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Context : The surface seawater of the Antarctic Ocean shows large inter-annual variability of total inorganic carbon 
with a mean increase of 3,8 µmol.kg-1.year-1. The presence of cold water and the intense biological activity stimulate 
the export of carbon to the deep ocean. Thus, the Antarctic Ocean is a very important sink for natural and 
anthropogenic atmospheric CO2. As a direct consequence, the acidification of the Antarctic ocean is more important 
and more rapid than low latitudes ocean waters. 
 
Objectives : The objectives of the proposed work are first  to quantify the present level of acidification in the 
Bransfield and Gerlach straits (Fig.1; Antarctic ocean South of Patagognia) prior to forecast acidification in the 
Antarctic ocean over the next 50 years. 
 

Main results :  
     The results indicate that, up to the present, 21.2 ± 16.7 µmol kg−1 of anthropogenic carbon (Cant) have penetrated 
to the bottom of the Gerlache Strait. Two mechanisms may have contributed to that fact: (i) the pathway of the Cant 
follows that of the high salinity shelf waters inflow coming from both the Bransfield Strait and the Northwestern 
Weddell Sea shelf, and (ii) the Gerlache Strait is absorbing a significant amount of Cant from the atmosphere. As a 
consequence, pH, WAr and WCa are decreasing in deep waters of the Gerlache Strait. Since WAr is already very close 
to 1 at depth, any small additional input of Cant will trigger the dissolution of aragonite. 
As a protected continental shelf region, the Gerlache Strait (Fig.1) presents a high hydrological and biological 
dynamics, particularly in the upper layer, yielding a high seasonal and interannual variability. In this study, the 
water masses structure did not change over the last 20 years. However, the magnitude of parameters changed 
considerably, especially in relation to the carbonate system. The increase of AT and CT over these 20 years is 
significant, especially below MLD. A large CT difference was observed in the deep layers of the South Gerlache, 
indicating that mCDW is playing a significant role in carrying high CT concentrations into the Gerlache Strait. 
CDW is partially formed by the North Atlantic Deep Water, a water mass that is known to absorb great amounts of 
atmospheric CO2. 
   Figure 2 shows the Central section water column distributions of (A) Cant (µmol kg-1) and (B) DpHSWS in the 
Gerlache Strait. The section is plotted along the nominal distance from station G01 to G14 (in Km). Sampling 
depths are shown as gray dots. The dense waters of the Gerlache Strait were invaded by Cant (Fig. 2A), caused from 
the incoming high salinity shelf waters sourced in the Weddell Sea and spread by the deep cyclonic circulation in 
the region. As this shelf water mass is highly influenced by permanent ice-shelves collapses, the temperature and 
salinity decrease. Consequently, the CO2 sink is facilitated by physical conditions, and enters in the Bransfield Strait 
with relatively short–time to influence the deep basins of this region. Thus, it is expected that these water masses 
become prone both to absorb and to store this constantly increasing anthropogenic atmospheric CO2. 
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This storage of Cant in deep waters of the Gerlache Strait has been changing the pH (Fig. 2B) and W in the 

region, indicating the first observation of ocean acidification and set in risk the WAr for calcifying marine organisms. 
Although the trends of changes in pHT (–0.0003 year –1) are relatively small when compared with reported changes 
in other global ocean basins, the Cant trend for the whole Gerlache area of +0.08 ± 0.07 µmol kg−1 yr−1 is closer to 
that of +0.12 ± 0.05 µmol kg−1 yr−1 observed by van Heuven et al. (2014) in Weddell Sea Bottom Water, whereas 
considering only the north Gerlache sector we observed the same trend (+0.12 ± 0.06 µmol kg−1 yr−1). In addition, 
glacial meltwater increase could lead to a decrease in W, which could likely contribute to increase ocean 
acidification in this region. 
           In summary, this region is comparatively small in size, but ecologically important, when compared with 
other coastal, shelves and ocean areas previously investigated. For instance, the Gerlache and the confluence area 
between Gerlache and  Bransfield straits have been considered as hotspots of top predators, supporting persistently 
high diversity of birds and marine mammals. This region has also been associated with high rates of both primary 
production and heterotrophic production and, consequently, significant krill abundance, which is related to 
enhanced Chl-a concentrations. The results of this work clearly indicate a significant penetration of anthropogenic 
carbon in this area which leads to an acidification of this ocean region. Thus, as the temporal scales (both inter-
annual, seasonal, monthly and daily) are not completely understood with respect to CO2 penetration and air-sea 
CO2 fluxes, additional efforts using both in situ and satellite data, are still needed to understand long-term changes 
in this area, both to discriminate between impacts of natural and/or anthropogenic variability and to estimate the 
net behavior of regional shelf seas and coastal areas around the Southern Ocean. 
Future of the project:  
      A Brasilian project to continue this collaborative research has been accepted but because of covid-19 the 
planned cruise has been postponed. 
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