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Season 1993-1996 2023-2026

Summer (DJF) 61 + 41 (BDL-368) 180 + 103 (46-915)
Autumn (MAM) 32 £ 25 (BDL-269) 51 £ 22 (8-121)
Winter (JJA) 9 + 6 (BDL-103) 34 £+ 14 (BDL-76)
Spring (SON) 18 + 20 (BDL-143) 50 + 30 (8-305)
Table S1 Seasonal mean atmospheric DMS concentrations
(mean + standard deviation of 30-min data) are shown for the
1993-1996 [1] and 2023-2026 (this study) periods. Values in
parentheses indicate the observed range for each season, with
BDL denoting measurements below the detection limit.
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Fig. S1 Seasonal cycle of atmospheric dimethyl sulfide (DMS) concentrations at KCG under full and restricted diurnal sampling conditions.
(a) Monthly distributions of DMS (ppt) for the full dataset, combining all available observations from the Gillet (1990s) and Mynard
(2020s) periods. (b) As in (a), but restricted to early-morning observations (05:00-06:00 local time) to isolate a consistent diurnal window
and reduce the influence of diel variability. Boxplots show the interquartile range (IQR) with medians, whiskers extending to 1.5xIQR,
and individual year-specific distributions separated by hue. Sample sizes (n) are annotated for each month—year combination.



500 Historical mid-lat Southern Ocean atmospheric DMS observations
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Fig. S2 Historical observations of yearly (DJF months) or campaign mean atmospheric DMS in the mid-latitude Southern Ocean (~40—
50° S). Reported atmospheric DMS concentrations from published observations are shown by year, with colours corresponding to individual
studies. Error bars indicate the reported standard deviation. Marker shapes denote season, with triangles representing summer and squares
representing autumn. References for each individual study are included in the References section below.
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Fig. S3 Seasonal cycle (April 2024-April 2025) DMS distributions over radon thresholds. BL3 (blue) is based on a baseline flag from
measured wind direction occurring within the Southern Ocean baseline sector (190-280°), which is similar to the Southern Ocean air mass

filtering by Ayers and Gillett [1]. Radon thresholds are derived from 30-min measurements: <100 mBq m~3 (green), <75 mBq m~3 (red)
and <50 mBq m~3 (purple).



Hourly DMS by wind direction within baseline sector (10 m, 190-280°)
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Fig. S4 Southern Ocean (”Baseline”) wind sector (190°-280°) analysis comparing the 1993-1996 (blue) and 2023-2026 (orange) observation
periods. (a) Hourly DMS concentrations (ppt) across 10° wind direction bins. (b) The relative fraction of sampling time per year distributed
across each wind bin. Boxplots show medians and IQRs; extreme outliers are excluded from display.



Backward trajectory frequency difference
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Fig. S5 Difference in normalised 48-h back-trajectory residence frequency (% of total trajectory points) between this study (2023-2026)
and Ayers and Gillet (2000) 1993-1996 periods, shown on a 0.1° x 0.1° latitude—longitude grid (Mynard - Ayers)
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Fig. S6 Monthly MODIS chlorophyll-a retrievals [14] of the month of February from 2019 to 2026 over the Australiasian Southern Ocean

sector.



Diurnal cycles of VMS under calm spring/summer conditions (WS < 5 m/s & WD std 6h < 30°)
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Fig. S7 Diurnal cycles of (a) DMS, (b) MeSH, and (c) MeSH:DMS under defined calm conditions in all spring-summer hourly data (33
equivalent days): in-situ wind speed <5 ms~! and 6 hour circular standard deviation of in-situ wind direction <30°. Highlighted regions
are the 25-75th percentiles. The grey line is the in-situ measured median downwelling shortwave radiation (DSR) at KCGBAPS. The hour
of day is in local time (AEST).



n = 6026

n = 6044

48-hr back trajectory-integrated parameters

n =5641

n = 4480

n=4094

n = 4853

n =4048

n=6141

204 @)

Wind speed (m s71)
= =
o w

v
L

.

o |

Ml
I

-l

—l—

T
n = 6026

T
n = 6044

T
n =5641

T
n = 4480

T
n = 4094

T
n = 4853

T
n = 4048

T
n=6141

b)
12504

ixing

1000 4

depth (m)

[S N

o u

S o
L L

Atmospheric m

2504

'

-

y
I
m

I

T
n = 6026

T
n = 6044

T
n =5641

T
n = 4480

T
n = 4094

T
n = 4853

T
n = 4048

n=6141

01259

[=]
i
=3
S]
L

Rainfall (mm hr=1)

o o 9
o o o
N G 3
o o wu
L L L

0.000 -

=

l_|

e
m—
T

I

T
n = 6026

T
n = 6042

T
n=5637

T
n = 4480

T
n = 4065

T
n = 4814

T
n = 4008

T
n=6140

d)
300 4

N

(=]

o
L

depth (m)

100 1

Ocean mixed-layer

-

T

2 e
i

-l
il

T
n = 5640

T
n = 4480

T
n = 4094

T
n =4844

T
n=4036

T
n=6140

225 ¢)
_20.0
17.5

= B
12.51

10.0 A

Sea-surface
temperature (°C

7.5 -

T
n = 5641

T
n = 4094

T
n = 4853

T
n = 4048

T
n=6141

2954 f)

2901

w I

2801

Air Temp (K)

2751

T
n = 4480

Downward solar
radiation flux (Wm~2)
= N w B
o o o o
o o o o

1993-1996

(DJF)

Fig. S8 Comparison of seasonal distributions of 48-h HYSPLIT back-trajectory-integrated parameters between the historical (1993-1996)
and recent (2023-2026) periods. Panels show (a) wind speed (derived from the Haversine distance between consecutive trajectory locations
divided by the 1-h time interval), (b) mean atmospheric mixing depth, (c) mean rainfall, (d) mean ocean mixed-layer depth, (e) mean sea-
surface temperature, (f) air temperature, and (g) mean downward solar radiation flux averaged along each trajectory. Boxplots show the
median (horizontal line), IQR (box), and whiskers extending to 1.5 x IQR, with outliers excluded. The number of trajectories contributing
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48-hr backward trajectory-integrated seasonal means (3-monthly rolling)
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Fig. S9 Seasonal cycles of mean 48-h back trajectory-integrated variables for the historical (1993-1996; left column) and recent (2023-2026;
right column) periods. Panels show monthly mean (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature (SST), (c) downward
solar radiation flux, and (d) chlorophyll-a. Solid lines denote centred 3-month rolling averages of the monthly means, while shaded regions
represent +£1 standard deviation.



DMS vs 48-hr backward trajectory-integrated variables (daily average)

1993-1996
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Fig. S10 Relationships between daily mean 48-h back-trajectory-integrated variables and atmospheric DMS concentrations in the 1990s
dataset. Scatterplots show DMS concentrations as a function of (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature (SST), (c)
downward solar radiation flux, and (d) chlorophyll-a concentration. Individual points represent daily averages calculated from trajectory-
integrated observations, with colours indicating the month of occurrence. Solid black lines show linear regressions fitted to the daily
observations.
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Fig. S11 Relationships between daily mean 48-h back-trajectory-integrated variables and atmospheric DMS concentrations in the 2020s
dataset. Scatterplots show DMS concentrations as a function of (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature (SST), (c)
downward solar radiation flux, and (d) chlorophyll-a concentration. Individual points represent daily averages calculated from trajectory-
integrated observations, with colours indicating the month of occurrence. Solid black lines show linear regressions fitted to the daily

DMS vs 48-hr backward trajectory-integrated variables (daily average)
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DMS vs 48-hr backward trajectory-integrated variables (monthly average)
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Fig. S12 Relationships between monthly mean 48-h back-trajectory-integrated variables and atmospheric DMS concentrations in the
1990s dataset. Each point represents a year-month mean with error bars showing +1 standard deviation of the corresponding monthly
observations. Panels show relationships between DMS concentration and (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature
(SST), (c) downward solar radiation flux, and (d) chlorophyll-a concentration.
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DMS vs 48-hr backward trajectory-integrated variables (monthly average)
2023-2026
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Fig. S13 Relationships between monthly mean 48-h back-trajectory-integrated variables and atmospheric DMS concentrations in the
2020s dataset. Each point represents a year-month mean with error bars showing +1 standard deviation of the corresponding monthly
observations. Panels show relationships between DMS concentration and (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature
(SST), (c) downward solar radiation flux, and (d) chlorophyll-a concentration.
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DMS vs 48-hr backward trajectory-integrated variables (monthly average)

Variable/MLD 1993-1996
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Fig. S14 Relationships between mixed-layer-depth-normalized monthly mean 48-h back-trajectory-integrated variables and atmospheric
DMS concentrations in the 1990s dataset. Each point represents a year-month mean derived from 48-h back-trajectory-integrated obser-
vations, with error bars indicating +1 standard deviation within each year—-month period. Panels show DMS relationships with (a) ocean
mixed-layer depth (MLD), (b) sea-surface temperature normalized by MLD (SST/MLD), (c) solar radiation exposure normalized by MLD
(solar exposure/MLD), and (d) chlorophyll-a concentration normalized by MLD (chlorophyll-a/MLD).
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DMS vs 48-hr backward trajectory-integrated variables (monthly average)
Variable/MLD 2023-2026
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Fig. S15 Relationships between mixed-layer-depth-normalized monthly mean 48-h back-trajectory-integrated variables and atmospheric
DMS concentrations in the 2020s dataset. Each point represents a year-month mean derived from 48-h back-trajectory-integrated obser-
vations, with error bars indicating +1 standard deviation within each year-month period. Panels show DMS relationships with (a) ocean
mixed-layer depth (MLD), (b) sea-surface temperature normalized by MLD (SST/MLD), (c) solar radiation exposure normalized by MLD
(solar exposure/MLD), and (d) chlorophyll-a concentration normalized by MLD (chlorophyll-a/MLD).
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Fig. S16 Satellite chlorophyll-a trend over the period 1997-2021 based on the CMEMS multi-sensor satellite observations from prod-
uct OCEANCOLOR_GLO_BGC_L4_MY_009-108 . The trend is expressed in % change in chlorophyll-a per year with positive trends in
green/yellow and negative trends in dark blue/purple. Credit: E.U. Copernicus Marine Service Information.

Seasonal MeSH:DMS ratio in Southern Ocean air masses at KCGBAPS
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Fig. S17 Seasonal cycle of the atmospheric MeSH:DMS ratio observed at Kennaook-Cape Grim (2023-2026). The MeSH:DMS ratio was
calculated from 30-min median atmospheric MeSH and DMS concentrations. Extreme ratios outside the 5th-95th percentile range of the
full distribution were excluded prior to historical MeSH reconstruction in the main text. Boxplots show monthly medians and interquartile
ranges, with whiskers extending to 1.5x the interquartile range and n indicating the number of 30-min observations retained per month.
Bold outlines on boxplots indicate that the averages of monthly RMA regressions of MeSH vs. DMS across 2023-26 were R2 > 0.2 and p
< 0.05.
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MeSH vs 48-hr backward trajectory-integrated variables (monthly average)
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Fig. S18 Relationships between monthly mean 48-h back-trajectory-integrated variables and atmospheric MeSH concentrations in the
2020s dataset. Each point represents a year-month mean with error bars showing +1 standard deviation of the corresponding monthly
observations. Panels show relationships between MeSH concentration and (a) ocean mixed-layer depth (MLD), (b) sea-surface temperature
(SST), (c) downward solar radiation flux, and (d) chlorophyll-a concentration.
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MeSH vs 48-hr backward trajectory-integrated variables (monthly average)
Variable/MLD 2023-2026
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Fig. S19 Relationships between mixed-layer-depth-normalized monthly mean 48-h back-trajectory-integrated variables and atmospheric
MeSH concentrations in the 2020s dataset. Each point represents a year—-month mean derived from 48-h back-trajectory-integrated obser-
vations, with error bars indicating +1 standard deviation within each year—-month period. Panels show MeSH relationships with (a) ocean
mixed-layer depth (MLD), (b) sea-surface temperature normalized by MLD (SST/MLD), (c) solar radiation exposure normalized by MLD
(solar exposure/MLD), and (d) chlorophyll-a concentration normalized by MLD (chlorophyll-a/MLD).
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MSA (PMy) Seasonal Cycle in Southern Ocean air masses at KCGBAPS
Ayers et al. (1993-1996) vs This Study (2023-2025)
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Fig. S20 (a) Seasonal cycle of PM;g methanesulfonic acid (MSA) concentrations comparing historical observations 1993-1996 (blue) with
measurements from the present study 2023-2025 (orange; data were only available until May 2025). (b) Relationship between VMS,, (using
2023-2025 observations of DMS and MeSH, and interpolated MeSH observations for 1993-1996) and PM1g MSA concentrations.
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MSA:nssSOZ -~ Seasonal Cycle in Southern Ocean air masses at KCGBAPS
Ayers et al. (1993-1996) vs This Study (2023-2025)
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Fig. S21 Seasonal cycle of PMig MSA:nssSOi_ concentrations comparing historical observations 1993-1996 (blue) with measurements
from the present study 2023-2025 (orange; data were only available until May 2025).
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1993-96 MSA (ug m~3) vs. nssSO3~ (ug m=3)
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Fig. S22 Relationship between PMj9 MSA and PM;go nssSOi_ concentrations.
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Fig. S23 Relationship between monthly PM1g non-sea-salt sulfate and DMS anomalies. Monthly mean concentrations were aggregated
by month and year, with anomalies calculated relative to the corresponding calendar-month conditions across the 1990s. Each point
therefore represents the departure from the typical concentration for that month. Squares denote 1990s observations and stars denote 2020s
observations. The solid blue line shows the reduced major axis (RMA) regression and the dashed light blue lines show the 95 % confidence
interval of slopes from the RMA regression analysis.
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