
Introduction

Temporal variations in environmental parameters (e.g.,

temperature, light and wave exposure degree) may cause dif-

ferences in the organism associations on the rocky intertidal

over a time span from months to decades (Underwood 1981,

Dye 1998, Brito et al. 2002, Chapman 2002, Porri et al.

2006). The life cycles of marine organisms especially in tem-

perate regions show seasonal patterns in growth, reproduc-

tion and abundance (Coma et al. 2000). In tropical (Oliveira

and Paula 1984) and subtropical (Coutinho and Zalmon

2009) regions, the literature shows the influence of the sea-

sonal behavior of the tides on phenology, cover, death or ver-

tical migration of organisms in the intertidal zones.

According to Underwood and Chapman (2000), tempo-

ral variability in the abundance of organisms in a medium

time frame (annual) is generally lower at higher levels on

rocky shores. At lower levels, with less severe environmental

conditions, the number of organisms varies depending on the

period of the year due to fluctuations in recruitment, preda-

tion and/or competition, which are often unpredictable for

several species. At higher levels, air temperature and food

availability are identified as crucial depending on the tidal

surge, and affects the dynamics of invertebrate filter-feeders

(Marchinko and Palmer 2003).

The tide oscillation promotes several adaptations to

water loss from desiccation, especially in organisms that in-

habit the upper shore. Any change in the tidal level substan-

tially influences the distribution, abundance and interactions

of many sessile adult organisms (Denny and Paine 1998).

Numerous studies have shown that the upper limit of vertical

distribution of species is correlated with their thermal toler-

ance limits (reviewed by Stenseng et al. 2005).

The physical disturbances caused by wave action are im-

portant determinants of the structure and dynamics of benthic

communities on intertidal rocky shores (Helmuth and Denny

2003). One of its effects is related to the expansion of the

intertidal zone, where the spray allows organisms to extend

their spatial and temporal range of occupations (Little and

Kitching 1996). The topography of the substrate may influ-

ence the intensity of these variables and in turn, can affect the

biological processes during high and low tides (Guichard et

al. 2001).

Anthropogenic alterations such as breakwaters and jet-

ties modify the environment by adding new habitats and fa-

voring benthic species’ recruitment and colonization (Chap-
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Abstract: The present study investigated the vertical distribution of intertidal benthic organisms in different periods of the year,

relating them to environmental variables (tide, air temperature, wave height and period) on a breakwater zone on the northern

coast of Rio de Janeiro State. Quadrats of 400 cm
�

were superposed along four vertical profiles and sampled by a photoquadrat

method. A seasonal difference was identified in the degree of air exposure, which was higher in October 2005 and February

2006. Air temperature and wave height and periodicity differed significantly among the four studied periods. Some species

occurred only in one period as Fissurella clenchi in July 2005 and October 2005, Gracilaria domingensis in July 2005,

Grateloupia sp. in October 2005) and Porphyra acanthophora in October 2005 and February 2006. Species richness and

diversity values were higher in the intermediary quadrats in all the studied periods. The intermediate benthic strip occupied a

narrower zone, changing its spatial location according to the season of the year: in May 2005 it was closer to the lower zone,

in July and October 2005 it occupied an intermediate position, and in February 2006 it was nearest to the upper quadrats. The

hypothesis of intra-annual variation of the benthic community distribution according to the seasonal variability of tides, air

temperatures, wave height and periodicity was accepted for the intermediate strip of the intertidal zone, related to taxonomic

differences and on the abundance of dominant species considering the four studied seasons.

Nomenclature: Algae: Joly (1957); Mollusca: Rios (1985); Crustacea: Young (1998), Polychaeta: Amaral (1987).



man and Bulleri 2003). Such substrates are three-dimen-

sional, affecting the orientation, shading and degree of expo-

sure to waves in the intertidal zone, and offer a variety of

habitats for benthic organism. On the northern coast of Rio

de Janeiro, studies on this type of substrate have been mainly

related to general methodological comparisons (Macedo et

al. 2006), zonation (Masi et al. 2009a) and spatial and tem-

poral variation of the local benthic community (Masi and

Zalmon 2008, Masi et al. 2009b). Within the latter context,

we tested the hypothesis that the intra-annual variation on the

vertical distribution pattern of the epibenthic organisms is re-

lated to drying and moisture loss variation in a local scale,

which is directly proportional to the seasonal tidal variability,

air temperature and wave height and periodicity.

Materials and methods

The study was conducted on a breakwater zone at Farol

de São Tomé Beach (22° 02’S 41° 03’W), northern coast of

the Rio de Janeiro State (Figure 1). The artificial rocky sub-

strate of granite is 10 m from the coastline, with a total length

of approximately 30 m and has an inclination of 50°. The

prevalent wind in the region is from the northeast but winds

from the southwest quadrant occur mainly during the passage

of cold fronts. All surveys were conducted on the western

rocky surface, where wave action is less intense.

Samples were collected in four time periods: May/2005,

July/2005, October/2005 and February/2006, and these will

be subsequently referred to as Time 1, 2, 3 and 4, respec-

tively. Four vertical profiles 4 m apart (N = 4 sampling units)

consisting of 10 contagious quadrats (20 × 20 cm each) were

sampled from 0.2 m tide level (L01) to the upper limit of Lit-

torina ziczac. Owing to topographical irregularities of the

breakwater, the sampling technique was performed by the

Gevertz’s method (Gevertz 1995), which uses a plumb line

and a spirit level for the quadrats transfer within the profile.

Sampling was restricted to perpendicular surfaces facing the

sea. The profiles were fixed at each sampling time.

Sampling was performed using photo-quadrats (Murray

et al. 2002, Preskitt et al. 2004) with a Cannon A410 camera,

5.1 mega pixels and a PVC support structure for the camera.

To estimate the percent cover of the organisms we used the

point-intersection method with 100 grid points (Kohler and

Gill 2006), and the photos were processed with CPCe V 3.4

software. This method was previously tested in the study area

and had numerous advantages over the in situ sampling

method (Macedo et al. 2006).

Comparative differences in the organism associations in

the four time periods were compared using the environ-

mental variables: tide levels, air temperature and wave height

and period.

The tide in the region is semidiurnal and the tide table

refers to the Ferry Terminal Imbetiba in Macaé
(http://www.mar.mil.br/dhn/chm/tabuas/index.htm). The

tidal influence was based on the extreme high, average and

low tide level and the total emersion index (according to

Gevertz 1995), which relates the number of tides that exceed

their average with the total number of tides. We used the data

on tide levels for 30 days prior to each sampling date. We

believe that this period reflects the conditions to which the

organisms were subjected.

The variables air temperature, wave height and period

were provided by the Hydrographic and Navigation Direc-

tory of the Brazilian Navy (http://www.mar.mil.br/dhn). The

latter variables expressed the wave exposure intensity at the

study site. According to Murray et al. (2002), measuring

wave exposure is one of the most difficult yet most important

tasks for classifying rocky shores. We used the average of

two daily observations (9:00 and 15:00 h) for each variable,

considering the 30 days prior to each biological sample. The

significance of variations in environmental factors investi-

gated in the four time periods was tested by analysis of vari-

ance (ANOVA, p <0.05) followed by multiple comparison of

Tukey’s Honest Significant Difference test (HSD). The nor-

mality and homogeneity of variances of the data were tested

a priori by Shapiro-Wilk and Bartlett Cochran tests, respec-

tively. The values were arcsine√x transformed to minimize

heteroscedasticity (Zar 1984).

The benthic groups at different heights were evaluated

using the taxonomic composition (species level), species

richness, Brillouin diversity-log� (Zar 1984) and percentage

covered by organisms. The barnacles Chthamalus proteus

and C. bisinuatus were only characterized to genus level be-

cause of the impossibility of distinguishing species during

the field work.

Comparative analysis of the benthic organism associa-

tions considering the four time periods included a Non-met-

ric multidimensional scaling (NMDS) using the Bray-Curtis
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similarity coefficient for the mean percentage cover of spe-

cies. The adequacy of the spatial configuration of the samples

in the NMDS analysis was obtained through the stress value

(Clarke and Warwick 2001). A univariate analysis of similar-

ity (ANOSIM) was employed to assess the significance of

differences between groups defined by the NMDS analysis.

The similarity matrices included the mean percentage cover

of organisms in each time period. The four sampling units at

the same height (four profiles) and time of year were treated

as replicates to increase the possibility of permutations, and

hence the power of the test (Clarke and Warwick 2001).

Analyses were performed using the software PRIMER 6

(Clarke and Gorley 2006).

Results

Environmental data

The mean tide level in the four time periods investigated

was higher and therefore more severe for the intertidal organ-

isms in October/05 (T3) and February/06 (T4) than in

May/05 (T1) and July/05 (T2) based on the lower average

values in the latter periods (Table 1).

Based on the frequency of the tides for each studied pe-

riod, it can be seen that in the 1.4-1.6 m range the substrate

is 100% above the water in all periods (Figure 2). From the

0.2-0.4 m level organisms are above the water level 8% of

the time in July/05 (T2) and 28% in October/05 (T3). For the

1.0-1.2 m level we recorded a difference of about 20% of the

emersion time between the months of May/05-July/05 (T1-

T2) to October/05-February/06 (T3-T4), with greater air ex-

posure in the latter.

The air temperature differed between the periods (p

<0.001), and the multiple comparisons test indicated that

only T2 and T3 did not differ significantly (Figure 3a). The

height and wave frequency also differed among the four time

periods (Figures 3b,c), with values significantly lower (p <

0.0001) in February/06 (T4).

Biotic data

The species richness was similar in all time periods

investigated, with a total of 13, 14, 16 and 12 species in

May/05, July/05, October/05 and February/06, respectively

(Table 2). Considering the species occurring in one studied

period, the red seaweeds Gracilaria domingensis (July/05)

and Grateloupia sp. were present in October/05, Porphyra

acanthophora in October/05 and February/06 and the gastro-

pod Fissurella clenchi in July/05 and October/05. The most

abundant organisms, the chlorophyte Ulva fasciata, the red

seaweed Centroceras clavulatum, the cirripede Chthamalus

sp. and the polychaete Phragmatopoma lapidosa predomi-

nated in all periods.

The species diversity and richness differed significantly

among periods in the upper levels L9 and L10, with lower

values (p <0.01) in T4 compared to T2 and T3 (Figure 4A,B).

The diversity at the L9 level was different (p <0.001), with
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significantly lower values in T1 and T4 when compared to

other periods (p <0.01). At the L10 level there were signifi-

cant differences in diversity (p <0.05) for T1 vs. T3 and T3

vs. T4 (p <0.05). Higher values in number of species were

observed during periods T2 and T3 (Figure 4B).

The NMDS ordination diagrams indicated that the ben-

thic assemblages at each rocky level and time period showed

a gradual and orderly change in the composition and relative

abundance of the organisms. An intra-annual variation was

registered at height 5, the middle intertidal level (Figure 5).

The stress value for all periods was 0.01, which demonstrated

an excellent representation of the samples. For all periods

(Time 1, Time 2, Time 3 and Time 4), the lower quadrats

(1-4) and the higher ones (6 to 10) formed two groups, the

first was always located to the left side of the diagram, and

reflected the dominance of Ulva fasciata, Phragmatopoma

lapidosa, and Perna perna. The second group was located to

the right side and the quadrats were characterized mainly by

Chthamalus sp. and empty space. The intermediate height

(L5) varied in location according to the season: in May/05

(T1) was closer and similar to the lower quadrats, in July/05

(T2) and October/05 (T3) it occupied an intermediate posi-

tion with dominants from both sides, and in February/06 (T4)

was located near and similar to the higher quadrats above. In

summary, there was an intermediate range in T2 and T3, re-

flecting a narrow transition between the quadrats sampled in

the upper and lower heights.
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Considering that the main difference was recorded at the

intermediate level (L5), we ran an NMDS including only this

height at each observation period (Figure 6). The Febru-

ary/06 samples (T4) were more clustered than the other peri-

ods, due to the absolute dominance of Chthamalus sp. on all

sample units. Analysis of Similarity (ANOSIM) indicated no

significant differences between periods (R = 0.057, p =

0.289), but the paired tests between T1-T2 (R = -0.109, p =

0.600), T1-T3 (R = -0.068, p = 0.486) and T2-T3 (R = -0.11,

p = 0.886) showed negative values of the R statistic and

higher variability within than between times. However the

paired combinations of T4 (February/06) as T1-T4 (R =

0.203, p = 0.143), T2-T4 (R = 0.292, p = 0.05) and T3-T4 (R

= 0.156, p = 0.200) showed greater variability between times.

The bubble plot (Figure 7) showed the relative abundance

of the most representative taxa and the empty space availability

on the intermediate level L5. Chthamalus sp. showed higher

abundance values mainly at T4 considering all four sampling

units. Empty space and the other representative species
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Brachidontes solisianus, Perna perna, Ulva fasciata and

Colisella subrugosa predominated at different periods, but

with a high variability between the four sampling units.

Discussion

Anthropogenic alterations such as breakwaters provide

an irregular and discontinuous substrate, making it difficult

to describe the real image of the typical intertidal associations.

The observation of such natural variability can be demonstrated

at various scales, resulting in particular patterns of variation in

time and space (reviewed by Benedetti-Cecchi et al. 2003).

The horizontal variability in the benthic organisms’ dis-

tribution on the northern coast of Rio de Janeiro might be

attributed to the high local topographic irregularity (Masi and

Zalmon 2008). Differences in the spatial-temporal dynamics

on individual boulders can also create small patches within

the habitat. Each of these small patches contains a few repre-

sentative species with different intrinsic features and persist-

ence abilities.

The environmental scenario in February/06 showed

greater stress, the result of an integrated set of environmental

factors such as increased emersion time, higher air tempera-

ture, lower tide levels and smaller waves, which conse-

quently occurred over shorter periods. Perturbations of dif-

ferent intensity may produce different community responses

(Morin 1999). The effects of wave spray, important for high-

shore zones, may result in different emersion timing set by

the combination of tide and waves (Denny et al. 2006). Fluc-

tuations in intra-annual environmental factors suggest their

influence on the organisms’ tolerance to specific heights of

the substrate, especially at the intermediate levels of the stud-

ied substrate.

Environmental stress affects species richness and diver-

sity, but the precise form of the relationship is unclear

(Scrosati et al. 2011). The spatial patterns in the community

structure descriptors revealed higher values for the interme-

diary levels with a high correspondence to the Intermediate

Disturbance Hypothesis (quoted by Masi et al. 2009b to this lo-

caltion). The absence of a general trend for increase/decrease

in diversity over time along this gradient of environmental

stress suggests that each level of the substrate reacts differently.

The potential for the vagile organisms to influence the

diversity of the assemblages through their movement seemed

to be higher at the mid-and high-shore zones and this obser-

vation might reflect the relative influence of the land-sea gra-

dient of immersion on diversity of intertidal communities

(Davidson et al. 2004). Littorina ziczac and Collisella subru-

gosa are commonly found in the higher intertidal zones on

Brazilian shores (Apolinário et al. 1999, Absalão et al. 1999,

Tanaka et al. 2001). Their frequent dislocation within the Up-

per Eulittoral fringe (1.4 to 2.2 m above the tide level accord-

ing to Masi et al. 2009a) influenced by the stress gradient

suggests their importance in affecting species richness and

diversity.

Experimental work in New England has demonstrated

that abiotic stress results in mortality of high-shore mussels

(Mytilus edulis) and barnacles (Semibalanus balanoides),

mainly when the individuals are not buffered or protected by

neighbors (see review in Harley and Helmuth 2003). Abun-

dance decreasing of two mussel species, Brachidontes

solisianus and Perna perna was related to higher temperature

periods, and it appears that they are transient dominants of

the lower eulittoral fringe due to their low recruitment (Bar-

biero et al. 2011) associated with high summer mortality.

Intertidal macroalgae are occasionally exposed to air

where they experience a variety of potentially stressful envi-

ronmental conditions. According to Nelson et al. (2010), the

chlorophyte Ulva fasciata is stressed with constant desicca-

tion and to a fixed water loss. This species showed high abun-

dance values in the four time periods, with characteristic

green patches at the intermediate levels. The large spatial

variability of Ulva patches among the sampling units rein-

forces the substrate irregularity effect in favor of the perma-

nence of this species.

Among the typical organisms in a specific time period

only the rhodophyte Porphyra acanthophora is cited in the

literature for certain periods of the year, occurring in winter

months on the northern coast of São Paulo (Oliveira and

Paula 1984), in the spring in the southern part of the state of

Rio de Janeiro (Brito et al. 2002), and in spring and summer

seasons on our study. Taking into account the environmental

variables monitored, there is no evidence of their relationship

with P. acanthophora in the four time periods. However, it

is possible to consider that the propagules supply of these al-

gae can be a limiting factor for its development (Huthinson

and Williams 2001).

The hypothesis of an intra-annual variation on the ben-

thic intertidal community distribution related to tide, air ex-

posure and wave height and period was accepted by this

study only for the narrower intermediate rocky intertidal

level. The specific composition of the benthic community

and their relative abundances in the intertidal zone was influ-

enced by the typical and stressful environmental conditions

of the local environment. The variations in the environmental

factors such as as drying and moisture loss, which are di-

rectly proportional to the air temperature oscillations, were

the most important ones. The quantitative analysis of such

variations is fundamental to interpreting the potential role of

physiological stress in setting the limits of organisms’ distri-

bution, and is particularly important if we wish to predict the

effects of climate change on intertidal communities.
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