
ROSENSTIEL SCHOOL OF MARINE, ATMOSPHERIC, AND EARTH SCIENCE

SUBSEA: Biogeochemistry of the upper vs. 

lower euphotic zone

International collaborative project 

as part of Schmidt Sciences’ Ocean 

Biogeochemistry Virtual Institute. 

This project will involve laboratory 

studies and ship-based field work in 

the North Pacific and South Atlantic 

subtropical gyres. Our goal will be 

to develop robust biomarker and/or 

isotopic indicators of organic matter 

production, cycling, and export 

within, between, and below the 

upper and lower euphotic zones in 

open-ocean gyres. 

Dr. Hilary Close, hclose@miami.edu, closelab.earth.miami.edu

 2 

and are exported out of the photic zone. Particles exported through an alternate route (‘route 2’; Figure 1) undergo 

mineralization as they sink in the subsurface; the newly regenerated N then supports additional organic matter 

production in the subsurface waters, adding to the “new” production supported by NO3
- supply from below. Route 2 is 

the SEL. Irrespective of the route, organic matter is exported to the mesopelagic waters, but the various processes of the 

SEL act to decouple the initial N supply from its eventual export, alter C export efficiency, and modify the magnitude 

and composition of C reaching the deep ocean from what we might expect given knowledge of only surface conditions.  

Using vertical changes in the biogeochemical and physical properties of sinking particles, we aim to quantify 

the fraction of the flux out of the photic zone that originated directly from the surface layer, fsurface, using a series of 

optical, isotopic, and stoichiometric approaches. Because fsurface + fsubsurface = 1, we can then quantify N export from the 

subsurface layer that is not supported by NO3
-, reflecting the flux of N through the SEL, FluxSEL, from:  

 

FluxSEL = FluxTotal export ´ (1 – fsurface) – Fluxdiapycnal 
 

where FluxTotal export reflects the N export recorded at the base of the photic zone and Fluxdiapycnal reflects the physical 

processes that bring mesopelagic processes NO3
- into the photic zone. When the SEL is dominant (FluxSEL ÷  FluxDiapycnal 

>1), primary production in and organic matter export from the subsurface layer are dependent on the supply of 

regenerated N from sinking particles originating in the overlying waters. 

 

   
 

Figure 1. Main fluxes of N in and out of the photic zone. N2 fixation supplies N to the surface layer while 

turbulent mixing of NO3
- is supplied to the subsurface layer. Particles are exported both from the surface and 

from the subsurface layer. These two export fluxes are linked through the Subsurface Export Loop (SEL). This 

OBVI seeks to define the magnitude and variability associated with all these processes to better understand 

their role in C export to the mesopelagic. We will use cutting-edge observing, modeling, and sampling 

technologies to tackle this grand challenge. 
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