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AIMS AND STUDY AREA
The aim of this work is the characterization of a summer upwelling-downwelling event in the Northern
Galician Rias . The Cantabrian Sea is located the northernmost point of the Iberian Peninsula, Estaca de Bares
2
2
Cape (43º47.5'N), and there are three Galician Rias (Fig. 1): Ortigueira (38 km of surface), O Barqueiro (10 km )
2
and Viveiro (27 km ). They form a whole named as 'Northern Galician Rias' or 'Rias Altas', according to the tectonic
classification proposed by Torre Enciso (1958).

MATERIALS AND METHODS
thermohaline variables, nutrients salts and
The oceanographic characteristics in the
chlorophyll concentrations, and phytoplankton
water column of the Northern Galician Rias
abundances measured at sections located in
were researched during a summer upwelling
the Rias of Viveiro, O Barqueiro and Ortigueira.
event (July 2008; R/V Mytilus) and compared
Moreover, it were also considered the Ekman
with the patterns measured under a
transport at five control points calculated with
subsequent downwelling process (August
wind data from QuikSCAT satellite, upwelling
2008; R/V Lura). Six stations at different
intensity estimated from upwelling index
depths -between 10 and 100 m- were studied
values calculated at a point located at 43ºN
in every ria (Fig. 1) during July and seven
Figure 1. Map of northern Galician Rias showing sampling
and 11ºW using the average daily geostrophic
stations on August). Water samples at each
stations (black circles).
winds and SST maps (NASA GHRSST satellite).
station were collected at standard depths (0,
Upwelling intensity was estimated from daily upwelling index
5, 10, 20, 40, 60, 80 and 100 m) using General Oceanic Niskin
(UI) values calculated from geostrophic winds.
bottles. Both phenomena were characterized in situ using
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Figure 3. Contour maps of nitrate, ammonium and chlorophyll-a along
the main channel of the O Barqueiro Ria on July and August 2008.
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Figure 2. Temporal evolution of the Sea Surface
Temperature maps and Ekman transport pattern (white
arrows) along the northern Galician coast. SST images
correspond to the date shown on the left of each frame.
Ekman transport was calculated by QuikSCAT satellite
data averaged for four days for the date shown on the
right of each frame.
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During July and August
2008 the Ekman transport behavior
in the Northern Galician Rias shows
two different patterns: i) transport
with southeastward direction
resulting downwelling favorable
conditions (Fig. 2A,D,E,F); and ii)
transport with northwestward
direction and upwelling favorable
conditions (Fig. 2B,C).

St.7 - Viveiro

Figure 4. TS diagram corresponding to
the stations located at the mouth (St.
5) and the shelf (St. 8 during July and
St.7 during August) of the Northern
Rias. Grey band corresponds to the
ENACW water mass.

In the rias and their neighbouring
shelf nutrient salts concentrations
(Fig. 3) increased with depth,
reaching their maximum
concentrations near the bed.
Nitrate was practically depleted in
the inner surface waters of
Barqueiro and Viveiro Rias and the
highest values were measured at
bottom near the shelf.

Under downwelling conditions a depletion of nutrient salts was observed in all the water column of the Barquiero
Ria and offshore seawaters. Maximum concentrations of nutrients were low in comparison with the upwelling event
and they were measured close to the innermost ria zone.
Data information during the upwelling event showed the intrusion of water mass into the ria associated with the
Eastern North Atlantic Central Water (ENACW). ENACW was detected near the shelf (from 65 m depth to the shelf
bottom at 95 m depth) at the most external stations but it comes partially mixed with surface waters into the
Northern Rias (Fig. 4).
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