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Humanas; Universidade Federal de Santa Catarina, Florianópolis, SC, Brasil. 6Programa de Pós Graduação em Biologia
Vegetal, Universidade Estadual Paulista, Campus de Rio Preto. * talitavieirap@hotmail.com

INTRODUCTION

The unplanned occupation of the landscape is an evident
and growing global phenomenon. With most of the pop-
ulation inhabiting the coastal areas (11), it is crucial to
investigate the consequences of their urbanization. Among
the many sources of impact from human activities, the ur-
ban construction-in its various configurations - is promptly
evidenced by the artificial substrates proliferation in coastal
cities.

On the other hand, millions of people live in areas adja-
cent to estuarine systems due to the fishing availability and
safe navigation (24). Direct consequence of this fact is the
construction of artificial structures on the margins, such as
docks and piers, to facilitate local access. Although the
degradation of habitat has been a major focus of research
(for a review see 17), little attention has been given on the
role of artificial structures as habitat for marine organisms
(see 10; 5).

Structure of habitat is crucial in the composition and struc-
ture of many communities (e.g.19; 4). It is plausible, there-
fore, to expect that the introduction of new substrates and
habitats can lead to an increase in the abundance or di-
versity of species in a certain area. However, other abi-
otic changes associated with this, can cause indirect effects
which may be unfavorable for some organisms. The shade
caused by artificial structures, for example, can interfere
on the function of primary producers (3). Dominant in
the primary production of many coastal environments (1),
the macroalgae may also act as indicator of environmental
quality (15). In this context, the investigation of macro-
phytobenthic assemblages directly exposed to urbanization
is relevant in the assessment of impacts on aquatic systems.

OBJECTIVES

The hypothesis of alteration on shore as a source of impact
was tested through a mensurative experiment conducted
with the macrophytobenthic community from an estuarine
system. Specifically, we investigated whether the presence
of docks affects the solar radiation and which are the conse-
quences for richness and biomass of the macroalgae assem-
blage of rocky substrate.

MATERIAL AND METHODS

Study area

Canal da Barra da Lagoa is a natural channel of 2.8 km in
length, which belongs to the estuarine - lagoon complex of
Lagoa da Conceição (22). It is situated in the eastern coast
of the Santa Catarina Island, SC, Brazil (27 0 34 S, 48 0

25 W) and it connects the Conceição Lagoon to the Barra
da Lagoa Beach. It presents an intense urbanization pro-
cess, evidenced by the presence of houses, docks and other
buildings throughout its extension.

Sample design and data collection

A sampling campaign was conducted in March 2009. Three
sections of the channel (inner, intermediate and mouth)
were sampled covering all its length. In each section, the
areas under two docks and two control areas - a similar un-
covered area at the same margin of the channel, far enough
to avoid edge effect - were randomly sampled. At each sam-
pling site, three replicates were collected, totalizing 36 sam-
ples.

Radiation measures were performed using portable radiome-
ter in the control areas and under the docks. The macroal-
gae sampling was conducted only on rocky substrates, by
scraping, using squares of 20 x 20 cm to define the sample
area. Substrates sampled were selected to represent angles
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with similar position in relation to the sun. The species
collected were fixed in 4% formalin/sea water and subse-
quently identified until the lowest reliable taxonomic level.
For determination of biomass, samples were kept in oven
at 60 0 C for 48 hours and then weighed using a precision
balance scale.

Data analysis
The dry biomass were evaluated with multivariate analysis
(MDS) using the similarity index of Bray - Curtis. ANOSIM
was used to evaluate the similarity between the sampling
sites. In order to verify the difference of biotic variables
and radiation between treatments, we utilized the Student
- t Test. One - way ANOVA was performed to test the sig-
nificance of differences in the macroalgal assemblage among
sections of the channel.

RESULTS AND DISCUSSION

27 seaweed species were identified, of which Rhodophyta
was the most frequent phylum (13 species), fol-
lowed by Chlorophyta (8 species), Heterokonthophyta
(5 species) and Cyanophyta (1 species). Ulva lac-
tuca(70.3%),Gymnogongrus sp (29.5%)and Chondracanthus
acicularis (29.0%) were the most frequent species through-
out the channel.
The seaweed richness and abundance in control areas were
different than the areas under the docks. The patterns de-
termined by MDS showed a significant separation between
two groups: one in the presence of docks and another in
control areas (ANOSIM, R = 0.313, p = 0.001). Areas un-
der docks presented lower richness (t= - 12.2; p <0.001) and
lower biomass (t= - 5.1, p <0.001) than the control areas.
Moreover, in dock areas of the inner section of the channel
no macroalgae was found. The same pattern was found for
the average radiation (t= - 28.6, p <0.001): control areas
(x = 2074.00 ± 143.53 uM/s) showed higher intensity than
the areas below the docks (x = 18:27 ± 17.97 uM/s).
The macroalgal biomass differed among the three sections
of the channel (F=15.7; p <0.001), and the higher biomass
was found in the mouth of the channel. Although the MDS
showed a trend of separation among the sections, but it was
not significant (ANOSIM, R = - 0.008, p = 0.555).

Discussion

It has been demonstrated that increasing the diversity of
habitats can also increase the richness of an assemblage (3;
7). However, in other cases (12; 18) the opposite can also
be observed, especially when other variables are present,
which is the clear case of this study. The presence of dock
presented indirect consequences on the macroalgae commu-
nity: a drastic decrease in biomass and richness due to the
consequent decrease in light intensity. The light is consid-
ered the primary factor limiting survival and distribution
of macroalgae species (6) and the most important variable
affecting its canopy structure (3). The shading in marine
environments sometimes is not a natural phenomenon. Sev-
eral artificial structures built to facilitate the navigation
in coastal environments have a great potential to increase
shading of adjacent marine habitats (9).
In our study, the majority of the species found under the
docks belongs to the division Rhodophyta. These species

are characterized by the presence of accessory pigment phy-
cobilins, which provides better physiological conditions to
cope with low light intensity environments (14). In gen-
eral, the total biomass was related to the presence of oppor-
tunistic and cosmopolitan species, such as Ulva lactuca(13).
These characteristics are attributed not only to their toler-
ance to adverse conditions of the environment, but also to
its great reproductive capacity (25). Many individuals of
this genus grow in intertidal areas, and they are usually
found in rocks, tide pools, reefs and estuarine areas, such
as our study area.

The high values of macroalgae biomass in the mouth of the
channel were probably due to the higher hydrodynamics in
that area. In some estuaries, the tides are the main source
of energy for the mixing of different water masses, the up-
lifting of sediments from the bottom and its transport to
the estuary (21).

The presence of these structures involves other indirect im-
pacts, which can only be observed in a larger scale. For
example, shading can affect the establishment and develop-
ment of entire estuarine epibiotic communities (9; 23), since
that affecting the primary producers assemblages may lead
to other consequences in the higher trophic levels. Further-
more, the area impacted by docks may be larger than that
bounded by the shade under it. The boat traffic is a po-
tential source of disorder, changing the hydrodynamics and
altering the bottom (3). The presence of these structures
on coastal areas is a sign of urbanization processes, which
carries other major disturbances, such as sewage discharge
and eutrophication processes which also affect macroalgae
communities (20;16).

CONCLUSION

Urbanization in coastal areas has resulted in an extensive
introduction of artificial structures in the marine environ-
ment. Many of them are consistently different from natural
substrates in various aspects, including the material compo-
sition and intensity of shading caused. Inherent factor of hu-
man population growth, the urbanization process deserves
more attention in an attempt to assess its consequences. In
this context, this work can therefore confirm the hypothe-
sis that the docks cause impacts on macroalgae community,
reducing its richness and biomass due to shading caused
by these structures. The mitigation of new docks impacts
would therefore consider higher docks with more spacing in
order to allow higher solar radiation to reach the marine
substrata under them.

Anyway, public policies should consider this issue in order to
regulate and avoid uncontrolled proliferation of new docks
when not highly necessary.
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