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Supplementary Discussion
1. Biogeochemical setting and bloom progression of study sites

The five study sites we sampled were in various states of bloom progression during their
respective sampling periods, and encompass both areas of low- and high-productivity.

At the lowest productivity site, station OOI, we did not observe any bloom throughout the study
period, with net primary production (NPP) remaining consistently low (Extended Data Figure 1,
max NPP = 328 mg C m™ d"). Sea surface temperature (SST) increased throughout the study
period (Supplementary Figure S1a), with mean SST during each occupation increasing from 7.0
°C during the first occupation (OOI1, 06 Dec 2019) to 8.7 °C in the final occupation (OOI4, 03
Jan 2020). Surface chlorophyll concentrations also remained low (mean during each occupation:
0.43 - 0.57 ug ') (Supplementary Figure S1c) and as with all Pacific sector stations, iron
concentrations were <0.1nM in surface waters throughout the study period'. Dissolved silicate
concentrations declined (mean surface concentrations decreased from 4.7 to 2.6 uM between
first and last occupation, Supplementary Figure S1e) but were not limiting'.

The bloom at our central station, TN, peaked some time between our first (IN1, 11/12/2019),
and second (TN2, 20 Dec 2019) occupations and we sampled its decline in latter occupations.
NPP peaked around the time of this first occupation (Extended Data Figure 1, max NPP = 1153
mg C m” d"), whilst surface chlorophyll peaked during the second occupation (TN1 mean =
1.24 ug ', TN2 mean = 1.43 ug L., Supplementary Figure S1c), with both declining throughout
the subsequent occupations. Sea surface silicate declined throughout the study period (TN1
mean = 3.79, TN4 mean = 0.27 uM , Supplementary Figure Sle) but incubation experiments did
not indicate primary silicate limitation)'.

At the southernmost Pacific station (TS), we sampled prior to the bloom peak in our first
occupation (TS1, 09 Dec 2019), around the peak of the bloom during our second occupation
(TS2, 17 Dec 2019), and bloom decline in latter occupations. Peaks in surface chlorophyll
(Supplementary Figure Slc, 2.36 ug I.") and NPP (Extended Data Figure 1,943 mg C m”d™")
were both measured during the second TN occupation. Surface silicate concentrations, initially
highest of anywhere in our study during the TS1 occupation (6.5 uM), declined to 0.18 uM in the
final occupation. Despite low silicate concentrations by the end of the study period, iron was
consistently the primary limiting nutrient at the TS site (though incubation experiments did
indicate Fe-Mn-Si serial limitation)'.

In the Atlantic sector, the P2 station was only occupied on one occasion so we can only
comment on the state of bloom at this site to a limited extent. Satellite NPP estimates indicate
that we sampled close to the end of a bloom peak, with an NPP of 453 mg C m™ d" during our
visit to this site P2. Mixed layer chlorophyll concentrations from CTD Niskin measurements of
0.96 ug L' further support the suggestion that this site was slightly more productive than the
OOI site (mixed layer depth concentrations 0.37 - 0.90 ug L™).

At the naturally iron-fertilised P3 station, satellite and glider derived NPP estimates indicate the
first occupation (P3A, 15 — 22 Nov 2017) sampled the height of a bloom, with declining NPP
over subsequent occupations’. Chlorophyll concentrations declined throughout the course of the
cruise (calibrated chlorophyll fluorescence from glider data, Supplementary Figure S1d)
throughout the mixed layer from 3.8 ug I during P3A to 1.3 ug I"" during P3C, as did silicate
concentrations (5.03 pM during P3A to 2.28 pM during P3C) (Supplementary Figure S1f)’.
Despite the naturally iron-fertilised regime, surface phytoplankton were iron-limited in the iron-
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deplted mixed layer, though recycling of Fe resulted in increasing dFe concentrations in the

upper mesopelagic throughout the course of the cruise’.

Therefore, together our sampling of the different study sites have encompassed non-bloom,
early bloom, bloom peak, and bloom decline phases of bloom development.
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Supplementary Figure S1: Progression of bloom state at Pacific sector and Atlantic P3
station. Hovmoller plots (Time vs Latitude) of a) SST, c) Surface Chlorophyll, and e) Surface

silicate from CTD and towed fish underway samples, at each of study sites in the Pacific sector

Silicate (uM)

study region (site latitude shown in g: OOI, red box; TN, yellow box; TS, blue box). Progression
of b) glider-derived temperature measurements, d) glider-derived chlorophyll fluorescence?, and

f) discrete CTD Niskin dissolved silicate measurements are shown; dates of sampling period

(P3A, green; P3B, yellow; P3C, red) shown in (h).

2. Sediment trap b-values (presented in Figure 2)
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All sediment traps South of 40° S in the data complication of Torres-Valdes ef a/. (2014)* were
used to generate illustrative Southern Ocean “averages” for attenuation coefficients for POC and
BSi fluxes in the Southern Ocean. The purpose of this estimate was to visualise the widely
accepted dogma and expectation that POC fluxes are typically attenuated more rapidly than BSi
fluxes. Attenuation coefficients presented should in no way be taken as true attenuation rates;
estimates presented here collate measurements from multiple disparate locations throughout the
Southern Ocean (Figure S2¢), from various parts of the seasonal cycle, and from different years.
As such, many points in both the profile of POC and BSi are in no way connected to
measurements elsewhere in the profile.
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Supplementary Figure S2: Fluxes of (a) POC and (b) BSi measured in deep sediment traps
south of 40° S from the compilation of , used to generate illustrative flux attenuation
coefficients for POC and BSi in the Southern Ocean. ¢) Location of traps from compilation used
to generate flux attenuation coefficients.

We opted to calculate attenuation coefficients in this way rather than presenting the commonly
used “global” value of Martin e¢f a/> as Martin e# a/. do not present an attenuation rate for BSi for
comparison. As a reference, a recent study compiling /-values from the literature south of 60 S
observed a median b-value for POC of 0.96 (range: 0.25 — 1.97)°. The median value falls only
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slightly higher than our illustrative “average”, suggesting that whilst not a true measure of
attenuation, our computed b-value offers a reasonable estimate by which to compare generalised
BSi and POC flux attenuation.

3. Surface particle back-trajectories
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Supplementary Figure S3: Surface particle back-trajectories of water masses sampled at each
occupation (1-4, line type) of CUSTARD Pacific stations (a) OO, red circle; (b) TN, yellow
square; (c) TS, blue diamond, calculated from satellite derived near-surface ocean current
velocities over one month prior to each occupation. Back-trajectories are overlain over a quiver
plot depicting u and v components of near-surface velocities from 20 December 2019.

4. Temporal changes in molar ratios during sinking
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Increasing BSi:POC ratios of surface communities over time can confound interpretation of
vertical profiles. If particles at depth reflect prior, low BSi:POC communities, vertical profiles
would appear to suggest preferential loss of BSi with depth even if BSi and POC were
transferred in equal measure.

To test whether these temporal changes alone could confound our results, we trace back to the
date when our particles at depth should have left surface waters, and compare molar ratios of
sinking particles from these dates to those we measured at depth.

Total sinking molar ratios are calculated as the ratio of the sum of slow and fast sinking BSi
concentrations to the sum of slow and fast sinking POC concentrations (Supplementary Data

Table S3)

At station TS, the molar ratio of total sinking material at 750 m during our final occupation (1S4,
30 Dec 2019) was 0.14 mol mol". Using our sinking velocity of 40 m d"' we can estimate that this
material sank from 100 m depth on 14 Dec 2019, in between our first two occupations of the TS
station (TS1, 09 Dec 2019; TS2, 17 Dec 2019). The molar ratio of total material sinking from the
surface ocean (80 m at TS1, 100 m at TS2) during both of these early occupations was 0.52 mol
mol, suggesting preferential losses of BSi during transit to 750 m depth at TS4. At 400 m depth
during TS4, we also measured a molar ratio of 0.36 mol mol™ in total sinking material. This
material would be expected to have sunk from 80 m on 22 Dec 2019, between our second and
third occupations of the TS station (TS2, 17 Dec 2019; TS3, 27 Dec 2019), in which we
measured molar ratios of 0.52 mol mol™" and 0.42 mol mol respectively. Thus molar ratios at
this depth additionally suggests preferential loss of BSi as particles sink to this depth.

At station TN, the molar ratios of total sinking material measured at 750 m during our final
occupation (TN4, 05 Jan 2020) was 0.06 mol mol™. 16 days prior on the 20 Dec 2019, when this
material should have sunk from 110 m d”', we occupied TN for the second time. Our nearest
flux measurement to 110 m was at 130 m depth, where me measured a total sinking molar ratio
of 0.25 mol mol”, again necessitating a preferential loss of BSi during sinking. It should be noted
that this measurement at 130 m sampled an unusual feature with likely contained diatom resting
spores (Le Moigne ¢t al, in review), but measurements at 30 m depth also displayed higher molar
ratios tha we measured at 750 m in TIN4.

At OOI, our deepest MSC analysed in the final occupation (OOI4, 03 Jan 2020) was from 400
m, where we measured a molar ratio 0.05 mol mol in total sinking material. Assuming a sinking
velocity of 40 m d, we can judge that this material will have sunk through 80 m on 26 Dec
2019. This date falls between our third and fourth occupation of OOI where we measured total
sinking molar ratios of 0.19 mol mol™ at 50 m depth (OOI3, 22 Dec 2019) and 0.11 mol mol" at
70 m depth (OOI4, 03 Jan 2020).

Thus, tracing our molar ratios back and comparing to surface value, we consistently observe the
need for preferential loss of BSi relative to POC. Since microbial remineralization would be
expected to preferentially remineralise POC relative to BSi, this necessitates a mechanism to
attenuate BSi fluxes through decreases in sinking velocity, and a means to rapidly transfer POC

to depth.

5. Projected deep molar ratios and comparison with previous measurements
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In the Pacific sector, no deep-sea sediment trap samples that coincided with our study period are
available, and so we extrapolate our molar ratios using a range of flux attenuation parameters and
compare them to previously measured molar ratios in published literature from the same frontal
zones of the Southern Ocean.

Molar ratios below 750 m at the southern Pacific station were projected both using the “Martin’s
b’ power law curves derived from our MSC measurements in the upper 750 m, and using an
exponential fit incorporating literature values for BSi dissolution rates (0.003 d)"® and carbon
specific respiration rates (0.03 d)° in diatoms at 4 °C. It should be noted that projecting fluxes
from the OOI or TN Pacific stations did not influence whether or not our projections could be
reconciled with previous measurements- that is to say, our projections fell towards the lower
end, but within the range of previous measurements. We chose to present fluxes from the
southern station (TS) as i) TS represented a bloom-forming site (unlike the northern station
OOI), enabling comparison to the COMICS station; ii) at central station TN we observed an
anomalous particle accumulation layer (Le Moigne ¢/ al., in review) and thus the TN site does not
represent a good model for comparisons of a “usual” state.

First, we extrapolated molar ratios by applying the Martin’s 4 attenuation rates measured in the
upper ocean to the deep ocean. These projected ratios fell below even the lowest previous
measurements deeper than 1000 m (dotted grey line, Supplementary Figure S4), highlighting the
inapplicability of extrapolating attenuation rates derived from the upper ocean to the entire water
column'’ (the majority of flux attenuation is known to occur in the mesopelagic and attenuation
in the mesopelagic is faster more rapid than in the deep ocean'"").

Next, rather than tune /-values to match our extrapolated fluxes to previous deep-sea
measurements, we test whether our fluxes at 750 m depth can be reconciled with deep-sea
measurements using accepted literature values for POC remineralization and BSi dissolution in
diatom aggregates at 4 °C (carbon-specific respiration rate of 0.03 d"' * and a specific dissolution
rate of 0.003 d™ for BSi’ fluxes; temperatures at 200 m at our study sites range from 2.8 — 5.5
°C). We extrapolate our fluxes below 750 m depth (F) using an exponential fit (F' = Fs ¢*"),
where F7s is flux at 750 m, g is depth below the 750 m reference depth, » is sinking velocity (40
m d' for both BSi and POC), and £ are the aforementioned literature rates. Although choice of
flux parameterization may have large implications for flux estimates at shallow depths, deep flux
estimates generally converge'’ and so use of the exponential fit should not influence conclusions
drawn. Our exponentially projected molar ratios fall within the range of previous measurements,
yet some previously measurements in deep sediment traps exceed our projected estimates by an
otrder of magnitude or greater (Figure S4).

This large variation in the composition of sinking material may be explained by decoupling of
fluxes resulting in different temporal and spatial patterns of transfer efficiency of POC and BSi.
Whilst we have observed processes decoupling BSi and POC fluxes to allow efficient POC
transfer to depth, BSi has been retained near the surface; other studies observing decoupling in
the Southern Ocean have observed thickly-shelled “Si-sinking” species to preferentially export
silica”. This hypothesis is further supported when considering the studies with highest molar
ratios. All studies displaying molar ratios >2 mol mol” were located in the Polar Frontal Zone of
the Australian' or Pacific'>'®
species present, Honjo ez a/. from the similar region describe “well-silicified diatom frustules”,

sectors. Whilst Nelson ¢# /. do not specifically describe diatom

and Rigual-Hernandez ef al. describe a diatom assemblage dominated by Fragilariopsis kerguelensis,
the archetypal Si-sinking species identified by Assmy ef al.. Therefore we hold the high BSi:POC



194  measurements to be indicative of a “Si-sinking” phase of BSi:POC decoupling which transfers to
195  depth great quantities of Si through “Si-sinking” species- in contrast to the efficient POC

196  transfer to depth which we observe here, where BSi is not efficiently transferred to the deep

197  ocean- and explaining the discrepancies between these measurements and our modelled molar
198  ratios.
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200  Supplementary Figure S4: Comparison of our projected molar ratios with previous

201  measurements (coloured points). Extrapolating fluxes at 750 m to the deep ocean using the
202 Martin’s b model (grey dotted line) derived from the upper ocean (black line) underestimates
203  molar ratios relative to previous measurements. When projecting using an exponential fit, our
204  estimates fall within the range of previously measured values but an order of magnitude lower
205  than some measurements.
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217 6. Location of our study in relation to Fay & McKinley Biomes
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Our study region encompasses five biogeochemically independent sites in the Southern Ocean,
yet all of these stations fall within the Southern Ocean Subpolar Seasonally Stratified (SO SPSS)
mean biome of Fay & McKinley (2014)"" (Supplementary Figure S5), hereon the “subpolar
Southern Ocean”. Our sites in the subpolar biome span a broad range of conditions, including
areas in the Subantarctic Zone north of the Subantarctic Front (sites OOI, TN), in the Polar
Frontal Zone between the Subantartic and Polar Fronts (site TS), and even in the colder waters
of the Antarctic Zone (sites P2, P3) due to the northward meander of the Polar Front near South
Georgia. We therefore conclude that temporal decoupling of BSi and POC fluxes which we
observe is likely representative of the subpolar biome, which covers 39 % the area encompassed
by Southern Ocean biomes (mean SO SPSS biome area: 30.6 x 10° km?).

Biome
SP STPS
SO STSS
SO SPSS
SO ICE

Supplementary Figure S5: Location of study sites (black crosses) in relation to Fay &
McKinley biomes (South Pacific Subtropical Permanently Stratified (SP STPS), purple; Southern
Ocean Subtropical Seasonally Stratified (SO STSS), purple; Southern Ocean Subpolar Seasonally
Stratified (SO SPSS), green; Southern Ocean Ice (SO ICE), yellow). Mean positions of
Subantarctic and Polar Fronts (Orsi ¢f al, 1995)" are shown by black lines.

As we did not sample the Southern Ocean Ice (SO ICE) biome, we cannot so confidently
conclude that our results extend to this region. However, we speculate that preferential
attenuation of BSi fluxes to POC fluxes could extend to parts of this region, given that we
observed this phenomenon at the Atlantic P3 and P2 stations, both which lie south of the polar
front (in the Antarctic Zone). Throughout the course of the study period, phytoplankton
standing stocks at these stations were dominated by species such as Fragilariopsis kerguelensis
and Eucampia antarctica’, heavily-silicified species typical of the iton-limited waters south of the
polar front throughout much of the Antarctic Zone'". This observation suggests that even
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among more heavily ballasted phytoplankton assemblages such as those typical in the ice biome,
processes such as buoyancy regulation may act to negate ballast effects, but further sampling of
this region is needed to determine whether our findings extend here.

Similarly, our results may extend into the Southern Ocean Subtropical Seasonally Stratified Zone
(SO STSS) to some extent, but we cannot conclusively say this without more extensive sampling.
The subpolar biome as defined by Fay & McKinley is distinguished from the SO STSS by having
a STT of < 8 °C. Whilst the OO site falls within the mean subpolar biome, SST at the OOI site
progressively increased throughout the study period and during the latter occupations exceed 8
°C (0013, 8.2 °C; OOI4, 8.7 °C); at these occupations, the OOL site is representative of criteria
for the subtropical Southern Ocean rather than the subpolar biome. We cannot determine from
these two measurements whether our results extend into a substantial portion of the Subtropical
Southern Ocean biome, yet these results suggest the results we observe are not exclusive to
waters colder than 8 °C and so could extend into warmer biomes. Preferential transfer of POC
through the mesopelagic relative to BSi has not, to our knowledge, been observed previously, yet
preferential export of POC relative to BSi has been observed in the Subtropical Southern Ocean
and further afield”. Processes that we pose decouple BSi and POC fluxes (diatom buoyancy
regulation and grazer activity) could act in the both the surface ocean and twilight zone; further
high-resolution studies in the subtropical Southern Ocean can determine whether our results are
restricted to the subpolar Southern Ocean or observed elsewhere.

7. DY111 molar ratios: MSC, SAPS, Niskin CTD measurements
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Validation of trends in BSI:POC molar ratios during the CUSTARD project cruise DY111 was
carried out primarily through comparison with SAPS and CTD measurements. CTD
measurements of BSi and POC were typically only made throughout the upper 200m of the
water column, precluding validation of decreasing BSi:POC ratios from this dataset, and so are
not discussed in the main text but are instead discussed here.

MSCs generally displayed lower absolute molar ratios than both SAPS and CTD, but relative
changes in BSi:POC ratios with depth were generally congruent at all stations (Figure S6a-1).

b c
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Supplementary Figure S6: Molar ratios of BSi:POC in each of the four visits to the northern
Pacific station (OOI, a-d), central Pacific station (TN, e-h), and southern Pacific station (TS, i-I)
measured from Marine Snow Catchers (black), in-situ pumps (blue), and CTD Niskin bottles
(red). Blue dashed lines indicate MLLD+10 m during each occupation.
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From the comparisons we can make between MSCs and Niskin measurements in the upper
200m, we MSC molar ratios to fall consistently below those measure in Niskin samples at OOI
(Figure S6a-d), yet at TN relative changes in molar ratios with depth are mirrored between CTDs
and MSCs, generally increasing to an intermediate maximum between 100 m and 200m (Figure
6f-h) and then decreasing below this depth. At TS, the higher vertical resolution of CTD
measurements meant a peak in molar ratios was observed in Niskin samples but not in SAPS nor
MSC samples (Figure S6i-1). When taking into account the differences between depths sampled
by each method, relative trends once again showed reasonable agreement between all three
methods (Figure S6i-1).
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8. Influence of vfast on export efficiencies

In theory, the extreme minimum value of 7, is set by the dimension of the MSC and settling
period: material sinking 1.58m that takes the entire two hours to reach the particle tray would be
sinking with a velocity of 19 m d"'. However, sinking velocities this low are not only far lower
than bloom pulses previously tracked using 7#-sizu optical data for large backscattering or
fluorescing particles™, but would also require >30 days to sink from 100m to 750m. Given the
sharp nature of peaks in production observed at the CUSTARD site, and the degree of
remineralization that would be expected over a month of particle sinking through the water
column, sinking velocities this low can in some cases result in export efficiencies greater than
100%.

Using a literature value for POC remineralization at 4 °C (carbon-specific respiration rate of 0.03
d™") ’, we generated a conservative estimate of export fluxes needed to result in our measured
fluxes at depth. Rearranging the below equation:

F750 — Fexport ekf

we arrived at:

In(F ) = In(Forsg) + ket

where Fegpore back-calculated export flux, Frso is measured flux at 700 or 750 m, 4 the carbon-
specific respiration rate (0.03 d'), #is the time window over which particles sink from 100 m to
the measured depth.

Note this estimate is conservative as it represents microbial remineralization only, and
remineralization due to zooplankton consumption is thought to dominate remineralization in the
Southern Ocean”. If we also considered zooplankton remineralization, a greater degree of
remineralization would occur during particle sinking and hence higher export fluxes would be
required to produce our measured fluxes at depth. Dividing our estimate of back-calculated
export efficiency by NPP (Supplementary Data Table S2, satellite-derived and using the
Vertically Generalised Production Model*), we can generate a consetvative estimate of export
efficiency required if fluxes were to sink as slowly as 20 m d"' and only expetience microbial
remineralization.

The table below shows back-calculated export efficiencies. Although some of these export
efficiencies fall within the range expected from modelled (15 — 67% at 0 °C*, redigitized from
Figure 2¢) and observational measurements in the Southern Ocean (0 — 69% from sediment trap
export fluxes; 2 — 85% from 234™ derived export fluxes)”, they typically fall towards the upper
end of this range, and some export efficiencies exceed 100%. Given that these estimates neglect
the important influence of zooplankton remineralisation during transfer to depth, these export
efficiencies suggest a Vi higher than 20 m d™ is necessary. Taken alongside the other lines of
evidence discussed in Methods (Thorium-derived bulk sinking velocities, comparison with
mixed-layer nutrient budgets derived from nutrient uptake between occupations of each station,
previously measured sinking velocities of bloom pulses measured from in-situ optical data™) we
opt for a vag of 40 m d™.



368  Supplementary Table S6: Back-calculated export efficiencies.
Date of flux Occupation | Depth | Total POC | Backcalculated | NPP 1 month | Export
measurement (m) flux export flux prior efficiency
(mg m*d") | (mgm=*d") Satellite NPP (%)
(mgCm?2d?)
14/12/2019 OO0I2 700 83.22 204.7 2411 84.90253
22/12/2019 OO0I3 750 115.05 305.02 269.9 113.0122
03/01/2020 OO0I4 750 154.98 410.88 267.2 153.7725
20/12/2019 TN2 750 54.68 144.97 479.3 30.24619
29/12/2019 TN3 750 104.42 276.83 599 46.21536
04/01/2020 | TN4 750 94.85 251.46 720.3 34.91045
17/12/2019 TS2 750 97.93 259.63 562.1 46.18929
30/12/2019 TS4 750 118.89 315.2 513.1 61.43052
369
370
371 Supplementary Methods
372  Net Primary Production (NPP) incubations
373  Incubations were carried out as described in Poulton e a/ (2019)* to determine chlorophyll-
374  specific initial slope of the photosynthesis-irradiance curve, and the maximum chlorophyll-specific
375  light-saturated photosynthesis. Seawater samples were collected via Niskin bottles from six light
376  depths (60, 40, 20, 10, 5 and 1% of surface irradiance) into brown Nalgene bottles. In the
377  laboratory, four (3 light, 1 formalin-killed blank) 70 mL polycarbonate (Corning™) bottles were
378 filled for each light depth; the formalin-killed blank would be used to determine abiotic C uptake.
379  Carbon-14 (**C) labelled sodium bicarbonate (1258-1628 kBq) was added to each bottle, and
380  bottles were incubated for 24 h at the relevant irradiance, with irradiance provided by three daylight
381  simulation LED panels (Powerpax, UK) combined with neutral density filters (Lee Filters™, UK).
382  Following incubations, bottles were filtered onto 25 mm 0.45 um Whatman Nuclepore™
383  polycarbonate filters and rinsed extensively. Organic carbon fixation (NPP) was determined using
384  the micro-diffusion technique in 20 mL glass vials, with 1 mL of 1% orthophosphoric acid added
385  to remove any 14C-particulate inorganic carbon, and 10 to 15 mL of Ultima Gold™ (PerkinElmer,
386 Inc.) liquid scintillation cocktail added to each sample. A Tri-Carb 3100TR liquid scintillation
387  counter was used on-board to determine the activity of the filters. Spike activity was checked by
388  removal of triplicate 100 uL. subsamples directly after the spike addition and mixing with 200 uL
389  of B-phenylethylamine (Sigma, UK) followed by Ultima Gold™ and liquid scintillation counting
390  (Poulton et al., 2014)*".
391
392  Radioactive pair-disequilibria derived sinking velocities.
393  The use of radioactive pair-disequilibria to estimate sinking velocities are relatively novel and have
394  been described in works by Villa-Alfageme e a/”*7. In brief, a measurable disequilibtrium in activity
395  concentration between a parent (either U or *'’Pb) and its daughter (**Th (T, = 138 days) or
396  *"Po (T2 = 24 days)) radionuclide arises from the scavenging of the particle reactive daughter
397  radionuclide. Thus, a flux, P, of the daughter radionuclide (either *’Po or **Th) is generated by
398  sinking particles and can be modelled as:
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Assuming steady state ( A;t = 0 ) and negligible advection (V=0), the downward flux is

obtained from discrete measurement of parent and daughter radioactive concentrations in the total

water fraction at different depths:

P = 2, TEZh(APML — ALty Az @

total total
Af A3

where is the total parent activity concentration, is the total daughter activity
concentration and A, is the decay constant of the daughter. Following this, average particle sinking

velocities at given depths can be diagnosed from:
P(Bqm™2s71) =5V (ms™). A" (Bgm™3) 3)

where AY*"" is the activity concentration of 2*Th or 2'°Po in the particulate fraction at that depth.

By rearranging Eq. 1 to include a fitting parameter 6, defined as:

5(z) = sv. A 1 @)
. /12 Agart
and combining with Eq. 2, we get
d 5_Atotal
AU (2). 2 — AP (2). 2y — 2 HEE ©)

SV is then obtained from fitting §, and confidence intervals are estimated from difference between
modelled and measured daughter radionuclide concentrations, with subsequent error propagations

total
A3

to calculate uncertainties. For each depth profile, using inverse modelling, is solved in Eq.

total
A3

(5) and the parameter 0 is tuned for each profile to obtain the modelled that better recreates

the measured value. Eq.(4) is used to estimate SV from the best fitting & parameter and Agart,
measured at specific depths. Confidence intervals are estimated from difference between modelled
and measured daughter radionuclide concentrations, with subsequent error propagations to
calculate uncertainties.

Marine Snow Catcher description and sampling protocol

The Marine Snow Catcher (MSC) has been described previously in Riley e a/ (2012) and Giering
et al. (2016). The MSC is a large volume (95 L) water sample with a removeable base section (8 L)
and particle collection tray (approximately 1 L) at the floor of the base section. During deployment,
the two section are attached and the MSC apertures are open to allow water to flood into the MSC.
At the target depth, the MSC is closed via a wire messenger and returned to deck. Once recovered
to deck, a 5 L “time-zero” sample is taken from a tap in the middle of the main body of the MSC.
At this point, all particle fractions (suspended, slow, and fast-sinking) are assumed to be
homogenously mixed throughout the MSC. The MSC is left on deck for a specified period, t,
(usually 2 hours), after the which another 5L “top” sample is taken from the top section of the
MSC, to sample the suspended fraction (operationally defined as material remaining in the top
section of the MSC after the settling period). After draining the top section of the MSC, the base
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section can be removed; from the base a 5L “base” sample of water containing suspended and

slow-sinking particles is siphoned from above the particle collection tray. Finally, a lid is placed on

the particle collection tray, which is then removed.
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