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Abstract: Climate change can be associated with variations in the frequency and
intensity of extreme temperatures and precipitation events on the local and regional
scales. Along coastal areas, flooding associated with increased occupation has
seriously impacted products and services generated by marine life, in particular the
biotechnological potential that macroalgae hold. Therefore, this paper analyzes the
available information on the taxonomy, ecology and physiology of macroalgae and
discusses the impacts of climate change and local stress on the biotechnological
potential of Brazilian macroalgae. Based on data compiled from a series of floristic
and ecological works, we note the disappearance in some Brazilian regions of major
groups of biotechnological interest. In some cases, the introduction of exotic species
has been documented, as well as expansion of the distribution range of economically
important species. We also verify an increase in the similarities between the Brazilian
phycogeographic provinces, although they still remain different. It is possible that
these changes have resulted from the warming of South Atlantic water, as observed for
its surface in southeastern Brazilian, mainly during the winter. However, unplanned
urbanization of coastal areas can also produce similar biodiversity losses, which
requires efforts to generate long-term temporal data on the composition, community
structure and physiology of macroalgae.

be little question that some environmental changes
are related, either directly or indirectly, to human

While the causes of climate change remain activities. In Brazil and worldwide, extreme events
controversial (see Zagoni, 2010), there seems to related to variations in temperature and precipitation
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have received media attention due to the loss of human
life and economic resources, yet the impact on products
and services represented by the biodiversity of coastal
areas, in particular marine macroalgae, has received
very little discussion.

The data presented by the IPCC (2007) highlight
a warming process in the South Atlantic that is likely to
intensify according to projections made for the coming
years, reaching values 4.5 °C above current sea surface
temperatures. Along with rising temperatures, scenarios
were hypothesized that predict an increased intensity and
frequency of storms (Emanuel, 2007). Taken together,
these factors are reasonably predictive of changes
we might expect to take place in the composition and
abundance of macroalgal communities. Even taken
singly, such climate variations call for actions that might
mitigate their overall effect. At the same time, the effects
of climate change on macroalgae should be considered in
the context of increasing urbanization of coastal areas.

Urbanization is a major selective force
peculiar to the Anthropocene (Steffen et al., 2011),
a period of planetary history that begins after the
Industrial Revolution in the late nineteenth century.
Besides changing the landscape, runoff in urban areas
results in an increasing concentration and production
of effluents, especially those of domestic origin,
resulting in fertilization of adjacent environments
with large amounts of dissolved organic and inorganic
nutrients. Problems related to organic pollution are
especially important in developing countries, where
sewage treatment does not exist or is inadequate and/
or inefficient (Marques et al., 2004). In addition, urban
areas represent a source of toxic pollutants derived, for
example, from the combustion of petroleum. Together
with the sources of disturbances already described, this
increases the impact on the biology of organisms that
depend of coastal environments.

Therefore, the dual effects of climate change
coupled with increasing occupation of coastal areas
have significant potential to induce the loss of
diversity and, with it, the biotechnological potential
of macrobenthic communities, especially macroalgae,
in coastal environments. These organisms have
traditionally been harvested or cultivated as a food
source, such as agar or carrageenan, or for the extraction
of secondary metabolites used in the pharmaceutical
industry (Marinho-Soriano et al., 2011). In this context,
representatives of the genera Laurencia and Dictyota
(Lhullier et al., 2010; Domingos et al., 2011; Garrido et
al., 2011; Machado et al., 2011; Moura et al., 2011) are
target organisms for studies on many different levels of
pharmaceutical investigation. Based on a review of the
available literature, this paper presents an analysis of
the current distribution, together with several aspects
of macroalgae diversity, highlighting evidence that
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identifies how environmental factors related to climate
change and the presence of local anthropogenic stressors
can affect the ecology and physiology of macroalgae
and, consequently, their biotechnological potential.

Materials and Methods

Utilizing the CAPES Periodicals Portal,
this paper reviewed information related to floristic,
taxonomic, ecological and physiological aspects of
Brazilian macroalgae. We focused on an analysis of
environments with different degrees of urbanization,
further seeking a historical perspective by showing
changes in macroalgae composition over the past year.
Based on these results, we discuss likely scenarios
related to the diversity of seaweeds in the context
of proposed IPCC (2007) models and related works
that present predictions of future environmental
conditions.

The phycogeographic analyses were based
on data derived from the reviews of Horta et al.
(2001) and Fujii et al. (2008). The similarity analysis
utilized the Bray-Curtis index, spatialized according
a Multidimensional Scaling approach (MDS). The
significance of the differences between the values
of similarity between the different provinces was
evaluated by using analysis of similarities (ANOSIM).
For these tests, we used the PRIMER 6.0 program. To
map populations of Laminaria abyssalis, available data
in the dissertation of Quége (1988) were used, while
data on sea surface temperatures in that region were
obtained from the National Oceanic and Atmospheric
Administration database (NOAA), a United States
agency focused on the condition of the oceans and the
atmosphere.

Results and Discussion

As highlighted by Horta et al. (2001), Brazilian
flora is represented by two biogeographic provinces,
denominated by these authors as tropical and warm
temperate. Comparing the similarities between the
provinces studied by them with the values obtained
from the analysis of Fujji et al. (2008), we found an
increase in the similarities between these provinces,
although significant differences remain between them
(Figure 1). This reduction of similarity values was
related to the observed variation in species composition
between these regions, as indicated by the advancement
of taxonomic assessment, in most cases, and the most
recent listing of a number of species with restricted
distribution in the south, southeast and northeast coastal
areas. On the one hand, variations in composition
represent an expansion of the biotechnological potential
of macroalgae because an expansion of the distribution
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range widens the sampling area, allowing new research
groups to investigate taxa of interest for many different
purposes, including industrial or pharmaceutical. On
the other hand, the introduction of exotic species has
been documented in some cases (Horta & Oliveira,
2000; Cassano et al., 2008), as well as an expanded
distribution range of economically important species,
such as the genus Hypnea (Faveri et al., 2010). These
changes may be a result of the warming tendency of
the Atlantic observed in the last decades (Marengo &
Camargo, 2007) or be due to the interaction of this factor
with other factors related to anthropogenic activities.
Independent of the causes of the distribution changes,
the occupation of new environments by these species
can result in further selective pressures, imposing new
limits on the potential phenotypic plasticity of these
taxa. In this way, a new set of environmental conditions
may result in favorable conditions for the synthesis
of new substances or their synthesis at different
concentrations, reinforcing the importance of continued

monitoring of the biology of these organisms.

Moreover, seawater warming could produce
negative effects on the biology of these organisms.
Using as an example the results of the experiment with
Laurencia dendroidea reported by Sudatti et al. (2011),
it was observed that the reduction in the production of
elatol has important ecological consequences, added to
the physiological effect onthe biotechnological potential
of the species. Higher temperatures lead to increased
susceptibility of the herbivore population, due to the
reduction of the production of elatol and to eventual
increases in grazing pressure related to the herbivore
metabolic rates (Dillon et al., 2010). Therefore, overall,
the increase in temperature could result in a reduction
in the biomass of the population, which in turn would
result in a reduction of substances of biotechnological
interest, such as elatol. It is therefore recommended that

further studies be conducted to determine the nature of
the interaction with herbivores since this cascading
effect, if demonstrated, would have a devastating effect
on the genus Laurencia, a group of red algae with a
high biotechnological potential.

Also, considering the restricted distribution
of populations with a strong dependence on lower
temperatures, the heating process can represent
their exclusion or even extinction. This is especially
important to economically important groups represented
by Pyropia (as Porphyra in traditional references),
and especially by Laminaria abyssalis (Yoneshigue-
Valentin, 1990; Rodrigues et al., 2000), which is
distributed in coastal waters of southeastern Brazil at
depths between 40-120 m with temperatures ranging
from 15-20 °C in a region where only 0.5% of the light
incident on the surface is observed near the bottom.
However, we can hypothesize that any change that
leads to increased sea surface warming in this region
(Figure 2) could result in severe negative impacts or
even in the extinction of this species. Since this is a
species endemic to the Brazilian coast and has high
biotechnological importance (Romanos, 2002a, b), this
possibility deserves our special attention.

The increase and frequency of storms associated
with climate change (Emanuel, 2007) cause related
phenomena such as reduced water clarity, increased
sedimentation, a sharp reductions in salinity or even
increased hydrodynamic force, which exacerbate the
stress on the biology of seaweeds. The increase of
temperature and the salinity reduction, for example, can
be related to a substantial reduction in the synthesis of
elatol, resulting in limited physiological performance
imposed by the variation of different environmental
factors directly and indirectly related to climatic events
(Sudatti et al., 2011). Increased rainfall commonly
results in increased erosion and continental runoff, and
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Figure 1. MDS analysis of Brazilian seaweed flora (followed by ANOSIN significance evaluation) of Tropical, Warm
Temperate provinces, considering the States as sampling areas. a) MDS based on Horta et al. (2001) and b) MDS based on
Fujii et al. (2008). ANOSIN reinforces the reduction of differences observed in the MDS between tropical and warm temperate
provinces based on data available in 2000 (Horta et al., 2001) and eight years later (Fujii et al., 2008), when an increase in the
p values from 0.039 to 0.041, respectively, was revealed.
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in addition, increases in various pollutants, including
heavy metals, can also be expected. Metals such as Zn
or Cd already account for mortality among macroalgae
(Bouzon et al., 2011); however, these effects are
compounded by the impact of climate change, making
the situation even more worrisome, as Russell et al.
(2009) have warned.

As previously noted, the variation of a single
parameter can result in a cascade effect that changes
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a number of biological and ecological aspects of
organisms and their environment, thus complicating
the forecasting of future scenarios. This complexity is
greater when other impacts of anthropogenic origin,
such as those related to fishing or even pollution, are
included in the discussion. Because of the complexity
of causal factors and the lack of historical data on
macroalgae diversity along the Brazilian coast,
discussions or correlations of this scenario with global
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Figure 2. Sea surface temperature between 1985 and 2007 and biomass in 1988 (In) of Laminaria abyssalis (Quége, 1988) in the
southeastern Brazil subtidal coastal area (depth from 40 and 120 m). a) Winter temperatures showing warming tendencies (R* and
ANOSIN; p=0.039); b) Summer temperatures with no significant trends; c) Distribution and biomass of L. abyssalis according to

Quége (1988).
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Table 1. Spatial variation of biomass and richness at sites considered to be pristine-like (PLE) and Urbanized (URB)
environments, highlighting the loss of diversity and, consequently, of biotechnological potential.

. Abundance (g/m?) Richness
Sites Reference
PLE UBE PLE UBE
Todos os Santos Bay, BA 300* 30* 37 20 Széchy et al., 2005
Sepetiba Bay, RJ 500%* 200* 40%* 15 Amado-Filho et al., 2003
Santa Catarina North Bay, SC 350%* 50%* 19.2 8 Bouzon, 2005
Santa Catarina South Bay, SC 500%* 70%* 23.7 05 Bouzon, 2005

*values estimated from the analysis of graphs.

Table 2. Biomass and richness at distinct times at several different sites, highlighting the loss of diversity and, consequently, of

biotechnological potential.

o ) Abundance (g/m?) Richness
Temporal variation in urban sites Reference
Before After  Before After
Boa Viagem Beach, RJ * * 62 45 Taouil & Yoneshigue-Valentin, 2002!
Sepetiba Bay, RJ 490.9 199.57 13 5.06 Reis, 2009°
Santos Bay, SP * * 100 91 Oliveira & Qi, 20033
Imbituba, SC * * 89 62 Faveri et al., 2010*

before: 1970-1972; after: 2003-2005; *before: 1999; after: 2002; *before:

climate change or local stresses are compromised.
Studies such as those of Taouil & Yoneshigue-Valentin
(2002) in Niteroi, located on the Brazilian southeastern
coast, point to the disappearance of groups such as
representatives of the order Dictyotales, known to
produce important biotechnological substances. This
phenomenon was also observed by Oliveira & Qi (2003)
for Santos Bay on the southeastern Brazilian coast, by
Bouzon et al. (2006) for Floriandpolis and by Faveri et
al. (2010) for Imbituba, both on the southern Brazilian
coast. These last authors attributed the observed
changes to global warming, as well as the overall
impact of urbanization in recent decades. In addition
to the decrease in the number of species (Table 1), the
impacts of the synergistic effects of climate change and
local stress factors result in losses in the abundance of
macroalgae (Table 1 and 2), further compromising their
biotechnological potential. From the initial stages of the
isolation of chemical substances until the later stages
of assessment of their activity, a reasonable amount
of biomass is necessary. The differences observed in
urban areas compared to pristine areas (Table 1), as
well as the evolution of these communities in urban
environments (Table 2), reinforce the concern that we
are losing biotechnological potential.

Thus, it is clear that these changes, as observed
in Brazil and, indeed, worldwide, have led to a loss
of diversity and the resulting exclusion of species
with high biotechnological potential. Solutions should
be sought to mitigate this loss, to seek sustainable
initiatives for the occupation of coastal areas, and to
invest in sanitation and sewage treatment, especially in
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underdeveloped and developing countries.

These initiatives should be accompanied by a
selection process and the creation of new environmental
protection areas in coastal regions around the world.
This is especially true in Brazil since the areas currently
safeguarded by conservation units are well below
the number and extent required to adequately protect
an important portion of our biodiversity (Amaral &
Jablonski, 2005), which clearly holds biotechnological
importance but, up to now, has been poorly studied.

To ensure continuity of these initiatives, it is
essential to create and maintain long-term data surveys,
as well as to train professionals with interdisciplinary
skills. Therefore we encourage the establishment and
maintenance of research networks focusing on different
aspects of issues related to climate change and its effects
on biological diversity. With the implementation of such
measures, Brazil, or any other maritime country in the
world, can hope to conserve and exploit the biodiversity
of its marine life sustainably, even considering the
potentially different consequences of climate change.
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