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beaches of the Northern coast of the State of São Paulo, Brazil

Fosca P. P. Leite¹; Mirna R. S.Tambourgi¹ & Carlo M. Cunha²

Abstract

¹ Departamento de Biologia Animal, Instituto de Biologia, UNICAMP,
CP 6109, CEP 13083-970, Campinas, São Paulo, Brazil. fosca@unicamp.br

² Museu de Zoologia da Universidade de São Paulo,
CP  42594, 04299-970 São Paulo, Brazil; email: carlomagenta@gmail.com

A variação sazonal da composição, densidade e número de espécies de moluscos gastrópodes associados 
às frondes e sedimento retido pelos rizóides da alga verde Caulerpa racemosa, foi estudada em duas praias 
do litoral norte do Estado de São Paulo com diferente hidrodinamismo e influência antrópica. As coletas foram 
realizadas na Praia das Cigarras (moderadamente agitada e com forte influência antrópica) em São Sebastião 
e Praia da Fortaleza (abrigada e baixa influência antrópica) em Ubatuba nas quatro estações do ano (inverno, 
primavera, verão e outono). Foram obtidas três amostras em cada praia por estação do ano. A fauna de 
moluscos gastrópodes foi identificada, quando possível, até o nível específico. Foi identificado um total de 
50 espécies cujo número e composição variaram entre estações do ano e praia. Poucas espécies foram 
dominantes nos dois locais e quatro estações do ano. Observa-se que a maior parte das espécies ocorreu 
em baixas densidades e nem sempre em todas as estações do ano. As características físicas e biológicas de 
cada praia, relacionadas à morfologia da alga, sedimento retido pelos rizóides e hidrodinamismo, podem ser 
os fatores que controlam a composição, número de espécies, dominância e densidade dos gastrópodes. 

Palavras chave: sedimento, composição de espécies, variação sazonal, distribuição espacial, fital.

Seaweed on rocky shores provides shelter and food 
for the diverse assemblages of invertebrates inhabiting 
their fronds, in addition to providing protection against 
desiccation and wave impact (Duffy & Hay 2000). 
Macroalgae can attenuate wave action, providing 
better temperature and salinity conditions and creating 
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a large number of ecological niches for both motile 
and sessile species. The presence and distribution of 
the animals depend on the structure and morphology 
of the seaweed (Jacobi & Langevin 1996) and on the 
habitat conditions that they provide.
Green seaweed of the genus Caulerpa, which is 
common in the sublittoral zone of the coast of the state 
of São Paulo, presents different frond morphologies 
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Seasonal variations in the composition, density and number of species of gastropod molluscs associated 
with fronds and sediment retained on rhizoids of the green seaweed Caulerpa racemosa were studied on two 
beaches on the North coast of the State of São Paulo. The two beaches have different hydrodynamics and 
degrees of human impact. Samples were collected at Praia das Cigarras (moderately agitated, with strong 
human influence) in Sebastião, and at Praia da Fortaleza (sheltered and little human influence) in Ubatuba, 
during the four seasons of the year (winter, spring, summer and autumn). Three samples were obtained from 
each beach for every season of the year. Gastropod molluscs were identified, when possible, to species level 
and counted. A total of 50 species were identified, and their number and composition varied according to the 
season of the year and the beach. Few species were dominant in both sites and all four seasons. Most of the 
species occurred in low number and densities, and were not always present in all seasons of the year. The 
physical and biological characteristics of each beach, regarding macroalgae morphology, sediment retained 
by rhizoids and hydrodynamics, may be the variables controlling composition, number of species, dominance 
and density of gastropods.

Key words: sediment, species composition, seasonal variation,  spatial distribution, phytal.
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Material and Methods

Samples were collected at the sublittoral edge of two 
beaches with different degrees of wave exposure: 
Praia das Cigarras and Praia da Fortaleza. Praia 
das Cigarras, is moderately exposed, and located 
at the North end of the Canal of São Sebastião 
(23º43’52”S and 45º23’56”W), in the municipality of 
São Sebastião, on the Northern coast of the State 
of São Paulo. Along the beach there are summer 
holiday houses that attract a large number of tourists, 
especially during vacation seasons, and boat fishing 
activity, which indicate substantial human influence. 
The beach is bordered to the north and south by rocky 
shores. Samples were collected on the northern rocky 
shore, which presents lower hydrodynamism than the 
southern rocky shore.
The most sheltered beach is Praia da Fortaleza, 
located on Fortaleza inlet, about 27 km from the 
center of the municipality of Ubatuba (23º32’06”S; 
45º09’28”W). This beach shows less anthropogenic 
influence than Praia das Cigarras. It has rocky shores 

that extend southwest-northeast, and two sides with 
different degrees of wave exposure (Jacobucci & 
Leite 2002). Samples were collected in the north 
sector, where hydrodynamic forces are low. 
Samples were collected during the winter and spring 
of 2004 and the summer and autumn of 2005. In 
each of these seasons and locations, three randomly 
selected samples of submerged Caulerpa racemosa 
were obtained. Each sample is defined as all the 
green algae and sediment retained by their rhizoids, 
removed from one rocky fragment. Twelve samples 
were collected from each beach, totaling 24 samples 
in one year of fieldwork. Only rocks submerged of 
similar size (on average 900 cm²) were selected for 
removal of the Caulerpa racemosa. All the seaweed 
and sediment retained by the rhizoids were scraped 
off these boulders with a spatula. This material was 
placed in fabric bags of pore size 200 µm, to prevent 
loss of fauna. We could not collect the fronds separately 
from the sediment, for that reason and for the purpose 
of this study only the total number of gastropods per 
sample, i.e. the number of individuals found both in 
sediment and the fronds, were considered. The wet 
weight of the sample was obtained by weighing all the 
scraped material, that is, the seaweed and sediment 
contained in the fabric bag, after 2 hours, which is the 
time required to drain excess water.
The weight of the fabric bags was omitted in density 
calculations. After weighing, samples were preserved 
in 70% ethanol, and each sample was observed 
with a stereomicroscope for gastropod separation, 
identification (Rios, 2009) and counting.
Dominance (D) (relative abundance of a particular 
species within the season samples and total samples, 
expressed as a percentage) was calculated for each 
season and for the total collected. A frequency (F) 
was calculated as the percentage of total samples 
in which a particular species is present throughout 
the year at each beach. Species were classified as 
presenting high dominance (HD), when they presented 
dominance above of 25%, medium dominance (MD), 
between 24 to 1%, and low dominance (LD) when 
presenting less than 1%. The frequency of each 
species throughout the sample year varied from 
100%, when it was present in all seasons of the year, 
to 25%, when it was present in only one season.
The mean density of the species of gastropods, per 
beach and season of the year, was obtained from the 
relationship between the total weight of the samples 
and the number of individuals in the samples.  
The material studied was deposited in the mollusc 
collection of the Zoology Museum of the State 
University of Campinas (Unicamp), São Paulo, Brazil 
(ZUEC-GAS 267-471).
From the 4401 individuals collected, 4001 were 

and types, and uses its rhizoids to attach to the rocks 
(Joly, 1967). Rhizoids retain sediment which, in turn, 
can provide shelter and food for a large numbers 
of species and individuals. The sediment retained 
may be organically enriched and undergo seasonal 
grain size changes, which favor the establishment of 
species with different living habits (Sánches-Moyano 
et al. 2000).
Molluscs associated with seaweed comprise a 
very diverse and abundant assemblage. Previous 
studies conducted in Brazil have examined species 
composition of molluscs including gastropods, 
associated with the brown macroalgae Sargassum, 
from the North (Montouchet 1979) and South 
(Jacobucci et al. 2006) coasts of the State of São 
Paulo, as well as, from several beaches with varying 
degrees of hydrodynamics in São Paulo and Rio de 
Janeiro (Széchy & Paula 2000). Masunari (1982), 
Mello & Perrier (1992) and Oliveira et al. (2003) 
studied gastropod species associated with calcareous 
and non-calcareous red and green seaweed. To date, 
there’s no information available on gastropod fauna 
associated with Caulerpa racemosa. The only data 
available are on the composition of the ophiuroid 
fauna associated with this green macroalgae (Boffi 
1972; Carvalho et al. 2000).
The goal of this study was to evaluate seasonal 
and spatial variation in the composition and species 
density of the gastropod assemblage associated with 
the green seaweed Caulerpa racemosa. This study 
also aimed to contribute to the knowledge of fauna 
associated with this species of seaweed.
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obtained at Praia da Fortaleza. The highest number 
per season (n=2047) was obtained in autumn 2005. 
A total of 50 species were identified, and their 
number and composition varied between seasons 
and beaches (Tables I and II). Most of the species 
were collected from Praia da Fortaleza, 46 species, 
ranging from 18 in winter to 29 in autumn (Tables I 
and II). A total of 17 species were found at Praia das 
Cigarras. The number of species ranged from 5 in 
summer to 13 in autumn (Tables III and IV). A variable 
number of species occurred only in one beach. Praia 
da Fortaleza presented higher number of exclusive 
species. However, Columbella mercatoria, Crepidula 
aculeata, Leucozonia nassa and Trachypollia 
nodulosa were only found at Praia das Cigarras.
Only 4 species were present in all seasons of the year 
(100%) at Praia da Fortaleza, 12 species occurred 
during three seasons of the year (75%) , 10 species 
in 50% of the seasons and 19 species in only one 
season (25%) (Table II). At Praia das Cigarras, there 
was also a small number of species (three) present 

throughout the year (100% presence), four in 75%, 
seven in 50% and three in 25% (Table III). A species 
found only in one season’s sample, may indicate 
accidental presence. 
The assemblages of gastropods are dominated by 
a high number of Prosobranchia (92%; 46 species). 
Only 4 species of Opisthobranchia (8%) were 
identified (Tables I and III).
Samples contained several common phytal species 
associated with Caulerpa racemosa, such as species 
from the genus Anachis, Bittium, Eulithium and 
Mitrella, and the highest number of species of Anachis 
was found at Praia da Fortaleza (Tables I and III). 
Also, common rocky shore species were found, such 
as Littorina ziczac, Leucozonia nassa, Trachypollia 
nodulosa, Fissurella rosea, Thais haemastoma and 
Tegula viridula (Tables I and III). 
At Praia da Fortaleza species dominance varied 
according to the season (Table I). In winter, only 
Bittium varium (53.2%) presented HD. Five species 
presented MD, two of which are not typical of phytal, 
and 12 species presented LD. In spring, only Caecum 
sp1 presented HD, with 81.70%. Five species 

Results
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Acteocina candei (d’Orbigny, 1841)

Caecum sp.3

Alvania auberiana (d’Orbigny, 1842)

Cerithiopsis emersonii (C.B. Adams, 1839)

Amphithalamus glaber Simone, 1996

Cerithium atratum (Born, 1778)

10

44

4.00

17.60

15

17

1.25

1.42 73 3.57

317 62.52

2

1

0.17

0.08

1 0.20 1

3

0.05

0.15

3

4

0.07

0.10

75

50

342

134

8.55

3.35

75

75

1

25

0.02

0.62

25

25

1 0.20

Anachis fenneli (Radwin, 1968)

Cocculina sp.

3 1.20 18 1.50 5 0.99 21

1

1.03

0.05

29

1

0.72

0.02

100

25

14 0.68 18

9

0.45

0.22

50

50

2 0.05 252 0.39

3 0.15 10 0.24 75

6 0.15 25

4

1 8

16.00

0.40 0.67

6 24.00 1 0.08

133 53.20 70 5.85 42 8.28 746 36.44 991 24.80 100

7 0.17 50

978 81.70 41 8.09 599 29.26 1618 40.44 75

2 0.17 5 0.20

1 0.05 1 0.02 25

4 0.33 7 1.38 296

25

14.46

1.22

307 7.67 75

1 0.08

6 1.18

2 0.10 3 0.07 50

Anachis obesa (C.B. Adams, 1845)

Collisella subrugosa (d’Orbigny, 1842)

Anachis sertulariarum (d’Orbigny, 1839)

Anachis sparsa (Reeve, 1859)

Ascobulla ulla (Marcus & Marcus, 1970)

Astraea latispina (Philippi, 1844)

Bittium varium (Pfeiffer, 1840)

Boonea jadisi (Olsson & McGinty, 1958)

Bulla striata Bruguière, 1792

Caecum sp.1

Caecum sp.2

N

Species Winter Spring Summer Autumn Total

D N D N D N D N D F

Table I. Praia de Fortaleza: Total number of individuals of each species of gastropods (N), dominance (D) 
and frequency (F) by season of the year (2004-2005).
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Mitrella dichroa Sowerby 1844

Odostomia laevigata (d’Orbigny, 1841) 1 0.02 25

1 0.02 25
2 0.05 252

1

3 0.59

0.20

0.39

3 0.15 3

1

0.07

0.02

25

25

1

3

0.02

0.07

25

25

1

1

0.40

0.40

2

2

0.10

0.01

2

3

0.05

0.07

25

50

69

3

1.72

0.07

75

75

2

2

4

3 1.20 7 0.58 3 0.15 13 0.32 75

0.17

0.17

1.60 3 0.59 9

2

0.22

0.05

75

25

6

1

0.50

0.08

5 0.20 58

1

0.83

0.05

1

7

0.20

1.38

1

7

0.02

0.17

25

25

2 0.17 6 1.18 7 0.34 15 0.37 75

45

6

29

1

1

1

11.60

0.40

0.40

0.40

3.92

0.50

47

2

9.26

0.39

1 0.05

146

5

5.25

0.24

267

14

6.67

0.35

100

100

Olivella sp.

Parviturboides interruptus (C.B. Adams, 1850)

Ctena pectinella (C.B. Adams, 1852)

Puncturella sp.

Diodora jaumei Aguayo & Rehder, 1936

Pyramidellidae (young)

Eulithidium affine (C.B. Adams, 1850)

Pyrgocythara albovittata (C.B. Adams, 1845)

Finella dubia (d’Orbigny, 1840)

Schwartziella bryerea (Montagu, 1803)

Fissurella rosea (Gmelin, 1791)

Schwartziella catesbyana (d’Orbigny, 1842)

Haminoea antillarum (d’Orbigny, 1841)

Scissurella sp.

Littorina ziczac (d’Orbigny, 1840)

Siphonaria hispida Hubendick, 1946

Littoridiina australis (d’Orbigny, 1835)

6 0.15 501 0.20 0.245Cryoturris adamsii (E.A. Smith, 1884)

presented MD, among which there were B. varium 
and Amphithalamus glaber, whereas, the highest 
number of species (16) presented LW. In summer, 
only A. glaber presented HD, with 62.52%. Seven 
species presented MD, among which there were B. 
varium, Caecum sp1 and Eulithidium affine, and 15 
presented LD. In Autumn B. varium and Caecum sp1 
presented HD, six species, among which there were 
E. affine and Caecum sp2, presented MD and 19 
species presented LD. In spite of the high number of 
species identified, and taking all the seasons of the 
year into account, only two species, Caecum sp1 and 
B. varium, in this order, can be regarded as dominant. 
Five species presented MD and 39 presented LD. 
At Praia das Cigarras (Table III), in winter, only 
Caecum sp1 presented HD and all other nine species 
presented MD. In spring, Bittium varium presented 
HD, with 80.30%, three species presented MD and 

two species presented LD. In summer, Eulithium affine 
was the only species to present HD (61.11%), whereas 
the other species presented MD. In autumn, Anachis 
sparsa and B. varium presented HD, with 30.30 and 
28.03, respectively. Nine species presented MD 
and only two species presented LD. Overall, taking 
all seasons of the year into account, observations 
shows that only B. varium presented HD, 11 species 
presented MD and five species presented LD. Few 
species presented HD on both beaches, and for 
the majority of months they were the same. Only A. 
glaber drew our attention at Fortaleza due to having 
been collected only on that beach (Table III).
Few species showed high density of individuals in all 
seasons. The majority of the species were present 
in very low densities and, many times, in only one 
season of the year (Tables II and IV). 
Bittium varium and Eulithidium affine were among 

Tegula sp.

Tegula viridula (Gmelin, 1791)

Tenaturris fulgens (E.A. Smith, 1888)

2 0.80 22 1.07 24 0.60 50

66 0.15 25

12 0.30 7515 2.00 6 0.50 0.20

Thais haemastoma (Linnaeus, 1767) 2 0.80

250 1197 507 2047 4001

2 0.05 50

3 0.07 50

2 0.05 501 0.20 1 0.05

1 0.05 1 0.02 25

3 0.251Turbonilla nivea (Stimpson, 1815)

Turbonilla sp.

Vitrinella filifera Pilsbry & McGinty, 1946

Total
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the most common species and present in higher 
density, occurring throughout all seasons at Praia das 
Cigarras, along with Mitrella dichroa, which was also 
present but with lower density. Species of Caecum 
also occurred in high density on both beaches, but 
not in all seasons (Tables II and IV).  At Praia da 
Fortaleza, the highest density of gastropods was 
observed in autumn, especially B. varium, E. affine 
and two species of Caecum. The species of Caecum 
occurred in high density also in spring. Amphithalamus 

glaber occurred only at Praia da Fortaleza presenting 
high densities in autumn (Table II). The species of 
gastropods from Praia das Cigarras presented large 
variation in density over the seasons, but, generally, 
their densities were lower than the observed at Praia 
da Fortaleza. The most conspicuous species in this 
beach were Anachis spp, B. varium, Caecum spp 
and E. affine (Tables II and IV).

Acteocina candei (d’Orbigny, 1841)

Caecum sp.3

Alvania auberiana (d’Orbigny, 1842)

Cerithiopsis emersonii (C.B. Adams, 1839)

Amphithalamus glaber Simone, 1996

Cerithium atratum (Born, 1778)

0.034 ± 0.059

0.238 ± 0.21
2.01 ± 3.49

0.40 ± 0.35

10.54 ± 12.12

2.671 ± 3.643

3.82 ± 6,02

0.10 ± 0.17

0.18 ± 0.31

0.50 ± 0.46

0.034 ± 0.059
1.532 ± 1.34

2.019 ± 1.37

8.27 ± 13.25

5.237 ± 3.668

0.522±1.169

2.026 ± 1.833

0.696±1.205

101.37 ± 91.65

0.476 ± 0.824

0.119 ± 0.206

0.238 ± 0.206

0.119 ± 0.206

0.119 ± 0.206

0.038±0.066

0.804±1.393

44.765±6.286

9.737 ± 7.435

2.222±3.849

3.750±3.854
0.038±0.066

22.978±39.626

0.333±0.577

0.114±0.199

0.038±0.066

0.076±0.132

19.733±34.179

0.114±0.199

0.957±1.659

0.197±0.341

0.114±0.199

0.076±0.132

0.536±0.929

11.649±16.296

0.286±0.333

1.980±2.330

1.986 ± 2.309

0.335±0.468

2.921 ± 5.06

0.034±0.059

0.508 ± 0.879

0.182±0.209

0.536±0.929

0.205±0.356

Anachis fenneli (Radwin, 1968)

Cocculina sp.

Anachis obesa (C.B. Adams, 1845)

Collisella subrugosa (d’Orbigny, 1842)

Anachis sertulariarum (d’Orbigny, 1839)

Cryoturris adamsii (E.A. Smith, 1884)

Anachis sparsa (Reeve, 1859)

Ctena pectinella (C.B. Adams, 1852)

Ascobulla ulla (Marcus & Marcus, 1970)

Diodora jaumei Aguayo & Rehder, 1936

Finella dubia (d’Orbigny, 1840)

Astraea latispina (Philippi, 1844)

Eulithidium affine (C.B. Adams, 1850)

Fissurella rosea (Gmelin, 1791)

Bittium varium (Pfeiffer, 1840)

Boonea jadisi (Olsson & McGinty, 1958)

Bulla striata Bruguière, 1792

Caecum sp.1

Caecum sp.2

Species Winter Spring Summer Autumn

Table II. Praia de Fortaleza: Mean density and standard deviation of the individuals of each species ( ± SD 
No ind/100g) by season of the year (2004-2005) 

0.099±0.172

Haminoea antillarum (d’Orbigny, 1841)

Littorina ziczac (d’Orbigny, 1840)

Littoridiina australis (d’Orbigny, 1835)

0.034±0.059

0.704±0.972
0.206±0.185

0.299±0.517

0.029±0.051

0.238±0.412
0.435±0.754

0.801±1.169

0.141±0.122

0.114±0.199

0.268±0.464

Mitrella dichroa Sowerby, 1844

Odostomia laevigata (d’Orbigny, 1841)

Olivella sp.
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Tegula sp.

Tegula viridula (Gmelin, 1791)

Tenaturris fulgens (E.A. Smith, 1888)

0.099±0.172 0.715±0.619

0.357 ± 0.618

0.174±0.301

0.199±0.345

0.099±0.172

0.029±0.051 0.119±0.206

0.827±1.334

0.547± 0.596
0.199±0.345

0.038 ± 0.066

0.038 ± 0.066

1.001±1.258

0.358±0.475 0.714±1.237 0.045±0.079

0.197±0.341

0.102±0.178

0.145±0.251

0.508 ± 0.879

0.072 ± 0.125

0.076±0.132

0.034±0.059

0.145±0.251

Thais haemastoma (Linnaeus, 1767)

Turbonilla nivea (Stimpson, 1815)

Turbonilla sp.

Parviturboides interruptus (C.B. Adams, 1850)

Vitrinella filifera Pilsbry & McGinty, 1946

Puncturella sp.

Pyramidellidae (young)

Pyrgocythara albovittata (C.B. Adams, 1845)

Schwartziella bryerea (Montagu, 1803)

Schwartziella catesbyana (d’Orbigny, 1842)

Scissurella sp.

Siphonaria hispida Hubendick, 1946

Discussion

The composition and number of species of 
gastropods associated with seaweed varied temporal 
and spatially (Montouchet 1979; Masunari 1982; 
Sánches-Moyano et al. 2001a; Jacobucci et al. 
2006). These differences can be attributed to the 
structural complexity of the seaweed (Hacker & 
Steneck 1990), to biomass (Sánches-Moyano et al. 
2001a), to spatial distribution related to geographical 
factors (Montouchet 1979; Jacobucci et al. 2006), 
and to seasonal and anthropogenic factors (Leite et 
al. 2000). Environmental variables, such as sediment 
or type of physical structure of the habitat, are 
important for structuring macrofaunal assemblages 
in algal turf (Dean & Connel 1987; Gibbons 1988; 
Sánches-Moyano et al. 2001a). The amount of 
sediment retained by the seaweed is positively 
associated with the large number of species and 
abundance of invertebrate fauna (Sánches-Moyano 
et al. 2001a,b), including gastropods (Kalaher et al. 
2001), as it constitutes habitat and an important food 
source (Olibarria & Chapman 2001). Chemello & 
Milazzo (2002) found correlations between mollusc 
assemblages and several aspects of seaweed 
architecture, and observed that more complex 
seaweed fronds present more diverse fauna than do 
simple or flattened fronds. 
Sediment retention by rhizoids observed in 
architecturally complex algae, such as those from the 
genus Caulerpa (Joly 1965), is important for gastropod 
assemblages (Sánches-Moyano et al. 2001a,b). The 
sediment shelters a diverse and numerous gastropod 
fauna, as confirmed by this study and observed in 

Caulerpa prolifera (Rueda & Salas 2003). Gastropod 
species composition identified by Rueda & Salas 
(2003) differed from the findings in Caulerpa racemosa 
in this work. 
In spite of the higher number of species identified, 
few species showed dominance. Rueda et al. (2001), 
studying deep soft mollusc fauna, and Rueda & 
Salas (2003), studying molluscs present in sediments 
retained by Caulerpa prolifera, found low dominance 
of gastropod species, similarly to what was observed 
in the Caulerpa racemosa samples from the two 
beaches studied. 
The larger number of species observed at Praia da 
Fortaleza, in comparison with the findings from Praia 
das Cigarras during all the seasons of the year, can 
be attributed to several factors from differences in 
volume and characteristics of the sediment retained 
to hydrodynamics, biomass and structural complexity 
of the Caulerpa racemosa, in addition to other factors 
both abiotic and biotic, not contemplated by this study. 
The relationship between the sediment retained and 
gastropod assemblages associated with Caulerpa 
racemosa  is being assessed (Leite et al. in prep).
At Praia das Cigarras the number of species, and 
their respective densities throughout the year, was 
lower than the findings for the more sheltered Praia da 
Fortaleza. Széchy (1996) also observed differences in 
occurrence, dominance and abundance of species of 
gastropods associated with Sargassum from protected 
and unprotected beaches. Hydrodynamic forces can 
be regarded as structural variables affecting gastropod 
assemblages associated with Sargassum (Széchy 
1996). Nonetheless, more studies are needed to make 
this association plausible for gastropod assemblages 
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from Caulerpa racemosa. 
It can also be observed that few species were 
dominant in the four seasons of the year, both at 
Praia da Fortaleza and at Praia das Cigarras. Bittium 
varium presented high dominance values for both 
beaches, prevailing at Praia das Cigarras. Frequency 
for this species was 100% for both beaches.
At Praia da Fortaleza, the highest dominance was 
presented by Caecum sp1, with frequency of 75%. 
However, was the dominant species in winter at Praia 
das Cigarras. Some of the dominant species, such 
as Anachis spp and Mitrella dichroa, B. varium and 
Eulithidium affine, are typical of phytal assemblages 
(Montouchet 1979; Masunari 1982; Jacobucci et 
al. 2006). Caecum sp1, Amphithalamus glaber and 
Cerithium atratum presented high numbers and are 
not common species in these assemblages. A possible 
explanation for the occurrence of the first species is 
that it may be associated either to the sediment or to 
the algae, and the second may be associated with 
the sediment (Olabarria & Chapman 2001; Olabarria 
et al. 2002; Kelaher et al. 2003), whereas C. atratum, 
is a common species on rocky shores, as it feeds 
on algae (Pereira et al. 2009; Rios 2009), but lives 
on sediment. The occurrence of the genus Caecum 
was previously recorded in Sargassum (Montouchet 
1979), and associated with the seaweed Padina 
gymnospora and Hypnea musciformis (Oliveira 
et al. 2003) at a beach in Pernambuco. Species of 
Amphithalamus were found in the sediment retained 
by calcareous seaweed (Olabarria & Chapman 2001; 
Olabarria et al. 2002; Kelaher et al. 2003). 
Presence of a high number of species of gastropods 

that inhabit seaweed Caulerpa racemosa may be 
related to their different living and feeding habits. 
Species that are typical of phytal assemblages have 
diverse feeding habits, and they can be detritivores, 
such as Bittium varium, or periphyton scrapers, such 
as Eulithidium affine (Montouchet 1979; Masunari 
1982; Jacobucci et al. 2006). Predators, such as Thais 
haemastoma and Leucozonia nassa, and scraping 
micrograzers, such as Littorina ziczac and Collisella 
subrugosa, among others, are species typically 
found on rocky shores and may occasionally occur 
in seaweed gastropod assemblages (Montouchet 
1979). The macro herbivores Astraea latispina and 
Cerithium atratum feed directly on the seaweed. 
Caecum species are herbivorous and detritivorous, 
and are food for carnivorous crustaceans and other 
gastropods (Oliveira et al. 2003). Amphithalamus 
feeds on microalgae retained in this sediment 
(Olabarria & Chapman 2001; Olabarria et al. 2002). 
Also, must not be overlooked the fact that this 
algae, like several species of the order Caulerpales, 
produce secondary metabolites which are toxic to, or 
a deterrent, for several microorganisms and larvae of 
invertebrates (Sánchez-Moyano et al. 2001b). Those 
secondary metabolites prevent settlement of most 
epiphytes and grazing by herbivores (Paul & Fenical, 
1987 in Sánchez Moyano et al. 2001b) and it may 
be a factor influencing gastropod fauna, especially 
herbivores. It is imperative that the gastropod fauna 
of Caulerpa racemosa and the biotic features, as well 
as, the abiotic relations affecting both spatial and 
seasonal distribution of the assemblages, must be 
studied in detail.

1 5.55 2 1.51 3 0.75 75
55 3.79 1.25 50

Columbella mercatoria (Linnaeus, 1758)
Crepidula acuelata (Gmelin, 1791)

Alvania auberiana, (d’Orbigny, 1842)

Ascobulla ulla (Marcus & Marcus, 1970)

Anachis obesa (C.B. Adams, 1845) 1 1.14 3 2.72 5 3.09

8 6.61 8 2.0 25

9 2.25 50

1 0.25 251 0.76

Anachis sertularium (d’Orbigny, 1839) 28 21.21 28 7 25

40 30.30 41 10.25 50

148 37.00 1004 22.22 37 28.03

4 3.03 10 2.5 75

62 15.46 75

1

1

1.14

1.14 106 80.30

5 5.68 1 0.76

14 15.91
755 5.3062.50

14 3.50 50

Anachis sparsa (Reeve, 1859)

Bittium varium (Pfeiffer, 1840)

Boonea jadisi (Olsson & McGinty, 1958)

Caecum sp.1
Caecum sp.2

N

Species Winter Spring Summer Autumn Total

D N D N D N D N D F

Table III. Praia das Cigarras: Total number of individuals of each species of gastropod (N), dominance (D) 
and frequency (%) by season of the year (2004-2005) 
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Mitrella dichroa Sowerby 1844

Parviturboides interruptus (C.B. Adams, 1850)

Trachypollia nodulosa (C.B. Adams, 1845)

Total

15.551 0.76

5 5.68

88 132 18 162 400

5 1.25 50

2 0.50 75

11 2.75 100

1 0.76 1 0.25 50

1904 14.194.54 5117 2.88 11 61.11 12.75 100

1

1 4 1

1.14

1.14 3.03 5.55 5 3.79

1 0.25 50

Eulithidium affine (C.B. Adams, 1850)

Leucozonia nassa (Gmelin, 1791)

Littorina ziczac (d’Orbigny, 1840)

Alvania auberiana, (d’Orbigny, 1842)

Mitrella dichroa Sowerby 1844

Anachis obesa (C.B. Adams, 1845)

Parviturboides interruptus (C.B. Adams, 1850)

Anachis sertularium (d’Orbigny, 1839)

Trachypollia nodulosa (C.B. Adams, 1845)

0.055  ± 0.096

0.086  ± 0.150

0.086  ± 0.150

1.254  ± 1.891

0.086  ± 0.150

0.250  ± 0.434

7.940  ± 4.340

0.184  ± 0.320

0.328  ± 0.568

0.262  ± 0.455 1.783  ± 1.563 1.722  ± 1.264

0.277  ± 0.481

2.222  ± 3.849

0.214  ± 0.242

5.410  ± 4.718

0.055  ± 0.0960.161  ± 0.280

1.001±1.258

0.065  ± 0.113 0.524  ± 0.909 0.161  ± 0.280 0.412  ± 0.360

2.557  ± 1.431

2.111  ± 3.000

2.365  ± 2.052

0.161  ± 0.280

0.550  ± 0.597

0.061  ± 0.106

0.952  ±1.650

9.201  ± 14.128 0.969  ± 0.569

0.685  ± 0.869 0.131  ± 0.227 0.460  ± 0.120

Anachis sparsa (Reeve, 1859)

Ascobulla ulla (Marcus & Marcus, 1970)

Bittium varium (Pfeiffer, 1840)

Boonea jadisi (Olsson & McGinty, 1958)

Caecum sp.1

Caecum sp.2

Columbella mercatoria (Linnaeus, 1758)

Crepidula acuelata (Gmelin, 1791)

Eulithidium affinis (C.B. Adams, 1850)

Leucozonia nassa (Gmelin, 1791)

Littorina ziczac (d’Orbigny, 1840)

Species Winter Spring Summer Autumn

Table IV. Praia das Cigarras: Mean density and standard deviation of the individuals of each species of gas-
tropods ( ± SD No ind/100g) by season of the year (2004-2005) 

BOFFI, E. 1972. Ecological aspects of ophiuroids 
from the phytal of SW Atlantic warm waters. 
Marine Biology 15: 316-328.

References

CARVALHO, A.C.S.;  MELLO, E; CASTRO, G.A. 2000. 
Composição quali-quantitativa dos ofuróides 
dos fitais Caulerpa racemosa (Forsskal) J. 
Agardh, 1872; Codium isthmocladium Vickers, 
1905; Galaxaura oblongata (Ellis et Sollander) 
Lamoroux, 1812 e Halimeda tuna (Ellis et 
Sollander) Lamoroux, 1812 da praia de Maria 
Neném (Piúma-ES). Revista da Faculdade 
de Ciências Biológicas do Centro de Ciências 
Médicas e Biológicas da PUCSP 2(3): 331-339.

CHEMELLO, R. & MILAZZO, M. 2002. Effect of 
algal architecture on associated fauna: some 
evidence from phytal molluscs. Marine Biology 
140: 981-990.

F. Leite et al

Strombus 16(1-2): 1-10, Jan-dez. 2009



DEAN, R.L. & CONNEL, J.H. 1987. Marine 
Invertebrates in an algal succession. I. Variations 
in abundance and diversity with succession. 
Journal of Experimental Marine Biology and 
Ecology 109: 195-215.

DUFFY, J.E. & HAY, M.  2000. Seaweed adaptations 
to herbivory. Bioscience 40: 368-375.

FERREIRA, D.J.R. 2008. Fauna de anfípodes 
associada à Caulerpa racemosa (Forsskal) J. 
Agardh,1872 em duas praias do litoral norte 
do estado de São Paulo.  Master Sc. Thesis . 
Universidade Estadual de Campinas, 69 p.

GIBBONS, M. 1988. The impact of wave exposure 
on the meiofauna of Gelidium pristoides (Turner) 
Kuetzing (Gelidiales, Rodophyta). Estuarine, 
Coastal and Shelf Science 27: 581-593.

JACOBI, C.M. & LANGEVIN, R. 1996. Habitat 
geometry of benthic substrata: effects on arrival 
and settlement of mobile epifauna. Journal of 
Experimental Biology and Ecology 206: 39-54.

JACOBUCCI, G.B. & LEITE, F.P.P. 2002. Distribuição 
vertical e flutuação sazonal da macrofauna vágil 
associada à Sargassum cymosum C. Agardh, 
na praia do Lázaro, Ubatuba, São Paulo, Brasil. 
Revista Brasileira de Zoologia 19(1): 87-100.

JACOBUCCI, G.B.; GÜTH, A.Z.; TURRA, A.; DE 
MAGALHÃES, C.A.; DENADAI,  M . R . ; 
CHAVES, A.M.R. & DE SOUZA, E.C.F. 2006. 
Levantamento da macrofauna associada a 
Sargassum spp na ilha da Queimada Pequena, 
Estação Ecológica dos Tupiniquins, litoral sul do 
Estado de São Paulo, Brasil. Biota Neotropica 
6(2):1-8.  Available at http://www.biotaneotropica.
org.br/v6n2/pt/abstract?inventory+bn02706022
006. Access on April, 29th 2009.

HACKER S.D. & STENECK, R. S. 1990. Habitat 
architecture and the abundance and body-
size-dependent habitat selection of a phytal 
amphipod. Ecology 71: 2269-2285.

JOLY, A.B. 1967. Gêneros de algas marinhas da 
costa atlântica latino-americana. EDUSP, São 
Paulo, 461pp.

KELAHER, B.P. 2002. Influence of physical 
characteristics of coralline turf on associated 
macrofaunal assemblages. Marine Ecology 

9

Progress Series 232: 141-148.

KELAHER, B.P. 2003. Changes in habitat complexity 
negatively affect diverse gastropod assemblages 
in coralline algal turf. Oecologia 135(3): 431-
441.

KELAHER, B.P.; CHAPMAN, M.G. & UNDERWOOD, 
A.J. 2001. Spatial patterns of diverse 
macrofaunal assemblages in coralline turf and 
their associations with environmental variables. 
Journal of the Marine Biological Association of 
the United Kingdom 81(6): 917-930.

LEITE, F.P.P.; GÜTH, A.Z. & JACOBUCCI, G.B. 
2000. Temporal comparison of gammaridean 
amphipods of Sargassum cymosum on two 
rocky shores in southeastern Brazil. Nauplius 
8(2): 227-236.

MASUNARI, S. 1982. Organismos do fital Amphiroa 
beauvoisii Lamouroux, 1816 (Rodhophyta; 
Corallinaceae). I. Autoecologia. Boletim de 
Zoologia da Universidade de São Paulo 7: 57-
148.

MELLO, R. DE L. S. & PERRIER, L. L. 1992. 
Microgastrópodes associados a algas rodofíceas 
Gracillaria sjoestedtii Kylin, 1930 e Hypnea 
musciformis (Wulfen) Lamouroux do litoral norte 
de Pernambuco – Carne de Vaca - 8°36’00”S 
e 35°46’00” W. Caderno Ômega Universidade 
Federal Rural de Pernambuco, Série Ciências 
Aquáticas 3: 17-30.

MONTOUCHET, P.C.G. 1979. Sur la communauté 
des animaux vagiles associés à Sargassum 
cymosum C. Agardh, à Ubatuba, Etat de São 
Paulo, Brésil. Studies on Neotropical Fauna and 
Environment 14: 33-64.

OLABARRIA, C. & CHAPMAN, M.G. 2001. Habitat-
associated variability in survival and growth of 
three species of microgastropods. Journal of 
the Marine Biological Association of the United 
Kingdom 81: 961-966.

OLABARRIA, C.; UNDERWOOD, A.J. & CHAPMAN, 
M.G. 2002. Appropriate experimental design 
to evaluate preferences for microhabitat: 
an example of preferences by species of 
microgastropods. Oecologia 132: 159-166.

Strombus 16(1-2): 1-10, Jan-dez. 2009

Gastropods associated with...



F. Leite et al

Strombus 16(1-2): 1-10, Jan-dez. 200910

OLIVEIRA, C.R.F.;  MATOS, C.H.C. & ROCHA, C.M.C. 
2003. Microgastrópodes Caecidae associados 
às macroalgas Padina gymnospora (Kuetzing) 
Sonder e Hypnea musciformis (Wulfen) 
Lamouroux na praia de Candeias (Jaboatão 
dos Guararapes, PE). Revista Brasileira de 
Zoociências 5(2): 213- 223.

PEREIRA, P.H.C.; ZANCANER JR. J. & JACOBUCCI, 
G.B. 2009. Ocupação de conchas e utilização 
de microambientes por caranguejos ermitões 
(Decapoda, Anomura) na Praia da Fortaleza, 
Ubatuba, São Paulo. Biotemas 22 (2): 65-75.

RIOS, E.C. 2009. Compendium of Brazilian Sea 
Shells. Editora Evengraf. Porto Alegre, 668pp.

RUEDA, J.L.; FERNÁNDEZ-CASADO, M.; SALAS, 
C. & GOFAS, S. 2001. Seasonality in a 
taxocoenosis of molluscs from soft bottoms in 
the Bay of Cádiz (Southern Spain). Journal of 
the Marine Biological Association of the United 
Kingdom 81(6): 903-912.

RUEDA, J.L. & SALAS, C. 2003. Seasonal variation 
of a molluscan assemblage living in a Caulerpa 
prolifera meadow within the inner Bay of Cádiz 
(SW Spain). Estuarine Coastal and Shelf Science 
57: 909-918.

 
SÁNCHEZ-MOYANO, J. E.; GARCÍA-ADIEGO, E. 

M.; ESTÁCIO, F. J. & GARCÍA-GÓMEZ, J. C. 
2001a. Influence of the density of Caulerpa 
prolifera (Chlorophyta) on the composition of 
the macrofauna in a meadow in Algeciras Bay 
(Southern Spain). Ciencias Marinas 27 (1): 47-
71.

SÁNCHEZ-MOYANO, J. E.; ESTÁCIO, F. J.; GARCÍA-
ADIEGO, E. M. & GARCÍA-GOMEZ, J. C. 2001b. 
Effect of the vegetative cycle of Caulerpa prolifera 
on the spatio-temporal variation of invertebrate 
fauna. Aquatic Botany 70: 163-174.

SÁNCHEZ-MOYANO, J. E; GARCÍA-ASENCIO, I. & 
GARCÍA-GÓMEZ, J. C. 2007. Effects of temporal 
variation of the seaweed Caulerpa prolifera 
cover on the associated crustacean community. 
Marine Ecology 28: 1-14.

SZÉCHY, M.T.M. 1996. Estrutura de bancos de 
Sargassum (Phaeophyta - Fucales) do litoral 
dos estados do Rio de Janeiro e São Paulo. PhD 
Thesis, Instituto de Biociências da Universidade 
de São Paulo, 345pp.

SZÉCHY, M.T.M. & PAULA, E. J. DE. 2000. 
Padrões estruturais quantitativos de bancos de 
Sargassum (Phaeophyta, Fucales) do litoral dos 
Estados do Rio de Janeiro e São Paulo, Brasil. 
Revista Brasileira de Botânica 23(2): 121-132.

 

Received: May 6, 2009. Accepted: November 24, 2009.


