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ABSTRACT

The present study presents the vertical zonatidgtepaof the intertidal benthic organisms on gramiboulders in
the Farol de Sdo Tomé beach (22°02'S, 41°03'W)dRidaneiro State. Four sampling profiles usingx220 cm
quadrats through a photo quadrat technique revedtad horizontal bands: (1) Littoral Fringe charaaized by
empty space anidttorina; (2) Upper eulittoral mainly occupied yhthamalusand bare rock; (3) Lower eulittoral
characterized byChthamalusPhragmatopomaJlva and Centrocergsand (4) Sublittoral Fringe characterized by
Ulva, Phragmatopomand Hypnea The high variability in the relative abundancetb& dominant species among
the profiles may be attributed to the high topodnagrregularity, reflecting in different wave aofi intensity at the
same height, and consequently favoring the establsit of different species. The frequent substtitgnation
from granitic rock toPhragmatopomaandy reefs might contribute to the small-scalatiap variability. The
implantation of a breakwater on an area without urat rocky shores allowed the study of intertidanthic
communty zonation, and provide a baseline for #pegmental studies.

Key words: Intertidal zonation, rocky shore, benthic commynitorth coast of Rio de Janeiro

INTRODUCTION topography heterogeneity (Archambault and
Bourget, 1996; Cusson and Bourget, 1997;
Intertidal rocky shores present several organismé&uichard and Borget, 1998; Guichatdal.,2001),
which are commonly distributed in specific zonespredation and competition (Connell, 1961),
or particular associations parallel to the coagh w disturbance and succession (Souza, 1979), grazing
floral and faunal variations over short horizontal(Apolinario et al., 1999, Bulleri et al., 2000) and
distances. The vertical distribution of these bandeecruitment (Forde and Raimondi, 2004; Skinner
is related mainly to a gradient of and Coutinho, 2005). Their relative importance is
emersion/desiccation and alsm others physical hard to generalize, due to the frequently high
and biological factors, including wave exposurenumber of potential factors involved and, mainly,
(Lewis, 1964, Underwood, 1981; Araljet al., due to their interactions (Little and Kitching,
2005), tidal dynamics (Denny and Paine, 1998)1996).
temperature (Tomanek and Helmuth, 2002)Benthic community zonation patterns are well
salinity (Zacharias et al., 2001), substrat&known (Stephenson and Stephens@49; LEWIS,
orientation (Chapman and Bulleri, 2003),1964), and this subject has beediscussedby
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several authors (Underwood, 1981; Oliveira andransplanted granitic boulders 20 years after the
Paula, 1984; Thomas, 1985; Coutinho, 1995mplantation of a rocky substrate on the north
2002; Benedetti-Cecchi and Cinelli, 1997;coast of the State of Rio de Janeiro. The
Brattstrom, 1999; Boaventura, 2002; Goad04). breakwater was implanted at the beginning of a
For marine biologists, the zones are extremelfishing harbor that started in 1980 but was
useful in a practical sense because they provideimterrupted. Since the qualitative and quantitative
convenient descriptive framework into whichdata about the vertical distribution of benthic
specific observations can be fitted (Little andorganisms’ patterns in this region are inexistent,
Kitching, 1996). this study provides an observational basis for
On rocky shores, substrate topography may havefature experimental studies.

spatial influence on the intensity of environmentallhe characterization of rocky shore communities
variables, which in turn, might affect the through distribution and abundance data is the firs
biological processes during both low and high tidestep to understand the benthic dynamics and is
periods (Guichard et al., 2001). The physicabsually the only framework for ecological and
features of the environment, and consequently thanagement decisions (Sabino and Villaca, 1999).
structure of the local assemblage may change

abruptly over a very small spatial scale in high

complexity habitats (Benedetti-Cecchi and Cineli MATERIALS AND METHODS

1997).

Antropogenic coastal alterations (i.e. installatiorStudy area

of structures in coastal areas) modify the landscaprhe study was done on the Farol de Sdo Tomé
by adding new habitats and favoring benthideach (22°02'S, 41°03'W), located on the Cape of
community recruitment or colonization. SeveralSdo Tomé along the northern coast of the State of
studies on benthic organisms’ distribution haveRio de Janeiro (Fig. 1). The environment has a set
been carried out in artificial environments such asf granitic boulders presenting a discontinuous and
seawalls and breakwaters (Chapman and Bulletisregular surface forming “steps” (Fig. 1). The
2003;Bulleri and Chapman, 2004; BulleBD05). rocky substrate is located 10 m distant from the
The latter, made of transplanted boulders arbeach and is approximately 30 m in length. The
discontinuous and irregular and arearacterized northeast wind is predominant in the region
by a high surface complexity. throughout the year. The sampling program was
The objective of the present study was taarried out on the southern face of the Pier, where
characterize the vertical zonation of benthiavave action is less intense.

organisms in the intertidal zone on a breakwater of

Rio de Janeiro
Cape of
Sao Tomé

o —
0 3p9 60 km

Figure 1 - Localization of the study area at the northernsta@d Rio de Janeiro State and the
breakwater on Farol de S&o Tomé beach.
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The sampling program was carried out in MayA cut-off of cumulative dissimilarity of 80 % was
2005. The organisms were collected previously foapplied (Boaventura et al., 2002).

identification of the community composition. TheData analysis was performed with PRIMER
cirripeds Chthamalus proteus Dando and software (Clarke and Warwick, 2001) and the
Southward, 1980 an@. bisinuatusPilsbry, 1916 cophenetic coefficient was calculated with
were characterized only at the genus level since NSTSYSpc 2.1 software.

was impossible to distinguish themsitu. A graphical representation of the vertical
Four vertical profiles, 4 meters wide, representedistribution pattern was elaborated in a diagram
each one a study unit. Along each profile, 1Gvhere the tide levels were also indicated. The
levels were photographed from 0.2 meters abovatertidal nomenclature of the different horizontal
tide level to a selected point above the marinkevels was based on Lewis’ (1964) zonation
organism on the highest portion of the rockyscheme and terminology, calling the top zone as
substrate (generallyittorina sp). Due to substrate “littoral fringe”, the middle zone as “eulittoral
discontinuity, the determination of eachzone” and the top zone as “sub-littoral fringe”.
observation height was performed by sections

using the adapted Gevertz method (1995). The

random sampling surface at each section had IRESULTS

external faces relatively perpendicular and also

facing to the sea. A digital camera Cannom total of 13 marine invertebrates and algaxa
PowerShot A510 3.2 Mp in a watertightwere found: the chlorophyte§€haetomorphasp
compartment was attached to a 20 X 20 cnKuetzing 1845 andllva fasciataDelile 1813; the
polyvinyl chloride (PVC) photoquadrat framer rhodophytesCentroceras clavulatuniC. Agardh)
(Preskittet al.,2004). Each photo was analyzed forMontagne, Gymnogongrus griffithsiae (Turner)
percent cover using the CPCe V 3.1 (Coral Poinlartius and Hypnea musciformis (Wulfen)
Count with Excel extensions) software programlLamouroux; the cirripedsChthamalusspp and
which estimate bare space and the specigetraclita stalactifera (Lamarck, 1818); the
percentage cover applied to a grid of 100 points igastropod<Collisella subrugosgOrbigny, 1846),
the digital photography (Kohler and Gill, 2006). Littorina ziczac (Gmelin, 1791) andStramonita
The distinction between primary and secondaryr\aemastoma (Linnaeus, 1758); the bivalves
canopy was not considered. Brachidontes solisianus and Perna perna
The tide levels were calculated using the tides(Linnaeus, 1758) and the polychaete
table for the Imbetiba Marine Terminal Phragmatopoma lapidogéinberg (1867).
(http://wvww.mar.mil.br/dhn/chm/tabuas/index.htm). The wvertical distribution of the representative
The benthic assemblages at the different levelsrganisms is shown on Figure 2. The uppermost
were evaluated through taxonomic compositionguadrats (Q10 and Q09: 2.2 to 1.8m) were
species richness (average number); Brillouin’sharacterized by bare rock anittorina ziczac
diversity (Zar, 1984) and species average€hthamalusspp andB. solisianuswere the main
percentage cover in each profile. species in the quadrats Q08, Q07, Q06 and Q05
The comparative analysis of the benthiq1.8 to 1.0m). The lower quadrats (Q04, Q03 and
assemblages at different heights included a clusteyo2: 1.0 to 0.4m) were dominated bg.
analysis (UPGMA) and a Multi Dimensional clavulatum P. perng P. lapidosaandU. fasciata
Scaling (MDS) both with Bray-Curtis Similarity The last species artdl musciformiswere the most
coefficient for percentage data. Cluster reliapilit representative of the lowermost level (Q01: 0.4 to
to data was evaluated by the cophenetig.2m).

coefficient. The average species diversity and richness were
Similarity Percentages Procedure (SIMPERhigher in the intermediate quadrat (Q05: H = 1.25,
defined the percentual contribution of the mosN = 7.8). The lowest values were recorded in the
abundant species between and within the groups gppermost quadrat (H = 0.07, N = 2) (Fig. 3).

the cluster analysis (Clarke and Warwick, 2001).
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Figure 2 - Percent cover average values $E; N = 4 sample units) of the most abundant
organisms (contributing with > 5% percent covelnagl the intertidal zone on the
north coast of Rio de Janeiro.

The cluster analysis of the sampled heightthan the acceptable (r = 0.80), reflecting thetelus
showed four main groups with 52% of similarity reliability. The resulting MDS (Fig. 4) showed a
(Fig. 4), Group | with the upper quadrat (Q10 toprogressive ordination displaying ¢fie benthic
QO08: 2.2 to 1.6 m), Group Il with the intermediateassemblages across the set of sampled heights,
upper quadrat (Q07 and QO06: 1.6 to 1.2 m), Groughich reflected a vertical continuum. The stress
lIl with the intermediate lower quadrat (Q05 andvalue of 0.01 for the 2-dimensional MDS
QO04: 1.2 to 0.8 m) and Group IV included theconfiguration was low, indicating an excellent
inferior quadrat (Q03 to QO01: 0.8 to 0.2 m). Thegraphic representation.

cophenetic coefficient value (r = 0.88) was higher
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(stress value = 0.01) with Bray-Curtis Similaritgetficient of species percent cover
with group average linking of the benthic assemidagt different heights along the
intertidal zone on the north coast of Rio de JanéQ01 - lowermost quadrat: 0.2 to

0.4 m; Q10 - uppermost quadrat: 2.0 to 2.2 m).
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The SIMPER analysis defined the percentombination of neighbor groups revealed by
contribution of the most abundant species betwee®IMPER analysis (Table 1b) showed that Groups |
the groups of the cluster analysis (Table 1a). Barend Il differed in 88.26% due to bare rock,
rock was the most common feature for Group Chthamalusspp andB. solisianus Besides bare

(95.58%) and also for Group Il, together withrock, several species were responsible for the

Chthamalus spp (89.83%). For Group

I, dissimilarity between Groups Il and Il (80.63%):

Chthamalusspp.,U. fasciata C. clavulatumand Chthamalusspp, U. fasciata P. lapidosaand C.
P. lapidosa were the most common speciesclavulatum respectively. The analysis showed that
(81.84%), while U. fasciata and P. lapidosa Groups lll and IV differed (83.45%) mainly by the

contributed to the highest similarity to Group IV species U.

(88.32%).

The average dissimilarities between each pairwiseespectively.

fasciata Chthamalus spp, H.
musciformis C. clavulatum and P. lapidosa

Tabela 1 - SIMPER analysis with the contributing speciesh® similarity within groups (la) and between groups

(Ib) of the cluster analysis.

la  Similarity within groups (%) I ] Il v
Bare rock 95.58 44.26
Chthamalusspp 45.57 25.93
Centroceras clavulatum 20.00
Ulva fasciata 25.19 66.48
Phragmatopoma lapidosa 10.37 21.84
Total 95.8 89.83 81.84 88.32
Ib Dissimilarity between groups (%) | vsll Il vslll [ vslv
Bare rock 47.48 31.47
Chthamalusspp 30.49 10.63 20.98
Brachidontes solisianus 10.29 6.52
Ulva fasciata 14.42 25.68
Phragmatopoma lapidosa 13.37 8.01
Centroceras clavulatum 10.74 10.65
Hypnea musciformis 11.61
Total 88.26 80.63 83.45
The graphic representation of the verticallLittorina ziczag, called “littoral fringe” (2.2 to

distribution pattern of the benthic assemblages oh.6 m), the upper mid-shore zone characterized by
the studied breakwater is shown in Figure 5. Thanvertebrates, named “upper eulittoral zone” (1.6
position of these assemblages was related tota 1.2 m), the lower mid-shore represented by
conventional level called “chart datum” (CD) andseveral invertebrates and algae, called “lower
the tide levels for the period of 30 days before theulittoral zone” (1.2 to 0.8 m) and at the lowest
sampling date is indicated. The different zonatioband, an algal bed zone called “sub-littoral frihge
scheme was based on Lewis (1964) with fou(0.8 to 0.2 m).

bands: the highest zone dominated by small snails
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Figure 5 - Schematic zonation diagram of the benthic intattidssemblages on the studied
breakwater on north coast of Rio de Janeind the height above “chart datum”
(CD). EHWST - extreme high-water of spring tide, MHW -anehigh-water, MTL -
mean tide level, MLW - mean low-water, ELWST - extre low-water of spring tide.

DISCUSSION (1964), the upper limit of the genusttorina
characterizes the boundary between the
The qualitative and quantitative results suggest Qupralittoral and the Littoral fringe. The species
banding pattern for the benthic organisms in thé. ziczacandL. flava were both recorded in the
studied intertidal zone, with four major zones:littoral fringe, although the latter occurred mainl
Littoral Fringe, Upper Eulittoral Zone, Lower in shaded places such as cracks and rocky fissures
Eulittoral Zone and Sub-littoral Fringe. (personal observation).
The superior band of the substrate called Littordncreasing environmental stress has historically
Fringe (2.2-1.6m) was above the highest tide levdieen related to lower diversity, richness and highe
(EHWST: extreme high water spring tide), wherespecies dominance (Clarke and Warrick, 2001).
humidity came from the salt water spray generateihe sharp reduction of the above numerical
by wave action and explained the bare rocklescriptors on the uppermost height of the studied
uncovered by organismd$n general, this fringe breakwater indicated a highly stressed
was characterized by a few encrusting lichenggnvironment, where the physical factors such as
small littorinid gastropods and cyanonobacteriaheat and desiccation were more severe due to the
which might be considered as a worldwide featuréonger exposure time. However, tide oscillations at
of the upper zone in intertidal rocky shores (kittl the intermediate levels of the substrate turned the
and Kitching,1996;Boaden and See985). This environment into a less stressful one and allowed
band was characterized by a higher coverage 6£veral organisms to inhabit this zone.
grazing gastropods,ttorina spp, which were also The Upper and Lower Eulittoral zone (1.6-0.8 m)
found over a large extension in the Westermpresented a variety of algae and invertebrate
Atlantic (Coelho et al., 2004). The ecologicalspecies. This zone extended from the extreme high
importance of these grazers is related to thwater spring tide (EHWSTp the mean tide level
control of microalgal populations (Apolinario et (MTL). The extension of this zone was marked
al., 1999). Aggregation, selection of habitatmainly byChthamalusspp. Others organisms such
decreasing shell pigmentation andas mussels, polychaetes and algae were present as
increased/decreased shell ornamentation are sofpatches, which form a mosaic pattern mainly in
adaptations ofLittorina to survive in this harsh lower level of this zone.
environment where the desiccation stress is th€he high variability in the relative abundance of
highest (Chapman and Underwood,996). the dominant species among the profiles in the
According to the scheme proposed by Lewidulittoral zone should be emphasized. The
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horizontal variability in the benthic organisms’ water spring (ELWS), which corresponded to the
distribution might be attributed to the highlowest tide level. It represented a transition band
topographic irregularity of the rocky substratethe Sublittoral zone, where the emersion time was
which reflected in different wave action intensitythe lowest of the intertidal region. Irregular
at the same height, favoring the establishment gfatches of the mussé&erna pernaoccuped this
different species. On the rocky shores of Cabo Fripone, and its existence was more related to wave
(southeastern of the state of Rio de Janeiro)etheexposure areas (personal observatidime sandy
was a considerable heterogeneity in the canopgefs of the polychaetehragmatopoma lapidosa
structure, resulting on distinct patches ofwere the local substrate for several species m thi
organisms (Yoneshingue, 1985 apud Machado etrea. In southeastern Brazil, this species builds
al., 1992). extensive sandy reefs through a set of compacted
The division of the eulittoral zone is commonlyindividual tubes, where the organisms settle
observed (Gevertz, 1995; Coutinho, 2002). In th¢hemselves (Amaral,987 apud Micheletti-Flores,
present study, it was divided into two sub zonest999). It was common to observe a changing color
Upper eulittoral zone (1.6-1.2m) and lowerfrom green or red, due to the dominance of the
eulittoral zone (1.2-0.8m). chlorophyte U. fasciata or the rhodophyteC.
The Upper Eulittoral zone was mainly clavulatumto brownish, due to the sandy reefs of
characterized by the cirripedsChthamalus P. lapidosa In the lowest level of the sub-littoral
bisinuatus and C. proteus commonly found on fringe, the rhodophytddypnea musciformisvas
Brazilian rocky shores. According to Coelho et althe characteristic species. This macroalgae is also
(2004), the distribution of these species on Brazibundant in the inferior part of the intertidal on

is from Rio Grande do Norte to Santa Catarina. llof Rio de Janeiro coast at Cabo Frio (Coutinho,
this sub zone, aridity caused by exposure to a002), Buzios (Machadet al., 1992) and llha
was still intense, but a reduction of the emptyGrande Bay (Brito et al., 2002), and in the extreme
space in the area was observed. The grazer north (Oliveira et al., 1984) and south (Gevertz,
Ziczacappeared amongst the cirripedes but not g995) of the State of Sdo Paulo.

abundant as on the littoral fringe, which wasThe distribution patterns of organisms on the
usually called “Littorinid zone”. However, intertidal breakwater on north coast of the Stdte o
Apolinario et al (1999) observed that littorinids Rio de Janeiro presented characteristics of other
were much more abundant in the middle-intertidaBrazilian natural rocky shores. Horizontal changes
zone aggregating amongst cirripedes. The graziraf species distributions over very small spatial
limpet Collisella subrugosacommonly found in scales of the shore formed a mosaic of organisms
this zone, was also mentioned as an abundamtainly in the middle shore, due to the substrate
archiogastropod in the Brazilian coast, occurringrregularity and discontinuity. The information
from the tropical northeast up to the subtropicabbtained in the present study after the implantatio
southeast coast (Rios, 1995 apud Tanaka, 200Df a breakwater on an area without natural rocky
Another mollusk,Brachidontes solisianuthough shores filled in a gap referring to the benthic
present along the eulittoral zone, showed a high@ommunity and its vertical distribution on
relative abundance on the upper sub zone. intertidal rocky substrate on the north coast af Ri
The Lower Eulittoral zone extended from mearde Janeiro, and provided an observation basis for
high water (MHW) to mean tide level (MTL). It current and future experimental work.

revealed the highest species diversity and richness

showing an even distribution. A bare rock

decreasing value to <10% was evident. ThreACKNOWLEDGEMENT
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RESUMO Archambault, P. and Bourget, E. (1996), Scales of
coastal heterogeneity and benthic intertidal spgecie

O presente estudo teve como objetivo apresentalriChneSS' diversity and abundantéar. Ecol. Progr.
Ser, 36, 111-121.

benics d regocrremarés om bioos GraniicBT ool ETE L g Gt (100 St
na praia do Farol de S&o Tome (22°02'S, 41°03'W)ntertidal zone of the Strait of Magellan: are pets
na costa norte do estado do Rio de Janeiro.generalPolar Biol, 18, 337-343.

Quadrados de 20 x 20 cm foram sobrepostos eBbaden, P. J. S. and Seed, R. (1988)/ntroduction to
quatro perfis e utilizado o0 método por foto quadrat Coastal EcologyBlacckie and Son, Glasgow.

com 100 pontos de intersecdo. A analise dBoaventura, D.; Ré P., Fonseca, L. C. and Hawi8ns,
agrupamento e a porcentagem de cobertura del. (2002), intertidal rocky shore communities of th
organismos bénticos indicadores sugeriram um continental portuguese coast: analysis of distidiout

padrio na distribuicio vertical da regido_ PatternsMar. Ecol, 23(1), 69-90.

entremarés com quatro faixas: Franja d@ratstom. H. (1999), Description of the littoral
zonation at nine Bahamian rocky-shore localities.

Supralittoral caracterizado por espaco vazio € Sarsia 84, 319-365
Littorina ziczag Médiolitoral Superior ocupado giito L. V. R.- Szééhy M. T. M. and Cassano. V.

por Chthamalusspp e espago vazio; médiolitoral (2002), Levantamento taxondmico das macroalgas da
inferior caracterizado por Chthamalus spp, zona das marés de costdes rochosos adjacentes ao
Phragmatopoma lapidosa Ulva fasciata e terminal Maritimo Almirante Maximiano Fonseca,
Centroceras clavlatum; e Franja do Infralitoral Baia da llha Grande, RAtlantica, Rio Grande 24
caracterizado porU. fasciata P. lapidosa e (1), 17-26.

Hypnea musciformis A alta variabilidade na Bulleri, F. and Chapman, M. G. (2004), Intertidal
abundancia relativa das espécies dominantes entr@SSémblages on artificial and natural habitats in
os perfis na zona Médiolitoral é atribuida a alta M21as on the north-west coast of ltayfar. Biol,
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