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Mesopelagic carbon fluxes and respiration rates in the Cape Verde Frontal Zone
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The Cape Verde Frontal Zone (CVFZ)
The CVFZ was the primary research area of the FLUXES project. 
Water transports (Burgoa et al., 2021), drivers of suspended 
particulate (POC) and dissolved organic carbon (DOC) (Valiente et 
al., 2022), coloured and fluorescent fractions of DOC (Campanero et 
al., 2025) and primary production (Hernández-Hernández et al., 
2025) have already being published. Building upon these findings, 
this study incorporates novel data on microbial respiration and POC 
flux data from surface-tethered sediment traps, a marine snow 
catcher (MSC) and an underwater vision profiler (UVP) to construct 
a comprehensive carbon budget for the region.

The FLUXES cruise 

We thank the captain and crew of R/V Sarmiento de Gamboa and the CSIC Unidad de Tecnología Marina (UTM) for their help during the cruise. This work was funded by MICIU/AEI/10.13039/501100011033 research Grants FLUXES 
(CTM2015-69392-C3) and e-IMPACT (PID2019-109084RB-C2). J.A and X.A.A.S were partly supported by the European Union under grant agreement no. 101083922 (OceanICU) and UK Research. Views and opinions expressed are however those of 
the author(s) only and do not necessarily reflect those of the European Union or European Research Executive Agency. Neither the European Union nor the granting authority can be held responsible for them. This work has benefited from 
discussions with members of the SCOR working groups 155 (Eastern boundary upwelling systems (EBUS): diversity, coupled dynamics and sensitivity to climate change) and 161 (Respiration in Mesopelagic Ocean, REMO).

FLUXES took place from 12/07 to 09/08/2017 on board R/V 
Sarmiento de Gamboa. It consisted of a box with 35 hydrographic 
stations embracing the CVFZ and the Cape Blanc Giant filament 
(CBGF). (Figure 1) Water samples were collected using a rosette 
sampler with 24 Niskin bottles of 12 litres. Sampling depth range 
covered down to 2,000 dbar in the short stations (grey dots) to 
4,000 m in the long stations (coloured dots).
Orange line in Figure 1 shows the position of the CVFZ during the 
cruise, separating subtropical (blue dots) from tropical (red dots) 
waters. Green dots corresponds to the CBGF waters.
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Primary production (PP) and ETS respiration

Surface tethered sediment  traps and UVP

14C-PP was derived from 24-h on-deck 
incubations in the three domains within the 
FLUXES box area (CBCG, subtropical and 
tropical). Average 14C-PP was 740 mg C/m3/d, 
comprising 79% as 14C-POC and 21% as 14C-DOC.
Measured electron transport system (ETS) 
activity was converted into actual respiration 
rates using published conversion factors in the 
literature. Average respiration was 625 mg 
C/m2/d in the epipelagic and 19.7 mg C/m2/d in 
the mesopelagic zone.

UVP data were converted into carbon 
concentrations and downward vertical fluxes 
following Clemens et al. (2023).  The CBGF acted 
as a net carbon source of 108 mg C/m2/d 
whereas the subtropical and tropical domain 
acted as carbon sinks of 71 and 89 mg C/m2/d, 
respectively.
Surface-tethered sediment traps deployed at 
200 m collected an average vertical carbon flux 
of 46.5 mg C/m2/d.
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Inverse box model to calculate mass and carbon transports
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Following Burgoa et al. (2021), we calculated the net mass exchange (in Sv) within the 
FLUXES box (Figure 1) for the epipelagic (0–200 dbar) and mesopelagic (200–1500 dbar) 
layers, as well as the vertical advective and turbulent diffusive fluxes (Figure 4).

Strongest inward transport in both 
the epi- and mesopelagic layers was 
observed from the Mauritanian slope 
to the FLUXES box (total, 27.5 Sv), 
while outgoing fluxes occur 
preferentially through the southern 
side of the box, i.e. to the tropical 
North Atlantic (total, 16 Sv). Vertical 
exchange fluxes are negligible.
Transit times were 47 days in the 
epipelagic layer and 125 days in the 
mesopelagic layer.
Carbon transports were obtained by 
multiplying mass transports (in Sv) by 
property concentrations (in mmol 
C/m3), including dissolved organic 
carbon (DOC), suspended particulate 
organic carbon (POC), and UVP 
organic carbon (Figure 3).
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By combining mass transports from Figure 4 with DOC and POC 
profiles from Niskin bottles, we calculated the DOC (Figure 5) and 
POC (Figure 6) fluxes across the boundaries of the box for both the 
epi- and mesopelagic layers. Similarly, UVP organic carbon fluxes 
(Figure 6) were determined by combining mass transports with 
carbon particle profiles from the UVP (Figure 3). Finally, Net 
Ecosystem Production (NEP) budgets were computed for each carbon 
pool from the balance of outputs - inputs, assuming steady state.
In the epipelagic layer, a net DOC production of 58.8 m C/m2/d  and 
a combined net POC and UVP organic carbon consumption of 33.8 
mg C/m2/d occurred. The total sinking rate, derived from sediment 
traps and UVP flux calculations at 200 dbar (Figure 3), amounted to 
63.9 mg C/m2/d. Consequently, the resulting net budget yielded an 
overall NEP of 88.9 mg C/m2/d. The difference between  14C-PP and 
ETS-respiration (Figure 2) results in an NEP of 114 mg C/m2/d, which 
is in close agreement with the estimate derived from the carbon 
budget.
In the mesopelagic layer, the net consumption of Niskin POC, 12.8 
mg C/m2/d, was in close agreement with the ETS respiration of 23.7 
mg C/m2/d. In addition, there  was a combined net POC and UVP 
organic carbon consumption of 33.9 mg C/m2/d which is not 
captured by ETS-measurements based in Niskin bottles.
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