1 .26 
L F 3.33 0.36 2.72 0.99 
M F 3.23 0.41 2.35 1 .36 
H F 3.28 0.40 2.68 1. 32 

Site 2 
L W 3.38 0.40 4.91 1 .30 
M W 3.48 0.48 7.68 1 .74 
H W 2.94 1. 07 3.78 0.99 
L Sp 3.39 0.75 10.62 1 .50 
M Sp 3.31 0.49 3.84 1 . 15 
H Sp 3.18 0.63 2.78 1 .63 
L Su 3.31 0.87 5.98 2.21 
M Su 3.39 1. 06 13. 11 3.30 
H Su 3.16 0.84 2.21 0.69 
L F 
M F 3.34 0.74 6.78 1 .08 
H F 3.08 0.93 2.50 1 .55 

Site 3 
L W 3.19 0.41 2.55 0.69 
M W 3.19 0.34 2.62 0.64 
H W 3.18 0.38 2.81 0.76 
L Sp 3.09 0.42 2.34 0.98 
M Sp 3.16 0.32 2.18 0.69 
H Sp 3. 15 0.43 2.57 0.74 
L Su 3. 11 0.35 2.12 0.50 
M Su 3.32 0.47 2.29 0.64 
H Su 3.12 0.35 3.32 0.40 
L F 3.10 0.46 2.72 0.61 
M F 3.03 o • 41 2.52 0.68 
H F 3.09 0.33 2.08 0.36 
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Fig. 2. Slt-clay fraction variation at each levei of 
the three study sites. L - low. M - middle. 
and H - high Intertidal leveis. * = sample 
not coIlected due to high water leveI. 

In South Brazilian sandy beaches, which are exposed 
to strong wave adion, great numbers of bivalves and 
crustaceans characterize the intertidal zone (Gianuca, 
1983, 1987; Loyola e Silva et aJ., 1984, 1985). In contrasto in 
the northem coast of São Paulo State sandy beaches not 
so exposed to wave action present greater polychaetes 
numbers aside from crustaceans and molluscs (Amaral et 
aJ.,I990). 

Sediment at sites 1 and 3 was structurally simple (in 
Gray's concept, 1974), constituted by very fine and well 
sorted sand, with low silt -clay and organic matter contents. 
These factors seem to be responsible for the numerical 
dominance of the spionid Scolelepis squamata and, con
sequently, for the low diversity and evenness of the sites. 
This result is in accordance with Reti~re (1967) and Wolff 
(1973) who correlated the distribution of S. squamata with 
well sorted sands. On the northem coast ofSão Paulo State, 
S. squamata also occurs preferentially in fine sediments 
(Amaral, 1979; Amaral et aJ., 1990). 

At site 2, the sediment was structurally niore compleXo 
constituted by very fine sand with higher percentage of 
coarse sand as well as silt-clay and organic matter. At this 
site, diversity and evenness were greater than at the other 
sites moreover a lower faunal density. These results were 
in accordance with Gray's hypothesis (1974) that intertidal 
variations of diversity be influenced by structural sediment 
complexity. As Read et aJo (1978) have suggested, high 
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Flg. 3. Organic rnatter content of sediment 
variation at each levei of the three 
study sites. L - low, M - middle, and 
H - high intertidal leveis. * = sample 
not collected due to high water levei. 

values of diversity and species number are positively 
correlated to silt-clay content in predominantly sandy 
beaches. 

The texture of the sediment was the studied fador 
responsible for the differences observed in species 
composition and dominance among the studied sites, as 
well as in community structure . On the other hand, the 
small difference observed between diversity index of sites 
1 and 3 seemed to retlect a difference in"wave exposure of 
the sites. Site 1 is moderately exposed to wave action and, 
as a result, diversity is lower. The degree of wave exposure 
has an effect on aspects of community structure. Croker 
(1977) found that species richness, evenness and diversity 
were all considerably higher on a semi-protected intertidal 
beach than at a moderately exposed site in U .S. AtIantic 
coast. Knott et aJo (1983) observed the same in the studied 
beaches after an increase of sheltering owing to a jetty 
construction, although sediment features did not change. 
Dext:er (1983), studying sandy beaches in New South 
Wales, Australia, also found that more species occurred 
with an increasing protection from wave exposure. 

At site 3, the observed change in fauna! dominance 
during the fall migq.t be explained by an accumulation of 
sand, primarily observed at high level The polychaete 
Capitella capitata is known as an opportunistic species in 
situation of fine sediment deposition (Eagle & Rees, 
1973). 
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Table 7. Results of A) Kruskal-Wallis rank 
test and B) "a posteriori" multi pie 
comparison test of Ounn. (*) indicates 
the test is significan at a = 0.05. L -
low, M - middle, and H - high intertidal 
leveis. 

A 

Ameng leveis 
Ameng 
Sites Site 1 Site 2 Site 3 

Õ 19.85* O.V 1.75 0.26 

Si 1 t·clay 12.21* 1.08 7.05* 0.11 

Org. conto 18.24* O.V 1.29 0.13 

No.inds.O.08 m ·2 7.04* 6.73* 6.42* 3.11 

No.spp 5.74* 5.38 2.V 0.60 

H' 6.7J* 6.04* 7.69* 2.63 

J' 15.47* 5.11 6.41* 5.32 

B 

Õ U<2 
Si! t·clay 12<2 M>L>H 

Org. conto 3<!.,l 

No. inds.O.08 m ·2 1.]>2 !..J!<H L<M<H 

No. spp 1 2 3 

H' 1<3<2 M>L>H L M>H 

J' 132 L>M H 

Owing to a lack of previous quantitative work in the 
studied area, a quantitative evaluation of the effects 
of pollution upon the intertidal associations could 
not be conducted Nevertheless, the extremely low num
bers of crustaceans and bivalves collected during the inves
tigations suggest tbis effect. This was also suggested 
by Tommasi (1979) in relation to the infralitoral bivalves of 
Santos ChanneL In the estuarine-Iagoonal system of 
19uape-Cananéia, considered as unpolluted, Varoli 
(1988) observed that polychaetes were numerically 
dominant in the studied sand flats, whereas peracarid 
crustaceans were the second group in abundance. A pos
sible explanation might be the constant presence of 
hydrocarbonates in the Santos estuarine system (CETESB, 
apud Tommas~ 1979) which might affect some of those 
organisms in their planktonic stages. In the polluted Tees 
estuary, England, the most dramatic reduction in the 
macrofauna had been in the bivalves, possibly due to 
the effect of pollution on their larval recruitment (Gray, 
1976). The species that had disappeared were primarily 
those with long lived planktotrophic larvae. The reduction 
in crustaceans and bivalves numbers in relation to or
ganic enrichment and pollution was also reported by Pear
son & Rosenberg (1978) who analysed results of several 
studies. 

Diversity index of the three sites varied from 0.19 to 2.29 
bits.ind.-! (Table 6). Tbis range in species diversity H' is the 
same as that reported for tropical, temperate and boreal 
sandy beaches exposed to strong wave action (respectively, 
Dexter, 1972, 1974, 1979, 1983 and Croker, 1977). Tbis fact 
suggests that macrofaunal associations in the study sites 
were subjected to a high environmental stress. 

IntertidaJ zonation 

In the studied beaches, sediment composition from high 
to lowintertidal zone was relativelyuniform. Therefore, the 
pattem of species distribution among different levels was 
not correlated with sediment characteristics. Salinity of 
interstitial water, water content of sediment and time of air 
exposure can be responsible for species distribution 
(Newell, 1979), as well as biological interactions such as 
predation or competition (McLachlan, 1983). Although 
these factors were not evaluated in this study, great 
abundance of Laeonereis acuta and Scolelepis squamata at 
high shore might be re1ated to low salinity of interstitial 
water. The abundance of these species was related to 
salinity of interstitial water lower than 100/00 in Ubatuba 
beaches on the northem coast of the State of São. Paulo 
(Amaral, 1979). 

As regards the donacid Donax gemmula in site 1, it was 
observed that its distribution varied in relation to tidal 
leveI, a typical migratory behaviour of the genus 
(Domaneschi & Lopes, 1988). 

The present results has not suggested a cIear faunal 
zonation, which is in accordance to McLachlan (1983) who 
stated that a real zonation pattem in sandy beaches has 
never been proved, although some species show 
preference for a certain leveI at the beach. 

Differences in density, diversity (H') and evenness (J') 
were observed among tidallevels in the studied beaches .. 
At site 1, the faunal density increased from low to high 
shore, while diversity and evenness were great at the 
middle shore. This results from the overlap of population 
distribution of the donacid D. gemmula and the spionid S. 
squamata. At sites 2 and 3, species diversity and evenness 
were greater at lo~ leveI whereas density was greater at 
high shore. 

The lowest diversity and evenness were generally found 
at high leveL Increasing in community structure towards 
low shore is usually related to intertidal stress gradient 
(Johnson, 1970; Gray, 1974; Holland & Dean, 1977; Dex
ter, 1983; ~ott et ai., 1983; McLachlan, 1983), the greater 
diversity at the low leveI being re1ated to lesser physical 
stress. 
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Resumo 

N este trabalho foi estudada a macrofauna bentônica 
da zona entremarés arenosa da área polihalina do sistema 
estuarino de Santos. A composição em espécies, densidade 
e diversidade e o padrão de zonação da fauna foram 
analisados e comparados, bem como sua relação com as 
características do sedimento em três praias arenosas. As 
amostras foram coletadas trimestralmente durante o 
período de um ano Gulho/1977 - maio/1978)~ Em cada 
local, foram amostrados os níveis inferior, médio e superior 
da zona entremarés. 

Os poliquetos constituíram o grupo faunístico 
dominante, seja em termos de número de espécies como 
de indivíduos. Na Ponta da Praia, a estrutura da 
comunidade foi caracterizada por alta densidade 
faunística e baixos índices de diversidade (H') e 
equabilidade (J') devido à dominância numérica do poli
queto Scolelepis squamata. Na Praia de Vicente de Carval
ho, a fauna caracterizou-se pela dominância dos 
poliquetosLaeonereis ocuta e Capitella capitata e por baixa 
densidade e alta diversidade e equabilidade. Na praia do 
Canal da Bertioga, esses valores foram intermediários e as 
espécies numericamente dominantes foram Scolelepis 
squamata e Laeonereis acuta. A textura do sedimento foi 
o principal fator analisado responsável por essas 
diferenças observadas entre as praias, embora 
diferenças na diversidade possam também estar 
relacionadas ao grau de proteção à ação de ondas . 

O reduzido número de crustáceos e moluscos coletados 
durante o período do estudo sugerem o efeito da poluição 
do sistema sobre essa fauna. 

Nas praias, o padrão de distribuição das espécies e 
estrutura das comunidades entre os diferentes níveis não 
foi semelhante nos locais estudados, como também não foi 
relacionado às características do sedimento, relativamente 
uniformes; contudo, foi observado que a diversidade foi 
menor no nível superior de todos os locais. 

References 

AMARAL, A C. Z 1979. Ecologia e contribuição dos 
anelídeos poliquetos para a biomassa bêntica da zona 
das marés, no litoral norte do Estado de São Paulo. 
Bolm Inst. oceanogr., S Paulo, 28(1):1-52. 

_--====-=-....,,-~; MORGADO, E. H.; LOPES, P. P.; 
BELÚCIO, L. F.; LEITE, F. P. P. & FERREIRA, 
C. P. 1990. Composition and distribution of the 
intertidal macrofauna of sandy beaches on São Paulo 
coast. In: SIMPÓSIO DE ECOSSISTEMAS DA 
COSTA SUL E SUDESTE BRASILEIRA: 
ESTRUTURA, FUNÇÃO E MANEJO, 2., Águas 
de Lindóia, 1990. São Paulo, ACIESP. v 3, p. 
258-279. 

BRASIL. DIRETORIA DE HIDROGRAFIA E 
NAVEGAÇÃO. 1977. Tábuas de marés para o ano 
de 1977. Costa do Brasil e Portos estrangeiros. 

Bolm Inst. oceanogr., S Paulo, 39(1),1991 

CEfESB, SÃO PAULO. 1978. Poluição das águas no 
estuário e Baía de Santos, São Paulo. São Paulo, 
Companhia Estadual de Saneamento Ambiental. 
v.1. 

CORBISIER, T. N. 1981. Aspectos ecológicos da 
macrofauna bentônica de zona entremarés arenosa, 
no sistema estuarino de Santos (Estado de São 
Paulo, Brasil). Dissertação de mestrado. Univer
sidade de São Paulo, Instituto Oceanográfico. 123 p. 

CROKER, R. A 1977. Macro-infauna of northem 
New England marine sand; long-term intertidal 
community structure. In: Coull, B. c., ed. Ecology of 
marine benthos. Columbia, University of South 
Carolina Press. p. 439-450. 

DAUER, D. M. & SIMON, J. L 1975. Lateral or 
along-shore distribution of the polychaetous an
nelids of an intertidal sandy habitat. Mar. Biol., 
31:363-370. 

DEXTER, D. H. 1972. Comparison of the community 
structures in a Pacific and Atlantic Panamanian 
sandy beaches. BulL mar SeL, 22(2):449-462. 

1974. Sandy-beach fauna of the 
Pacific and Atlantic coasts of Costa Ricaand 
Colombia. Revta Biol. trop., 22(1):51-66. 

____ ---,-_--.,. 1979. Community structure and 
seasonal variation in intertidal Panamanian sandy 
beaches. Estuar. coast. mar. SeL, 9(5):543-558. 

1983. Community structure of 
intertidal sandy beaches in New South Wales 
Australia. In: McLachlan, A & Erasmus, T., ed~ 
Sandy beaches as ecosystems. The Hague, Junk. p. 
461-472. 

DOMANESCHI, O. & LOPES, S. G. B. C. 1988. Famt1ia 
Donacidae Fleming, 1828. Inform. SBMa, 87:9-12. 

EAGLE, R A & REES, E. I. S. 1973. Indicator species 
- a case for caution. Mar. Pollut. Bull., 4(2):25. 

ESTON, V. R. de 1985. Sessile ciliates on artificial 
substrata submerged in a polluted estuary (Santos 
SP, Brazil). Bolm Inst. oceanogr., S Paulo, 33(1):79~ 
91. 

GIANESELLA-GALVÃO, S. M. F. 1978. Produção 
primária da Baía de Santos, Estado de São Paulo. 
Aspectos sobte a eficiência fotossintética num am
biente marinho poluído. Dissertação de mestrado. 
Universidade de São Paulo, Instituto Oceanográfico. 
53 p. 

GIANUCA, N. M. 1983. A preliminary account of 
the ecology of sandy beaches in Southem Brasil. In: 
McLachlan, A & Erasmus, T., eds Sandy beaches 
as ecosystems. The Hague, Junk. p. 413-419. 



CORBISIER: Benthic macrofauna: sandy intertidal zone: Santos 13 

GIANUCA, N. M. 1987. Zonação e produção nas 
praias arenosas do litoral sul e sudeste do Brasil: 
síntese dos conhecimentos. In: SIMPÓSIO 
SOBRE ECOSSISTEMAS DA COSTA SUL E 
SUDESTE BRASILEIRA, Cananéia, 1987. São 
Paulo, ACIESP. v. 1, p. 313-332. 

GIBBONS, J. D. 1976. Nonparametric methods for 
quantitative analysis. New York Holt, Rinehart and 
Winston. 463 p. 

GRA Y, J. S. 1974. Animal-sediment relationships. 
Oceanogr. mar. Biol. a. Rev., 12:223-261. 

____ o 1976. The fauna of the polluted River Tees 
estuary. Estuar. coast. mar. Sei., 4:653-676. 

HOLlAND, A. F. & DEAN, J. M. 1977. The 
community biology of intertidal macrofauna in
habiting sandbars in lhe North Inletarea of South 
Carolina, V.SA. In: Coull, B. C., ed. Ecology of 
marine benthos. Columbia, University of South 
Carolina Press. p. 423-238. 

JOHNSON, R. G. 1970. Variations in d1versity within 
benthic marine eommunities. Am. Naturalist, 
104(937):285-300. 

KNOTT,D.M.; CALDER, D.R. & V AN DOIAR, R. F. 
1983. Macrobenthos of sandy beaeh and nearshore 
environments at Murrells Inlet, South Carolina, 
U.SA. Estuar. coast. Shelf Sci., 16:573-590. 

LOYOLA E SILVA, J.; FORNERIS, L. & 
MASUNARI, S. 1984. Distnbuição da fauna na 
Praia de Leste, Paraná. In: CONGRESSO 
BRASlIEIRO DE ZOOLOGIA, 11., Belém, 1984. 
Resumos. Belém, UFP NSBZ p. 444-445. 

1985. Distribuição espacial e temporal da fauna na 
Praia de Leste, Paraná. In: CONGRESSO 
BRASlIEIRO DE ZOOLOGIA, 12., Campinas, 
1985. Resumos. Campinas, UNICAMP/SBZ. p. 352. 

McLACHLAN, A. 1980. The definition of sandy 
beaches in relation to exposure: a simple rating 
system. S. Afr. J. Sei., 76:137-138. 

1983. Sandy beache ecology - a review. 
In: McLachlan, A. & Erasmus, T., eds Sandy 
beaches as ecosystems. The Hague, Junk. p. 461-472. 

MONTEIRO, A. M G. 1980. A macrofauna do in
fralitoral superior das praias de Santos e São 
Vicente. Dissertação de mestrado. Universidade de 
São Paulo, Instituto Oceanográfico. 127 p. 

NEWELL, R. G.· 1979. Biology of intertidal animaIs. 
3rd ed. Kent, Márine Ecologica1 Surveys. 555p. 

PEARSON, T. H. & ROSENBERG, R. 1978. 
Macrobenthic succession in relation to organic en
richment and pollution of the marine environment. 
Oceanogr. mar. Biol. a. Rev., 16:229-311. 

PIELOU, E. C. 1%9. An introduction to mathematical 
ecology. New York, Wiley-Interscience. 268 p. 

READ, P. A.; RENSHAW, T. & ANDERSON, K. J. 
1978. Pollution effects on intertidal macrobenthic 
communities. J. appl. Ecol., 15(1):15-31. 

RETIERE, C. 1%7. Place du Spionidae Nerine cir
ratu/us (Delle Chiaje) dans les sables 
medio-littoraux de la plage de Lancieux (Côtes-du
Nord). Interactions alimentaires des différents 
especes du groupement annélidien. Bull. Soe. scient. 
Bretagne, 42:39-47. 

SANTOS, E. de O. 1%5. .Características climáticas. 
In: A Baixada Santista: aspectos geográficos. São 
Paulo, EDUSP. v.1, p.95-150. 

SOUSA, E. C. P. M. de 1983. Primary production 
of the benthic microflora living on intertidal flats in 
the Santos estuarine system (24°S, 46OW), São Paulo, 
Brazil. Bolm Inst. oceanogr., S Paulo, 32(2):177-186. 

SUGUIO, K. 1973. Introdução à sedimentologia. São 
Paulo, Edgard Blucher/EDUSP. 312 p. 

TOMMASI, L. R. 1979. Considerações ecológicas 
sobre o sistema estuarino de Santos (SP). Tese de 
livre-docência. Universidade de São Paulo, Instituto 
Oceanográfico. 2. 

VAROU, F. M F. 1988. Associações bentônicas da 
zona entre- marés do sistema estuarino-Iagunar de 
19uape-Cananéia, São Paulo. Tese de doutorado. 
Universidade de São Paulo, Instituto Oceanográfico. 
205p. 

WOLFF, W. J. 1973. The estuary as a habitat An 
analysis of data on the soft -bottom macrofauna of the 
estuarine area of the rivers Rhine, Meuse and 
Scheldt. ZoolÇ>gischer verh., 126:1-242. 

ZAR, J. H. 1974. Biostatistica1 analysis. Englewood 
Cliffs, Prentice-Hall. 620 p. 

(JRecebüio eln 27-11~; 
aceito eln 04-04-91) 


