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Abstract The South Indian Ocean subtropical gyre has been described as a unique environment where
anticyclonic ocean eddies highlight enhanced surface chlorophyll in winter. The processes responsible for
this chlorophyll increase in anticyclones have remained elusive, primarily because previous studies
investigating this unusual behavior were mostly based on satellite data, which only views the ocean surface.
Here we present in situ data from an oceanographic voyage focusing on the mesoscale variability of
biogeochemical variables across the subtropical gyre. During this voyage an autonomous biogeochemical
profiling float transected an anticyclonic eddy, recording its physical and biological state over a period of
6 weeks. We show that several processes might be responsible for the eddy/chlorophyll relationship,
including horizontal advection of productive waters and deeper convective mixing in anticyclonic eddies.
While a deep chlorophyll maximum is present in the subtropical Indian Ocean outside anticyclonic eddies,
mixing reaches deeper in anticyclonic eddy cores, resulting in increased surface chlorophyll due to the
stirring of the deep chlorophyll maximum and possibly resulting in new production from nitrate injection
below the deep chlorophyll maximum.

1. Introduction

Mesoscale eddies are common features of oceanic circulation [Chelton et al., 2011b] and play an important
role in enhancing biological production [e.g., Klein and Lapeyre, 2009; McGillicuddy et al., 1998]. Established
in the 1990s, the “eddy-pumping” mechanism describes an upwelling of nutrient-rich subsurface water
into the euphotic zone that enhances biological productivity in cyclonic eddies (CEs) [Falkowski et al.,
1991]. Although the eddy-pumping idea is still popular [e.g., Stramma et al., 2013], recent literature
demonstrates that eddies can impact biogeochemical cycles through a range of processes [Chelton
et al,, 2011a; Gaube et al., 2014; McGillicuddy, 2016; McGillicuddy et al., 2007], including some which are also
likely to enhance productivity in anticyclonic eddies (ACEs) [Dufois et al, 2014, 2016; McGillicuddy
et al., 2007].

The South Indian Ocean subtropical gyre has been described as unique in this respect because surface
chlorophyll (Chl) is enhanced in ACEs compared to CEs during winter [Dufois et al., 2014; Gaube et al.,
2013]. It has been shown that in fact all five subtropical gyre areas exhibit an eddy response similar
(although weaker) to the South Indian Ocean [Dufois et al., 2016], suggesting that the eddy-pumping
mechanism is less dominant than previously thought. Several competing processes have been suggested
to increase primary production in the South Indian Ocean ACEs, including eddy-induced Ekman pumping
[Gaube et al., 2013] and eddy-induced mixing [Dufois et al., 2014, 2016], but the balance of the processes
involved is still the subject of ongoing debate [McGillicuddy, 2016]. In oligotrophic environments the main
Chl signal is often located out of view of satellites, within the deep chlorophyll maximum (DCM) [Huisman
et al., 2006]. However, most previous studies relied on satellite surface Chl, lacking the vertical resolution
necessary to fully characterize the eddy-induced Chl response.

Here we use in situ data from a recent austral-winter cruise across the South Indian Ocean subtropical
gyre to describe the physical-biological interactions at the mesoscale in the region. We show for the first
time how eddy-induced mixing interacts with the DCM and discuss previous results in light of
our findings.
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2. Methods and Data

2.1. EAF-Nansen Project Voyage
Across the Southern Indian Ocean

We undertook a 21 day research voy-
age (26 June to 16 July 2015) from
Jakarta (Indonesia) to Port Louis
(Mauritius) to investigate oceano-
graphic and ecological features in
the region as part of the EAF-
Nansen Project of the Food and
Agriculture Organization of the
United Nations. In this study, we pre-
sent data from a total of 21 stations
sampled within 8days (03-10 July
2015) located along a longitudinal
transect around 20°S in the center of

Figure 1. Position of the CTD casts (black dots) and deployment of the Bio- Fhe basir‘.n (Table 51 in the S:upporting
Argo float (blue circle). (a) The background map, adapted from Dufois et al.  information), corresponding to a
[2014], corresponds to the difference between surface Chlin ACEsand CEsin  region where ACEs exhibit higher
winter (June—:uglustl)(. (b) SSH (crg) on the 06 Julyh2015. SSH contolurs are winter surface Chl (Figure 1).
every 2 cm. The black squares indicate stations where water sampling was .
ntin rofil from
carried out. The locations of the three eddies referred to as ACE 1, ACE 2, and Cont U(,)Lfs profile  data °
CE 1 are indicated. The tracks of those eddies over their entire lifespan are conductivity-temperature-depth
also indicated by the black lines, with the red dots corresponding to the (CTD), fluorometer, multispectral
location of first detection. backscattering meter and dissolved

oxygen sensors were recorded,
together with underway fluorescence. Discrete measurements of nitrate, Chl a, phaeopigment, and
dissolved oxygen from Niskin bottles on the CTD rosette were undertaken and used to calibrate the
CTD-mounted sensors (see the supporting information).
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2.2. Bio-Argo Float

A biogeochemical profiling float (NAVIS, Sea-Bird Scientific Inc.), hereafter referred to as Bio-Argo, was
deployed in the center of an ACE on 5 July 2015 (Figure 1). This Bio-Argo measured conductivity, tempera-
ture, and depth; dissolved oxygen; fluorescence; and optical backscattering at two different wavelengths
(see the supporting information). In this study, we present 2 months of data acquired by the float after the
deployment (the float itself was still operational at the time of writing: 18 February 2017). The CTD-rosette
cast conducted at the time of deployment was used to calibrate the oxygen and fluorescence sensors, and
the particulate backscattering coefficient by, [Boss and Pegau, 2001] for the two wavelengths (see the
supporting information). We also computed the particulate backscatter slope y as an indicator of the particle
size distribution, with the slope decreasing for larger particles, according to Antoine et al. [2011] (see the
supporting information).

2.3. Other Data

We derived several variables from the CTD and Bio-Argo vertical profiles. The mixed layer depth (MLD) was
computed following de Boyer Montégut et al. [2004] by using a criterion on potential density changes (see
the supporting information). The vertical diffusivity K, is derived from the Thorpe [1977] scale following
Park et al. [2014] (see the supporting information).

We used satellite Chl from Moderate Resolution Imaging Spectroradiometer Aqua (MODIS) (http://oceanco-
lor.gsfc.nasa.gov) at 4km resolution, sea surface height (SSH) and geostrophic velocities from Archiving,
Validation, and Interpretation of Satellite Oceanographic data (AVISO) (http://www.aviso.oceanobs.com/) at
0.25° resolution, and surface net heat fluxes from National Centers for Environmental Prediction (NCEP)/
National Center for Atmospheric Research [Kalnay et al., 1996] at ~1.9° resolution. Those products were
collocated in time and space along the cruise track.
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2.4. Eddy and Water Mass Tracking

Using the daily SSH field, the eddies encountered during the cruise were followed by using the eddy tracking
algorithm developed by Halo et al. [2014]. Several eddy parameters were computed (see the supporting
information), including the position and the radius R of the core. We calculated the distance r from the float
to the eddy center and normalized it by the eddy radius (r/R). We also located the eddy edges by using the
outermost SSH closed contour around the eddy location.

We also ran particle tracking experiments to track the eddy water masses origin [Feng et al., 2010, 2016].
Particles were seeded regularly every 0.01° of latitude and longitude inside the outermost eddy SSH closed
contour and passively advected backward in time by using the daily AVISO geostrophic velocities. To assess
the origin of the water masses encountered along the cruise track, we also used oxygen, salinity, and nitrate
from the World Ocean Circulation Experiment hydrographic section 108°N along 80°E [Schlitzer, 2000; Talley
and Baringer, 19971.

3. Results
3.1. Eddies Sampled During the Cruise

Three eddy cores were encountered along the cruise track: a CE (referred to as CE 1) near 89°E and two ACEs,
one near 78.5°E (referred to as ACE 1) and the other at 87°E (referred to as ACE 2) (Figures 1b and 2a). CE 1 was
the smallest eddy with an average core radius of 56 km around the time of sampling, while ACE 1 and ACE 2
had a radius of 74 and 72 km, respectively (Table S2). Further, their radii stayed fairly constant over their entire
life. The three eddies appeared relatively “young”; the eddy tracking tool first detected CE 1, ACE 1, and ACE 2
at 19, 22, and 27 days, respectively, before the time of the CTD-cast (Table S2). CE 1 was the earliest to disap-
pear after the cruise, with a total lifespan of 70 days, while ACE 1 and ACE 2 lasted for 117 and 132 days,
respectively. They all had a mostly westward propagation (Figure 1 and Table S2) and were all generated
between 20 and 21°S. Further, the three eddies appeared to be nonlinear because their rotational speed is
far greater than their propagation speed [Chelton et al., 2011b].

3.2. Along-Track Data

Downward sloping isopycnals below the MLD were noticeable in both ACEs, while upward sloping isopycnals
could be seen in the CE (Figure 2c). Surface Chl from the underway measurement and SSH were positively
correlated (r=0.48, p < 0.05) along the cruise track. The MLD and the SSH were also correlated (r=0.66,
p < 0.05 after spatially detrending both variables). Accordingly, the two ACE cores coincided with deeper
MLD (61 and 131 m for ACE 1 and ACE 2, respectively) and higher surface Chl (0.24 and 0.18 mg m~>) com-
pared to CE 1 (MLD was 40 m, and Chl was 0.11 mg m~3) (Figure 2a). Active vertical mixing was seen in the
core of both ACE 1 and ACE 2 over the mixed layer (mean K, was 0.048 and 0.039 m?s~", respectively), with
higher vertical diffusivity than in surrounding waters (Figure 2g). Potential density inversions were observed
in the mixed layer of both ACEs (in Figure 2g the potential density profile is stable only where Thorpe-derived
vertical diffusivities are undefined). The potential density profile of CE 1 was stable throughout the
water column.

Within the mixed layer Chl values were higher in the core of ACE 1 and ACE 2 (0.14 and 0.12 mg m > over the
mixed layer) than within CE 1 (0.05mg m~3) (Figure 2f). The phaeopigment fraction was also increased in the
ACEs compared to the CE within the mixed layer (Figures S3c and S3d). A DCM was present at every station
along the voyage track (Figure 2f); however, it showed variability both in terms of depth (mean value of
110m, ranging from 85 to 153m) and amplitude (mean value of 0.65mgm™3, ranging from 0.36 to
0.88mgm3). In both ACEs the DCM was located immediately below the MLD (Figure 2f) (It is important to
note that this was not evidenced when looking at water bottle samples (Figure S3b in the supporting infor-
mation); we believe that the DCM peak has been missed during the discrete sampling procedure). In ACE 1
the DCM was shallower (85 m) than in the surrounding waters, with comparable average Chl concentration
(0.68mgm™3). In ACE 2, which exhibited the deepest MLD, the DCM was also the deepest (153 m) and the
weakest (0.36 mg m~>) observed along the track. While depth-integrated (0-150 m) Chl and phaeopigment
concentrations were slightly higher in the vicinity of ACE 1, they were lower in ACE 2 than in the surrounding
waters (Figure S3e; those results should, however, be regarded with care due to the discrete nature of the
water bottle sampling). A low-oxygen layer at around 200 m depth was observed across the section
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Figure 2. Transect along 20°S. (a) Chl (mg m_3) from the shipboard thermosalinograph and SSH along the cruise track from
altimetry. (b and c) Salinity and potential density (kg m ) from the onboard CTD. (d) Dissolved oxygen (umol/L) from the
CTD-mounted sensor. (e) Nitrate (mmol m_3) from water samples. (f) Chl (mg m_3) from the CTD-mounted fluorescence
sensor from 0 to 250 m. (g) Vertical diffusivity (m?s™") derived from the Thorpe scale from 0 to 250 m; the grey shading
denotes regions where vertical diffusivity cannot be defined (no potential density inversions were found). The location of
the CTD casts are indicated on Figure 1. The MLD is marked as the black line (Figures 2b-2g). The red dashed line indicates the
float deployment station. The location of three eddies are indicated in the first panel. The two crossings of the cruise track
with the outermost SSH closed contour for each of the three eddies is indicated by the vertical black dashed lines.

(Figure 2d). This oxygen minimum was strongly enhanced westward of ACE 1 (129 umolL™" versus
186 pmol L™" on average across the section) and, to a lesser extent, in ACE 1 core (163 pmol/L). Lower
salinity and a shallower nitracline were also observed in the vicinity of ACE 1 (Figures 2b, 2e, and S4). In
the eastern ACE 2, the nitracline is slightly deeper and the mixed layer nitrate concentration smaller than
in nearby CE 1 (1 mmolm > contour found at 145m and 112m, respectively) (Figure 2e). Further, ACE 2
was the only location along the section where the nitrate concentration immediately below the MLD

reached ~1 mmolm~3,

3.3. Float Data

A Bio-Argo float was deployed close to the center of ACE 2 and followed the eddy for ~6 weeks, in a range of
~2 eddy radii, before exiting the eddy (Figure 3). Taking the eddy center as the reference point, the float
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Figure 3. Trajectory of the Bio-Argo float from 5 July 2015 to 20 August 2015. (a) Deployment position on 5 July
(black point) and subsequent trajectory (colored line with corresponding dates) of the float. The blue and grey lines
correspond to the contours of SSH (every 2.5 cm, and dashed below 100 cm) from altimetry on the deployment day and on
20 August 2015, respectively. The red dots correspond to the position of ACE 2 center tracked by the float for the same
dates. (b) Float trajectory (colored line with corresponding dates) in the eddy frame of reference. The intersection of the
dotted lines is the eddy center, and the two circles correspond to 1 and 2 eddy radius, respectively. The color shading
corresponds to the satellite Chl (mg m_3) averaged over the same period in the eddy frame of reference. The red contour
corresponds to the outermost SSH closed contour of ACE 2 on 14 July.

initially headed toward the north-west edge of the eddy before crossing the eddy in a south-eastward
direction (Figure 3b). On 14 July the float was the closest to the eddy edge, but still inside the outermost
SSH closed contour of the eddy (Figure 3b). The float exited the outermost SSH closed contour on 12
August. The composite averaged (over 47 days) satellite-derived surface Chl following the eddy frame of
reference showed a slight increase of Chl in the eddy core compared to outside the core (0.096 and
0.081mgm™ on average for r<R and R < r< 3R, respectively) (Figure 3b). During the initial ~2 days the
float encountered rapid oceanographic changes highlighted by a shallowing of the MLD (Figures 4 and
S5). The float started in a region of deep MLD (~130 m) before entering a region with a shallower MLD
(~30 m) while moving away from the eddy center. From 06 to 11 July, the mixed layer Chl decreased from
0.15 to 0.06 mgm™3, while the DCM concentration increased from 0.35 to 0.54mgm™> (Figure 4d).
Subsequently, from 16 July to 15 August, a roughly symmetrical pattern emerged as the float crossed the
eddy through the eddy core (Figures 4 and S4). The MLD was deeper close to the eddy center (~160 m)
and shallower toward both edges (40 to 80 m). Evidence of mixed layer entrainment was seen in the
dilution of surface waters by deeper waters, associated with a decrease of the oxygen saturation level and
an increase of salinity close to the eddy center (Figure S5). There was also evidence that vertical mixing in
the eddy core remained active. Indeed, nonzero vertical diffusivities computed from the Thorpe scale were
due to the presence of inversions in the potential density profile whose length scale was consistent with
the depth of the mixed layer (Figure 4c).

The MLD deepening toward the eddy center was associated with an increase of the mixed layer Chl (up to
0.15mg m ™2 at the beginning of the time series and 0.18 mg m™> around 31 July), while the DCM weakened,
eventually vanishing completely (Figure 4d). However, there was no clear trend in terms of depth-integrated
Chl at the eddy scale (Figure 4g). Nonetheless, closer to the eddy edge and outside the eddy, there is a clear
decoupling between the mixed layer and the DCM in terms of Chl and backscatter, while closer to the eddy
center Chl was well-mixed throughout the surface layer (Figures 4d, 4e, and S4f). This was also evident when
looking at the particulate backscatter to chlorophyll ratio (Figure 4f), an indicator of phytoplankton photoac-
climation state [Behrenfeld and Boss, 2003; Westberry et al., 2010]. Outside the eddy or close to the eddy edge,
the DCM exhibited a weaker backscatter to chlorophyll ratio compared to the mixed layer, due to the higher
relative contribution of Chl. Closer to the center, the higher relative contribution of Chlin the well-mixed, one-
layer system (no DCM layer) also resulted in a weaker backscatter to Chl ratio compared to surrounding mixed
layer waters outside the eddy, although stronger than within the surrounding DCM. The backscatter slope (y)
indicated that away from the ACE core, smaller particles predominated above the MLD compared to the
DCM. This contrasts with the mixed layer close to the ACE core, in which larger particles are seen compared
to the upper mixed layer away from the eddy core (Figure S5g). Both of these indicators suggest that the phy-
toplankton population within the mixed layer of the eddy was more similar to the DCM population than the
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Figure 4. Bio-Argo float data. (a) MLD (m) in blue and distance from the eddy center normalized by eddy radius r/R in red.
The gregl area corresponds to periods when the float is outside ACE 2 outermost SSH closed contour. (b) Potential density
(kgm™ 7). (c) Vertical diffusivity computed from the Thorpe scale (m2s™"); the grey shading denotes regions where no
potential density inversions were found. (d) Chlorophyll (mg m73). (e) Particulate backscatter at 700 nm (m ™). (f)

Particulate backscatter at 700 nm to chlorophyll ratio (m2 kg_1). (g) Depth-integrated (from surface to 250 m) Chl (mgm ™~
in red and particulate backscatter at 700 nm in blue. The DCM extent (0.3 mg m—3 contours) are indicated by the grey lines

(Figures 4b-4f). The MLD is marked as the black line (Figures 4b-4f).

?)

surface population outside the eddy. Further, while the first profiling period close to the eddy center (from 05
July) was associated with a depth-integrated backscatter increase, the second period (around 31 July) did not
show any trend (Figure 4g). Overall there was an increase in backscatter after 25 August, when the float was
well outside the eddy structure and the MLD clearly shallower.

4, Discussion

By combining float data with ship-based measurements, we demonstrate that horizontal advection of
productive waters, and deeper vertical mixing in ACEs are two mechanisms able to explain the observed
surface Chl increase in ACEs in winter in the South Indian subtropical gyre.
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4.1. Advection of Productive Waters

The water masses located directly westward of ACE 1 had a strong oxygen minimum around 200 m, a shal-
lower nitracline, and lower salinity above ~400 m compared to waters along 20°S (Figures 2b, 2d, 2e, and
S4). Those anomalies are also observed in ACE 1 core, albeit to a lesser extent. The particle tracking experi-
ments showed that the water masses inside ACE 1 originated 3 months earlier from two main sources located
to the north around 69-72°E, 16-18°S and 80-86°E, 12-14°S (Figure S6). The water masses in the northern
source regions, if advected southward, would present oxygen, nitrate, and salinity anomalies consistent with
those observed around ACE 1 (Figure S7) [Talley and Baringer, 1997]. Therefore, we suggest that the anoma-
lies observed in the vicinity of ACE 1 are driven by horizontal advection of water from the north, rather than
by local biogeochemical processes.

Since ACE 1 has been generated along 20°S and propagated westward (Figure 1), the water masses observed
at the time of sampling have not been propagated by the eddy itself from the north. However, ACE 1 is part of
a larger-scale counterclockwise rotating feature (Figure 1). We suggest that this larger-scale structure has
been advecting water from the Indonesian throughflow jet [Talley and Baringer, 1997] southward. Those
waters characterized by higher nitrate concentration and depth-integrated Chl eventually ended up in ACE 1.
This would explain why oxygen, nitrate, and salinity anomalies are more intense just outside the eddy on
its west side. This result is consistent with previous studies which showed that ACEs in the South Indian
Ocean preferentially entrain elevated Chl and nutrients from the north [Gaube et al., 2013, 2014].

4.2. Deeper Mixing

No evidence of productive water intrusion from the north was observed in the easternmost ACE 2 (no water
mass anomalies were found at this location (Figure 2)). For this eddy we suggest that deeper winter convec-
tive mixing in ACEs [Dufois et al., 2014; Kouketsu et al., 2012] was responsible for the increase of Chl at the sur-
face. Three potentially coexisting mechanisms could result from the deeper winter mixing: (i) the DCM is
stirred into the mixed-layer through entrainment, (ii) phytoplankton in the mixed layer have photoacclimated
to a reduction in average light available, and (iii) nutrients are injected from below the MLD into the mixed
layer, supporting new phytoplankton production.

1. Inthe DCM, cells are photoacclimated to low light [Dubinsky and Stambler, 2009] and present higher intra-
cellular pigmentation (lower backscatter to Chl ratio) than closer to the surface. In the center of ACE 2, the
upper layer was well mixed and also had a lower backscatter to Chl ratio with both elevated Chl and
decreased backscatter contributing to the relationship (Figures 4d-4f). Those changes in the mixed layer
were consistent with the putative upward transport of low-light acclimated cells from the DCM. Upward
mixing of phytoplankton cells from the DCM was also evidenced by the higher phaeopigment concentra-
tion and increased phaeopigment to Chl ratio in the mixed layer of ACE 2 (Figure S3d), which is typical of
deeper waters including the DCM.

2. Looking only to mixing to explain these observed changes supposes that once the phytoplankton cells
are mixed upward they do not have time to reacclimate to their new light environment, a process that
operates over a time frame of hours to days, depending on species and a range of environmental factors
[Prézelin et al., 1991]. The elevated surface Chl and lower backscatter to Chl ratio at the surface in ACE 2
was observed for over 20 days (Figure 4f); thus, photoacclimation within the mixed layer may also contri-
bute to this relationship over the time frame of the observations. Phytoplankton cells would experience
lower light on average than in mixed layer waters outside the eddy as they are mixed deeper through
the water column, and therefore increase their intracellular pigmentation [Behrenfeld et al., 2015].

3. The mixed layer penetrated into higher nitrate layers in the core of ACE 2 compared to the surrounding
waters (Figure 2e). As such, we expect an increase of nitrate supply into the mixed layer of the ACE and
a concomitant increase of phytoplankton biomass. This concept is consistent with previous studies which
demonstrated that deeper mixing in ACEs is able to enhance nitrate fluxes to the mixed layer in subtro-
pical gyres increasing surface chlorophyll concentrations [Dufois et al., 2014, 2016]. Thus, the observed
increase of fluorescence (Figure 4d) in the ACE core would correspond to an increase of phytoplankton
biomass from new production. Chl tends to be added to phytoplankton assemblages through the addi-
tion of larger-sized cells [Chisholm, 1992]. Consistently, we observed changes in the spectral slope of back-
scattering implying that particles in the mixed layer at the center of ACE 2 were larger than surface
particles outside the eddy (Figure S5q). It is, however, difficult to solely attribute those changes to a
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change of the community structure. Indeed, a pure mixing effect between the larger DCM particles and
the smaller surface particles would produce the same result. Furthermore, the reduced backscatter at
the surface in the center of ACE 2 (Figure 4e) and the lack of increase in depth-integrated backscatter
(Figure 4g) could be seen to indicate that there was no increase in biomass. However, as larger particles
backscatter less than smaller particles [Stramski and Kiefer, 1991], we suggest that this signal could be
partly due to an increase in particle size within the assemblages rather than a lack of new biomass. The
relative backscatter decrease (lower backscatter to Chl ratio) (Figure 4f) could also be due to the injection
of clearer (lower backscatter) water from beneath the MLD and the production of a “fresh” phytoplank-
ton bloom with less detritus and heterotrophic activity than an “older” bloom [Lignell et al., 1993;
Sorokin, 19771.

Overall, it is difficult to attribute the observed changes in Chl to only one mechanism and it seems likely that
mixing, photoacclimation, and new production were all contributing factors.

4.3. Eddy/Chl Variability

Using ocean color remote sensing data, it has been previously shown that Chl is enhanced in ACEs compared
to CEs during winter in the South Indian subtropical gyre [Dufois et al., 2014; Gaube et al., 2013] and, to a lesser
extent, in the subtropical gyres of other ocean basins [Dufois et al., 2016]. Through shipboard and float data
we show for the first time that this relationship holds only within the mixed layer. The eddy response deeper
down at the DCM seems to be variable and can even be opposite to the surface/mixed layer response
(Figure 4d).

4.4. Temporal Versus Spatial Interpretation

One of the difficulties of analyzing float data is that changes can happen both spatially and temporally. Here
we are confident that the variability observed around the eddy is spatial (i.e., related to the eddy structure),
rather than temporal, for various reasons. (i) We observed a deepening of the mixed layer toward the ACE
center (Figure 4a) consistent with global observations [Dufois et al., 2016]. Deeper winter MLD is an intrinsic
characteristic of ACEs due to weaker preexisting stratification compared to surrounding waters [Dufois et al.,
2014; Kouketsu et al., 2012]. (ii) The variability highlighted by the Bio-Argo float around the ACE is consistent
with that observed at a quasi-synoptic scale along the cruise track. (iii) The deep MLD encountered within
ACE 2 stands out from the rest of the time series over the float entire lifespan (Figure S8). The net heat flux
could be driving the MLD changes at the seasonal timescale, but not within ACE 2 (Figures S5a and S8).
This is consistent with the study of Pookkandy et al. [2016] highlighting the importance of ocean dynamics,
on top of local forcing, in shaping the mixed layer in the subtropical Indian Ocean.

5. Conclusion

Bio-Argo floats have been used in previous studies to assess the seasonal cycle of phytoplankton biomass in
subtropical gyres [Mignot et al., 2014]. For the first time here we have used results from a Bio-Argo float to
assess the phytoplankton response to eddies in oligotrophic environments. Measuring multiple properties
of the phytoplankton community with an autonomous float has proved valuable in understanding the
mechanisms driving observed biogeochemical changes. Combining winter observations from ship and float
we have provided evidence for two mechanisms likely to enhance surface Chl in ACEs in the South Indian
Ocean subtropical gyre. ACEs can trap productive waters through horizontal advection and/or locally modify
the chlorophyll distribution through enhanced convective mixing. The question of whether or not the deeper
mixing in ACEs induces nutrient injection and new production, or only a stirring of the DCM, remains unclear,
and could be investigated in the future by combining productivity measurements with Bio-Argo float deploy-
ments and using a modeling approach similar to that of Chenillat et al. [2015].
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