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The supporting information provides additional information about data sets used for model eval-
uation (section S1), as well as additional figures (section S2), with respect to model validation (Fig.
S1-S4), factors controlling differences in light limitation between coccolithophores and diatoms (Fig.
S5), the interplay of coccolithophores and small phytoplankton (Fig. S6-S7), the results of the sen-
sitivity simulations (Fig. S8-S9), functional responses for phytoplankton growth and grazing in BEC
(S10), simulated total chlorophyll seasonality (S11), and simulated carbon-to-chlorophyll ratios of
coccolithophores and diatoms (S12).

S1: Data for model evaluation

Data used to validate physical and biogeochemical variables relevant for phytoplankton growth are
presented in Table A1 in the main text. To assess the model’s performance in simulating phytoplankton
biogeography, community structure and pheonology, we compare model results to existing observa-
tions. We validate ROMS-BEC with biomass observations for diatoms (Leblanc et al., 2012) and
coccolithophores (O’Brien et al., 2013) from the MAREDAT initiative. We combined the MAREDAT
data set with recently published abundance data of coccolithophores (Balch et al., 2016; Saavedra-
Pellitero et al., 2014; Tyrrell and Charalampopoulou, 2009; Gravalosa et al., 2008; Cubillos et al., 2007)
and diatoms (Balch et al., 2016), thereby increasing the number of available data points threefold.
New cell count data were converted to biomass estimates following the MAREDAT protocol (O’Brien
et al., 2013; Leblanc et al., 2012). Based on available information in the literature, each species is first
assigned an idealized shape (e.g. sphere for E. huzleyi), as well as a mean size (e.g. mean coccosphere
diameter for E. huzleyi). Assuming the cytoplasm diameter to be 60% of the coccosphere diameter,
we then calculate the mean biovolume of each cell. To get estimates of carbon biomass for each cell,
the biovolume is ultimately multiplied with the specific carbon conversion factors from Menden-Deuer
and Lessard (2000). The uncertainty range of this conversion is obtained by repeating the conversion
using the minimum and maximum reported diameter for each species, respectively, and reporting the
uncertainty range in percent of the mean biomass estimate. If no species information was provided,
cell dimensions and carbon content for E. huxleyi and F. pseudonana were used in the conversion,
as these two species appear to dominate the SO coccolithophore (e.g. Smith et al., 2017; Saavedra-
Pellitero et al., 2014; Gravalosa et al., 2008) and diatom community (Smith et al., 2017), respectively.
Since F. pseudonana is a rather small diatom (nanophytoplankton) and diatom biomass conversion
factors in the MAREDAT database span about three orders of magnitude, we acknowledge that the
resulting diatom biomass estimates are possibly lower bounds.

To obtain information about the relative contributions of the individual phytoplankton types to
total phytoplankton biomass, we use the CHEMTAX climatology based on high performance liquid
tomography (HPLC) data compiled by Swan et al. (2016). While the allocation of one specific pigment
type to a model PFT is difficult (e.g. for HAPTO-6 and coccolithophores, see Swan et al., 2016), we
use the data to identify spatial patterns of phytoplankton community composition (e.g. the change in
the relative contribution of diatoms and coccolithophores to total phytoplankton biomass between high
and low southern hemisphere latitudes) and compare them to patterns simulated with ROMS-BEC.

Bloom metrics are used to assess phytoplankton phenology in ROMS-BEC. We define the bloom
start as the day when the respective PFT biomass concentration first surpasses 5% above its annual
median (bloom threshold, July-June) for a minimum of 14 consecutive days (Soppa et al., 2016). The
day of the bloom peak is reached at maximum PFT biomass concentration after the bloom start. The
bloom end is then defined as the first day after the bloom peak when PFT biomass concentration falls



below the bloom threshold for a minimum of 14 consecutive days. To capture bloom initiation at high
SO latitudes, a year runs from 1 July to 30 June.

To evaluate simulated coccolithophore calcification rates in ROMS-BEC, we use monthly binned
particulate inorganic carbon [mg PIC m~3], chlorophyll [mg chl m~3] and SST [°C] climatologies from
MODIS Aqua (NASA-OBPG, 2014b,a,c) to derive calcification rates C [mg PIC m~3 d~!] following
Eq. 1 in Balch et al. (2007):

C = (—0.0063 - Z + 0.05081 - PIC — 0.01055 - Chl
+0.05806 - D — 0.0079 - SST — 0.4008),/0.2694 (1)

Z denotes the depth (here, we set Z = 1) and D is the daylength in hours, here calculated for the
15th of each month. The calcification rates are then integrated over the euphotic depth Zg, using the
satellite-derived chlorophyll concentrations (see Eq. 2 in Balch et al., 2007):

Zey = 38 - Ch170428 (2)

In the main text, we give a short overview of the model evaluation of relevant physical and bio-
geochemical properties (e.g. SST, MLD, nutrients) in section 4.1 and focus the model evaluation on
the spatial and temporal variability of SO phytoplankton community structure in sections 4.2-4.4.
Supplementary figures from the model evaluation can be found in this document (Fig. S1-S4).



S2: Additional figures
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Figure S1: Temporal evolution of the model bias (reference simulation - observations). Shown
are the average bias between 30-60°S (solid) and 60-90°S (dashed) for a) sea surface temperature
(SST, red, [°C]), mixed layer depth (MLD, blue, [m]), net primary production (NPP, yellow, [gC m~2
d~1]) and total surface chlorophyll (Chl, green, [mg chl m~3]) and b) surface nitrate (NO3, red, [mmol
m~3]) and surface silicate (SiO3, blue, [mmol m~3]). See Table A1 in the main text for data sources.
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Figure S2: Annual mean bias of a) sea surface temperature [°C], b) mixed layer depth [m] , c)
surface total chlorophyll [mg chl m™3], d) net primary productivity [gC m~=2 d~!], e) surface nitrate

[mmol m~3], and f) surface silicate [mmol m~3]. A positive bias denotes an overestimation in the
model. See Table A1l in the main text for data sources.
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Figure S3: Total annually and vertically integrated NPP [gC m~2 yr~!] in a) ROMS-BEC and
b) in the MODIS Aqua VGPM climatology (Behrenfeld and Falkowski, 1997; O’Malley, 2016). Con-
tribution [%] of ¢) coccolithophores and d) diatoms to total annually and vertically integrated NPP

in ROMS-BEC. e) Annual mean calcification rates [mg PIC m~2 d~!] by coccolithophores in ROMS-
BEC.



a) b)

Coccolithophores Diatoms
0.5 . T : 30 . — ; . . 30
#R:0.19 (significant) R: 0.13 (significant)
LA 11 linearfit { | {35 1o f 1:1 linear fit kT
— linear fit of data —_ linear fit of data &
0.44% o 1140 S 40
& i ’ 5 10% - ’
= i 45 s %0 45
o . i N o © 2
5 0.3.; & 1 50 2. © 8 . 50 &
E [ ¢ s % E ’ ° . '8
é & ~o .-' ° . C 55 g |§| ! 55 :g
E : S % :': ° ‘CE 6 6 ’. S
8028 %8 F o {Be ~ 3B 60
= :‘ o . ° ° ‘ ®e ‘oo =
X 65 65
0.1 o 70 70
75 75
0 e —e-ogi2. 1 1 80 & 1 1 80
0 0.2 0.4 06 08 1.0 0 2 4 6 8 10 12
Observations [mmol C m3] Observations [mmol C m3]

Figure S4: Validation of a) coccolithophore and b) diatom biomass [mmol C m~3]. Model output
is colocated with observations in space and time, observational data from all months and from above
1000m are considered here. See Table Al in the main text for data sources. Dotted line shows the
perfect linear 1:1 fit, whereas the solid line is the actual fit of the data (linear regression). Pearson
correlation coefficients of these regressions are given in the top right, both are statistically significant
(p<0.05). Points are color-coded according to the sampling latitude.
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Figure S5: Assessing the controls on differences in light limitation between diatoms and coc-
colithophores for a) 40-50°S and b) 50-60°S. If the plotted ratio is equal one, there is no differences
in light limitation between diatoms and coccolithophores. The reference run is shown in blue. We
consecutively replaced the three possible controls (chlorophyll-to-carbon ratio in red, apy in green,
pmax - £(T) - g(N) in yellow, see also Eq. B9 in main manuscript) in the calculation of light limitation
for coccolithophores by the respective field of diatoms. For both latitudinal bands, differences in the
chlorophyll-to-carbon ratio have the largest control on differences in light limitation.
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Figure S6: Relative growth ratio (solid black line) and relative grazing ratio (dashed black line)
of small phytoplankton (SP) vs. coccolithophores for a) 40-50°S and b) 50-60°S. Colored areas are
contributions of the maximum growth rate pmax (green), nutrient limitation (blue), light limitation
(yellow) and temperature sensitivity (red) to the relative growth ratio, i.e. the red area e.g. represents
the term St of Eq. 4 (see section 3 in main manuscript). Note that the scales in panel a) and b) are
different.
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Figure S7: Percent difference in growth rate (dark grey), growth-limiting factors (maximum
growth rate pmax in green, nutrient limitation in blue, light limitation in yellow and temperature
sensitivity in red) and grazing rate (light grey) of small phytoplankton (SP) and coccolithophores for
a) 40-50°S and b) 50-60°S. Respective left bar shows the December-March average (DJFM) calcu-
lated from the non-log transformed ratios (i.e. the red bar e.g. represents 10°T, see Eq. 4 in main
manuscript), the shaded right bars show the average for all other months (non-DJFM). Full seasonal
cycle is shown in Fig. S6.
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Figure S8: Assessing the effect of biases in the physical fields and the grazing formulation on the
controlling factors of the relative importance of coccolithophores and diatoms: Annual mean percent
difference in growth rate (dark grey), growth-limiting factors (maximum growth rate pmax in green,
nutrient limitation in blue, light limitation in yellow and temperature sensitivity in red) and grazing
rate (light grey) of diatoms and coccolithophores for a) 40-50°S and b) 50-60°S for the reference
simulation (1), as well as HOLLINGIII (2), ACTIVE_.SWITCHING (3), HOLLINGII.SUM_P (4),
TEMP (5), and MLD (6) in Table 2 of the main text. Bars show the annual average calculated from
the non-log transformed ratios (i.e. the red bar e.g. represents 10°T, see Eq. 4 in main manuscript).
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Figure S9: Relative change in annual mean surface chlorophyll biomass of coccolithophores,
diatoms, and small phytoplankton (SP) for a) 40-50°S and b) 50-60°S for sensitivity simulations
assessing grazing formulations and biases in the physical fields. See Table 2 in the main text for a
description of the individual sensitivity simulations. Numbers of relative change are printed if change
is larger than +10%.
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Figure S10: Functional responses used in ROMS-BEC for diatoms, coccolithophores, small phy-
toplankton, and diazotrophs: a) Temperature limitation (Eq. B5 in manuscript), b) light limitation
(Eq. B9 in manuscript, using domain & annual mean surface chlorophyll-to-carbon ratio of each PFT
and max. growth rate (dashed) or nutrient-temperature-limited growth rate (0.1-max. growth rate,
solid), note that SP is not shown to enhance visibility as SP light limitation is very similar to that of
diatoms (red), ¢) nutrient limitation (Eq. B6, example for iron shown here), and d) grazing rate on
phytoplankton (note that the rate shown here will be further scaled with zooplankton biomass and
the zooplankton temperature limitation in ROMS-BEC, see Eq. B12).

12



£

= a) 30-40°S r,=0.06 b) 40-50°S r,=0.86 c) 50-60°S rs=0.99
o 08} 0.8

E

= 06} 06

Q.

o

2 04 0.4

[$]

3

g 0.2-—_/\ 0.2

>

(2]

E O T S A S S T e ra g S S A S e s S e Ve s S e e s
P Y PP O @ K@Y YR F I P E@E LY PP o @@ RS

T G — Model
5 5| d)60-70°S =10 | 7| e)70-80°S =10 |
5 I ] — Satellite
g 6

s 4 5

<

5 o ¢

o

S 2l °

§ 2

5 17 !

2]

= 0 ‘

(o]

|_

0 . .
§\§ Ygo) O_,Q‘Q OC}' $04 OGO Sb(\ QQ‘P @'bs ?Q @'b* 5\)0 5\)\ ?\QQ%QJQ OC} eo‘\ OQIO Sb(\ Qéo @'b« ?Q\ ®r$\ 5\)(\

Figure S11: Surface total chlorophyll in the Baseline simulation of ROMS-BEC (black) as com-
pared to satellite chlorophyll (red, MODIS-Aqua climatology) over the course of the year for a) 30-40°S,
b) 40-50°S, ¢) 50-60°S, d) 60-70°S, and e) 70-80°S. Note the different scales in the panels. rg in top
right corner of each panel denotes the Spearman correlation coefficient.
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Figure S12: Annual mean surface carbon-to-chlorophyll ratios [mg C (mg chl)~!] of a) diatoms
and b) coccolithophores in the Baseline simulation of ROMS-BEC. The black contour corresponds to
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