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EXECUTIVE SUMMARY

João Coimbra
CIMAR Director

On the 2nd of March 2007 was celebrated the fifth
anniversary since the creation of the CIMAR – Associate
Laboratory, gathering the Interdisciplinary Centre for
Marine and Environmental Research from Porto and the
Sea Sciences Centre from Algarve. The objective of
CIMAR is to develop scientific research, public
understanding of science, the creation of thematic
networks, and to support business and industry,
advanced formation of human resources, and public
policies on marine and environmental questions. The
two main themes of the CIMAR activities were defined
as Conservation and Aquatic Ecosystem Management,
and Aquaculture and Marine Biotechnology. At that
time, the Associate Laboratory was constituted of two
traditional University research units, with a high
number of Professors/researchers leading 38 small
research groups. The organizational structure was weak
and the capacity of intervention reduced.
Five years later, like many living organisms which
transform themselves throughout their life cycle, the
CIMAR also went through profound and sometimes fast
transformations which represent a real metamorphosis,
still ongoing.
Maybe not the most significant but certainly of interest
are the numbers that express the development of
CIMAR: from 113 to 154 PhD holders, and an increase
in the number of articles published annually in
international journals from 120 in 2002 to 233 in 2007
(with a maximum of 270 articles in 2006). An increase
in the budget by a factor of 10, a considerable growth
in scientific equipment investment with the attribution
of 2MEuros through the Re-equipment Programme of
the Science and Technology Foundation, the
enlargement and improvement of the installations
especially in Porto, can also be highlighted. The CIMAR
also saw a dramatic increase in the number of research
grant holders and post-graduation students, as well as
an increase in the number of non-teaching researchers:
35 after the recent appointments through the
programme Ciência 2007. At the same time the number
of research groups dropped to 24.
However it is important to stress the structural
alterations which are effective and can only be guessed
through these numbers. From the scientific point of
view the research themes have become broader,
leading to the creation of a new autonomous research
line – Ocean and Coastal Dynamics – essential to
support the Associate Laboratory programme as a
whole. Together with the enlargement of its scientific
intervention area, the themes tackled have
progressively become more focused on today’s
concerns, like global changes (climate and others) and
sustainable development. In 2007 was also established
an agreement with the INEGI-Porto for the creation of
a mixed Laboratory on the theme of marine
technologies.
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Concerning its engagements towards society, the
CIMAR-Associate Laboratory has become a renown
formation centre for young researchers, welcoming
about three hundred research grant holders, BSc,
Masters and PhD students, and Post-Docs from different
nationalities. In 2007, can also be stressed the
agreement with the Ministry of Science, Technology and
Education for the creation of a Doctoral School in Marine
and Environmental Sciences, in which the University of
Porto and of Aveiro are CIMAR partners, and CESAM
with whom CIMAR has a collaboration agreement.
Simultaneously, CIMAR participates actively in various
thematic networks, particularly as member of the
Executive Committee of two Networks of Excellence
(Marbef – Marine Biodiversity and Ecosystem
Functioning, and Marine Genomics Europe). It is also
essential to emphasize that CIMAR is becoming more
and more active in supporting business and industry,
being founding member of the Institute for the
Development and Knowledge of Marine Economy –
(Instituto para o Desenvolvimento e Conhecimento da
Economia do Mar – IDCEM), which acts as a promotion
agency of scientific knowledge, research valorization,
technology service agreements and promotion of
entrepreneurship, which started its activities this year
Regarding scientific communication, the CIMAR has
coordinated a number of high impact programmes, for
example the educational programme Latitude 60, as part
of the International Polar Year, and the Sea Itinerant
University aboard the vessel Creoula from the
Portuguese Navy. The CIMAR also coordinates the
scientific part of a network of Environmental Monitoring
and Interpretation Centres, notably the CMIA in Vila do
Conde and Matosinhos in 2007, and maintains close
collaboration with the Ciência Viva Centre in Faro, the
Aquamuseu of River Minho and the Littoral Station of
Aguda.

2

Finally, it is also very important to stress the role of the
Associate Laboratory as support of public policies, at the
regional, national and European level. In 2007, and in
collaboration with the Coordination Commission for the
Development of the North Region, the CIMAR played an
active role in the elaboration of the Ocean Agenda for
the North Region and in the definition of the cooperation
between North Portugal and Galicia. The contribution of
CIMAR in the definition of the Ocean National Strategy
and the European Maritime Policy, and as active partner
within the European Science Foundation – Marine Board
(Marine and Maritime) is also of particular interest. In
2007, the CIMAR organized two international
conferences as part of the Portuguese Presidency of the
European Union (The Role of Marine Sciences in Ocean
Sustainability and Global Change, 8 October, Lisbon; Life

on the Blue Planet: Biodiversity Research and the New
EU Marine Policies, 7-9 November, Porto), and

participated in the organization of other high relevance
scientific conferences like the SETAC Europe (Society for
Environmental Toxicology and Chemistry) Annual
Meeting, in collaboration with the CESAM. The Centre
also maintains its partnership as Third Party within two
ERA-Nets: AMPERA and BIODIVERSA.
This Highlight Book does not intend to report all the
activities developed in 2007, but to present a number of
research themes that are reaching maturity and show
the diversity of the work that is being done by its
researchers.
These achievements were made possible through the
close collaboration between the two Directorates:
CIIMAR and CCMAR, and through the joint efforts
between the Director and Vice-Director Adelino Canário.

RESEARCH HIGHLIGHTS
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Identification and characterization of the Tróia Peninsula
Northern part dune fields

Marco Ferraz
Research Fellow at the Marine
Geology Department, INETI /
LNEG
marco.ferraz@ineti.pt

Luís Pina Rebêlo
Researcher at the Marine Geology
Department, INETI / LNEG
luis.rebelo@ineti.pt

Coastal dunes are very dynamic
systems. Offshore winds stronger than
the threshold of sand transport make
the beach sand move inland, building
coastal dunes. Although very common
on our beaches, coastal dunes growth
rate, in the case of foredunes, and
velocity displacement, in the case of
transgressive dunes, are not well known
and studied (Rebêlo et al., 2006).
Tróia peninsula is a sandy spit composed
by a beach and dune system, located in
the Sado river left margin, south
Setúbal, on the Portuguese west coast.
It is anchored south in the Carvalhal
zone and is approximately 25km long,
between 0.5 and 1.8 km wide and
oriented SE-NW (Fig. 1) (Rebêlo & Brito
in Andrade, 2006).
Due to its touristic importance, Tróia
peninsula became the target of major
anthropogenic pressures. Several studies
have already been made for this area
(Silveira,
2006;
Carapuço,
2005;
IMOAREIA, 2002), however the relation
between the coastline and dunefield
evolution has not been correctly related
yet.

The quantification of accumulation and
erosion areas was obtained comparing
the coastline of different years, using
high resolution aerial photographs
between
1947
and
2005,
with
approximately 10-year interval between
flights.
The
different
photographs
were
georeferenced with significant accuracy,
using Geographic Information Systems
(GIS), in order to obtain a precise
overlay between images of different
years. Coastline was defined by the
wet/dry sand border, due to the lack of
obvious morphologic indicators in this
area. This comparison allowed the
quantification not only between the
different time intervals, but also for the
whole period, concluding that accretion
is prevailing in Tróia peninsula over this
58-year period with a significant growth
of approximately 15% (891638m2) for
the study area (Fig. 2).

Pedro J. Oliveira Brito
PhD Student at the Marine
Geology and Paleo-oceanography
Laboratory, INETI / LNEG /
CIIMAR
pedro.brito@ineti.pt

Figure 1 – Study area.
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The characterization of the dunefield evolution was
made using stereoscopy for the different aerial
photographs, except for the 1995 flight where
althimetric information was used. The stereoscopic
interpretations were digitized in GIS and georeferenced
with the same transformation matrix as the
correspondent aerial photograph, in order to obtain a
precise overlay between the interpretation and the
image. This data allowed the characterization of the
dunefield evolution in different time intervals as well as a
global evolution. It was possible to conclude that Tróia

In conclusion, the north part of Tróia peninsula is
affected by deposition processes allowing the
observation of a constant growth in area, as well as a
significant development of the dunefield.
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peninsula is composed by two major dunefields types
related with different processes of winds and coastline
evolution for this area (Fig. 3).

Á

8°54'0"W

AND

Á

8°54'0"W

8°52'0"W

- 36109 m2

Legenda:
Erosão
Acreção

38°28'0"N

38°28'0"N
38°28'0"N

38°28'0"N

+ 952644 m2

Legenda:
< 1947
1947-1958
1958-1967

2

1967-1976

Erosão Total = 87744 m
2
Acreção Total = 979384 m

1976-1986
1986-1995
1995-2005

- 43098 m2

0 125 250

500

750

1.000
Metros

0 125250

500

Ortofoto de 2005

8°54'0"W

8°52'0"W
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Figure 3 – Dunefield evolution.

This work was made possible through the FCT funded project EVO-TRÓIA – Tróia peninsula evolution: Coastline and dune systems
morphodynamics during the end of Quaternary, under the POCI 2010 program, and IMOAREIA, SONAE Turismo, which made the
1995 althimetry available for scientific studies.

Published articles related to this highlight
Andrade C., Rebêlo L., Brito P. and Freitas C. (2006). Processos holocénicos; Aspectos da geologia, geomorfologia e dinâmica
sedimentar do troço litoral Tróia-Sines in Geologia de Portugal no contexto da Ibéria, Ed. Universidade de Évora, Portugal, pp 397418.
Ferraz M. (2007). Identificação e Caracterização das Dunas e Campos Dunares da Parte Norte da Península de Tróia; Master thesis
degree from University of Lisbon. Faculdade de Ciências de Lisboa, 146p. Lisboa, 2007.
Rebêlo L., Brito P. and Ferraz M. (2006). Coastal Dune Dynamics. CIMAR Associate Laboratory 2006 Executive Summary, Research
Highlights & Publications, Porto. Portugal.
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Alternative mechanisms explaining the complex pattern
of Heinrich events in the North Atlantic mid-latitudes

Filipa Naughton
Post-Doc at the Marine Geology
and Paleo-oceanography
Laboratory, INETI / LNEG /
CIIMAR
filipa.naughton@ineti.pt

In recent years, many studies have been
carried out to understand the sources,
trigger mechanisms and global impact of
the well known episodes of massive
iceberg discharges into the North
Atlantic that occurred during the last
glacial period. These extreme episodes,
named Heinrich events (H), have been
documented in several North Atlantic
deep-sea cores between 40 and 50° N
(IRD belt) and were identified by the
anomalous presence of ice-rafted
detritus (IRD) transported to the ocean
by icebergs drifting from northern ice
sheets and by a synchronous decrease
of sea surface temperatures (SST)
resulting from icebergs melting (e.g.
Bond and Lotti, 1995). Along the Iberian
margin and adjacent landmasses,
Heinrich events have left a complex
pattern composed by two main phases.
Different
hypotheses
have
been
proposed to explain this complex pattern
within Heinrich events but none of them
are conclusive so far.

The aim of this work is to propose
possible mechanisms to explain the
complex pattern of Heinrich events 4, 2
and 1 observed in the western Iberian
margin and adjacent continent. The
comparison between the Iberian margin
multi-proxy record (MD99-2331) and
other available palaeoclimate sequences
from the North Atlantic region (18-75°N
and 0-75°W) (Fig. 1) allows us to
recognise a two-phase pattern within
Heinrich events 4, 2 and 1 in the midand subtropical latitudes outside the IRD
belt
and
to
propose
potential
mechanisms explaining this complex
scenario. H4, H2 and H1 events are
characterised by two main phases in the
regions outside the IRD belt between 45
and 18°N and released large amounts of
IRD and freshwater.

Figure 1 – Map with core sites used for the reconstruction.
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The associated reduction in Meridional Overturning
Circulation (MOC) and substantial drop of SST favoured
the southward displacement of the thermal front as far
South as 35°-37° N (Fig. 3a). The reconstructed increase
of wet conditions in western Iberia and France during
the first phase of H4, H2 and H1 can therefore be
explained by a southward position of the Atlantic jetstream and associated storm-track along and
downstream this front. During the second phase of H4,
H2 and H1, palaeoclimatic records can be interpreted via
an intensification of the trade winds in the Mauritanian
margin, a northward displacement of the Atlantic jetstream which produces a reduction of westerlies in the
subtropical western North Atlantic and their northward
displacement in the eastern North Atlantic mid-latitudes
contributing to an extreme dryness of western Iberia
and France (Fig. 3b). This climatic scenario is supported
by recent climate simulations which detect a southward
displacement of the ITCZ and associated changes in
tropical atmospheric circulation during Heinrich events
by using initial Last Glacial Maximum conditions and an
input of anomalous freshwater pulses into the North
Atlantic. Wet and dry conditions in the Iberian Peninsula

AND

COASTAL DYNAMICS

detected during the first and second phases of H4, H2
and H1, respectively, can also be interpreted given the
documented climatic impacts related to the two modes
of the present North Atlantic Oscillation (NAO). This
hypothesis of a NAO-like operating mechanism is
supported by the climatic asymmetry observed between
mid- and subtropical eastern North Atlantic latitudes
(wet/dry) and the Blake Outer Ridge (dry/wet) (Figs. 3a
and 3b). However, numerical simulations show that the
main modes of climate interannual variability can have
very different characteristics in a glacial world and as for
now, the present NAO mainly serves us as a guide to
interpret the recorded surface climate changes in terms
of atmospheric circulation and to examine the
relationships between climatic evolutions recorded in
different areas. High resolution land-sea direct
correlation studies from several keys sites and climate
simulations will be needed to confirm the hypothesis of
an NAO-like mechanism operating on millennial
timescales. Interpretation of these climatic variations in
terms of modification of the occurrence/amplitude of a
glacial NAO interannual mode will also need detailed
analyses of climate simulations.

Figures 2 and 3 – Reconstruction of climate conditions during the different Heinrich event phases.

Published articles related to this highlight
Naughton F., Sanchez Goñi M.F.S., Desprat S., Turon J.-L., Duprat J., Malaizé B., Joli C., Cortijo E., Drago T. and Freitas M.C.
(2007). Present-day and past (lasy 25 000 years) marine pollen signal off western Iberia. Marine micropaleontology, 62(2): 91-114.
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Sedimentological record of tsunamis on shallow shelf
areas: the case of the 1969 AD and 1755 AD tsunamis on
the Portuguese shelf off Lisbon

Fátima Abrantes
Head of the Marine Geology
Department, INETI / LNEG
fatima.abrantes@ineti.pt

Susana M. Lebreiro
Researcher at the Marine Geology
and Paleo-oceanography
Laboratory, INETI / LNEG /
CIIMAR

In recent years, much research on
modern and palaeotsunami deposits, in
particular the ones found on land, has
been published. Reconstructing past and
pre-historic
tsunamis, including
a
determination of tsunami size, extent
and
recurrence
interval,
is
the
fundamental goal of such work whose
final objective is to contribute directly to
tsunami-mitigation and risk- assessment
programs. As shown by the December
2004 Indian Ocean tsunami and other
historic tsunamis, erosion is widespread
as well as deposition both at sea,
shallow and abyssal basins, and inland
along the world’s coastal areas. Whereas
research focusing on geologic evidences
of tsunami has shown a broad variety of
tsunami depositional traces inland along
the coastlines of the world, very little
has been done on tsunami transport and
deposition in the offshore zones or in
shallow shelf areas as recognized by
Dawson and Stewart (2007).
Such studies are particularly important in
regions prone to earthquakes and with
an historical record of tsunamis. Portugal
and the Lisbon area have suffered from
several historical earthquakes, of which
1531, 1755, 1761 and 1969 were
associated with tsunami events (NOAA
National Geophysical Data Center;
Portuguese/European GITEC database).
On the basis of historical records, the
most destructive tsunamis listed are the
1531 AD as a local tsunami in Lisbon
and 1755 AD and 1761 AD transatlantic
events. Some authors consider the 1531

event even more catastrophic for the
city of Lisbon than the 1755 one. Still,
the 1755 AD earthquake, ranked 8.75 to
9.0 on the Richter scale, was one of the
strongest in human history, and the
effects of the earthquake related
tsunami, not only over the city of Lisbon
but also over 52 other locations on both
Atlantic coasts, turned it into the most
catastrophic of the historical tsunamis.
Magnetic susceptibility, grain-size and
XRF Fe data as well as 210Pb and AMS
14
C dating of two shallow box-cores and
two sedimentary sequences (PO287-26B
and the spliced sequence of sites
D13902, PO287-26G) recovered on the
Portuguese Continental Shelf SSW off
the Tagus River mouth, and the box
PO287-28B and gravity core GeoB8903
collected towards the W of the river
mouth (Fig. 1), lead to the conclusion
that both the 1969 AD and the 1755 AD
earthquake-originated tsunami left a
sedimentary imprint in the shallow-shelf
environment off Lisbon. However, while
the 1969 record appears as an almost
uniform layer of equal 210Pb decrease
(Fig. 2a), the record attributed to the
1755
tsunami
reveals
a
quite
heterogeneous record. At the SSW site,
the tsunamite is identifiable as a
stratigraphically localized sedimentary
sequence that stands out by grain-size
and MS records that cannot be easily
interpreted in terms of a gradual
sedimentary processes (Fig. 2b).

Antje Voelker
Post-Doc at the Marine
Geology and Paleooceanography Laboratory,
INETI / LNEG / CIIMAR
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Figure 1 – Sites location on the inner shelf, offshore the Tagus River mouth on a detailed
bathymetric map. Sites D13902 and PO287-26 SSW of the river mouth and sites GeoB 8903 and
PO287 28, W of the river mouth.

L1. OCEAN

AND

COASTAL DYNAMICS

On the W site the tsunamite levels correspond mainly to
fine sediments, not different either chemically or
texturally from the rest of the sequence, and so, most
likely to be overlooked in an environment where the
occurrence of fine sediments is normal. Consequently,
identification of deposits of historical paleotsunamis will
require special attention and detailed dating, given that,
such as in the Lisbon area, sediments attributed to a
tsunamic cause can originate and redeposit within a
sedimentary environment that is maintained unchanged
before and after the event.
The variability found for different tsunamis (1755 and
1969) in such a small area is significant. A difference
certainly related to the different wave run-ups, but that
can also derivate from changes in coastal morphology,
shelf bathymetry, relative importance of the bottom
currents effect, the backwash suspended load and
circulation characteristics.Paleotsunami studies in
shallow-shelf areas beyond historical times in sites such
as our W site, will be difficult due to the lack of
diagnostic sedimentary criteria for the passage of a
tsunami.

Figure 2a – Magnetic susceptibility, grain-size mean, and
radiocarbon chronology along PO287-26B and D13902
composite depth. Ages as calendar yr BP; magnetic
susceptibility (106 SI – full dots) and mean grain-size (µm –
open diamonds).

< 1950 AD

?
Hiatus

SSW

9 cm (ID)
160 years (E)

W

39 cm (ID)
355 years (E)

150 cm (ID)
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Figure 2b – Magnetic susceptibility and
dated levels comparison of the best dated
cores PO287-26G and D13902 located to the
SSW of the Tagus River mouth, and GeoB
8903 positioned to the W side. Numbers in
italic identify non-independent ages at the 2
s; ID refers to the height of sediment, in cm,
estimated as deposited instantaneously at
each site; E relates to the n of years
represented by the sediment eroded by the
event.

Published articles related to this highlight
Abrantes F., Alt-Epping U., Lebreiro S., Voelker, A. and Schneider R. (2008). Tsunamis sedimentological record on shallow shelf
areas: the cases of 1969 AD and 1755 AD on the Portuguese Shelf off Lisbon. Marine Geology, 249: 283-293.
Abrantes F., Lebreiro S., Gil I., Rodrigues T., Bartels-Jónsdóttir H., Oliveira P., Kissel C. and Grimalt J.O. (2005). Shallow marine
sediment cores record climate variability and earthquake activity off Lisbon (Portugal) for the last 2000 years. Quaternary Science
Reviews, 24: 2477-2494.
Voelker A. and Abrantes F. (2007). Circum-Iberia paleoceanography and paleoclimate. Workshop report in: PAGES news, 15, no. 1,
April, p. 30-31.
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Is there a Northwest Iberian coastal current?
The system of currents in the northwest
part of the Iberian coast is not yet well
understood and existing models fail to
describe it adequately, especially under
extreme climate conditions.

Luísa Bastos
Head of the Oceanography Group,
CIIMAR
lcbastos@fc.up.pt

This became very clear after the collapse
of a 19th century bridge over the river
Douro in March 2001, when an average
northward current of 0.8-0.9 m/s,
sustained in both time and space, was
detected. There was no previous record
of such current conditions off the
Portuguese west coast.
Some satellite images show a coldwater
stripe in between the warm water
filament that characterizes the slope
current and the northern west coast of
the Iberian Peninsula, with its origin
close to the mouth of the river Douro.
The cold water stripe is likely to
correspond to a coastal current induced
by buoyancy and wind.

Ana Bio
Researcher at the Oceanography
Group, CIIMAR
anabio@cimar.org

The designation Northwest Iberian
Coastal Current (NICC) was proposed
and a homonymous project was set up
to study this current and its driving
forces.
Within the NICC project three time
intervals were selected to study the area
of interest for the coastal current:
September 2005, when runoff was
expected to be at a minimum and the
current was supposedly not present;
February-March 2006 and January 2007

when maximum runoff was expected.
44

43

42

Minho

Douro

41

40
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Figure 2 – Location of the ADCP (⊕) and
study area.

During these periods, the current over
the inner shelf, north of the Douro
mouth, was monitored by means of a
600 KHz ADCP moored over the 32m
isobath.
Currents were subsequently related to
river runoff and wind conditions.
Although the hydrological years 20052006 and 2006-2007 were characterized
by different runoffs the observations
were conducted at quite similar runoff
levels, with an upward jump occurring in
the Douro: from 400 to 700m3/s in 2006
and from 400 to 1500 m3 s-1 in 2007.
Dedicated satellite based drifters were
deployed to acquire information about
runoff
trajectory
and
velocity,
transmitted via GSM. The drifters were
driven by a shoreward transport induced
by wave motion when the significant
wave height was about 4m. Drifters
proved to be appropriate for the
definition of the Coastal Current Field;
observed velocities and evolutionary
patterns were in agreement with the
observations from the fixed ADCP.

Figure 1 – Average sea surface temperature
between 14 and 20 of January 1996 (courtesy
of the Centre for Coastal and Marine Science,
Plymouth Marine Laboratory, UK).
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The analysis of the free trajectories of
the drifters in the different campaigns
allowed
us
to
evaluate
the
characteristics of the estuarine flow and
the transitions between inner and mid
shelf.
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Results show that there is an occasional hydrological,
dynamic structure over the inner shelf off the northern
west coast of the Iberian Peninsula that can be
described as a coastal current induced by the combined
effect of freshwater buoyancy and wind forcing, with
current velocities easily reaching 2m/s.

The role of NICC as a dynamic agent over the inner shelf
is still under research.

Wind N-S

10

0

v (000/180) (ms-1)

The gathered evidence suggests further that a runoff
below 2000m3/s is insufficient to sustain NICC against
opposing wind. In unregulated river systems the coastal
current is further strengthened by winds, as southerlies
are associated with precipitation when weather systems
travel eastward. River regulation reduces the effect of
precipitation on runoff and delays its impact on the
shelf. NICC may hence be characteristic of extreme
conditions, when water storage is at a maximum and the
power of regulation fails.

Figure 3 – Douro and Minho river runoff 1986-2007. Values
obtained from the Portuguese Institute for Water (INAG) for the
two most downstream hydrometric stations in the Douro and
Minho basins; Crestuma-Lever dam and Foz do Mouro,
respectively.

-10

Runoff - daily average (m3 s-1)

While wind appears to be enough to determine its
dynamics, freshwater buoyancy is essential to provide
the hydrological signature. This is characteristic of the
winter months when, on average, river runoff is high.
NICC is typically intermittent and non recurrent, as the
runoff levels in the area are usually not strong enough to
sustain the current against opposing winds.
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Figure 4 – Wind direction, wind velocity and Douro and Minho
river runoff in February/March 2006.
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Figure 5 – Deploying drifters; drifters trajectories.

Project NICC (Ref. POCTI/CTA/49563/2002) is funded by the Fundação para a Ciência e Tecnologia, MCTES. Leading researcher:
Luísa Bastos; coordination: CIIMAR/CIMAR; participants: Instituto Hidrográfico IH, Instituto Nacional de Investigação Agrária e das
Pescas INIAP, Universidade do Minho).

13

Coastal monitoring using space techniques:
morphodynamic evolution of the Douro sand spit
Understanding coastal morphodynamics
is of utmost importance for costal
security, development and management
in general; especially given the risk of
increased coastal vulnerability due to the
predicted
climate
change
effects
favouring extreme weather conditions
and sea level rise.

Luísa Bastos
Leader of the Oceanography
Group, CIIMAR
lcbastos@fc.up.pt

Paulo Baptista
Researcher at the Oceanography
Group, CIIMAR
renato.baptista@fc.up.pt

Helena Granja
Researcher at the Oceanography
Group, CIIMAR
hgranja@dct.uminho.pt

The Douro river sand spit is a highly
dynamic body located on the southern
side of the Douro river estuary outlet
region (see image below). Its origin and
development is closely related with wind,
river and marine conditions, and
sedimentary transport by the river, the
swell and tide effects, and the surface
sand transport by winds are thought to
be the main factors responsible for its
dynamics.
The sand spit’s development has been
monitored through periodical Differential
Global Positioning System (DGPS)
kinematic
surveys,
using
two
observation methods: an on-foot singleantenna system mounted on a telescopic
pole and a two-antenna system adapted
to a four-wheel motor quad.

Figure 2 – On-foot single-antenna system
mounted on a telescopic pole and a twoantenna system adapted to a four-wheel
motor quad.

Figure 1 – The Douro river sand spit.
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The monitoring program is based on the survey of
a grid of transversal and longitudinal profiles that
cover the sand spit area down to the low tide
limit.

164100
164000
163900
163800

The grid-based survey allows us not only to
evaluate the sand spit evolution in terms of shape
and position but also to quantify changes in terms
of sedimentary volumes. All campaigns were
performed under similar tide conditions.
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This way it is possible to analyze changes in the
shape and relate them with fluvial currents, tides
and swell.
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The figures on the left show contour maps of sand
levels for different observation periods, between
2002 and 2008. Height reference is the mean sea
level.
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Significant changes in the morphological
characteristics of the Douro river sand spit are
observed, suggesting that the local tide/wave
conditions give an important contribution to the
movement of the sand.
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Combined effects of river and sea forces seem to
originate a decrease of the sand transport
capacity with the formation of sand bars around
the sand spit. There is a relationship between
tides and waves, creating the mixed energetic
conditions responsible for the sand mobilization.
The results obtained from this monitoring program
emphasize the importance of the waves in the
mobilization of sedimentary sources. The impact
of the construction of the jetties, which started in
2005, can also be seen in the recent evolution of
the sandy spit.
Further evolution of the presented observation
techniques is in progress, with the integration of a
video acquisition system, in collaboration with
researchers from the Centro de Investigação em
Ciências Geo-Espaciais – CICGE.
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Figure 3 – Sand levels for different observation periods,
between 2002 and 2008. Height reference is the mean sea
level.

Published articles related to this highlight
Baptista P., Bastos L., Bernardes C., Cunha T. and Dias J. (in press). Monitoring Sandy Shores Morphologies by DGPS – A Practical
Tool to Generate Digital Elevation Models. Journal of Coastal Research. DOI: 10.2112/07-0861.
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Constraints on the Pb and Nd isotopic evolution of NE
Atlantic water masses

Susana Bolhão Muiños
PhD student at the ChristianAlbrechts University of Kiel,
Germany.
susana.muinos@ineti.pt

Here we present time series of Pb and
Nd isotope compositions of three
ferromanganese crusts, which record the
evolution of eastern North Atlantic water
masses over the past 15 Ma. The crusts
are distributed along a depth profile
(~800-4600 m) that encompasses the
present-day depths of the Mediterranean
Outflow Water (MOW) and North East
Atlantic Deep Water (NEADW).
A pronounced increase of 206Pb/204Pb
ratios in the two deeper crusts starting
at ~4 Ma and a decrease in 143Nd/144Nd
in all three crusts occurred between ~64 Ma and the present (Fig. 1). These
patterns are similar to the radiogenic
isotope evolution at intermediate depths
in the western North Atlantic basin,
where they were interpreted to reflect
changes in continental weathering in
Northern Canada and Greenland, or
alternatively to reflect changes in the

signatures and contributions of water
masses that produced North Atlantic
Deep Water (NADW) since the onset of
the Northern Hemisphere Glaciation
(NHG) 2.7 Ma ago (Burton et al., 1997,
1999; O'Nions et al., 1998; Reynolds et
al., 1999; Foster and Vance, 2006). This
similarity suggests efficient mixing
between the two basins. However, the
major change in the Nd and Pb isotope
signature in the eastern North Atlantic
led the change in the western basin by
1-3 Ma. This difference in timing can not
be explained by changes in weathering
in northern Canada and Greenland
associated with the onset of NHG but
must rather have been associated with
paleoceanographic
changes
that
occurred prior to and during the early
phase of the onset of NHG.

Susana M. Lebreiro
Researcher at the Marine
Geology and Paleooceanography Laboratory,
LNEG / CIIMAR

Figure 1 – Comparison of (a) Nd and (b) 206Pb/204Pb time series for our three crusts with other crusts
from the northeastern and northwestern Atlantic: The data for 65GTV (Abouchami et al., 1999) are
plotted as solid stars with dashed line. The data for 121DK (Abouchami et al., 1999) and Madeira
(Reynolds et al., 1999) are plotted as a light green field. The data from the northwestern Atlantic,
crusts BM1969.05 (39ºN; 61ºW) and ALV 539 (35ºN; 59ºW) (Burton et al., 1997, 1999; Reynolds et
al., 1999) are plotted as a dark green field. Dashed vertical lines mark the major changes in patterns
for the northeastern Atlantic (red) and northwestern Atlantic (blue). All error bars represent 2σ(SD)
external reproducibilities of repeated standard measurements.
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The similarity of the overall patterns and the differences
in amplitudes observed for Pb and Nd isotopes between
the two basins over the past 4 Ma indicate an influence
from efficient deep water-mass exchange between the
two basins via a northern route, such as the CharlieGibbs Fracture Zone (CGFZ) (Sy et al., 1997; Paillet et
al., 1998; Bower et al., 2002). In the more distant past
(prior to ~2 Ma), the CGFZ may have completely
dominated the exchange between the two basins. This
may have enabled a pronounced early and direct
transfer of the extremely unradiogenic Nd and
radiogenic Pb isotope signature of Labrador Sea Water
(LSW) into the northeastern basin prior to the change in
the isotopic composition of NADW, which is a mixture of
different water masses. The continuous increase in
206
Pb/204Pb from 4 Ma to present has the largest
amplitude in the deeper-water crusts, which appears to
have been controlled by an increasingly direct influence
of LSW on the Pb isotope signature at depth.
The relatively unradiogenic Pb isotope compositions of
crusts 3514-6 (~800 m) and 65GTV from 1500 m water
depth are in agreement with the expected signal of
MOW based on the geology of the continental
landmasses surrounding the Mediterranean (Abouchami
et al., 1999). The continuous and invariable Pb isotope
record (Fig. 1) may indicate that the Pb isotopes were
controlled by advection of MOW combined with local
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external inputs. In addition, there is no indication of the
Messinian Salinity Crisis (MSC), which occurred between
6-5.3 Ma (Krijgsman et al., 1999) because MOW formed
episodically and the corresponding isotopic signal
reached the depth and location of crust 3514-6 during
that time. In view of these results, it is most likely that
MOW did form episodically and that the Pb and Nd
isotope signatures, which integrate over several 100 ka,
did not record short-term changes caused by the MSC.
The time-slice plots of Pb isotopes, recording the
Pliocene-Pleistocene evolution of water masses (Fig. 2),
show that the Pb isotope ratios of all crusts can
generally be explained by mixing between two water
masses, the proportions of which changed over time.
The unradiogenic end-member has been MOW whereas
the radiogenic end-member most likely has been
NEADW (including LDW and a LSW component). In
addition, an external source, most likely dust, must have
contributed to the Pb isotope signatures. Because the Pb
residence time in surface waters is very short, and
because adsorption of Pb onto particles is in general not
reversible (Henderson and Maier Reimer, 2002), the Pb
isotope signature of the upper part of MOW, as recorded
by the shallowest crust, must have been strongly
influenced by dust inputs. In contrast, the deep water Pb
isotope composition was mainly controlled by ocean
circulation and water-mass mixing.

Figure 2 – Time slice connections (surface, 1.5, 3, 4, and 5 Ma) from the northeastern Atlantic crusts (65GTV,
3514-6, 3511-1, and 3513-14) in (a) 208Pb/204Pb versus 206Pb/204Pb and (b) 207Pb/204Pb versus 206Pb/204Pb space. The
lines mark connections between the data of particular time slices (the legend in the graphics displays each time
slice color). The green ellipse displays the field of crust 3514-6; it shows a nearly constant Pb isotope signature.
The symbols and fields for the potential sources influencing the study area are: i) NW Atlantic crusts data (dark
green field) defined by data from BM1969.05 and ALV539 (Burton et al., 1997, 1999; Reynolds et al., 1999) for the
time range 0-5 Ma; ii) data from Atlantic sediments, interpreted as Saharan dust (orange field) is given by Sun
(1980); iii) Saharan dust data (open grey diamond) is given by B. Hamelin (personal communication, 2003); The
dashed dark grey lines indicate the possible endmember compositions of unmodified MOW (unradiogenic) and LSW
(radiogenic) end-members.

Published articles related to this highlight
Muiños S.B., Frank M., Maden C., Hein J.R., van de Flierdt T., Lebreiro S.M., Gaspar L., Monteiro J.H. and Halliday A.N. (2008). New
constraints on the Pb and Nd isotopic evolution of NE Atlantic water masses. Geochemistry Geophysics Geosystems, 9(2): Q02007,
doi:10.1029/2007GC001766.
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Mapping the bottom of rivers and reservoirs:
an Interferometric Synthetic Aperture Sonar System
Mapping of the bottom of rivers,
reservoirs and deltas is relevant for
many activities. Examples are control of
depth of navigation channels, control of
sand extraction activities, construction of
models of ecosystems, monitoring of
sediments and their dynamics and even
object finding.

Sérgio Rui Silva
PhD Student at FEUP
srui@fe.up.pt

Sérgio Cunha
Researcher at CIMAR
Assistant Professor, FEUP
sergio@fe.up.pt

Nuno Cruz
Researcher at ISR Porto
Assistat Professor, FEUP
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We have developed a synthetic aperture
sonar (SAS) system to map the bottom
of submerged beds. This system is
mounted on an autonomous boat that
performs remote sensing activities from
the water surface. This sonar system
provides scattering level images of the
bottom as the boat follows a trajectory
along
the
scene.
Through
the
combination of images obtained from
sensors at different positions relative to
the targets it is possible to obtain the 3D
coordinates of each target and hence to
build a 3D model of the bottom. This is
called interferometric SAS (InSAS).
Like in synthetic aperture radar (SAR),
SAS operates by recording the echoes
obtained by a sensor travelling along a
path that covers the scene under
mapping. The sensor itself has a large
aperture and each echo contains the
combination of several targets. However,
the combination of the echoes recorded
from
different
positions
allows
separating the contribution of each
individual target, providing a high

resolution image of the target area as if
the aperture were very narrow.
Moreover, compared to real narrow
aperture systems, SAS provides a high
resolution that is independent from the
distance of each target to the sensor.
Also, since the images result from the
combination of several echoes, the
signal to noise ratio is much better.
The different echoes are combined using
both magnitude and phase information.
In this process, the phase of each echo
is compensated for the motion of the
sensor along its path, from echo to
echo. Since the wavelengths employed
are very small (centimetre level), a very
accurate knowledge of the sensor path
is needed. For this purpose, the system
comprises also a precision navigation
system, composed by a RTK differential
GPS and an inertial system. The former
allows obtaining the position of the GPS
antenna relative to a ground station to
an accuracy of one centimetre. The
latter allows computing the attitude of
the autonomous boat and consequently
the instantaneous position of each sonar
transducer.
The major contribution of this system is
precisely the combination of satellite
navigation (which permits very high
absolute accuracy) with a SAS system.
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Other SAS systems are mounted in tow fish vehicles,
which cannot take advantage of satellite navigation. As a
detail, the navigation accuracy and the image quality is
further refined through autofocus algorithms; however,
the burden and effect of such algorithm heavily depends
on the quality of the initial solution.
This InSAS system was completely built from
off-the-shelf components. It is based on FPGA
technology, which permits to generate the complex
signals that are transmitted into the water at rates of
several million samples per second. These signals are
power amplified by electronics developed for this
purpose, which also amplifies the returned echoes prior
to being converted to the digital domains back to the
FPGA, again at a high data rate. The signal is also
subject to initial processing at the FPGA and only sent to
a computer once in base-band and at a low data-rate.
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The use of an autonomous boat to carry this InSAS
system provides an additional advantage. This boat is
capable of operating autonomously, completing a
mission with a set of paths and manoeuvres with no
more than human supervision. Moreover, due to the
accurate navigation system, it is capable of following the
desired trajectories with decimetric accuracy. Due to its
size and manoeuvrability, this boat is particularly
adapted to operate in rivers and reservoirs, where
shallow water conditions combine with deeper areas,
currents have to be compensated but turbulence is
usually small.
This InSAS system has been developed by the first
author as his PhD, under the supervision of the second
author. The autonomous boat has been developed by
the third and fourth authors. The good results presented
in the figures stem from the good teamwork.

Figure 1 – The InSAS in the autonomous boat.

Figure 2 – The electronics of the InSAS system.

Figure 3 – The sonar transducers.

Figure 4 – A sample of an obtained river map.
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Marine biodiversity at threat:
research under the new scenarios

Isabel Sousa-Pinto
Head of the Laboratory of Coastal
Biodiversity, CIIMAR
Auxiliar Professor, FCUP
ispinto@ciimar.up.pt

Human impacts on marine ecosystems
are increasing in scale and magnitude.
Large scale impacts like climate change,
overexploitation, habitat destruction and
biological invasions are predicted to
cause unprecedented alterations to the
global environment. Also, ecosystem
properties are being modified at an
increasing rate and scale as a
consequence of this steady global
alteration of diversity, causing economic
impacts
and
affecting
ecosystem
products and services to humankind (see
Fig. 1).

Francisco Arenas
Researcher at the Laboratory of
Coastal Biodiversity, CIIMAR

Figure 2
Figure 1

The Laboratory of Coastal Diversity
(CIIMAR) has been doing research on
the effects of these global stressors on
coastal biodiversity, from individual
physiological responses of organisms to
the functional effects at the ecosystem
level,
including
observations
and
experimental
manipulations
of
assemblages.

Stefano Vaselli
Post-doc at the Laboratory of
Coastal Biodiversity, CIIMAR

Rita Araújo
PhD student at the Laboratory of
Coastal Biodiversity, CIIMAR
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threats represented by marine invasions
is undergoing (Fig. 2). These efforts are
complemented by research on the
invasibility of these species and the
resistance of communities to invasion.

The result of an intensive sampling
program performed by our group in the
last 10 years on the North coast of
Portugal led to the creation of
comprehensive databases for the
Portuguese species, developed in
collaboration
with
other
research
institutions from Portugal and Spain.
These databases are an essential tool to
evaluate coastal diversity and detect
changes of coastal communities. This
research led to the detection of several
invasive species, including the brown
alga Undaria pinnatifida, considered one
of the 100 world’s worst invasive alien
species by IUCN. The invasive species
detected are now being monitored and
studied to evaluate their invasiveness
potential and the need for management
measures. Expansion of Grateloupia
turuturu, a species, detected by us in
2003, has been followed and the
distribution of Undaria is being mapped.
A campaign for public awareness of the

Monitoring studies also allowed the
detection of changes in species
distribution and abundances during the
last 50 years, changes probably
associated to global climate changes.
Research on patterns of distribution and
abundance of species on rocky shore
assemblages has been published in
peer-reviewed international journals
(Araújo et al., 2005; Araújo et al., 2006)
and
more
publications
are
in
preparation.
The Northern coast of Portugal is the
southernmost limit of distribution of
many keystone macroalgal species.
Since temperatures here are rising in the
last decades, the predicted new climate
scenarios will affect these species
demography
and
physiology
and
ultimately their abundance and The
Northern coast of Portugal is the
southernmost limit of distribution of
many keystone macroalgal species.
Since temperatures here are rising in the
last decades, the predicted new climate
scenarios will affect these species
demography
and
physiology
and
ultimately
their
abundance
and
distribution. Our laboratory is carrying
out research to investigate the
demography of some of these species,
specially Ascophyllum nodosum and
Fucus serratus, and comparing it with
populations from the central areas of
distribution of the species (Roscoff,
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France) where physical stress should be lower. Genetic
analysis of Portuguese populations is providing additional
clues about the connectivity of our populations. Human
pressure is also a big threat to these populations as our
research on the effects of trampling revealed recently
(Fig. 3). This research showed that even after the
disturbance is stopped for one year, Ascophyllum did not
recover from the higher trampling intensity, being
replaced by Fucus.

Figure 3
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Physiological studies on the response of Fucus serratus
to thermal stress are also in progress in collaboration
with Spanish research institutions. This research is
partially funded by an Integrated Action between our
Laboratory and the University Rey Juan Carlos.
Our research on the functional consequences of diversity
has been pushed forward with our participation as
partners in the European Network of Excellence Marine
Biodiversity and Ecosystem Functioning (MarBEF)
including some of the research programs (RMP) within
this network as 1. Biofuse: Effects of biodiversity on the
functioning and stability of marine ecosystems:
European scale comparisons, that consisted in several
experiments of artificial assemblages performed with the
same methodology in several countries 2. MarPace,
Marine Propagation along the Coasts of Europe. Marpace
aimed to identify the intensity, timing, and temporal
extent of production and (primary) settlement of pelagic
propagules of benthic plants and animals at a PanEuropean scale. These projects are being finished and
data is being analysed.
Additional research on the relationship between diversity
and ecosystem functioning is currently undergoing with
very exciting results. Our experiments revealed that
spatial patterns are important in shaping the effects of
diversity on productivity in macroalgal communities (Fig.
4).
Our lab is also the Portuguese partner of NAGISA
(Natural Geography In Shore Areas), an international
collaborative program to inventory and monitor
biodiversity in the inshore zone of the world’s oceans at
depths of less than 20 meters.

Figure 4

We also launched new initiatives like the recently
created Portuguese Rede de Biodiversidade Marinha e
Costeira (website: www.cimar.org/divmar), coordinated
by Isabel Sousa Pinto, to bring together Portuguese
researchers working on marine and coastal biodiversity
to do work at national scale. Several planning meeting
were held and monitoring programs for the Portuguese
coast are now being designed.

Published articles related to this highlight
Araújo R., Bárbara I., Santos G, Rangel R. and Sousa-Pinto I. (2003). Fragmenta Chorologica Occidentalia. Anales Jardín Botánico
de Madrid , 60: 405-409.
Araújo R., Sousa-Pinto I., Bárbara I. and Quintino V. (2006). Macroalgal communities of intertidal rock pools in the northwest coast
of Portugal. Acta Oecologica, 30:192-202.
Araújo R., Bárbara I., Sousa-Pinto I. and Quintino V. (2005). Spatial variability of intertidal rocky shore assemblages in the
northwest coast of Portugal. Estuarine, Coastal and Shelf Science, 64: 658-670.
Arenas F., Bishop J.D.D., Carlton J.T., Dyrynda P.J., Farnham W.F., Gonzalez D.J., Jacobs M.W., Lambert C., Lambert G., Nielsen
S.E., Pederson J.A., Porter J.S., Ward S. and Wood C.A. (2006). Alien species and other notable records from a rapid assessment
survey of marinas on the south coast of England. Journal of the Marine Biological Association UK, 86: 1329-1337.
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Marine Biology and Ecology.
Pérez-Ruzafa I., Izquierdo J.L., Araújo R., Sousa-Pinto I., Pereira L. and Bárbara I. (2004). Distribution map of marine algae from
the Iberian Peninsula and the Balearic Islands. XVII. Laminaria rodriguezii Bornet and aditions to the distribution maps of L.
hyperborea (Gunner.) Foslie, L. ochroleuca Bach. Pyl. y L. saccharina (L.) Lamour. (Laminariales, Fucophyceae). Botanica
Computensis, 27: 155-164.
Viejo R.M., Arenas F., Fernández C. and Gómez M. (2008). Mechanisms of succession along the emersion gradient in intertidal rocky
shore assemblages. Oikos, 117: 376-389.

23

Phylogeography of north-eastern Atlantic and
Mediterranean marine organisms
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Origin and maintenance of genetic
diversity is a central issue in evolutionary
biology. Understanding these processes
in the ocean realm is particularly difficult
because barriers to gene flow are far
less obvious in marine compared to
continental species. Vicariance is usually
invoked as the most likely model of
speciation
promoting
genetic
discontinuities
across
geographical
ranges.
However,
historical
environmental factors related to habitat,
currents and glaciations combined with
species-specific traits play a pivotal role
in shaping the pattern of inter- and
intraspecific differentiation. It is clear
also that the geographical ranges of
marine organisms alter as climate
changes, but predicting how each
species will respond remains difficult.
The relative contribution of each factor
is still hard to disentangle fully.
Distributions during previous climatic
events such as the glaciations that
dominated
the
Pleistocene
epoch
provide valuable insights into rates of
migration and population resilience.
These ancestral interactions combined
with present-day gene flow and
environmental patterns are the main
focus of our marine phylogeographical
investigations.
The
geological
history
of
the
Mediterranean Sea, its hydrography and
connection with the Atlantic Ocean have
been well documented. Despite a wealth
of historical and oceanographic data, the
Atlantic–Mediterranean
transition
remains controversial at the biological
level as there are discordant results
regarding the biogeographical separation
between the Atlantic and Mediterranean
biota. The opening of the Strait of
Gibraltar at the end of the Messinian
Salinity Crisis (some 5.33 million years
ago), removed the land barrier that
impeded the marine biota allowing it to
disperse freely into the Mediterranean
Sea. However, present day genetic
patterns suggest a limitation to gene
flow
for
some
marine
species,
preventing population admixture. In the
last few years, a large number of studies
have challenged the hypothesis of the
Strait of Gibraltar representing a
phylogeographical break. Our review of
more than 70 papers reveals no obvious
relationship between either dispersal
ability or life history, and observed

patterns of partial or complete genetic
isolation
between
Atlantic
and
Mediterranean
populations.
Geographically, some species in the
transition zone showed step changes of
allele frequencies associated with the
Almeria-Oran Front rather than with the
Strait of Gibraltar itself. A major part of
the data describes evolutionary events
well within the time frame of the
Quaternary age as very few taxa predate closure of the Tethys Sea. Results
point to a combined signature of
vicariance, palaeoclimate fluctuation and
life-history traits on the Atlantic–
Mediterranean
phylogeographical
patterns.
Another research line we pursue is the
colonization of islands. Isolated oceanic
islands are excellent natural laboratories
to test the relative role of historical
contingency
and
determinism
in
evolutionary diversification. Endemics of
the marine venomous snail Conus in the
Cape Verde archipelago were originated
from
at
least
two
independent
colonizations of ‘small’ and ‘large’ shelled
species separated by 12 million years. In
this study, we have reconstructed
phylogenetic relationships within largeshelled Conus. The reconstructed
molecular phylogeny revealed three
well-supported and relatively divergent
clades that do not correspond to current
species classification based on shell
colour and banding patterns. The largeConus
have
remarkably
shelled
replicated biogeographical patterns of
diversification of small-shelled Conus.
Similar
selective
forces
(i.e.
nonplanktonic lecithotrophy with limited
larval
dispersal
and
allopatric
diversification) together with repeated
instances of low sea level stands during
glacial maxima that allowed connection
between islands, have overcome the
effect of historical contingency, and
explain
the
observed
recurring
biogeographical patterns.

L2. ECOLOGY, BIODIVERSITY

AND

MANAGEMENT

OF

AQUATIC ECOSYSTEMS

Figure 1 – Expansion time and tau values for all species
included in the meta-analysis for which the sudden expansion
hypothesis was not rejected (Patarnello et al., 2008).

Finally work on coastal fish has been developed,
particularly on the phylogenetic relationships of Atherina
genus members from the North-eastern Atlantic and
Mediterranean. We have established the monophyly of
the genus Atherina; the existence of four major clades
(A. presbyter/A. hepsetus, A. boyeri, A. punctata and A.
mochon); and the closer relationship between A.
presbyter and A. hepsetus. Although with weaker
support, the last three clades emerged as monophyletic.
These results have important taxonomic and
biogeographical implications namely: the sub-genera
Hepsetia and Atherina are rejected, the polyphyletic
nature of A. boyeri, as defined in recent years, is clear,
with
two
forms:
marine
form
and
a
brackish/freshwaters. The recognition of the ecological
specialization of this clade strongly argues in favour of
the revalidation of A. mochon. While A. presbyter/A.
hepsetus conform to a pattern of vicariant speciation in
the Pleistocene, with survivors in Atlantic and
Mediterranean refugia, the remaining clades have a long
history in the Mediterranean and may have spread
during the Lago-Mare.

Figure 2 – Map of the Cape Verde archipelago. Sampled
islands are coloured in grey. Distribution and shell banding
patterns of the large-shelled populations of Cape Verde Conus
in the islands of Boavista, Maio, and Sal are shown (Cunha et
al. 2008).

These studies have involved a multidisciplinary team of national and international researchers from the Eco-Ethology Research Unit
(ISPA, Lisbon), the National Museum of Natural Sciences/CSIC (Madrid, Spain); the University of Padova (Italy); the Queen's
University Belfast (UK) and the University of Alaska (USA).
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Spatial
planning
of
the
marine
environment constitutes a management
tool that can minimise potential conflicts
between the variety of activities taking
place on the coastal zone, including
recreational or leisure activities, the
conservation of biodiversity, extraction
of sand and gravel, coastal protection
works and commercial and recreational
fishing.
With the objective of contributing to the
management
of
the
underwater
(RENSUB - from 0 to 30 m depth)
component of the National Ecological
Reserve, the Centre of Marine Sciences
(CCMAR), the University of the Algarve
and the Regional Administration (CCDR
Algarve) are carrying out a study where
the subtidal marine communities of the
central Algarve are being mapped based
on an annual sampling strategy (20032009), with stratification by depth and
type of bottom, using side scan sonar,
visual underwater census (transects and
quadrats) and beam trawl to estimate
algae and plant cover and benthic
macroinvertebrate and fish densities.
A total of 1139 marine species have
already been identified between the Galé
and the Barra Nova do Ancão,
corresponding to 128 fish, 892
macroinvertebrates and 119 algae.

This probably constitutes the most
extensive species list for the Algarve
coast and one of the most important at
national level. Within this inventory, 31
species were identified for the first time
in Portuguese waters, 3 for the Iberian
Peninsula, about 25 species have a
conservation status, and 179 species
have commercial value (fisheries,
aquarium
trade,
collections
and
biotechnology), showing the importance
of this type of study for the knowledge
of the marine biodiversity.
The derived spatial model used to
evaluate the location of the richest and
more
sensible
ecological
areas
incorporates components such as
diversity, viability, threat, vulnerability
and rarity. Areas considered as nurseries
for juveniles of commercial species were
attributed a greater conservation value.
The advantage of this model lies in its
flexibility
and
the
possibility
of
improvement and updating with new
data.
Implemented
within
the
framework of a Geographic Information
System (GIS), it is a useful tool for the
purposes of sustainable conservation
and management of the marine
environment.

http://fcma.ualg.pt/cfrg

Figure 1 – Data from different types of sampling were used to obtain indices that provide biological and global descriptions of the
habitats sampled. Interpolation was used to obtain high resolution grids from the original sampling grids, illustrating the spatial
patterns of these indices in the form of predictive surfaces. The techniques used involved geostatistics, namely Kriging as well as
General Additive Models (GAM), applied to the previously derived indices (densities, diversity, and vulnerability). The surfaces were
then reclassified in order to allow comparisons between them.
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Figure 2 – Visual and mathematical representation of the model - Ecological Index of
Importance: [(H) x 0.25 + (R) x 0.25 + (D) x 1 + (V) x 0.05] / 1.55.
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Water quality, water uses and emergency solutions
for Africa. An example from Guinea-Bissau
In the developed world water is a
granted commodity, accessible to
everyone at a cost. Quality is regularly
checked and, in a normal situation, does
not pose any health hazard. In Europe
each person consumes an average of
150 liters (120 liters in Portugal) a day
of microbial and chemically safe water.
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In Africa the amount of water used per
capita reaches 50 liters a day with a
huge dichotomy between urban and
rural areas. In the latter, consumption is
lower (10 – 40 liters) and the sources
may be located far away from the
villages. Women and children are
required to devote an important part of
the day searching for water. The
illiteracy increases because water is the
first priority, not attending school. The
more distant the well is, the less water is
consumed.
Even if water is available in quantity,
quality is hardly screened. The lack of
quality may impair the life of millions of
humans that, simultaneously, must
struggle hardly for survival. In SubSaharan Africa, rivers are scarce and the
population has no other alternative but
to retrieve water from wells

This practice should not pose a health
hazard, a fact not always acknowledged
by the users due to the lack of proper
information. Water of poor microbial
quality can have a significant impact on
the health of the population by causing
diseases and the spread of epidemics.
Quite often wells are dug by hand,
shallow, and insufficiently sealed. They
are recharged during the wet season,
and soil particles may contaminate the
water table. Moreover, animals freely
wander around the wells and latrines
may be constructed at their vicinity.
Human and animal feces are a major
source of organic pollution.
Since 2006, a small research team of a
hydrobiologist, a microbiologist and a
medical doctor surveys the water quality
of 30+ wells that supply the majority of
the population of Bolama Island. The
most populated island of the Bijagós
Archipelago in Guinea-Bissau, a Unesco
Man and the Biosphere Reserve, has no
working water network nor electricity
supply.
All
infrastructures
were
destroyed during the 90s civil unrest and
never rebuilt.

Ana Machado
MSc Student, ICBAS, UP
anaphmachado@gmail.com

Figure 1 – Distribution of fecal coliforms in Bolama Island (Guinea-Bissau) during the wet season
(2006). Values >0 cfu/100 ml indicate that water must be treated to make it suitable for human
consumption. Only the central part of the island, inhabited by Muslim communities presented fecal
uncontaminated wells.
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Figure 2 – Overnight (20:39 PM to 8:39 AM) increase of pH in
a 10-L water bucket spiked with 400 g of oyster shells.
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At the onset of the wet season, malaria – the major
cause
of
mortality,
increases
dramatically.
Concomitantly, the overall health status of the
population declines. Although fecal contamination is
lower during the wet season, the cases of diarrhea
expand, especially among children. Vibrio cholera is
present in most wells. A bacterium of brackish water
origin, found suitable conditions to survive in warm
(31ºC) acidic freshwater. Cholera outbreaks are
recurrent, usually at begin and end of the wet season in
the vast Bijagós Archipelago.
In the case of Bolama Island, the entire population is at
risk. Guinea-Bissau ranks one of the 10 poorest
countries in the world with a daily per capita income of
<0.80€. A 1.5L water bottle costs 0.80 – 0.90€, which is
out of reach for most of the people. Since in the near
future the water network will not be repaired, two major
questions should be addressed immediately: (i) fecal
contamination; and (ii) acidity of the water.
The addition of 400 g of oyster shells to a 10-L water
bucket is enough to rise pH to values compatible with EU
parametric numbers in just one night (Fig. 2). Also, one
to five drops of sodium hypochlorite (bleach), depending
on the Cl- contents and suspended matter, may
inactivate bacteria and most viruses in less than 30
minutes.

Figure 3 – Screening the well water quality during the dry
season (February 2008) in Bolama Island, Guinea-Bissau.

In Bolama two distinct seasons coexist: one wet from
June through November and another dry. Precipitation
ranges 1,700 – 2,200 mm/year, but is zero during half of
the year. During the dry season the water quality
decreases owing to lower dilution. Water is acidic (pH≤
5), well beyond the EU parametric value for drinking
water, due to the naturally occurring sulphur compounds
in the soil. Independently of the season, four-out-of-five
wells are fecal contaminated (Fig. 1). Only the all-Muslim
villages in the central plain of Bolama Island showed
good microbial quality (but not pH). At these places,
communal latrines and bathing areas are located away
from wells and animals fenced, a precaution not existing
elsewhere.

Thus, the first step is to tackle microbial contamination
followed by water neutralization. The water should then
be kept in a narrow mouth plastic container (e.g. 20-L)
fitted with a spigot instead of large mouth metal or earth
jars. Traditionally, the entire family uses a single plastic
mug by dipping the cup and naked hands into the large
open container promoting self-contamination of the
drinking water. Although oyster shells are free and easily
available in the mangrove belt that surrounds the island,
bleach is imported and paid. However, disinfection will
increase the quality of life of the families by decreasing
disease episodes and the number of visits to the
hospital, at the cost of 1€/each, imposed by the Bamako
Initiative.
Once the emergency solutions were established and well
adapted to the conditions of Bolama, the next task is the
implementation. Social, cultural but also political factors
may jeopardize its execution. The NGOs, such as AMI
with large field experience in Guinea-Bissau, have a
crucial role and are, right now, addressing the problem,
putting into practice the recommendations of the
research.
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According to the Food and Agriculture
organization of the United Nations
(FAO), aquaculture is growing as much
as 10% per year and it is expected to
continue to grow. This increase is
necessary in order to answer the
increased demand for fish from a
growing population. Data from the same
organization also show that fish capture
has reached its maximum, and it is
widely recognized that several fish
stocks are depleted and several fish
species threatened. However, the
current practices of animal aquaculture,
and the nature of the process itself has
not been able to replace fisheries and
has negative impacts the environment.
Some of the negative impacts of fedaquaculture are due to the release of
nitrogen and phosphorus that can cause
eutrophication, the introduction of alien
species, that can become invasive and
disrupt local ecosystems and the use of
wild fish to produce fish feed.
The research done in the Laboratory of
Coastal Biodiversity, in the areas of
seaweed physiology and seaweed
application aim at contributing to the
development of economically sustainable
and environmentally sound aquaculture
by developing techniques that recycle
nutrients, minimising their release to the
environment, increasing the use of
indigenous species and increasing the
diversification of products, investing in
research for the development of high
value products from seaweeds.
For that we are developing laboratory
and field work with several algal species
from the North of Portugal. Several
showed promising results and are still
being used in ongoing investigations.
Since 2002 we also developed a multitrophic integrated aquaculture (IMTA)
prototype in a commercial aquaculture
(Coelho e Castro) and are now working
with other aquacultures for real-size
experiemtnts.
The main species in which work has
been developed were the red alage
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Porphyra dioica is one of the Portuguese
species of algae used for sushi, and the
most valuable genus in seaweed
aquaculture. The life cycle of the species
was characterized in detail by our group
and its capacity for growth and nutrient
uptake was tested. The growth rates
obtained were very good at a wide
range of conditions, as well as a high
capacity for taking up nitrogen in the
form of NH4+ and in the form of NO3-,
important advantages for application in
IMTA (Fig. 1). During this work we
described for the first time for the genus
Porphyra a form of perenation of the
gametophytes (Fig. 2). This discovery
makes it possible to overcome the
present impossibility of vegetative
reproduction reported for this genus,
making its cultivation easier and
cheaper.

Porphyra
dioica,
Gracilaria
vermiculophylla, Chondrus crispus and
Palmaria palmata. All these are local

species from genus of recognised
economic
relevance,
since
these
seaweeds
will
become
another
aquaculture product.

Figure 1 – Growth rate of P. dioica under
different conditions. A) varying NH4 and NO3
concentrations; B) varying temperatures and
photoperiods.
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Figure 2 – Detail of the margin of a blade of Porphyra dioica
and the proliferation of new blades in the basal parts of older
blades.

In the case of Gracilaria vermiculophylla, the life cycle of
the species was studied and optimal growth conditions
were determined. Gracilaria vermiculophylla is able to
withstand and grow under a wide range of temperatures
and salinities (Fig.3). Under temperatures of 20 and
25ºC it can grow between 8 and 10% fw day-1. In the
IMTA system, with a 5kg fw m-2 stocking density, G.
vermiculophylla is able to produce 27±15 g dw m-2 day-1
and to uptake 4.25 g N m-2 day-1. For this species, as
well as for Chondrus crispus and Palmaria palmata, work
at the IMTA system was carried out namely in the
context of the European project SEAPURA with other 8
European partners.
The seaweeds produced by the Laboratory of Coastal
Biodiversity have been studied for applications that will
improve the value of this aquaculture product. The
biomass of G. vermiculophylla produced in the IMTA
system was tested with promising results as an
ingredient in fish feed for sea bass, replacing part of the
fish meal. In an ongoing collaboration with REQUIMTE,
the effect of dark treatment on the physico-chemistry of
kappa-iota hybrid carrageenan of Chondrus crispus and
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Mastocarpus stellatus, were assessed. We found that
the dark treatment increased both yield and quality of
the carrageenan extracted from dark-treated algae,
making it a potential environmentally friendly alternative
to the alkali treatment used by the industry to improve
carrageenan quality. We are also looking at the
carrageenan features of the invasive species Grateloupia
turuturu and optimised the agar extraction process from
G. vermyculophylla. A recent collaboration with the 3B’s
group from University of Minho was established for the
development of new materials for biomedical application
using polysaccharides extracted from seaweeds. In
collaboration within “Escola Superior de Biotecnologia”
we are looking into the application of an IMTA-produced
seaweed as healthy ingredients in food for young
children. Another use for seaweeds that is being
researched is the potential for production of biofuels.

Figure 3

–

vermiculophylla.

Detail of laboratory

experiments with

G.

Figure 4 – Schematic representation of a traditional inland aquaculture system (left) versus an IMTA
system with seaweed production (right).
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Trammel net fisheries were studied in
four areas: the Cantabrian Sea (Basque
Country, Spain), the Algarve (Southern
Portugal), the Gulf of Cádiz (Spain) and
the Cyclades Islands (Greece). Surveys
were carried out in order to identify
trammel net métiers and to characterise
the gear used. Trammel nets were
among the most important gears used in
the small-scale fisheries, with up to 9
different métiers identified in each area.
The most important métiers in the
Algarve and the Gulf of Cádiz were those
for cuttlefish (Sepia officinalis) and soles
(Solea senegalensis, Microchirus azevia,
Synaptura lusitanica). In the Cantabrian
Sea, sole (Solea vulgaris), shellfish
(several species) and scorpion fish
(Scorpaena spp.) métiers dominated
while a variety of species where targeted
in the multi-species trammel net fishery
in the Cyclades.
In each area, experimental trammel nets
of six different types (combinations of 2
large mesh outer panel sizes and 3 small
mesh outer panels) corresponding to the
most common métier, were constructed
and fishing trials carried out on a
seasonal basis (4 seasons in the
Cantabrian Sea, Algarve and Cyclades
and 2 in the Gulf of Cádiz) using
chartered commercial fishing vessels.
Overall, 271, 360, 185 and 185 km of
trammel nets were fished in the
experimental fishing trials in the
Cantabrian Sea, Algarve, Gulf of Cádiz
and Cyclades Islands respectively.
The trammel nets caught a large
number of species: 79, 128, 63 and 79
in the Cantabrian Sea, the Algarve, the
Gulf of Cádiz and the Cyclades Islands
respectively. In the Cantabrian Sea trials
Solea vulgaris (19%), Trisopterus luscus
(12%), Scomber scombrus (9%) and
Trachinus draco (8%) dominated the
catches. In the Algarve, Scomber
japonicus (21%), Sepia officinalis (17%),
Microchirus azevia (12%) and Trachinus
draco (6%) were the most important
species in the trammel net catches.
Sepia
officinalis
(43%),
Solea
senegalensis (8%), Sardina pilchardus
(7%) and Torpedo torpedo (7%)
accounted for most of the catch in the
Gulf of Cádiz. In the Cyclades Islands,
Mullus surmuletus (15%), Pagellus
erythrinus (14%), Diplodus annularis
(10%) and Scorpaena porcus (9%) were
the four numerically most important
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species. Totals of 17041 (Cantabrian
Sea), 16574 (Algarve), 8178 (Gulf of
Cádiz) and 9619 (Cyclades Islands)
individual
fish,
crustaceans
and
cephalopods were caught.
Multivariate analysis (cluster analysis
and MDS) showed that there were
significant differences in the species
composition and relative abundance of
the most important species between the
seasons, especially in the cases of the
Cantabrian Sea and the Algarve
fisheries. Catch rates (numbers per 1000
m of trammel net) also showed depth
related patterns for most of the
dominant species. In general, catch
rates increased with decreasing inner
panel mesh sizes, whereas the mesh size
of the outer panel had no significant
effect.
Significant numbers of species and
proportions of the catches were
discarded in each area. Overall, 65, 105,
46 and 32 species were entirely or partly
discarded in the Cantabrian Sea,
Algarve, Gulf of Cádiz and Cyclades
Islands respectively. The overall discard
rate in terms of catch in numbers ranged
from 15% for the Cyclades to 49% for
the Algarve, with the high discard rate
for the latter due largely to Scomber
japonicus. The main reasons for
discarding were as follows: 1) species of
no or low commercial value (e.g.
Scomber japonicus, Torpedo torpedo),
2) commercial species that were
damaged or spoiled (e.g. Merluccius
merluccius), 3) undersized commercial
species (e.g. Lophius piscatorius) and 4)
species of commercial value but not
caught in sufficient quantities to warrant
sale (e.g.ii Sardina pilchardus). The
number of discarded species and discard
rates
generally
decreased
with
increasing inner panel mesh size.
Trammel nets generally caught a wide
size range of the most important
species, with distributions that were
skewed to the right and/or bimodal. In
many cases the catch frequency
distributions of the different nets were
highly overlapped, indicating little or no
size selectivity. In general, the
Kolmogorov-Smirnov test showed that
the large mesh outer panels had no
effect in terms of size selectivity, while
the opposite was true for the small mesh
inner panels.

L2. ECOLOGY, BIODIVERSITY

AND

MANAGEMENT

OF

AQUATIC ECOSYSTEMS

Of the three methods of capture recorded, entangling
was by far the most important, with combinations of
entangling and wedging and entangling and gilling
accounted for the greatest part of the catches of all the
species in the four different areas.
Six different selectivity models (normal scale, normal
location, Gamma, log-normal, bi-modal and GammaWileman) were fitted to data for the most abundant
species in the four areas using the GillNet software
(Constat, 1998). In general, the bi-modal model
provided the best fits for a wide range of species, with
the uni-modal models giving poor fits in most cases.
For some species, in particular Sepia officinalis, where
entangling was the method of capture in 100% of the
cases, none of the GillNet models fitted the data,
whereas the logistic model fitted by maximum likelihood
(Wulff, 1986) adequately described the selective
properties of the trammel nets.

Figure 1 – Algarve. Catch size frequency distributions for 100,
120 and 140 inner mesh sizes. A) Sepia officinalis,b) Microchirus

azevia, d) Trachinus draco, e) Phycis phycis, f) Scorpaena
notata, g) Chelidonichthys lastoviza, h) Pagellus acarne, i) Solea
senegalensis and j) Merluccius merluccius. Dashed line:

100mm; continuous line: 120mm; bold line: 140mm. Arrows
indicate the minimum landing sizes of the species.

Figure 2 - Measuring total length of all fish and invertebrates
on board commercial fishing vessels (discards and size
selectivity of trammel net studies - experimental trials).
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Nitrogen plays a central role in
biogeochemical cycles of marine and
coastal ecosystems. Nitrogen is typically
the nutrient that controls primary
production in most temperate estuaries
and other marine coastal ecosystems
and as such, is commonly implicated in
the eutrophication and subsequent
degradation of coastal marine systems.
The various processes of the nitrogen
cycle (Fig. 1) have been quantified by a
variety of techniques. Marine and
estuarine sediments are recognized as
important
sites
for
nitrogen
transformation and sequestration via
biogeochemical cycling. During our
studies we examined the unrecognized
importance of intertidal hard substrata in
estuaries for inorganic nitrogen cycling.
We demonstrated that intertidal rocky
biofilms can represent important sites
for biogeochemical activity within an
estuarine system. Our results showed
that rocky biofilms that occupy just 21%
of the total linear area of the intertidal
zone of Douro River estuary were
responsible for approximately 43% of

the nitrate uptake in terms of hourly
removal capacity for the total intertidal
area (1). In line with this study, a
detailed conceptual model was designed
for intertidal rocky biofilms and
sediments of the Douro River estuary to
provide a semi-quantitative comparison
of the microbial processes impacting
DIN-cycling
in
each
different
environment. Interestingly, we found
major differences between intertidal
sediment and rocky sites in terms of the
absolute mean rates of dissolved
inorganic nitrogen net fluxes (Fig. 2) and
the processes involved, with the biofilm
substrata producing generally higher flux
rates (2, 3). Of particular significance,
the nitrous oxide produced in intertidal
rocky sites, represents the highest
nitrous oxide release rates ever recorded
for marine systems. Nitrous oxide is of
much concerned because is next to
carbon dioxide and methane in
importance as a potent greenhouse gas
and has an adverse effect on the
stratospheric ozone layer.
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Figure 1 – Schematic of the key processes involved in the nitrogen cycle.
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Our investigations proceed by integrating major N
biogeochemical
processes
and
environmental
characteristics with specific microbial assemblages
involved in the biogeochemistry of nitrogen.
The
characterization of the structure of the bacteria
populations involved in nitrification (4) and denitrification
(5) was performed on different rocky and sediment sites
of the Douro estuary by using functional genes as
molecular markers and fingerprint techniques. Our
results
showed
that
intersite
environmental
characteristics led to the selection of different
populations of nitrifiers and denitrifiers, supporting
different magnitudes of N-cycling regimes. These studies
represent an important start point to examine the
influence of environmental factors on the diversity of
nitrifier and denitrifier bacterial communities and the
consequent effects on the N biogeochemical processes
at the ecosystem level.
More recently we extended our studies to the organic
sulfur cycle, since the preliminary experiments
performed showed a clear inhibitory interaction between
organic sulfur degradation compound/s and the last step
of denitrification (Magalhães et al., 2007, meeting
communication). The inhibition of the last step of
denitrification will limit nitrogen loss through
atmospheric nitrogen gas and enhanced nitrogen loss via
nitrous oxide; this interaction could consequently
exacerbate nitrous oxide production rates by the aquatic
systems. These findings represent a new discovery in
nitrogen and sulfur marine cycles interaction and
promote a new line of research with possible great
environment significance, which we are currently
investigating.
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All these studies were performed in a joint
collaboration with scientists specialized in aquatic
molecular microbiology and biogeochemistry from
University of Georgia (USA), University of Alabama (USA)
and University of Tennessee (USA). Also, promising
results are expected in the most recent collaboration
established with the University of Waikato, New Zealand,
where the diversity of key nitrogen genes are being
analysed in different Antarctical soil environments.

Figure 2 – Incubations performed to measured time series
inorganic nitrogen fluxes between rocky/sediment sites and
Douro estuarine water column.

This study was funded by the Portuguese Science and Technology Foundation (FCT) through a PhD (SFRH/BD/1397/2000) and Post
Doc (SFRH/BPD/14929/2004) fellowships to C. Magalhães and a research grant to A.A. Bordalo (POCTI/CTA/39034/2001).
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Evolutionary Genomics and Biodiversity
The genome of an organism is its
complete set of DNA. The genomic
sequences of organisms from several
species can be used to study how
genomes changed during evolution.
Evolutionary genomics is concerned with
any question that can be asked about
the
evolution
of
genomes
and
consequently
raises
important
knowledge on how species evolve and
diversify.
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The recent international research effort
to determine the DNA sequence of the
entire human genome, as well as of
several other genome organisms of
biological interest opened new windows
of knowledge for Genomic research. The
challenge to genomics now is to
efficiently evaluate the voluminous
genome datasets generated, taking
advantage of functional tools, notably
bioinformatics,
allowing
the
simultaneous integration of genomic,
transcriptomic and proteomic data.
Our main goal is to narrow down the
bridge
between
Genomics
and
Proteomics by obtaining conceptual
bases and practical methods for
detecting systemic functional behaviors
of the cell and the organism. This
includes understanding the interaction
and evolution of cellular protein-coding
genes
operating
in
development,
immune system, detoxification, and
genetic disease onset; and to determine
the comparative genomic principles from
various organisms that participate in
these processes.
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Figure 1 – Catalog of mitochondrial pseudogenes in
the domestic cat chromosomes.

36

Some of the studies we have been
involved within the topic of evolutionary
genomics and biodiversity are succinctly
presented below.
Adaptive Molecular Evolution. The
expression of the genetic information of
living organisms depends largely on the
functions of proteins. Important protein
functionalities can be preserved by
reducing genetic variability through
purifying
selection
over
long
evolutionary time periods. In contrast,
extensive genetic variation favoring
amino-acid replacements in proteincoding genes through positive selection
may originate novel functionalities.
Understanding which gene is being
influenced by natural selection can
provide fundamental biological insight
about species evolution and ecological
fitness.
Evaluating positive selection requires
deeper integrative efforts using state-ofthe-art methodologies at the gene-level
and protein-level [1]. Genomics and
Proteomics are rapidly-evolving research
fields and their rational integration with
other disciplines such as Ecology and
Evolution has the potential to provide
new perspectives on the process of
adaptation relevancy and the neutral
theory [2-5].
Ongoing work on the molecular
adaptation of protein-coding genes
includes the study of the protein
phosphatases and the glutathione
transferases.
Protein phosphatases have a primordial
role in multiple physiological processes
of
the
cellular
metabolism.
Serine/threonine-specific phosphatases
can be inhibited by potent natural
occurring
toxins,
including
those
produced
by
cyanobacteria
(e.g.,
microcystins) that can cause lethal
hepatic alterations, while chronic lowlevel
exposure
can
result
in
hepatocellular carcinoma in humans.
Tolerance levels among organisms to
such toxins may vary substantially from
mammals to simpler animals, with
marine shellfish being one of the most
resilient organisms.
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Glutathione transferases are involved in metabolic
detoxification as part of an integrated defense strategy.
Their interaction with specific xenobiotic compounds,
such as pesticides and pollutants, makes them an
interesting target for protein engineering. Also,
polymorphism in glutathione transferases influence the
clinical outcome in cancer therapy, primarily because of
their role in metabolizing and inactivating cancer agents,
making them of great importance for human health.
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tropical forest to desert. Cyanobacteria can synthesize
potent toxins that are deadly toxic to humans and have
been associated with elevated rates of chronic liver
cancer, being of major concern to the human health.
Over 100 toxin variants have been described (cyclic
peptides and alkaloids) responsible for liver, kidney,
neurological, gastrointestinal and skin damage.

Comparative Genomics. The patterns of genomic
variation across organisms (notably mammals) are
critically valuable in interpreting both the genomic
evolutionary history and the functional interpretation of
human genome organization. Collaborative efforts with
members of the Laboratory of Genomic Diversity,
National Cancer Institute, USA on the characterization
and development of genomic resources in the domestic
cat have allowed to establish the domestic cat (Felis
catus) as a useful animal model contributing to our
understanding of human hereditary disease analogues,
neoplasia, genetic factors associated with host response
to infectious disease and detoxification, and mammalian
genome evolution [6,7].
Our ongoing work in comparative genomics includes the
study of protein-coding genes involved in development
and detoxification in various vertebrate organism
genomes.
Biodiversity and Conservation Genetics.
The
applications of genetic and genomic advances for
biodiversity and conservation purposes have contributed
to study genetically several vertebrate species, from fish
[8] to mammals, namely high profile endangered felid
species [9], such as the tiger Panthera tigris [10].
Ongoing work further includes the phylogenetic
characterization of various cyanobacteria (blue-green
algae) species, which are found in almost every
conceivable habitat, from oceans to freshwater to

Figure 2 – The cover of the Currently Biology journal (April 22,
2008) highlighting the research on molecular genetics of tigers.
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Heatwaves can be responsible for
extreme modifications in the aquatic
biodiversity. The long-term study of the
molluscan community of the River Minho
tidal freshwater wetlands (TFWs)
provides the opportunity to discuss the
consequences of the 2005 heatwave on
these organisms. Several sampling
strategies were used to identify
structural changes in the molluscan
community and the main results
revealed: i) a clear collapse of the
molluscan fauna during the 2005
heatwave; ii) a clear reduction in the
secondary production values during
2005 with different recovering rates in
the following years depending on the
species and iii) a clear alteration in the
molluscan community structure when
before and after heatwave data are
compared. All these changes, may
considerably
alter
the
ecosystem
functioning and consequences will be
disastrous when species having a special
influence on biogeochemical cycles,
energy fluxes and trophic dynamics are
lost (Sousa et al., 2007, 2008 a, in press
a and b).
After the 2005 heatwave period, only
the non-indigenous invasive species
(NIS) Corbicula fluminea recovered its
previous abundance and biomass. In
contrast, the abundance and biomass of
the other molluscan species remained
dramatically low. In addition, studies
dealing with growth and production of
the NIS C. fluminea and of its possible
Pisidium
indigenous
competitor,
amnicum, also show clear trends. For C.
fluminea, the annual 2005 growth
production was estimated to be 463.778
g AFDW m-2 year-1, and the mean annual

Number of species
Total Abundance (ind. m-2)
C. fluminea Abundance (ind. m-2)
Total Biomass (g AFDW m-2)
C. fluminea Biomass (g AFDW m-2)

biomass was 160.651 g AFDW m-2,
resulting in a P / B ratio of 2.89 year-1
and a turnover time of 126.4 days.
However, for 2006 the annual growth
production was estimated to be 543.648
g AFDW m-2 year-1 with a P / B of 4.05
year-1 and turnover time of 90.2 days.
These results clearly show that the NIS
rapidly recovered from the impacts
caused by the 2005 heatwave and the
secondary production results obtained
correspond to one of the highest values
ever recorded in worldwide freshwater
ecosystems in which total invertebrate
(or high fraction of production) was
estimated. In contrast, the annual 2005
growth production of P. amnicum
estimated was 2.339 g AFDW m-2 year-1,
and the mean annual biomass was 1.594
g AFDW m-2, resulting in a P / B ratio
of 1.47 year-1 and a turnover time of
248.7 days. The 2006 production,
however, dropped to almost one third of
the previous year which clearly shows
that the population of this indigenous
bivalve did not recover from the impact
caused by the 2005 heatwave. In
addition, investigations on spatial and
temporal variations in the subtidal
molluscan fauna abundance and biomass
were carried out at sixteen sites along
the River Minho TFWs. A decrease in the
molluscan (excluding C. fluminea data)
spatial distribution, abundance and
biomass was observed during the
assessment (Table 1) with a clear
decline trend for P. amnicum (Fig. 1).

2004
10
1412
1256
98.4
95.2

2005
13
1049
956
100.7
99.1

2006
9
1082
1062
122.7
121.4

2007
7
1303
1283
161.6
161.0

Table 1 – Molluscan data (number of species, abundance and biomass) from sampling surveys
performed in the River Minho TFWs in October 2004, 2005, 2006 and 2007.
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In summary, these studies suggest that the resilience of
the indigenous molluscan populations to the heatwave
impacts is low and potentially the NIS C. fluminea could
take advantage of this situation due to their r-strategy
life cycle (Sousa et al., 2008 b). Therefore, as different
climatic scenarios have predicted an increase of
heatwaves in the future, several molluscan species
currently colonising the River Minho TFWs (and probably

Abundance (ind.m-2)

1000
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similar ecosystems) are threatened with extirpation.
Ecological knowledge is essential to the implementation
of future conservation plans for molluscs and the results
of these studies are of paramount importance to identify
habitats that should be protected to preserve indigenous
species and provide scientific reference that may be
useful in the development of management and/or
restoration plans.
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Figure 1 – Annual and spatial variation of P. amnicum mean abundance (ind. m-2) (A) and
mean biomass (g AFDW m-2) (B) along 16 sites in the River Minho TFWs. The confidence
bands represent the standard deviation.
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Toxic effects of xenobiotics are first
induced at the molecular level and if
they are important enough to overcome
the natural defences they may have
reflexes at increasing levels of biological
organization in a cascade of events from
the molecular to the population levels.
Therefore, the use of parameters at the
sub-individual level to detect toxic
effects, the so called biomarkers, allows
the early detection of harmful effects
that may affect individuals and
populations later in time and, thus,
enables the adoption of remediation
measures before the situation becomes
difficult to revert. However, biomarkers
in most cases lack ecological relevance
because the effects detected at the subindividual level may never be expressed
at the population level which is the keyidentity in Ecotoxicology. Therefore,
linking biomarkers to ecological relevant
parameters such as reproduction,
growth, feeding and behaviour is one of
the major challenges in Ecotoxicology
today. Previous studies performed by

the team in the last years with different
types
of
organisms
established
relationships
between
biochemical
biomarkers and population relevant
parameters. In the present study,
relationships among gene expression,
biochemical alterations and population
relevant parameters were investigated
using seabass (Dicentrarchus labrax)
juveniles as test organisms and
benzo(a)pyrene (BaP) as test substance.
For this, liver antioxidant status, BaP
biotransformation and accumulation,
growth and behaviour alterations were
determined in juveniles after 28 days of
exposure to BaP (1-16 µg/L). A sea bass
liver-specific cDNA microarray was used
to assess BaP effects on gene expression
and the results were confirmed by Real
Time PCR (Fig. 1). It is interesting to
note that when liver BaP metabolites are
significantly increased (8 and 16 µg/L), a
significant LPO increase was recorded
and a significant impairment of growth,
feeding and swimming velocity was
noticed (Fig. 2).
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Figure 1 – Comparison of the fold induction assessed in microarrays and RT-PCR of CYP 1A1 and Putative
lymphocyte G0/G1 switch protein 2 genes in the liver of sea bass exposed to several concentrations of BaP.
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These results suggest that at concentrations of BaP
equal or higher than 8 µg/L, the detoxification capacity
decreases, an accumulation of liver BaP metabolites
occurs causing lipid peroxidation, and that this somehow
affects growth, feeding and swimming capability of fish.
BaP metabolites accumulation in liver also affects gene
expression and the results show that 23, 27, 16 and 39
genes were differentially expressed in fish exposed to 2,
4, 8 and 16 µg/L BaP, respectively. Therefore, these
molecular and sub-cellular BaP-effects observed in sea
bass exposed to BaP seem to be associated with
reduced growth, feeding and swimming velocity.

TOXICOLOGY

preys available along the year in natural conditions. A
reduction of swimming velocity may negatively interfere
with the evolution of the population in several ways. For
example, it makes it more difficult to avoid predators
and, thus, the mortality rate in the population may
considerably increase; a reduction of swimming velocity
may also decrease the ingestion of food and, thus, may
compromise the development of the individuals and their
contribution to the next generation. In summary, some
effects induced by toxic compounds assessed at
molecular and sub-cellular level represent early-warning
tools that indicate ecologically relevant alterations in fish
populations, since they are linked to behaviour and
growth impairment of fish.

A reduction of growth may have several negative effects
on the population, mainly because it delays reproduction
decreasing the individual contribution to the next
generation and may also difficult the use of different
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Figure 2 – Swimming velocity of sea bass exposed to several concentrations of BaP.
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Many pollutants end up in water
systems, disrupting the ecosystem and
bringing toxicant effects for both wildlife
and humans. Rivers and estuaries are
quite vulnerable to impacts and so
monitoring those systems is certainly of
major interest. Understanding effects or
living organisms and the mode of action
of toxicants is also crucial.
Under the above framework we are
conducting both field and laboratory
studies. In field surveys we are targeting
both natural and synthetic estrogens,
and concluded for their existence in
several estuaries of the North and
Centre of Portugal. In several occasions,
the compounds displayed levels that are
referenced as potentially hazardous, and
agreeing with the inter-sex ratio
reported in the Douro.
In parallel, biomonitoring using fish as
indicators is being done in the same
estuaries. We are finding toxicophatic
lesions, including pre-neoplastic and
non-neoplastic. In experimental settings,
the role of estrogenic pollutants in
promoting neoplastic liver lesions is
being experimentally tested in trout and
zebrafish. Also, implications of such
lesions in overall metabolism and fish
growth are under study. We are
devoting attention to reproduction and
non-reproduction related pathways (e.g.,
immune related), which is being tackled
through diverse approaches.
While studying toxicant effects, the line
is also offering exciting new functional
fundamental insights for fish liver, ovary
and testis, e.g., how breeding-related
kinetics evolves and is modulated by
estrogenic or androgenic stimuli. The
line thus bridges more fundamental with
applied research.
To illustrate this line in more detail we
summarize here the latest data from the
field surveys regarding estuarine water
contents from three screened rivers: the
Douro, Mondego and Sado (Figs. 1-3).
In fact, due to pollution risks in rivers
located nearby highly urbanized and
industrial poles, we are conducting
surveys to evaluate the presence of
estrogenic chemicals from natural
(daidzein, DAI; genistein, GEN; and
biochanin A, BIO-A), biological (estrone,
E1), pharmaceutical (ethynylestradiol,
EE2) and industrial (bisphenol A, BPA)
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origins, in the estuaries of the Douro,
Mondego and Sado Rivers. For this
propose, and in each estuary, water
samples were collected seasonally at
more than 8 sampling stations and
considering both high and low tides.

Sampling stations

Figure 1 – Douro river estuary.

Sampling stations

Figure 2 – Mondego river estuary.

Sampling stations

Figure 3 – Sado river estuary.

Samples were filtrated, preconcentrated
in Oasis HLB cartridges, cleaned in silica
cartridges, and the concentrations and
identities of the referred pollutants were
evaluated by a validated HPLC-DAD and
GC-MS. The obtained results point to the
Douro River estuary as the most polluted
of all the three studied habitats, showing
at some occasions extremely high levels
of DAID (up to 888.4 ng/L), GEN (up to
507.1 ng/l), BIO-A (up to 191.4 ng/L),
E1 (up to 112.9 ng/L), EE2 (up to 101.9
ng/L), and BPA (up to 10.7 µg/L).
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Because the assayed EDCs existed in
high environmental amounts, namely in
Douro River estuary, and taking into
account that mixtures of the EDCs may
contributed to endocrine disruption we
suggest that the analyzed EDCs justify
the occurrence of estrogenic effects
found in species living in these estuaries.
Comparatively, in the both Mondego and
Sado estuaries the analyzed EDCs were
found in lower amounts. However, we
can not discard the possibility of
endocrine disruption effects on some
aquatic communities living in the last
estuaries
promoted
by
the
additive/synergetic effect of all found
EDCs. Biologic assays using the locally
found field concentrations are being
conducted to evaluate this hypothesis
(PhD studies of Cláudia Ribeiro).
In this line, the biological studies are
being conducted with diverse fish
models, such as wild grey mullets (Fig.
4) or flounder, in which toxicopathic
lesions exist (Fig. 5). The laboratory fish
models for experiments are the
zebrafish, the tilapia and the brown
trout.
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Figure 4 – Grey mullets in the wild.

Figure 5 – Liver toxicopathic lesions in wild
flounder.
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Estuaries are transition zones of high
ecological productivity and economic
value. Over the years they have been
increasingly impacted by complex
mixtures
of
contaminants
from
anthropogenic activities. Among the
most severe problems in these
ecosystems are those related to oil spills
and other petrochemical inputs, namely
by polycyclic aromatic hydrocarbons
(PAHs) and heavy metals (e.g., lead,
nickel, vanadium), which are two
important components of oils and other
petrochemical products. Adverse effects
on fish, including mortality, reduced
growth,
alterations
in
enzymatic
biomarkers (Vieira et al. 2008), and
reproductive alterations, among others,
have been observed after exposure to
metals and PAHs.
In particular, the NW Atlantic coast of
Portugal is exposed to contamination by
petrochemical products due to the
presence of oil refining industry and
maritime commercial harbours. The
proximity to important maritime traffic
routes also increases the risk of
navigation accidents and oil spills.
Furthermore, in recent decades, small
spill accidents at oil terminals, and those
caused by navigation accidents, such as
the Coral Bulker and the Prestige oil
spills that occurred in the NW coast of
Portugal in 2000 and in Galicia in 2002,
respectively, have highlighted the need
to improve methods to evaluate the
adverse effects of these complex
mixtures of contaminants on estuarine
wild organisms.
The common goby (Pomatoschistus
microps) is one of the most abundant

fish species in estuaries, lagoons and
shores of the Atlantic coast of northwestern Europe, where it has a keyfunction as an intermediate predator in
the food chain linking the benthic
microfauna to piscivorous fish and birds.
It is also sensitive to ecological
variations and commonly found in
ecosystems with different types and
levels of contamination. Moreover,
previous studies performed by the team
indicated that P. microps is a relevant
sentinel species (Monteiro et al. 2005,
2007) in estuarine environments.
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In the scope of the European project
“EROCIPS - Emergency Response to
Coastal Oil, Chemical and Inert Pollution
from Shipping” (INTERREG III B
“Atlantic Area”, www.erocips.org), the
suitability of a battery of chemical, water
quality and biological parameters to
assess the contamination of estuaries by
metals and PAHs, and its effects on wild
populations of Pomatoschistus microps,
was therefore investigated. The study
was performed over one year (2006),
with seasonal sampling (winter, spring,
summer, autumn), in the estuaries of
rivers Minho, Lima, Cávado, and Douro.
Monitored variables were 14 water
quality parameters (e.g., temperature,
salinity, conductivity, pH, dissolved
oxygen, nutrients concentrations,…),
concentrations of 16 PAHs and 8 metals
in sediments and fish tissues, and fish
weight and length, Fulton’s condition
index, hepatosomatic index and 7
biochemical
biomarkers
(lipid
peroxidation and the activity of the
enzymes
cholinesterases,
lactate
dehydrogenase,
glutathione
Stransferases, superoxide dismutase,
glutathione
reductase,
glutathione
peroxidase, and catalase).
An initial analysis of data gathered
during winter revealed significant
differences
of
environmental
contamination by metals and PAHs, and
effects on wild fish, among estuaries, as
indicated by ANOVA. An integrated
analysis of all data through redundancy
analysis (RDA) was performed, to search
for patterns in the set of biomarkers
activities, and assess the relationship
between environmental parameters (i.e.,
PAHs and metal measures in sediments
and fish tissues collected in each estuary
as well as abiotic parameters) and
biomarkers data (Fig. 1).

The results indicated that the first two canonical axes
explained 84% of the overall variability of the data, and
that the environmental variables explained 45.7%
(p=0.0020, Monte Carlo Permutation Test) of the total
variability in biomarkers data. RDA depicted a gradient
of geographical environmental contamination (horizontal
axis), which clearly distinguishes the reference estuary
from the polluted ones. The vertical axis displays a
gradient formed by the variation of the type of
contamination (i.e., PAHs, metals, and organic matter).
Cávado estuary shows high levels of PAHs and metals,
which are inducing the levels of LPO, GR, and AChE,
whereas organic matter is much more prominent in
Douro and Lima estuaries, and is strongly influencing the
activities of SOD and LDH enzymes.

1.0

The approach developed, and the biomarkers used,
provided information regarding bioavailability of
environmental
contaminants,
and
toxicity
and
detoxification processes resulting from the exposure to
complex mixtures of pollutants. Furthermore, the RDA
analysis integrating all the results seems to confirm the
suitability of this monitoring approach and provided
clues about the pollutants and water quality parameters
causing the most important effects on fish at each
estuary.
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Figure 1 - Redundancy analysis ordination diagram displaying
the scores for biological parameters (red), quantitative
environmental variables (i.e., heavy metals in grey, PAHs in
blue, and water quality parameters in green), and the nominal
environmental variables (brown): first axis is horizontal, second
axis vertical. The biological parameters are: Fulton’s condition
factor K (K), hepatosomatic index (LSI); the activities of the
enzymes acetylcholinesterase (AChE), lactate dehydrogenase
(LDH), glutathione S-transferase (GST), catalase (CAT),
glutathione peroxidase (GPx), glutathione reductase (GR), and
superoxide dismutase (SOD); and the levels of lipid
peroxidation (LPO). The quantitative environmental variables
are: concentrations in fish of copper (Cu), cadmium (Cd),
chromium (Cr), zinc (Zn), mercury (Hg), and lead (Pb) in fish;
concentrations in fish of acenaphtylene (Acen), anthracene
(Ant), benzo[a]anthracene (BaA), benzo[b]fluoranthene (BbF),
benzo[k]fluoranthene (BkF), crysene (Cris), phenanthrene
(Fen), fluoranthene (Fluran), fluorene (Flu), Pyrene (Pir);
concentrations in the water of, nitrites (NO2), ammonia (NH4),
phosphates (PO4) and silica (Si), and conductivity (cond),
phenol (C6H5OH), and water hardness (CaCO3). The remaining
chemical and water quality variables assessed were excluded
from the analysis because they were highly correlated with the
other environmental variables, thus producing colinearity
problems.
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Vanadium as a tool in the study of biochemistry
mechanisms of muscle contraction, cytoskeleton
structure and function, in vitro and in vivo oxidative
stress, cell death and cell signalling
Environmental contamination by toxic
metals, in particular by vanadium, has
increased dramatically during the last
decades due to the use of fossil fuels. In
spite of the emerging interest in the
pharmacological
effects
of
some
vanadium compounds, for instance as an
insulin-mimetic, in the treatment of
diabetes, the toxicology of vanadium
constitutes an area of increasing
interest.
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Vanadium can be used as a tool in the
study of biochemical mechanisms such
us:
muscle
contraction,
calcium
homeostasis, cytoskeleton structure and
function, in vitro and in vivo oxidative
and nitrosative stress, cell death and cell
signalling. Others research lines in the
Group of BioVanadium includes the
study of reactive an nitrosative oxygen
species in the structure and function of
contractile proteins and the study of the
molecular mechanisms involved in
insulin resistance and type-2 diabetes.
Vanadium toxicology has been reported
in experimental animals and in humans.
In our research group, since 1999
vanadium in vivo toxicological studies
using fish species such as Halobatrachus
didactilus (Toadfish) and Sparus aurata
(Gilthead seabream) has been carried
out
using
metavanadate
and
decavanadate
solutions
containing
different vanadate oligomeric anionic
species (Fig. 1).

V2
V4

The degree of toxicity depends on the
mode of administration such as
intraperitoneal or intravenous, vanadium
concentration, time of exposition and is
also dependent; to some extent, of the
vanadate species such as decavanadate
that may induce several cellular effects
(Fig. 2).

Figure 2 – Scheme of the propose cellular targets
of decavanadate (V10): 1) V10 uptake through
anionic channels; 2) V10 binding to membrane
proteins; 3) formation of V10 upon intracellular
acidification; 4) reduction of monomeric vanadate
by antioxidant agents; 5) reduction of decamerica
vanadate by enzymes; 6) binding of V10 to target
proteins preventing its reduction; and 7)
accumulation V10 into subcellular organelles such
as mitochondria. V10, decameric vanadate; V1,
monomeric vanadate; E, enzyme; P, protein; AC,
anionic channel.

V10
V1

“Metavanadate”, pH 6-7

“Decavanadate”, pH 4-6

Figure 1 – Metavanadate solution containing di (V2), tetra (V4) and monomeric (V1) vanadate species) and
decavanadate solution (decameric vanadate species (V10) responsible for pale yellow and orange color, respectively,
of vanadate solutions [1]. Vanadium is accumulated in hepatic and cardiac muscle tissue, while it induces changes in
lipid peroxidation and oxidative stress markers following in vivo administration [1,2].
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In another line of research, the effects the two solutions
of vanadate on the mineralization of a fish bone-derived
cell line were studied and compared to that of insulin.
Vanadium was shown to accumulate within VSa13 bonederived cells, stimulating growth performance and
preventing ECM mineralization probably through multiple
processes involving regulation that may or may not
depend upon the activation of insulin stimulated
pathways [4].
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Among several studies, we emphasized the use of
vanadate as a probe in comprehension of muscle
contraction [5]. At the moment, we are investigating the
mechanisms of cell death induced by vanadate [6] and
the effects of vanadium complexes with potential use in
the therapy of diabetes in the calcium homeostasis [7].
In this latter research project, studies were launched in
2004 to determine the interactions of three very
different classes of vanadium compounds, namely a
vanadium(V)
compound,
pyridine-2,6dicarboxylatedioxovanadium(V) (PDC-V(V)), and two
vanadium(IV)
compounds,
bis(maltolato)oxovanadium(IV) (BMOV) and an analog of
amavadine,
bis(N-hydroxylamidoiminodiacetato)vanadium(IV) (HAIDA-V(IV)), with the calcium-pump.
The SR Ca2+-ATPase was inhibited by all these three
complexes. The relative order of inhibition was PDC-V(V)
> BMOV > vanadate > HAIDA-V(IV), and the IC50 values
were 25¸ 40, 80 and 325 µM, respectively (Fig. 3).
These results demonstrate that simple coordination
complexes with known insulin enhancing effects can
invoke a response in calcium homeostasis and the
regulation of muscle contraction [7].

Figure 3 – Effects of two vanadium insulin mimetic compounds
in the calcium ATPase from sarcoplasmic reticulum.

We believe that these recent advances in vanadium
biochemistry allow a better understanding of vanadium
effects in biology and pharmacology.

These studies have involved collaborations with researchers from CCMAR and from CBME at the University of Algarve and with the
Bioinorganic Chemistry Laboratory of the New University of Lisbon.
We have also collaborated with foreign laboratories: Research Group of neurons and myocytes, Department of Biochemistry and
Molecular Biology, University of Extremadura, and Chemistry Department, Colorado State University, Fort Collins, USA.
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Amavadine analogue. Inorganic Chemistry, doi:10.1021/ic702405d.
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At the start of the XXI century, the
discharge of man-made chemicals into
the environment remains a tantalizing
problem regarding public health and
ecosystem stability. The proximal
impacts of these actions are mostly
notable in aquatic species, where
reduced fertility and reproductive
impairment have been thoroughly
described. Humans as well, have been
apparently affected. For example, a
significant reduction in sperm production
was found in western countries in the
past decades.
An important aspect in the study of
endocrine
disruption
involves
the
assessment of chemical disruptor
impacts in different animal models (both
in laboratory and in the wild). However,
data interpretation frequently ignores
the time scale of divergence between
different lineages (e.g. invertebrate vs.
vertebrate models). Furthermore, the
absence of basic knowledge regarding
endocrine systems of most animal
lineages impairs proper comparisons,
both at the physiological and genetic
level. In this context, an evolutionary
framework represents an innovative
approach to the study of endocrine
disruption (Fig. 1). Considering the
phylogenetic
framework
should
represent
a
fundamental
switch
regarding data interpretation, hypothesis
testing
or
experimental
design.
Furthermore, to document and decipher
molecular pathways controlling different
aspects of endocrine regulation, in
diverse animal lineages is thus a central
task if we are to appropriately

Head of the Laboratory of
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understand the impacts of chemicals
with endocrine disrupting potential in the
wildlife as a whole.
For several years, we have been
addressing the issue of endocrine
disruption, namely that related with the
impact of androgenic and estrogenic
chemicals, using species representing
two distinct animal clades: Nucella
lapillus (gastropod mollusc) and Danio
rerio (vertebrate) (Fig. 1). In particular,
we are aiming at deciphering which
mechanisms,
molecules
and
pathways
are
involved
in
the
reproductive perturbation caused by
androgenic and estrogenic chemicals.
Previously, we have shown that
organotins cause masculinization in
female’s dogwhelks (imposex) and
interfere with male penis development,
most likely due to the targeting of the
retinoic acid signaling pathways (Castro
et al., 2007a; Santos et al., 2008; fig. 2).
Unexpectedly, an estrogen receptor
which does not bind estradiol, responds
to an estrogenic effluent in N. lapillus
(Castro et al. 2007b; fig. 2). More
recently, we have shown that despite
the unbinding of the mollusc estrogen
receptor to estradiol, a co-exposure to
an estrogenic effluent and an androgenic
chemical leads to a decrease trend in
the severity of imposex (Santos et al.,
2008; fig. 2). This observation is similar
to that determined in fish. In fact, we
have demonstrated that estrogenic
chemicals are able to counteract the
masculinization
effects
of
xenoandrogens (Santos et al., 2006).

Lophotrochozoa (e.g. Molluscs)

Nucella lapillus
Bilateria

Ecdysozoa

Invertebrate
Deuterostomes

Daniela Lima
PhD student at the Laboratory of
Environmental Toxicology,
CIIMAR
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Endocrine Disruption
Mechanisms, molecules and pathways?
Differences and similarities?

Vertebrates (e.g. Fish)
Danio rerio
Figure 1 – An evolutionary framework to the study of endocrine disruption.
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These findings suggest a number of questions:
1. Are some key mechanisms controlling sex
differentiation and development in mollusc and fish
conserved, suggesting a similar evolutionary origin?
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We are currently exploring these hypotheses with the
collaboration of several groups, namely the Laboratory
of Ecology of CIIMAR and the School of Pharmacy and
Pharmaceutical Sciences of the Mukogawa Women’s
University in Japan.

2. Which targets involved in the development of sex
specific characteristics are more prone to disruption
by common endocrine disruptor in both fish and
marine snails?

Estrogenic effluent are anti-androgenic
Steroids vs. Retinoids ? (Santos et al., 2008)
A constitutively activated Estrogen Receptor is
up-regulated after estrogenic exposure.
What is the mechanistical meaning of this finding?
(Castro et al., 2007b)

Retinoid signaling: the target of TBT?
Castro et al., 2007a
Figure 2 – Decoupling the mechanisms of endocrine disruption of androgenic and estrogenic chemicals in gastropods.
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The increasing number and types of
potential
pollutants
manufactured,
marketed and discharged into the
aquatic environment forces the research
community to use and develop novel
tools for pollution monitoring. Fish
species and invertebrates have been
widely used in the Laboratory of
Environmental Toxicology (LETOX) to
assess the effects of pollution by
integrating
data
obtained
from
biomarkers and bioassay studies at
molecular and cellular levels (Ferreira et
al., 2007; Santos et al., 2008).
Estrogenic chemicals in water (steroids
and xenoestrogens) can promote
endocrine disruption in fish. Particular
focus was done on studying the
exposure of marine fish to estrogens
(E2) and xenoestrogens (EE2, BPA, OP
and NP). In juvenile seabass it was
observed that the combined effects of
the mixtures were greater than those of
individual components, using as end
point the induction of vitellogenin or
gene expression, providing evidence that
these ECDs act dose-additively in liver
(Correia et al., 2007).
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Other classes of EDCs, the synthetic
ECDs polychlorinated compounds, the
PCBs and the organochlorine insecticide
Endosulfan promoted in tilapia disruption
in the reproductive axis disabling tilapia
reproduction
and
alterations
on
peripheral thyroid hormone metabolism,
even when fish were exposed during
early life stages (Coimbra et al.,
2007a,b). Toxicological studies were also
conducted with polycyclic aromatic
compounds (PAHs), largely present in
estuarine waters and sediments, in the
field and in controlled exposures. Results
demonstrated
that
they
induced
biotransformation enzymes and lead to
marked changes in the fish behaviour
(Correia et al., 2007).
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Pgp

Research is presently undergoing in
LETOX in order to compare two fish
species, seabass and white seabream,
wild and cultured. Organochlorine
compounds (PCBs and DDTs) and metals
were measured in order to compare the
quality of fish for human consumption
and the obtained levels were below the
established limits (Ferreira et al., in
press).
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Figure 1 – Speculative model of xenobiotic resistance provided by transmembrane
active transporters, Pgp and MRP, and Phase I and II detoxification enzymes,
cytochromes P450 (CYP) and glutathione-S-transferase (GST) respectively.
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More recently LETOX research is also focused on the first
line of defence by active efflux of cells of foreign
compounds and metabolites. The translocation of these
exogenous compounds is accomplished by active
transport by membrane proteins that belong to the ATPBinding
Cassette
(ABC)
superfamily,
namely
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P-glicoprotein (Pgp – ABCB) and Multidrug Resistance
associated Proteins (MRPs - ABCC) (Fig. 1). Up to now
important related genes in seabass and tilapia, the
ABCB1, ABCC1, ABCC2 and ABCG2, have been
sequenced in different tissues (Fig. 2).

Figure 2 – Tilapia liver Pgp alignment with Trout and Human Pgp.
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During the past years we have
registered an increased diversity of
cyanobacteria
species
and
of
cyanotoxins in Portuguese ecosystems.
Joining the worldwide spread microcystin
producing species we were able to
detect
species,
such
as
Cylindrospermospis raciborskii, known to
produce
the
cytotoxin
cylindrospermopsin- CYL (Saker et al.,
2004). We also detected for the first
time the presence of anatoxin-a
producing
strains
isolated
from
Portuguese freshwaters (Osswald et al.,
2007). So, although the major health
concerns are still due to the excessive
occurrence of microcystins- MC, we may
at this time conclude that a diversity of
cyanotoxins with hepatotoxic, neurotoxic
and cytotoxic effects are commonly
found in our fresh and brackish waters.

The possibility of bioaccumulation of
cyanotoxins along food chains was
studied and we managed to prove that
CYL can be accumulated in freshwater
mussels such as Anodonta cygnea
without causing damage to this
organism (Saker et al. 2004). They may
affect other organisms such as
waterfowl or mammals, which feed on
this bivalve. Although to a lesser extent,
Daphnia magna can also accumulate
CYL
(Nogueira
et
al.,
2004a).
Neurotoxins of the group of the
saxitoxins – PST were also studied in
terms of bioaccumulation in aquatic
animals and we found that bivalves such
as A. cygnea accumulated them up to 26
µg PST/100 g (Pereira et al., 2004). A
similar situation occurred with D. magna
although with this organism the uptake
was rather low (Nogueira et al., 2004).

Marine cyanobacteria are not usually
associated with episodes of animal or
human intoxications, as frequently as
what happens in freshwater systems.
We also found that most of the strains
isolated from marine environments, both
planktonic and benthic, do not produce
the common toxins found in the
freshwater specimens (Martins et al.,
2005). Although they are toxic to some
invertebrates they can also produce
secondary metabolites that may be used
as pharmaceutical tools. Some of the
strains that we isolated from Portuguese
marine systems produced apoptotic
activity in neuroblatoma cells (Selheim et
al., 2005) (Fig. 1).

Cyanotoxins may enter human food
chain not just by contaminated food but
also by dietary supplements that include
cyanobacteria as their components. By
the use of immunoassays (ELISA) and
molecular methods that include the
detection of parts of the microcystin
synthethase gene cluster, we showed
that many dietary supplements are
contaminated with the hepatotoxic
microcystin group of peptides (Saker et
al., 2005). In order to better assess the
risk of human intoxication by the use of
these supplements we developed a
sensitive multiplex PCR for the detection
of MC (Saker et al., 2007) (Fig. 2).
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Figure 1 – Aqueous extracts from cyanobacteria induce apoptosis in neuroblastoma cells. The
cyanobacterial strains described in Table 1 were extracted with water, the extracts incubated
with SH-SY5Y neuroblastoma cells for 18 h (panel A), and the cells scored for apoptosis as
described in Section 2. The percentage apoptosis observed in the absence of cyanobacterial
extract (2.5%) was subtracted. Panels B and C show control cells, and panels D and E show
cells treated with extract from LEANCYA 6. The apoptotic cells (arrows) had altered surface
morphology, as studied by Hoffmann interference microscopy (B and D) and hypercondensed
chromatin, as studied with the fluorescent DNA-binding probe Hoechst 33342 (C and E). Bars
are 20 µm.
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Figure 2 – The cyanobacterial specific 16S rDNA PCR amplified
a 782-bp fragment from several health supplement samples.
The Hep primer set amplified a ca. 472-bp product from all food
supplements
containing
cyclic
peptide
of
toxigenic
cyanobacteria. Microcystis aeruginosa PCC7806 was used as the
positive control and a non-toxic Anabaena strain (NIES 19) was
used as a negative control. A 1 KB molecular ladder is also
shown.

AND

TOXICOLOGY

The image that we have now in what concerns risks
posed by cyanobacteria toxins is that human health risks
may be associated with other entry routes of the toxins
apart from the drinking water. Many organisms may act
as toxin vector, with MC and CYL as the main concerns.
Dietary supplements and contaminated filter feeding
organisms are at the top list of entry routes of these
toxins. A considerable effort should be put in the
knowledge of the incidence of CYL produced by other
species that C. raciborskii as it has been found in many
countries. More sensitive and early warning techniques
such as qPCR are being developed in our laboratory to
help to decrease the human health risks.

Figure 3 – Microcystis bloom in Guadiana river.
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Biological remediation is a useful
technology for the cleanup of polluted
soil or sediments, because it is a nondestructive
tool,
rehabilitates
the
soil/sediment structure and is costeffective. In what the biodegradation of
organic contaminants is concerned, it is
known that the activity of soil
microorganisms can give less toxic, less
mobile and/or less bioavailable products.
As for phytoremediation of metals,
plants have so far been used mainly to
remove or stabilize toxic metals.
However,
both
plants
and
soil
microorganisms have certain limitations
in operating separately. In addition, both
plants and microorganisms can alter the
concentration of oxygen, carbon dioxide,
organic chemicals and alter pH and
redox
potential.
Roots
and
microorganisms living in the root zone
and growing on the root exudates, can
act as an independent subsystem in the
sediment, the so called rhizosphere.

forward. Studies of rhizoremediation in
estuarine environments are still very
scarce and the biogeochemistry at the
rhizosphere of salt marsh plants is not
well known and understood.
A project on this topic, targeting
different salt marsh plants (Halimione
portulacoides, Juncus maritimus and
Scirpus maritimus) colonising estuarine
sediments in Cávado (Fig. 1), Douro and
Sado rivers, is in progress. The project
included the evaluation of concentration,
uptake and distribution of metals in the
selected estuarine environments and
their influence on the biological response
of plants, covering the release and
uptake of organic ligands by plants.
Measurable
differences
between
sediment and rhizosediment were found
[1-4], presenting rhizosediments higher
metal contents, and metals more weakly
bound to the medium and more
available. In addition, plants were able
to accumulate metals from the medium,
increase metals solubility [5] and
releasing root exudates, such as low
molecular weight organic acid capable of
complexing metals [6] and other strong
organic ligands such as Cu-complexing
ligands found in exudates solutions and
sediment pore [7].

Nazaré Couto
PhD student at CS&B Lab,
CIIMAR / FCUP
maria.couto@fc.up.pt

Adriano A. Bordalo e Sá
Head of the Hydrobiology
Laboratory, CIIMAR
Associate Professor, ICBAS, UP

Mª Teresa Vasconcelos
Head of the CS&B Lab, CIIMAR
Full Professor, FCUP
mtvascon@fc.up.pt

56

Figure 1 – Cávado Estuary saltmarsh.

In the last years, increasing importance
has been given to rhizoremediation,
which uses the synergy between plants
and rhizosphere microorganisms. There
is a growing interest to apply
rhizoremediation to degrade/establish
organic pollutants. But also the potential
of this synergism to enhance metal
removal or stabilization by plants
deserves investigation. However, the
efficiency of rhizoremediation will
depend on several factors: (i) soil (or
sediment) composition; (ii) type of
contamination;
(iii)
environmental
conditions (temperature, humidity, redox
potential, pH,…); (iv) plant species; and
(v)
nature
and
abundance
of
microorganisms.
As
a
result,
understanding
rhizoremediation is not always straight

Figure 2 – DAPI stained rhizosediment
microorganisms.

In vitro experiments were carried out to

investigate (i) the effect of Cu and
polycyclic
aromatic
hydrocarbons
(PAHs)on
salt
marsh
microbial
community (Fig. 2) in controlled
environmental
conditions,
in
the
H.
presence/absence
of
plant
portulacoides and (ii) the effect of PAHs
on the uptake of Cu by this plant.
Results showed that the presence of
plants clearly modified the response of
the microbial community, which can be
related, among other factors, to the
decrease of metals in solution observed
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Figure 3 – UPGMA hierarquical cluster based on the presence or absence of DGGE (Denaturing Gradient Gel Electrophoresis) bands
in each sediment profile sample of rhizosediment.

in the presence of plants (Fig. 3) [8]. Additionally,
results suggest that PAHs may control, to a certain
extent, either the Cu sorption by plants or the way the
plant controlled Cu solubility [9]. Therefore, the
combination of different types of pollutants should be
taken into consideration in the study of the
biogeochemical of the rhizosphere and of its
rhizoremediation potentialities.
Another project recently launched intends to investigate
the main factors implicated in the bio- and rhizodegradation of nonvolatile petroleum hydrocarbons from
a contaminated soil of one refinery plant from GalpEnergy Group (Fig. 4). Multiple factors, like, (a)
bioaugmentation, (b) surfactants and/or nutrients
(biostimulation); (c) presence of different species of
vascular plants; and (d) aeration, are being investigated
in parallel. The pilot study involves the maintenance,
monitoring (both chemical and biological) and treatment

of data of 36 containers with contaminated soil in
different experimental conditions. Preliminary analysis
points out promising results for the application of this
technology to clean larger areas.

Figure 4 – Soil contaminated with petroleum hydrocarbons.

This work was partially funded by Fundação para a Ciência e Tecnologia, Portugal, through fellowships awarded to N. Couto
(SFRH/BD/31816/2006) A. P. Mucha (SFRH/BPD 7141/2001) and C. M. Almeida (SFRH/BPD 9430/2002) and the project
POCTI/CTA/48386/2002, and under the Protocol of cooperation ADFCUP - Petróleos de Portugal S.A. Refinaria do Porto.
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Peroxisomes (Pxs) are membranebounded organelles appearing in most
eukaryotic cells. In mammals, they are
mainly
large
and
abundant
in
hepatocytes and cells of the kidney
proximal
tubules.
Although
their
functions remained unknown for over a
decade after their discovery (in 1954),
the finding that rat liver Pxs contain both
H2O2-generating oxidases and the H2O2scavenging catalase was a major
starting point for understanding their
physiology. Today, Pxs are known to be
involved in many vital pathways such as
the metabolism of oxygen free radicals,
the catabolism of very long chain fatty
acids, the synthesis of cholesterol and
ether lipids, bile acid formation, and
catabolism of purines, leucotriens and
prostaglandins. Also, Pxs may play a role
in estradiol metabolism (yet to an
unknown extent) by their 17betahydroxysteroid dehydrogenase activity.
Peroxisomes are vital for normal
development and physiology, as shown
by the serious human peroxisomal
disorders.
Peroxisome
proliferator-activated
receptors (PPARs) are members of the
nuclear steroid receptor superfamily,
playing a key role in the regulation of
storage / catabolism of dietary fats,
glucose homeostasis, inflammation, cell
proliferation / survival, among others. In
vertebrates, there are three main
subtypes of PPARs known as alpha, beta
/ delta and gamma and each one is
organized into domains associated with
a function such as ligand binding,
activation and DNA binding. PPARs are
activated by both synthetic and
endogenous ligands, such as fatty acids
and their derivatives. Each PPAR has a
unique expression pattern in tissues and
organs. Several substances, such as
hypolipidemic drugs or phthalate ester
plasticizers, increase the size and
number of Pxs. They are broadly termed
Px proliferators (PPs), being the
proliferation inducing effect dependent
on the species. For example, rats and
mice are very sensitive whereas
monkeys and humans are relatively
insensitive or even non-responsive at
doses evoking responses in rodents.
Data suggest that fishes respond more
like primates, despite their sensitivity
varies
with
species.
Peroxisome
proliferation involves activation of

PPARalpha. About 30% of the known
PPs are carcinogens (at least for
rodents) and it is clear that the process
of
Px
proliferation-induced
liver
carcinogenesis in rats and mice is also
dependent on PPARalpha activation;
relevancy in humans is still debated.
In 1999, using the brown trout as fish
model, we found unreported negative
correlations between size parameters of
the hepatocytic Pxs and the ovarysomatic-index. Because no parallel
changes existed in the number of Pxs
per hepatocyte, we proposed that some
net reduction in peroxisomal enzymatic
activities would occur at vitellogenesis,
under estradiol influence. We confirmed
our thesis by studying the activities of
peroxisomal enzymes, which decreased
at vitelogenesis and spawning. Very
recently, we further confirmed the
phenomenon at molecular level, as for
example
catalase
and
17betahydroxysteroid dehydrogenase mRNA
levels decreased in parallel with the
ovary maturation. We managed to
experimentally reproduce what we saw
in adults by in vivo assays, where
juvenile trout exposed to estradiol
showed smaller liver Pxs, while
decreasing the activities of Px marker
enzymes. Work continued to gain
insights on the kinetics of the
morphofunctional changes evoked by
estrogens, showing that such changes
can be initiated in less than 15 days,
differently affecting diverse metabolic
pathways. Our data nicely agrees with
literature showing that Pxs in mammals,
at least in rodent models, present
gender differences in several aspects,
namely in the chemically induced
proliferation, in which females are less
responsive than males. The fundaments
of such gender differences are still
poorly known, and the knowledge of the
role of estrogens in the regulation of
Pxs, as advanced for brown trout, may
contribute to an explanatory basis – at
least in certain conditions, we anticipate
that estradiol may counteract the
activating effects of PPs over liver Pxs.
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Overall, it seems that what we are
seeing in our trout model is at least
partially based on cross-talk between
estrogen receptors (ERs) and (at least)
PPARs. We started exploring the thesis
of a physiological cross-talk in which
activated ERs would down-regulate the
expression of peroxisomal proteins, like
key enzymes of the beta-oxidation
pathway, which can be induced by PPAR
activation. The thesis could be made
possible by a competition of the
activated ERs for the PPARs response
elements (PPRE). We also thought the
opposite could normally occur, with
activated PPARs being capable of
reducing the effects of activated ERs, by
binding to estrogen response elements
(ERE). Our model is also compatible with
a reduction of PPARalpha expression
under estradiol influence, which we just
confirmed to happen in vitellogenesis.

The whole mechanism would be of great
relevance for fish, for governing the
shifts of lipid metabolism that seasonally
need to occur to support ovary
maturation. Interestingly, our proposed
theory and mechanisms for the liver
peroxisomal regulation by estradiol fit
with data and conclusions generated
from experiments using transfected
human cell cultures.
In conclusion, it seems that regulation of
Pxs and PPARs by estrogens and
chemically-induced proliferation of Pxs
exist in fishes as in mammals. The
regulation may not be universal, but the
mechanism involves the ER and most
likely the PPARs. The phenomena seem
of a necessary physiological importance
for the ovary maturation in fish. Also,
key similarities in Pxs metabolism, PPARs
roles, and in sensitivity to PPs make us
think that fishes are promising surrogate
models for studying such processes, all
very important for human health and
disease.
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Figure 1 – Hepatocytes with peroxisomes marked
against catalase.
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Figure 2 – Proposed mechanism for peroxisomal estradiol regulation in trout
hepatocytes.
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Otoliths are calcium carbonate stones
located inside the inner ear of fishes
which are involved in the sound
detection and water equilibrium. They
also record useful information about the
life history of fishes, which can be used
in several scientific areas, from the
fisheries to the archaeology. The
microstructure, and more recently the
chemical composition - elemental and
isotopic - of fish otoliths allowed the
accurate estimate of fish ages, growth
rates, mortality, recruitment and several
other biological events of their life
history.
Nowadays,
otoliths
fingerprinting is a promising field that
allows, like DNA analyses, the study of
the population structure of freshwater
and marine fish species.
The objectives of this research group are
the use of otoliths as a mean to define
fish populations and stocks and to infer
about the migration patterns, beside the
usual fish ageing estimates. This group
is developing a synergetic network with
national and foreign laboratories on the
microstructure
and
microchemistry
analyses of otoliths, and is receptive to
work with other research groups and
post-graduation students.
During these last five years we have
carried out several studies based on the
microstructure
(Scanning
Electron
Microscopy, SEM) and microchemistry
(Sr:Ca ratios) of otoliths of leptocephali
larvae, which have given a significant
contribution to the elucidation of early
life cycle of conger eels (Conger conger
and Conger oceanicus). Similar studies
are being also applied to two Portuguese
Syngnathidae
fishes
(Nerophis
lumbriciformis e Syngnathus abaster) in
order to elucidate its poorly known life
cycle.
Nowadays, our main area is the use of
elemental and isotopic techniques
(otolith fingerprint) as biological tracers
of fish migrations and discrimination of
stocks. Additionally, we are using Sr:Ca
content to infer the migration of the sole
(Platichthys flesus) in the Minho River
according to a gradient of salinity.
ICPMS (SB and LA) stock discrimination
techniques are also being developed for
two sparidae species (Diplodus vulgaris
Spondyliosoma
cantharus).
and
Simultaneously, we are testing the effect
of the hydrostatic pressure in the otolith
daily increment rhythm of tilapia larvae
(Oreochromis niloticus).
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Beside several post-graduation theses,
we have two ongoing national projects.
In one of them, we are trying to use the
fish otoliths as a chronological marker of
aquatic contamination by heavy metals,
an innovative FCT project that started
this year.
Finally, we have been the only national
group invited to join a European
research project that consists in a
chemical
intercalibration
laboratory
exercise.
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Figure 1A – SEM image of a leptocephalus otolith of
Conger conger.
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Figure 1B – UV light image of a juvenile otolith of Conger

conger.
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Figure 3 – ICPMS-LA analysis of a juvenile conger eel
otolith.

Figure 4 – Core otolith fingerprint canonical analysis.
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The most highly threatened and rapidly
declining group of mollusc, bivalves in
particular,
is
freshwater
mussels
(Mollusca, Bivalvia, Unionoidea). It has
been estimated that there has been a
decline of more than 90% in European
populations until the 1990s, a trend that
has obviously continued or even
increased. Great efforts are being made
to find freshwater mussel culture
techniques for mass production and
conservation. Generally, mussel culture
tends to mimic natural culture, because
in the larval stage, the glochidia need to
parasitize (glochidiosis) fish or some
amphibians prior to transformation into
the early juvenile stage. However, high
juvenile mortality in nature is evident
due to the disturbance caused by
bacteria, protozoa and contaminating
fungi.
So, since 1992 our group, in cooperation
with Kasetsart University of Bangkok,
Thailand, has developed efforts to
research and improve artificial glochidia
culture and juvenile production. As a
result, Uthaiwan Kovitvadhi and Satit
Kovitvadhi, adapting the artificial culture
techniques in horse serum from previous
studies from other researchers, to Thai
species H. myersiana, obtained the first
in vitro culture model for freshwater
bivalves, with high success in juvenile
survival.
The most important steps in these
studies concerned the preparation of
glochidia without contamination of
specimens in order to produce strong
glochidia with successful metamorphosis
using an inexpensive and simple culture
system. The freshwater pearl mussel, H.
myersiana was cultured in two artificial
media at 23±2ºC. Each artificial medium
contained a mixture of M199, fish
(Oreochromis niloticus) artificial medium
plasma as a protein source, and
antibiotics:antimycotics at a ratio of
2:1:0.5. Glochidia were reared until they
became juveniles during 9–10 days, i.e.
until the mantle and foot could be
observed under a light microscope. The
transformation from glochidia to juvenile
stage was up to 84.3±2.3% in fish
plasma, while the respective survival
from glochidia to juvenile stage was up
to 85.3±3.9% in fish plasma.

The maintenance from juvenile to young
adult is a very delicate stage involving a
high specificity on treatment techniques.
Once more, they could improve a high
survival and correct growth rates of
juvenile freshwater pearl mussels H.
myersiana when cultured in semi-natural
system composed of 5 cabinets: a
particulate filter cabinet, a macrophyte
(Limnophila heterophylla) filter cabinet,
a biological filter cabinet, water resting
cabinet and plastic culture units. Water
flowed through the juvenile culture units
at 20 ml/min in both systems with a diet
twice a day on a 1:1 mixture of Chlorella
sp. and Kirchneriella incurvata. Free
carbon dioxide, total ammonia nitrogen,
nitrate, phosphate and silica were
significantly lower in this system. Now,
with additional simple changes it is
possible to obtain a high survival
percentage, around 90%, with excellent
health quality of young adults in order to
repopulate the lakes, rivers and to use in
freshwater mussel farms. So, it is
possible to emphasize that our group is
the only one using artificial culture with
success in the world.
More recently, under the same artificial
conditions, the in vitro culture of
Anodonta cygnea in Portugal using the
plasma from host fish common carp
(Cyprinus carpio) is involving great
efforts to be carried out with success on
the European species. Due to relevant
environmental differences, mainly to
temperatures, diets and soil composition
it is difficult to control all survival and
growth parameters from juvenile stages.
However, the larval survival was
34.3±9.3%, whereas the proportion
undergoing
metamorphosis
was
≤60.8±4.2%. The improvements go on
looking the correct combination of very
specific natural factors according the
European species and geographical
parameters.
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The calcification of the freshwater
bivalve shell is a regulated and complex
process, balanced between haemolymph
and shell compartment, in which calcium
carbonate gets embedded in an organic
matrix consisting mainly of soluble and
insoluble compounds. Both organic and
inorganic components of the shell must
be secreted or transported by the
mantle into the extrapallial fluid
contacting the shell surface. The
regulation of the extrapallial fluid
composition and thus the shell formation
is mainly due to the outer mantle
epithelium (OME) activity. Until around
twenty years ago, an early hypothesis
for calcification of the shell required
active transport of calcium from the
haemolymph
to
the
extrapallial
compartment by the mantle. However,
this hypothesis was tested and rejected
without an obvious explanation of shell
calcification mechanism.
From here, our group improved the
experimental conditions in order to study
correctly this mechanism. This research
supported relevant results which quickly
showed a deep change on all concepts
concerning
the
shell
calcification
hypothesis. In fact, the first model was
proposed (Fig. 1) for explaining the main
ionic transport mechanisms across the
OME of Anodonta cygnea. In summary,
was described not an active calcium
transport but, on the contrary, an active
proton pump towards the shell
proportional to a bicarbonate movement
towards the haemolymph. This model
was not easily accepted since it revealed
apparently
a
complete
adverse
physiological condition for promoting the
calcium deposition on the shell.
However, other studies by further
several years, on seasonal cycles of
freshwater bivalve life, showed us a very
interesting
puzzle
of
calcification
mechanisms. Among these results were
present various parameters such as:
seasonal correlation of trans-epithelial
ionic current, permeability and electric
potential; fluid titration; pH, pCO2, pO2,
HCO3-; Ca2+, other ions and organic
compound analyses in both fluids and in
the shell nacreous layer growing under
normal, acidosis or sub-lethal toxicity
conditions.

Figure

1

–

Calcification

mechanism
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Anodonta cygnea according to Machado et

al., 1990.

The ionic transport model added to all
other correlations supported the new
proposal for designing a complex shell
calcification theory (Figs. 2) applied to
the freshwater bivalves. As a main
conclusion the CO2 is the major
component of the pH-buffering system
in bivalve fluids, related to relevant
changes
in
the
seasonal
pCO2
haemolymph of A. cygnea with an
emphasis on the acid-base influence in
the mantle compartment (Figs. 2). The
haemolymph CO2 content increases
during spring/summer while it decreases
during
autumn/winter
inducing
a
metabolic acidosis or an alkalosis
situation, respectively. So, the metabolic
acidosis is indicated as a determinant
factor inducing calcium and HCO3releases from the dissolution of
calcareous concretions in the mantle and
gills of A. cygnea (Fig. 1). This acidosis
mechanism associated with increases in
the
electrochemical
gradient
and
permeability of the OME, favors the
HCO3- and Ca2+ diffusion movements
towards the shell compartment. On the
contrary, in the shell compartment the
CaCO3 deposition is facilitated by a
higher pH tendency due to the decrease
of the proton pump activity in the OME
cells (Fig. 1).
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Reversal behaviour occurs during summer/autumn with
a reduction of shell CaCO3 precipitation by a gradual
increase on the proton pump activity and on the
opposite HCO3- secretion from OME. Additional reduction
on OME permeability induces a CaCO3 deposition on the
larval shells in the gills (Fig. 2). Finally, during the
autumn/winter period, continuous calcium absorption
from the external environmental due to probable calcium
absorption in the intestine or gills associated to lowest
OME permeability and higher alkalosis tendency,
promotes the CaCO3 concretions in the haemolymph
compartment. Lastly, additional concepts were
introduced on our calcification theory showing significant
calcium movements across the OME of A. cygnea by a
parallel transcellular and paracellular pathways from the
haemolymph to the extrapallial fluid. So, due to high
permeability and electrochemical gradient in calcification
period, at equilibrium the OME cells present high
tendency to toxic calcium levels. However, our further
studies showed an alternative process based on a PMCAlike protein regulating the cytoplasmic calcium gradient
across the OME cells. This proposed mechanism,
analogous to transcellular calcium movements in kidney
epithelial cells performed by calbindin-D28k as
suggested by Muller et al. (2001), neutralizes calcium
toxicity and transports this ion from the basolateral
through the apical region of the cell.
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Figure 2 – Diagrams of models 1 and 2, concerning the ionic
transport across OME.
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The lampreys belong to the primitive
cyclostomes or jawless fishes. However,
they
have
independently
evolved
mechanisms for ion regulation that are
strikingly similar to those of the more
advanced teleost fishes and are unlike
the other extant groups of cyclostomes
the hagfish and hagslimes which are
marine osmoconformers.
marine lamprey, Petromyzon
marinus (L.) is a euryhaline species,

The

spawning and spending its prolonged
larval ammocoete phase in fresh water
before metamorphosing and migrating
downstream to the sea. We have found
that this metamorphosis from a
substrate dwelling, filter-feeder to free
swimming, suctoral parasitic-feeder also
marks the point of significant changes in
the ionoregulatory physiology of these
animals (Reis-Santos et al. 2008).
We found that juvenile lamprey only
start to acquire salinity tolerance (to
hyperionic
conditions)
during
metamorphosis and are then able to
tolerate direct transfer to full strength
seawater.
This
hypoosmoregulatory
ability is correlated with the emergence
of seawater-type ionocytes in the gill.
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These cells are rich is the enzyme
Na+/K+-ATPase which increases 10 fold
and is associated with active chloride
excretion in teleost fishes. In both
ammocoetes and transformed juvenile
lamprey (transformers), there is a
negative correlation between salinity and
the expression of branchial vacuolartype proton ATPase. The H+-ATPase has
been linked to ion and acid-base
regulation in both elasmobranch and
teleost fishes as well as higher
vertebrates. This decline in branchial H+ATPase suggests a role in ion uptake
(Na+ and/or Cl-) under hypoionic
conditions.

ABC transporters in the ammocoete
gill?
During the initial study we also observed
that the ammocoete gills have a high
percentage (90%) of ouabain-insensitive
activity that was not present following
metamorphosis. Ouabain is a specific
inhibitor of Na+/K+-ATPase and was
used in an in vitro assay system to
measure specific activity. In a follow up
study, we used a pharmalogical
approach to characterize this residual
activity in vitro. We found that the Ptype ATPase inhibitor, orthovanadate,
and F-type mitochondrial H+- ATPase
inhibitors,
azide
and
oligomycin,
accounted for approximately 10-20% of
total activity each in ammocoetes but
90%
and
3%,
respectively,
in
transformers. The V-type H+-ATPase
inhibitor, bafilomycinA1, and myosin
ATPase inhibitor, BDM, accounted for
negligible activity. Interestingly the ABCtransporter
inhibitors
verapamil,
probenecid
and
MK571
inhibited
significant levels of activity in both
ammocoetes and transformers although
cyclosporinA stimulate activity. The ABCtransporters are an interesting family of
membrane proteins because they
transport a range of molecules from
lipids and sterols, to ions and small
molecules to drugs and large peptides. It
is their role in multidrug resistance that
has gained them much attention. In the
case of probenecid, an organic anion
inhibitor, significantly greater inhibitable
activity was found in ammocoetes versus
transformers accounting for ~ 20% total
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activity thus accounting for some of the unknown
activity. It would thus appear that the probenecidsensitive ABC-transporter(s) may serve to eliminate
metabolic wastes and/or toxicants that the ammocoetes
may be exposed to in the substrate. This work will be
presented this summer at the American Fisheries Society
Fish Biology Congress in Portland Oregon (USA).

Novel mechanisms for transport in the gut?
The post-metamorphic lamprey is an agastric parasitic
feeder with a liquid diet of their host fish body fluids.
The epithelium of the intestine is composed of typical
absorptive enterocytes with a brush border membrane
interspersed with clusters of ciliated cells. The ciliated
cells presumably aid in the transit of the lampreys’ liquid
diet. In a recent study we used immunocytochemistry,
immunoblotting techniques and in vitro ATPase activity
measurements to characterize the distribution of the
vacuolar proton pump (V-type H+-ATPase), Na+/K+ATPase, and Na+:K+:2Cl- Cotransporter (NKCC) along the
gut and at different life history stages (ammocoete
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larvae, post metamorphic juveniles, and in adults on
their spawning migration). Enterocytes were found to
express NKCC apically and Na+/K+-ATPase basolaterally
similar to teleost fishes. Na+/K+-ATPase α subunit
expression and activity decreased distally (Figure 1).
Ciliated cells that are found in the anterior and mid
intestine in all life history stages expressed H+-ATPase
apically
and
did
not
express
Na+/K+-ATPase
basolaterally. In the distal intestine, ciliated cells were
not present and H+-ATPase was localized to the
subapical region of epithelial cells. The apical H+-ATPase
may have a role in driving proton dependent cotransport
or di,tri-peptides and possibly glucose via PEPT1 and
SGLT1, respectively or possibly titration of secreted
HCO3- which may be critical for reducing luminal osmotic
pressure and thus contributing to water absorption. This
pattern of ATPase expression in the gastrointestinal tract
of a vertebrate is very novel. The H+-ATPase is better
known in the guts of insects. This work will be presented
this summer at the Society for Experimental Biology
meeting in Marseille, France this summer.

Figure 1 – Double immunofluorescence localization of NKCC or H+-ATPase (green) with NKA (red). There is a clear colocalization of
NKCC and NKA to the same cell type, while H+-ATPase is localized to a cluster of ciliated cells.

This work is being done in collaboration with Prof. Stephen D. McCormick of the Conte Anadromous Fish Center, USGS Turner Falls
MA USA and Prof. Martin Grosell of the Rosenstiel School of Marine and Atmospheric Sciences (RSMAS) University of Miami.
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As human beings, who navigate the
world via visual and auditory means, it is
easy to underestimate the importance of
the sense of smell to animals. Fish have
a highly sensitive olfactory system and
use chemical cues in the water to find
food, avoid predators, navigate and
recognise conspecifics and potential
mates. Our research has focused on how
fish communicate with each-other via
chemicals released into the water and
detected by their olfactory system. One
species under study is the Mozambique
tilapia, Oreochromis mossambicus (Fig.
1).
The Mozambique tilapia, a native of
rivers and lakes in southern Africa, is a
cichlid fish of high economic importance.
In common with many cichlids, it shows
a wide variety of complex behaviours,
including the establishment of social
hierarchies and territories. Despite this,
the role of chemical communication in
these processes has been little studied.
We have previously shown that females
have high olfactory sensitivity for male
urine and that males modulate their rate
of urination depending on the social
context; a sharp rise in urination
precedes an aggressive male-male
interaction (culminating in one male
leaving the other’s territory) whilst a
sustained urination accompanies the
male’s elaborate courtship of a potential
mate . This clearly suggests that some
form of chemical communication is
occurring. However, the identity of the
chemicals
involved,
the
potential
pheromones, and their exact biological
roles remain unclear. During the last few
years, we have been addressing these
questions.
In collaboration with Peter Sorensen
(University of Minnesota, USA), we have
narrowed the olfactory activity of male
urine down to a single fraction. We are
confident that it contains a sulphated
compound with a molecular weight of
610 Da. Furthermore, territorial males
seem to have more of this compound
than subordinate males; the olfactory
potency of their urine is strongly
correlated with their social status.
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By preventing the males from urinating,
simply by tying a knot in their genital
papilla, we have shown that males
become more aggressive towards each
other (Fig. 2). This suggests that, under
normal circumstances, males are able to
judge the social status of potential
opponents by the smell of their urine
(the putative pheromone) and modulate
their behaviour accordingly. In the
absence of this information, it seems
that the fight is much more likely to
reach higher levels of aggression; this
increase in aggression is accompanied
by increased plasma levels of the steroid
hormone, 11-keto testosterone (the fish
equivalent of the more familiar
testosterone of mammals).
In a reproductive context, preliminary
evidence suggests that simply exposing
females to male urine causes alterations
in the rates of release of reproductive
steroid hormones such as 17,20β-P.
This, in turn, suggests that the smell of
male
urine
causes
a
specific
physiological (endocrine) response in the
female; one of the requirements for the
definition of a pheromone. Thus,
although there are many gaps in our
current knowledge, it seems that
chemical communication is highly
important in the tilapia. Our hope is that,
with further work, the tilapia will become
as well a studied model for chemical
communication as the goldfish.

Figure 1 – A male Mozambique tilapia
(Oreochromis mossambicus) that has been
injected with a blue dye to visualise the urine
pulses. Males dramatically increase their
urination rate in the presence of rival males
and ripe females.
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Figure 2 – Effect of urine on male-male aggression. Interactions between males unable to
urinate (‘tied’) are more likely to escalate to higher degrees of violence (degree 4 and 5) than
those males able to urinate normally (‘control’). * P<0.05.
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The main objective of the Biophysics
group is to understand how proteins fold
and also how they function. Proteins are
the machines of life, they drive
essentially all the physical and chemical
processes that go on in living cells: they
catalyze reactions, pass signals and
provide basic structure. Although they
are many orders of magnitude smaller
than man-made machines, they can
perform
similar
tasks,
such
as
transporting molecules from one part of
a cell to another and acting as motors.
Diseases are caused by the malfunction
of one or more proteins; thus,
understanding how proteins work is a
problem not only relevant to biology in
general, but also of great interest for
medicine, biotechnology and drug
discovery.
In order to function, proteins must first
acquire a well defined average structure,
the
native
structure.
Since
the
experiments by Anfinsen (1973), it is
thought that the native structure is
solely defined by the sequence of amino

acids and that it corresponds to the
conformation that minimizes the (free)
energy of the system. However, as
claimed before [1], and as is illustrated
in Figure 1, a given sequence of amino
acids can have many other, very
different, structures, all with the same
energy as the native structure.
The results in Figure 1 indicate that
classical potentials, such as AMBER, lead
to
multiple
structures,
all
thermodynamically equivalent, and thus
can not describe all that goes on in a
protein and that transient forces, not
arising from those potentials, are
needed to explain how proteins fold and
work. The starting hypothesis of our
work is that protein folding and function
involves the storing of energy in the
form of vibrational excited states (VES),
something that has recently been
designated as the VES hypothesis.

Figure 1 – In each row, we have four very different conformations of the same protein.
Along the diagonal are the native conformations of proteins 1QLX, 1I0S and 1IGD and
1AAP, as obtained from the Protein Data Bank. According to the thermodynamical
hypothesis1 the native conformations should have much lower (free) energies than any
other conformation. The numbers under each conformation are the energies, in kcal/mol,
as calculated with the AMBER force field3, and they show that the alternative conformations
have energies similar to the native, or that can even be lower.
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We follow the Davydov/Scott model for energy transfer
in proteins, according to which the first step in protein
folding and function is the storing and propagation of
energy in the form of amide I vibrations (see Fig. 2).
Computer simulations of amide I propagation in a real
protein [2], show that, at biological temperatures, the
amide I travels in the protein backbone as a localized
Brownian particle. They also show that proteins with
greater amounts of the aminoacids glutamine and

AND

MARINE BIOTECHNOLOGIES

asparagine can absorb more energy than other proteins,
something that explains the greater structural instability
of prions and of other proteins associated with
misfolding diseases [2,3]. We are also working on the
development of physical models that describe how
vibrational excited states lead to the transient forces
needed for the selection of the native structures and for
conformational changes [4].

H
H

C

N

O
H

Figure 2 – This figure shows the backbone of a protein α-helix (in red), in an explicit water bath (the water molecules are in
blue). The motions of the backbone atoms that make up the amide I mode of vibration of the peptide group are shown on the
right.
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Molecular determinants of tissue
mineralization: The EDGE group,
through numerous studies on the
mechanisms of tissue mineralization in
non-mammalian
systems,
has
significantly
contributed
to
the
recognition of fish as a suitable model
for studying the genetic basis and the
evolution
of
vertebrate
tissue
mineralization. The main goals of the
EDGE group in this field are:
identification
and
functional
characterization
of
molecular
determinants of tissue mineralization in
adult life and during development,
studies on the molecular evolution of
vitamin K-dependent proteins involved in
extracellular
matrix
mineralization,
characterization of environmental factors
affecting tissue formation, mineralization
and regeneration, and characterization
of mineralization-related mechanisms
involved in the adaptation to particular
aquatic environments (e.g. marine
versus freshwater and pelagic versus
deep-sea environments). An integrated
approach is being used, combining in
vivo, in vitro and in silico work. Major
results are (1) the development of
molecular tools (e.g. bone-related genes
[1-4], gene-specific antibodies [5],
purified proteins [6], etc.), (2) the
establishment of a seabream in vitro cell
system capable of mineralization (Fig. 1)
[7], (3) the development of a zebrafish
in vivo system to study skeletal

Figure 1 – SEM of seabream bone-derived
cell culture producing mineral nodules.

Figure 2 – Fluorescence micrograph of
zebra-fish larvae expressing osteocalcin-GFP
fusion protein.
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development (Fig. 2) [8,9], (4) the
identification of regulatory elements
within the promoter of a number of
mineralization-related genes [10-12], (5)
the identification at single cell resolution
of sites of mineralization-related gene
expression and protein accumulation
[13,14], (6) the tertiary structure of

Figure 3 – Cartoon representation of meagre
osteocalcin molecules.

Figure 4 – TEM micrograph of Perkinsus
olseni captured by a clam hemocyte.

Figure 5 – Deformed opercula in farmed
gilthead seabream (juvenile) after alcian blue
/ alizarin red double staining.

Figure 6 – Norway lobster (N. norvegicus) in
its natural environment.
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osteocalcin (Fig. 3) [15], (7) the molecular evolution of
matrix & bone γ-carboxyglutamic acid proteins in
vertebrates [16], (8) the identification of a new
osteocalcin isoform in fish [17].
Biology of clam infection by the marine parasite
Perkinsus olseni and development of new drug
therapies: Ria Formosa (Algarve) is the main region of
production for bivalve molluscs, in particular for the
carpet shell clam Ruditapes decussatus, which
represents a major source of revenues for Portuguese
shellfish farmers. A significant decrease in the
production of this clam has been observed in the past
decade and associated recently to an infection by
Perkinsus olseni, a protozoan parasite member of the
Alveolata (Fig. 4). The EDGE group is studying parasitehost interactions using a number of in vivo and in vitro
tools developed within the scope of various national
projects and international collaborations. The main
objectives are the molecular characterization of
Perkinsus genes involved in clam infection, the
identification of parasite metabolic pathways in an effort
to develop new drug therapies, and the identification of
clam marker genes responsive to environmental
pollutant
stress.
Major
results
are
(1)
the
characterization of various environmental factors
affecting clam infection by Perkinsus [18], (2) the
identification of structural components of Perkinsus cell,
(3) the identification of target genes for drugs used in
perkinsiosis therapies [19,20], (4) the development of a
clonal culture of P. olseni [21], (5) the identification of
regulatory mechanisms for purine salvage and shikimate
pathways in Perkinsus, (6) the construction of
subtractive cDNA libraries to identify genes involved in
host-parasite interactions, (7) the effect of iron present
in sediments on clam infection, (8) the development of a
Perkinsus diagnostic/detection technique based on a
PCR-ELISA [22].
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Population and conservation genetics: The EDGE
group is involved in various genetic studies of marine
and terrestrial animals at the population level. (1)
Gilthead seabream (Sparus aurata) has emerged as one
of the most prominent species in Mediterranean
aquaculture. The high occurrence of skeletal
malformations in farm-reared animals [9] is a major
financial concern for aquaculture industry (Fig. 5). In
order to test whether these malformations could have a
genetic background and evaluate the transfer of this
genetic trait from parent to offspring, molecular tools,
such as gene- related microsatellites, are being
developed. Eventually, it will be possible to identify
individuals at risk and remove them from the group of
reproducers. (2) Norway lobster (Nephrops norvegicus
L.) is a widely distributed crustacean with a high
economic value (Fig. 6). Knowledge on reproductive
strategies and population structure will help prevent
overexploitation and develop a management program to
avoid stock extinction. The structure of lobster
populations in North Atlantic and Mediterranean Sea and
along Southern and Western Portuguese coast will be
analyzed through the use of microsatellites developed in
our group in collaboration with other CCMAR groups and
IPIMAR [23]. Eventually, migratory movements during
larval phases and multiple paternity events (originally
observed in this species by us) in several populations
with different characteristics will be better understood.
(3) Studies related to conservation genetics have also
been developed. Bonelli’s eagle (Hieraaetus fasciatus)
and European otter (Lutra lutra) are endangered species
with a limited distribution in Portugal. Using
microsatellites, we were able to determine the degree of
differentiation among several groups of individuals, and
also identify family relationships [24].
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Design and Synthesis of
DNA-Directed Endoperoxides with
Improved Antimalarial Activity

Structural Analysis and
Investigation of the Reactivity of
Bioactive Compounds

During the last years, the Group of
Synthesis and Organic Reactivity at
CCMar has been investigating in the field
of Medicinal Chemistry. Within this area
of research we aim at the development
of synthetic routes to different DNAdirected endoperoxides, combining a
DNA binding moiety with known
antimalarials. The rationale is based on
the ability of Fe(II) to selectively cleave
the peroxide bridge of peroxide-type
drugs, generating radicalar species
capable of damaging key biomolecules.
Thus, the compounds produced should
be capable of simultaneous selective
oxidative damage to a complementary
strand of DNA and liberation of a protein
inhibitor,
in
a
combination
chemotherapy-like approach. Because
tumour cells are known to have higher
Fe(II) concentrations than normal cells,
the DNA-directed peroxide compounds
designed by the Group may also act as
potential antiproliferative agents in
various cancer cell lines. In vitro tests
will be conducted shortly at the Liverpool
School of Tropical Medicine and at the
Department of Pharmacology of the
University
of
Liverpool.
These
institutions are our partners in this
project.

The investigation of structure-reactivity
relationships is essential for the
interpretation and prediction of the
outcome of reactions. This general
methodology may be applied to all
reacting
systems,
including
the
interpretation
of
the
interactions
between chemicals (e.g. pharmaceutical
agents) and their biological targets.
The Group of Synthesis and Organic
Reactivity
at
CCMar
has
been
investigating for the last decade in the
field of Reactivity, within the broad
research area of Physical Organic
Chemistry. The work involves the
synthesis,
structural
analysis
and
investigation of the reactivity of
derivatives of heterocyclic bioactive
compounds.
The aim is the
improvement
and
fine-tuning
of
properties, for instance the biological
activity, and also the development of
new synthetic methods applicable to the
preparation of new bioactive compounds
and to the modification of natural
products. Structural elucidation and
mechanistic
investigations
are
approached, in catalysed and noncatalysed reactions. These include: (i)
reductive cleavage of carbon-oxygen
bonds catalysed by transition metals, (ii)
acid-catalysed oxidation of unsaturated
compounds
with
nitroarenes,
(iii)
sigmatropic isomerisations in allyl vinyl
ethers, (iv) photochemistry of bioactive
derivatives
of
tetrazole
and
benzisothiazole, (v) thermolysis and
photolysis of carbamates.
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Marine natural products have attracted
the attention of biologists and chemists
from all over the world for the past five
decades. The potential for new drug
discovery of marine natural products has
attracted scientists from different
disciplines, such as organic chemistry,
bioorganic chemistry, pharmacology,
biology and ecology. This interest has
led to the discovery of almost 8,500
marine natural products to date and
many of the compounds have shown
very promising biological activity.
Research into the pharmacological
properties of marine natural products
has led to the discovery of many
potently active agents considered worthy
of clinical application. The marine
environment is an exceptional reservoir
of bioactive natural products, many of
which
exhibit
structural/chemical
features not found in terrestrial natural
products. Marine organisms have
evolved biochemical and physiological
mechanisms that include the production
of bioactive compounds for such
purposes
as
reproduction,
communication, and protection against
predation, infection and competition.
Because of the physical and chemical
conditions of the marine environment,
almost every class of marine organisms
exhibits a variety of molecules with
unique structural features. The ocean is
considered to be a great source of
potential drugs.
One type of marine organism that could
have a potential application in fighting
against various diseases is the marine
sponge.
Research
into
the
pharmacological properties of natural
products isolated from marine sponges
has led to the discovery of many
potently active agents considered worthy
for clinical application. The isolation of
arabinose-nucleosides
from
the
Caribbean sponge Tethya crypta, has led
researchers to synthesize analogues,
ara-A (Vidarabin, Vidarabin Thilo®) and
ara-C (Cytarabin, Alexan®, Udicil®), with
improved antiviral and anticancer
activity. The depsipeptide jasplakinolide,
isolated from an Indo-Pacific marine
sponge Jaspis johnstoni, has been
reported to exhibit cytotoxicity against
larynx epithelial carcinoma and a lung
cancer cell line as well as an
antiproliferative activity in human breast
carcinoma cell line. This compound was
later found to be a very effective
antiproliferative agent against three
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human prostate carcinoma cell lines.
Discodermolide, a secondary metabolite
of the sponge Discodermia dissolute,
was
first
described
as
an
immunosuppressive and cytotoxic agent.
However, its potent antiproliferative
activity was later shown to be the result
of its ability to stabilize microtubules.
This compound has been licensed by a
pharmaceutical
company
for
development as a candidate for
treatment of cancer. Halichondrin B, first
isolated from the Japanese sponge
Halichondria
okadai,
has
shown
promising results in vivo as a treatment
for melanoma and leukemia and is
currently in preclinical trial.
Based on these interesting findings, our
research group has been focusing on the
isolation
of
bioactive
secondary
metabolites of marine sponges collected
from the Gulf of Thailand and from the
Atlantic Coast of Morocco. The first
marine sponges we have investigated
were the members of the order
Verongida.
Among
several
bromotyrosine
derivatives,
new
metabolites
such
as
11,
17dideoxyagelorins A and B were isolated
from Suberea aff. praetensa [1] while
purpuroceratic acid A and B were
isolated from Pseudoceratina purpurea
[2].

Figure 1 – Oceanapia sagitaria.

Figure 2 – Haliclona baeri.
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We have also investigated the secondary metabolites
from marine sponges of the order Haploscerida:
Oceanapia sagittaria, Haliclona cymaeformis and
Haliclona baeri. From Oceanapia sagittaria, collected
from the Gulf of Thailand, two pyroacridine alkaloids
kuanoniamines A (1) and C (2) were isolated [3].
Kuanoniamine A (1) was found to be a potent growth
inhibitor of five human tumour cell lines: breast
carcinoma (MCF-7), estrogen-dependent (MDA-MB-231)
and estrogen –independent (MDA-MB-231) breast
carcinoma, glioma (SF-268), non small cell lung cancer
(NCI-H460), melanoma (UACC-62) and a non-tumour
(MRC-5) cell lines. Kuanoniamine A (1) was found to be
a potent growth inhibitor of all the tumour and non
tumour cell lines while kuanoniamine C (2) was less
potent but showed high selectivity toward the estrogen
dependent (ER+) breast cancer cell line. Kuanoniamine
A (1) was also found to cause an extensive reduction of
the MCF-7 cells in G2/M phase as well as an increase in
the apoptotic cells.
The structures of novel compounds tetillapyrone (3) and
nor- tetillapyrone (4), previously isolated from the
marine sponge Tetilla japonica [4] by our group, have
been revised. Both compounds were evaluated for their
antifungal activity. Interestingly, only nor-tetillapyrone
(4) exhibited significant growth inhibitory effect against
the tested strains of dermatophytes (Microsporum
gypsum, M. canis, Trichophyton mentagrophytes, T.
rubrum and Epidermophyton floccosum) with the MIC
values ranging from 31.25 to 125 µg/ml [5].
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Figure 3 – Bioactive compounds isolated from marine sponges
collected from the Gulf of Thailand.
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[5] Wattanadilok R., Sawangwong P., Rodrigues C., Cidade H., Pinto M., Pinto E., Silva A. and Kijjoa A. (2007). Antifungal activity
evaluation of the constituents of Haliclona baeri and Haliclona cymaeformis, collected from the Gulf of Thailand. Marine Drugs, 5(2):
40-51.
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Promoting the sustainability of extensive and semiintensive coastal aquaculture in southern Europe
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Extensive
and
semi-intensive
aquaculture systems have been existing
in European coastal wetlands over
centuries. Some are still effective
economic activities in many coastal
areas of Southern Europe, with a
significant
socio-economic
impact.
Nevertheless, today’s high labour and
land-use cost, associated to the low
productivity of these systems and a
fierce market competition with lower
price
products
from
intensive
aquaculture challenges the future of the
extensive
and
semi-intensive
aquaculture systems as a sustainable
economic activity. In addition, these
activities are under pressure by
increased competition for coastal areas
by other candidate users such as
tourism.
Consumer
awareness
on
the
sustainability of aquaculture as a food
production system is growing. By
promoting a balanced combination of
environmental-friendly practices, a high
level of biodiversity, the application of
high animal welfare standards and the
assurance of food safety and quality to
the consumers, extensive and semiintensive
aquaculture
is
gaining
momentum and its importance has been
clearly recognised within the EU policy.

project (EU-FP6-2005-SSP5A) which
aims at developing effective tools for
maintenance
of
competitiveness,
productivity and profitability of extensive
and
semi-intensive
aquaculture
production in Southern Europe.
Environmental-friendly farming protocols
are to be evaluated and developed, in a
wide range of case studies. Quality
markers will be established to allow a
differentiation
of
products
from
extensive and semi-intensive systems to
the ones produced in intensive systems.
Codes of Conduct for the European
extensive
and
semi-intensive
aquaculture in coastal areas, including
the environmental issues, animal welfare
and product safety will be proposed. A
socio-economic assessment of the
selected production systems will be
done. When possible this analysis will
integrate the potential of non-market
benefits and costs, including social and
patrimonial aspects

The SEACASE project
Figure 1

The
Aquaculture
Research
Group
(CCMAR) together with the Laboratory of
Nutrition, Growth and Quality of Fish
(CIIMAR) coordinates the SEACASE
WP1
Review

WP2
Technical basis

Current status of extensive and semiintensive production in S. Europe

Optimizing existing production
systems

WP3
Case studies
Promote new production systems (e.g.
polyculture)
Develop environmental-friendly farming
protocols

WP5
Certification

WP4
Quality markers

WP6
Socio-economics

Identify opportunities
Code of best practices

Product differentiation and traceability

Analysis of various production systems

WP7 – Dissemination
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Case study on Semi-intensive polyculture in
earthen ponds (Portugal and Spain)
Earthen ponds are the main production system for
seabass and seabream in Portugal and in Southern
Spain. Their economic sustainability depends on product
differentiation and optimisation of production. This case
study consisted in testing several improved production
protocols in the earthen ponds. Gilthead seabream and
Senegalese sole are to be reared in varying
combinations, different densities, and using eco-friendly
diets.

Development of eco-friendly diets: A shift towards a

lower usage of finite marine-harvested resources is a
major sustainability challenge facing the aquaculture
industry. A 12 weeks performance trial was undertaken
to evaluate the effects of replacing fishmeal and/or fish
oil in a practical diet of gilthead seabream with a
complementary mixture of vegetable protein (soy, peas,
wheat DDGS) and oil (soybean, rapeseed) sources, in
terms of growth performance, feed utilization, apparent
digestibility of nutrients and soluble nitrogen and
phosphorus excretion.
Growth of seabream, expressed either as weight gain or
daily growth index (DGI) has not been significantly
affected by the replacement at either 40 or 60% level of
fishmeal by plant-protein sources. At 40% fishmeal
replacement level the further replacement of 65% of fish
oil by vegetable oils has no effect on growth
performance.
However, the concomitant replacement of 60% fishmeal
and 65% replacement of fish oil originates a slight
reduction on weight gain, but essentially a significantly
increase on FCR. Proximate composition of fish was not
affected by the various dietary treatments.

Figure 2

Soluble phosphorus excretion was significantly reduced
by the use of plant-protein rich diets (Fig. 3)
PO 4 excretion (% of P intake)
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Figure 3 – Soluble phosphorus excretion was significantly
reduced by the use of plant-protein rich diets.

Current achievements
Growth performance of seabream during the grow-out phase in semi-intensive farming systems can be sustained by
a practical diet containing as little as a 12.5% level of marine-derived proteins and about 10% fish oil. Such
formulation has no detrimental effects on nitrogenous and phosphorus fecal losses and reduces soluble phosphorus
excretion by about 1/3. The performance of this eco-friendly diet is now being tested against a commercial diet in a
large scale trial to assess the polyculture concept throughout a full production cycle with gilthead seabream and
Senegalese sole.
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Nutritional approaches to reduce stress and enhance the
welfare status of farmed fish
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The welfare of farmed fish is a subject of
increasing concern within Europe. At
present, operational welfare indicators
(OWI) and implementation protocols
that are required in order to monitor and
safeguard the welfare of farmed fish are
still under definition. Development of
OWI and standardisation of protocols
can only be achieved when good
welfare, and its absence, can be clearly
identified and measured, which in turn
requires a better scientific understanding
of the physiological and behavioural
capacities of fish. Nutrition has been
identified as a powerful tool to modulate
the stress response in fish. The
Aquaculture Research Group (CCMAR),
individually or jointly with other CIMARLA groups has been involved in several
research projects aiming at a better
understanding of the role of selected
nutrients on minimizing stress in farmed
fish.
The STRESSAA Project
Stressful conditions are frequently
associated to growth retardation in
cultured fish. As growth is essentially
protein deposition, stressful husbandry

conditions are expected to affect the
amino acid requirements of fish. The
effects of selected stressful husbandry
conditions on growth and amino acid
metabolism were assessed in larvae and
juvenile Senegalese sole.
Both high stocking densities and air
exposure induce stress in sole juveniles,
as cortisol levels were significantly
increased.
Plasma amino acid levels indicate that
indispensable
amino
acids
(IAA)
requirements in stressed fish are altered,
which reflects a higher demand for
energy production, a higher rate of
protein synthesis or the synthesis of
proteins or other specific important
metabolites related to stress response.
To what extent these detrimental effects
of stressful husbandry conditions can be
minimized through dietary amino acid
supplementation has also been studied.
A beneficial effect of IAA supplements
was found in sole juveniles after a
chronic ammonia exposure followed by
drastic changes in water temperature.
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The SAARGO Project
The incidence of skeletal malformations in farmed fish is
a matter of concern in terms of welfare and has severe
financial implications for the industry. Research has been
conducted to evaluate the possibility of minimizing the
skeletal deformities commonly found in Diplodus spp.,
through the use of amino acid supplements or increasing
quantities of available dietary nitrogen. By means of a
proteomic approach, alterations on key skeleton proteins
have been identified, contributing thus to a better
understanding of the mechanisms involved in skeletal
development in fish.
The STRESSLING Project
In recent years, Senegalese sole has gained the status
of a new species for cultivation in Portugal and Spain. At
present, the main problem associated with large scale
cultivation of sole it is the high sensitivity of the postlarvae and juveniles to stressful situations commonly
found in aquaculture activities. These stressful
conditions cause not only sub-optimal growth, but also a
high susceptibility to opportunistic pathogens, mainly
Flexibacter, which may lead to mass mortalities.

The project was undertaken in collaboration with the
Immunobiology Laboratory (CIIMAR), implicated also a
partnership with a national SME involved in sole farming
and targeted the development of health-promoting diets
(through an optimised supply of dietary micronutrients,
such as antioxidant vitamins and immunostimulants) for
sole post-larvae and juveniles. Project achievements
clearly demonstrated that high dietary doses of vitamin
C (1000 mg/kg) and vitamin E (750 mg/kg) have a
beneficial effect on the non-specific immune response
criteria (lysozyme, complement, oxidative status) of
young sole. The vitamin C supplementation is believed to
further enhance the immunostimulatory effect of dietary
β-glucans. The optimal feeding strategy to go along with
the use of these fortified diets is currently under
definition.

Several members of the Aquaculture Research Group are also active participants in the COST Action 867 on Welfare of Fish in
European Aquaculture, an inter-disciplinary platform for scientific exchanges related to fish welfare.

Published articles related to this highlight
Aragão C., Corte-Real J., Costas B., Dinis M.T. and Conceição L.E.C. (2008). Stress response and changes in amino acid
requirements in Senegalese sole (Solea senegalensis Kaup 1858). Amino Acids, 34: 143-148.
Costas B., Aragão C., Mancera J.M., Dinis M.T. and Conceição L.E.C. (2008). High stocking density induces crowding stress and
affects amino acid metabolism in Senegalese sole, Solea senegalensis (Kaup 1858) juveniles. Aquaculture Research, 39: 1–9.
Pinto W., Aragão C., Soares F., Dinis M.T. and Conceicão L.E.C. (2007). Growth, stress response and free amino acid levels in
Senegalese sole (Solea senegalensis Kaup 1858) chronically exposed to exogenous ammonia. Aquaculture Research, 38: 1198-1204.
Rodrigues P.M.L., Cordeiro O., Silva T.S. and Conceicão L.E.C. (2007). Skeletal development analysis by two-dimensional
electrophoresis (2DE) in white bream (Diplodus sargus), fed with different diets. Journal of Bone and Mineral Research, 22: S282S282.
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a) Study of Myxozoan fish parasites: the
studies about this group of parasites
concerned three aspects: description of
new species, host-parasite relationships,
and detection of the alternative life
stages
in
aquatic
freshwater
oligochaetes. In the first case several
new species from South American fish
hosts were described and a synopsis of
Myxobolus
and
the
species
of
Ceratomyxa were published (including
744
and
147
nominal
species,
respectively). Especially interesting was
the description of a new disease caused
by Henneguya sp. (“Corncob Gill
Disease”), and the description, for the
first time, of a Myxobolus species
causing myoliquefaction of the host in
vivo. On the other hand alternative life
stages of Myxosporea were described in
freshwater oligochaetes from Portugal
for
the
first
time
–
a
new
synactinomyxon type was described
from worms from River Sousa, and new
forms of aurantiactinomyxon are under
study.
b) Studies on the morphology, the life
cycles, the ecology and the phylogeny of
several helminths fish parasites. The
morphological studies led to a deep
Ithyoclinostomum
knowledge
of
dimorphum (Trematoda: Clinostomidae),
of Progrillotia dasyatidis (Cestoda:
Didymobothrium
Trypanorhyncha),
rudolphii (Cestoda: Spathebothriidea)
and the re-description of Neocucullanus
(Nematoda:
neocucullanus
Cucullanidae). The description of new
metacestodes
of
Gryporhynchid
Tapeworms (Cestoda: Cyclophyllidea) is
being conducted. Studies on the life
cycle of Clinostomum complanatum
(Digenea, Clinostomidae) and life cycle
of Furcocercous cercariae (Trematoda)
on snail’s intermediate hosts were
performed. Characterization of fish
parasite populations and parasite
communities were conducted in several
fish hosts namely in Anguilla anguilla,
Cyprinus carpio and several Soleidae.
Phylogenetic studies were conducted in
Didymobothrium rudolphii (Cestoda:
Spathebothriidea).
c) Studies on the occurrence of
Nematoda Anisakidae, a worm parasite
with public health implications, in several
commercially
important
Portuguese
fishery species.
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d) Studies using parasites as biological
tags for marine fish population’s
discrimination are being conducted in
the commercially important Portuguese
fishery species Halobatrachus didactylus
and Aphanopus carbo.
e) Studies on the detection and isolation
of bacteriophages from the environment
and their use as prophylactic and
therapeutic
agents
against
fish
pathogenic bacteria.
f) Studies on the isolation and
characterization of bacteria pathogenic
for aquatic animals.

International Cooperation: Most of
the studies reported were done in
cooperation with institutions from
several
countries:
Institute
of
Parasitology of the Hungarian Academy
of Sciences; Institute of Parasitology,
Biology Centre of the Czech Academy of
Sciences; Kingston University (UK);
University of Maringá (Brazil); University
of Rio Grande (Brazil); National Institute
for Amazonia Research (Brazil); Fisheries
Institute of São Paulo (Brazil); University
of Londrina (Brazil); University of Goa
(India); University Eduardo Mondlane,
Maputo (Mozambique).
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Figure 1 – Some parasites detected in parasitological studies conducted by pathology research group.
A. Anterior end of a juvenile of Anisakis sp. B. Anterior end of Neocucullanus neocucullanus. C. Anterior
end of metacestoda of Parvitaenia samfya. D. Metacercaria of Clinostomum sp.

Published articles related to this highlight
Dias M.L.G.G, Minte-Veras C.V., Eiras J.C., Machado M.H., Souza G.T.R. and Pavanelli G.C. (2006). Parasitology Research, 99: 675681.
Eiras J.C. (2006). Systematic Parasitology, 65: 49-71.
Eiras J.C. and D’Souza J. (2006). Acta Parasitol. Port., 13(1/2): 43-45.
Marques J.F, Santos M.J. and Cabral H.N. (2006). Marine Biology, 105: 185-198.
Saraiva A., Silva F.A. and Silva-Souza A. T. (2006). Mem. Inst. Oswaldo Cruz, 101(6): 669-672.
Saraiva A., Silva F.A. and Silva-Souza A.T.(2006). Helminthologia, 43(3): 158-160.
Saraiva A., Rosim D.F. and Silva-Souza A.T. (2006). Bulletin of the European Association of Fish Pathologists, 26(6): 271-274.
Cavaleiro F. and Santos M.J. (2007). Journal of Parasitology, 93(5): 1218-1222.
Cruz C., Barbosa C. and Saraiva A. (2007). Helminthologia, 44: 21-24.
Davies A.J., Amado L.L., Cook R.T., Bianchini A. and Eiras J.C. (in press). Folia Parasitologica (in press)
Diniz D.A., Varella J.E.A., Guimarães M.D.F., Santos A.F.L., Fujimoto R.Y., Monfort K.C.F., Pires M.A.B., Martins M.L. and Eiras J.C.
(in press). Ann. Acad. Brasil. Ciênc.
Eiras J.C., Abreu P.C., Robaldo R. and Júnior J. Pereira (2007). Arquivo Brasileiro de Medicina Vetirinária e Zootecnia, 59(4): 895898.
Eiras J.C., Chemes S.B., Casabianca O.A., Takemoto R.M., Rossi L.M. and Pavanelli G.C. (in press). Bulletin of the European
Association of Fish Pathologists.
Eiras J.C., Joaber P. Júnior, Sampaio L.A., Robaldo R. and Abreu P.C. (2007). Diseases of Aquatic Organisms, 77(3): 255-258.
Eiras J.C., Takemoto R.M. and Pavanelli G.C. (in press). Acta Protozoologica.
Faltýnková A., Niewiedomsa K., Santos M.J. and Tellervo Valtonen E. (2007). Furcocercous cercariae (Trematoda) from freshwater
snails in Central Finland. Acta Parasitologica, 52(4): 310-317.
Hermida M., Saraiva A. and Cruz C. (in press). Bulletin of the European Association of Fish Pathologists.
Marques J, Santos M.J., Gibson D, Cabral H. and Olson P. (2007). Parasitology, 134(7): 1057-1072.
Ramos M.F., Costa A.R., Barandela, T., Saraiva A., Rodrigues P.N. (2007). Diseases of Aquatic Organisms, 74(3): 249-253.
Santos M.J. Karvonen A., Pedro J.C., Faltýnková A., Seppälä O. and Valtonen E.T. (2007). Journal of Parasitology, 93(6): 1319-1323.
Scholz T., Boane C. and Saraiva A. (in press). Comparative Parasitology.
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Public Awareness of Science
SOCIETY INTERFACES: public equipments scientifically managed by CIMAR
CMIAs
Environmental Monitoring and
Interpretation Centres
Through protocols with the municipalities of Matosinhos
and Vila do Conde, CIMAR is directly managing two
public centres for environmental monitoring and
interpretation (CMIAs).
These 2 centres opened in 2007 and both have already
displayed several temporary exhibits and performed
regular in house and field activities for public of different
ages, with a particular emphasis on youngsters.
Several workshops, professional courses and regular
conferences have also already been held.
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ELA
Aguda Littoral Station

AQUAMuseu
River Minho AQUAMuseum

ELA is a public aquarium and local fisheries museum ran
by Michael Weber, a CIMAR researcher who was the
primary responsible for its birth.

The “Aquamuseu do Rio Minho” is located in Vila Nova
de Cerveira, in the zone of Castelinho. It has 3 stories,

The Aguda Littoral Station “ELA” is currently visited by
more than 25,000 person per year and has a special
relevance in what concerns Environmental Education
Programs for all ages:


“Marine Fairytales”, pre-primary level



“Marine Classes”, primary level

•

“A Night on the Bottom of the Sea”, primary
level



“Environmental Education
secondary level



“Nature’s Interpretation Walk”, secondary level



“Alive Science in Summer”, general public



“Marine Ecology and Fishery Technology”,
university level



“Coastal Ecology and Artificial Reefs”, university
level

in

the

Littoral”,

with a total area of 1100 m2. There is a public area:
reception / river shop, river aquarium, fisheries museum,
library / coffee shop, auditorium and an open-air river
hotter terrarium; and a technical area: quarantine,
laboratories, feeding room, workshop, water quality
maintenance and water reservoirs.
The Aquarium shows the aquatic life of the most
characteristics biota of river Minho, from the birth of the
river to the estuary. The Fisheries Museum exhibits old
and contemporary fishing gear and memorabilia related
to the relation of the population with the river through
the times.
Its Director, José Carlos Antunes, is a CIMAR researcher,
and CIMAR has been collaborating wit several activities
promoted by the AQUAmuseum.
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LATITUDE60!: a successful Portuguese educational project for
the International Polar Year
José Xavier, Ana Salomé
David, Adelino Canário
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Vanessa Fernandes,
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Portugal participates for the first time in
the International Polar Year (IPY) 20072009, an international scientific program
dedicated to the Polar Regions. The IPY
has also a strong education and
outreach
programme
and
the
Portuguese
educational
project
LATITUDE60! is considered one of the
most active and comprehensive projects
internationally.
LATITUDE60! has developed more than
40 activities dealing with education and
outreach to explain polar research,
aimed at all levels of society from
children to the elderly, teachers and the
general public.
The top events during the last year
were:
1. Science and Art competitions for
school at various levels culminating
on an educational expedition of 7
high school students integrated in
"Students on ice" (IPY Core project
responsible to take students from all
over the world to the polar regions
during the IPY),
2. Interactive
of
the
exhibition
“NULLIUS_Paisagem Antárctica” on
polar science and art which is
travelling around the country,
3. Itinerant theatre play “Os Pólos da
Nossa Terra”,
4. Workshops with students at Serra da
Estrela linking polar environments
with our own environments in our
country,
5. Lectures
in
educational
establishments (e.g. universities,
schools); pamphlets and books (also
written in Braille) with information on
polar research and the importance of
the polar regions distributed all over
Portugal,
6. Polar science weekend at Pavilhão do
Conhecimento, Lisbon, with record
visits. Various hands on activities and
lectures with the presence of Prof.
Dave Carlson, Director of the
International Program Office of the
IPY.
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More than 200 schools, 400 teachers and thousands of
students are involved in LATITUDE60!. Some reasons for
its huge success:
1. It is coordinated by polar scientists with strong
involvement of teachers using internet technologies
(platform “moodle”),
2. Comprises more than 30 activities/events reaching all
age groups,
3. Strong commitment by Polar scientists to participate
actively visiting schools and giving lectures,
4. The multidisciplinary character favoured acceptance
by school teachers which integrated Latitude60! in
their activities.
Teachers were a key for the success of LATITUDE60!,
making the link between Polar scientists and the
students, engaging their students into Polar Regions
projects within their schools and being highly
enthusiastic in promoting Polar science.
Internationally, Latitude60! has been explained at
conferences (e.g. USA, Italy, Iceland) and international
organizations (e.g. International Education and Outreach
working group, Association of Polar Early Career
Scientists) and has been used as a model in educational
programmes of other countries, and even making
bridges between Portuguese teachers and teachers from
other Portuguese speaking countries.

http://latitude60.blogspot.com/
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Sea Itinerant University

The Sea Itinerant University (UIM) is a
program that aims to promote the
maritime identity of Portuguese and
Spanish students, through the contact
with the sea and its potentialities,
related activities and culture. It also has
the objective to encourage the students
to discover the value of working in a
group, sharing difficulties and projects,
while they take part in all the tasks of
the navigation and visit different cities.

This initiative had its first edition in
2006, and it is organized by the
University of Porto, trough CIMAR, and
the University of Oviedo. Courses are
organised in land and on board the
vessel CREOULA, a four-masted training
ship of the Portuguese Navy built in
1937. During the course, students have
to deliver “Sea Projects” as well as log
books. Students who get positive
classification in the works gain academic
recognition, in accordance with the
norms of each of the participant’s
Universities.

In 2007 the program offered two
courses between the 1st and the 26th of
August for 84 Portuguese and Spanish
university students from the participant
universities (Porto, Algarve and Oviedo)
and from secondary schools. The main
theme was “The Mediterranean: a
meeting space between cultures” with
an emphasis on the environment and
sustainable
development
of
the
Mediterranean basin.
The
first
course departed from the Navy Scholl in
Lisbon and followed, after boarding in
Barcelona, route to Corsica, Menorca
and Palma de Majorca. The second
course started from the University of
Oviedo and followed, after boarding in
Palma de Majorca, route to Portimão.

94

HORIZONTAL PROGRAMMES

In 2008 the program will be dedicated to the theme
“Energy, Environment and the Sea”, with an emphasis
on the implication of the energy issues in the sustainable
development and the sea as source of energy and route
of transportation, and will involve the University of
Aveiro as invited institution.
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Post-Graduate Studies
Doctoral School in Marine and Environment Sciences
1st Edition: 2007/2008
The new Doctoral School in Marine and
Environment Sciences was created
between the University of Porto, through
ICBAS (Instituto de Ciências Biomédicas
Abel Salazar) and the Faculty of Science,
and the University of Aveiro. Two majors
Portuguese Associate Laboratories are
also involved: the CIMAR and the CESAM
(Centre for Environmental and Marine
Studies), Aveiro. This course is designed
under the framework of the Bologna
Process.
The duration of the course is four years,
a first year attending classes and the
three following years dedicated to the
preparation of the PhD thesis and
formation to entrepreneurship.
The Doctoral School in Marine and
Environment Sciences has the objective
to form professionals to work in marine
and environment policy, sustainable use
and associated economic activities.
Four areas
proposed:

of

specialization

are

Executive Committee:
João
Coimbra,
Eduardo
Rocha
(University of Porto) and Henrique
Queiroga (University of Aveiro)

• Marine resources and Aquaculture

Scientific Committee:

• Oceanography and Marine
ecosystems

João Coimbra, Eduardo Rocha
Henrique Queiroga (by inherence)

• Environmental Quality

Aires Oliva-Teles and Maria Armanda
Henriques (University of Porto)

• Environmental Planning and
Management

In the first edition fifteen students from
different backgrounds were selected by
the
scientific
committee
of
the
programme among 177 applicants. The
Portuguese Science and Technology
foundation supports this programme by
offering ten 4-year PhD fellowships per
edition.
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Post-Graduate Studies
Master of Science in Marine Biodiversity and Conservation
The
ERAMUS
MUNDUS
M.Sc.
programme EBMC is strongly oriented to
the fundamental understanding of the
structure and function of marine
biodiversity, the acquisition of several
kinds of tools required for understanding
the complexity of biodiversity patterns
and processes and finally to the
application of this knowledge for nature
conservation and restoration.
The programme is divided in 3 thematic
modules:
(1) Understanding the structure and
function of biodiversity deals with the
fundamental aspects of Oceanography
(on a multidisciplinary basis, including
physics, chemistry, geology, biology,
ecology, biogeography, climate change),
the structure and functioning of Marine
Biodiversity (from genes to habitats) and
with impact studies.
(2) Toolbox for investigating marine
biodiversity provides an advanced
training in statistics and experimental
design, modelling, taxonomy, data and
information
management,
field
observations and interpretation and
molecular methods.

The EMBC programme (2 years or 120
ECTS) is complemented with summer
schools (6 ETCS) on specialized topics in
European Marine Research Stations
operating within the EU-Network of
Excellence MarBEF. In the second year,
a research project (Master thesis) of 30
ETCS is scheduled.
This joint degree M.Sc. programme is
run by six European universities:
• Belgium: Ghent University
• Germany: University of Bremem
• Portugal: University of
CIMAR (Ester Serrão)

Algarve,

• France: University Pierre and Marine
Curie – Paris 6
• Spain: University of Oviedo
• Lithuania: Klaipèda University
and all partners of the EU-Network of
Excellence MarBEF.

Contact: embc@ugent.be
www.embc.marbef.org

(3) Conservation and restoration of
marine biodiversity deals with the
application of the above mentioned
theories and methods in order to
develop a sustainable use of the marine
environment.
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Thematic Networks:
to build the National and European Research Areas
Thematic networks play a very important role in the
structuring of the scientific community and the
internationalization of research laboratories.
CIMAR participates in several thematic networks, being
in the executive committee of two Networks of
Excellence in marine research: “Marbef: Marine
Biodiversity and Ecosystem Functioning” and “MGE:
Marine Genomics Europe” funded by the 6th Framework
program of the EC.

others for data standards for biological data, were
established. The taxonomic backbone of all the data
activities is the European Register of Marine Species that
has been updated by Marbef. The use of a central
register of taxonomic names improved the quality of
integration of data from several sources.

MGE
Marine Genomic Europe
MarBEF
Marine Biodiversity and Ecosystem
Functioning
www.marbef.org
Marbef NoE is a network of 94 marine research
institutions that aims at structuring the community of
researchers and research organisations that work on
marine biodiversity and to integrate the research done in
Europe on the role of Biodiversity in the functioning of
the ecosystems and their services. It is organised in
different activities: from different projects integrating
experiments and data, to a taxonomic clearing system,
specialist training courses and workshops, and
developing an integrated data and information
management system. Its main achievements were the
production of new results and theory, which will be
presented at the “First World Congress of Marine
Biodiversity”, organised by Marbef in Valencia in
November 2008. Another relevant aspect was the
promotion of interdisciplinary research, especially
integrating socio-economic, biological and ecological
research that resulted in new teams being formed at the
European scale with many new scientific contributions
that will be very relevant for policy. A very important
product of Marbef are the several extensive databases
that were created to store information on planned,
ongoing and finalised research, lists of institutions,
scientists and their expertise and publications, lists of
research facilities, oceanographic vessels and cruises,
and an inventory of biodiversity databases. These
databases allowed the efficient access and sharing of
resources within and outside the network and are still
being updated and enlarged. Recognising from the start
the need to create massive data sets on species and
biogeography, Marbef established a public European
warehouse of biological databases together with
intelligent tools for data mining. The work was done with
and taking advantage of the Ocean Biodiversity
Information System (OBIS) and more particularly the
European section of this system, the EurOBIS. To
facilitate exchange of research results, data formats and
standards were agreed and links with TDWG,
ICES/MDM, IODE/GE-TADE, IODE/GE-BCDMEP and
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www.marine-genomics-europe.org
MGE NoE is a crossroad between Life Sciences,
Ecology, Environment, BioInformatics and High
technologies within a multicultural European network. It
is devoted to the implementation of high-throughput
genomic approaches in the biology of marine organisms.
It aims to promote, develop, and spread throughout the
European Union a broad range of genomic approaches,
to investigate a wide range of questions related to the
functioning of marine ecosystems and to the biology of
marine organisms. With this aim in view, experts in
genomics, proteomics, and bioinformatics from several
Centres of Excellence in genomics in Europe network
with marine biologists who can make use of highthroughput genomics data. This involves the dedication
and
the
development
of
common
research
infrastructures, both in genomics and in marine biology.
MGE unites 44 institutions from 16 countries (within and
outside Europe) and 450 scientists.

MARS
European Network of Marine Institutes and
Stations
www.marsnetwork.org
Marbef and Marine Genomics Europe are at the moment
in extended discussion with MARS for the creation of a
virtual institute dedicated to marine biological sciences
to further the interactions and synergies and as a
commitment for durable integration. A first meeting of
directors will be taking place in June 2008 to decide on
the structure and program of this new European
infrastructure.

HORIZONTAL PROGRAMMES

divMar
EPBRS
European Platform for Biodiversity Research
Strategy
www.epbrs.org
CIMAR has been also founder and is part of the Steering
Committee of the EPBRS that is a forum for scientists
and policy-makers to ensure that biodiversity research
contributes to sustainability. Its participants, from across
Europe, meet to identify and promote strategically
important biodiversity research that will contribute to
policies and management to reduce biodiversity loss,
and help to conserve, protect, restore and make use of
the components of biodiversity in a sustainable way.
Since its inception in 1999 it has met twice a year under
successive EU Presidencies. The main tangible
deliverable of each EPBRS meetings is written
agreements of the group on issues that are of high
scientific and policy importance.

divMar
Rede de Biodiversidade Marinha e Costeira
www.cimar.org/divmar
To increase collaboration and synergies between
biodiversity researchers and create critical mass at the
national level is also very important. Cimar launched in
2007 the divMar to bring together researchers and
institutions that do research on marine biodiversity, on
its conservation and sustainable use, and to organise
research and data at a national level. The network
started as an agreement between three Associated Labs
and is now open to the participation of all interested
researchers and institutions. The program of work for its
first year was approved and includes the start of
monitoring programs that will be established and
maintained by the participant institutions. The creation
of databases and sharing infrastructures and data are
key objectives of this network, as well as the support of
policies, especially policies that concern the marine and
coastal environment.

In 2007, as in 2000, CIMAR organised the EPBRS
meeting as part of the activities of the Portuguese
Presidency of the EU. The theme of the meeting was:
“Life on the Blue Planet: Biodiversity research and the
new EU marine policies” and the meeting was prepared
by a 3 week long electronic conference where the
meeting subjects were presented by invited contributors
and discussed by a wide number of specialists
worldwide. The meeting brought to Porto around 100
participants from 30 countries, representatives from
EC´s DG Research, DG Environment and DG Fisheries,
the European Environmental Agency and coordinators of
the main NoEs and IPs relevant for Marine Biodiversity.
It produced two main documents: one with research
priorities on marine biodiversity and one on the
importance of biodiversity research in the framework of
the new EU Marine and Maritime Policy in general and in
the future EU Marine research Strategy in particular.
Currently EPBRS is discussing its role in the proposed
European Advisory Mechanism on Biodiversity that is
presented in the Communication from the Commission:
Stop biodiversity loss in 2010 and in the Global
Mechanism (IPBES) Intergovernmental Platform on
Biodiversity and Ecosystem Services that was approved
at the UN Convention for Biologic Diversity in Bonn, May
2008.

99

Technology Transfer
OPTIDIETAS project: Optimized feed formulation for
Senegalese sole and blackspot seabream
L.M.P. Valente
Laboratory of Nutrition, Growth
and Quality of Fish, CIIMAR
lvalente@icbas.up.pt

L. Conceição
Aquaculture Laboratory, CCMAR
lconcei@ualg.pt

J. Dias
Aquaculture Laboratory, CCMAR

A.C. Silva
Laboratory of Nutrition, Growth
and Quality of Fish, CIIMAR

J. Silva
Laboratory of Nutrition, Growth
and Quality of Fish, CIIMAR
Aquaculture Laboratory, CCMAR

B. Costa
Laboratory of Nutrition, Growth
and Quality of Fish, CIIMAR
Aquaculture Laboratory, CCMAR

S. Soares
Laboratory of Nutrition, Growth
and Quality of Fish, CIIMAR

T. Aires
Aquaculture Department,
SORGAL, S.A.
Tiago.Aires@soja-sgps.pt

Senegalese sole (Solea senegalensis)
and blackspot seabream (Pagellus
bogaraveo) are presently the object of
particular interest from European fish
farmers due to a wide market and good
prices, especially when compared to
established species such as seabream
and seabass. Significant advances were
achieved in optimizing broodstock
management, larval rearing protocols
and juvenile culture techniques for these
species. Despite such progress, during
the grow-out phase blackspot seabream
displays low growth rates associated
with high lipid deposition, whereas the
main problem associated with large
scale cultivation of sole is the high
sensitivity of the post-larvae and
juveniles
to
stressful
situations
commonly
found
in
aquaculture
activities.

The Laboratory of Nutrition, Growth and
Quality of Fish (CIIMAR) together with
the
Aquaculture
research
group
(CCMAR) coordinates the OPTIDIETAS
project in consortium with a feed
company SORGAL, S.A. (Project IDEIA
70/00073). This project is focused on
the optimization of dietary formulations
and feeding practices for Senegalese
sole and blackspot seabream, based on
the specific nutritional requirements and
feeding behaviour of each species

Objective 1: Optimization of the
dietary lipid level in juveniles
The dietary lipid level for the Senegalese
sole optimal growth has never been
determined. Five diets with increasing
dietary lipid concentrations (4, 8, 12, 16
and 20% DM) were tested. Fish fed on
diets containing the two lowest dietary
lipid levels showed a 3-fold body weight
increase and displayed significantly
higher daily growth index than fish fed
the highest lipid level. Moreover, fish fed
4% lipids showed a significantly lower
voluntary feed intake and feed
conversion ratio than fish fed 12% lipids.
These results evidenced a low lipid
tolerance of Senegalese sole juveniles
and suggest a maximal dietary inclusion
level of 8% lipids for both optimal
growth and feed utilization.
Blackspot seabream also showed a low
lipid tolerance as diets with fat levels as
low as 12% still lead to excessive whole
body lipid deposition (>18 %) in this
species. A dietary lipid level of 10% is
then recommended.
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Objective 2: Utilization of different protein
sources in juveniles

Objective 3: Optimization of feed distribution

(from: www.foodprocessing-technology.com)

Considering the high dietary protein requirements of
carnivorous species (>40% for blacksptot seabream
and >50% for sole), fish meal replacement by plant
protein sources is fundamental for the sustainable
development of aquaculture. Moreover, fluctuations
on fishmeal market availability seriously increased the
prices of this protein source which is the single most
important and expensive dietary nutrient.
Lysine is an indispensable amino acid being often one
of the limiting amino acids when plant protein sources
are included in fish feed production. A dose response
experiment testing graded levels of crystalline lysine
(from 1.5% to 6% of dry diet) was conducted in
juvenile Senegalese sole, suggesting an optimum
dietary lysine supply of 4.68 g lysine / 16 g N. This
value was subsequently used to calculate ideal diets
protein profile for Senegalese sole.
The effects of fishmeal (FM) replacement by plant
protein (PP) were evaluated in blackspot seabream
fed different protein (P)/lipid (L) levels. Dietary
inclusion of PP did not affect growth performance of
fish fed 60P/6L, although fish fed 50P/10L exhibited
significantly lower final body weight and daily growth
index. Fish fed 60P/6L diets presented the highest
protein and the lowest lipid content. FM replacement
by PP does not seem to be very feasible from the
industry point of view, at least at the present
moment, being the 50P/10L FM diet the most cost
effective for blackspot seabream juveniles.

Senegalese sole juveniles did not manage to use the
self-feeders, being suggested the automatic feeding
distribution during at least 12 hours, including the
night period, to achieve maximal growth and
efficiency.
The feeding rhythm and growth performance of
blackspot seabream (Pagellus bogaraveo) juveniles
was studied under self-feeding using a string sensor
that had to be bitten and pulled or hand feeding for
90 days. Self-feeders led to similar growth but better
efficiency than fish fed by hand, and hence, can be
regarded as a helpful tool for the improvement of
blackspot seabream production. Data showed that
60% of the feed demands were nocturnal; the
maximum of feed demand was verified between
19:00 and 22:00 h.
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