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Context: Marine coastal ecosystems are largely impacted by two main factors : hypoxia and acidification. It has 
been recently identified that hypoxia is spreading and that associated acidification of coastal waters resulting 
from enhanced organic matter mineralization ultimately leading to hypoxia is a major threat.  

Objectives / scientific questions: This project aimed at a better understanding of the role of 
exchanges at the water-sediment interface during coastal disturbances such as hypoxia and acidification in 
regions influenced by rivers and their impact on carbonated meiofauna. The main hypothesis to test was: does 
hypoxia in the water column promote anoxic diagenetic pathways and amplify the oxygen fluxes to the sediment 
and the alkalinity transfers to the water column? What is the response of carbonated fauna to existing seasonal 
acidification 

Main results: In order to test this hypothesis, we explored two contrasted systems: the Mississippi delta 
and shelf prone to seasonal hypoxia and the Rhône delta where no hypoxia is reported. We examined if, in 
hypoxic conditions, anoxic diagenesis, and in particular sulfate-reduction, became predominant. Sediments could 
therefore increase oxygen consumption by oxidation of reduced compounds (a positive feedback on hypoxia), 
but also emit alkalinity which could counteract the effect of acidification induced by hypoxia (negative feedback). 
Although it was not possible to measure the fluxes in situ, the results obtained on interstitial waters are very 
enlightening (Fig. 1). Indeed, we were able to sample the hypoxic zone (2 stations out of 4) including one station 
very close to anoxia ([O2] = 16 µmol/L). However, anoxic diagenesis seems to be only slightly influenced by the 
oxygen contents of the bottom waters. We can see, for example, on core 5B located in this almost anoxic zone 
that the sulfate content does not decrease with depth and that the DIC content increase (dissolved inorganic 
carbon resulting from the mineralization of organic matter) is limited, indicating a very weak sulfate-reduction. 
These results can be compared with certain stations of the Rhône prodelta located at similar depths (Station A) 
which shows much greater inputs of organic matter and oxygenation at saturation ([O2] = 253 µmol/L). In this 
context, the sulfate-reduction proceeds until sulfate is exhausted, producing impressive quantities of DIC (note 
the change in concentration scale between the two x10 graphs).  

 
Fig.1 : Comparison of porewater profiles of DIC (Diss. Inorg. Carbon) and sulfate (SO4) in a quasi anoxic zone of the 

Gulf of Mexico  (st. 5B) and Rhône prodelta (st. A) 

The weakness of anoxic diagenesis in the Gulf of Mexico therefore seems to be linked to a low inclusion of labile 
organic matter in the sediments, which contrasts with the strong decomposition activity observed in the bottom 
water. Thus, the limited anoxic diagenesis does not offset the acidification generated by the consumption of 
organic carbon due to aerobic bacteria in the bottom waters. 
The assemblages of foraminifera are distinguished by the density, diversity and composition between the 
normoxic, dysoxic and hypoxic sites with a clear succession (decrease in density and diversity, change of species) 
which responds to a decrease in oxygenation. Indeed, phylotypes previously identified morphologically as 



Ammonia tepida are the most resistant to hypoxia. At moderately affected sites, the opportunistic species 
Nonionella opima is dominant. It is surprising that the particular fauna that characterizes the areas affected by 
hypoxia is morphologically very similar to those found in the Mediterranean in comparable environments (Po 
and Rhône prodeltas). This morphological similarity has been confirmed by molecular studies for certain taxa: 
Ammonia sp. T6 and other species belonging to the genera Chilostomella, Nonionella and Stainforthia have been 
identified in the two deltas. 
For metabarcoding, high-speed sequencing of the two sites delivered 5.9 million sequences, grouped into 8780 
OTUs (Operational Taxonomic Unit, unit of measurement of biodiversity equivalent to the species). 456 OTUs are 
common to both sites and some belong to genera known to live in anoxic and / or denitirifying environments (eg 
Chilostomella, Nonionella, Stainforthia), while others belong to genera poorly known organic test foraminifers 
that may have strong bioindication potential (eg Bathysiphon, Cedhagenia, Micrometula, Psammophaga). A large 
majority of sequences belong to unknown foraminifera (Fig. 2), however the OTUs approach will make it possible 
to correlate them with biogeochemical data using multivariate statistics to characterize the different stations 
(depth, oxygen level, etc.). 

 

Figure 2. Identification of environmental DNA sequences obtained through databases constituted by DNA 
barcoding. Forams non-assigned= unknown. 

Future of the project: This project has been the heart of the development of a new EC2CO « thème transverse » 
where estuaries and deltas (River-Sea environments) are studied, and their functioning compared. Two new 
projects are starting for 3 years in this EC2CO “thème transverse”, and some cruises are already planned on the 
Mississippi shelf to measure DIC and Alkalinity fluxes. 
Nombre de publications, de communications et de thèses : 5 communications à des congrès internationaux, 1 
publication soumise, deux en préparation pour soumission en 2020, 2 thèses et 2 stages de Master 2. 
- Differential manganese and iron recycling and transport in continental margin sediments of the Northern Gulf of 
Mexico, submitted. S. Owings, E. M. Eitel, L. Bréthous, B. P. Fields, A. Boever, J. Beckler, B. Bombled, E. Metzger, B. 
Lansard C. Rabouille, M. Taillefert, Marine Chemistry. 
- Early diagenesis in the hypoxic zone of the Northern Gulf of Mexico: a disconnection between water column and 
sediment reactivities, (in prep.) C. Rabouille L. Brethous, B. Lansard, S. Owings, E. M. Eitel, B. P. Fields, A. Boever, 
J. Beckler, E. Metzger, M. Taillefert, Frontiers, soumission prévue Juin 2020 
- Comparison between DNA barcoding, metabarcoding and morphological identification of foraminifers from 
different sites in the Gulf of Mexico and the Rhône prodelta with a focus on the taxonomic characterization of 
anoxic sites (in prep.) Schweizer, M., Marchand, T., Quinchard, S., Brethous, L., Richirt, J., Bombled, B., Metzger, 
E., Jorissen, F., Taillefert, M., Apothéloz-Perret-Gentil, L., Pawlowski, J., Rabouille, C., Mar. Biol., soumission prévue 
en juin 2020. 
Thèses: 
Shannon Owings: The role of Mn oxides in the carbon and metal contaminant cycles in coastal sediments Georgia 
Institute of Technology, financement Georgia Institute of Technology et bourse Chateaubriand. 
Fatima Ezzarah Ait Ballagh: Diagenèse des phosphates dans les sédiments à l’interface terre-mer, Thèse en co-
tutelle Université Cadi Ayyad (Marrakech, Maroc) et Université Paris-Saclay, financement Maroc et programme 
d’échange CEDOC. 




