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Abstract. The South Pacific Subtropical Gyre (SPSG) is a vast and remote oceanic system where the variability in
phytoplankton biomass and production is still largely uncertain due to the lack of in situ biogeochemical observations. The
SPSG is an oligotrophic environment where the ecosystem is controlled predominantly by nutrient depletion in surface
waters. However, this dynamic is altered in the vicinity of islands where increased biological activity occurs (i.e. the island
mass effect, IME). This study mainly focuses on in situ observations which show evidence of an IME leeward of Tabhiti
(17.7°S - 149.5°W), French Polynesia. Physical and biogeochemical observations collected with two Biogeochemical-Argo
profiling floats are used to investigate the dynamics of phytoplankton biomass. Data from the first float, drifting from April
2015 to November 2016 over more than 1 000 km westward of Tahiti, describe the open ocean conditions. The second float,
deployed leeward of Tahiti in October 2015, stayed within 45 km off Tahiti for three months before it stopped
communicating. In the oligotrophic central SPSG, our observations show that the deepening of the deep chlorophyll
maximum (DCM) from winter to summer is light-driven and that the wintertime increase in chlorophyll a concentration in
the upper layer is likely to be due to the process of photoacclimation, consistent with previous observations in oligotrophic
environments. In contrast, leeward of Tahiti, the DCM widens towards the surface during late spring in association with a
biological enhancement in the upper layer. Using Biogeochemical-Argo data, meteorological data from Tahiti, Hybrid

Coordinate Ocean Model outputs and satellite-derived products (i.e., horizontal currents and associated fronts), the physical



mechanisms involved in producing this biological enhancement leeward of Tahiti have been investigated. The IME occurs
during a period of strong precipitation and in a zone of weak currents downstream of the island. We conjecture that the land
drainage induces a significant supply of nitrate in the ocean upper layer (down to ~100 m) while a zone of weak currents in
the southwestern zone behind Tahiti allows an accumulation zone to form, hence increasing phytoplankton growth up to
20 km away from the coastlines. A bio-optical-based community index suggests that the composition of the phytoplankton
community differs leeward of Tahiti from that in the open ocean area, with more microphytoplankton within the IME, which

is associated with an increase in the carbon export to the deeper ocean.

1 Introduction

Phytoplankton is an essential component in marine biogeochemical cycles because its spatiotemporal distribution
drives the trophic structure of marine ecosystems (lverson, 1990) and constrains the variability and the production of the
world ocean’s fisheries (Chassot et al., 2010). Oligotrophic environments are commonly defined as regions of the global
ocean where surface waters are nutrient depleted, resulting in a lack of new production (Hamner and Hauri, 1981), and

where surface chlorophyll a concentration (Chl), a widely used proxy of phytoplankton biomass, is lower than 0.1 mg m™
(Antoine et al., 1996). Although oligotrophic regions account for more than 50% of the global ocean, few studies have
investigated the seasonal variability of the vertical distribution of phytoplankton biomass in these environments (Letelier et
al., 2004; Mignot et al., 2014).

The South Pacific Subtropical Gyre (SPSG) is the most oligotrophic ocean area (Dandonneau et al., 2006; Morel et
al., 2010) and the largest oceanic desert of the planet (Claustre and Maritorena, 2003). The SPSG is also one of the least
known and least studied oceanic regions because it is vast and remote and there are few in situ biogeochemical observations
(Sauzéde et al., 2015) and large uncertainties in phytoplankton biomass variability. This gyre is also distinguished by its
weak sources of nutrients from both deep layers (Raimbault et al., 2008), and the atmosphere (Claustre et al., 2008;
Mahowald et al., 2005; Wagener et al., 2008). In these nutrient depleted surface waters, the biological enrichment reported
near many islands, the “Island Mass Effect” (IME; Doty and Oguri, 1956), locally enhances the productivity and potential
fisheries (Gove et al., 2016). By supporting a greater abundance of fish and reef-building organisms in comparison with
more oligotrophic waters, the IME-induced nearshore biological enhancement is also critical for the development of coral
reef ecosystems and their sustainability (Williams et al., 2015). The IME may result from the vertical transport of nutrient-
rich water masses from coastal upwelling, eddy-induced mixing or internal waves (e.g. Heywood et al., 1990; Palacios, 2002;
Signorini et al., 1999) or from island-related inputs such as submarine groundwater discharge or river outflow (e.g.
Dandonneau and Charpy, 1985; Perissinotto et al., 2000). A recent Pacific basin-scale study showed that the IME is nearly

always present in island- and atoll-reef ecosystems (Gove et al., 2016). Unfortunately, Gove et al. (2016) limited their study to
20°S - 30°N and 140°E - 150°W (mainly westward of the dateline), which exclude the eastern part of the SPSG.

Moreover, most studies dealing with the phytoplankton biomass signature of the IME use satellite data (e.g. Palacios, 2002;
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Martinez and Maamaatuaiahutapu, 2004; Andrade et al., 2014), and thus, miss the main part of the euphotic layer where
phytoplankton photosynthesis takes place (Morel and Berthon, 1989). However, the nearshore enhancement of
phytoplankton biomass occurs within the whole euphotic layer (Gove et al., 2016). Thus, in order to evaluate the impact of
the IME on the vertical distribution of phytoplankton biomass it is necessary to have in situ measurements throughout the
water column.

The incorporation of miniaturized biogeochemical sensors on autonomous profiling floats since the early 2000s
offers a new and promising way of observing hydrological and key biogeochemical properties at the spatial and temporal
scales needed for understanding key biogeochemical processes. Data from Biogeochemical-Argo (BGC-Argo) floats
(Johnson and Claustre, 2016) have been used to investigate a variety of processes in the open ocean with unprecedented
temporal and vertical resolution (e.g. Boss and Behrenfeld, 2010; Green et al., 2014; Mignot et al., 2014, 2016; Grenier et al.,
2015; Sauzéde et al., 2016; Zhang et al., 2016; Chacko, 2017; and references therein). More specifically for oligotrophic
environments, Mignot et al. (2014, hereafter referred to as M2014) demonstrated the potential for BGC-Argo data to
investigate the seasonal dynamics of the vertical distribution of phytoplankton biomass. In oligotrophic environments,
M2014 showed (for four different oligotrophic environments in the global ocean) that 1) the seasonal displacement of the
deep chlorophyll maximum (DCM) is light-driven, 2) the increase in Chl in the upper euphotic mixed layer always results
from photoacclimation to the reduced irradiance and 3) there is an increase in phytoplankton biomass at the DCM during
summer. Their study is the only investigation to date of the seasonal dynamics of the vertical distribution of phytoplankton
biomass in the SPSG examining a year of measurements (over 2009) that focused on the eastern South Pacific ultra-
oligotrophic environment (white star in Figure 1a). However, due to limitations in the float equipment, some fundamental
variables were not measured, such as Photosynthetically Available Radiation (PAR, derived from downward irradiance
measured at 490 nm) and nitrate concentration, which are primary drivers for phytoplankton growth (Cullen, 2015).

Two BGC-Argo floats were deployed leeward of the island of Tahiti (17.7° S, 149.5° W), French Polynesia, in 2015:
one in April and one in October (Figure 1). They followed two distinct pathways. One float drifted during ~1.5 years in the

open ocean SPSG more than 1 000 km west of Tahiti (referred to as FOpenO, Figure 1b) while the second float remained

during 3 months within 45 km leeward of Tahiti (referred to as FLeeT, Figure 1c). These two floats allowed the observation
of phytoplankton biomass dynamics over a broad range of scales, from seasonal in the open ocean to shorter time scales
leeward of Tahiti. The present study has three main objectives: (1) to investigate the seasonal dynamics of the phytoplankton
biomass in the open ocean of the SPSG; (2) to compare the FOpenO dynamics and variability with the ~3 month drift of

FLeeT; (3) to identify and characterize the key mechanisms impacting the vertical distribution of phytoplankton biomass that

leads to the signature of the Tahitian IME.



2 Data and Methods

2.1 Biogeochemical-Argo measurements

In this study, we use two BGC-Argo floats, FOpenO and FLeeT, also identified from their World Meteorological
Organization (WMO) numbers as 6901687 and 6901659, respectively (http://www.argo.ucsd.edu, http://argo.jcommops.org).
The two floats are equipped with a Seabird standard conductivity-temperature-depth (CTD) rosette with additional sensor
packages. For both floats, the Satlantic OCR radiometer measures the downwelling irradiance at three wavelengths (380 nm,
410 nm and 490 nm) as well as the PAR; the WET Labs ECO Puck Triplet is composed of a chlorophyll a fluorometer, a
Colored Dissolved Organic Matter (CDOM) fluorometer, and a sensor that measures the backscattering coefficient at 700
nm. Only FLeeT is additionally equipped with an oxygen Aanderaa optode (model 4330) that measures the oxygen
concentration, and a Satlantic Submersible Ultraviolet Nitrate Analyzer (SUNA) sensor that measures the nitrate
concentration. The mission parameters and equipment relative to each float used in this study are summarized in Table 1 and
their respective trajectories are shown in Figure 1. A technical issue caused FLeeT to stop communicating after 3 months of
drift, shortening the time series of this float.

The fluorescence of chlorophyll a can be considered as a proxy for chlorophyll a concentration (Cullen, 1982, 2015),
despite the fact that the relationship between chlorophyll a concentration (Chl, see acronym definitions in Table 2) and
fluorescence is complex, since it depends on phytoplankton community composition and physiology as well as light and
nutrient availability (e.g. Cleveland and Perry, 1987; Roesler and Barnard, 2013; Sackmann et al., 2008). In this study, each
profile of chlorophyll a fluorescence is converted into Chl using the following procedure. First, the BGC-Argo
recommended protocol described by Schmechtig et al. (2014; 1, 2 and 8 quality control flags are used) is applied to each
profile. The instrumental dark signal and negative spikes are removed from fluorescence profiles. The daytime non-
photochemical quenching (NPQ) process that occurs at high irradiance (Cullen and Lewis, 1995) and results in a decrease of
phytoplankton fluorescence per unit of Chl is corrected according to the method developed by Xing et al. (2012), using a
depth threshold of 90% of the mixed layer depth (see details in Schmechtig et al., 2014). The recommended global bias
correction factor of 2 is applied to each calibrated fluorescence profile (Roesler et al., 2017). Finally, profiles are also
corrected from the fluorescence originating from non-algal matter as suggested by Xing et al. (2017). In situ Chl
determinations from High Performance Liquid Chromatography (HPLC) analyses were performed during the FLeeT
deployment. The Chl values derived from the fluorescence profile measured by FLeeT are correlated with those obtained
from the HPLC analyses (R2 = 0.92 and slope of 1.27 using a linear regression, Figure S1a), suggesting that the procedure
used in calibrating the BGC-Argo fluorescence measurements is robust.

The backscattering sensors on the BGC-Argo floats measure the angular scattering coefficient at 124° relative to the
direction of light propagation and at a wavelength of 700 nm. This measurement is transformed into the particulate
backscattering coefficient at 700 nm, by,(700) (hereafter by,), following Schmechtig et al. (2016). As in Sauzéde et al. (2016),

a quality control procedure is applied to each by, profile by removing: (1) high frequency spikes by using a 7-point running
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median filter and (2) by, values outside of the sensor operation range (> 0.03 m™). The byp values can be interpreted in terms of

Particulate Organic Carbon stock (POC; Loisel et al., 2001, 2002, Stramski et al., 1999, 2008). Stramski et al. (2008)
established a relationship between POC and by,(555) in the SPSG based on measurements collected during the BIOSOPE
cruise (Claustre et al., 2008). Here, to estimate POC from the by,(700) measurements acquired by the two BGC-Argo floats,
bpp(700) is converted into by,,(555) using the commonly used power law model of the particulate backscattering spectral

dependency (e.g. Loisel et al., 2006; Reynolds et al., 2001; Stramska et al., 2003):

bop(A) = by (o). ()7 €y

with y = 2.5. This value of y is derived from in situ by, measurements in the SPSG, at different wavelengths from the
BIOSOPE dataset (during austral summer 2004) and is in agreement with the study of Loisel et al. (2006) which found that
low chlorophyll waters of subtropical gyres were associated with high y values (between 2 and 3) because of a dominance of
small-sized particles. Finally, from by,(555) estimates and using the POC vs. by,(555) slope developed from the BIOSOPE
dataset excluding upwelling data (Stramski et al., 2008), by, is converted into POC for FOpenO and FLeeT.

The dissolved oxygen concentration (O,) is derived from the Aanderaa optode measurements following the
procedure described by Thierry et al. (2016). Based on the pre-deployment in-air measurements from FLeeT, a factor of 1.07
and no offset are applied to each O, profile (Bittig and Kortzinger, 2015).

The SUNA sensor measures the nitrate concentration (NO3) from light absorption at ultraviolet wavelengths
(Johnson et al., 2010, 2013; Johnson and Coletti, 2002). As recommended by Johnson et al. (2016), NO3' is calculated using
the algorithm developed by Sakamoto et al. (2009). All data used in this study are also pressure-corrected as first suggested
by Pasqueron de Fommervault et al. (2015) and confirmed by laboratory measurements (Johnson et al., 2016, 2017a, 2017b).
A post-deployment calibration is finally performed to correct data from instrumental drift. Each nitrate profile is then
adjusted using a reference value at depth (i.e. 900 - 950 m), estimated with an accuracy of 0.65 umol kg™* from the
CANYON method (for CArbonate system and Nutrients concentration from hYdrological properties and Oxygen using a
Neural network; Sauzéde et al., 2017). The NOj data collected by FLeeT are consistent with in situ NOs data from the
SEAL-AA3 continuous Flow Analyzer (R? = 0.97 and slope of 1.02 using a linear regression, Figure S1b).

The CTD data are quality controlled following the standard Argo protocol (Wong et al., 2015). The mixed layer
depth (MLD) is defined as the depth at which the potential density (o) differs from that at 10 m by 0.125 kg m™ (a reference
for studies regarding subtropical gyres; e.g. Levitus, 1982; Ohno et al., 2004; Suga et al., 2004; Nicholson et al., 2015;
Toyoda et al., 2015).

The cell residence time in the mixed layer during a convection event is proportional to the MLD at the first order
(Mignot et al., 2016, see their equation B4). In the extremely deep mixed layer (ML) in the North Atlantic (800 — 1 000 m),
phytoplankton cells complete one revolution per day in the ML during convective mixing (D’ Asaro, 2008). Since the MLD

in the SPSG is much shallower than in the North Atlantic, we can reasonably assume that the cells make a revolution in less



than a day in the SPSG ML, suggesting that within a given day, all phytoplankton cells experience all light conditions in
the ML. Consequently, as also described by Mignot et al. (2018), the average radiant energy that phytoplankton cells receive

per day is obtained by averaging the vertical profile of daily PAR over the depth of the mixed layer (PARy.). Chl and by,
are averaged from the surface to the first penetration depth (Z,4, a reference depth for ocean color remote sensing
studies) and referred as Chlg,s and by surr. Zpq is here defined as 1/Ky(PAR) (Gordon and McCluney, 1975)

with K4(PAR) being the diffuse attenuation coefficient for PAR as derived from the following equation:

PAR(z) = PAR(0™)e Ka(PAR)+z 2)

where PAR(0) is the PAR just below the sea surface. Finally, the euphotic depth, Z,,, is calculated as the depth where the
PAR is reduced to 1% of its surface value.

A running average box filter is used to smooth the high frequency signals. A running average box filter of 30 days
(215 observations when data were recorded daily, until 16/07/2016, and +3 observations when data were recorded every 5

days, after 16/07/2016) is applied to the FOpenO data to highlight the seasonal dynamics. Considering the short time of

acquisition of FLeeT, the running average box filter is adjusted to 10 days (x5 observations).

2.2 HYCOM modeled ocean currents

The ocean current dataset from the daily archive of the 1/12° reanalysis of the Hybrid Coordinate Ocean Model
(HYCOM, http://hycom.org; Chassignet et al., 2009) using the Navy Coupled Ocean Data Assimilation (NCODA) system is
used to provide an overview of the currents in the study area and along the float trajectories. The NCODA system
(Cummings, 2005; Cummings and Smedstad, 2014) assimilates available satellite altimeter observations, satellite and in situ
Sea Surface Temperature (SST) as well as available in situ vertical temperature and salinity profiles (from XBTs, Argo floats
and moored buoys). The GLBuU0.08/expt_91.1 experiment provides ocean currents from the surface down to 300 m over the

central SPSG in the area bounded by 170°W- 140°W and 10°S- 30°S from April 2015 to November 2016.

2.3 Satellite-derived products

The Chl satellite multi-mission data used in this study were obtained from the version 3 dataset of the Ocean Climate —
Climate Change Initiative (OC-CCI, http://www.oceancolour.org/; Sathyendranath et al., 2018) from the European Space
Agency (ESA).

To analyse fronts, transport barriers and horizontal stirring induced by surface currents, we used the Finite Size
Lyapunov Exponents (FSLEs), passive Lagrangian diagnostics derived from ocean surface geostrophic currents (e.g.
d’Ovidio et al., 2004, Mancho et al., 2008). FSLEs are currently provided by AVISO+ (Archiving Validation and
Interpretation of Satellite Oceanographic Data, www.aviso.altimetry.fr) with a spatial resolution of 1/25° and a temporal

resolution of 4 days. These data are extracted over the same region and period as described in Section 2.2 for the HYCOM

dataset.



2.4 Precipitation data

The daily precipitation data are provided by the French Meteorological Institute in French Polynesia. Data were
acquired from 4 meteorological stations located along the south-eastern coast of Tahiti (i.e., stations Afaahiti 3, Teahupoo 1,

Teahupoo 2 and Vairao 2, locations given in Section 3.3.2).

3 Results and Discussion
3.1 Seasonal dynamics of phytoplankton biomass in the central SPSG

The seasonal dynamics of the Chl, POC and PAR vertical distributions and associated density in the open ocean are
evaluated from FOpenO (Figure 2). A Deep Chlorophyll Maximum (DCM) is established throughout the FOpenO. The

DCM (calculated as the depth where Chl is maximum) reaches its deepest position ( ~150 m) as well as the highest Chl

(~0.35 mg m™) and POC values (~60 mg m™) during austral spring and summer (i.e., from September to March; Figures 2a
and 2b and Table 3 for monthly average values). The DCM depth follows isolumes (red and black lines in Figure 2c). The

depths of the DCM and of the specific isolume of 1 mol photons m? d* are significantly correlated (r = 0.96 and p-
value < 2.2 10® using Pearson’s test).

The wintertime shoaling of the DCM from April to August is associated with an increase in Chl in the 0 — 50 m
upper layers and a deepening of the ML (Figures 2a and 2d and Table 3). From the surface to the first penetration depth (Zq

in Figure 3a, blue line), Chlg,s is maximum while POCg, is low and the ratio of by, g and Chlgys, is minimum during

austral winter (blue lines, Figures 3b-e). The by, signal is dominated by sub-micronic (0.1 - 10 um size range) particles and
phytoplankton cells (Behrenfeld et al., 2005; Huot et al., 2007, 2008; Loisel et al., 2007; Morel and Ahn, 1991). It has been
shown to be a good estimate of phytoplankton carbon and is used to track changes in phytoplankton biomass (Behrenfeld et
al., 2005; Graff et al., 2015; Martinez-Vicente et al., 2013). Thus, by, qu/Chlg,; allows the tracking of changes in
phytoplankton physiology resulting from photoacclimation (Behrenfeld et al., 2005; Behrenfeld and Boss, 2003, 2006;
M2014), i.e., the increase (decrease) in phytoplankton intracellular chlorophyll a content with the decrease (increase) in
average light (Letelier et al., 1993; Morel et al., 2010; Winn et al., 1995). There is a strong relation between the seasonal
variations in by, su#/Chlsys (Figure 3e) and the PARy,, the average irradiance within the ML (Figure 3f). During winter,
when by suri/Chlgys is minimum, PARy is strongly reduced, up to a factor of about 3 with respect to summer conditions
(Figure 3f). During this period, the surface irradiance intensity weakens due to strong mixing. Therefore, the observed
wintertime increase in Chlg,s (Figure 3c) is a consequence of photoacclimation rather than an increase in phytoplankton
carbon biomass. The FOpenO data shows that the wintertime Chl increase in the upper layer is due to photoacclimation and
that the seasonal DCM vertical variability is light-driven in this oligotrophic SPSG environment. Thanks to direct PAR

measurements, here we confirm the previously reported result in the eastern South Pacific ultra-oligotrophic environment
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with PAR derived from downward irradiance measured at 490 nm (M2014).

3.2 Comparison between the central SPSG and the Tahiti nearshore environment

Surface measurements from FOpenO and in the nearshore environment downstream of Tahiti from FLeeT have

been plotted together in Figure 3. During December, the mean POCg,s from FLeeT is 20% higher than for FOpenO (34 mg

m3vs. 45 mg m; Figure 3d and Table 4). This increase in POC occurs with a slight increase in Chlg, (Figure 3c), indicating
an increase in phytoplankton biomass is observed leeward of Tahiti but not in the open ocean. The OC-CCI monthly
composite in December 2015 (i.e., the month when the increase in POCgs and Chl ¢ is observed from FLeeT in Figures 3c
and d) shows a plume of Chl up to ~0.08 mg m™ eastward of the FLeeT trajectory and near the southern coast of Tahiti
(Figure 1c). This plume could be related to the biological enhancement observed in subsurface by FLeeT during December
2015 (Figures 3c and d). However, monthly composites cannot illustrate the dynamics and evolution of this event, but data
coverage is too sparse at weekly scales due to cloud cover. Note that the elevated Chl values around the coastlines (up to
three pixels from the coasts) are probably due to the adjacency effect that usually occurs for ocean color remote sensing in
coastal waters (Bulgarelli and Zibordi, 2018).

FOpenO and FLeeT have similar light conditions (PARw,; Figure3f). Therefore, differences in by, suri/Chlgys from
FOpenO and FLeeT (Figure 3e) cannot be related to photoacclimation, but probably reflect differences in phytoplankton
community composition (or in the nature of the particle assemblage). Phytoplankton community composition in the SPSG is
usually dominated by pico- and nano-phytoplankton (e.g. Ras et al., 2008). Cetini¢ et al. (2015) showed that by,/Chl can be
used as a proxy for community composition with high values associated with pico- and nano- and low values associated with
diatom-dominated communities. Despite the fact that the SPSG trophic conditions are very different from those investigated
by Cetini¢ et al. (2015) in the North Atlantic Subpolar Gyre and that the by,/Chl can be affected by a change in the
composition (size and nature) of the particle assemblage, the difference in average by, suri/Chls,s Of a factor of 2 between
FLeeT and FOpenO (Figure 3e) suggests a phytoplankton community containing a significant proportion of
microphytoplankton leeward of Tahiti. Such an increase could be attributed to diatoms, which grow relatively fast and have
high affinities for nitrates (Edwards et al., 2012; Glibert et al., 2016; Lomas and Glibert, 2000), and would be consistent with
an increased input of nutrients leeward of Tahiti. In addition to nitrate inputs, iron inputs from land drainage could also
enhance diatoms development and participate to a shift in phytoplankton community (Hendy, 2015). However, this
hypothesis cannot be evaluated using BGC-Argo float observations.

To investigate if the differences in the biogeochemical dynamics between the open ocean and leeward of Tahiti
observed at the surface extend to the whole water column, monthly mean vertical profiles of Chl and POC are examined
from the two floats (Figure 4). The DCM depth recorded by FOpenO is at its annual deepest level during austral spring and
summer (i.e. from September to March), while Chl and POC both intensify until reaching a maximum in austral summer (left

panels in Figure 4), which reflects a maximum of biomass. In the FLeeT data, the DCM deepens and widens toward the



surface instead of sharpening, in association with low Chl and POC values in December and January (right panels in Figure
4). The POC vertical distribution from FOpenO shows a deep POC maximum, similar to the DCM behaviour and likely
reflecting a deep biomass maximum, whereas the POC profiles from FLeeT exhibit a more homogeneous vertical
distribution with a slight increase near the surface in December. Thus, the surface phytoplankton biomass enhancement
leeward of Tahiti extended down to 200 m depth. In the next section, this enhancement is further investigated through the

key biogeochemical parameters measured by FLeeT, such as the NO5™ concentration.

3.3 Evidence of an island mass effect
3.3.1 Effect on phytoplankton biomass

The FLeeT data exhibit three distinct time periods as regards Chl, POC and PAR variability in the surface layer
(Figures 5a and b).

The first period (from 15/10/2015 to 06/12/2015) encompasses the expected seasonal transition between the end of
austral winter and the beginning of spring as observed in open ocean conditions. In October, high Chlg,s and low POCgy¢

values (Figure 5a) are associated with a deep MLD (see the white line in Figures 5c-j) and low NOj3 concentrations in the
upper layer (<1 pmol kg in the 0—100 m layer, Figure 5f). These high Chly values may be associated with

photoacclimation resulting from reduced PARy, (~10 mol photons m™ d*; Figure 5b). In late October, the MLD abruptly
shoals and the Chlg,+ decreases. In November the Chlg,+ increases are associated with POCg,¢ increases (black stars in Figure

5a), suggesting an increase in phytoplankton biomass. This point will be discussed in the next section.
The second period (from 07/12/2015 to 23/12/2015) has a simultaneous increase in Chlg,sand POCsg, (Figure 5a),

suggesting a phytoplankton biomass enhancement. During this period, there are high NOs™ values in the upper 0 - 100 m (up
to ~1.4 umol kg™, Figures 5d and f). The NO5™ concentrations are higher at the surface and decrease slightly under the MLD
down to ~100 m (Figure 5f). When comparing POC from FOpenO and FLeeT, the POC values averaged within the Z, layer
increase by a factor of ~4.5, from ~30 mg m™ for FOpenO to ~140 mg m™ for FLeeT (Tables 3 and 4). An increase of a
factor of 1.5 is obtained when an integration is performed within the euphotic zone (~6 000 mg m™ for FOpenO and
~9 000 mg m™ for FLeeT, data not shown). This increase in POC in the euphotic layer (~130 m) is very clear in Figure 5i
(with values larger than 60 mg m™). Below the DCM depth (red line), an increase in the frequency of POC values > 50 mg
m™ is indicative of more carbon export (Briggs et al., 2011, 2018) during this period. However, the export and the sinking
rate cannot be quantified in this study due to the low vertical resolution of data from the FLeeT float at depth (i.e. 10 m
vertical resolution, Table 1). The vertical distribution of Chl is perturbed as the DCM shoals (Figures 5c¢ and €), and widens
diapycnally (Figure 5k). In fact, the DCM seems to be associated with the 24.5 kg m™ isopycnal surface over the FLeeT

lifetime, except during the second time period where it is also associated with lower isopycnal surfaces (Figures 5k and 5I).

Moreover, the DCM does not follow isolumes and is not light-driven as usually observed in the SPSG waters. Indeed, using
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the running average box-filter (see Section 2.1) the depths of the DCM and of the isolume of 1 mol photons m? d* are not

significantly correlated during this specific second period (r=0.32, p-value=0.0024 using a Pearson’s test, red and black lines
of period 2 in Figure 5j).

During the third period (from 24/12/2015 to 10/01/2016), the Chlg,s, POCsys and NOj in the upper layer all
decrease (Figures 5a and f). The DCM deepens from ~100 m down to ~150 m (Figure 5c), accompanied by a deepening of

nitrate isocontours (Figure 5d). At the end of this period, the the conditions remind those of the SPSG open ocean.

3.3.2 Underlying physical drivers

The deviation from the classical open ocean seasonal dynamics in the FLeeT data when it reaches its closest
position from Tahiti (~20 km off the coastline) suggests a potential strong influence of the island. Enhanced phytoplankton
biomass can result from various processes such as uplift of nutrient-rich deep waters (e.g. coastal upwelling, eddy induced
mixing; e.g. Heywood et al., 1990; Palacios, 2002; Signorini et al., 1999), terrestrial nutrient discharge due to land drainage
(e.g. Dandonneau and Charpy, 1985; Perissinotto et al., 2000), or atmospheric dust deposition (e.g. Martino et al., 2014).
During the second period, when the NO3 observed by FLeeT increases at the surface and slightly decreases under the MLD
(Figure 5f), the isopycnal depths remain relatively stable (Figure 51), suggesting that this nitrate enhancement does not result
from a vertical uplift. This stability in the upper layer stratification (Figure 5I) can also be seen on the temperature profiles
(Figure 5g). At larger horizontal scales, satellite sea surface temperature observations do not show any cold-water pattern
leeward of Tahiti (data not shown), suggesting that there is no upwelling in the region. Moreover, there is no evidence of
mesoscale eddies in satellite-derived products of sea level anomaly (data not shown). The MLD also remains shallow during

this period (~40 m; Figure 5j) and does not reach the nitracline (~120 m, deduced from isoline of 1 pmol kg™; Figure 5d) so

deep-water nutrients could not reach the ML. However, the increase in nitrate concentration at ~300 m (Figure 5d) when the
float is the closest to Tahiti suggests that uplifting conditions could occur locally. The uplift of isotherms due to a
bathymetric effect could be a factor. Coastal upwelling cannot be ruled out as a factor bringing nutrients into the area sampled by
the FLeeT float. To address this question requires data from a glider equipped with a nitrate sensor that would provide
biogeochemical data from the coast of Tahiti to the offshore waters. Information about island-scale internal waves (Leichter
et al., 2012) would also be valuable for the investigation of the physical mechanisms involved in this IME. However, a
comprehensive study of the flow field around the topographic features of the island is beyond the scope of the present
analysis.

Finally, we investigate the scenario of strong precipitations over Tahiti and associated soil leaching. The runoff of

sediments and other terrigenous nutrient-rich material could fertilize the offshore waters by horizontal advection. Figure 6
illustrates the FLeeT temperature/salinity (TS) diagrams from the surface down to ~200 m. A lens of low salinity water is

observed very close to the surface during the second and the third periods (< 36.1 g kg™, see the black line in Figure 5h and
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Figures 6a and 6b) associated with strong rain events and hizh NO5 concentrations (~1 pmol kg™) near the surface. Daily

precipitation data along the south-eastern coast of Tahiti confirm that heavy rains occurred during the FLeeT drift period
(Figure 7). During the first period, heavy rains were also observed, up to 300 mm at the end of November 2015, but the
POCs, increase is weak with values lower than 50 mg m (see black stars in Figure 5a) as compared with the second time

period where POCq, reaches up to 140 mg m™. No NOs enrichment in the upper layer is observed during the first period

(Figure 5f), probably because the float is further from Tahiti (Figure 7a) or due to the consumption of nutrients by biota.
During the second period, moderate precipitation, up to 120 mm, occurs while FLeeT reaches its closest position to Tahiti,

about 20 km (Figure 7a). The surface nitrate concentration and salinity measurements are significantly correlated throughout
the entire float lifetime (using a Pearson’s test), and more correlated during period 2 (r =-0.73 and p-value < 2.2 10 for the
entire FLeeT lifetime; r=-0.9 and p-value < 2.2 10 for the first period, r=-0.99 and p-value < 2.2 10™* for the second period
and r=-0.65 and p-value < 2.2 10™*° for the third period; time series of salinity and nitrate concentrations are presented in
Figure S2). During period 2, land drainage likely supplied nitrate to the upper layer. The HYCOM model reanalysis shows
currents along the FLeeT track with speeds between 10 cm s™ and 60 cm s™ during the first and third periods (Figure 8a).
During the second period, the float crossed a zone of weak current with speeds lower than 10 cm s™. These currents are part
of the SEC which mainly flows south-westward in the upper layers, from Tahiti toward the open ocean (Figures 8b and 8c).
The float remained leeward of Tahiti in this weak current area where nitrate issued from land drainage may have
accumulated. To test the hypothesis of land drainage, we performed a Lagrangian analysis following the approach discussed
by d’Ovidio et al. (2010) and using the HYCOM surface currents. 50 fictive particles, distributed around the float position
during the period 2 (i.e. circular patch centered around -149.3°E -17.92°N on 13/12/2015), were advected backward in time.
The tracking of their trajectories (see Figure S3 in the supplementary material) evidenced that 100% of the virtual particles
were originated from the island coasts. 18% of the particles drifted during more than 14 days and were originated from the
southwestern part of the island, whereas 82% of the virtual particles were originated from the southeastern part, between the

Teputa and Havae passes (Figure 7a), and drifted during less than 5 days to reach the area characterized by the increase in
phytoplankton biomass.The broad vertical extension down to ~100 m of the nitrate enhancement (~1.4 pmol kg'lv, Figure 5f)
could be explained by the intense (horizontal and/or vertical) currents flushing out of the passes of the lagoon could advect
nutrient-enhanced waters toward the open ocean. In Moorea (the closest island westward of Tahiti, Figure 1c), the current
flushing out of the pass has an average of 50 cm s™ and can even reach 200 cm s™ (Lenhardt, 1991). These currents cannot

be described by the present ocean reanalysis HYCOM since it does not take into account the specific lagoon dynamics and

exchanges with open ocean waters.
During the third period, relatively strong precipitation occurs in Tahiti without an increase in phytoplankton (Figure
5a) as the float drifts away from the island. There is a clear change in the ocean dynamics between the second and the third

period. The float flows south-westward within a strong branch of the SEC with speeds higher than 30 cm s™ down to 300 m
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and up to 60 cm s"in its core (Figure 8a). During period 2, the TS diagram shows a classical structure highlighting two
water masses in the upper 300 m with the SubTropical Surface Water (STSW: S > 36 g kg™) at the top and the Eastern South
Pacific Central Waters (ESPCW : temperature between 8 and 24°C and salinity between 34.4 and 36.4 g kg) at the bottom.
Over period 3, the thermocline waters are more mixed and the signature of the third water mass located between the
isopycnal surfaces 24.5 and 25 kg m™ is dampened (Figure 6b). At these depths (i.e., below 150 m) changes can also be
observed from period 2 to 3 on the oxygen vertical distribution (Figure 9). Indeed, during the third period FLeeT drifts
across a more oxygenated water mass in the 150 - 350 m layer that likely comes from the south. HYCOM shows a south-
westward-flowing subsurface current at 300 m close to Tahiti during the transition between the second and the third periods
(Figure 8). However, it is necessary to take into account the time lag to allow the water mass to reach Tahiti before the
transition period. Indeed, when considering position A, south of Tahiti (Figure 10), the time to reach position B is about 24
days. More oxygenated waters were observed by FLeeT on 28/12/2015 and the HYCOM currents on 04/12/2015 suggest that
the oxygenated water mass has its origin in the south. We also investigated satellite derived FSLEs, which provide
information about fronts, transport barriers and horizontal stirring by surface currents. Figures 11a and 11b show that the
float crosses a front coming from the east during the transition period (dark grey filament east and along the crosses,
respectively). These figures illustrate the rapid and intense evolution of the water mass, evidenced from O, and TS diagrams,
and the fact that the float quickly leaves the area of nutrient accumulation to come back to a nutrient-depleted environment
(Figures 5b, c and f), typical of the SPSG oligotrophic conditions. It is difficult to interpret observations of a different nature,
i.e.,, from a Lagrangian vs. Eulerian point of view. Meso to submeso-scale dynamics and fronts represent barriers to
transport, and further work is required to place the float observations in the full dynamical context of the flow at these
different scales, following methods developed by Mendoza and Mancho (2010) for instance. Moreover, because of the
Lagrangian nature of profiling floats data, it is not possible to determine whether the biological enhancement observed in
FLeeT corresponds to the horizontal extent of the IME or if it is more a temporary signal. Further observations such as glider
data are required to fully describe this IME.

5 Summary and conclusion

Two Biogeochemical-Argo (BGC-Argo) profiling floats deployed in the central subtropical gyre of the Pacific Ocean
provided an unprecedented source of information in this scarcely sampled remote area. These observations were used to
describe the seasonal dynamics of phytoplankton biomass in the SPSG open ocean. In the open waters southwest off Tahiti,
the FOpenO observations showed that the wintertime chlorophyll a concentration (Chl) increase in the upper layer is likely
due to photoacclimation and that the seasonal deep chlorophyll maximum (DCM) vertical variability is light-driven in the
open ocean oligotrophic South Pacific Subtropical Gyre (SPSG). The float near the coast of Tahiti allowed us to investigate
the dynamics of phytoplankton biomass leeward of Tahiti and to compare it with open ocean conditions. The phytoplankton

dynamics were different near the island over several weeks in late austral spring 2015, with an increase in Chl, particulate
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organic carbon (POC) and nitrate (NO3") concentrations within the 100 m unper layer, and a shallowing and widening of the
DCM. During this period the vertical position of the DCM was no longer light-driven. The particulate backscattering
coefficient (b,p) measurements below the DCM depth suggest an increase in the carbon export during the biological
enhancement and the by,,/Chl optics-based index suggest a shift in phytoplankton community composition from a pico- and
nano-dominated community in the open ocean toward a micro-dominated community leeward of Tahiti. The by,/Chl index
could also suggest changes in the composition (size and nature) of the particle assemblage rather than in the phytoplankton

community structure only.

Combining BGC-Argo float data, meteorological data, ocean modeling and satellite data, the physical mechanisms
involved in the phytoplankton increase leeward of Tahiti have been investigated. Land drainage induced by strong
precipitation on Tahiti and weak south-westward currents could have supplied nutrients leeward of Tahiti to support the
enhanced productivity observed in FLeeT data. Since HYCOM does not take into account the specific lagoon dynamics, a
more dedicated project incorporating lagoon modeling is needed to understand nutrient inputs. Profiling floats are
Lagrangian platforms that do not allow us to determine if the observed biological enhancement is associated with a temporal
event or if it represents the horizontal extent of the island mass effect (IME). Further hydrological and biogeochemical

measurements from the Tahiti coast to offshore waters collected by gliders or ocean modeling combined with Lagrangian

particle tracking are necessary to resolve this issue.

For the first time the vertical signature of an IME has been studied from BGC-Argo float observations. This IME could
not have been observed by ocean color satellite data because of the high cloud coverage in this region. The FLeeT
measurements provide the first description of an IME around Tabhiti, showing a surface biological enhancement up to 20 km
off Tahiti, which was probably driven by land drainage induced by strong precipitation on Tahiti. BGC-Argo floats provide
valuable data on the distribution of subsurface Chl and other biogeochemical and bio-optical parameters that are not
available by remote sensing. Mechanisms involved in the IME are complex and vary from one island to another, but by
combining BGC-Argo float, meteorological data, ocean modelling and satellite data, we hypothesize that the IME
downstream of the island of Tahiti is the result of nutrient influx caused by land drainage following precipitations events.
However, additional uplift of nutrient-rich deep waters through coastal upwelling cannot be totally excluded from our
results.

The present study demonstrates that nearshore phytoplankton enhancement can be significant and can impact the
vertical distribution of phytoplankton biomass. It also probably impacts its community composition and the associated
carbon export. In oligotrophic environments, where ecosystems are predominantly characterized by nutrient-depleted waters,
the increase in phytoplankton biomass driven by the IME is critical for coral reef ecosystems (Williams et al., 2015) and
fishery productivity but also contributes to carbon vertical flow (Heywood et al., 1996). Such biological enhancement needs
to be carefully described and studied in order to be integrated into global biogeochemical models, and hopefully to better

predict the evolution of nearshore marine ecosystems.
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In the SPSG, climate change is likely to impact open ocean food webs and oceanic fisheries (Bell et al., 2011). It is

therefore important to document changes in biogeochemical processes using long observational time series. BGC-Argo
profiling floats are powerful tools to track ecological and biogeochemical changes, especially in areas under-sampled by

classical ship-based oceanographic cruises such as the SPSG.
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Table 1. Summary of the mission and equipment relative to each BGC-Argo float used in this study.

Float WMO # | Length UTC date Position of UTC date | Temporal and Equipment
of the of deployment of last vertical resolution
mission | deployment | (lon/lat) profile of data acquisition
(dd/mm/YY (dd/mm/Y
YY) YYY)
FOpenO | 6901687 |19 03/04/2015 | -149.7/-18.24 |25/11/2016 | Temporal -CTD
months resolution: -Radiometry
-daily from -WET Labs ECO Puck
03/04/2015 to Triplet
16/07/2015
-5 days from
16/07/2015 to
25/11/2016
Vertical
resolution:
-every m from the
surface to 250 m
-every 10 m from
250 m to 1000 m
FlLeeT 6901659 | ~3 15/10/2015 |-149.1/-18.20 |10/01/2016 | Temporal -CTD
months resolution: -Radiometry
Daily -WET Labs ECO Puck
Vertical Triplet
resolution: -Nitrate sensor (SUNA)

-every m from the
surface to 350 m
-every 10 m from
350 m to 1000 m

-Oxygen sensor

(Aanderaa optode)
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Table 2. Symbols of variables used in this study with their definitions and units.

Symbol Definition Units
PAR Photosynthetically Available Radiation mol photons m” day
Chl Chlorophyll a concentration mg m>
Dyp Particulate backscattering coefficient at 700 nm m?
POC Particulate Organic Carbon mg m>
byy/Chl Ratio of by, to Chl m’ mg*
0, Oxygen concentration pmol kg™
NO3 Nitrate concentration pmol kg™
MLD Mixed Layer Depth m
c Potential Density computed from Temperature and Salinity | kg m™
PARwL Average value of PAR in the mixed layer mol photons m~ day ™
Chlgy¢ Mean of Chl in the first penetration layer (from surface to mg m>
Z,q depth)
Dop_surf Mean of by, in the first penetration layer (from surface to m*
Z,q depth)
Bop surt/ Chlguee Mean of by,,/Chl in the first penetration layer (from surface | m* mg™
to Z,4 depth)
Zpg First penetration depth m
Kq(PAR) diffuse attenuation coefficient m?
PAR(0) PAR just below the surface mol photons m™ day *
Zey Euphotic depth m
FSLE Finite Size Lyapunov Exponents d?!
T Conservative Temperature °C
S Absolute Salinity g kg™
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Table 3. Number of Broflles mean and ran% values in brackets of monthly-mean DCM depth (m), DCM value (mg m™), MLD (m),
Chlsyrs (mg M=) and POCsyrt (Mg m-3) for FOpenO float.

Parameter | Jan. Feb. Mar. | Apr. | May | Jun. Jul. Aug. | Sept. Oct. Nov. Dec.
Nobs 6 6 6 37 36 36 25 12 12 13 11 6

DCM 131 135 137 118 | 124 107 112 115 140 135 138 136
depth (123 | (128- | (130— | (98— | (104- | (89- | (95- | (95- | (101- | (115- (107- (112-
(min — - 147) 147) | 132) | 147) | 133) | 134) | 138) | 177) 161) 160) 153)
max) 140)
DCM 0.35 | 0.31 030 |[026 | 024 | 024 | 026 | 029 | 0.27 0.29 0.30 0.32
value (0.29 | (0.22 | (0.25- |(0.19 | (0.17- | (0.20- | (0.23- | (0.25- | (0.21- | (0.22- | (0.23- | (0.23-

(min — - ~ 1033 | - |034) | 028 |031) |038) | 035 | 038 | 042) | 041)
max) | 0.38) | 0.40) 0.37)

MLD 45 31 49 46 | 62 79 84 72 68 | 57 (10- | 38 (10- | 42 (32-
(min— | (31— | (10— | (34— |(10—| (34- | (49- | (46- | (24- | (31- | 116) 62) 61)

max) 53) | 51) 63) | 70) | 87) | 113) | 115) | 109) | 103)
Chlys | 001 | 0.01 | 001 |0.02 | 004 | 005 | 004 | 002 | 001 |0.02(0-| 001 |0.01(0-
(min— | (0.01 | (0.01 |(0.01— |(0.01 | (0.01- | (0.01- | (0.01- | (0.01- | (0- | 0.04) | (0.01- | 0.02)

max) - ~ 1002 | - |007) | 008 |006) |006) | 0.04 0.03)
0.02) | 0.01) 0.04)
POCeyr | 31 31 32 | 37 | 39 |40(30| 34 | 35 | 32 32 33 34
(min— | (30— | 30— | (30— |(28-| (30— | -50) | 30— | (32- | B1- | (30— | (29- | (32-
max) 32 | 32) | 35 | 46) | 50) 41) | 41) | 35) 34) 38) 36)
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Table 4. Number of profiles, mean and range values in brackets of monthly-mean DCM depth (m), DCM value (mg m™®), MLD (m),
Chlsyrs (mg m=3) and POCsyrs (Mg m3) for FLeeT float

Parameter Oct. Nov. Dec. Jan.
Nobs 17 30 31 10
DCM depth 128 124 135 146
(min — max) (113 - 150) (98 — 156) (90— 157) (116 - 169)
DCM value 0.3 0.35 0.24 0.25
(min — max) (0.23-0.35) (0.24 -0.44) (0.17-0.30) | (0.19-0.31)
MLD 98 40 34 35
(min — max) (28 —127) (10 - 65) (10-61) (24 - 42)
Chlgys 0.04 0.02 0.02 0.02
(min — max) (0.01-0.1) (0.01-0.05) (0.01-0.05) | (0.01-0.03)
POCsyi¢ 35 37 45 32
(min — max) (33-39) (33-39) (28 —141) (29 - 36)
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Figure 1: (a) Spatial distribution of OC-CCI surface satellite Chl (mg m™) in December 2015 for the Pacific Ocean. Our study area
and the island of Tabhiti are represented by the white rectangle and the white point respectively. The white star represents the
geographic area of the M2014 reference study (see Section 3.1). The trajectories of (b) FOpenO float and (c) FLeeT float are shown
with background color representing the OC-CCI surface satellite Chl (mg m™) distribution in December 2015. In panel b FOpenO
profiles concomitant with FLeeT profiles acquisition are coloured in red. In panel c the period two from FLeeT is coloured in
white (see Section 3.3.1). Grey pixels represent missing data because of clouds or the 500 m bathymetric mask that removed
nearshore pixels that could be biased by land and the surrounding lagoon. Islands and continents are indicated in black. The
islands of Moorea and Tahiti are indicated and the mean direction of the South Equatorial Current (SEC) is indicated by the
arrow in panel c.
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Figure 2: FOpenO vertical distribution against time of (a) Chl (mg m®) with the 0.1, 0.2 and 0.3 mg m'3 isocontours as dotted black
lines, (b) POC (mg m®), (c) PAR (mol photons m2d - )W|th the 0.1, 1 and 10 mol photons m™ d ™ isolumes as dotted black lines
and (d) density (kg m™) with isopycnes (interval = 0.5 kg m™ dotted black lines). In each panel, the white and red lines show the
MLD and the depth of the DCM, respectively. The black vertical solid lines represent the second period of acquisition from FLeeT
(see Section 3.3.1).
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Figure 3: Time series of the mean-filtered FOpenO (30 days, blue line) and FLeeT (+ 10 days, purple line) observations
represented as bold lines and high frequency observations represented as thin lines of the (a) first penetration depth (Z,4, m), (b)
mixed layer depth (MLD, m), (c) 0- Z,q4 integrated Chl (Chlg,, mg m®), (d) 0- Zyq integrated POC (POCgyr, m?), (e) 0- Zyq
integrated ratio of by, to Chl (bpp_sur/Chlsyrr, m* mg™), and (f) average PAR in the mixed layer (PARyy, mol photons m™ d™).
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Figure 4: Vertical distribution of monthly average Chl (mg m®; upper panels) and POC (mg m®; lower panels), for the FOpenO
float (left) and FLeeT float (right). The color code represents the months from January to December.
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Figure 5: Biogeochemical parameters measured from FLeeT. Vertical distribution along time of (a) Chlg,¢ (left axis, black) and
POCg, (right axis, blue) and (b) PARy. . These time-series represent the unfiltered time series of Figures 3c, d and f, respectively.
The black stars in panel (a) are defined in Section 3.3.1. Vertical distribution against time of: (c) Chl (mg.m™) with the 0.1 and 0.3
mg.m~ isocontours as black lines, (d) nitrate concentration (umol kg*) with isonitrates (pmol kg™ black lines with interval=1 pmol
kg™). (e) and (f) panels represent the 0 - 100 m zoom of (c) and (d) panels. (g) and (h) panels represent the 0-100 m vertical
distribution of T (°C) and S with isocontours as black lines. Time series of (i) POC (mg m™) and (j) PAR (mol photons m?2d%) with
isolumes (0.1, 1 and 10 mol photons m? d?, black lines). (k) Time series of Chl (mg.m™) as a function of density (kg m?). ()
Vertical distribution of density (kg m™) against time with isopycnes (kg m'3, black lines with interval=0.5 kg m™). The white and
red lines represent the MLD and the location of the DCM depth, respectively. The black vertical solid lines in each panel indicate
three specific time periods as defined in Section 3.3.1.
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Figure 6: TS diagrams issued from FLeeT during (a) period 2 and (b) period 3 as defined in Section 3.3.1. Black dotted lines
represent isopycnal surfaces (interval= 0.5 kg m™). Colours refer to NO3™ concentrations (umol kg™). NO;™ higher than 1.5 umol kg
1 -

are in grey.
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Figure 7: Meteorological data during FLeeT lifetime. (a) The FLeeT trajectory is plotted as grey points. The red point indicates
the location of the float deployment. Different time periods, as defined in Section 3.3.1, are delimited by the white bars along the
trajectory of the float. The locations of the 4 Météo-France meteorological stations are detailed in the different insets. (b) Time
series of daily cumulative precipitation measured at the 4 stations localized on panel (a). The two black stars refer to the two POC
maxima observed during the first period, identified in Figure 5a and discussed in Section 3.3.2. The black vertical solid lines
indicate three specific time periods as defined in Section 3.3.1.
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Figure 8: Time series of the 0 - 300 m HYCOM-modelled current along the FLeeT track: (a) current amplitude (speed, m s™), (b)
zonal (U, m s and (c) meridian components (V, m s%). In panel (b) negative values represent westward currents while positive
values represent eastward currents. In panel (c), negative values represent southward currents while positive values represent
northward currents. The black vertical solid lines in each panel indicate three specific time periods as defined in Section 3.3.1.
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Figure 9: (a) vertical distribution of FLeeT O, (umol kg™) along time. Isolines are indicated as black lines (interval=5 pmol kg™).

The white and red lines represent the MLD and the location of the DCM depth, respectively. (b) FLeeT O, averaged over 300 m +
10 m. The black vertical solid lines in each panel indicate three specific time periods as defined in Section 3.3.1.
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Figure 10: HYCOM modelled current (m s) at 300 m depth for 04/12/2015, 24 days before the incursion of the more oxygenated

waters measured from FLeeT. The reference arrow (in bold) is in the top left of the panel and represents 0.5 m s™. The arrow and

the points A and B are defined in Section 3.3.2.
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Figure 11: Spatial distribution of Finite Size Lyapunov Exponents (FSLEs, d*) represented by the grey color bar for the four days
around (a) 24/12/2015 and (b) 28/12/2015. Crosses in panels (a) and (b) represent the FLeeT position with colors referring to the
corresponding periods. For each map, several crosses are plotted since FSLEs are plotted for four days while FLeeT has a one day
temporal resolution of data acquisition.
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Figure S1 Comparisons at FLeeT deployment of (a) HPLC-based Chl concentration (blue points) with the concomitant float Chl
profile (continuous black line) and (b) in situ NOs™ estimates (from laboratory analyses; purple points with the error bar
representing the standard deviation) and concomitant NO5™ profile (continuous black line). No error bars are plotted for HPLC-
based Chl estimations in panel (a) because two values maximum are available for each depth.
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Figure S2: Surface salinity (left axis, black) and nitrate concentration (right axis, red) measured from FLeeT float. The black
vertical solid lines in each panel indicate three specific time periods as defined in Section 3.3.1.

41



12

0
24'
-1000
36'4 - .y
= -2000 £
| <
48' =
[}
-3000 &
18°S
-4000
12'
-5000
12' :
b) . Particles on 13 December 2015 12-Dec-2015
: ¢ Particles positions in the past
L e T |410-Dec-2015
08-Dec-2015
36'
06-Dec-2015
48 e ............... B PP PR PRRERRRRE: L 04-Dec-2015
02-Dec-2015
O0a L
15~ 30-Nov-2015
1204 =A= ,,,,,,,,,,, | B 28-Nov-2015
S0 20 = 40 60
46' 26' T 5 26-Nov-2015
150°W 149°W

Figure S3: Backward tracking of Lagrangian particles with (a) the trajectories in red lines and (b) the original position (red
dots) and dates of particles when they “touch” the coast (coloured diamonds). Note however that the HYCOM model does
not resolve the Tahitian coast in high resolution.
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Highlights
e Anbiological enhancement is observed leeward Tahiti from a Biogeochemical-Argo float
e  Observed nitrate increase in the upper-lit layer likely results from land drainage
e  Phytoplankton community composition leeward Tahiti probably differs from open ocean
e The open ocean summer deepening of the deep chlorophyll maximum is light-driven
e The wintertime increase in surface chlorophyll results from photoacclimation
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