
Supplementary material

The supporting information provides additional figures with respect to the nutrient limitation of
phytoplankton growth in ROMS-BEC (S1), the data coverage in a SO satellite derived chlorophyll
product (S2), the model evaluation (S3-S6), the bloom timing (S7), the ecological niche analysis (S8),
and the sensitivity simulations allowing for a half-saturation constant of iron of Phaeocystis that varies
with the surrounding light levels (S9).

S1: Additional figures

Figure S1: Annual mean most limiting nutrient at the surface south of 45◦ S for growth rates of
a) Phaeocystis and b) diatoms in the Baseline simulation of ROMS-BEC. High-latitude phytoplankton
growth in the model is most limited by either iron (green) or silicic acid (yellow, diatoms only). The
stippling in panel a) denotes areas where peak monthly mean chlorophyll concentrations of Phaeocystis
do not exceed 0.1 mg chl m−3.
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Figure S2: Assessment of the SO data coverage in the climatological (1998-2018, i.e. 21 years)
daily Globcolor chlorophyll product (Fanton d’Andon et al., 2009; Maritorena et al., 2010): a)-f)
Average number of years available for the calculation of the climatological chlorophyll concentration
at each grid cell for each of the shown months (October-March), respectively. No minimum number of
”days with data coverage” is required for a given month to be counted as ”data available” (i.e. one day
of data coverage in a month is enough for that month to be counted as ”covered” in the respective year).
g) Average number of years available for the calculation of the climatological chlorophyll concentration
on each day for 10◦ latitudinal bands across the SO.

2



Figure S3: Validation of a) & b) Phaeocystis, c) diatom, and d) coccolithophore carbon biomass
[mmol C m−3]. Panel a) shows the maximum Phaeocystis carbon biomass concentrations [mmol C m−3]
in ROMS-BEC (circles) and in observations (squares, Vogt et al., 2012) for each month between
November-February and in the the upper 50 meters of the water column. For panels b)-d), the model
output is colocated with observations in space and time, and observational data from all months and
from above 1000 m are considered here (Balch et al., 2016; Saavedra-Pellitero et al., 2014; O’Brien
et al., 2013; Vogt et al., 2012; Leblanc et al., 2012; Tyrrell and Charalampopoulou, 2009; Gravalosa
et al., 2008; Cubillos et al., 2007). For more details on the biomass evaluation, see Nissen et al.
(2018). The 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, those for Phaeocystis and coccolithophores are statistically significant (p<0.05). Points are
color-coded according to the sampling latitude.
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Figure S4: a)-c) Relative contribution of the five phytoplankton PFTs to total chlorophyll biomass
[mg chl m−3] for a) 30-90◦ S, b) 60-90◦ S, and c) the Ross Sea. The top pie charts denote the
climatological mixed layer average community composition suggested by CHEMTAX analysis of HPLC
pigments for spring, summer, and fall, respectively (the total number of available observations for a
given region and season is given at the lower left side, Swan et al., 2016), and the lower pie charts
denote the corresponding community structure in the top 50 m in ROMS-BEC in the 5-PFT setup
(middle row, same as in Fig. 2 in the main text) and in the 4-PFT setup (lowest row, no Phaeocystis,
Nissen et al., 2018), respectively. Note that the categories in the CHEMTAX analysis are not 100%
equivalent to the model PFTs, and here, ”Hapto-8 reassigned” corresponds to the contribution of
Hapto-6 where the temperature is <2◦C (see also section 2.3.1 in the main text).
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Figure S5: Annual mean bias (Baseline simulation minus observations) of a) total surface chloro-
phyll concentrations [g chl m−3], b) total vertically integrated NPP [mg C m−2 d−1], d) surface nitrate
concentrations [mmol m−3], and e) surface silicic acid concentrations [mmol m−3]. The panels c) &
f) denote the temporal evolution of the model bias of c) total surface chlorophyll concentration (red)
and total NPP (blue), as well as f) surface nitrate concentrations (red), and silicic acid concentrations
(blue) in the 5-PFT setup of ROMS-BEC between 30-60◦ S (solid) and 60-90◦ S (dashed), respec-
tively. For comparison, the model bias obtained with the 4 PFT setup of ROMS-BEC is included in
both panels in green (chlorophyll and nitrate) and yellow (NPP and silicic acid), respectively (see also
supplement in Nissen et al., 2018).
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Figure S6: Annual mean top 100 m average a) Si* [mmol m−3], which is defined as the difference
in concentration between silicic acid and nitrate (Freeman et al., 2018), in the Baseline simulation of
the 5-PFT setup of ROMS-BEC (colors). The contours denote the latitude of the silicate front, i.e.
where Si*=0, in data from the World Ocean Atlas (green, Garcia et al., 2014) and in the Baseline
simulation of the 5-PFT setup (light blue) and the 4-PFT setup (black, Nissen et al., 2018) of ROMS-
BEC, respectively. b) zonal average Si* [mmol m−3], colors are the same as the contours in panel
a).
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Figure S7: a) Same as Fig. 3 in the main text, Hovmoller plots south of 50◦ S of the day of
maximum total chlorophyll concentrations in a satellite product (black line, Globcolor climatology from
1998-2018 based on the daily 25 km chlorophyll product, see Fanton d’Andon et al., 2009; Maritorena
et al., 2010), the Baseline simulation of this study (solid blue line), the Baseline simulation of Nissen
et al. (2018, dashed blue line; without Phaeocystis). Additionally, two sensitivity simulations in the
4 PFT setup from Nissen et al. (2018) are shown here to show the impact of biases in the simulated
physical fields on phytoplankton phenology: The simulations TEMP (dashed red line) and MLD
(dashed green line) correct for the simulated average temperature and MLD biases, respectively, within
the biological subroutine of the model. b) Difference in day of bloom peak between Phaeocystis and
diatoms, based on chlorophyll concentrations in the 5-PFT Baseline simulation. Stippling indicates
locations where maximum chlorophyll concentrations never exceed 0.1 mg chl m−3 for Phaeocystis
(orange) and diatoms (green), respectively. White areas correspond to areas where the peak total
chlorophyll concentrations do not exceed 0.5 mg chl m−3.
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Figure S8: Simulated DJFM average top 50 m average a) Phaeocystis, b) diatom, and c) cocco-
lithophore carbon biomass concentrations [mmol C m−3] south of 40◦ S as a function of the simulated
concurrent dissolved iron concentrations [µmol Fe m−3] and mixed layer PAR levels (W m−2) in the
5-PFT Baseline simulation of ROMS-BEC. Overlain are the simulated area and biomass weighted
ecological niche centers (median, triangle) and breadths (inter quartile ranges, dashed lines) for the
three functional types.
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Figure S9: Results from the simulation VARYING kFE (see section 2.2 in the main text): Varying
half-saturation constant of iron of Phaeocystis (kFe, red, left y axis) and PAR (yellow, right y axis) as a
function of time (x axis) for the surface (solid) and averaged over the top 50 m (dashed) for a) between
60-90◦ S and b) in the Ross Sea. Black lines indicate the constant kFe of Phaeocystis (dashed) and
diatoms (dotted) used in the Baseline simulation of this study. c) Difference in days in the timing of the
bloom peak of diatoms and Phaeocystis for each latitude, with negative values denoting a succession
from Phaeocystis to diatoms throughout the season. d) Difference in day of bloom peak between
Phaeocystis and diatoms. Stippling indicates locations where maximum chlorophyll concentrations
never exceed 0.1 mg chl m−3 for Phaeocystis (orange) and diatoms (green), respectively. White areas
correspond to areas where the peak total chlorophyll concentrations do not exceed 0.5 mg chl m−3.
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