
IR stn 

BG stn 

OR stn 

IMPORTANCE of the SMALL in a CHANGING OCEAN: UNDERSTANDING  

SHORT TERM VARIABILITY and ROLE of SMALL PLANKTON (i-SMALL) 
Castro CG1*, Alonso-Pérez F1, Amo-Seco M1,2, Arbones B1, Bañuelos R1, Barton ED1, Berg P3, Chamorro A1, Correa BG1, Figueiras FG1, Froján M1, Garci 

ME1, Garrido JL1, Gavalás-Olea A1, Graña RF4, Maceda M2, Muñoz-Colmenero M, Matud –Serrano P2, Nieto-Leirós L1, Pérez Testa M1, Pertierra LS2, 

Ramilo G1, Rellán T1, Rosón G1, Sánchez A1, Sotelo CG1, Teixeira IG5, Villacieros-Robineau N1 & Zúñiga D1 
 

1 Instituto de Investigaciones Marinas-CSIC (IIM-CSIC), Vigo, SPAIN 2 Dpt. Física Aplicada, Universidade de Vigo, Vigo, SPAIN 3 Dpt. of Environmental Sciences, University of 
Virginia, Charlottesville, USA 4 Centro Oceanográfico de Gijón, Instituto Español de Oceanografía (IEO), Gijón, SPAIN 

5 Centre for Environmental and Marine Studies & Department of Biology, University of Aveiro, PORTUGAL 

PROJECT OBJECTIVES 
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RESULTS 

We have implemented an eddy covariance system with a new oxygen 
sensor; a planar optode recording data at 64 Hz 

Oxygen exchange across the seabed is a key measure for quantifiying 
benthic carbon turnover. Sixteen succesful eddy covariance deployments 
have allowed measuring benthic fluxes at high frequency, every 15 min 

during the i-SMALL cruises  
 

OBSERVATIONS RATIONALE 
Climate warming has tended to increase ocean stratification globally, reducing 
the mixing of surface waters with nutrient-rich deeper waters and resulting in 
stronger nutrient limitations for phytoplankton growth with unpredicted 
implications for biogeochemical cycling and food webs.  
 
In this changing ocean, coastal upwelling systems are critical regions as they 
constitute the most biologically productive marine ecosystems. The NW Iberian 
coast, including the Rías Baixas,  is one of these systems. An increasing trend in 
water column stratification and a decrease in the intensity and frequency of 
coastal upwelling could dramatically affect the ecosystem functioning, directly 
altering the biogeochemical cycles and the diversity and abundance of the 
microbial community. Stronger stratification and weakening upwelling would be 
translated in a diminishing of the input of nutrient-rich upwelled water into the 
rías, a larger contribution of the nutrient provided by benthic remineralization 
and a microbial community shifted towards the dominance of the nano- and 
picoplankton.  
 
Being aware of all these changes and recognizing that only by improving our 
understanding of the ecosystem can we make the Ocean of the future 
sustainable, the i-SMALL project aims to deepen knowledge of these three 
interrelated subjects.  
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AUTUMN 
Sep 25th- Oct 30th 2017 

SUMMER 
 Jun 6th – Jul 13th 2017 

Resolve overall development of up / downwelling regimes 

Resolve vertical exchanges processes at short time scales 

DYNAMICS 

Implement the eddy covariance technique for 
measuring O2 uptake 

Resolve the short-time scale of benthic 
remineralization 

BENTHIC REMINERALIZATION 

Identify small phytoplankton based on microscopy,  
flow citometry, HPLC and molecular tools 

Study of functionality of the different groups of 
pico- and nanoplankton 

NANO- and PICOPLANKTON 
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During June, upwelling wind  regime determine 2 different water column 
conditions and thus phytoplankton populations. High levels of micro- and 
nanoplankton were observed under upwelling winds. After June 26th,  there 

is a wind shift with a remarkable accumulation of  nano- and picoplankton as 
registered by epifluorescence microscopy and HPLC analysis 

18S rDNA metagenomic analysis of the nanoplankton fraction also identified 
different sample assemblages related to water column conditions   

During June, a two layer circulation was established at the 3 studied 
sites in clear response to wind regime. 
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Poster download 

High frequency data obtained by RBR attached to a wire walker at BG 
site resolved the short term variability associated with wind evolution 

during June. 
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