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ABSTRACT

The purpose of this study is to survey the porcellanid crab fauna inhabiting Phragmatopoma lapidosa
sand reefs at Paranapuã Beach, São Vicente (SP), Brazil, and to assess species diversity, density and
spatial distribution at this locality. Monthly samples were carried out from September/94 to August/
95 in three established sampling sites along the rocky shore. Five species of Porcellanidae were
recorded: Pachycheles laevidactylus, P. monilifer, Petrolisthes armatus, Pisidia brasiliensis and
Megalobrachium roseum comprising 9,084 specimens. The former four species were recorded in all
sampling sites while the latter ocurred only in one. The highest relative density was showed by P.
laevidactylus followed by P. armatus. Remaining species were present in much lower densities, dis-
regarding site or sampling month. In general, higher densities were registered during winter. The
species, P. laevidactylus, P. monilifer and P. armatus showed an heterogeneous habitat occupation
along the shore, probably reflecting different tolerance levels against salinity fluctuations.
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RESUMO

Porcelanídeos (Crustacea, Decapoda) associados aos recifes de areia
construídos por Phragmatopoma lapidosa (Polychaeta, Sabellariidae) na

Praia de Paranapuã, São Vicente, SP, Brasil

O objetivo do presente estudo é fazer um levantamento da fauna de porcelanídeos que habitam os
recifes de areia de Phragmatopoma lapidosa na Praia de Paranapuã, São Vicente (SP), Brasil, e avaliar
a diversidade de espécies, suas densidades e distribuição espacial neste local. Amostras mensais foram
realizadas de setembro de 94 a agosto de 95 em três pontos preestabelecidos ao longo do costão rocho-
so. Foram registradas cinco espécies de Porcellanidae: Pachycheles laevidactylus, P. monilifer, Petrolisthes
armatus, Pisidia brasiliensis e Megalobrachium roseum, num total de 9.084 espécimes. As quatro
primeiras espécies foram registradas em todos os pontos de coleta, enquanto a última ocorreu em apenas
um dos pontos. A espécie P. laevidactylus apresentou a maior densidade relativa, seguida de P. armatus.
As demais espécies estavam presentes em densidades muito menores, independentemente do ponto
ou mês de coleta. De forma geral, as maiores densidades foram registradas durante os meses de inverno.
As espécies P. laevidactylus, P. monilifer e P. armatus apresentaram uma ocupação heterogênea do
hábitat ao longo do costão rochoso, refletindo, provavelmente, diferentes níveis de tolerância quanto
à variação de salinidade.

Palavras-chave: Porcelanídeos, diversidade de espécies, recifes de areia.
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INTRODUCTION

The intertidal zone of rocky shores enclose
a wide array of microhabitats which are colonized
by several organisms. One of this biotopes is
formed due to the clustering of sabellariid
polychaets. In southeastern Brazil the species
Phragmatopoma lapidosa Kinberg (1867), builds
extensive sandy reefs by means of aggregating
individual compact sand tubes (Amaral, 1987).

P. lapidosa sand reefs occur mainly along
the tropical coast of the Americas (Fanta, 1968)
and hold a very abundant and diverse associated
fauna in which decapod and stomatopod crusta-
ceans, very common worm reef inhabitants, find
a hard substratum, shelter and food (Gore et al.,
1978). Therefore, the formation of these colonies
may be essential for the sustenance of certain
crustacean populations living in the surf zone.

Porcelain crabs are mainly composed by
coastal species (Coelho, 1963/1964; Veloso &
Melo, 1993), and they are a prevailing group
among decapod crustaceans living in these sand
reefs. Their association with P. lapidosa colonies
was previously reported by Gore et al., (1978),
Almaça (1990) and Pinheiro et al., (1997), who
had mentioned the relative importance of porcelain
crabs in these communities. The purpose of the
present study is to identify the porcellanid spe-
cies occurring in P. lapidosa reefs at Paranapuã
Beach, São Vicente, SP, Brazil, and to determine
their dominance ranking, density variation and
spatial distribution along this rocky shore.

MATERIALS AND METHODS

Monthly samplings were conducted at the
intertidal south-facing rocky shore at Paranapuã
Beach (Fig. 1) from September/94 to August/95
during low tides. Three different sampling sites
were established along the shore, located approxi-
mately 60 (site 1), 180 (site 2) and 340 m (site
3) far from the sandy beach.

In order to determine the sample size, a
previous field study was carried out at the same
area, in which 40 scattered random samples of
about 1 kg were removed from the rocky surface
and processed to separate the porcelain crabs from
the sand.

A performance curve considering cumulative
mean crab density (dependent variable) and cu-

mulative sample weight (independent variable) was
graphed according to Brower & Zar, 1977. In the
performance curve obtained, no further signifi-
cant variations in cumulative mean crab density
were recorded beyond 9 kg cumulative sample
weight, which was the established sample size for
each site.

Salinity was monthly recorded with a manual
refractometer at each site and on December 12th,
1994, a salinity profile was performed after ob-
taining 19 surface water samples taken at 20 m
intervals along the shore, from the sandy beach
to the most distant sampling site. Surface water
temperature was also registered each month at each
sampling site.

P. lapidosa samples were weighed in an elec-
tronic balance to the nearest 0.1 g. After weighing,
the samples were completely processed to remove
all porcelain crabs. All specimens were identified
to species according to Veloso & Melo (1993).

The Shannon-Weaver diversity index (H’),
Evenness (J’) and Simpson’s dominance index (I)
were calculated to each sampling site. Diversity
indices were compared with a t-test according to
Poole (1974). At each sampling site the constancy
ratings of each species were determined according
to Silveira-Neto et al., (1976). From the obtained
results, the species were rated as constant (occur-
ring in more than 50% of samples), accessory
(from 25 to 50%) and accidental (less than 25%).

RESULTS

Average surface water temperature at Para-
napuã Beach was 24.3 ± 2.6 °C. Temperature diffe-
rences between sampling sites were constantly
below 1 °C in the same day. Therefore, temperature
readings at each site were grouped and monthly
averages were calculated for the whole shore. Fig.
2 shows the variation of mean water temperature
throughout the study period. The highest tempera-
ture were recorded during summer with a peak
in February/95 (28.7 °C) and the lowest during
winter, being the lowest value recorded in July/
95 (20.8 °C).

At each site, salinity showed a considerable
variation during the study period. Higher variability
was found at sampling site 1, where average sa-
linity (26.0 ± 3.7‰) did not differ from those
recorded at sampling sites 2 and 3. Otherwise,
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salinity at site 3 (29.3 ± 2.7‰) was significantly
higher than at site 2 (23.4 ± 2.3‰) (Fig. 3). Punc-
tual salinity values ranged from 19.3‰ recorded
at site 1 in April/95 to 34.0‰ registered at site
3 in December/94. Salinity means and range are
quite expected for an area surrounded by a large
estuarine complex.

Salinity may also vary notably along the
shore in a given day (Figs. 3 and 4). A more de-
tailed salinity profile illustrates the salinity variation
along the shore. At December 12th 1994, mean
water temperature was 26.2 °C and salinity varied
from 24‰ at 180 m (site 2), to 34 ‰ at 340 m
far from the beach (site 3) (Fig. 4).

Five different porcelain crab species (Fig.
5) were found inhabiting sabellariid worm reefs
at the study area: Pachycheles laevidactylus
Ortmann, 1892 (= P. haigae according to Harvey
& De Santo, 1996), Pachycheles monilifer (Dana,
1852), Petrolisthes armatus (Gibbes, 1850), Pisidia
brasiliensis (Haig, 1968) and Megalobrachium
roseum (Rathbun, 1900). Besides the species
mentioned above, Petrolisthes galathinus (Bosc,
1801) were observed in the study area under rocks.
Veloso & Melo (1993) commented that P. gala-
thinus can be found associated to polychaete co-
lonies but it was never recorded in the samples
obtained in the present study.

Fig. 1 — Map of the Santos and São Vicente bay-estuary complex. The arrow indicates the location of Paranapuã Beach.
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Fig. 2 — Monthly mean values of surface water temperature throughout the study period at Paranapuã Beach, São Vicente, SP.
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Fig. 3 — Monthly salinity variation along the study period at each sampling site in Paranapuã Beach, São Vicente, SP. Bars
indicate 95% statistical confidence intervals of salinity mean at sites 1, 2 and 3.

From all samples, which comprised 380.7 kg
of sampled material, a total of 9,084 porcelain crabs
was obtained corresponding to a mean crab den-
sity of 23.9 ind.kg-1. Among the five recorded species,
highest densities were observed in P. laevidactylus,
representing 64% of all crabs collected, followed
by P. armatus which represented approximately 35%.
The remaining species were present in much lower

densities, i.e., less than 1 ind.kg-1 in all sites and
months. Combining all sites, the density of P. lae-
vidactylus was higher than 12 ind.kg-1 in almost
all sampling period, ranging from 6.92 ind.kg-1 in
March/95 to 21.94 ind.kg-1 in August/95. For P.
armatus, lower densities were recorded from Octo-
ber/94 to January/95 while the highest densities
were verified from May to August/95 (Fig. 6a).
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Fig. 4 — Salinity profile of surface water salinity along the south-facing rocky shore at Paranapuã Beach, São Vicente (SP),
recorded on 12th December, 1994. The position marked as 0 m corresponds to the sandy beach location. Numbers indicate
sampling sites and dashed lines their respective distance from the sandy beach.

In spite of occurring in much lower densities,
P. monilifer and M. roseum were also more abun-
dant during late autumn to early winter. Only three
P. brasiliensis specimens were obtained during
this study, one in each sampling site in June, July
and August (Fig. 6b).

The species P. laevidactylus and P. armatus
were found in all sampling sites. P laevidactylus
was present in higher densities at site 3 (p < 0.05).
P. armatus, was numerically predominant at sam-
pling site 1, but its distribution along the shore is
more homogeneous and no density statistical dif-
ferences were observed along the shore (p > 0.05)
(Fig. 7a). P. monilifer was sampled in all sites in
relatively small numbers, but its density was sig-
nificantly higher at site 3 (p < 0.05), which was
the only site where M. roseum was found (Fig. 7b).

Shannon-Weaver diversity indices and their
respective variances are shown in Table 1 for each
sampling site. H’ (nits/individual) values obtained
in all sites are similar. In spite of this, because of
reduced variances in estimating these indices,
significant statistical differences were verified
between them.

Species diversity in site 1 and 3, which are
not significantly different ( t = 1.28; p > 0.05),
are higher than that obtained in site 2 (H’
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As expected, Simpson’s dominance indices ranked
in the opposite way (Table 1).

Regarding species constancy, P. laevidactylus
and P. armatus were classified as constant spe-
cies at all sampling sites; P. monilifer was rated
as accidental at sites 1 and 2 and constant at site
3; P. brasiliensis was regarded as accidental at all
sampling sites; and M. roseum, which occurred only
at site 3, was considered accessory (Table 2).

DISCUSSION

Examining the environmental factors of the
rocky intertidal is very important since they di-
rectly affect the fauna associated to sabellariid
worm reefs. In this study, it is clear that tempera-
ture oscillates in a seasonal basis in which lower
values are verified in winter and higher ones during
the summer, as previously reported by Negreiros-
Fransozo et al., (1991) in southeastern Brazil.
Nevertheless, it should be pointed out that in this
study, temperature values may not adequately
represent monthly means because no continuous
recordings were available. Also analyzing punctual
readings, Gianini (1994) found an average yearly
temperature 2 ºC higher than the present results
at the same area.

Distance from sandy beach (m)
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Fig. 5 — Dorsal view of porcelain crab species surveyed in the present study. A: Pachycheles laevidactylus (Ortmann, 1892);
B: Pachycheles monilifer (Dana, 1852); C: Petrolisthes armatus (Gibbes, 1850); D: Pisidia brasiliensis (Haig, 1968); E:
Megalobrachium roseum (Rathbun, 1900).
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Fig. 6 — Overall density variation of porcelain crabs during the study period. A: Pachycheles laevidactylus and Petrolisthes
armatus; B: Pachycheles monilifer, Megalobrachium roseum and Pisidia brasiliensis.
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Species longitudinal distribution is com-
monly influenced by many environmental fac-
tors. These factors may act independently or
synergistically (Garutti, 1988) and sometimes are
difficult to identify.

Even being considered as a major factor
ruling species latitudinal distribution, temperature
may not be so influencing in smaller scale sys-
tems. At the study area, temperature barely varied
in a given sample day, and therefore, it is not likely
to explain the spatial distribution of porcelain
crabs along the shore. Otherwise, a clear salinity
gradient due to freshwater drainage from hill
creeks at certain sections of the shore can be easily

noticed. This salinity gradient is certainly the main
factor influencing the spatial distribution of por-
celain crabs over this shore, but it can be blurred
under conditions of heavy rainfall as occurred
during field sampling in July/95, when salinity
at site 3 and 1 were considerably lower than av-
erage.

Considering the density data obtained, it can
be concluded that porcellain crab species inhabiting
sabellariid colonies at Paranapuã Beach showed
different distributional patterns along the shore.
These differences should be tightly related to each
species’s osmoregulatory capability, which is a
factor limiting species’s distribution.
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Fig. 7 — Density variation of porcelain crabs at each sampling site. Bars indicate 95% statistical confidence intervals of
mean density. A: Pachycheles laevidactylus and Petrolisthes armatus; B: Pachycheles monilifer and Megalobrachium roseum.

Index Site 1 Site 2 Site 3

H’ (nits/individual) 0.43 0.30 0.41

var (H’) 0.0002 0.0005 0.0001

J’ 0.31 0.22 0.25

l 0.75 0.85 0.80

TABLE 1

Shannon-Weaver’s index of species diversity (H’) and respective variances (var (H’)); Evenness (J’) and
Simpson’s dominance index (l), at each sampling site at Paranapuã Beach, São Vicente, SP.
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Species Species constancy

Site 1 Site 2 Site 3

Pachycheles laevidactylus 66.67 52.78 100.00

Pachycheles monilifer 11.11 2.78 55.56

Petrolisthes armatus 97.22 100.00 91.67

Pisidia brasiliensis 2.78 2.78 2.78

Megalobrachium roseum 0 0 30.56

TABLE 2

Constancy of porcellanid crab species at each sampling site in Paranapuã Beach.

Significant densities of P. armatus at all
sampling sites may reflect higher tolerance against
salinity variations. Coelho (1963/1964) reported
this species in mangrove swamps, Werding (1982)
and Oliveira & Masunari (1995) noted its occur-
rence in a salinity ranging from brackish to typical
salt water, but a density decline is remarkable in
salinity conditions below 6.7% (Oliveira &
Masunari, 1995). P. laevidactylus, P. monilifer and
M. roseum, which are species probably restricted
to the marine environment, seem to be more sus-
ceptible to salinity fluctuations, occurring mainly
at sampling site 3. Habitat partitioning between
P. laevidactylus and P. armatus, the two most
common species, may also indicate a competition
mechanism between these species.

In all species but P. laevidactylus, crab den-
sity throughout the study period followed a sea-
sonal variation in which higher densities were
recorded in winter, when temperature ranged from
20 to 23 ºC, and lower ones during warmer months.
In southern Brazil, Oliveira & Masunari (1995)
found the opposite trend for the porcellanid P.
armatus, in which higher densities were observed
during summer when mean water surface tempera-
tures were above 25 ºC. Smaldon (1972), who
investigated the biology of porcelain crabs in the
cold temperate north hemisphere, observed that
the density of Pisidia longicornis (Linnaeus, 1776)
and Porcellana platycheles (Pennant, 1777) de-
clined in summer.

In both Oliveira & Masunari (1995) and
Smaldon (1972), declining population densities
were attributed to high mortality rates of older age-
groups. Seasonal occurrence of porcelain crabs
in the present study may be related to their repro-
ductive activity patterns in the study region
(Micheletti-Flores, 1996).

P. brasiliensis and M. roseum, which are
respectively accidental and accessory species in
this habitat, are frequently found associated with
the bryozoan Schizoporella unicornis (Johnston,
1874) at Ubatuba, SP, Brazil (pers. obs.). This fact,
suggests that these species may preferentially
inhabit the infralittoral zone. Records on P.
brasiliensis included only three very young crabs
during winter months, which would indicate an
accidental recruitment in sabellariid worm reefs
during this season. In the case of M. roseum, adult
crabs including ovigerous females were obtained
in this study, suggesting that this species is capable
to settle and remain in these colonies.

There are several models attempting to ex-
plain the processes involved in the development
of diversity gradients, which are ruled by envi-
ronmental stability, habitat age, trophic resources
stability, competition and predation (Pires, 1992).
Diversity can be measured and expressed by a
given index and its basic components, which are
valuable tools of environmental analysis (Barcellos
et al., 1989). Shannon-Weaver’s diversity index
combines species richness and evenness values
(Krebs, 1972). Species richness is the number of
species surveyed while evenness reflects the degree
of homogeneity regarding relative species den-
sity (Poole, 1974).

Evenness values obtained for porcelain crabs
inhabiting sabellariid worm reefs at Paranapuã
Beach are relatively low according to Legendre
& Legendre, 1983. Low evenness values may
indicate strong interspecific competition, in which
dominant species are favored compared to oth-
ers coexisting in much reduced densities. At site
1, where higher diversity is due to higher even-
ness values, relative density of species are closer,
and therefore, dominance is lower.
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According to Lloyd & Ghelardi (1964), basic
components of diversity can be interpreted from
an ecological/environmental approach. Follow-
ing those authors, while species richness would
depend on structural heterogeneity of habitats,
evenness would be more susceptible to environ-
mental stability. Based on this theoretical assump-
tions, It can be inferred that higher diversity at
site 1 would be due to a wider array of potentially
exploitable ecological niches and higher environ-
mental stability, mainly due to a reduced wave
exposure at this site. Otherwise, lower diversity
value at site 2 would reflect lower habitat com-
plexity and environmental stability, the latter
probably related to reduced salinity caused by
freshwater discharge.

The high dominance value obtained at site
2 reflects the predominance of P. armatus in that
area. At site 3, the occurrence of a few M. roseum
specimens, which were only observed at this site,
shaded the dominance of P. laevidactylus.

The constancy index of a given species is
commonly used in studies on the longitudinal
distribution of fish in freshwater streams, allowing
not only an overview of each species’ distribu-
tion but also a faunistic characterization of a given
sampled site (Garutti, 1988) and an adequate
environmental description. Concerning the con-
stancy of porcellanid species at Paranapuã Beach,
two major groups can be delimited; Pachycheles
laevidactylus, P. monilifer and Petrolisthes armatus
are permanent species while Pisidia brasiliensis
and Megalobrachium roseum are visitant species.
This grouping provides basic information about
the relative importance and ecological role of these
species in this habitat.

According to Gore et al. (1978) the relative
numerical abundance of a species may be a po-
tential indicator of its ecological dominance within
the community. By adopting this parameter and
the criterion used by Yáñez-Arancibia et al. (1985)
to define dominant species in coastal tropical
systems, P. laevidactylus can be considered the
dominant porcellanid inhabiting sabellariid worm
reefs, followed by P. armatus. This results con-
firm the remarkable importance of porcelain crabs
in this specific biotope. Dominant species are
capable to successfully exploit a given habitat due
to diversified biologic strategies (Tapia-García et
al., 1988). Therefore, understanding the biology

of such species is essential to a better knowledge
of the overall ecology of a certain biotope.
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