Supplement of Biogeosciences, 12, 3953-3971, 2015
http://www.biogeosciences.net/12/3953/2015/
doi:10.5194/bg-12-3953-2015-supplement

© Author(s) 2015. CC Attribution 3.0 License.

Supplement of

Carbon export and transfer to depth across the Southern Ocean Great
Calcite Belt

S. Z. Rosengard et al.

Correspondence td. Z. Rosengard (srosengard@whoi.edu); P. J. Lam (pjlam@ucsc.edu)

The copyright of individual parts of the supplement might differ from the CC-BY 3.0 licence.



Supplement Contents

This supplement contains, in the following order:

Table S1: tabulated **Th activity, ***U activity and ***Th flux profiles

Table S2: tabulated **Th and POC fluxes and POC:***Th ratios at ZTh/U

Figure S1. Plotted profiles of POC:**Th, PIC:***Th and BSi:***Th above 400 m

Figure S2. Euphotic zone diatom or coccolithophore abundance as a function of [BSi] or
[PIC], respectively

Figure S3: The natural log ratio of [PIC] to [BSi] as a function of the natural log ratio of
total euphotic zone coccolithophore to diatom abundances

Figure S4: Percentage of total cell counts that are diatoms at zpar as a function of the in-
situ pump size fractionation of [POC] at zpar

Supplementary Methods: pertaining to data from Figures S2-S4.

Supplementary References



Table S1.**Th activity and flux profiles estimated at 27 stations along cruises GB1 and

GB?2. Fluxes were estimated by measuring total seawater **Th activity deficits relative to

total seawater U activity, as described in Sect. 2.4. ***Th flux errors are propagated

234

from “"Th activity errors.
“Th “*Th Activity  **U “*Th Flux

Cruise  Station Depth  Activity Error Activity “*Th Flux Error
- - m dpm L dpm L dpm L dpm m” d”’ dpm m” d”’
GBl1 6 13.6 1.04 0.02 2.36 681 27
GBl1 6 223 1.28 0.05 2.36 924 31
GBl1 6 29.2 1.12 0.03 2.36 1,243 34
GBl1 6 40.2 1.23 0.03 2.36 1,503 37
GBl1 6 45.2 1.29 0.06 2.36 1,702 39
GBl1 6 53.1 1.53 0.04 2.36 2,096 48
GBl1 6 78 1.86 0.12 2.36 2,437 100
GBl1 6 100.6 1.90 0.05 2.36 2,684 106
GBl1 6 115 2.08 0.10 2.36 2,804 116
GBl1 6 130 2.15 0.05 2.36 2,911 121
GBl1 6 150.3 2.09 0.07 2.36 3,182 145
GBl1 6 200 2.04 0.18 2.37 3,419 195
GBl1 16 11.1 0.99 0.02 2.35 548 20
GBl1 16 17.07 1.10 0.02 2.35 762 22
GBl1 16 23.04 0.94 0.02 2.35 1,107 25
GB1 16 342 1.61 0.04 2.35 1,311 30
GBl1 16 422 1.61 0.05 2.36 1,611 42
GBl1 16 62.3 1.97 0.05 2.36 1,933 71
GBl1 16 100.17 2.06 0.05 2.36 2,277 105
GBl1 16 140.8 2.18 0.06 2.37 2,487 139
GB1 16 180.1 2.24 0.08 2.37 2,636 178
GB1 16 220.5 221 0.21 2.37 2,819 308
GBl1 16 260.7 2.37 0.13 2.37 2,810 394
GBl1 16 340.3 2.16 0.08 2.37 3,040 409
GBl1 25 10.3 1.70 0.05 2.45 283 26
GB1 25 16.1 1.95 0.06 2.45 380 30
GBl1 25 23.8 1.91 0.03 2.45 525 34
GBl1 25 34.5 2.14 0.05 2.47 611 38
GBl1 25 41.7 2.07 0.07 2.47 773 51
GBl1 25 80 2.42 0.03 2.48 941 74
GB1 25 115 2.46 0.04 2.45 937 91
GBl1 25 140.5 2.38 0.05 243 975 103
GBl1 25 165.2 2.32 0.07 2.44 1,074 125
GB1 25 200.2 2.44 0.04 2.42 1,029 177
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2.42
2.42
2.42
2.42
2.42
2.42
2.42
243
243
243
2.42
243
2.42
2.42
2.42

1,405
1,274
136
149
199
347
526
589
717
682
466
270

211
347
644
923

1,072

1,147

1,226

1,223

1,280

1,127
853
756
516

186
226
40
54
65
69
73
82
97
126
160
186
223
237
96
101
106
110
113
117
124
135
158
189
218
231




Table S2. 2**Th and POC fluxes at zryu, estimated at 27 stations along cruises GB1 and

GB2. zmyy is the depth where 234Th and **®U activities re-establish secular equilibrium.

Calculations of POC flux from >**Th fluxes are described in Sect. 2.4. POC flux errors

are propagated from ***Th flux, and POC:***Th errors.

Cruise Station zmu > 'ThFlux  **Th Flux Error >51 pm POC:**Th POC Flux POC Flux Error
- m dpm m>d" dpm m” d’ umol dpm ™ mmol m” d'  mmol m” d'1
GB1 6 130 2,911 121 2.0 5.7 0.25
GB1 16 140.8 2,487 139 2.6 6.6 0.37
GB1 25 115 937 91 1.7 1.6 0.18
GB1 32 131 1,581 186 1.3 2.0 0.20
GB1 38 121 809 126 2.7 2.2 0.35
GB1 46 100 2,089 102 2.8 59 0.32
GB1 59 95 2,108 128 2.9 6.1 0.42
GB1 70 100 1,280 94 43 55 0.44
GB1 77 100 1,485 105 6.0 9.0 1.3
GB1 85 140 2,059 168 5.9 12 1.0
GB1 92 100 1,332 117 3.8 5.1 0.47
GB1 101 140 1,826 122 1.8 33 0.23
GB1 109 130 1,722 83 1.0 1.6 0.09
GB1 117 110 1,394 71 1.0 1.4 0.09
GB2 5 90 1,862 5,207 1.3 2.5 6.9
GB2 27 105 1,869 160 1.9 3.5 0.32
GB2 36 90 988 89 2.0 2.0 0.18
GB2 43 125 1,258 156 3.7 4.6 0.58
GB2 53 100 1,139 134 3.9 4.4 0.53
GB2 63 130 1,316 174 4.6 6.1 0.81
GB2 73 75 997 99 4.9 4.9 0.49
GB2 87 100 1,290 103 2.9 3.8 0.33
GB2 93 130 1,061 144 1.2 1.2 0.18
GB2 100 90 1,174 94 2.8 33 0.27
GB2 106 95 1,426 107 0.9 1.2 0.10
GB2 112 105 682 126 0.8 0.6 0.11
GB2 119 90 1,223 124 2.5 3.0 0.31
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Figure S1. Profiles of >51 pm POC:***Th, PIC:***Th and BSi:***Th above 400 m. Black
open circles represent measurements. Colored circles represent values at three possible

#%Th panels, and at zpag (blue line) for the

depths (colored lines; see legend) in the POC:
PIC:**Th and BSi:**Th panels. These values were interpolated when there were no
measurements at these depths (refer to Tables 2 and 3 for specific stations). At station
GB2-106, the BSi:***Th interpolation calculation excluded the anomalously low value at
80 m. Error bars shown are the propagated errors of >51 um [POC], [PIC], [BSi] and
particulate >**Th activity measurements. Note that “negative” values are below the

instrument detection limit (see Sect. 2.3), and are equal to 0 within error.
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Figure S2. (A) Diatom cell counts integrated from surface to zpag (cells m™) as a function
of >51 um [BSi] at zpar. (B) Integrated coccolithophore cell counts as a function of >51
um [PIC] at zpagr. Outliers for >51 um [BSi] and [PIC] at stations GB1-85 and GB1-16,
respectively, are defined according to Chauvenet’s Theorem (Glover et al., 2011). Total
euphotic zone cell counts of diatoms and coccolithphores are significantly correlated to
>51 um [BSi] and [PIC] at zpar , respectively. The significant linear relationships are
plotted here as blue lines, with corresponding p and r* values indicated. The regressions
remain significant (p<0.05) even when excluding the outliers GB1-85 (Fig. S2a) and
GB1-16 (Fig. S2b) from analysis (black lines). We note that cell counts are only available
for the <36 um size-fraction because of the methodology used for enumeration (see
Supplemental Methods), while the biomineral measurements are of the >51 pm particle
size-fraction (Sect. 2.2). Nonetheless, these relationships suggest that the >51 pm [BSi]
and [PIC] at zpar do scale with the abundance of diatoms and coccolithophores in the

euphotic zone of the water column.
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Figure S3. The natural log of the ratio of >51 um [PIC]:[BSi] at zpar as a function of the
natural log of the ratio of integrated coccolithophore: diatom cell counts in the euphotic
zone. The significant linear relationship is plotted as a blue line, with a corresponding p
and r* value indicated. This further supports the application of >51 pum size-fraction
biomineral concentrations at zpar as a proxy for describing euphotic zone ecosystem
composition in Sect. 4.7 and Fig. 10. Despite the different size-fractions that are
represented by the biomineral measurements and the cell counts (see Supplemental
Methods), the significant correlation nonetheless supports the use of >51 um biomineral

concentration ratios to describe the proportional abundance of certain phytoplankton

types.
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Figure S4. Percentage of total cells that are diatoms at zpar as a function of the % >51
um [POC] at zpar. The significant linear relationship is plotted as a blue line, with a
corresponding p and r* value indicated. This relationship shows that FlowCAM®
measurements of diatom abundance support our interpretation that the size fractionation
of POC (% >51 pm [POC] at zpar) determined from in-situ pump particle measurements
(Sect. 2.2) reflects the relative abundance of diatoms. We note that there is no significant

relationship between relative coccolithophore abundance and the size fractionation of
POC.



Supplementary Methods for Figs. S2-S4

The FlowCAM® imaging cytometer enumerated nano- and microplankton cells
from 10 mL Niskin cast samples at all McLane pump stations except GB2-36, GB2-27
and GB2-119 (refer to Table 1 for station locations) (Poulton and Martin, 2010).
Moreover, at stations GB1-38 and GB1-70, cell counts were missing at zpar, and only
measured at depths above and below zpar. The size range of counts was 5.6-35.5 pm.
While particles >36 um (up to 200 um) could be seen in the FlowCAM®), they were rare
in 10 mL samples, such that their normalized abundance could not be accurately
calculated. Total diatom cell counts in the euphotic zone were approximated by summing

FlowCam® -derived diatom concentrations (cells/mL) at all depths above zpar:

end

cells cells
total cell counts = z mean [—
1

, T X — Zp—

where n is the measurement index number from the surface depth at n=1 downward
towards zpar at n="end”. The unit for this summation is equivalent to cells m™.
Coccoliths and plated cells in the same Niskin samples were counted by birefringence
microscopy (Balch et al., 2011). Total coccolithophore counts in the euphotic zone (cells
m?) were similarly estimated by summing the microscopy-based concentrations at all

depths above zpag.
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