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Abstract: The EUROFLEETS+ CARBO-ACID cruise was carried out
to investigate the ocean acidification effects on the carbonate organisms
(coccolithophores, pteropods, foraminifera, and corals) along the W
Iberian Margin. Samples of the water column, plankton, corals and
sediments were collected to investigate the acidification effects since
the pre-industrial Era until the present. These samples will allow not
only to reconstruct the pH variability under different environmental
conditions, but also to estimate the biogeochemical changes along the
oceanic coastal waters as the anthropogenic influence increases. The
obtained results will contribute to better understand and model the
biological response to the expected ocean temperature and pH changes
in the future. This work aims to document the type of samples col-
lected, the planned analyses strategy and to show the first oceanographic
obtained results in the study area.
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Resumo: Para investigar os potenciais efeitos da acidificagdo nos
organismos carbonatados (cocolitoforos, ptéropodes, foraminiferos
planctonicos e bénticos, e corais) ao longo da margem Ibérica, realizou-
-se a Campanha Oceanografica CARBO-ACID, financiada pelo programa
EUROFLEETS+. Nessa campanha foram recolhidas amostras da
coluna de agua, plancton, corais e sedimentos para avaliar os efeitos da
acidificagdo em toda a coluna de agua desde a Era pré-industrial até¢ ao
Presente. As amostras recolhidas permitirdo comparar as variagdes de pH
da agua sob diferentes condi¢des ambientais ¢ estimar a amplitude das
mudangas biogeoquimicas no oceano costeiro, a medida que a influéncia
antropogénica aumenta. Os resultados obtidos irdo contribuir para melhorar
a modelagdo da resposta da biota as alteragdes da temperatura e do pH
esperadas no oceano num futuro proximo. Pretende-se neste trabalho
divulgar o tipo de amostras colhidas, as analises planeadas e os primeiros
resultados oceanograficos obtidos na area em estudo.
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1. Introduction

Since the pre-industrial Era, atmospheric carbon dioxide (CO,)
concentrations increased from 280 parts per million vol. (ppmv) to
more than 418 ppmv (Dlugokencky and Tans, 2023), reaching the
highest concentration experienced on Earth for the last 800 thousand
years (Liithi et al., 2008). If global CO, emissions continue to increase
at the same rate as in the 2006-2015 period, atmospheric and oceanic
temperatures will increase along with CO,, and the pH of the ocean
will decrease by ~0.3 pH units by the end of this century (Bindoff et
al., 2019). At the coastal upwelling regions, the ocean acidification
can regionally be amplified by the combination of higher CO,
concentrations in the upwelled waters with high rates of primary
production and respiration which strongly control seawater carbonate
chemistry (e.g. Feely et al., 2008). This scenario can regionally
potentiate dramatic impacts, some of which already observed in the
marine biota, especially in calcifying organisms, e.g. diversity loss and
reduction of the calcification rate (e.g. Bijma et al., 2013).

To investigate the evolution of ocean acidification along
the Iberian coastal upwelling system and evaluate its impact on
carbonated organisms (coccolithophores, pteropods, planktonic and
benthic foraminifera, and corals), the research cruise CARBO-ACID
(EUROFLEETS+) was carried out, between the 2™ and 11* August
2022, onboard of the RV Ramoén Margalef (Salgueiro et al., 2022). In
this work we present the data and samples collected during this cruise,
the planned analyses, and the discussion of the first oceanographic
results.
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2. Methodology

Sampling was conducted in seven stations along two transects off
the Iberian margin (Figura 1): four stations in the northern transect
between 42°30’and 42°50° N (W - E: CA3, CA2, CA7, CAS), under
the influence of the Cape Finisterra upwelling filament; and three
stations (W - E: CA6, CAS5, CA4) in a southern transect between
38°30’and 39°10” N, under the influence of the Cape Roca upwelling
filament. Nearby each station and during the transects, whenever
possible, a multibeam survey (bathymetry and backscatter) was run,
providing important information about the seafloor characterization
prior to the seabed sampling operations. During this cruise, 237.6
nautical miles of multibeam survey were acquired, corresponding to
a total area of 673.1 km? of seafloor coverage. Each station started
with a CTD-Rosette cast that allowed recording several parameters
(pressure, temperature, conductivity, oxygen, fluorescence, and
turbidity) to characterize the water column and to collect seawater
samples at specific depth levels. The CTD data were used to calculate
the water depth, potential temperature (0), salinity and sigma-theta
(density), tallowing to characterize the upper layer, the seasonal
thermocline, fluorescence maximum, and identify the different
water masses. The Rosette water samples were subsampled onboard,
preserved in cold conditions or with chemicals and/or filtered
for several further analysis in the shore-based laboratories: DNA,
chlorophyll, phytoplankton, coccolithophores, pH, alkalinity, stable
isotopic composition, trace elements’ concentration and suspended
particulate matter. Subsequently to these operations, at each station,

Figure 1. CARBO-ACID cruise track and stations.

Figura 1. Trajetoria e estagdes efetuadas durante o cruzeiro CARBO-ACID.

two vertical tows were done on the top 700 m of the water column
using a plankton multinet (with 5 nets) to sample zooplankton of
five different pre-selected water layers, and confirmed based on the
temperature, salinity, and fluorescence profiles obtained during the
downcast. A total of fourteen vertical plankton tows allowed the
collection of the live planktonic communities living at the different
water depths and water masses. After this, seafloor sediments and
cold-water coral samples were recovered with a box-corer and a
shipek grab to study past oceanographic conditions applying a multi-
proxy paleoceanographic and sedimentological approach (Figura 2).
A total of ten box-corer stations allowed the recovery of the top 11
to 60 cm of seafloor sediments to establish the paleoceanographic
conditions between the pre-industrial Era and the Present, according
to the regional sedimentation rate (e.g. Jouanneau et al., 2002).
Fifteen shipek grab samples were additionally collected at the
Fontanelas seamount (station CA6) to characterize the sedimentary
cover and to collect cold-water corals.

3. Results

Stations CA7, CA8, and CA4, located closer to the coast (Figura 1),
show colder surface waters and higher values of fluorescence. At
station CA4, near Cape Roca, the temperature was higher, and the
fluorescence showed lower values than the stations up in the North.
The CTD profiles and the potential temperature-salinity (6/S) diagrams
(Figura 3) allowed to identify the upper layer and the main water
masses present in the Iberian coastal ocean. In the upper layer, the
seasonal thermocline and the fluorescence maximum were identified
between 25 m (station closest to the coast, CA7) and 175 m (deep
stations e.g. CA3). The presence of the Eastern North Atlantic Central
Water with subtropical (ENACWst: 18.50°C; 36.75) and subpolar
origin (ENACWsp: 10.00°C; 35.40) (Figura 3) was detected between
175 m and 400 m water depth. Below 400 m, and until ~1200-1400
m, the influence of the warm, salty, and low oxygen Mediterranean
Outflow Water (MOW) was observed. In the deeper layers of station
CAZ2 (the deepest one sampled at Cape Finisterra transect), the Labrador
Sea Water (LSW) and the North Atlantic Deep Water (NADW) were
detected in the CTD data through the temperature and salinity decrease
(Figura 3) and an oxygen increase.

Seafloor sediment samples showed significant differences between
the stations. Along the northern transect (Cape Finisterra), the seafloor
sediments showed an increase in grain size from offshore towards
the coast. The offshore stations CA3 and CA2 revealed finer grained
sediments; CA8 was composed of coarser sand; while the sediment at
station CA7, the shallowest station (77 m depth), was mainly composed
of shell fragments and coarse grain sand. Along the southern transect
(Cape Roca), the offshore station CA6 (Fontanelas seamount) had
coarser sandy sediments with rock clasts and cold-water coral fragments,
while the stations CAS and CA4 revealed fine sand to muddy sediments.

4. Discussion

The coastal stations, CA7, CA8, and CA4 were the most influenced
by coastal upwelling, showing, colder surface water and higher values
of fluorescence, reflecting higher phytoplankton concentrations, as
typical under upwelling conditions. At station CA4, close to Cape
Roca, the less cold and productive waters, suggest less persistent
upwelling filament or/ and different upwelling source waters from
those upwelled further north.

The Cape Roca stations (green in Figura 3) show stronger influence
of the ENACWst, while the ones at Cape Finisterra (blue in Figura
3) are more influenced by the ENACWsp. The ENACW presented
in this study show thermohaline properties shifted to the left of the
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Figure 2. Methods and sampling gears.

Figura 2. Métodos e equipamentos de amostragem.

Figure 3. Potential temperature-salinity (6/S) diagrams of the 7 CTD stations
conducted during the cruise. Presence of the Eastern North Atlantic Central Water
subtropical (ENACWst) and subpolar (ENACWsp) branches; Mediterranean Outflow
Water (MOW); Labrador Sea Water (LSW), and the North Atlantic Deep Water
(NADW). The ENACW reference curve is shown in red (Fiuza, 1984).

Figura 3. Diagramas Temperatura potencial — Salinidade (6/S) das 7 estagdes de CTD
realizadas durante a campanha. Identifica-se a presenga da Eastern North Atlantic
Central Water ramos subtropical (ENACWst) e subpolar (ENACWsp); Mediterranean
Outflow Water (MOW); Labrador Sea Water (LSW), e a North Atlantic Deep Water
(NADW). A curva de referéncia da ENACW esta representada a vermelho (Fiuza,
1984).

Fiuza’s (1984) reference curve. This happens for the first time after the
analysis of 60 years (1955-2016) of hydrological profiles, collected in
the Iberian coastal ocean (Valente ef al., 2019), where a tendency for
0/S points be shifted to the right of the reference curve was observed
for a couple of times. The MOW at station CA2 has its maximum in
salinity at ~1000 m, showing a good agreement with the data collected
by Prieto et al. (2013), offshore Cape Finisterra. In the southern station
CAS, the presence of the two cores of MOW is very clear: the upper
core centred at ~800 m and the lower core centred at ~1200 m (Figura
3). Both deep waters, LSW and NADW, were only observed at station
CA2 (the deepest one) with the LSW present until 1900 m, and then
the influence of the NADW. Below the layers of MOW, station CAS
(along Cape Roca transect), also shows a tendency to follow the slope
of the LSW (Figura 3).

All the other bio-geochemical, sedimentological and
micropaleontological analysis are still ongoing.

5. Conclusion

The Cape Roca transect is more influenced by the ENACWst, while
the Cape Finisterra transect is more influenced by the ENACWsp.
At both transects, this central water mass is shifted to the left of
the reference curve, indicating differences in temperatures and/or
salinities relative to the Fiuza’s (1984) ENACW reference curve.
Furthermore (paleo)oceanographic, geochemical, sedimentological
and micropaleontological analysis are in progress to understand if
the observed changes in temperature and/or salinity are an effect of
climate change and/ or changes in the Iberian upwelling conditions.
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