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Abstract High‐resolution glider sampling in the southwestern Ross Sea revealed an extensive
phytoplankton bloom in austral summer 2022–2023 that persisted for over one month and extended through the
upper 100 m of the water column. The temporal mean euphotic‐zone chlorophyll concentration was 20.3 ± 8.5
μg L− 1, six to nine times higher than average summer Ross Sea concentrations. The bloom was likely initially
dominated by Phaeocystis, favored over diatoms due to low light and high iron availability. Our observations
are consistent with an ice‐edge bloom likely fueled by iron supply and enhanced stratification from late sea‐ice
melt during an anomalously high ice‐covered summer. Photoacclimation to particularly low light conditions
might have enhanced Chl‐a fluorescence. In the Ross Sea, the most productive region in the Southern Ocean,
understanding the drivers of this extreme bloom is crucial for predicting potential impacts of the changing
climate on primary production rates and carbon sequestration.

Plain Language Summary During austral summer 2022–2023,ocean gliders revealed extreme levels
of phytoplankton abundance in the Ross Sea, with chlorophyll concentrations six to nine times higher than
previously reported. Variations in light, water column stability, and phytoplankton species governed the
fluctuations in chlorophyll concentration throughout the season. We suggest this extreme bloom is associated
with sea‐ice melt, triggered by unusually high and late ice cover during that summer. High chlorophyll levels
persisted for over a month and penetrated to 100 m. Given the Ross Sea's importance as a productive area in the
Southern Ocean, understanding these blooms drivers is crucial for predicting consequences of changing climate
on the carbon absorption by the ocean and ecosystems.

1. Introduction
The Ross Sea is the most productive Southern Ocean region, and it accounts for up to 27% of the estimated
Southern Ocean biological CO2 uptake (Arrigo et al., 2008). Phytoplankton growth varies spatially and
temporally in the Ross Sea as a function of sea‐ice concentration (SIC), vertical mixing depth, solar irradiance,
and iron concentrations (Arrigo et al., 1998; McGillicuddy et al., 2015; Smith et al., 2000). The latter two factors
limit primary production in Antarctic regions including the continental shelf waters of the Ross Sea polynya
(Sedwick et al., 2011).

Winter vertical mixing provides the largest iron source to the water column. However, extensive sea‐ice cover
reduces irradiance available for phytoplankton growth until austral spring. In late October, as incoming solar
irradiance increases, sea ice melts, increasing vertical stratification and providing an additional iron source in
Antarctic shelf waters (Sedwick & Ditullio, 1997). This accelerates the growth of phytoplankton, which reaches
maximum biomass in mid‐ to late‐December (Smith et al., 2000). As the growing season progresses, the available
iron is progressively consumed until reaching limiting conditions (McGillicuddy et al., 2015) following the
biomass peak (Arrigo & van Dijken, 2003; Smith et al., 2011). Secondary iron sources, such as lateral advection
(McGillicuddy et al., 2015; Salmon et al., 2020), can maintain the bloom later in the growing season (early to mid‐
January), while glacial meltwater is a minor source in this region (McGillicuddy et al., 2015).

The composition of summer blooms is determined by physical and biogeochemical conditions. As the Ross Sea
polynya expands in spring, deep mixed layers (i.e., low stratification) reduce the irradiance available to phyto-
plankton for photosynthesis (Smith & Jones, 2015), and iron concentrations are elevated. In these conditions,
phytoplankton are initially dominated by the haptophyte Phaeocystis antarctica (Goffart et al., 2000; Smith &
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Trimborn, 2024), with high‐iron and low‐light requirements. Later in the bloom, the progressive iron‐limitation
and increasing irradiance favor diatom growth over Phaeocystis (Arrigo et al., 1999; DiTullio et al., 2003; Ryan‐
Keogh & Smith, 2021; Smith, Ainley, et al., 2014; Smith & Kaufman, 2018; Strzepek et al., 2002). Diatoms
typically dominate later in the season in more stratified waters, such as retreating sea‐ice edges (Arrigo
et al., 1998; Goffart et al., 2000).

Although the factors impacting phytoplankton growth and composition have been identified, the drivers of the
large interannual variability of the regional bloom intensity are still uncertain. The interaction of these drivers in
different environmental conditions (SIC, wind intensity, temperature and salinity, etc.) and their synergistic or
antagonistic effects on phytoplankton blooms remain poorly understood. Some of these drivers are either being,
or projected to be, altered by climate change. For instance, sea‐ice extent has increased in the Ross Sea over recent
decades (Comiso et al., 2011; Yuan et al., 2017), while projections of future mixed layer depth or nutrient supply
are uncertain (Boyd, 2002). Changes in SIC will impact ice melt timing, thus, iron supply, light penetration and
water column stability, affecting oceanic productivity, phytoplankton composition, and carbon sequestration
(Rozema et al., 2017). Therefore, there is an urgent need for better understanding of the relative roles of different
phytoplankton bloom controls in highly productive regions such as the Ross Sea. Our high‐resolution physical
and biogeochemical glider data combined with historical satellite‐derived data sets allowed us to investigate the
influence of some of these controls on the characteristics and intensity of an extreme phytoplankton bloom
observed in the Ross Sea during summer 2022–2023. Our results suggest a key role for SIC and stratification in
the development and evolution of the bloom.

2. Data and Methods
2.1. Glider Data

Two profiling ocean gliders (Seagliders SG613 and SG676) were deployed from the fast ice adjacent to the Ross
ice shelf near Cape Crozier (Figure 1). They sampled the southwestern Ross Sea within 169.5–172.3°Wand 77.4–
76.4°S between 29 November 2022, when SG613 was deployed, and 4 December 2022, when SG676 was
deployed, to 18 January 2023, when both gliders were recovered by RVIB Nathaniel B. Palmer (Figure 1b).
SG613 and SG676 collected 774 and 688 profiles, respectively, where each profile (taking typically 1.5 hr) is
either an ascent or descent, with its mean time assigned. The glider data set can be found in Portela et al. (2024).

The gliders carried sensors for temperature, salinity (Seabird CT sail), dissolved oxygen (Aanderaa 4330 optode),
Chl‐a fluorescence (a proxy for phytoplankton biomass), and optical backscatter (OBS) at 470 and 700 nm (Seabird
Scientific Wetlabs Triplet ECOpuck). SG613 also carried a photosynthetically active radiation (PAR) sensor.
Glider sensors were factory‐calibrated before the deployment. Data were processed using the UEA Seaglider
Toolbox (bitbucket.org/bastienqueste/uea‐seaglider‐toolbox, Queste et al. (2014)), optimizing the hydrodynamic
flight model (Frajka‐Williams et al., 2011) and correcting conductivity for thermal hysteresis (Garau et al., 2011).
The accuracy of glider fluorescence was ensured via cross‐calibration of fluorescence measurements from both
gliders and the CTD rosette at the recovery stations. These showed good agreement (Figure S1 in Supporting
Information S1). Discrete chlorophyll samples were collected via the CTD rosette on glass fiber filters upon glider
recovery and analyzed fluorometrically (Knap et al., 1996) aboard the Palmer. Glider fluorescence was converted
to Chl‐a via a linear regression of the last glider profile with bottle Chl‐a samples (Chl‐a = 0.962Fluo-
rescence+0.406, R2 = 0.97, p< 0.01, n = 18 sample points, where p is the probability of rejecting the null hy-
pothesis); the Fluorescence:Chl‐a ratio was nearly 1:1 (Figure S2b in Supporting Information S1). Discrete
particulate organic carbon (POC) samples were likewise collected from the recovery CTD cast, filtered through
combusted glass fiber filters and analyzed in the laboratory by pyrolysis (Gardner et al., 2000). Conditions at the
ice‐shelf edge did not allowcollection of data or samples for calibration during deployment. Conversion procedures
from fluorescence to Chl‐a and from OBS to POC (Figures S1 and S2 in Supporting Information S1), and esti-
mation of Chl‐a from the diffuse attenuation coefficient (kd) using PAR (Figure S3 in Supporting Information S1),
are detailed in Supporting Information S1.

2.2. Other Data Sets

Daily SIC derived from the satellite microwave radiometer AMSR2 (Spreen et al., 2008) at 3.125 km resolution
were used to analyze conditions during our survey. Monthly mean SIC between 1992 and 2023 at 25 km reso-
lution from NOAA/NSIDC (National Snow and Ice Data Center) (Meier et al., 2021) were used to compute long‐
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term SIC anomalies. From hourly 10‐m wind speed at 0.25° × 0.25° reso-
lution from the ECMWF atmospheric reanalysis ERA5 Hersbach
et al. (2018)), we computed monthly averages between 1992 and 2023. We
assessed monthly mean level‐3 Satellite AQUA‐MODIS PAR data at 4.6 km
resolution between 2002 and 2023 from the Ocean Biology Processing Group
(NASA/GSFC/OBPG) (NASA Ocean Biology Processing Group, 2018). To
obtain long‐term timeseries for our study region of SIC, wind speed and PAR
(variables involved in phytoplankton growth), we computed the spatial me-
dian approximately within the region covered by the gliders (longitude be-
tween 168° and 173°W and latitude between 76° and 77.5°S).

2.3. Data Analysis

All glider data were interpolated onto a 1 m vertical grid. Mixed layer depths
were computed as the depth of a Δσ threshold of 0.01 kg m− 3 from a reference
depth of 10 m (Smith, 2022) and set to 5 m (the midpoint between the surface
and the reference depth) when shallower than the reference depth. For clarity
of visualizing isopycnals, we gridded density in bins of 5 hr in time and 3 m
vertically. The euphotic depth (Ez), above which light intensity is sufficient to
support photosynthesis, was calculated for each SG613 profile as the depth of
1% of the maximum instantaneous PARmeasured by the glider. Stratification
through Ez (Δσ(Ez)) was approximated as the difference between the density

at Ez and that at 10 m depth for each profile.

Non‐photochemical quenching (NPQ), the reduction in chlorophyll fluores-
cence in surface waters under super‐saturating irradiance (Müller
et al., 2001), was corrected in all glider profiles, as the Ross Sea photoperiod
was 24 hr. We selected the depth range with a nearly constant POC:Fluo-
rescence ratio (POC:F) for each profile (Figure S1a in Supporting Informa-
tion S1), and then used the vertical mean of this ratio (R) to re‐estimate
fluorescence from the base of the 5 μmol photon m− 2 s− 1 isolume (5iL) to the
surface as: F(0:5iL) = POC(0:5iL)/R. This correction uses a light threshold
following the recommendations of Xing et al. (2018). The 5iL value was
empirically determined to be the most effective at delimiting the NPQ depth.
To perform more efficient NPQ correction, vertical smoothing was applied to
the Chl‐a and POC profiles by computing a weighted linear least squares
regression over 5‐m windows of the glider profiles for each variable.

We computed euphotic‐layer means of Chl‐a, POC and their ratio (POC:Chl‐
a) over Ez of each profile. We applied temporal smoothing using weighted
linear least squares regression with a 16‐profile (≈24 hr) window to remove
small‐scale variability and diurnal signals that were not the focus of this
study. Pairs of variables were correlated using smoothed, detrended euphotic‐
layer averages. Temporal averages of mean euphotic‐depth Chl‐a, POC, and
their ratio were computed. Lower POC:Chl‐a ratios are associated with
dominance of Phaeocystis, while higher ratios indicate a taxonomic shift
toward diatom dominance (Smith et al., 2000; Smith & Kaufman, 2018).

3. Results and Discussion
3.1. Biogeochemical Characterization of the 2022–2023 Bloom

Since both gliders exhibited consistent observations between all measured variables, we illustrate the temporal
evolution of the vertical structure of the oceanographic conditions during the bloom using glider SG613
(Figure 2); equivalent time series for SG676 are shown in Figure S4 in Supporting Information S1. The

Figure 1. (a) Study location on the Ross Sea continental shelf. Colors
represent last date when SIC equal or above 15% was observed (proxy of
sea‐ice melt timing). White indicates areas where SIC was always lower than
15% (including the ice‐shelf) and red indicates areas where sea‐ice melt
occurred after 20 January 2023. Black rectangle shows glider sampling area.
(b) Spatio‐temporal sampling of SG613 (circles) and SG676 (triangles), with
symbols showing mean profile location colored by time. Blue shading shows
mean SIC in December 2022. White shows unavailability of SIC data including
the ice shelf. Magenta contour is 15% mean SIC in January 2023. White
symbols in the northeast corner show glider recovery locations.
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southwestern Ross Sea still had substantial sea‐ice cover during our survey (Figures 1 and 2a). The gliders
revealed progressive warming (Figure 2b) and freshening (Figures 2c and 3b) of the surface layer due to
increasing solar radiation and sea‐ice melt that enhanced upper water‐column stratification (Figure 3d). The
mixed layer reached a maximum depth of 80 m on 11 December and shoaled substantially over time. The
shallowest mixed layers (<10 m) were observed from 10 January until the end of sampling as the upper water
column became fresher (Figures 2c and 3b). The average mixed layer depth during our survey was 15 m, less than
the regional climatology (Smith, 2022) and than in previous glider surveys in the same month and region using the
same criterion (Kaufman et al., 2014). Mesoscale features identified from isopycnal doming (Figures 2b and 2c)
and from steric height anomalies (not shown), further altered the vertical stability of the water column.

The most striking feature of the glider survey was the presence of very large (more than 25 μg L− 1) and sustained
Chl‐a concentrations that extended below Ez (black line in Figure 2d) and the mixed layer (red line in Figure 2c)
for more than one month (Figure 2d). The observed Chl‐a distribution is consistent with a bloom that started
before the glider deployment (see Figure S4 in Supporting Information S1 for glider SG676), intensified until the
end of December, and rapidly dissipated through mid January (Figures 2d and 3a). Previous glider surveys
measuring the summer bloom in this region exhibited maximum Chl‐a concentrations of about 7 μg L− 1 in 2010–
2011 (Kaufman et al., 2014; Queste et al., 2014), and around 8 μg L− 1 in 2012–2013 (Jones & Smith, 2017). In

Figure 2. Time series of properties from glider SG613. (a) Closest distance (km) from glider location to the 15% (blue) and
75% (red) SIC contours. (b) Conservative temperature (°C), (c) Absolute salinity (g kg− 1), (d) Chl‐a concentration (μg L− 1),
(e) POC (μg L− 1) and (f) POC:Chl‐a ratio. Thin white or gray contours represent isopycnals. Red line in (c) is mixed layer depth.
Black line in (d) is euphotic depth. For equivalent figure for SG676 see Figure S4 in Supporting Information S1.
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contrast, using the same type of optical sensor, we observed maximum concentrations above 30 μg L− 1 between
20–30 December 2022 (Figure 2d). The temporal mean of the average euphotic‐zone Chl‐a was 20.3 ± 8.5 μg
L− 1 (where standard deviation represents temporal variability), ranging between 5 and 35 μg L− 1 (Figure 3a).
Analysis of numerous Ross Sea ship campaigns conducted between 1983 and 2006 yielded an average euphotic‐
zone Chl‐a of 2.9 ± 2.7 μg L− 1, with a maximum observed concentration of 19.1 μg L− 1 (Smith, 2022).
Climatological mean Chl‐a at 15 m from 42 cruises carried out in the Ross Sea continental shelf between 1967 and
2016 was 3.2 ± 1.8 μg L− 1 in December and 2.2 ± 1.0 μg L− 1 in January (Smith & Kaufman, 2018).

There is a strong negative correlation (R = − 0.88, p<0.01, Figure 3a) between the smoothed euphotic depth and
mean euphotic‐zone Chl‐a, which is consistent with increased Chl‐a absorbing more light and restricting its
vertical penetration. This strong correlation weakened during the maximum Chl‐a period (20–30 December,
Figure 3a). Relatively low PAR at 1 m was observed then (mean 34 ± 28 μ mol photon m− 2 s− 1 c f. deployment
mean 45 ± 44 μmol photon m− 2 s− 1, Figure 3c, Figure S3 in Supporting Information S1), possibly due to shading
by large Phaeocystis colonies. This suggests that high Chl‐a concentrations are present from the ocean surface,
maybe trapped by the strong near‐surface stratification (Figures 2b and 2c and 3d).

Mean POC and Chl‐a concentrations do not co‐vary (Figures 2d and 2e) and both follow previously reported
temporal patterns for this region (Kaufman et al., 2014; Meyer et al., 2022; Smith, 2022). POC concentrations
were greatest in January, with maxima in the upper 30 m (Figures 2e and 3b). The temporal mean euphotic‐zone
POCwas 170 ± 14 μg L− 1, lower than climatological mixed‐layer averages (254 ± 127 μg L− 1 in December and
261 ± 66 μg L− 1 in January) computed for the Ross Sea continental shelf over depth ranges similar to our
euphotic zone averages (Smith & Kaufman, 2018). POC concentrations were also lower in summer 2022–2023

Figure 3. Time series of ocean properties, both full‐resolution, every glider profile (thin lines), and smoothed (thick lines).
(a) Mean euphotic‐zone Chl‐a (μg L− 1) (black) and euphotic depth (Ez, m, orange). (b) Mean euphotic‐zone POC (μg L− 1)
(black) and surface salinity (g kg− 1, orange). (c) PAR (μ mol photon m− 2 s− 1) at 1 m. (d) Mean euphotic zone C:Chl‐a ratio
(black) and stratification through the euphotic depth (kg m− 3, orange). (e) Wind speed (m s− 1) (black) and mixed layer depth
(m) (orange). Green and blue lines delimit three different periods according to mean euphotic‐zone POC.
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than in a previous glider deployment in 2012–2013, when concentrations over 400 μg L− 1 were consistently
observed (Meyer et al., 2022).

Our observed euphotic‐zone POC magnitudes can be separated into three time periods (Figure 3b). Initial con-
centrations were ≈140 μg L− 1 in early December and increased gradually until 3 January (green line in Figure 3),
when POC increased abruptly reaching ≈ 200 μg L− 1. Relatively high POC continued until mid January (blue
line), when it decreased until the survey end. Decreasing POC during the latter period is concomitant with the
ongoing decrease in Chl‐a after a relative peak in both variables (Figure 3a), and the presence of low‐salinity
surface meltwater lenses (Figures 2c and 3b) that induce strong stratification through the euphotic zone (or-
ange line in Figure 3d). The high correlation (R = 0.88, p<0.01) between the POC:Chl‐a ratio and stratification
(black and orange lines respectively in Figure 3d) could be explained by growth of diatoms, with a higher POC:
Chl‐a ratio being favored in stratified, iron‐depleted waters (Arrigo et al., 1998). Stratification peaks observed in
late December and early January, before generalized presence of surface warm and fresh waters, could be related
to mesoscale features entraining meltwater lenses in their surface (Figure 2c).

The temporal mean of the euphotic zone POC:Chl‐a ratios exhibits exceptionally low values that ranged from
5.0 ± 2.4 in December to 19.5 ± 16.3 in January (Figures 2f and 3d), where the standard deviation represents the
temporal variability. This contrasts with climatological POC:Chl‐a ratios for the Ross Sea continental shelf of
129 ± 42 and 156 ± 47 for December and January respectively (Smith & Kaufman, 2018), and with those
observed in previous glider deployments in the same Ross Sea area, namely 47 in December 2010 and 105 in
January 2011 (Kaufman et al., 2014); 100–200 in December 2012 and 200–400 in January 2013 (Meyer
et al., 2022).

3.2. Potential Drivers of the 2022–2023 Bloom

The satellite‐derived incident PAR between 2002 and 2023 was generally greater in December than in January but
in summer 2022–2023 it was similar for both (Figure 4a). This agrees with our incident PAR from the glider,
whose means for December (65 μmol photon m− 2 s− 1) and January (73 μmol photon m− 2 s− 1) were similar
(Figures 4a and S3a in Supporting Information S1). Interestingly, December 2022 was the second lowest
climatological anomaly since the beginning of the satellite record in 2002 (Figure 4b). Photoacclimation of
phytoplankton cells to low light conditions can enhance Chl‐a, resulting in an increase in per cell Chl‐a con-
centration that does not necessarily correspond to increased phytoplankton biomass (Graff et al., 2016). To date,
culture experiments on Ross Sea phytoplankton have not shown evidence of photoacclimation under light con-
ditions that were lower than we observed in our study (Alderkamp et al., 2019). Instead, Alderkamp et al. (2019)
found that the most observed photoadaptative mechanism was photoinhibition to high irradiance. However, given
that numerous studies have shown photoacclimation to be ubiquitous worldwide (e.g., Dubinsky and Stam-
bler (2009); Graff et al. (2016)), we suggest that the particularly low‐light conditions during summer in 2022–
2023 (Figures 4a and 4b) might have resulted in photoacclimation partly accounting for the enhanced Chl‐a
concentrations. Moreover, the culture experiment from Alderkamp et al. (2019) showed a significant decrease
in the POC:Chl‐a ratio of Ross Sea phytoplankton under low light conditions, while these ratios were less affected
by iron additions. Irradiance plays a role in regulating phytoplankton composition (Geider et al., 1997; Sunda &
Huntaman, 1997), and in light‐limited environments with enough iron, Phaeocystis generally dominates over
diatoms. Thus, low‐light conditions could explain the growth of Phaeocystis over diatoms until later than usual in
our survey and also explain the correspondingly low POC:Chl‐a ratios observed during summer 2022–2023 in the
Ross Sea. At the scale of our survey, changes in stratification, often associated with iron depletion after the bloom
maximum, could have also played a role in the transition in phytoplankton composition (Figure 3d) leading to the
dissipation of Phaeocystis and allowing diatoms to grow.

Marginal ice zones in seasonally ice‐covered Antarctic waters such as the Ross Sea are known to support large
phytoplankton blooms as the sea ice melts (Smith & Nelson, 1985; Sedwick & Ditullio, 1997; Wilson et al., 1986)
due to meltwater increasing stratification and thus biomass retention, and meltwater releasing bioavailable iron
(Sedwick & Ditullio, 1997). Sea‐ice cover in the study area was abnormally high during summer 2022–2023
(Figure 4). Most sea‐ice melt occurred between 21 and 28 December (coinciding with the Chl‐a peak), and
until as late as the first half of January at the northern and western limits of the area covered by the gliders
(Figure 1a). Taking into account the above factors, we hypothesize that a combination of increased stratification
(Arrigo et al., 2017) and iron release from particularly late sea‐ice melt, together with potential photoacclimation
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to anomalously low‐light, are the more plausible explanations for the extreme Chl‐a concentrations observed
during our survey. Monthly mean wind speeds during our survey were rather low (Figures 4e and 4f) but did not
correlate with mixed layer depth (Figure 3e), which was largely determined by surface salinity (Figure 3b) and
modulated by mesoscale features (Figure 2c). However, wind stress might have played an indirect role by
influencing formation of mesoscale features or impacting sea‐ice dynamics.

3.3. Uncertainties

While we are confident that both gliders independently captured an exceptionally large phytoplankton bloom, it is
uncertain whether the high Chl‐a values observed correspond entirely to an increase in biomass. For instance,
lowered POC concentrations and the lack of a strong statistical relationship between POC and Chl‐a raise
questions about the overall biomass accumulation and POC export (Meyer et al., 2022). We cannot ensure that the
calibration of chlorophyll fluorescence with extracted chlorophyll (the Fluorescence:Chl‐a ratio) from water
samples collected upon glider recovery can be extrapolated for the whole campaign. Fluorescence:Chl‐a ratios in
the Southern Ocean can change over time as result of species composition, nutrient limitation or pigment
composition (Proctor & Roesler, 2010; Schallenberg et al., 2022). Iron limitation also can create high Fluores-
cence:Chl‐a ratios in phytoplankton (Schallenberg et al., 2022). However, the Chl‐a samples were collected
during late January, when iron would have been at extremely low concentrations (Sedwick et al., 2011). Thus,
Fluorescence:Chl‐a ratios are not expected to be higher during the bloom peak, when iron was not yet fully
consumed, than at the end. The latter suggests that our conversion of Chl‐a fluorescence to Chl‐a might be a lower
bound for the whole mission, and that the phytoplankton bloom was truly unprecedented.

Figure 4. Time series between 1992 and 2023 in the region defined within the black rectangle in Figure 1a of (a) PAR (μmol photon m− 2 s− 1) (b) PAR anomaly (μmol
photon m− 2 s− 1) (c) SIC) (%) (d) SIC anomaly (%) (e) Wind speed (m s− 1) (f) Wind speed anomaly (m s− 1). Anomalies were computed for each month by subtracting
the 1992–2023 mean for that month.
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4. Summary and Conclusions
High temporal and spatial resolution observations from two Seagliders revealed an unprecedented, sustained
phytoplankton bloom in the Ross Sea during austral summer 2022–2023. The high Chl‐a concentrations that
persisted for over a month and extended to depths of 100 m likely correspond to an ice‐edge bloom fueled by iron
release and relatively high stratification during an anomalously ice‐covered December. We suggest that photo-
acclimation to low light conditions might have further enhanced Chl‐a fluorescence. The timing of the sea‐ice
melt appeared to be critical for the bloom intensity by providing the perfect combination of iron availability,
enough light, and high stratification. These conditions likely favored the initial growth of Phaeocystis, while the
transition toward a diatom‐dominated bloom, was correlated with an increased stratification.

The productivity of the Ross Sea is vulnerable to changes in sea‐ice distribution and duration, as iron input from
sea ice is critical in determining the magnitude of the summer bloom (Alderkamp et al., 2019). Despite expe-
riencing important variations (Stammerjohn et al., 2012), sea‐ice concentration and extent in the Ross Sea have
generally increased over the past decades (Comiso et al., 2011; Farooq et al., 2020). However, future projections
from regional modeling studies differ, with predictions of both an increase in sea‐ice extent (DuVivier
et al., 2024) and an expansion of the Ross Sea polynya (Smith, Dinniman, et al., 2014). In any scenario, climate‐
related changes such as increased seawater temperatures and changes in the wind strength (Jena et al., 2024;
Smith, Dinniman, et al., 2014) will likely impact sea‐ice cover, stratification, and/or iron supply. The latter would
change iron limitation coping strategies and impact phytoplankton phenology and net primary productivity (Boyd
et al., 2012). Thus, there is an urgent need to increase data‐based knowledge of the interactions between the main
phytoplankton bloom controls in this critical system that is the most productive region in the Southern Ocean.
This is crucial for predicting potential consequences of climate change on regional food webs and carbon
sequestration.

Data Availability Statement
The glider data used in this study (doi:10.5285/0a1c43b9‐4738‐75e0‐e063‐6c86abc0ea24) are available at
(Portela et al., 2024) and from British Oceanographic Data Centre (BODC) https://www.bodc.ac.uk/data/pub-
lished_data_library/catalogue/10.5285/0a1c43b9‐4738‐75e0‐e063‐6c86abc0ea24. The longterm SIC data can be
found at (https://data.seaice.uni‐bremen.de/amsr2/asi_daygrid_swath/s3125/). Wind speed data were obtained
from ERA5 (Hersbach et al., 2018) at (https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis‐era5‐single‐
levels?tab=overview), and satellite AQUA‐MODIS PAR data (NASA Ocean Biology Processing Group, 2018)
can be found here https://oceandata.sci.gsfc.nasa.gov/directdataaccess/Level‐3%20Binned/Aqua‐MODIS.
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