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Abstract Absorption and fluorescence spectroscopy have been used to gain new insights on the dynamics
of Dissolved Organic Matter (DOM) in the Cape Verde Frontal Zone (CVFZ), a highly dynamic area
comprising the thermohaline Cape Verde Front (CVF) and the Cape Blanc Giant Filament (CBGF), which
exports organic matter produced over the shelf to the adjacent open ocean. A full-depth hydrographic box
embracing the CVF and the CBGF was occupied in summer 2017 to examine the impact of these hydrographic
structures and local-scale remineralization processes on DOM cycling using the distributions of the colored
(CDOM) and fluorescent (FDOM) fractions of DOM as tracers. In the surface layer, we observed contrasting
optical properties between the stratified, productive tropical waters south of the CVF with higher signals of
optically active substances with higher molecular weight, and subtropical waters North of the CVF with lower
signals and lower average molecular weight, pointing to lower microbial production and more intense or
sustained photochemical degradation. In the ocean interior, although the mixing of intermediate and deep waters
masses of contrasting origins and large-scale mineralization were the main factors controlling the distributions
of the bulk and colored fractions of DOM, local-scale net accumulation of refractory humic-like and net
consumption of labile protein-like components were observed in the mesopelagic layer. In bathypelagic waters,
the optical properties of DOM allowed to characterize a bottom nepheloid layer (BNL) close to the Mauritanian
coast, characterized by prominent CDOM and FDOM signals that were not noticeable in dissolved organic
carbon (DOC) profiles.

Plain Language Summary The Cape Verde Frontal Zone is a highly dynamic region located
between the Mauritanian coast and the Subtropical North Atlantic. It comprises the Cape Verde Front (CVF),
where the North Atlantic and South Atlantic central waters meet, and the Cape Blanc Giant Filament (CBGF),
which exports huge amounts of organic matter from the coast to the open ocean. At depths > 700 m, the area is a
highway for intermediate and deep water masses coming from the Arctic to the Antarctic ocean. In this study we
evaluate the role played by the dissolved organic matter (DOM) and its colored (CDOM) and fluorescent
(FDOM) fractions in the biological carbon pump. The CVF and the CBGF determined the distribution and
characteristics of the optically active DOM, discerning the productive coastal waters with higher rates of
microbial production and higher molecular weight from the open ocean waters with higher rates of
photochemical degradation and lower molecular weight. In the dark ocean, water mass mixing controlled
primarily the distributions of CDOM and FDOM, but net production of recalcitrant DOM and net consumption
of labile DOM was also observed. It is also noticeable the accumulation of CDOM and FDOM in the bottom
nepheloid layer.

1. Introduction

Colored dissolved organic matter (CDOM) is the fraction of dissolved organic matter (DOM) capable of interact
with light at visible and UV wavelengths and fluorescent DOM (FDOM) is the fraction of CDOM that emits part
of the absorbed radiation in the form of blue fluorescence (Coble, 2007; Stedmon & Yamashita, 2024). These
optically active fractions of DOM are useful tracers for ocean water mass mixing (Alvarez-Salgado et al., 2013;
Kim et al., 2020) and biogeochemical processes, including phytoplankton exudation (Bachi et al., 2023; Romera-
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Castillo et al., 2011), microbial processing of organic matter (Catald et al., 2015; Kowalczuk et al., 2013; Xiao
et al., 2023) and photochemical degradation (Helms et al., 2008; Timko et al., 2015; Yamashita, Boyer, &
Jaffé, 2013). As a result of these processes, some recalcitrant colored and fluorescent fractions of DOM are
consumed by microrganisms or photodegraded rapidly in the euphotic layer, producing smaller transparent
organic carbon molecules, as well as carbon monoxide and dioxide (Del Vecchio & Blough, 2004; Swan
et al., 2012; Twardowski & Donaghay, 2002). In this regard, two main groups of fluorophores are the most
abundant in natural waters: protein-like, with emission wavelengths <400 nm (UV range) and associated to the
labile free or combined aromatic amino acids tyrosine, tryptophane and phenylalanine, and humic-like, with
emission wavelengths >400 nm (visible range), related to the recalcitrant humic and fulvic acids produced during
organic matter degradation in soils or aquatic environments and that are highly sensitive to photodegradation
(Coble, 2007; Stedmon & Nelson, 2015).

In this work we study the dynamics of the colored and fluorescent fractions on DOM in the complex and highly-
dynamic Cape Verde Frontal Zone (CVFZ), located at the confluence of the North Atlantic Tropical and Sub-
tropical zones, extending from Cape Verde archipelago (17°N) to Cape Blanc (21°N). This region is characterized
by the presence of a persistent thermohaline front, created by the confluence of the saltier, nutrient-poorer and
oxygen-richer East North Atlantic Central Water (ENACW) and the fresher, nutrient-richer and oxygen-poorer
South Atlantic Central Water (SACW). This confluence feeds a rich meso- and submesoscale eddy field,
which drives a vigorous exchange of salt, heat and nutrients (Campanero et al., 2022; Martinez-Marrero
et al., 2008; Pelegri & Pefia-Izquierdo, 2015b; Pérez-Rodriguez et al., 2001; Zenk et al., 1991). The area is also
affected by the Canary Upwelling system, where large amounts of organic matter, including its colored and
fluorescent fractions, are generated and exported offshore to the open ocean through upwelling filaments, as the
Cape Blanc Giant Filament (CBGF) (Burgoa et al., 2021; Gabric et al., 1993; Helmke et al., 2005; Lovecchio
et al., 2018; Pelegri et al., 2006; Santana-Falcon et al., 2020). This region is therefore acting like a gateway
through which organic matter from the upwelling region accesses the open ocean, with important implications for
the biogeochemical functioning of the adjacent gyre. Below this highly dynamic epipelagic layer, meso- and
bathypelagic waters are characterized by their richness in water masses of contrasting origin and biogeochemical
history. Apart from the ENACW and SACW that encounter at the thermohaline Cape Verde Front (CVF) and
occupy the upper mesopelagic layer, three intermediate water masses are present in lower mesopelagic waters:
Subpolar Mode Water (SPMW), with a Subpolar North Atlantic origin, Mediterranean Water (MW) and Antarctic
Intermediate Water (AA) from the Subantarctic Front. In the bathypelagic layer, three water masses arrive to the
area: Labrador Sea Water (LSW), and two branches (upper and lower) of North East Atlantic Deep Water
(NEADW), originally formed in the Northern North Atlantic but mixed with different proportions of Antarctic
Bottom Water (AABW) (Fernandez-Castro et al., 2019; Pastor et al., 2015; Valiente et al., 2022).

The optical properties of DOM have been recently studied in this region by Campanero et al. (2022) and Devresse
et al. (2023). The former reported the distributions of DOM and its optical properties at high resolution at the
CVF, tracing meso- and submesoscale structures like eddies, fronts and meanders and showing the coupling
between physical and biogeochemical parameters. In surface waters, the input of Sahara dust seemed to add
highly re-worked fluorescent humic-like substances. In the dark ocean, mineralization processes lead to the
production of refractory FDOM, primarily released from the fast-sinking POM. Devresse et al. (2023) studied the
distribution of CDOM and FDOM in two eddies at high resolution off the coast of Mauritania, deciphering the
DOM cycling in the area and how the eddies control biomass production and transport of nutrients and remin-
eralized DOM. Contrary to these two studies, focused on the meso- to submesoscale, here we look at the regional
scale variability covering the CVF and the CBGF, from coastal to open ocean and from surface to 4,000 m depth.

The hydrography and circulation (Burgoa et al., 2021) and the biogeochemistry of suspended and DOC and
nitrogen (Valiente et al., 2022) have been recently studied in the CVFZ on the basis of the distributions obtained in
a hydrographic box occupied during the FLUXES I cruise, in July-August 2017. This complementary study aims
at achieving a deeper understanding of the origin, processing and fate of DOM in this buffering region, connecting
the coastal productive waters with the adjacent oligotrophic ocean, using the absorption and fluorescence
properties of DOM as tracers of these processes. These optical properties will also help us obtaining new insights
about DOC export and DOM cycling in deep ocean waters of the study region.
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Figure 1. Map of the FLUXES I cruise over a remote sensing interpolated chlorophyll-a product from 25 July 2017, taken
from Copernicus Marine Service, spatial resolution of 4 X 4 Km (https://doi.org/10.48670/moi-00281). The color dots
represent the hydrographic stations where optical properties (CDOM and FDOM) were measured (blue: North of the CVF;
red: South of the CVF; green: waters of the CBGF) and the gray dots are the stations without CDOM and FDOM
measurements. Numbers indicate the station number from 1 to 35. Black arrows represent the Canary Current (CC), Canary
Upwelling Current (CUC), North Equatorial Current (NEC), Mauritania Current (MC) and the Poleward Undercurrent
(PUC) (taken from Pelegri & Pefa-Izquierdo, 2015a). The orange line represents the position of the CVF during the cruise
(taken from Burgoa et al., 2021). For interpretation of the references to color in this figure, the reader is referred to the web
version of this article. Adapted from Valiente et al. (2022).

2. Materials and Methods
2.1. Sampling Strategy and Analytical Procedures

The FLUXES I cruise took place from 12 July to 9 August 2017 on board R/V Sarmiento de Gamboa embarking
and disembarking in Las Palmas (Canary Islands). Four transects defining a box were conducted off the coast of
Mauritania in the CVFZ, with a total of 35 hydrographic stations 50 nautical miles apart (Figure 1). Transects
were named as North, West, South and East, depending on their relative position in the box. Water samples were
collected using a rosette sampler equipped with 24 Niskin bottles of 12 L. The rosette was also equipped with
conductivity-temperature-depth (SBE911 plus), oxygen (SBE43), fluorescence of chlorophyll (SeaPoint SCF)
and turbidity (SeaPoint STM) sensors. Sampling depth range covered down to 4,000 m in the medium and long
stations (colored dots in Figure 1), and down to 2,000 m in the short stations (gray dots in Figure 1).

2.2. Core Variables

CTD conductivity, dissolved oxygen (DO) and chlorophyll (Chl-a) fluorescence sensors were calibrated using
water samples taken from the rosette. Conductivity was calibrated with a Guildline 8410-A Portasal salinometer.
Dissolved oxygen was determined using the Winkler potentiometric method with the procedure described in
Langdon (2010). Apparent oxygen utilization (AOU) was calculated following Benson and Krause
(UNESCO, 1986), where AOU = DOsat—-DO (DOsat being the oxygen saturation concentration at local potential
temperature and salinity, and DO being the measured value of oxygen). Chl-a was determined following the
method of Holm-Hansen et al. (1965). For inorganic nutrients determination, 20 mL of water were collected in
acid-cleaned polyethylene flasks and frozen at —20°C until colorimetric determination by segmented flow
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analysis in the base laboratory following Hansen and Koroleff (1999). For DOC determination, pre-combusted
borosilicate glass vials of 30 mL were used to collect and frozen the samples at —20°C, which were analyzed
in the base laboratory, using a high temperature catalytic oxidation (680°C) total organic carbon analyzer model
Shimadzu TOC-V. These samples were not filtered, but we named them as DOC because they mainly represent
DOC due to the low concentrations of POC in oceanic waters. For more details on the analytical procedures, see
Valiente et al. (2022). Statistical analysis of results was carried out using 7-test to compare the means of different
parameters.

The pycnocline was identified by the absolute maximum of the squared Brunt-Viisili frequency, N2, (Doval
et al., 2001). It was calculated as follows:

In(p,/p, ;)
N2 =g 1
mx =8 )]
where g is gravity acceleration (9.81 m s™2), and p, is water density at atmospheric pressure at depth z (in kg m™>),
calculated from salinity and temperature using the equation of (UNESCO, 1985).

2.3. CDOM and FDOM Determination

Water samples for the analyses of the colored and fluorescent fractions of DOM were taken from the Niskin
bottles, collected in 250 mL acid-cleaned glass bottles and filtered through pre-combusted (450°C, 4h) 47 mm
Whatman GF/F filters in an all-glass filtration system under a positive pressure of high purity N,. Filtered
seawater was stored in the dark allowing to warm up to room temperature until on board analyses in the respective
measuring cuvettes of the spectrophotometer for CDOM and spectrofluorometer for FDOM.

Absorbance spectra of CDOM were recorded using a double-beam spectrophotometer Jasco V-750 from 700 to
250 nm at 0.5 nm intervals. The instrument was equipped with 100 mm path-length quartz cells and Milli-Q water
was used as a reference blank. Absorption coefficient spectra acpopm(h) (m™") were corrected by subtracting the
Milli-Q spectrum and then applying the equation:

acpom(4) =23.03 [Abs(1) — Abs(600 — 700)] )

where Abs()) is the absorbance at wavelength A, Abs(600-700) is the average absorbance between 600 and
700 nm, which corrects for scattering primarily caused by fine particulate material and micro-air bubbles, and the
factor 23.03 converts to natural logarithm and also considers the 0.1 m cell path length. The absorption coefficient
indices used in this work were acpom(254), acpom(329), the ratio acpom(254) acpom(365), the spectral slope of
the wavelengths bands 275-295 nm (S,75_595) and 350—400 nm (S35¢_400), and the ratio of both spectral slopes Sg
(Catala et al., 2018; Coble, 2007; Engelhaupt et al., 2003; Helms et al., 2008).

Fluorescence excitation-emission matrices (EEMs) of the samples were recorded with a Perkin Elmer LS-55
spectrofluorometer using 10 nm excitation and emission slit widths, an integration time of 0.24 s, an excita-
tion range of 240—450 nm at 10 nm increments and an emission range of 300-560 nm at 0.5 nm increments.
Blanks were measured using freshly produced Milli-Q water following the same procedure. Processing of the
EEMs started by subtracting the blank measurements from seawater EEMs. Afterward, the DOMFluor toolbox
for Matlab (Stedmon & Bro, 2008) was used to cut Raman and Rayleigh dispersion bands. Then, EEMs were
normalized to the Raman area, which was estimated applying the trapezoidal rule of integration (Murphy
et al., 2010) on the emission scan at excitation 350 nm of the Milli-Q water blanks. Afterward, the absorbance
spectra of each sample was used to correct the EEMs for inner filter effects (Kothawala et al., 2013). To test for
instrument variability during the cruise, daily measurements were performed on a sealed Milli-Q cuvette (Perkin
Elmer) to check for the Raman region, and p-terphenyl and tetraphenyl butadiene blocks (Starna) to check for
protein- and humic-like substances regions, respectively (Catald et al., 2015).

A parallel factor analysis (PARAFAC) was applied to decompose the fluorescence signal of the EEMs into the
underlying individual fluorescent components (Bro, 1997). The PARAFAC was based on 294 corrected EEMs
and performed using the DOM Fluor 1.7 and drEEM Toolboxes for Matlab. Five components were obtained
(Figure S1 in Supporting Information S1) after validation through split-half analysis and random initialization
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steps (Figures S2 and S3 in Supporting Information S1; Murphy et al., 2013; Stedmon & Bro, 2008). Components
1-3 (C1, C2, C3) correspond to humic-like substances, whereas components 4-5 (C4, C5) correspond to protein-
like substances. The Excitation (Ex)/Emission (Em) maxima (in nm) of each component obtained by the PAR-
AFAC is: C1 (240 (360)/450); C2 (310/405); C3 (280 (390)/485); C4 (270/355); and C5 (240/340), where the
value in brackets for C1 and C3 indicates excitation maxima.

For each component, we report the maximum fluorescence (F,,,) in Raman units (RU). The obtained C1 to C5
were compared to previous studies using the Openfluor database (openfluor.lablicate.com; Murphy, Stedmon,
et al. (2014)). Components C1 to C4 were highly similar to several models included in the OpenFluor database
(Tucker Congruence Coefficient of excitation and emission spectra >0.95; Table S1 in Supporting Informa-
tion S1). No matches were found for component C5. C1 is a mixture of peaks A and C as defined by Coble (1996)
and related to terrestrial humic-like substances. C2 is Coble's (1996) peak M, related to marine humic-like
substances. C3 resembles peak D related to soil fulvic acids, that is of terrestrial origin (Stedmon et al., 2003).
C4 is Coble's (1996) peak T identified as tryptophan protein-like substances and C5 could be a mixture of Co-
ble's (1996) peak B identified as tyrosine protein-like substance and polycyclic aromatic hydrocarbons (PAHs)
(Ferretto et al., 2014).

2.4. Water Mass Analysis

Any water sample is a combination of distinct proportions of different water types (WTs) which can be quantified
with an optimum multiparameter (OMP) inverse method (Karstensen & Tomczak, 1998). A WT is characterized
by a unique combination of thermohaline and chemical properties, which in this work are potential temperature
(0), salinity (S), silicate (SiO,) and NO. The chemical parameter NO is defined as: NO = O, + Ry - NO;~, with
Ry = 9.3 mol O,/mol NO;~ (Anderson, 1995) being the stoichiometric coefficient of oxygen consumption to
nitrate production. These WTs are end-members that demarcate water masses, which can be defined by one or
more WTs. A total of 8 water masses defined with 11 WTs have been identified in the CVFZ: Madeira Mode
Water MMW); Eastern North Atlantic Central Water (ENACW) of 15°C and 12°C; South Atlantic Central Water
(SACW) of 18°C and 12°C; Subpolar Mode Water (SPMW); Antarctic Intermediate Water (AA); Mediterranean
Water (MW); Labrador Sea Water (LSW); and upper and lower North East Atlantic Deep Water (NEADW).
While, MMW, SPMW, AA, MW and LSW are water masses defined by a unique WT, ENACW, SACW and
NEADW are defined by two WTs. Thermohaline and chemical properties of these WTs are summarized in Table
S2 of Supporting Information S1. The proportion of each WT (Xj) in a given water sample can be obtained by
solving a set of linear mixing equations for volume, 0, S, SiO, and NO in a non-negative less-squares sense. For
further details, the reader is referred to Valiente et al. (2022). The water mass analysis includes samples below
200 m, where the variables used show a conservative or quasi-conservative behavior, contrasting with the
epipelagic layer in which heat, mass and gases exchange with the atmosphere and biological activities preclude
such a conservative behavior. A total of 236 out of 320 samples were selected for the determination of the relative
contribution of each WT to each water sample in the mesopelagic and bathypelagic layers. The remaining 84
samples correspond to the upper 200 m.

Once the water type proportions (X)) are calculated, the archetype value (N;) of any variable (N) in each water
type is calculated as follows:

N, = 2K N

=5 3)
JM

where N; represents the water mass proportion-weighted average concentration of N in every water type, X; is the
proportion of WT i in sample j and N; is the concentration of N in sample j. The standard error of the archetype

/S .X(N; — N;)?
SEy =—Z’ 0~ 4)

' ijij

value was obtained as:
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Archetype values were determined for Z, S, 9, O,, AOU, DOC, CDOM (acpom(254), acpom(325), acpom(254)/
acpom(365), S»75 595 and Sg) and FDOM (C1-CS). Finally, the proportion of the total volume of the samples
occupied during the FLUXES I cruise (%VOL;) by a given water type i was calculated as:

%VOL; =100- (%)

ijij

n
where n = 236, is the number of samples collected below 200 m and included in the analysis. Note that %VOLi
does not represent the effective volume of each water type in the study area, but of the water sampled during the
curise, although Niskin bottle depths were decided to have representative volumes of the water types present in
each cast.

To determine the fraction of the total variability of N due to water mass mixing, a multiple linear regression of N;
with the water types proportions (X;;) is calculated:

J

where n; is the slope coefficient for WT i and R(N)) is the residual of the equation for sample j. The determination
coefficient (R®) indicates the percent of the total variability explained by mixing and the standard error (SE) of the
estimate defines the accuracy of the fit. This equation allows quantifying the impact of water mass mixing along
with basin-scale mineralization on the distribution of the variable N (Alvarez-Salgado et al., 2013). Note that the
multiple linear regression cannot be applied to acponm(254)/acpom(365), Sa75_205 and Sk because they are not
concentrations but slopes or ratios.

To consider the combined effect of mixing and biogeochemical processes on the distribution of CDOM and
FDOM signals, the explanatory variable AOU is added to the linear regression model (Equation 7), incorporating
a coefficient (f) that relates the chemical variables (N) with AOU (Alvarez—Salgado et al., 2013, 2014; Valiente
et al., 2022):

N; =X Xy n;+ - AOU; + R(N)) @
J

The coefficient f represents the ratio of the relationship between variable N and AOU, and more interestingly, is
fully independent of water type mixing, something important in the Cape Verde Frontal Zone with so many water
masses. Therefore, with Equation 7 it can be resolved the impact of large-scale (water type mixing, basin-scale
mineralization) and local-scale mineralization processes on the distribution of any non-conservative variable as
well as the corresponding stoichiometric ratios. Again, this multiple linear regression cannot be applied to

acpom (254 acpom(365), Sa75 295 and Sg.

3. Results
3.1. Hydrographic and Biogeochemical Variability in the CVFZ
3.1.1. Epipelagic Waters

The CVF is a thermohaline front that separates the warm and salty ENACW from the cooler and fresher SACW. It
was first defined by Zenk et al. (1991) at the intersection of the 150 m isobath with the 36 isohaline. More
recently, analyzing the FLUXES-I cruise data, Burgoa et al. (2021) extended this definition vertically and
established an equation that defines the location of the front at any depth from 100 to 650 m, based on equal
contributions (50%) of ENACW and SACW. We have used the latter definition of the CVF to classify the samples
of the epipelagic layer (upper 200 m) into two hydrographic domains: (a) Subtropical, for the samples located to
the North of the CVF, comprising most of the Northern and Western transects; and (b) Tropical, for samples
located to the South of the CVF, that comprises mainly the Southern and part of the Eastern transect. Furthermore,
a third domain consisting of upwelling filament waters, was identified. It was mainly located in the Eastern
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Figure 2. Distributions of salinity (S) (color shaded background) and chlorophyll-a (Chl-a) (solid color areas between stn 1-7
and 23-35) in pg L™" in the epipelagic layer in July—August 2017. Dotted lines denotes the 70 pmol L™" of dissolved organic
carbon and 100 pmol kg™" of Apparent oxygen utilization. The vertical resolution is 1 m. Horizontal black line shows the
position of the pycnocline and the vertical black lines represent the corners of the FLUXES hydrographic box. F., filament.
Odd station numbers are presented at the top of the panel. Produced with Ocean Data View (Schlitzer, 2017).

transect, comprising the stations affected by the CBGF, easily traceable by the satellite-derived surface chloro-
phyll distribution (Figure 1; see Valiente et al. (2022) for further details).

A well-defined pycnocline was identified along the four transects of the hydrographic box (see solid line in
Figure 2). Deeper pycnocline depths were observed in the Subtropical domain with an average (SD) value of 51.2
(1.8) m. Shallowest depths were located in the Tropical domain with 33.6 (3.5) m. Finally, the pycnocline depth
was 40.8 (1.9) m in the filament waters. Noticeably, the pycnocline at stn 5, in the Northern transect, was as
shallow as 15 m because there was an intrusion of water from the Tropical domain at that position (Valiente
et al., 2022).

The upper mixed layer of the subtropical domain was occupied by North Atlantic surface waters of higher salinity
(average, 36.6; p < 0.0005) compared to the South Atlantic surface waters (average, 36.1), which prevailed in the
Tropical domain (Figure 2, Table 1). Temperature differences across the pycnoline were higher (7.3°C) in the
Tropical than in the Subtropical (4.0°C) domain. Consequently, the stability (szax) (1.6 (0.1) 1073 s72) was more
than 3-fold higher than in the Subtropical domain (4.8 (0.1) 10™* s™2). Upper mixed layer temperature in the
filament waters was lower (p < 0.0005) than in the Subtropical and Tropical domains, as expected for recently
upwelled waters, and the temperature difference across the pycnocline was 5.0°C (Table 1).

The deep chlorophyll maximum (DCM) was located well below the pycnocline in the Subtropical domain, at an
average depth of 75.8 (0.9) m, while in the Tropical domain the DCM was significantly (p < 0.0005) shallower,
37.9 (1.6) m, and much closer to the pycnocline. Conversely, in the filament domain, the DCM was shallower,
29.6 (2.0) m, and located above the pycnocline. Maximum Chl-a levels were observed in the Tropical and
filament domains, corresponding with the shallowest DCM depths (Figure 2, Table 1). The Chl-a maximum at stn
5 corresponds to the already mentioned intrusion of waters with South Atlantic origin in the Northern transect
(Valiente et al., 2022).

AOU above the pycnocline was positive (i.e., net community production is dominated by respiration processes
resulting on net oxygen consumption) in the three domains, being significantly higher (p < 0.0005) in the
Tropical and filament domains than in the Subtropical domain (Table 1). Differences were more pronounced
below the pycnocline, where the AOU was higher in the less ventilated SACW of the Tropical and filament
domains than the ENACW in the Subtropical domain. Finally, DOC presented higher concentrations in the
surface mixed layer of the tropical domain with 87.0 (0.5) pmol L™" (p < 0.0005). On the contrary, the highest
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Table 1

Thermohaline and Chemical Characteristics (Average Value + SE) of the Epipelagic Waters Above and Below the Pycnocline in July-August 2017 Along the
Hydrographic Box

Above pycnocline DCM Below pycnocline

Subtropical Tropical Filament  Subtropical Tropical Filament Subtropical Tropical Filament
z (m) 75809 379x16 29.6+20
0 (°C) 233+ 0.1 245+0.1 219+01 206+00 203+£02 212+03 19.3 £ 0.0 17.2 £ 0.1 169 + 0.4
S 36.6 £ 0.0 36100 362+00 367+£00 36.1+£00 362=x0.1 36.6 = 0.0 36.0 £ 0.0 36.1 £ 0.1
Chl-a (pgL™h 0.24 £ 0.01 0.62+0.03 128 +0.05 0.55=%0.01 207=*0.17 1.62+020 032+000 0.74 £0.04 0.29 + 0.05
AOU (umol kg™") 32+1.1 8.7+24 87+20 151+14 77757 11.8+55 416 +£0.8 1288 +2.5 108.0 £ 11.3
DOC (umol L™"  72.0 £ 0.2 87.0+05 81.1+£05 639x02 719+06 779+1.6 59.9 + 0.1 60.8 = 0.3 59.0+£12
acpom254 (m™) 1.31 £ 0.54 1.77 £ 001 1.61 £0.01 1.25+001 159+0.02 154+0.04 1.15+0.00 1.23+0.01 1.15 £ 0.03
acpom325 (m™) 0.14 £0.002 031001 033+0.01 019%+0.00 036+001 033x+0.02 0.17+0.00 0.25+0.004 0.21 £ 0.005
a254/a365 26.56 £ 0.58 13.65+0.40 9.64 £0.13 148 0.2 9.1 £03 9.7+05 14.61 £0.07 10.07 £0.11  10.70 £ 0.35
S(275-205) 107%) 4.15 £ 0.03 333+0.04 3.00+0.12 358 +£026 279 £046 296 +0.76 348 £0.01 2.79 +0.02 3.00 = 0.06
S(350-400) 107%) 1.86 = 0.02 1.52+0.01 130+0.02 144+0.15 130£0.18 123+035 137+0.01 1.23+£0.01 1.26 = 0.03
Sk 2.32 £ 0.02 220+ 0.02 233002 255+004 216+003 244 +£0.10 258+0.01 227 £0.01 2.37 £ 0.01
Cl1 (102 RU) 112+ 0.2 231+06 276+05 176+03 31.8+£09 28.0x2.1 174 + 0.1 255+03 21.0 £ 0.7
Cc2 (1072 RU) 62 +£02 128 +£04 132+03 101+03 188+06 14712 10.7 £ 0.1 159 £ 0.2 13.1 £04
C3 (107 RU) 29+£06 55701 727x0.1 39+0.1 72+£03 72+£05 42 +£04 6.2 £0.1 54+£02
C4 (107% RU) 7.6 £0.1 14303 142x03 6702 122x06 11.7x0.7 57 £0.1 6.8 £0.2 6.0 £0.5
C5 (107% RU) 150 £ 04 22015 10103 10905 72£05 9.8 £ 1.1 8.6 0.2 55+02 3605

Note. Epipelagic waters are separated into three domains: Subtropical, Tropical and filament (see main text). Components C1, C2, C4 and C5 correspond with Co-
ble's (1996) peaks A and C, peak M, peak T and peak B, respectively. Component C3 is similar to Stedmon's et al. (2003) peak D.

DOC value at the DCM was found in the filament domain with an average of 77.9 (1.6) pmol L™'. Below the
pycnocline, values decreased and were constant at about 60 pmol L™" in the three domains (Table 1).

3.1.2. Ocean Interior

The hydrography of the meso- and bathypelagic layers of the CVFZ is controlled by the mixing of different water
masses (Pastor et al., 2015) as shown in Figure 3. The average proportions of all water masses in each transect are
summarized in Table S3 of Supporting Information S1. ENACW was present in similar proportions in the four
transects whereas MMW concentrated in the Northern and Western transects, that is to the North of the CVF, and
the SACW was ubiquitous in the Southern and Eastern transects, that is to the South of the CVF. At intermediate
levels, while SPMW was present in the four transects, AA concentrated mainly in the Southern and Eastern
transects and MW was dominant in the Northern transect.

Finally, both LSW and NEADW were present in the four transects, although shallower bottom depths in the
Eastern transect led to a relatively smaller contribution of LNEADW. Weighted-average depths and percentages
of sampled volume by every water type considering all transects together are summarized in Table 2. The most
abundant water type in the central waters (200-700 m) was ENACW of 12°C, which represented 18.1% of the
total sampled volume. For the intermediate waters (700—1,500 m), the predominant water mass was AA, with
10.6% of the volume, and for the deep waters (1,500 m—bottom) it was LSW with 15.6% of the volume. Archetype
values are used as a mean to simplify the presentation of results that are shown hereinafter.

AOU, a canonical tracer for mineralization processes in the ocean interior, showed maximum values in the
Southern and Eastern transects (Figure 4). The highest AOU corresponded to the SACW of 12°C with an overall
archetype concentration of 191.7 (5.4) pmol kg™!, mainly located in the Southern and Eastern transects, and the
lowest AOU corresponded to the MMW with an archetype concentration of 50.9 (10.5) pmol kg™, mainly located
in the Northern and Western transects. In the intermediate and deep waters, AOU decreased with depth from
175.7 (4.2) pmol kg™" in SPMW to 85.1 (1.7) pmol kg™' in the LNEADW. Water types mixing (Equation 6)
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Figure 3. Distribution of water masses in July—August 2017 within the hydrographic box. The dominant water mass is represented at each depth and location. Numbers
of isolines indicate the proportion of the water mass. F., Filament.

explained 94% of the variability of AOU in the meso- and bathypelagic waters of the CVFZ, but with a SE of
12.9 pmol kg™, that is, an order of magnitude higher than the measurement error of about 1 pmol kg™ (Table 2).

The vertical distribution of DOC showed chimney-like columns of high DOC concentration (Figure 4), sug-
gesting a connection between the organic matter produced in shallow levels with the deep waters and/or a lateral
advection/interaction between water masses in the mesopelagic layer. These columns of higher DOC are present
in all transects. Nevertheless, archetype values showed the typical profile with higher values in shallower waters
and a progressive decrease with increasing depth. SACW of 18°C, centered at 102 m, had and archetype con-
centration of 58.9 (1.9) pmol L™ and the LNEADW, centered at 3,823 m, 42.9 (1.0) pmol L™'. Water type mixing
explained 71% of the DOC variability with an SE of 3.4 pmol L™" (Table 2). Compared to AOU, the R? is lower,
but the SE is only 2-3-fold the measurement error of DOC.

When AOU was added to the multiple linear regression of DOC with X;; (Equation 7), the explained variability
increased to 72%. Interestingly, a significant AOU-DOC p coefficient of —0.026 (0.015) mol C mol O, was
obtained (Table 3).

3.2. Optical Properties of Colored and Fluorescent DOM in the Epipelagic Layer

acpom(254) and ac-pop(325) are among the most commonly used absorption coefficients in marine organic matter
biogeochemistry (Alvarez-Salgado et al., 2023). acpom(254) is a tracer for conjugated carbon double bonds in
DOM and has been suggested as a proxy to the concentration of DOC (Catala et al., 2018; Lgnborg & Alvarez-
Salgado, 2014). Moreover, acpom(254) is not directly affected by solar radiation since very few solar photons of
<295 nm reach the Earth surface (Fichot & Benner, 2012). Conversely, acpom(325) is used as a proxy to the
aromatic fraction of DOM and a tracer of microbial production and/or photochemical degradation processes due to
its sensitivity to solar UV radiation (Tuculano et al., 2019; Nelson et al., 1998, 2004). The ratio acpom(254)/
acpom(325) is an inverse indicator of the CDOM molecular size (Dahlén et al., 1996; Engelhaupt et al., 2003),
being lower in freshly produced CDOM (higher molecular size) and increases during microbial and photochemical
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Table 2
Thermohaline and Chemical Characteristics (Archetype Value + SE) of Meso- and Bathypelagic Waters

Turbidity AOU; DOC; Aepom294; Aepom323;
WTs VOL; (%) Z, (db) 8, (°C) S (1072 NTU) (umol kg™") (umol L") (m™) (m™)
SACW_18 438 102 + 19 17305  36.1 +0.08 109 + 1.1 1202 + 15.4 589+ 1.9 1.14 £0.05 022 +0.02
MMW 55 113 + 13 18903  36.6 +0.07 10.8 £ 0.03 50.9 + 10.5 587 + 1.6 1.10£0.04  0.17 +0.02
ENACW_15 125 240 + 14 152402 360+ 0.04 10.7 £0.2 117.8 + 6.7 522 +0.8 0.96 +0.01  0.17 = 0.01
SACW_12 73 336 + 28 122403  355+004 10.6 £ 0.2 191.7 + 5.4 49.9 0.7 0.92+001  0.19 % 0.01
ENACW_12 18.1 442 + 19 11.6+02  355+0.03 10.6 0.3 1712 + 48 484 +0.5 091001  0.17 + 0.00
SPMW 72 809 + 32 78+02  35.1+002 103 £ 0.1 1757 + 42 44.8 + 0.6 0.81£0.01  0.15+0.01
AA 10.6 873 + 54 76+03 351002 102 0.2 172.6 + 5.7 449 +0.5 0.81 £0.01  0.15 + 0.00
MW 3.1 1,455 + 118 52+04 350002 104 0.3 1194 +£92 43.1 +0.9 079 £0.01  0.14 +0.01
LSW 15.6 1,688 + 46 45+01 350001 104 + 0.1 104.0 £ 2.6 433 04 0.76 £ 0.01  0.14 + 0.00
UNEADW  11.7 2,742 + 93 31401 350001 104 £ 0.1 88.0 + 1.1 433 £0.5 0.83 001  0.16 + 0.01
LNEADW 3.7 3,824 + 101 24+00 349 %0.00 103 £0.2 85.1+ 1.7 42910 0.82+001  0.16 = 0.01
R? 0.94 0.71 0.85 0.59
SE 12.9 3.40 0.04 0.02

S(275—295) S(350—400)

WTs a254/a365 L(1072) (1079 Sgi C1(10°RU)  C2(107°RU) C3(10°RU) C4(10>RU) C5 (1072 RU)
SACW_18 105+08 287+0.12 1.19+0.05 244+0.11 233+ 14 149 + 1.1 58 +0.5 62+ 1.0 74+19
MMW 144+12 345+0.14 129+006 2.69+0.10 181+ 18 108 + 1.4 42405 6.1 0.9 9.8 + 1.8
ENACW_I5 123 +05 3.01 +£006 1.26+0.05 243 +0.07 20.1+0.5 13.0 £ 0.4 53402 44405 T4+ 14
SACW_12  101+04 251004 1.14+0.03 2.23+0.06 237 + 0.4 14.6 £ 0.3 6.6 % 0.1 3.6 0.5 53+ 13
ENACW_12 115+04 263 +004 129+004 208004 226 +0.3 138 £02 6.4 +0.1 3.7 +04 58+08
SPMW 121+05 246+002 143+0.07 1.77 +0.06 227 +02 132+02 6.8 +0.1 3.0+ 04 56+09
AA 122405 248+003 146+006 1.74+0.05 232 +0.3 132 +02 6.9 0.1 2.6+ 0.4 47 +09
MW 133+1.0 260+005 166+012 1.61+0.08 23.1+0.5 13.0 £ 0.3 7.0 +0.2 24+ 0.6 49 +20
LSW 129+04 265+002 162+004 1.66+0.03 237+ 0.3 132 +02 7.1 +0.1 24+03 55+ 1.0
UNEADW 123 +04 261 +003 1.59+0.04 1.66+0.04 25.6 + 0.6 14103 7.8 +0.2 2.7+03 82+ 1.6
LNEADW 127407 261 +005 1.74+0.16 1.58 %+ 0.09 23.6 + 0.7 13.8 £0.3 75+02 32405 122 3.9
R? 0.63 0.58 0.76 0.27 0.11
SE 0.002 0.001 0.001 0.002 0.006

Note. R, proportion of the total variability explained by WT mixing; SE, standard error of the estimate. Components C1, C2, C4 and C5 corresponds with Coble's (1996)
peaks A and C, peak M, peak T and peak B, respectively. Component C3 is similar to Stedmon's et al. (2003) peak D.

degradation processes (lower molecular size; Benner & Amon, 2015). Moreover, the spectral slope S,75_»95 and Sg
have been suggested as indices for molecular size of DOM, and specifically S,75_,95 for photochemical trans-
formations and Sg for DOM origin (Helms et al., 2008).

The optical properties of DOM varied considerably at the large scale in the epipelagic layer of the CVFZ, with
clear differences between the Subtropical and Tropical-filament domains (Figures 5a—5d). Above the pycnocline,
higher acpoMm(254) and acpop(325) values were found in the Tropical and filament waters domains, respectively
(Table 1), and significant differences (p < 0.0005) were observed between the Tropical and Subtropical domains.
Noticeably, acponm(325) presented values more than twice, 0.31 (0.1) and 0.33 (0.1) m™", in the Tropical and
filament domains than in the Subtropical domain, 0.14 (0.02) m™'. Below the pycnocline, acpopn(254) and
acpom(325) decreased, but maintained the highest values in the Tropical domain (Table 1; Figures 5a and 5b). At
stn 5, the water intrusion from the Tropical domain showed an impact on the CDOM distribution with an

increment in the acpon(254) and acpom(325) values (Figures 5a and 5b). acpom(254)/acpom(365) presented the
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Figure 4. Full depth distribution of dissolved organic carbon in pmol L™" in July-August 2017. Contour lines presents Apparent oxygen utilization in pmol kg™'. Dots
represent the sampling depths and vertical black lines represent the corners of the FLUXES I hydrographic box. Note that the y-axis (depth) is not linear. F., filament.
Odd station numbers are represented at the top of the panel. Produced with Ocean Data View (Schlitzer, 2017).

highest values above the pycnocline and in the Northern and Western transects coinciding with the Subtropical
domain (Table 1, Figure 5c). This area matched with the lowest values of acpom(254) and acpopm(325). The slope
S,75_005 Was also significantly higher above than below the pycnocline, with the highest values in the Subtropical
domain (4.15 (0.03) 107> nm™"; Table 1, Figure 5d). Similarly, S; showed the highest values in the Subtropical
domain and significantly higher values (p < 0.0005) below than above the pycnocline.

Humic-like components C1 to C3 presented parallel distributions, with the highest values being recorded near the
coast and centered at the DCM (Table 1, Figures 6a and 6b). Above the pycnocline, values were higher in the
filament domain, but below the pycnocline, higher values were observed in the Tropical domain. The correlation
between the three humic-like components in the epipelagic layer was higher for C1-C3 (R* = 0.92) and lower for
C1-C2 (R* = 0.81) and C2—C3 (R* = 0.73). We do not discuss fluorophore C3 due to its high correlation with C1.

Despite the high correlation between C1 and C2, some differences were observed mainly above the pycnocline,
where C1 was higher in the CBGF than in the Tropical domains. Regarding the protein-like components, C4
showed the highest values also in the surface mixed layer near the coast in the Tropical and filament domains.
Then decreased with depth to more homogeneous values below the pycnocline, with significantly higher values
(p < 0.0005) in the Tropical domain as compared with the Subtropical domain (Table 1, Figure 6¢). C5
(Figure 6d) showed the highest values above the pycnocline and in the Tropical domain, but contrary to what have
been observed for C4, below the pycnocline, higher values were found in the Subtropical domain (Table 1).
Moreover, while maximum values of C4 are located at stn 1, 3, 25-33, for C5 are located at stn 11-12, 23-26,
indicating therefore a different distribution of these components. Regarding the water intrusion from the Tropical
waters at stn 5, it has an impact on the FDOM distribution, presenting higher values mainly of C1, C2 and C4
(Figures 6a—6c¢).

3.3. Optical Properties of Colored and Fluorescent DOM in the Meso- and Bathypelagic Layers

CDOM at the two chosen wavelengths, acpom(254) and acpom(325), decreased considerably with depth, from
archetype values of 1.14 (0.05) and 0.22 (0.02) m~!in SACW_18 to 0.76 (0.01) and 0.14 (0.01) m~" in LSW,
respectively. Noticeably, a significant increase in the bathypelagic water masses was observed, with archetype
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Table 3 values of 0.82 (0.01) and 0.16 (0.01) m~! in LNEADW, not accompanied by

Parameters of the Linear Mixing (Equation 6) and Linear
Mixing + Biogeochemical (Equation 7) Models

parallel increases in DOC nor AOU. This increment was most noticeable in
the Eastern transect, followed by the Northern transect as can be observed in

N, N, R SE B SE (B) P n the CDOM sections of Figures 5a and 5b and Table S3 in Supporting In-
formation S1, mainly associated to the Mauritanian continental slope.
AOU 0.94 129 307 acpom(254) and acpom(325) showed high differences between transects,
lee 071 3.40 302 with the lowest values below 1,000 m in the stations farthest from the coast,
DoC AOU 072 342 —0.026 0.015 0.05 302 from stn 7 to stn 25. The acpom(254)/acpom(365) ratio, a proxy for the
Acpom254 0.85 0.04 236 average molecular weight of CDOM, showed higher archetype values in the
depon325 059  0.02 236 Northern and Western transects with a maximum of 15.8 (2.0) in the MMW
depor254 AOU 085  0.04 _ _ 8 236 (Table S3 in Supporting Information S1), than in the Southern and Eastern
transects. Particularly, the Eastern transect presented the lowest values, with a
dcpom325 AOU 0.60 002 - - - 236 inimum of 8.7 (0.6) in the SACW_18. From stn 7 to stn 25, an area of
e Lise e 217 relatively high dcpom(254) acpom(363) (~20) was observed from 1,000 m to
C2 0.58  0.001 217 bottom, compared to their surroundings (~10). In this area, an increase of the
C3 0.76  0.001 217 spectral slope S,75_»95 (Figure 5d) and a decrease of S (not shown) were also
c4 027  0.002 210  observed.
G5 0.11 0.006 211 Fluorophores C1 and C2 matched the distribution of CDOM, with the highest
Cl AOU 064 0002 23107 9.110°° 0.01 217 values in shallower waters at the Eastern and Southern transects (stn 25-35)
2 AOU 0.63 0001 2510=° 52107 23107 217 and a remarkable increase in the near-bottom waters of the same transects
3 AOU 076 0001 _ _ _ 517  (Figures 6a and 6b). Maximum values of C1 were observed in the two
- SGT G5 Q0 998 I om0 @ap 2l NEADW wateg types at the Eastern transect with an average of 30.1 (1.8) and
32.1 (2.4) 107" RU, which were significantly higher (p < 0.005) than in the
& AU B DRE _ _ _ 20 Western transect (Table S3 in Supporting Information S1). C1 and C2 were
Note. R?, determination coefficient; SE, standard error of the estimate; B, also significantly higher (p < 0.005) in the Southern than in the Northern

fitting parameter of the relationship between N1 and N2 independent of the transects for the SACW of 12 and 18°C but showed similar values in both

mixing; SE (), standard error of the estimation of f; p, significance level of

transects for ENACW. For the intermediate waters, differences were found

the estimation of P; n, number of samples. Hyphens correspond with
non-significant observations.

between SPMW and AA, being higher again in the Southern transect for C1,
but similar for C2.

Regarding the protein-like C4 (Figure 6¢), it generally decreased with depth from central to intermediate waters.
Then, it presented similar archetype values for intermediate and deep waters (Table 2). The highest archetype
values were observed in the Northern transect for SACW of 18°C and MMW with values of 7.7 (3.2) and 7.0 (2.3)
1073 RU, and the lowest in the Eastern one for SPMW and LSW with 1.8 (0.8) and 1.8 (0.4) 10~ RU (Table S3 in
Supporting Information S1). Finally, C5 (Figure 6d) showed similar archetype values in the central and inter-
mediate waters, with a significant increase in deep waters in the Northern and Southern transects. Nevertheless,
this increase was not observable in the Eastern transect, which contained the lowest values of this component (2.6
(1.6) 107> RU for the LNEADW, Table S3 in Supporting Information S1).

The distribution of particles (turbidity; Figure 7) is also presented to check for similarities with the distributions of
CDOM and FDOM parameters. Turbidity shows columns of higher particle density that distributes from surface
to bottom in the Eastern and Northern transects, being more intense in the former; significantly (p < 0.005) higher
values were obtained for the Eastern transect although not for all the water masses (Table S3 in Supporting
Information S1). In Figure 7, the largest nepheloid layer occurs in surface waters close to the coast, from stn 1-7
and 26-35, coinciding with higher values of acpom(254), acpom(325), C1, C2 and C3 mainly at the second group
of stations. It is related to the biomass accumulation due to the high primary production of the area (Gabric
et al., 1993).

Water type proportions (X;;) (Equation 6) explained 85% and 59% of the acpom(254) and acpowm(325) variability
with an SE of 0.04 and 0.02 m™", respectively (Table 3). For comparison, the measurement error is 0.02 m™", that
is of the same order than the SE. When AOU is added to the model, no increase was observed in the explained
variability and the acpom(254)-A0U and acpom(325)-A0U P coefficients were not significant. Regarding the
fluorescent fraction of DOM, water mass mixing explained 63%, 58%, 27% and 11% of the C1, C2, C4 and C5
components, with SE of 2, 1,2 and 6 1073 RU, respectively. The corresponding measurement errors of C1, C2, C4
and C5 are 0.5, 0.3, 0.2 and 0.4 1073 RU, respectively, that is, about an order of magnitude lower than the
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Figure 5. Distributions of (a) absorption coefficient at 254 nm (acpp254) in m~, (b) absorption coefficient at 325 nm (acpop325) in m™, (c) ratio of absorption
coefficients acpom254/acpom365 and (d) spectral slope S5 595 in nm™" in July-August 2017. Dots represent the sampling depths, horizontal black line show the
position of the pycnocline and the vertical black lines represent the corners of the FLUXES hydrographic box. F., filament. Odd station numbers are represented at the
top of the first panel. Produced with Ocean Data View (Schlitzer, 2017).

corresponding SE (Table 3). When AOU is added to the multiple regression model (Equation 7), the explained
variability increased to 64%, 63%, 29% and 12%. The C1-AOU, C2-AOU and C4-AOU g coefficients were
significant, with values of 2.3 (0.9) 107>, 2.5 (0.5) 107> and —2.2 (1.0) 107> RU kg~' pmol (Table 3). On the
contrary, the protein-like fluorophore C5 did not have a significant f coefficient with AOU.

4. Discussion
4.1. New Insights on DOM Cycling in Epipelagic Waters of the CVFZ

The interplay of the CVF and the CBGF led to the classification of the epipelagic layer into three domains:
subtropical, tropical and filament. The tropical domain was fertilized by the nutrient-rich SACW and was
characterized by a shallower and more stable pycnocline, and higher Chl-a concentrations. These hydrographic
conditions explain the observed accumulation of DOC and the colored and fluorescent fractions DOM in the
tropical domain associated with a relatively higher primary production above the pycnocline and reduced
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Figure 6. Distributions of (a) fluorescence component C1 in 1073 RU, (b) fluorescence component C2 in 1073 RU, (c) fluorescence component C4 in 10~ RU and
(d) fluorescence component C5 in 107> RU in July-August 2017. Dots represent the sampling depths, horizontal black line show the position of the pycnocline and the
vertical black lines represent the corners of the FLUXES hydrographic box. F., filament. Odd station numbers are represented at the top of the first panel. Produced with
Ocean Data View (Schlitzer, 2017).

exchange with the waters below the pycnocline due to a higher stratification. On the contrary, CDOM and FDOM
signals were lower in the subtropical domain, where biological activity was lower and therefore, indirectly leads
to lower levels of organic matter production and processing. Moreover, the persistent photodegradation favor the
bleaching of the accumulated materials (Helms et al., 2008; Lgnborg et al., 2015). As a result, minimum values of
acpom(325) and maximum values of the acpom(254)/acpom(325) ratio and the slope S,;5 595, characteristic of
intense photooxidation processes (Del Vecchio & Blough, 2004; Helms et al., 2008; Siegel et al., 2005; Swan
et al., 2012), were observed. Waters in the subtropical domain are transported southwestward by the Canary
Current (see Figure 1; Pelegri & Pefia-Izquierdo, 2015a), away from the influence of the upwelling system and
therefore, are not expected to receive inputs of fresh DOM. The acpom(254)/acpom(365) ratio is lower in the
filament waters, indicating a larger molecular size of DOM in that domain, as expected due to the export of
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Figure 7. Full depth distribution of turbidity in Nephelometric Turbidity Units (NTU) in July—August 2017. Vertical black lines represent the corners of the FLUXES I
hydrographic box. Note that the y-axis (depth) is not linear. F., filament. Odd station numbers are represented at the top of the first panel. Produced with Ocean Data

View (Schlitzer, 2017).

recently-formed bioavailable organic matter from the Mauritanian upwelling. This is consistent with the size-
reactivity continuum hypothesis, which states that recently-formed organic matter with a larger molecular size
is on average more reactive than reworked and lower molecular weight organic matter (Benner & Amon, 2015).
Moreover, this recently upwelled water has not experienced significant photochemical degradation. The spectral
slope S,75 595 corroborated higher photochemical degradation of DOM in the subtropical domain, mainly above
the pycnocline of the Northern and Western transects. Finally, Sg showed values >2, indicative of the dominant
marine origin of the DOM in the CVFZ (Helms et al., 2008).

Fluorophores C1 and C3, which highly correlated, correspond to humic and fulvic acids of terrestrial origin,
respectively, while fluorophore C2 correspond to marine humic-like substances (Coble, 1996; Stedmon
et al., 2003). These fluorophores followed the same distribution pattern than CDOM absorption coefficients.
Higher values were found at the Eastern and the easternmost end of the Southern transects due to its proximity to
the coast, where higher rates of primary production would led to higher microbial respiration rates and the
resultant accumulation of the marine humic-like fluorophore C2 (Catala et al., 2016; Nieto-Cid et al., 2006;
Yamashita & Tanoue, 2008). The terrestrial humic-like florophores C1 and C3 are transported to the coast via
continental runoff, for example from the Senegal River (Mbaye et al., 2016) or atmospheric deposition, for
example Sahara dust (Aristegui et al., 2009; Campanero et al., 2022). It has been recently shown that Sahara dust
contains elevated concentrations of highly reworked humic-like DOM, which suggests that terrestrial humic-like
substances increase their concentration in the water column after Sahara dust deposition (Campanero et al., 2022).
Alternatively, iron oxides present in the Sahara dust and its dissolution in the water column also enhances the
absorption and fluorescence properties of DOM (Linke et al., 2006; Xiao et al., 2013). This could explain the
observed differences in the distribution of C1 and C2 in the surface mixed layer of the filament domain, where
higher fluorescence intensities of C1 were observed.

The protein-like fluorophores C4 and C5 showed a clear decline below the pycnocline likely due to the labile
nature of these materials, which are rapidly consumed by heterotrophic organisms (Jgrgensen et al., 2011;
Stedmon & Markager, 2005a, 2005b). C4 showed maximum values at the Eastern transect and the Northern and
Southern transects near the coast, as expected since fresh DOM is produced in the coastal upwelling system and
exported by the CBGF (Gabric et al., 1993). Moreover, when comparing C4 with DOC, we observed that a
relatively higher signal of C4 was present in the filament domain, as expected due to the high primary production
rates, subsequent production of labile DOM as fluorophore C4 and offshore export by the CBGF.
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4.2. New Insights on DOM Cycling in Meso- and Bathypelagic Waters of the CVFZ

Organic matter distributions in the meso- and bathypelagic layers of the CVFZ were driven by the surface dy-
namics, where most of the organic matter is produced in situ by primary producers or exported from the shelf by
the CBGF (Gabric et al., 1993; Meunier et al., 2012). A quick connection between the surface and the deep ocean
was observed, mostly in the eastern transect due to its proximity to the coast. The distribution of turbidity
(Figure 7), a proxy to particle concentration (Cetini¢ et al., 2012), suggest larger concentrations of sinking
particulate organic matter near the coast, and in the columns of higher DOC reaching deep waters (Figure 4).
Previous studies in the region of Cape Blanc reported this surface-to-deep connection, related to the ballasting
effect of lithogenic material produced in situ or from atmospheric inputs associated to processes of absorption-
desorption of DOM onto particles (Bory & Newton, 2000; Campanero et al., 2022; Fischer et al., 2016; Fischer &
Karakasg, 2009; Valiente et al., 2022; van der Jagt et al., 2018). The DOC distribution in columns could be related
to the episodic and likely patchy deposition of Saharan dust in the area (Matzenbacher et al., 2024). When natural
plankton communities are exposed to Saharan dust deposition, higher abundance of aggregates with faster sinking
velocities compared to aggregate formation with low dust are observed (van der Jagt et al., 2018). Furthermore,
the process of partial dissolution of sinking particles to produce DOM has been previously observed (Simon
et al., 2002; Smith et al., 1992), and also the connection between the surface layer and the deep ocean in other
regions (GOmez-Letona et al., 2022; Lopez et al., 2020; Ruiz-Gonzalez et al., 2020).

Nepheloid layers at intermediate (intermediate nepheloid layer, INL) and bottom depths (bottom nepheloid layer,
BNL) are commonly observed in this study area (Fischer et al., 2009, 2019; Karakas et al., 2006; McCave, 1986).
In the FLUXES I cruise no clear INL was found, instead a column of relatively homogeneous and elevated
turbidity was observed through the mesopelagic layer, connecting epipelagic and bathypelagic waters (Figure 7).
Finally, in the bathypelagic layer, a BNL was found with higher values at the Eastern transect between stn 29-35
and at the Northern transect between stn 1-7. This BNL is coincident with the high bottom values of acpon(254),
acpom(325), C1, C2 and C3 at the same groups of stations.

These distributions at the BNL could be caused by the release of CDOM and FDOM contained in particles sinking
from the epipelagic layer, ballasted with Sahara dust, which connect the surface production with the BNL. As
already indicated, Sahara dust contains humic-like FDOM that is released to the water column (Campanero
et al., 2022). In this regard, fluorescence intensity of C1 is higher than C2 in the BNL, which is consistent with a
terrestrial origin of this fluorescence signal. In addition, iron oxides in the Sahara dust may also enhance the
absorption and fluorescence properties of DOM (Linke et al., 2006; Xiao et al., 2013). Moreover, humic-like
fluorescence can also be produced during the degradation of organic matter in sinking particles, being released
when the particles reach the bottom, explaining the maximum of C2, with marine origin. Independently of the
origin of the humic-like fluorescence maxima, release from Sahara dust or degradation of sinking particles in
mesopelagic waters, no increase of AOU in the BNL as observed, should be expected. Important fluxes of fast
sinking organic particles and the presence of a well-developed BNL have been consistently reported in the CVFZ
(Fischer et al., 2009, 2019; Karakas et al., 2006; Ohde et al., 2015). Fischer et al. (2009) showed a BNL in the
Cape Blanc region that slid along the bottom slope comprising particles with settling rates >30 m d~'. This BNL
extended up to over 1,000 m above the seafloor with some seasonal variability. Alternatively, the fluorescence
humic-like maxima in the BNL could be related with the resuspension of reworked organic matter accumulated in
anoxic sediments, as was documented in the Arctic ocean (Chen et al., 2016), Sea of Japan (Kim & Kim, 2016)
and the eastern tropical South Pacific (Loginova et al., 2020). The distribution of the tryptophan-like component
C4 did not match the areas of higher particle density in the meso- and bathypelagic layers, likely due to a rapid
degradation of these materials (Jgrgensen et al., 2011). Conversely, the distribution of C5 is patchy, presenting
high values in the meso- and bathypelagic layers. Since C5 could be a mixture between tyrosine-like and PAHs,
no clear spatial pattern would be expected. This patchy distribution has been already observed all along the
Atlantic Ocean by Jgrgensen et al. (2011), arguing that higher values of protein-like materials at higher depths
could be explained by the drawdown of these materials during deep North Atlantic water mass formation, along
with a higher refractory nature of tyrosine-like than tryptophan-like substances (Stedmon & Markager, 2005a,
2005b).

The multiple linear regression of DOC and POC with water mass proportions (X;;) in the FLUXES I hydrographic
box, and the addition of AOU to each variable in the multiple regression model have been previously analyzed by
Valiente et al. (2022). They observed that only a small fraction of DOC (3.6 *+ 2.1%) and suspended POC
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(4.5 £ 0.7%) contributed to the production of inorganic carbon in the area covered by the hydrographic box
(assuming a —O,:C Redfield ratio of 1.4 mol O, mol C~' (Anderson, 1995)), concluding that the main responsible
for the remaining (92%) remineralized organic carbon was the sinking fraction. In our study, the optical properties
of DOM were analyzed, and the multiple linear regression model showed that water mass mixing explained better
acpom(254) (85%) than acpom(325) (59%). This pattern was also observed in previous studies in the eastern
North Atlantic (Campanero et al., 2022; Lgnborg & Alvarez-Salgado, 2014) and in the Mediterranean Sea (Catala
et al., 2018) and it is related to the exponential decay of the absorption coefficient with increasing wavelength,
which produces higher relative measurement errors at longer wavelengths. In general, a large measurement error
tends to produce both lower R and lower ratios between the standard error of the estimate (SE) provided by the
mixing model and the measurement error. When AOU was added to the model, no significant  coefficients were
obtained for acpom(254) and acpom(325), indicating that local-scale mesopelagic mineralization processes did
not affect significantly these DOM fractions in the CVFZ. Note that the residence time of mesopelagic waters in
the hydrographic box has been calculated at around 60 days (Burgoa et al., 2021), which is too short to produce a
significant and observable local signal of the degradation of the recalcitrant (mainly semilabile and semi-
refractory) fraction of DOM, that requires longer periods of time to be processed, from 1.5 to 20 years,
respectively (Hansell, 2013). Furthermore, the fact that the SE of the linear regressions with X; are of the same
order of the measurement error, may indicate that the analytical method is not accurate enough to catch these
subtle local processes in such a short time scale.

Regarding the FDOM fraction, fluorophores C1 and C2 presented higher values of explained variability due to the
water masses mixing (63% and 58%, respectively), contrary to the lower values observed for C4 and C5 (27% and
11%, respectively), related to protein-like materials. Nevertheless, the SE of the FDOM components were an
order of magnitude higher than the measurement error, indicating that basin-scale processes alone cannot explain
the observed distribution in the ocean interior despite the relatively high R (Alvarez—Salgado et al., 2013).
Fluorophores C1 and C2 increased the explained variability when AOU was added to the model (64% and 63%,
respectively), with significant positive f coefficients suggesting the local accumulation of refractory materials in
parallel to DO consumption in the CVFZ. Therefore, contrary to CDOM, FDOM measurements are sensitive
enough to detect the subtle local-scale accumulation that occurs in mesopelagic waters of the CVFZ. This
accumulation of humic-like substances in the dark ocean is presumably related with the microbial carbon pump
mechanism (Jiao et al., 2010). Moreover, the recent study by Xiao et al. (2023) proposed to use the relationship
between FDOM and AOU as an indicator for evaluating the microbial carbon pump efficiency in the dark ocean.
In this regard, the obtained  coefficients of 2.3 (0.9) and 2.5 (0.5) 10> RU kg~' pmol for C1 and C2 are
comparable to those obtained in previous observations made also in the CVFZ by Campanero et al. (2022, p. 1.8
(0.7) 107> RU kgfl umol), in the Mediterranean Sea by Martinez-Pérez et al. (2019; 2.1 (0.4) 107 RU
kg™! umol) and in the global ocean by Catalé et al. (2015) and Jgrgensen et al. (2011) with § coefficients of 2.2
and 2.7 107 RU kg™' umol, respectively. Since DOC and suspended POC make a very small contribution to the
local DO demand, it has been postulated that the main contributor to the local mineralization of organic matter is
the sinking particles with fast settling rates (Valiente et al., 2022). This idea would be consistent with the pro-
duction of humic-like substances in the dark ocean of the CVFZ from these sinking particles.

Finally, the variability of C4 explained by the water mass mixing model also increased when AOU was added to
the model, but contrary to C1 and C2, the B coefficient was negative (—2.2 (1.0) 107> RU kg~! pmol) indicating
net consumption of protein-like materials in the dark ocean of the CVFZ and therefore, revealing their labile
nature. This value is comparable to that obtained in the Mediterranean Sea by Martinez-Pérez et al. (2019) for
peak T, with a peak T-AOU P coefficient of —3.7 (1.3) 107> RU kg™" pmol.

5. Conclusions

The distribution of the optically active fraction of DOM in epipelagic waters of the CVFZ allowed us to gain
insights on the composition (e.g., molecular weight, origin, bioavailability) and photochemical/microbial pro-
cessing experienced by DOC in the different domains created by the CVF and the CBGF. Tropical waters south of
the CVF and CBGF waters were characterized by high nutrient concentrations and a shallower pycnocline,
enabling the accumulation of Chl-a and therefore of colored and fluorescent DOM fractions. DOM in the filament
waters presented the highest average molecular weight, as expected because of the export of recently formed
organic matter from the Mauritanian upwelling. Photochemical degradation of DOM could be particularly intense
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at the oligotrophic stations occupied by subtropical waters to the north of the CVF, probably explained by a longer
exposure time.

In mesopelagic waters, the separation of local- from large-scale variability of the optically active fractions of
DOM, allowed to focus on the local-scale variability of the fluorescent humic- and protein like substances. A
positive relationship was observed between components C1 and C2 with AOU, suggesting an accumulation of
humic-like compounds in parallel to DO consumption. Conversely, component C4 correlated negatively with
AOU, suggesting local consumption due to its labile nature. Therefore, while the relationship between DOC and
AOU could just inform us about the contribution of DOC to the DO demand of the mesopelagic layer, the
relationship of the fluorescent fraction of DOM with AOU could provide insights on the consumption of labile
DOC and the parallel production of refractory DOC. Nevertheless, experimental data would be necessary to fully
support these statements.

The bathypelagic waters of the CVFZ are characterized by a well-developed BNL along the continental slope
where the colored and fluorescent humic-like fractions of DOM accumulate without a parallel increase in AOU.
We hypothesized that DOM release from sinking particles, either of allochthonous (ballasting Sahara dust,
containing both FDOM and iron oxides) or autochthonous (organic mineralization of particles) origin and/or the
resuspension of reworked organic matter accumulated in anoxic sediments could be the likely reasons for this
signal.
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