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ABSTRACT

A rocky shores working group (WG) integrated with
ReBentos (Monitoring Network for Coastal Benthic Ha-
bitats; Rede de Monitoramento de Habitats Bent6nicos
Costeiros) was created and linked to the Coastal Zones
Sub Network of the Climate Network (MCT; Sub-Rede
Zonas Costeiras da Rede Clima) and to the National Ins-
titute of Science and Technology for Climate Change
(INCT-MC; Instituto Nacional de Ciéncia e Tecnologia
para Mudangas Climaticas), to study the vulnerability of
benthic communities on rocky shores and the effects of
environmental changes on biomes in such environments
along the Brazilian coast. The synthesis presented here
was one of the products of this GT, and aimed to collect
and review existing knowledge on benthic communities
present on rocky shores of the Brazilian coast, their asso-
ciated biodiversity, and the potential of future studies to
accurately predict/measure the effects of climate change
on such environments and their biota.

Descriptors: Synthesis, Benthic communities, Rocky
shores, Brazilian coast, Climate change.

http://dx.doi.org/10.1590/S1679-875920161015064sp2

REsuMoO

Um grupo de trabalho de costdes rochosos (GT)
integrado a ReBentos (Rede de Monitoramento
de Habitats Bentonicos Costeiros), e vinculado a
Sub-Rede Zonas Costeiras da Rede Clima (MCT)
e ao Instituto Nacional de Ciéncia e Tecnologia
para Mudangas Climaticas (INCT-MC), foi criado
para estudar a vulnerabilidade das comunidades
bentonicas dos costdes rochosos e os efeitos das
alteracdes ambientais sobre a respectiva biota. A
presente sintese foi um dos produtos desse GT e
teve como objetivo principal levantar e revisar
o conhecimento existente sobre as comunidades
bentonicas de costdes rochosos na costa
brasileira, a biodiversidade associada, e verificar
as potencialidades de estudos futuros para uma
previsdo/mensuracdo mais acurada dos efeitos das
mudangas climdticas sobre os ambientes e sua biota.

Descritores: Sintese, Comunidade béntica, Costao
rochoso, Costa brasileira, Mudancas climaticas.
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INTRODUCTION

DEFINITION AND MAIN CHARACTERISTICS OFROCKY
SHORES

Rocky shores are a transitional ecosystem between
land and marine environments, and, together with other
benthic coastal habitats, are among the most productive
marine environments on the planet. Rocky shores are
composed mainly by marine organisms and the biota
on the intertidal region, and the challenges is posed by
both seawater and air exposures because they are at the
boundary between marine and terrestrial environment.
Therefore, these organisms and communities are likely
indicator systems of the impacts of climate change.

Rocky shores are common intertidal environments in
coastal areas throughout the world formed by solid rocks,
forming different habitats as steep rocky cliffs, platforms,
rock pools and boulder fields. In the Brazilian coast, there
are two different rocky shore formations. The first are true
rocky shores formed by rock structures extending from the
ocean floor to few meters above sea level, which are mostly
found in the southeast and on islands. The second, in the
north and northeast regions, are clusters of rock fragments
formed by boulder that may hold species characteristic of
rocky shores (GUILARDI et al., 2008).

Rocky shores are dynamic environments under the
influence of a wide variety of biotic and abiotic drivers. As a
result, a high richness of species of ecological and economic
importance, such as mussels, oysters, crustaceans and a
diversity of algae and associated fish (LITTLER; LITTLER,
2000) develop in this environment. A high biomass and
primary production of microphytobenthons and macroalgae
is found due to the input of large quantities of nutrients from
terrestrial systems. Consequently, rocky shores are feeding,
growth and reproduction sites for many species of consumers
(COUTINHO; ZALMON, 2009). The great diversity of
species on rocky shores and the availability of substrate
as a fundamental resource for sessile organisms increases
biological interactions, the strength of which is mediated
by environmental factors (ex. hydrodynamics, temperature,
tides, etc.) (GUILARDI et al., 2008).

The integration of the environmental drivers (wave ex-
posure, emersion time) and the biological interactions (e.g.
competition, predation) influences the pattern of distribution of
organisms at small spatial scales. As a result, organisms are dis-
tributed at different vertical levels according to their tolerance
to dissecation and dominance ranges, establishing worldwide
zonation patterns (STEPHENSON; STEPHENSON, 1949).
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Inthe Brazilian coast, an overall pattern of distribution
and dominance of organisms is found with some regional
differences depending on local characteristics. In
general, the infralitoral fringe (zone between the lowest
tide during spring and neap phases) is dominated by a
wide variety of macroalgae with presence of Sabelariid
reefs of the genus Phragmatopoma spp, mussels Perna
perna and barnacles Megabalanus coccopoma, while the
midlitoral zone (between the lowest neap tide and the
high tide level) is dominated by the barnacles Tetraclita
stalactifera (at low midlitoral) and Chthamalus
bisinuatus (at high midlitoral), mussels Brachidontes
spp and biofilm. Consumers are found over these zones
in different dominance mainly by limpets (infralitoral
fringe and midlitoral), periwinkles (supralitoral), whelks
and sea urchins (infralitoral fringe) (see COUTINHO;
ZALMON, 2009; CHRISTOFOLETTI et al.,, 2010,
2011a,b).

The dominant organisms in this region are
functionally similar around the world, which facilitates
the standardization of initiatives monitoring in different
parts of the world. Secondary effects of global climatic
changes such as increases in water and air temperature,
sea level variations and reduction in water pH may also
affect the diversity, distribution and abundance of rocky
shore organisms. Increases in temperature and sea level
and the reduction of water pH are examples of global
changes that may lead to substantial changes in the
diversity, distribution and abundance of species on rocky
shores. Understanding such shifts depends on an intense
and sustained effort of ecological monitoring combined
with field and laboratory experiments.

In the intertidal, the organisms are subject to air
exposure once or twice a day at low tide due to the
diurnal or semi-diurnal tidal regime. Periods of spring
tides are the most critical for these organisms as the
time of exposure reaches the maximum. In this moment,
organisms may face temperatures above 50° C and endure
a temperature range of 30° C in a single day depending
on the water temperature at high tide (as observed in
Arraial do Cabo, RJ), the season, latitude, time of day,
low tide, and where the organisms are located. Therefore,
many resident organisms are considered to be at their
physiological tolerance limit, and any changes in abiotic
parameters related to climate change, such as water or
air temperature, or the air exposure time, may lead to
negative events such as mortality or even local extinction
(HELMUTH, 2002, 2009).



To study the vulnerability of benthic communities on
rocky shores, and the effects of environmental changes
on biomes in such environments along the Brazilian
coast, a rocky shores working group (WG) integrated
with ReBentos (Monitoring Network for Coastal Benthic
Habitats; Rede de Monitoramento de Habitats Bentonicos
Costeiros), was created and linked to the Coastal Zones
Subnetwork of the Climate Network(MCT; Sub-Rede
Zonas Costeiras da Rede Clima), and to the National
Institute of Science and Technology for Climate Change
(INCT-MC; Instituto Nacional de Ciéncia e Tecnologia
para Mudangas Climaticas). The WG aimed to consolidate
a research network, through an extensive methodological
discussion among researchers from different regions of the
country, and began a time series to obtain standardized data
that enable continued monitoring of these environments.

Thus, the main goal of this study is to collect and review
existing knowledge on benthic communities present on
rocky shores, their biodiversity, and the potential of
future studies to accurately predict/measure the effects of
climate change on such environments and their biota. The
study was divided into three main parts: 1) Environment,
comprising definition and main features, location along the
coast, ecosystem/environmental services rendered and the
main local threats; 2) Survey of the existing knowledge;
and 3) Effects of climatic changes.

GEOGRAPHICAL DISTRIBUTION OF HABITAT ON THE
COAST

Diversity on rocky shores throughout the Brazilian
coast is the result of a complex interaction between
biogeographic and historical factors. Such factors include
the characteristics of the water bodies (particularly of the
Northern and Southern currents of Brazil), of the Falkland
currents, and of the outcrops located in the South Atlantic
Central Water (SACW); hard substrate availability and
the presence of large freshwater systems and biotic
interactions. OLIVEIRA (1998) demonstrates that the
Amazon and La Plata Rivers are the primary determining
factors of the phycofloristic features of our coast. These
two large rivers function as insurmountable barriers for
many species of benthic marine organisms due to the
high volume of fresh water and sediment supplied to the
marine environment (OLIVEIRA, 1998). Apparently,
some species abundant in the Caribbean and absent from
Brazil have reached the Caribbean from the Indo-Pacific,
whereas the Amazon River already drains a considerable

amount of water into the Atlantic. This pattern would
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generally explain the biogeographical differences between
the marine biota along the northeast coast of Brazil and
that of Venezuela and Colombia. Nevertheless, it is not
clear what possible influence (or not) the African coast
may have on the composition of Brazilian flora and fauna.
Some of the common species observed in both coast may
be related to the age of the barriers, the actual currents
that reach the northeastern coast from Bengala Currents,
or transportation by ships which seems to be the case of
Mitilidae Perna perna, which is abundant in the Brazilian
southeastern coast and South African coast, and apparently
arrived came by ships slaves (FERNANDES et al., 2008).

At the southern end, the La Plata River plays the same
biogeographical role by blocking species of temperate
affinity, which occur on the Argentine coast, from invading
(at least seasonally) the southern and southeastern coast of
Brazil.

We can divide the Brazilian coastal zone into three
main areas concerning the presence of rocky shores based
on the distribution of benthic organisms:

1. One zone ranges from Amapa to the north of Bahia,
and is characterized by a coast of unconsolidated
sediment or hard sediment, formed mainly of sandstone
reef ecosystems, and encrusted by coralline algae,
sponges, corals, bryozoans and several other groups of
benthic invertebrates. The reef ecosystem occur mainly
from the coast of Rio Grande do Norte state until the
mouth of the S@o Francisco River (southern Alagoas
border), extending approximately 600 km. The reef
ecosystems are composed of coral or biogenic reefs, and
of sandstone reefs located in the offshore zone and near
the coastline, where the upper reef platform is exposed
during low tide and with benthic organisms typical of
intertidal regions. The small rock formation present near
Cabo de Santo Agostinho (Cape of Saint Augustine;
Pernambuco coast), and other rocky formations along
the north and northeast coast, formed mainly by boulders
(some large) are exceptions.

2. This zone comprises the coastal area from north of
Bahia, where crystalline outcrops forming rocky shores
are common, to the south of the island of Santa Catarina,
characterized by large bedrock availability on the
continental edge, and cut by numerous bays and coves,
as well as in small beaches separated by rocky spurs, and
numerous islands and islets. The deep-water upwelling
arising from the SACW occurs within this zone. The main
point of upwelling occurs in the region of Cabo Frio (RJ)
(CARBONEL, 2003).
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The last region extends from the southern area of
Santa Catarina to the Torres region (RS), and is charac-
terized by extensive sandy beaches, and rare crystalline
outcrops on the mainland and islands.

In addition, we find oceanic islands such as Fernando
de Noronha, Sao Pedro and Sao Paulo, Trindade and
Martim Vaz, that also present extensive rocky shores.

In this biogegraphical context, the most extensive rocky
shores are present, almost exclusively, on the southern and
southeastern coast of Brazil. The main characteristic of the
Southeast is the proximity of Serra do Mar, which in many
places directly reaches the sea. The sudden inflexion of the
orientation of the coast, and of the isobathymetric to the
west (near Cabo Frio), due to the Rio de Janeiro fracture
zone caused the structural alignments of the crystalline
basement (northeast-southwest direction), to become
shortened by the approximately east-west orientation of
the coast between Cabo Frio and the Bay of Angra dos
Reis. Thus, we can consider that the main stretch of the
Brazilian coast with rocky shores ranges from Espirito
Santo to Torres, the last hard natural substrate in the
state of Rio Grande do Sul. The species composition has
subtropical characteristics, and a high diversity of species
in this region, except for the area influenced by the Cabo
Frio upwelling. The benthic fauna and flora of the area
influenced by the Cabo Frio upwelling has elements with
temperate and tropical affinities. This region acts as a
biogeographical barrier for a large number of species.

SURVEY OF EXISTING KNOWLEDGE

A total of 327 scientific papers from 1944 to 2014
were used to synthesize studies on rocky shores along the
Brazilian coast (Figure 1 and Appendix 1: http://www.io.usp.
br/index.php/arquivos/send/337-vol-64-special-issue-2-
2016/3992-annex-1015). These studies were grouped into
articles published in journals, thesis or dissertations, books
or chapters, and proceedings. In this survey, reef ecosystems
were also counted for a separate summary work because in
many situations, these ecosystems are located neighboring
rocky shores. In addition, it was also important to compare
rocky shore ecosystems with reef ecosystems to assess the
research efforts already undertaken in these ecosystems.

The studies conducted from 2000 to 2014 were
classified by type of study defined as follow (Figure 2):

Biodiversity — studies on more than one floral or
faunal species, or on a group of organisms.

Observational — descriptive studies emphasizing

ecological aspects.
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Figure 1. Number of references on rocky shores and coral reef
ecosystems, per year.

s

Number of references

°

Total number of references
s 5 =

. 0—0—/\ /
LA
6
¥
4
2
0 .
s = 8 3 =T 3 2 8 % 2 = = 8 © =
5 2 2 g 5 2 2 2 = 2 2 =
€ § & § § 5 8 888 %8 § % 8 % &
—+—Biodiversity Obs. Ecology —#—Exp. Ecology —<—Methodology —#—Cli. Change

Figure 2. Total number of references on benthic communities per
type of study, from 2000 to 2014.

Experimental — studies that involve some type of
sample or experimental design in the field or controlled
laboratory conditions, used to answer questions or test
scientific hypotheses.

Methodological — Studies with emphasis on the
establishment of field sampling or experimental methods.

Climate changes: Studies relating climatic aspects to
benthic organisms.

Although they began in the 40s, studies on rocky shores
in Brazil experienced a boost in the 80s (Figure 1), mainly
including floral and faunal surveys. A high variability in the
number of observational ecological studies over time, and
an increase in the number of experimental ecological studies
from the year 2010 are apparent. It is also important to note
that biodiversity, observational, and (recently) experimental
studies have prevailed on the Brazilian coast. Studies related
to climate change have been minimal, showing the urgent
need to implement this type of study (Figure 2).

The substrate type used was also identified in the
survey. A good portion of the studies focused on rocky
shores and coral reefs. However, studies on sandstone
reefs and boulders were observed in locations such as
northern and northeastern Brazil, where true “rocky
shores” are virtually inexistent (Figure 3).
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Figure 3. Number of references on rocky shores and reef ecosystems
from 1944 to 2014 grouped by type of substrate.

The survey also showed that much of the information
available in the literature is located in scientific papers
(Figure 4). However, nearly 20% of the studies available
are thesis, dissertations and conference proceedings. This
percentage is likely to increase over the coming years
due to the adoption of extended abstracts by national
conferences of the field such as the Brazilian Congress
of Zoology (Congresso Brasileiro de Zoologia), Brazilian
Congress of Oceanography (Congresso Brasileiro de
Oceanografia) and Brazilian Congress of Marine Biology
(Congresso Brasileiro de Biologia Marinha).
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Figure 4. Number of references on rocky shores and reef ecosystems,
per type of publication.

Most studies on rocky shores in Brazil were concentrated
in the southeast, which may be explained by the larger number
of rocky shores in this region, and by the existence of more
researchers in Rio and Sao Paulo (Figure 5). We may also
observe a large number of studies in the State of Bahia due
to the Abrolhos Park, which has been the target of numerous
studies carried out by Brazilian and foreign scientists.

MAIN LOCAL THREATS BEYOND THE CLIMATIC
CHANGES

The exploitation of species of economic interest, the
introduction of exotic species, waste, land speculation,
pollution and over fishing are prominent among the
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Figure 5. Number of references on rocky shores and reef ecosystems
per Brazilian state.

factors that exert pressure on the biological diversity of
rocky shores.

The mussel Perna perna Linnaeus, 1758, is one of
the main sessile species captured on the rocky shores of
the southeastern region of the Brazilian coast, and can be
collected at a young age to be used as seed for aquaculture
systems, or as adults for food. The effect of intensive
mussel extraction has not been evaluated, however it
certainly changes the entire community structure in places
where mussels are dominant. Fauna associated with
the mussel are also simultaneously removed, changing
the structure of those communities and of other benthic
organisms.

The introduction of some exotic species, whether
voluntary or controlled (such as the oyster Crassostea
gigas Thumberg, 1793), may benefit the local economy.
The oyster, introduced in the 70s for cultivation in Arraial
do Cabo, RJ, does not yet have a record of breeding under
natural conditions in the region, as a certain threshold of low
temperature is required for gonad maturation. The oyster is
currently widely cultivated on the coast of Santa Catarina
and has a great economic importance for the region. On the
other hand, the arrival of exotic species from the hulls of
ships, oil platforms and other floating artificial structures
are serious problems for the native fauna. The most recent
case has been the spread of sun corals (species Tubastrea
coccinea and T. taguesensis) on the Brazilian coast
(CREED et al., 2008). This organism grows significantly in
artificial and rocky substrates in the southeast, especially in
the region of Ilha Grande, RJ, and it poses a potential risk
to the local community biodiversity. Alternative measures
to control sun coral are needed to contain the coral in other
areas of the Brazilian coast, as there are already records of
this species on the northeast (BA, AL) and southeast (SP,
PR and SC) coasts (COUTINHO et al., 2013).
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Garbage on the rocky shores may compromise
population development, especially in the intertidal
zone because garbage, among other potential impacts,
may reduce water circulation and create shade for algae.
However, the mentioned effects require evaluations to be
replicated at broad temporal and spatial scales.

Building of ports, buildings, factories, and real estate
expansion in regions near urban areas, are the main
anthropogenic pressures on rocky shores. The building of
houses, among others, due to privatization of rocky shores
is a major problem for the organisms of this ecosystem.
The insertion of areas with artificial hard substrate from
large construction projects on the north coast of the state of
Rio de Janeiro (e.g., Acu port) has been observed, creating
a link where previously there was no hard substrate. In
addition, the release of, often in natura, sewage impairs
the growth of many benthic species.

Pollution from industrial effluent may lead to a
reduction of species or even change the reproductive
processes of benthic organisms. For example, the
presence of heavy metals, TBT, and other compounds may
directly affect the ratio of males and females in gastropod
populations, causing changes in the reproductive organs
called imposex. Populations of gastropod predators
inhabiting rocky shores near port regions, such as Thais
(=Stramonita) and Leucozonia, exhibit the imposex
process, generating a much higher proportion of males
over females due to the presence of TBT in the water
(LIMAVERDE et al., 2007)

Overfishing carried out by diving in the subtidal
region of rocky shores is one of the main environmental
impacts affecting the structure of benthic populations. The
removal of top predators in the food chain can increase the
abundance of herbivorous fish, reducing algal coverage.
Rocky shores are used by fishing and extractivist
communities, which rely on them for survival in sparsely
populated regions, where these ecosystems service the
communities.

Tourism and increases in coastal area population
(whether for housing or vacation) have intensified problems
in the southeast. The privatization of beaches to build
condominiums, for example, has become more severe in the
past years, especially in the southeast, despite being illegal in
the Brazilian constitution. Such condominiums lead to several
environmental issues that will contribute to the degradation
of rocky shore ecosystems. In addition, recreational tourism
using motorboats directly affects the communities present on

rocky shores with oil spills and docking in reef areas.
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Rocky shores, in turn, do not have a legally defined
status for public recognition as a proper or defined
ecosystem when compared to other environments such
as reefs or mangroves. Consequently, public policies
established for the preservation of rocky shores are
defined within a broader context of other ecosystems,
and thus, such shores lack their own identity. Therefore,
there is little awareness, regarding the different impacts
that rocky shores are subject, to making them hostage
to unplanned development. Rio das Ostras, RJ, where a
municipal law establishes protection of rocky shores in the
county (known as Natural Monument of Rocky Shores), is
an exception to the rule.

In this context, rocky shores are essential ecosystems
for conservation and to decrease the vulnerability of
coastal regions. The potential effect of biodiversity loss,
as the species of ecological and economical importance,
on ecosystem functioning and the services provided
to society is troubling. It is important to consider how
significantly rocky shore biodiversity can help in
maintaining the stability of coastal ecosystems. Natural
systems considered stable are more reliable at providing
environmental services.

Scenarios of the expected climatic changes indicate
an increase in physical stress (e.g., storms). Local
anthropogenic impacts resulting from the multiple uses of
coastal regions may cause the loss of some key species
in ecosystems. It is unclear how these different impacts
may affect ecosystem processes and, consequently,

environmental services.

EFFECTS OF CLIMATE CHANGE ON ROCKY SHORES
AND THEIR BIODIVERSITY

Increases in surface water temperature and sea level,
changes in salinity and in hydrodynamics related to
exposure to waves, undertow and ocean circulation are
among the impacts of global climate change predicted for
marine ecosystems. Furthermore, a decrease in seawater
pH is expected because of the increased CO, concentration
in the atmosphere (NICHOLLS et al., 2007). Little has
been produced on climate change research in Brazil, but
understanding the knowledge from other areas in the world,
and the start of a monitoring approach in the Brazilian
coast will help to better understand the vulnerability and
the impacts for this region.

Coastal ecosystems are among the most vulnerable
to the changes caused by climate change, especially the
intertidal areas, which have shown faster biogeographic



changes (BARRY et al., 1995; HELMUTH et al., 2006)
than those found in terrestrial environments (ROOT et
al., 2003). Long-term monitoring studies have shown
that the distribution limits of the intertidal biota of hard
substrates have progressed toward the poles at a rate of
over 50 km per decade (RICKETS, 1985; SOUTHWARD
et al., 1995; HELMUTH et al., 2006), and highlight how
this action is urgent in a large and diverse coast as found
in Brazil.

Invertebrates and seaweeds, inhabiting intertidal
habitats may, be particularly vulnerable to fluctuating
temperatures, as individuals must adapt to the extreme
temperatures of both the terrestrial and marine
environments (FIELDS et al., 1993). A range of thermal
conditions are found at small spatial scales in the
intertidal zone, and they may exceed the range of large
latitudinal bands. Therefore, the inhabiting organisms
are believed to be at the limit of their physiological
tolerance and any changes in abiotic parameters (e.g.,
temperature and air exposure time) could lead to death,
local extinction (HELMUTH, 1999; HELMUTH, 2002;
MASSA et al., 2009) or to the expansion of the range
and distribution area. Thus, intertidal areas are potential
environments to assess the effects of climate change
(HELMUTH, 2009). In this context, it is important
to consider that rocky shores in the Brazilian coast
go from tropical zone to subtropics, thus, changes
in temperature can lead to a changes in the range of
distribution for many species in these boundaries. For
instance, increasing in temperature can expand the
southern limit of many species from the region of SP/
PR/SC towards the south.

The passage of cold fronts is a natural and
unpredictable weather disturbance, where the associated
winds generate high-energy waves able to disturb benthic
communities, and play an important role in structuring
local communities. The south and southeast coast in
Brazil are particularly affected by the influence of cold
fronts from the South, where the dynamics of oceano-
climatic processes and the benthic-pelagic links are
influenced at different temporal scales (MAZZUCO et
al., 2015). These extreme events may arise as a result of
climate change, affecting the structure and functioning of
benthic communities of the intertidal zone. The influence
of waves/undertow/storms on rocky shores has been
addressed considering changes in community species
composition, species richness and diversity, the intensity

of interactions such as competition and predation, and
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even the expansion of the zone occupied by organisms,
and the respective bands. Such changes are reflected
in the “patch” dynamics of organisms (see review in
COUTINHO; ZALMON, 2009). Studies seeking to
understand the effects of climate-mediated disturbances
(e.g., storms and weather fronts) on benthic assemblages
at temporal and regional scales and in coastal areas
have been conducted worldwide (POSEY et al., 1996;
UNDERWOOD, 1999; WILLIAMS; ROSE, 2001;
AAGAARD et al.,, 2005; HOUSER; GREENWOOD,
2007). However, the consequences of climate change in
the mid-medium and long term on community structure
should be carefully evaluated given the scarcity of large
time series data on the Brazilian coast.

Local monitoring is required to determine the
factors that definitively influence the occurrence of each
organism (DENNY et al., 2004), as differences are often
not explained in terms of absolute data. Air temperature,
for example, is not the temperature experienced by
organisms on the rocky shore, which is formed by several
components that often are not considered in the final
analysis of the measured temperature. These organisms
are doubly subject to possible climate change for being
exposed to two environment fluctuations, terrestrial
and marine. Increased rain frequency changes salinity,
adversely affecting the traits of different groups such as
mortality rate, release of larvae, and others (SIMPSON;
HURLBERT, 1998; CHAN et al., 2001; BRAVO, 2003;
RESGALLA et al., 2007). The combination of factors
must also be considered. An organism may adapt to an
environmental variation when exposed to only one. If
more than one factor is modified (e.g., salinity and pH),
the physiological pressure may be intolerable for the
organism (PRZESLAWSKI et al., 2005; VERWEEN et
al., 2007, RESGALLA JUNIOR et al., 2007).

Long-term time series are important for understanding
the functioning of this ecosystem, an environment that
undergoes natural seasonal community changes, with some
sessile organisms expanding or retracting their occupation
in the bands and other organisms appearing at a certain
time of year covering the entire range or completely
disappearing at a different time (e.g., several species of
the genus Ulva). Long-term time series help to assess how
natural oceanographic events, such as the North Atlantic
Oscillation (NAO), and more specifically to the southern
hemisphere, the El Nifilo Southern Oscillation (ENSO),
affect species distribution gradients. Time series analysis

(wavelet) showed that relationships between recruitment
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and environmental indexes are more consistent annually,
but multi-year periodicity is also important (MENGE et
al. 2011). Thus, conducting studies that link large-scale
measurements to local scale measurements is important to
compare and predict changes resulting from human activity.

In summary, global changes comprise complex changes.
However, these complex changes have direct indicators
such as air and sea temperature, oxygen availability,
salinity and pH, abiotic variables that greatly influence the
biology of all species. Physiological stresses resulting from
changes in the afore mentioned variables and from extreme
events such as cold fronts/undertow may cause large
biogeographical changes and affect the habitat distribution
mosaic (SOMERO, 2012).

Despite the wide coastline and the presence of different
climate regions that are potentially influenced by climate
change effects, these effects on rocky shore communities are
still poorly studied in Brazil. Initiating studies that address
this topic is urgent. The simplified protocol developed
by the rocky shores of ReBentos WG (COUTINHO et
al., 2015) aims to encourage the engagement of groups
working in this environment to obtain long-term time series
on community changes. In addition, organism-level studies
are critical to understanding the ability to adapt to climate
change.

Finally, testing scientific hypotheses is important to
facilitate the unification of studies related to monitoring
the influence of climate change on rocky shores; for
example, i) if hydrodynamics and average sea level
variations will induce changes in the zonation pattern
(such as, changing organism colonization sites in regards
to the current locations, or enlargement/reduction of
dominance bands); ii) if changes in undertow frequency
and intensity will promote more frequent physical
disorder in benthic ecosystems, and cause the pulling
out and/or fragmentation of organisms (especially in
the intertidal area), shifting species composition and
abundance; iii) if changes in precipitation will change
the input of freshwater and sediment into the sea, and the
evaporation rate, which in turn will affect variables such as
salinity and sea water transparency, creating unfavorable
conditions for stenobiont species, and inducing changes
in species composition and abundance; and iv) if changes
in temperature and sea water acidification, will influence
the metabolism of sessile organisms (especially the
perennial), affecting growth, reproduction and survival
rate, and inducing shifts in species composition and

abundance.
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