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Context. The mesopelagic layer (200-1000/2000m) plays a crucial role either in the carbon cycle (attenuation of 
the export carbon flux) or in marine resources (mesopelagic fishes). This ‘dark’ ocean is strongly modified by man 
activity (climate change, acidification, threat of future fishing activities). New approaches, such as autonomous 
platforms, imaging and acoustics, molecular biology, complex modelling, provide an unprecedented opportunity 
to undertake detailed process studies in this twilight zone. 
Objectives / scientific questions: Two major scientific issues motivate the new international sea-going programs : 
1) how the regimes of surface production and pelagic plankton network ecosystem control the export flux of 
organic carbon sinking out of the euphotic zone? (sub question : what are the impact of small and medium scales 
dynamics?); 2) what are the ecological and metabolic processes in the mesopelagic zone that control the organic 
carbon flux attenuation in the deep ocean? (sub question: what are the links between carbon flux attenuation 
and biodiversity in the deep ocean?). 
 
Main results  
The purpose of this funding was twofold: to federate the French community around a national project (APERO) 
and to develop links with the international community on research concerning the mesopelagic zone. To this end, 
we have held a 3-day-meeting in Brest (Nov’18, France), bringing together the APERO French PIs and foreign 
leading colleagues from the US (UCSB; Duke Univ.), UK (NOCS), Germany (AWI, GEOMAR, IGB), Austria (Vienna 
Univ.), Australia (Univ. of Tasmania), Italy (SZN, Napoli), and Spain (Univ. Sevilla; ULPGC) where synergies and 
scientific issues concerning the BCP and European structuring (in collaboration with EXPORTS) around the 
different national programs were discussed. The last day of the meeting was focused on discussing the APERO 
project, which has lead to the participation of several international partners. Associated with a monthly 
videoconference (UK, US, F, D, Es), a British initiative secured a meeting in Southampton in July 2019 (BIARRITZ 
workshop), bringing together all the international teams involved in the BCP, where APERO was invited. Since 
then, an international consortium has been formed (JETZON: Joint Exploration of the Twilight Zone Ocean 
Network: http://www.jetzon.org/ ), at present composed mainly of American, British, French, German and 
Spanish teams. This initiative led to a session and a general presentation at the Ocean Science Meeting in San 
Diego in February 2020, and is intended to take on a larger dimension, especially since the exchanges in San 
Diego were extremely rich. Note that the PIs of APERO (Laurent Memery, Lionel Guidi, Christian Tamburini) as 
well as strongly involved participants in the program, such as Frédéric Le Moigne, are particularly active in 
JETZON. In a first step, JETZON will give rise to a comment paper in Nature (Memery and Guidi co-authors). One 
of the main objectives of JETZON is to organize the sharing of data from the different campaigns focusing on the 
twilight zone in the 2020s and to develop an international collaboration on this subject, with an ambitious 
modelling component in mind. 
In this context, the San Diego meeting was used to refine collaboration and strategy for the French APERO 
campaign to be held in 2022 (ANR support requested). In particular, the involvement of foreign teams is 
increasing year by year (latest arrival: CALTECH). The attractiveness of the project to international scientists stems 
from its fully integrated approach, ranging from small-scale physics to meta-genomics down to 2000m. Among 
other points, these collaborations will make up for a lack of investment in the program by the French physical 
oceanography community, because of SWOT, ocean physics being essential to APERO. In parallel, the structuring 
of the national community around APERO has continued and, partly on the basis of video meetings and in person 
meetings, the applications for the ANR, LEFE, DT INSU, Flotte nationale, etc... have been perfected. It is clear that 



the series of failures at the ANR (three unsuccessful attempts) is a real challenge to keep the community focused 
on the same objective and to continue to maintain the international collaborations (all of which already have 
their funding secured for APERO!!).  

Future of the project : 
• 2nd phase of the ANR call : March 25 
• Possibly an international ANR project with Germany at fall (MIO, LEMAR - AWI, GEOMAR + Univ. Vienna) 

on particle dynamics and remineralization processes in the Twilight Zone : observations, experiments and 
modeling 

• APERO cruise in June/July 2022 at the PAP (Porcupine Abyssal Plain) in the North East Atlantic Ocean 
• JETZON international meeting on the Twilight Zone (carbon pump, fish) : summer 2024 (support from 

CNRS and EUR ISblue) 
• Special issue on APERO (Prog. Oceanogr., Biogeosci., etc..) in 2024 
• Participation to the JETZON dynamics (SCOR ?, COST, ?) 

Nombre de publications, de communications et de thèses 
(citer au maximum 5 publications en lien direct avec le projet) 

As the purpose of the funding was to coordinate the national community around APERO and to develop 
international collaboration, there are no scientific articles at this stage (apart from the comment paper in Nature 
planned for the end of March).  
Communications : 

• Memery, L., Tamburini, C., and L. Guidi, APERO: Assessing marine biogenic matter Production, Export, and 
Remineralization : from the surface to the dark Ocean, BIARRITZ meeting, Southampton, UK, August 2019 

• Martin, A., Siegel, D., Robinson, C., Saba, G., Kriest, I., Cetinic, I., Buesseler, L., Memery, L., Villa-Alfageme, 
M., Boyd, P., Sanders, R, and S. Henson, JETZON: Joint Exploration of the Twilight Zone Ocean Network, 
Ocean Science Meeting, San Diego, USA, February 2020 

Although the project has not yet been really funded, given that there is no request for human resources support 
from ANR (budget too large, ANR being used as leverage to find human resources - a gamble accepted by the 
community, the cruise, which is very ambitious, being the priority of the project), three PhDs posted APERO have 
already started at the end of 2019.  

• Antoine Regimbeau, Hybrid Ocean Metabolic MOdelingS (HOUMMOS); Dir: D. Eveillard (LS2N, Nantes). 
80|Prime thesis between INS2I, INSU (LOCEAN, Paris : O. Aumont), INEE (LEMAR, Brest : L. Memery) 

• Baumas Chloé. Variations des taux de remineralisation dans les particules marines : Influence da la 
typologie des particules et de la diversité associée. Dir: Christian Tamburini (HDR), Frédéric Le Moigne. 
Supported by MENRT (Ecole Doctorale ’Sciences de l’Environnement’ - Aix-Marseille Université). 

• Lu Wang, Impact of the meso and submesoscale dynamics on the fate of exported particles in the deep 
ocean (IDYPOP), Dir: L. Memery (LEMAR, Brest) + J. Gula (LOPS, Brest). Supported by EUR ISblue 

In addition, through an international chair of EUR ISblue (actually previous LABEX Mer), namely Nicolas Cassar, an 
American partner of APERO, the financing of an 18-month post doc is secured in Brest. The thinking is in progress 
on the theme we wish to push, knowing that it is necessarily related to the links between observations - models 
by approaches in Artificial Intelligence: discussions are in progress with IMT Atlantique (Oceanix chair in AI: 
Ronan Fablet) to refine the subject. We plan to start in autumn 2020. 




