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Subsurface biogeochemical
response to Hurricane Idalia
within a cyclonic eddy and river
plume– strati� ed environment
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Matthieu Le Hénaff 1,2, Heather L. Roman-Stork 4,
Gregory R. Foltz 1, Fabian Gomez 1,5, Marin Cornec 6,7,8,
Madison Soden 1,2, Jun A. Zhang 1,2 and Emily B. Osborne 1

1NOAA/OAR/Atlantic Oceanographic and Meteorological Laboratory, Miami, FL, United States,
2Cooperative Institute for Marine and Atmospheric Studies, University of Miami, Miami, FL, United
States, 3Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami,
FL, United States, 4Global Science & Technology, Inc., Greenbelt, MD, United States, 5Northern Gulf
Institute, Mississippi State University, Starkville, MS, United States, 6NOAA/OAR/Paci�c Marine and
Environmental Laboratory, Seattle, WA, United States, 7School of Oceanography, University of
Washington, Seattle, WA, United States, 8CNRS, Laboratoire d’Océanographie de Villefranche,
Villefranche-sur-Mer, France
Satellite observations can reveal chlorophyll blooms in the wake of hurricane
disturbances but their subsurface biogeochemical anomalies remain poorly
described due to limited in situ observations. Here, we quantify the
biogeochemical response across the ocean water column to Hurricane Idalia
(2023) in the Gulf of America (also known as the Gulf of Mexico). We compile
observations across the eastern Gulf using satellite data and two autonomous
platforms: a pro�ling Biogeochemical-Argo (BGC-Argo) �oat and saildrone. Prior
to the formation of Hurricane Idalia, an anomalously large extension of the
Mississippi River plume spanned much of the eastern Gulf, contributing low-
salinity and high-chlorophyll conditions. Following Idalia’s passage, the saildrone
observed surface chlorophyll increases in the river plume extension, while the
BGC-Argo �oat observed subsurface nitrate depletion and oxygen enrichment.
These changes occurred as the �oat measured background ocean conditions
evolving from the edge of the Loop Current to a cyclonic eddy, in�uenced by the
river plume extension. Increases in chlorophyll concentration, decreases in
nitrate, and elevated dissolved oxygen levels suggested increased primary
production. BGC-Argo �oat observations revealed enhanced upwelling below
the surface layer (~22 m) that shoaled the nitracline, fueling the increase in
subsurface primary production (20– 50 m depth). Our study provides a glimpse on
the surface and subsurface ocean-biogeochemical changes associated with the
Hurricane Idalia passage, highlighting the importance of the background
mesoscale seascape on shaping the phytoplankton response to hurricane-
induced disturbances. The combination of observations underscores the value
of continuous in situ monitoring to better understand hurricane-driven impacts
on the full ocean water column and the impacts these dynamics have on the base
of the marine food web.
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Key Points

• Autonomous observations described surface and subsurface
biogeochemical patterns in the wake of a hurricane

• A combination of hurricane- and eddy-induced upwelling
increased nutrient concentrations and triggered subsurface
primary production

• Surface and subsurface oxygen concentrations increased post-
hurricane in tandem with rising primary production signals
1 Introduction

Tropical cyclones, referred to as hurricanes in the Atlantic once
their maximum sustained wind speeds exceed 33 m/s (~64 kt), are
among the most extensively studied atmospheric phenomena
worldwide. Sea surface temperatures (SSTs) above 26 °C are
essential for hurricane formation and intensi�cation (Byers, 1974)
and parameters such as ocean heat content, temperature, and
salinity strati�cation are known to aid forecasting of storm
intensity (Balaguru et al., 2018, 2020; John et al., 2023; Mainelli
et al., 2008).

Hurricane-force winds induce strong vertical mixing in the
upper ocean (~0-100 m) (Emanuel, 1999; Liu et al., 2009; Price,
1981; Shi and Wang, 2007; Walker et al., 2005), primarily cooling
SSTs over horizontal distances of 30-150 km (Price, 1981; Walker
et al., 2005) while increasing sea surface salinity (SSS) (Dickey et al.,
1998; Lin et al., 2003; Price, 1981; Reul et al., 2021; Shang et al.,
2008; Subrahmanyam et al., 2002). This mixing often results in
surface chlorophyll blooms observed at the sea surface by satellite-
based sensors, triggered by surface resuspension of chlorophyll and
the upward �ux of nutrients from the subsurface driving primary
production (Babin et al., 2004; Chacko, 2017; Gierach and
Subrahmanyam, 2008; Liu et al., 2009; Shi and Wang, 2007;
Walker et al., 2005). These surface expressions of blooms usually
last 2–4 weeks (Babin et al., 2004; Chacko, 2017, 2019; Shi and
Wang, 2007) and often occur in the cool wakes of hurricanes (Babin
et al., 2004; Walker et al., 2005).

Recent studies using pro�ling Biogeochemical-Argo (BGC-
Argo) �oats have observed subsurface primary production
dynamics following hurricanes in the Bay of Bengal (Chacko,
2017, 2019; Girishkumar et al., 2019), the Arabian Sea (Wang
et al., 2022), and the western Paci�c (Zheng and Zhang, 2023),
though such observations have yet to be reported in the Atlantic or
the Gulf of America (also known as Gulf of Mexico; hereafter
‘Gulf’). Dissolved oxygen concentrations generally increase due to
surface cooling and enhanced air-sea gas exchange (Lin et al., 2014;
Xu et al., 2019; Yang and Langdon, 2025), and from photosynthetic
dissolved oxygen production by phytoplankton (Dickey et al., 1998;
Eppley and Renger, 1988; Girishkumar et al., 2019; Lin et al., 2003,
2014; Marra et al., 1990; Robarts et al., 1998; Yin and Harrison,
2007). Following an increase in primary production, dissolved
oxygen levels subsequently decrease as phytoplankton blooms
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decay and organic matter re-mineralizes (Chen et al., 2017;
Rabalais et al., 2002; Wang et al., 2017; Yang et al., 2024), and
may also be in�uenced by advection (Xu et al., 2019; Yang et al.,
2024). However, a consistent ocean response to subsurface
hurricane-induced biogeochemical changes has not been observed
across studies, making generalizations challenging. The synthesis of
existing results suggests that the biogeochemical response of the
ocean is highly contingent on pre-storm ocean conditions, local
biogeochemical dynamics, storm strength as well as the spatial,
temporal, and vertical resolution of sampling.

In the Gulf, there are on average 5 – 2 named storms, 2 – 2
hurricanes, and 1 – 1 major hurricane per year based on a 30-year
climatology (1995-2024) (Gahtan et al., 2024; Knapp et al., 2010).
Numerous studies have shown that features such as the Loop Current
and associated anticyclonic eddies in the Gulf signi�cantly enhance
hurricane intensi�cation due to their deep warm-core structures and
elevated ocean heat content (Hong et al., 2000; Jacob and Shay, 2003;
Jaimes et al., 2016; Rappaport et al., 2010; Shay et al., 1992, 2000).
Entering through the Yucatan Strait between Mexico and Cuba, the
Loop Current can extend north to ~28°N before moving southward,
often shedding westward-propagating large anticyclonic eddies
(radius ~200 km, lifespan up to a year) (Auladell et al., 2010;
Meunier et al., 2019). The Loop Current also generates cyclonic
eddies and associated upward doming of isopycnals (layers of equal
density) toward the ocean surface that shoal the nitracline and foster
chlorophyll blooms through the introduction of nutrients (Chacko,
2017; Girishkumar et al., 2019; Lee-Sa�nchez et al., 2022; Roy
Chowdhury et al., 2022; Vukovich and Maul, 1985; Wang et al.,
2022; Zheng and Zhang, 2023). Walker et al. (2005) used satellite
observations to show that Hurricane Ivan in 2004 intensi�ed the
upwelling associated with a cyclonic eddy, amplifying the biological
productivity. However, Walker et al. (2005) only had access to surface
data and were unable to describe the subsurface biogeochemical
response to the hurricane passage.

The Loop Current system also transports nutrients from the
Mississippi River plume throughout the Gulf, occasionally
extending into the Straits of Florida under anomalous conditions
(Brokaw et al., 2019; Hu et al., 2005; Otis et al., 2019; Shi et al.,
2025). Together, the Loop Current and the Mississippi River plume,
which can extend as far offshore as the Straits of Florida, also play a
dominant role in shaping the biogeochemistry in the Gulf. As a
recurring summer seasonal pattern on the West Florida shelf, the
Mississippi River plume introduces a low-salinity and high-
chlorophyll water signature (Brokaw et al., 2019; Morey et al.,
2003a, 2003b; Osborne et al., 2022; Otis et al., 2019). Most
recently, Shi et al. (2025) found that the rapid intensi�cation of
Hurricane Idalia (August 2023) was aided by the Mississippi River
plume, associated with a 10–20 m thick barrier layer below the
plume that inhibited vertical mixing. Results from Shi et al. (2025)
were limited in terms of biogeochemistry, relying solely on satellite
chlorophyll data.

Using satellite observations and autonomous platforms (BGC-
Argo and saildrone), this study examines the impact of Hurricane
Idalia (August 2023) on the eastern Gulf’s biogeochemistry. We
characterize a signi�cant increase in primary production resulting
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from the interplay between a cyclonic eddy and the Mississippi
River plume, with subsurface blooms evidenced by measurable
nitrate drawdown and oxygen supersaturation.
2 Data and methods

2.1 Hurricane Idalia data

Observations of Hurricane Idalia’s track, intensity, and
structure were obtained from the International Best Track
Archive for Climate Stewardship (IBTrACS) (Gahtan et al., 2024;
Knapp et al., 2010), based on the National Hurricane Center’s best
track data (Cangialosi and Alaka, 2024). In this archive, the best-
known center coordinates (within 0.1û latitude/longitude),
maximum sustained wind speed (2.6 m/s increments), minimum
sea level pressure (within 1 hPa), and 17 m/s (34 kt), 26 m/s (50 kt),
and 33 m/s (64 kt) wind radii (within 10 nautical miles) for each
quadrant (NE, SE, SW, NW) were input for 6-hour intervals.

To determine the location of the autonomous platforms (i.e.,
BGC-Argo �oat and saildrone) within Hurricane Idalia’s wind �eld,
we interpolated the IBTrACS original 6-hourly data to a 1-minute
resolution using Modi�ed Akima piecewise cubic Hermite
interpolation. To determine the horizontal extent of the wind
�eld, at the time the interpolated intensity exceeded a wind speed
radius threshold (17 m/s, 26 m/s, and 33 m/s), the radius for each
quadrant (NE, SE, SW and NW) was interpolated to 1-minute
resolution. We then determined the region within each radius using
a time-interpolated 1-degree radial resolution.

Using the new spatiotemporally interpolated extent of
Hurricane Idalia ’s wind �eld, we determine when each
autonomous platform was before, during, and after the passage of
the 17 m/s wind �eld. These labels correspond to the blue (before
Idalia), green (within Idalia), and magenta (after Idalia) colors
in Figure 1.

2.2 Satellite data and analytical methods

2.2.1 Satellite data

Daily �elds of the National Oceanic and Atmospheric
Administration (NOAA) CoastWatch gap-�lled ocean color
chlorophyll data were obtained at 9 km daily resolution. This
product uses a Data INterpolating Empirical Orthogonal
Function (DINEOF) algorithm to combine Multi-Sensor Level 1
and Level 2 (MSL12) ocean color data from multiple Visible
Infrared Imaging Radiometer Suite (VIIRS) sensors (Suomi
National Polar-Orbiting Partnership (SNPP) and NOAA-20), to
create a gap-�lled analysis, which allows for a cloud-free view of
ocean color derived chlorophyll (Liu and Wang, 2019). Sea level
anomalies (SLA) and geostrophic currents from the NOAA Radar
Altimeter Database System (RADS) Level 4 merged near-real time
(NRT) product were used and are available on a 0.25° daily grid
from 2017 (2019 for currents) through the present from NOAA
CoastWatch (Scharroo et al., 2013). Blended 6-hourly wind stress
and surface wind measurements from NOAA National Centers for
Frontiers in Marine Science 03
Environmental Information (NCEI) Blended Seawinds version 2
product (NBSv2) were obtained from NOAA CoastWatch on a
0.25° grid. NBSv2 combines satellite observations from multiple
scatterometers (up to 7 since 2002) with L-band and the AMSR2 all-
weather channel observations (Saha and Zhang, 2022). NOAA’s
Geo-polar night SSTs were obtained on a daily 9 km grid from
NOAA CoastWatch (Maturi et al., 2017). Additional satellite-
derived SSS from the Soil Moisture Active Passive (SMAP)
mission processed by NASA’s Jet Propulsion Lab as the
Combined Active Passive (CAP) version 5.0 product were
obtained from PO.DAAC on 0.25° daily grids as an 8-day
interpolated product (Fore et al., 2016).

BGC-Argo �oat positions were collocated with mesoscale
eddies identi�ed using the MUltiparameter NRT System for
Tracking Eddies Retroactively (MUNSTER) product suite from
NOAA CoastWatch (McWhorter et al., 2024; Roman-Stork et al.,
2023). MUNSTER is a threshold-free, closed-contour eddy tracking
method adapted from algorithms originally developed by
Chaigneau et al. (2008, 2009) and Pegliasco et al. (2015). An
asymmetric Gaussian high-pass spatial �lter with a 5°/10°
latitude/longitude half-width was applied to the daily NOAA
RADS SLA �eld to remove planetary wave contamination. Eddies
in MUNSTER are identi�ed based on closed contours surrounding
local maxima (anticyclonic eddies) and minima (cyclonic eddies) of
�ltered daily NOAA RADS SLA at a 0.1 cm contour interval. For the
purposes of this study, eddy contours from MUNSTER were used to
collocate the BGC-Argo �oat pro�les and identify when the �oat
surfaced within or outside of an eddy.

2.2.2 Satellite data analysis

The total surface current was calculated as the sum of the
geostrophic current and the Ekman current (Equation 1), where the
geostrophic current is from satellite altimetry, and the Ekman
current is considered to be at 15 m depth, as in Sudre and
Morrow (2008):

(ue + ive) � = � Beiq(tx + ity) (1)

where ue and ve are the zonal and meridional components of the
Ekman current at 15 m depth, tx and ty are the zonal and
meridional components of the wind stress from NBSv2. Following
Sudre and Morrow (2008) and the tropical transition proposed in
Lagerloef et al. (1999), a varying B (Equation 2) and q (Equation 3)
relative to latitude were calculated as follows:

B � = �
1
r

(r2 + f 2h2
md)�1=2 (2)

q = � arctan(
fhmd

r
) (3)

where r is the seawater density in kg/m3 calculated from
satellite SSS and SST, f is the Coriolis parameter, and the values
of r and hmd, the frictional parameter and mixing depth scale
respectively, are taken to be constant from values calculated in
Lagerloef et al. (1999), such that r = 2.15x10–4 m s-1 and hmd =
32.5 m.
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Surface advection of SSS (SSS adv; Equation 4) and ocean color
chlorophyll-a (Chla adv; Equation 5) were then calculated using the
total current as follows:

SSS � adv � = � �uT
� SSS
� x

� vT
� SSS
� y

(4)

Chla � adv � = � �uT
� Chla

� x
� vT

� Chla
� y

(5)

where uT and vT are the zonal and meridional components of
the total current, and x and y are the changes in longitude and
latitude on the 0.25° horizontal grid associated with gridded
altimetry. Ocean color was regridded to 0.25° horizontal
resolution prior to calculation.

Isotherm upwelling (Equation 6, Dh) within a cyclonic eddy due
to the passage of Idalia was calculated as in Walker et al. (2005)
using the reduced gravity approximation (Shay et al., 2000; Walker
et al., 2005):

� Dh =
�g
g 0 Dh (6)
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such that g is the acceleration due to gravity, g’ is 0.03 m s-2 and
is taken to be representative of Gulf-wide conditions as in Walker
et al. (2005), and Dh is taken to be the change in sea level within the
cyclonic eddy in question from altimetry in m. Here the magnitude
of a cyclonic eddy located at 84.875°W, 25.125°N on August 19,
2023 was compared with the same eddy after the passage of Idalia at
85.125°W, 24.625°N on September 7, 2023, resulting in a Dh of 18
cm, and a Dh of 58 m. The same calculation was then performed for
the location of maximum chlorophyll from saildrone observations
(84.625°W, 26.5303°N), which resulted in a net downwelling of
isotherms by 36 m. These values were used to contextualize the
upwelling signals (cyclonic eddy and Hurricane Idalia) from the
BGC-Argo �oat observations.

Ocean color and SST suffer from cloud contamination, while
SSS, surface wind, and altimetric observations are not affected by
clouds and are more likely to represent the surface conditions where
cloud cover is present, such as within storms. That said, Geo-polar
SST incorporates geostationary observations which can supplement
for temporary cloud contamination and rapidly moving systems,
which results in a product with a very low global standard deviation
compared to in situ buoy data (Maturi et al., 2017). The DINEOF
FIGURE 1

Saildrone trajectories during August 19 - September 20 (colored lines) and Biogeochemical-Argo pro�les during August 19 - October 1 (triangles)
used in this study. Colors indicate the timing of the observations: pre-storm (blue), in-storm (green), and post-storm (magenta). The gray line shows
the interpolated path of Hurricane Idalia shaded by its maximum sustained wind speed with circles depicting the best-track location and intensity
from the National Hurricane Center. Red lines in the grayscale bar indicate when the interpolated intensity transitions from tropical depression to
tropical storm (TS), tropical storm to category 1 hurricane (HU1), category 1 to 2 hurricane (HU2), and 2 to 3 major hurricane (MH3). Yellow, light
pink, and dark pink shading show the regions within the radii of 17, 26, and 33 m/s sustained wind speeds from Hurricane Idalia.
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algorithm employed in the gap-�lled ocean color chlorophyll-a
combine’s observations from two VIIRS satellites that follow the
same path 50 minutes apart, and uses information from previous
observations to better extrapolate the missing information when
clouds prevent direct observation (Liu and Wang, 2019). As such,
while both SST and ocean color do experience these observational
dif�culties, the algorithms employed in the products used take
measures to account for them. The satellite datasets used here are
interpolated between 9 km grid points for temperature and ocean
color, and 0.25° latitude and longitude for salinity, and thus miss
�ner scale features detected by the saildrone.

2.3 Saildrone data

Saildrones are equipped with oceanographic and meteorological
sensors to measure near-surface wind velocity, air temperature,
relative humidity, barometric pressure, solar radiation, SST, SSS,
dissolved oxygen concentration, chlorophyll concentration, wave
height and period, and pro�les of ocean currents over depths from ~
6 to ~80 m with 2 m resolution (Supplementary Information
Table 1; Zhang et al., 2023). These sensors are validated before
the mission to ensure data quality control. Wind is measured at a
height of ~3.45 m and air temperature and humidity are measured
at ~2.3 m. It should be noted that the exact height per measurement
may vary based on the vehicle’s pitch and roll. However, we found
that this was minimal with the mean 1-minute height of the wind
measurements in Idalia being 3.36 – 0.03 m. All measurements
reported here have not been adjusted to the standard 10 m height,
which would increase wind speed by about 10 - 15%, assuming
neutral atmospheric stability. SST, SSS, dissolved oxygen, and
chlorophyll are measured at depths of ~1.7 m. Saildrones are
operated remotely through satellite communications, powered by
solar radiation, and propelled by the wind. Through a partnership
between NOAA and Saildrone Inc. from 2021 to 2024, saildrone
uncrewed surface vehicles have been used to observe hurricanes and
transmit their 1-minute measurements in near-real time, with
higher resolution data (1 to 20 Hz) recorded and downloaded
upon retrieval at the end of the mission. During the 2023 mission,
saildrone 1083 (hereafter ‘SD-1083’) was directed to, and
intercepted, Hurricane Idalia in the eastern Gulf.

Prior to being directed for intercept on August 24, SD-1083 was
positioned 25–50 km west of Hurricane Idalia’s eventual track. SD-
1083 moved ~45 km to the SE from August 27–28 working best
with the prevalent winds and currents to better position for
intercept. On August 29, SD-1083 traveled to the NE for its �nal
intercept positioning. SD-1083 started measuring tropical-storm-
force 1-minute sustained winds on August 29 at 14:32 UTC, with
sustained winds peaking at 36 m/s and maximum gusts of 43 m/s
nearly 8 hours later. SD-1083 then entered the northeastern eye of
Idalia around August 29 at 22:24 UTC and remained in the eye until
22:59 UTC, when it exited through the southeastern eyewall. The
surface pressure reached a minimum of 964.4 hPa and the
signi�cant wave height peaked at 9.6 m. SD-1083 measured its
�nal tropical-storm-force sustained wind from Idalia over 14 hours
after tropical-storm-force winds began. The track of SD-1083 is
shown in Figure 1.
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Following the intercept of Hurricane Idalia, SD-1083 drifted
~60 km to the NE within one day and remained over the next four
days. Then, SD-1083 traveled back and remained within 20 km of
the intercept location for the following 8 days, reaching a minimum
distance of less than 150 m on September 9. On September 11, 2023
12:00 UTC, more than 12.5 days after the intercept, SD-1083 began
to travel offshore of its intercept location.

Pre-storm measurements from SD-1083 were de�ned as the
average over a set period of time (i.e., 6 hours, 12 hours, 24 hours, 3
days, 5 days, and 10 days) ending 6-hours prior to SD-1083 entering
into the region of 17 m/s winds. Multiple periods were used to
de�ne the uncertainty. A similar analysis was done to de�ne post-
storm SST, with averaging periods of 6 hours, 12 hours, and 24
hours starting 6 hours following SD-1083 exiting the region of 17
m/s winds.

Following Chiodi et al. (2024) and Brenner et al. (2023), in the
absence of vertical measurements of temperature and salinity,
which prevent the estimate of the mixed layer depth based on a
density criterion, the mixed layer depth at the saildrone’s location
(MLD_saildrone) was derived from the vertical shear of the
horizontal currents measured by the saildrone’s downward-
looking 300 kHz ADCP. ADCP observations where the total
percentage of good pings per ensemble of less than 50% were
removed, which on average, removed the lowest 10 m, where noise
is high from the ADCP’s backscatter signal. Subsequent results are
not sensitive to the threshold of good pings used. The magnitude of
the vertical shear was calculated based on the vector differences of
the horizontal components (i.e., u, v) of the current for each time
step. The depths that met the following three criteria at each time
step were identi�ed: (1) the shear had a value within half a standard
deviation of the maximum value of shear across depths, (2) the
shear had a value greater than one standard deviation above the
mean shear across depths, and (3) the shear was not the deepest nor
shallowest depth. Less than 4% of the total time steps failed to have
depths that met these criteria. Following this, if the standard
deviation of the identi�ed depths at a given time step was 10 m
or greater (occurring less than 9% of the time), then that time step
was deemed invalid. For all remaining valid time steps, the
identi�ed depths were then averaged to determine the initial
MLD_saildrone. Since each time step is treated independently, it
is possible that some unrealistic rapid changes in the initial
MLD_saildrone exist. In order to remove these, all times when
each depth was greater than one standard deviation away from the
mean based on a 6-hour moving window were deemed invalid (17%
of the time). The MLD_saildrone used was then calculated from a
6-hourly moving average of the remaining times (over 70% of
the total).

2.4 Biogeochemical-Argo data

BGC-Argo �oats pro�le autonomously and drift with ocean
currents, typically measuring from 0–2000 m depth every 10 days.
Floats carry sensor packages that measure temperature, salinity,
dissolved oxygen, nitrate, pH, chlorophyll, optical backscatter, and
irradiance (Bittig et al., 2019; Claustre et al., 2020; Johnson et al.,
2013; Maurer et al., 2021; Riser et al., 2018; Roemmich et al., 2019).
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A BGC-Argo �oat, identi�ed as World Meteorological Organization
(WMO) 4903624, operated by NOAA/AOML was located directly
in the path of Hurricane Idalia. This particular BGC-Argo �oat was
equipped with sensors that were collecting temperature, salinity,
dissolved oxygen, nitrate, and pressure during the passage of Idalia
(Supplementary Information Table 2). Chlorophyll and optical
backscatter measurements were unavailable due to a sensor
failure. Float operators sent instructions to this �oat to abandon
its standard 10-day mission and employ a rapid cycle mission on
August 29, 2023. For 12 days (August 29 - September 10), the �oat
was instructed to pro�le every ~18 hours yielding a total of 15
pro�les (cycle numbers 71-86) following Hurricane Idalia.

The eye of Hurricane Idalia passed over �oat 4903624 on
August 29 16:00 UTC. Due to the presence of low-salinity waters
from the Mississippi River plume at the sea surface (Figure 2g), the
�oat, which is ballasted to operate over a predicted density range,
did not have suf�cient buoyancy to penetrate into the low-salinity
waters and reach the sea surface from August 30 - September 10 (14
pro�les), following the storm. Instead, the �oat stopped at an
average depth of 22.1 m (– 2.02 m) over this 12-day period.
Salinity in the Mississippi River plume is usually close to uniform
from the ocean surface to the bottom of the plume (Le He�naff et al.,
2021; Shi et al., 2025), where in contrast the salinity gradient, and
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therefore the density gradient, are very pronounced. It is therefore
reasonable to assume that the depth at which the �oat was blocked
from reaching the surface corresponds to the bottom of the river
plume, and that it is a good approximation of the mixed layer depth
at the location of the Biogeochemical-Argo (MLD_�oat), in the
absence of complementary observations. This depth re�ects an
instrumental limitation rather than a formal MLD de�nition. The
22 m average thickness of the Mississippi River plume is consistent
with the ~20 m plume thickness reported in Shi et al. (2025). The
nitracline was calculated as the depth at which there was a
concentration difference of 1 µmol L-1 in reference to the surface
value (Cornec et al., 2021; Lavigne et al., 2015). Due to the inability
of the �oat to surface, a GPS �x could not be collected in association
with these 14 cycles. The �oat GPS �xes changed minimally
between cycles 71 and 86 (~8 nautical miles); therefore, a linear
interpolation was applied to estimate pro�le locations.

Data collected by BGC-Argo �oat 4903624 underwent Delayed
Mode Quality Control (DMQC) procedures to determine and apply
corrections to collected temperature, salinity, pressure, nitrate, and
dissolved oxygen. DMQC for core Argo parameters (temperature,
salinity, and pressure) con�rmed that no adjustments to these data
were needed (Wong et al., 2020). Offset corrections for dissolved
oxygen and nitrate data were determined and applied using Maurer
FIGURE 2

Satellite observations of sea level anomalies (SLA; m; a, f, k), sea surface salinity (SSS; psu; b, g, l), sea surface temperature (SST; °C; c, h, m), ocean
color chlorophyll-a (Chla; mg/m3; d, i, n), and 10 m winds (Wind; m/s; e, j, o) overlaid with total surface currents (m/s; a–d, f–i, k–n) and 10 m
winds (m/s; e, j, o) are used to show the extension of the Mississippi River plume into the region of the saildrone (purple star) and the
Biogeochemical-Argo �oat (purple square). Hurricane Idalia passed over the Biogeochemical-Argo �oat and saildrone on August 29, 2023. The �rst
row (a–e) shows the ocean state before the storm, second row (f–j) during the storm, and third (k–o) row shows the mixing following the storm.
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