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1.  Introduction
Deep Chlorophyll Maxima (DCM) are ubiquitous phytoplanktonic features observed in the global ocean 
(Baldry et al., 2020; Cornec et al., 2021; Cullen, 2015; Mignot et al., 2014; Silsbe & Malkin, 2016), and more 
specifically in stratified systems (Cullen, 2015; Estrada et al., 1993). These active phytoplankton layers at 
depth are often indiscernible via satellite observation (Joint & Groom, 2000; Platt et al., 1988). Depending 
on environmental conditions, a DCM can either reflect an effective accumulation of biomass (Deep Biomass 
Maximum, DBM, Beckmann & Hense, 2007; Cullen, 2015; Herbland & Voituriez, 1979), or result from an 
increase in the chlorophyll-a concentration (Chla) of phytoplankton cellular content in response to low 
light levels (Deep photoAcclimation Maximum, DAM), without any associated increase of biomass (Fennel 
& Boss, 2003; Letelier et al., 2004; Mignot et al., 2014; Steele, 1964). DCMs, and more particularly DBMs, 
are likely to contribute significantly to global primary production (Cullen, 2015; Hanson et al., 2007; Sils-
be & Malkin, 2016). Their occurrence and characteristics depend on a favorable combination of light and 
nutrient supply over time periods long enough for the development of a stable deep phytoplankton layer 
(Beckmann & Hense, 2007; Cullen, 2015; Huisman et al.,  2006; Klausmeier & Litchman, 2001; Letelier 
et al., 2004). To better understand their dynamics, it is necessary to assess the drivers affecting their environ-
mental properties, in particular, those affecting light and nutrient availability at depth.

Small-scale ocean dynamics, such as internal waves or mesoscale eddies, may act as altering factors synced 
with phytoplankton responses, as they can induce vertical perturbations of the water column (McGillicud-
dy et al., 1998; Uz et al., 2001). Mesoscale eddies are ubiquitous structures in the global ocean (Chaigneau 

Abstract  Deep Chlorophyll Maxima (DCM) are ubiquitous features in stratified oceanic systems. 
Their establishment and maintenance result from hydrographical stability favoring specific environmental 
conditions with respect to light and nutrient availability required for phytoplankton growth. This stability 
can potentially be challenged by mesoscale eddies impacting the water column's vertical structure and 
thus the environmental parameters that condition the subsistence of DCMs. Here, data from the global 
BGC-Argo float network are collocated with mesoscale eddies to explore their impact on DCMs. We show 
that cyclonic eddies, by providing optimal light and nutrient conditions, increase the occurrence of DCMs 
characterized by Deep Biomass Maxima for phytoplankton. In contrast, DCMs in anticyclonic eddies 
seem to be driven by photoacclimation as they coincide with Deep Acclimation Maxima without biomass 
accumulation. These findings suggest that the two types of eddies potentially have different impacts on 
the role of DCMs in global primary production.

Plain Language Summary  In the global ocean, phytoplankton can be found at depths where 
their growth is limited by their access to light from the surface and nutrient supply from below. Depending 
on the combination of environmental conditions, phytoplankton at depth can either accumulate in 
densely populated layers or deploy adaptive survival strategies such as multiplying their internal light 
sensors. Given their dependence on environmental variations, phytoplankton can be affected by physical 
disturbances that alter the vertical structure of the water column's properties. Among these are mesoscale 
eddies, large water structures dominated by rotation on the horizontal plane which also induce vertical 
physical movements. In this study, we associate data from autonomous robots that drift with ocean 
currents and sample physical and biological properties down to a depth of 2,000 meters, with mesoscale 
eddies detected by satellite. We show that on a global scale, cold mesoscale eddies promote the growth of 
phytoplankton at depth.
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et al., 2009; Chelton et al., 2007, 2011), which affect phytoplankton distribution via eddy pumping along 
the vertical (Dufois et al., 2014; Falkowski et al., 1991; Frenger et al., 2018; Gaube et al., 2014; Mahadevan 
et al., 2012; McGillicuddy et al., 1998; McGillicuddy, 2016; Siegel et al., 2011). At the core of cyclonic (anti-
cyclonic) eddies, eddy pumping induces a shallowing (deepening) of isopycnals, which accordingly trans-
lates into an upward (downward) displacement of the nutricline with respect to a specific light horizon. The 
standard hypothesis regarding this paradigm is that cyclonic eddies (C) and anticyclonic eddies (AC) respec-
tively increase and decrease the accumulation of phytoplankton biomass (McGillicuddy, 2016). However, 
nuances are increasingly reported in eddy mechanisms and associated phytoplankton responses, highlight-
ing the complexity of the phenomena in play (e.g., variations in physical fields through the eddy lifetime, 
contribution of lateral exchanges, eddy-wind interaction, submesoscale pumping, eddy-eddy interaction: 
Guidi et al., 2012; Lévy et al., 2001; McGillicuddy et al., 2007; Siegel et al., 2013; Sweeney et al., 2003). 
Among those modulations, variations are observed between the core sector of the eddies and their edge, the 
latter being subject to significant vertical motions impacting submesocale filaments and implying interac-
tions with the surroundings waters (Klein & Lapeyre, 2009; Siegel et al., 2008; Xiu & Chai, 2020). Moreover, 
the respective influences of C and AC on phytoplankton dynamics are still debated (Barone et al., 2019; 
Brannigan, 2016; Dufois et al., 2016; Xiu & Chai, 2020).

Observations of the impact of mesoscale eddies on DCMs remain sparse, either limited to specific locations 
or time periods. Additionally, such impacts often differ from those observed by satellites which capture 
surface layers only. A general assessment and quantification of the impact of eddies on DCM characteristics 
as well as on light and nutrients, their main drivers, is still missing. Yet such an assessment is particularly 
critical for the quasi-permanently stratified subequatorial and subtropical waters as eddies may represent 
the key factor regulating fluctuations of environmental drivers in these stable systems (Cullen, 2015; Letel-
ier et al., 2000).

To help fill in this gap, our study investigates the role of eddies in modifying DCM depth and intensity 
by driving changes in light and nutrient fields. Our analysis of DCMs relies on BGC-Argo's global data 
set of vertical measurements of fluorescence of Chla (Fchla) and optical backscattering of particles (bbp) 
in addition to hydrological parameters and up to four additional core BGC parameters (Chai et al., 2020; 
Claustre et al., 2020; Roemmich et al., 2019). Fchla and bbp are respectively proxies of the concentrations of 
(Chla) (Roesler et al., 2017) and particulate organic carbon (POC) (Cetinić et al., 2012; Loisel & Morel, 1998; 
Stramski et al., 1999), whose combined analysis allows identification of DCMs and discrimination between 
DAMs and DBMs (Cornec et al., 2021). Meanwhile, to probe into eddies, we co-located the global data set 
of BGC-Argo profiles with the TOEddies database (Laxenaire et al., 2018) providing a global atlas of mesos-
cale eddies automatically detected from Absolute Dynamical Topography (ADT) obtained via multi-satellite 
altimetry.

This study first assesses the effect of mesoscale eddies on DCMs in the world ocean regarding the impact 
of the eddy cores and edges for both polarities (C and AC) on the occurrence of DAMs and DBMs. DCM 
seasonality is then examined in the quasi-permanently stratified systems of subtropical and subequatorial 
waters. Finally, the influence of eddy polarity and sectors (core vs. edge) on DCM characteristics, and on the 
changes in environmental drivers are described.

2.  Materials and Methods
2.1.  BGC Argo Database Classification and Environmental Parameters Calculation

Data from 505 BGC-Argo floats (∼50,000 profiles collected from 2010 to 2020, Argo, 2020) equipped with 
(Chla) and bbp sensors (in addition to sensors for CTD [conductivity, temperature, depth], and up to four 
additional BGC core parameters) were processed and qualified as described in Bellacicco et al. (2019) and 
Wong et al. (2020). Vertical profiles were classified as presenting a DCM or not (NO) based on the analysis 
of bio-optical profiles (see Supporting Information, SI: Text  S1, Figure  S1, and Table  S1). DCM profiles 
were then further segregated into photoacclimation (DAM) or biomass maxima (DBM) following Cornec 
et al. (2021). The characterization of DCM profiles was assessed through the depth of the DCM (ZDCM) as 
well as (Chla) and bbp at the DCM depth ([Chla]DCM and bbpDCM, proxies of DCM intensity; Hopkinson & 
Barbeau, 2008).
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To specify the environmental context of DCMs, daily integrated Photosynthetically Available Radiation 
(iPAR) and nitrate concentration profiles were estimated for each BGC-Argo vertical profile. Nitrate con-
centration at each depth was retrieved from the dissolved oxygen profiles through the neural network-based 
method CANYON-B (Bittig et al., 2018; Sauzède et al., 2017, see SI: Text S2). Surface values of Photosyn-
thetically Available Radiation (PAR) were computed with a clear-sky model (Gregg & Carder, 1990), then 
propagated to depth using a regional attenuation coefficient based on empirical bio-optical relations with 
(Chla) (Cornec et  al,  2021, adapted from Morel et  al.,  2007). Cloud-cover coefficients were applied per 
month and per 10°-latitude band on the PAR profiles (Cornec et al., 2021; Lacour et al., 2017). The iPAR was 
then derived at each profile depth by integrating the PAR profiles over the day-length (Lacour et al., 2017). 
The depth of the nitracline (ZNit) was calculated as the shallowest depth at which the nitrate concentration 
is 1 µmol NO3 higher than the surface concentration (Cornec et al, 2021, see SI: Text S2). The iPAR value at 
the nitracline depth (iPARNit) gives an estimation of the potential productivity of the DCM (Cullen, 2015). 
Average iPAR in the Mixed Layer iPARML� � gives an estimation of light availability in the upper layer of the 
water column, and was calculated as the average of the iPAR values within the Mixed Layer Depth (MLD). 
The MLD was calculated as the depth where the potential density increased by 0.03 kg m−3 in relation to the 
surface value (de Boyer Monté gut et al, 2004).

2.2.  Mesoscale Eddy Database and BGC-Argo Profiles Colocation

In the geostrophic framework, mesoscale eddies can be characterized by concentric circles of Sea Surface 
Height (SSH), highlighting the predominance of rotation in their dynamics. This particular property has 
prompted the development of algorithms for automatic eddy detection from satellite altimetry maps (e.g., 
Chaigneau et al., 2008, 2009; Chelton et al., 2011).

In this study, we take advantage of the global eddy atlas obtained by applying the TOEddies algorithm 
(Laxenaire et al., 2018) to daily 0.25° × 0.25° AVISO ADT maps produced by Ssalto/Duacs and distributed 
by Copernicus-Marine Environment Services, either in delayed time (1993 to early 2019) or near-real time 
(early 2019 to present). This algorithm identifies, on ADT maps, local maxima (minima) as the possible 
center of AC (C). The features are classified as eddies if the outermost closed ADT contour containing only 
one possible center is characterized by a difference in ADT with the center greater than 1 mm (see Laxenaire 
et al. (2018) for details including validation of their method using surface drifters). This closed contour de-
fines the outer limit of each eddy, which, in general, is affected by the external field (Laxenaire et al., 2019). 
The eddy's core is defined as the surface encompassed by the ADT contours with the highest mean absolute 
azimuthal velocity.

On the basis of the resulting database, we categorized the ocean surface, and thus flagged collocated 
BGC-Argo profiles, according to their position, either as regions outside eddy influence, within an eddy 
core (either AC or C) or within an eddy edge (defined as the area between the eddy core and its outermost 
contour).

To obtain a climatological view of eddy presence, we computed the percentage of time per month from 
2010 to 2018 (period where the ADT data were available in delayed mode) for which each pixel of the ADT 
maps lay in one of the three areas (outside, core and edge of eddies) defined by the TOEddies atlas. From 
these data, we estimated monthly and yearly climatologies covering the period of the BGC-Argo sampling 
by computing mean values (respectively monthly and yearly) of the percentage of occurrence per pixel for 
each eddy polarity and area (i.e., ACcore, ACedge, Ccore and Cedge).

2.3.  Database Regionalization and Calculation of the Anomalies of the Parameters

To assess the global distribution of DCMs and their typology (DAM or DBM), as well as the occurrence of 
eddies, we grouped the data of BGC-Argo profile types (SI: Table S2) per seven 20°-latitude bands centered 
on the Equator and up to 70° in both hemispheres (Figure 1). The BGC-Argo database's representativeness 
of eddy occurrence was verified by comparison with the TOEddies climatologies (SI: Text S3 and Figure S2).

For each eddy, we computed the proportions of DAM and DBM profiles, which we then compared to those 
outside eddy influence (i.e., EXT). We also defined the difference in percentage of DAMs and DBMs between 
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each eddy types (i.e., ACcore, ACedge, Ccore and Cedge) and with EXT as a metric of DCM anomalies associated 
with the presence of mesoscale eddies. We computed such anomalies on both global and monthly scales. 
Note that we shifted the southern hemisphere by 6 months to phase with northern-hemisphere seasonality.

We divided the subequatorial (0–∼15°) and subtropical latitudes (15–∼30°), as well as the two basins of the 
Mediterranean Sea which present characteristics of quasi-stratified systems, into 14 different regions with 
coherent a priori hydrographical and/or biogeochemical patterns to which we assigned the BGC Argo floats 
(Cornec et al., 2021, SI: Tables S3–S4 and Figure S3). We also computed anomalies on the same basis as 
described above for the three DCM descriptors ([Chla]DCM, bbpDCM, and ZDCM) and the four environmental 
parameters (ZNit, MLD, iPARNit, and iPARML; SI: Table S5 and Figure S4), assuming that intraregional varia-
tions of these parameters are smaller than their interregional variations.

3.  Results and Discussion
3.1.  Global DCM Repartition

Profiles indicating the presence of DCMs (i.e., DBM and DAM, Figure 1) dominate from 20°S to 40°N (re-
spectively 90% and 59% of the profiles), but are less frequent at higher latitudes (respectively 17% and 8% at 
60°N and 60°S). This asymmetrical distribution with comparatively higher DCM occurrence in the northern 
hemisphere is due to significant contribution to the data set by data from the Mediterranean Sea and Baffin 
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Figure 1.  Map of the BGC-Argo profile database and percentages of distributions of profile types regarding to their biological types (No deep maxima, Deep 
photoAcclimation Maximum, and Deep Biomass Maximum; inner circles), and mean percentages of eddy polarities and sections regarding to the BGC-Argo 
database sampling (Cyclonic eddies and Anticyclonic eddies cores and edges, outside of eddy influence; outer circles) per 20°-latitude bands (black lines). The 
color of the points corresponds to the profile position regarding to eddies presence, polarity and section (same color scale as for the outer circles).
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Bay, both regions presenting a strong seasonal occurrence of DCM pro-
files (Ardyna et al., 2011; Barbieux et al., 2019; Martin et al., 2010). DCMs 
are generally dominated by DBMs in the equatorial band (67% of DCM 
profiles at 0°), DAMs at 20°S (63%), and DBMs at 60° in both hemispheres 
(respectively 63% and 75% in the southern and northern hemispheres) 
whereas both types have equal proportions at 20°N and 40°N. The low 
occurrence of DCMs at high latitudes is related to their highly seasonal 
dynamics both in terms of hydrographical conditions and surface prima-
ry production. At those latitudes, DCMs occur during a short period (i.e., 
in summer) when the water column is stratified and organic material 
in the upper layer undergoes post-bloom depletion (Ardyna et al., 2013; 
Baldry et al., 2020). The high occurrence of DCMs in subequatorial and 
subtropical water systems confirms the quasi-permanence of upper-wa-
ter stratification and organic depletion at these latitudes (Herbland & 
Voituriez, 1979; Letelier et al., 2004; Mignot et al., 2014). Subequatorial 
systems (from 0 to ∼15°) are more favorable to DBM occurrence, suggest-

ing near-optimal conditions for phytoplankton to thrive at depth (Beckmann & Hense, 2007; Cullen, 2015; 
Herbland & Voituriez, 1979). In subtropical systems, DAM proportions increase (and dominate DCM pro-
files in the southern hemisphere) as deep nutriclines with low light levels lead to strong photoacclimation 
at the DCM depth (Letelier et al., 2004; Mignot et al., 2014).

3.2.  Impact of Eddies on DAM/DBM Occurrence

Global proportions of DCM types (DAMs and DBMs) outside (EXT) and within the different eddy polar-
ities and sections (C/AC and edge/core, Figure 2) were compared regarding the total number of profiles 
(including profiles with no DCMs). C present a higher occurrence of DBM profiles (30% of total profiles in 

Ccore, compared to 20% in EXT), and a slightly lower proportion of DAM 
profiles (18% of DAM in Ccore, compared to 20% in EXT). The opposite is 
true for AC: DAM occurrence increases (23%) while the DBM proportion 
remains steady (20%). Cedge present an intermediate situation between 
EXT and Ccore (25% and 19% respectively for DAM and DBM profiles), 
whereas ACedge show a higher proportion of DAM than ACcore (24%) and 
a slight increase in DBM (23%). The increased proportion of biomass ac-
cumulation profiles within C compared to those outside eddy influence 
suggests the former's enhancement of environmental conditions favora-
ble to phytoplankton growth. Conversely, the environmental conditions 
within AC seem to favor the development of photoacclimation.

The issue of how seasonality affects eddy influence on DCMs was spe-
cifically addressed for the 30°S–30°N latitudinal band where DCMs are 
nearly permanent year-round. This sample thus excludes high-latitude 
regions where DCMs only develop during summer in both hemispheres. 
We analyzed the monthly anomalies of DBM and DAM profiles within 
Ccore and ACcore and compared these to their occurrence outside eddy in-
fluence (Figures 3a and 3b). In Ccore, DBM anomalies are always positive, 
and DAMs always negative, suggesting a system where biomass accumu-
lation at depth dominates and photoacclimation processes are depreci-
ated. A global increase in total DCM anomalies occurs after the spring 
equinox (+3%) to the autumn equinox (+4%), with a peak after the sum-
mer solstice (+8%). This period is marked by a lesser decrease in DAM 
proportion (−4%) and a strong increase in DBMs (+17% after the spring 
equinox, and at the autumn equinox). However, from late fall to early 
spring, the global DCM proportion decreases with a minimum around 
the winter solstice (−8%). Still positive but reduced, the DBM anoma-
ly (+5%) is dominated by the strong decrease in DAM proportion. This 
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Figure 2.  Percentages of Deep Biomass Maximum and Deep 
photoAcclimation Maxima profiles regarding to the total number of 
profiles within each zone (Cyclonic eddies/Anticyclonic eddies cores and 
edges section, and outside of eddies influence).
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implies that during late autumn-early winter, even if the proportion of 
DBMs in Ccore increases, there is a net decrease in the total proportion of 
DCMs compared to the regions located outside the eddies. This decrease 
could result in surface blooms (as suggested by an increase in [Chla] in 
the upper layer and a decrease in iPARML� � in profiles showing no DCM 
compared to profiles with a DCM, SI: Figure S5) resulting from a possible 
injection of nutrient following an erosion of the nitracline.

In ACcore, total DCM anomalies are essentially negative (with a peak at 
the spring equinox of −29%) or close to zero in summer. These results 
highlight that AC disfavor the presence of DCMs. Throughout the year, 
DBM anomalies are also negative, with a peak before and at the spring 
equinox (−19%). However, DAM anomalies become positive from late 
spring to the autumn with a maximum after the summer solstice (+9%). 
The period around the summer solstice represents a critical period in the 
DAM/DBM transition, especially in oligotrophic systems, as this is when 
light penetrates deeper in the water column, hence enhancing the prob-
ability of more photons reaching the nitracline. These conditions favor 
biomass accumulation until the autumnal uplift of isolumes (Letelier 
et al., 2004; Mignot et al., 2014) when ACcore again tend to diminish DBMs 
and favor DAMs instead.

3.3.  Impact of Eddies on DCM Properties and Their Environment

For stratified regions, mean anomalies of the descriptors of DCM proper-
ties (Figure 4a) and of associated environmental parameters (Figure 4b) 
were computed for C and AC for the 14 regions of stratified systems. For 
both types of descriptors, C and AC clearly present opposite effects (Mann 
Whitney test, p-values <0.05), with the behavior of properties within the 
edge sector of eddies being intermediate in relation to that in their cores 
(however not significantly different) or outside the eddies. In C, DCM 
depth shallows (Figure 4a, −9% in Ccore and −6% in Cedge), combined with 
a significant increase of its intensity as shown by positive anomalies in 
bbpDCM (+9% in Ccore and +5% in Cedge) and [Chla]DCM (+12% in Ccore and 
+7% in Cedge). The simultaneous increase in bbpDCM and [Chla]DCM can 
explain the transition toward deep biomass accumulation observed in 

sections 3.1 and 3.2 (Figures 2 and 3). The opposite is observed in AC, with a deepening of the ZDCM (+10% 
in ACcore and + 8% in ACedge), associated with a decrease in DCM intensity (−5% and −2% for bbpDCM, −9% 
and −6% for [Chla]DCM, respectively in ACcore and in ACedge). These analyses confirm recent observations of 
DCM characteristics within AC and C (Barone et al., 2019; Li & Hansell, 2016; Gao et al., 2017; Pasqueron 
De Fommervault et al., 2017; Xiu & Chai, 2020).

As for environmental parameters, uplift of the ZNit and MLD are observed in C (Figure 4b: respectively 
−10% and −11% in ACcore, and −9% for both parameters in ACedge). Positive anomalies are also recorded 
for iPARNit (+62% in Ccore and + 23% in Cedge) and iPARML (+11% in Ccore and +7% in Cedge). Meanwhile, AC 
eddies present the reverse features: a downward shift of the ZNit (+13% in ACcore and +4% in ACedge) and 
MLD (+12% in both sections), and negative anomalies for iPARNit (−60% in ACcore and −49% in ACedge) and 
iPARML (−10% in ACcore and −7 in ACedge). These estimates show that on average, C favor environmental 
conditions in which DCMs thrive. They suggest that the typical vertical isopycnal shoaling at their center 
(represented by the shallowing of the MLD in the anomalies) maintains an uplift of the nitracline (Chai 
et al., 2020; Vaillancourt et al., 2003). This upward shift toward the sunlit layer leads to an increase in iPAR-
Nit, as observed by Letelier et al. (2000) and Hopkinson & Barbeau (2008). Meanwhile, the reverse occurs 
for AC: the downward displacement of isopycnals in eddy cores distances the nitracline from the euphotic 
zone, deterring phytoplankton growth. The fact that the edge sectors of the eddies shows an intermediate 
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Figure 4.  Quartile diagrams of regional anomalies of Deep Chlorophyll 
Maximum profile characteristics (a) and environmental parameters (b) for 
the stratified regions as a function of their location within each eddy zone 
(Cyclonic eddies/Anticyclonic eddies cores and edges section), all four 
locations being compared to the parameters outside eddy influence, that is, 
outside of eddies influence.
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condition may be due to the attenuation of the pumping effect by other processes (e.g., submesoscale and 
Ekman-induced pumping, Gaube et al., 2014; Klein & Lapeyre, 2009).

4.  Conclusion
In this study, we addressed the effect of mesoscale eddies on Deep Chlorophyll Maxima (DCM) character-
istics as well as the environmental context that controls their development and persistence in the global 
ocean. To our knowledge, this study is the first to address the impact of mesoscale eddies on those deep 
phytoplanktonic features at the world ocean scale, combining two complementary databases. We found that 
at a global scale, cyclonic eddies (C) and anticyclonic eddies (AC) have opposite effects on DCM occurrence: 
the largest proportion of profiles with biomass maxima (DBMs) are found inside C whereas the largest pro-
portion of photoacclimation-related maxima (DAMs) are inside AC.

In low-latitude stratified environments dominated by quasi-permanent DCMs (i.e., subtropical and sub-
equatorial regions), 20%–30% of surfaces are impacted by mesoscale eddies. C favor a global shift of the 
system from DAMs toward DBMs. Conversely, AC lead toward the disappearance of DCMs (with an inter-
mediate shift from DBMs toward DAMs during the summer solstice period).

In C, the strengthening of DCMs is related to an uplift of the isopycnal and nitracline toward the sunlit 
layer that provides an optimal environment for phytoplankton development and growth (while the opposite 
occurs in AC). The increase in DCMs may result from either a proliferation of the phytoplankton commu-
nity typical of DCMs outside eddy influence, or from a change in the local community (Brown et al., 2008; 
Jyothibabu et al., 2015; Waga et al., 2019; Waite et al., 2007). The enhancement of DCM intensity in C ex-
plains the rise in DBM occurrence. Nevertheless, the reasons for DCM decrease inside the cores of C during 
winter still need further investigation. This decrease could be the effect of enhanced surface productivity, 
or a process other than eddy pumping (e.g., submesoscale processes, eddy-wind interaction or MLD effect 
[Lévy et al., 2001; Mahadevan, 2016; McGillicuddy et al., 2007; Siegel et al., 2011]).

Our results highlight that in C and AC, eddy pumping appears to be the dominant process and present 
opposite effects on DCMs, in particular in subequatorial and subtropical latitudes where environmental 
conditions are more stable year-round. The effect appears to be less intense but still significant within the 
edge regions of the eddies compared to their core. Continued expansion of the BGC-Argo fleet will allow 
further investigation of these processes, for example, the impact of the eddy size and intensity, the positions 
of eddy cores with respect to the ocean surface (e.g., Assassi et al., 2016; Laxenaire et al., 2020), as well as 
processes acting at the eddy edges (Klein & Lapeyre, 2009). Furthermore, the mesoscale impact of eddies 
on DCM intensities suggests a potential influence on associated primary production. The potential impact 
of these physical features on the global carbon budget should definitely be assessed.

Data Availability Statement
All BGC-Argo data are available at https://doi.org/10.17882/42182#75239 or at ftp://ftp.ifremer.fr/ifremer/
argo/dac/. These data were collected and made freely available by the International Argo Program and 
the national programs that contribute to it. (https://argo.ucsd.edu, https://www.ocean-ops.org). The Argo 
Program is part of the Global Ocean Observing System. The gridded altimeter products were produced by 
SSALTO/DUACS and distributed by the Copernicus Marine Environment Monitoring Service. The database 
produced for this paper is available at the following: https://doi.org/10.17882/76733. The authors wish to 
thank the Argo Data Management team (ADMT) and the BGC-Argo Data Management team (BGC ADMT).
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