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ABSTRACT

This study aimed to compare the densitysofjnomon bicolor on four rocky shores of the State of
Espirito Santo, Brazil. Further, size and weightnparisons were undertaken for the flat and
creviced surfaces. Quarterly samplings were take?00D6 and 2007, by removing organisms from
10 x 10 cm quadrants in the mid-intertidal zoneghviive samples from flat surfaces and five from
crevices. Although densities &f bicolor were considered low as compared with those of other
studies, this species is well established in theteStThe most well-established population|.of
bicolor was found in the rock crevices. The most imporfaator for the establishment bfbicolor

on rocky shores is substrate heterogeneity.

Resuwmo

O objetivo deste estudo foi comparar a densidadsodeomon bicolor em quatro costdes rochosos
no Espirito Santo, Brasil. Além disso, comparac@estamanho e do peso foram feitas para as
superficies lisas e com fendas. Coletas trimesiveasn realizadas entre 2006 e 2007, os organismos
foram removidos utilizando um quadrado de 10G faixa do médiolitoral, sendo cinco nas
superficies lisas e cinco nas fendas. As densidddés bicolor foram consideradas baixas em
comparagdo com outros estudos, mas a espécie enserthem estabelecida. Foi obtido um maior
ndmero de individuos nas fendas. O fator mais itapte para o estabelecimentoldbeicolor nos
costdes rochosos estudados mostrou ser a heteida@melo substrato.

Descriptors: Rocky shores, Intertidal zone, Intietl species, Substrate heterogenésygnomon
bicolor, Espirito Santo.

Descritores: Costdo rochoso, Zona entremarés, Espé@troduzidas, Heterogeneidade de substrato,
Isognomon hicolor, Espirito Santo.

INTRODUCTION exotic species for aquaculture and the aquariudetra
(AMARAL; JABLONSK, 2005).
Rocky shores are subject to a variety of Alterations in the structure of benthic

stresses caused by human activity, including thEommunities brought about by the introduction of
introduction of species, whether intentional orolvalves has been widely investigated (CARLTON,
accidental (CROWE et al., 2000). The introduction of992)- The recent invasion of the Brazilian coast by
marine organisms affects native species mainlytdue 'S°gnomon  bicolor may be the result of an
the resulting competition for food and space (KADO’unlr.\tentlonal mtrqducnon by foulmg or ballast tea
2003). Some invasions may have significant economidative to the Caribbean, this species currently rcu
impact as well as constituting serious risks to anm ©" rocky sh(?res along the. Brazilian coast
health (RUIZ et al., 1997). However, in many caseDOMANESCHI; MARTINS, 2002; FERNANDES et
the introduction of exotic species has no dramati@ 2004; MOYSES et al., 2007). However, the eixten
influence on marine communities (CROWE et a|.lofthe damage caused by their introduction is umkno
2000). (FERNANDES et al., 2004).

The main vectors involved in the Many studies have investigated the role of

introduction of species into marine environments artoPographical heterogeneity in the distribution of

ship ballast water, fouling and the importation ofntertidal communities (ARCHAMBAULT;
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BOURGET, 1996; BLANCHARD; BOURGET, 1999; Costa beach, in the Santa Luzia Hills; Area 2
BARRETO, 1999; MENCONI et al, 1999; (20°19'59"S, 40°16'24"N) also on Costa beach, htit
GUICHARD et al.,, 2001; UNDERWOOD, 2004; Sereia Point, located 0.4 km from area 1, Area 3
SKINNER; COUTINHO, 2005). The physical factors (20°38'06”S 40°25’28”N) on Setibdo beach, located
of the environment and, consequently, the struatfire 37 km from area 1; Area 4 (20°48'20"S 40°35’15"N)
the local community, can change abruptly within aon Ubu beach, situated about 62 km from area 1.
small space, if the complexity of the habitat ighhi

(BENEDETTI-CECCHI; CINELLI, 1997). Complex Sampling Design

surfaces can create a variety of niches which ses\e Sampling was performed quarterly in each

refuge for apimals (KQSTYLEV etal., 2005). . rea (Fig. 1) between August 2006 and May 2007,
This study aimed to compare the density o uring low tide.

I. bicolor populations on four rocky shores, and to Samples were taken in the mid-intertidal
3356.35 tr_:_(re]_lnflue dncelof the nL(ijber OI Crev'(;]em_"" ¥ zone within a horizontal stretch of 18 meters ochea
ensity. This study also aimed to evaluate the rocky shore. All crevices (depressions in the raitk
weight ofl. bicolor po_pulatlonS on two types of rocky depth greater than 3 cm) present in the area were
surface: flat and creviced. counted and their length and depth measured.
On each rocky shore, within the range of the

MATERIAL AND METHODS widest coverage ofsognomon bicolor, 5 quadrants
(10 x 10 cm) were sampled on two types of rock
Study Area surfaces: flat, those without depressions, andiazedy

This study was carried out in the coastaWith depressions of between 3 and 5 cm depth. The
zone of the State of Espirito Santo, Southeaste@f9anisms were collected with a spatula. In the

Brazil, characterized by Crystalline Precambrian sockl@boratory, all individuals of. bicolor were weighed

in contact with Quaternary deposits (MARTIN et al.,With & digital scale (precision of@Lg) and their shell
1996). height measured, determined by the distance between

The most frequent and intense winds arefWo parallels: tangential hinge tooth and the \antr

respectively, those from the northeast and southeag'argin of the shell, in accordance with Domaneschi
the former prevailing during the greater part oé th ahd Martins (2002), and the total length of thellshe

year, the southeasterly winds being associatedthith (9reater extent) from the umbo, using callipers

cold fronts that occur regularly in the State’sstak  (Precision of 0.05 mm) (Fig. 2). _
zone (ALBINO et al., 2001). The sex ofl. bicolor was defined by

Samples were collected on four rocky shoredgnicroscopic observation of the gonads (magnifigatio
(Fig. 1): Area 1 (20°19'44”S, 40°16'20"N) on the 100X).
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Fig. 1. Location of the study area. Areas 1 an@dsta beach; area 3: Setib&do beach, and area hdaich.
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Fig. 2. External view ofsognomon bicolor indicating the two
measurements.

Data Analysis

The sex ratio between the sampling areas

was compared using the non-parametric Chi-squa
test (ZAR, 1996).
To calculate the population density, only

individuals collected on the flat surfaces (without

crevices) were considered, since it was not passil
estimate the area of the creviced surfaces dukeeio t
irregularity. One-factor analysis of variance (ANGV

was performed to compare density values. dfcolor

among the sampling areas (1, 2, 3 and 4) (N=8®. Th
two-factor ANOVA test was used to compare the g
length, height and weight of the shells by area ofg

sampling and type of surface (flat or creviced) %N

974). The Tukey test was carried out for multiple
A

comparisons of the averages (ZAR, 1996).
Bonferroni test was used to measure the differeates

28

total number of individuals. The size of each inékr
(w) was obtained through the formula w = R / N,
where R is the difference between the highest and
lowest value.

For all testsp. was equal to 0.05.

ResuLTs
Characteristics of the Crevices

On the Costa beach (area 2) the recorded
crevices were larger, deeper and more numerous,
while in area 1, the values were lower (Fig. 3).
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Fig. 3. Average values (+ standard error) of leraytd depth

the estimated marginal means as between the cdevicgm) of crevices and their number recorded for saeand 2
and flat surfaces. Assumptions of normality andCosta), area 3 (Setibdo) and area 4 (Ubu).
variance homogeneity where tested prior to all

analyses by Kolmogorov-Smirnof's and Levene’s

tests, respectively. The hypothesis of normalitg an

Sex Ratio

The proportion of females varied from 48%

homogeneity was accepted only for the densityin area 1 to 55% in area 2 (Fig. 4). The Chi-squared

transformed in a In (X + 1). For length, height andest showed no significant differences among areas.
weight, parametric analysis with the unprocessdd da

was carried out, because of the symmetry of tha. dat

Also, in accordance with Xavier (2008), the dataeve
tested again with Kruskal-Wallis and ANOVA and
always led to the same conclusion.

Spearman’s non-parametric test was used |

verify possible correlations between the averag

density in each area and season (N = 16) and tl

number of crevices.
For the analysis of size frequency
distribution (length), individuals were classified

according to the formula proposed by Sturges
described by Massad et al. (2004). The determinatio_.

of classes was obtained by the equation N = 1+3.3
log (n), whereN is the number of classes ands the

mFemale oMale
100%, n=66 n=119 n=102 n=104
| 50%-
0%
1 2 3 4
Areas

g. 4. Sex ratio ofsognomon bicolor on Costa (areas 1 and
, Setibao (area 3) and Ubu (area 4).



26 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 58(1), 2010

Density intervals of 0.35 cm. In general, the highest
) ) frequencies were found distributed in shell length
The mean density ofl. bicolor was intervals ranging from 1.07 cm to52cm (classes 3 to
significantly different among the studied areasiept 6 (Fig. 7).
for those of areas 2 and 4, that presented higilees Comparing the flat and creviced surfaces in
(F=33,55;p < 0.001) (Fig. 5). each area, individuals collected in the crevices
presented a greater size range. Larger individisée
classes between 7 and 11) were rarely found on flat
a surfaces (Fig. 7).

a Means Values of Length, Height and Weight.ddicolor

o
L

b The estimated means for length, height and
weight ofl. bicolor were higher in the creviced areas
c than on flat surfaces (Fig. 8), with significant
differences, according to the Bonferroni tegt <
0 ‘ : 0.001).
1 2 3 4 For length, areas 1 (1.94 cm = 0.05) (*
Areas standard error) and 2 (2.03 cm = 0.03) showed the
. : highest averages, differing from areas 3 (1.70 cm %
Fig. 5. Average density (+ standard error) lebgnomon
bigolor at the gampling ?é)cgtions (areas 1 ar)ld 29 Costa, ar0:03) and 4 (1.62 cm + 0.02). Areas 1 (1.31 cmasp.
3: Setibdo, area 4: Ubu). Homogeneous groups ditetnby ~ and 2 (1.37 c¢cm + 0.01) also presented higher mean
the Tukey test are indicated with the same letters. heights than areas 3 (1.21 cm £ 0.02) and 4 (Ini4 c
0.01). Mean weights also indicated that areas24(g.
Results showed a negative -correlationt 0.08) and 2 (1.29 g *= 0.05) were significantly
between the average density lof bicolor and the different from those of areas 3 (0.75 g + 0.04) 4nd
number of crevices recorded in each area (Fig. 6). (0.72 g £ 0.03) (Table 1).
All the tested interactions between variables
revealed significant differences in the averageiesl
. nowor  Of length, height and weight (Table 1).
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. . DiscussioN
4 A :
. The density ofsognomon bicolor on rocky shores

N
*0

was considered low in comparison with those of istud
undertaken in Rio de Janeiro, whose authors reporte
10 12 14 16 18 20 22 24 26 densities of up to 445 individuals per 100 2cm
Number of crevices (FERNANDES et al., 2004). This fact, together witre
absence of previous studies in the sampling asagests
that the invasion of this species has occurredntgcen the
Fig. 6. Correlation between the mean densitysognomon Espirito Santo State. Despite the fact that isantinvasion,
bicolor in each area and season and the number of crevicksbicolor occurred throughout the sampling areas along the
recorded on Costa (Areas 1 and 2), Setibdo (Arem@)uUbu  Studied period, indicating that populations are |wel

(Area 4). The results of the Spearman test arepted in the  €stablished in the studied rocky shores.
figure (@ = 0.05; N = 16). Many studies in the intertidal region suggest that

depressions or crevices represent microhabitateriogf
protection against desiccation, mechanical impaavaves,
and predators (RAFFAELLI; HAWKINS, 1999; BARRETO,
1999; BLANCHARD; BOURGET, 1999; KOSTYLEV et al.,
o 2005). Comparing the results of flat surfaces aedices, the
A total of 974 individuals from 160 |atter showed a greater number of individuals fotre areas
quadrants were collected and measured. Also, Jlahd periods studied, indicating that in that envinent, the
empty shells were found within the quadrants. Asettlement of these individuals is easier. Furthtre
greater number of. bicolor was observed in areas individuals are more closely aggregated in the icesy
with crevices (63% of the total sampled) than a fl differently from the flat surfaces. Similarly, Mds et al.
surfaces. (2007) noted thakt bicolor, in the early stages of succession,

individuals were distributed in 11 size lesents an aggregale disiribuion - colonizing - only
classes, according to the length of the shellsh wit '

)

Size-frequency Distribution
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Fig. 7.Isognomon bicolor shell length size-frequency distribution on Cdgteeas 1 and 2), Setib&o (area 3) and Ubu (area 4)
collected on flat surfaces (without depressiong) areviced surfaces, from August 2006 to May 2087=( number of

individuals measured).
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Fig. 8. Average values (+ standard error) of leng#ight and
weight oflsognomon bicolor on Costa (areas 1 and 2), Setibao
(area 3) and Ubu (area 4) and the type of surfaberev
individuals were collected (flat or creviced).
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Table 1. Results of two-factor ANOVA between samglareas (Costa, areas 1 and 2, Setib&o, area Blandarea 4), and
types of surface sampled (flat and creviced), withables of lengths, heights and weights of shallsognomon bicolor. The
homogeneous groups determined by the Tukey test arelered from the lowest to the highest averageevé: test value; P:
probability associated with the test values 0.05.

Variable Source of variation Degrees of freedom F p Tukey HSD
Length site 3 37.352 <0.001 _8 12
surface 1 91.355 <0,001 -
site x surface 3 4.627 0.003 -
Height site 3 28.896 <0.001 _8 12
surface 1 135.570 <0.001 -
site x surface 3 4.781 0.003 -
Weight site 3 36.142 <0.001 38 12
surface 1 104.880 <0.001 -
site x surface 3 5.892 0.001 -

Densities were significantly different for sampling feed, since they spend more time submerged in
locations, with the greatest difference recordetiveen the comparison with those on smooth surfaces. This also

two closest areas (areas 1 and 2). This differarae be helps to explain the larger sizes and weights
explained by the greater number of crevices in &emnd registered

their dimensions. There is a positive correlatieteen the The highest size-f f .
number of crevices and density, demonstrating that L enhig e_s S'Ze_' requency or organisms was
establishment of individuals is easier in the aesiand, found in intermediate size classes, and the smaller

consequently, the resident population influencesirth ones in lower and higher classes. This type of
colonization also in the smooth adjacent areas. fiter ~ population structure was also found by Fernandes et
feeders are extremely selective of substrates tichmhey al. (2004) for this species. In other studies with
will attach (LITTLE; KITCHING, 1996), thus, manywlies  pjvalves, Alvarado and Castilla (1996) found a
indicate that local environmental characteristio®d ahe pimodal size distribution with high frequency of
resident population can have a strong effect omwalar . S
: recently established individuals and adults.

recruitment (OSMAN; WHITLATCH, 1995). Y The differences in the populations of

According to Skinner and Coutinho (2005),, . .

9 ( )’blcolor found could be due to substrate heterogeneity

the settlement of the barnacle larvaetraclita tity of . this bei . tantead
stalactifera is influenced by substrate heterogeneity, agquan_ ity o Cre.""‘z‘?s)’ IS being an importantéaan
xplaining variability on a small scale, corrobargt

the greater the roughness, the larger the settieme )
due to changes in the water flow and increasedlarv e results O.f Arau;o .et a]. (2005) th?‘? suggest
horizontal variability of intertidal communities o

retention. Moreover, it is likely thdt bicolor selects . ;
the crevices in which to settl)ela or otherwise, ttiet scale of a few meters, related to habitat hetereigen

crevipes are a refuge f_rom_ pre_dators an_d morergretre A CKNOWLEDGEMENTS

physical factors, resulting in higher survival etruits ]

in these microhabitats. Future experimental studies We would like to thank Dr. Andrea de
may help to clarify these points. Oliveira Ribeiro Junqueira, Dr. Jean-Christophe

In crevices, the organisms were significantlyJoyeux and MSc. Mércia Barcellos da Costa for their
larger and heavier than those collected on smooiffportant contributions to this work, as well asrou
surfaces. Blanchard and Bourget (1999) recordegplleagues of the Malacology Laboratory (UFES) for
higher values of intertidal community biomass intheir assistance in the various stages of thisystud
crevices, thus corroborating the findings of thisdy.
According to Murray et al. (2006), topographic
heterogeneity causes turbulence that can disstpate ALBINO, J.; PAIVA D.S.; MACHADO G.M.
wave energy providing sheltered microhabitats, and Geomorfologia, tipologia, vulnerabilidade erosiva e
possibly increasing food availability. Depressianms, ocupacdo urbana das praias do litoral do Espiamd;
therefore, less stressful environments for orgasitm Brasil. Geografares v. 2, n. 2, p. 63-69, 2001.
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