Supplementary information for "Vertical structure
of phytoplankton in stratified oceans will shift in
a warming climate’

February 1, 2026

This supplementary material contains the following supplemental Figures
and Tables:

e Supplemental Figures: Figures S1-S14
e Supplemental Tables: Tables S1-S4
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Figure S1: (a) Deseasonalized phytoplankton concentration averaged above the
mixed layer (surface layer), 1990-2100, from the two-layer NPZ model at BATS,
forced by historical records (1990-2014) and projected data (2015-2100) from
BCC-CSM2-MR, (orange), CESM2-WACCM (bluish green), CMCC-CM2-SR5
(blue), CMCC-ESM2 (pink), and GFDL-ESM4 (dark red) under the SSP5-8.5
scenario. Straight lines indicate linear regressions fitted to deseasonalized data
from 2015 to 2100. The black line shows the five-model mean, and the grey
shading represents +3 standard deviations around the mean. (b) As in (a), but
for deseasonalized phytoplankton concentration averaged between the mixed
layer and the euphotic zone (subsurface layer). (c¢) As in (a), but for phyto-
plankton surface concentration at HOT, with the input of the historical records
(1990-2014) and projected data (2015-2100) from CanESMS5 (orange), CESM2-
WACCM (bluish green), CMCC-CM2-SR5 (light blue), CMCC-ESM2 (pink),
GFDL-ESM4 (brown), EC-Earth3 (navy), EC-Earth3-Veg (gold), IPSL-CM6A-
LR (purple), and NorESM-MM (forest green) under the SSP5-8.5 scenario. (d)
As in (c), but for the subsurface phytoplankton concentration averaged between
the mixed layer and the euphotic zone.
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Figure S2: As in Fig. S1 but for chlorophyll-a integration.

Table S1: Predicted surface and subsurface trend of deseasonalised phytoplank-
ton concentration from 2015 to 2100 under scenarios SSP5-8.5 and SSP1-2.6 at
BATS and HOT

Station Input data P, ; SSP5-8.5 P q SSP5-8.5 P, SSP1-2.6 P. 4 SSP1-2.6
mmol Nm~3 yr=!]  [mmol Nm=3 yr~!] [mmol Nm~3 yr~!] [mmol N m=3 yr~1]

Mean -0.00014 (p< 0.05)  0.00036 (p< 0.05)  -0.00003 (p< 0.05)  0.00013(p< 0.05)
BCC-CSM2-MR ~ -0.00018 (p< 0.05)  0.00026(p< 0.05) 0.00009(p< 0.05) 0.00001(p=0.32)
CESM2-WACCM  -0.00013(p<< 0.05)  0.00030(p< 0.05) -0.00014(p< 0.05)  0.00033(p< 0.05)

BATS  CMCC-CM2-SR5 -0.00008(p< 0.05)  0.00033 (p< 0.05)  -0.00006(p< 0.05)  0.00020(p< 0.05))
CMCC-ESM2 -0.00011 (p< 0.05)  0.00044 (p< 0.05)  0.00004(p=0.01) -0.00013(p< 0.05)
GFDL-ESM4 -0.00020(p< 0.05)  0.00048(p< 0.05) -0.00010(p< 0.05)  0.00024(p< 0.05)
Mean -0.00026 (p< 0.05)  0.00040(p< 0.05) -0.00006(p< 0.05)  0.00011(p< 0.05)
CanESM5 -0.00034 (p< 0.05)  0.00047 (p< 0.05)  -0.00002(p=0.35) 0.00006(p=0.004)
CESM2-WACCM  -0.00013(p<< 0.05)  0.00030(p< 0.05) 0.00009(p< 0.05) -0.00009(p=0.003)
CMCC-CM2-SR5  -0.00030 (p< 0.05)  0.00040(p< 0.05) -0.00017(p< 0.05)  0.00023(p< 0.05)
CMCC-ESM2 -0.00031 (p< 0.05)  0.00050(p< 0.05) -0.00021(p< 0.05)  0.00034 (p<< 0.05)

HOTS EC-Earth3 -0.00024(p< 0.05)  0.00039 (p< 0.05)  0.00002(p=0.32) 0.00010(p=0.001)
EC-Earth-Veg -0.00020 (p< 0.05)  0.00042(p< 0.05) -0.00002(p=0.15) 0.00006(p=0.04)
TPSL-CM6A -0.00033 (p< 0.05)  0.00059(p< 0.05) -0.00013(p< 0.05)  0.00020(p< 0.05)
NorESM-MM -0.00018(p< 0.05)  0.00027(p< 0.05) -0.00002(p=0.30) 0.00008(p< 0.05)
GFDL-ESM4 -0.00036(p< 0.05)  0.00022(p< 0.05) -0.00005(p=0.004)  0.00004(p=0.000)
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Figure S3: As in Fig S1 but for chlorophyll-a concentration
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Figure S4: (a) Deseasonalized phytoplankton stocks above the mixed layer
(surface layer), 1990-2100, from the two-layer NPZ model at BATS, forced
by historical records (1990-2014) and projected data (2015-2100) from BCC-
CSM2-MR (orange), CESM2-WACCM (bluish green), CMCC-CM2-SR5 (blue),
CMCC-ESM2 (pink), and GFDL-ESM4 (dark red) under the SSP3-7.0 scenario.
Straight lines indicate linear regressions fitted to deseasonalized data from 2015
to 2100. The black line shows the five-model mean, and the grey shading rep-
resents +3 standard deviations around the mean. (b) As in (a), but for desea-
sonalized phytoplankton stocks between the mixed layer and the euphotic zone
(subsurface layer). (c) As in (a), but for phytoplankton surface stocks at HOT,
with the input of the historical records (1990 — 2014) and projected data (2015
— 2100) from CanESM5 (orange), CESM2-WACCM (bluish green), CMCC-
CM2-SR5 (light blue), CMCC-ESM2 (pink), GFDL-ESM4 (brown), EC-Earth3
(navy), EC-Earth3-Veg (gold), IPSL-CM6A-LR (purple), and NorESM-MM
(forest green) under the SSP3-7.0 scenario. (d) Asin (c), but for the subsurface
layer between the mixed layer and the euphotic zone.
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Figure S5: As in Fig S4 but for phytoplankton concentration.
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Figure S6: As in Fig. S4 but for chlorophyll-a stocks.
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Figure S7: As in Fig. S4 but for chlorophyll-a concentration.
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Figure S8: (a) Deseasonalized historical (1990-2014) and projected (2015-
2100) mixed layer depth (z,,) from BCC-CSM2-MR (orange), CESM2-WACCM
(bluish green), CMCC-CM2-SR5 (blue), CMCC-ESM2 (pink), and GFDL-
ESM4 (dark red) SSP5-8.5 scenario at BATS. Straight lines indicate linear re-
gressions fitted to deseasonalized data from 2015 to 2100. The black line shows
the five-model mean, and the grey shading represents +3 standard deviations
around the mean. (b) As in (a), but for simulated vertical-averaged light across
Zm Tunning with the input of the historical records (1990-2014) and projected
data (2015-2100) from BCC-CSM2-MR (orange), CESM2-WACCM (bluish
green), CMCC-CM2-SR5 (blue), CMCC-ESM2 (pink), and GFDL-ESM4 (dark
red) under the SSP 5-8.5 scenario. (¢) As in (b) but for surface vertical-averaged
nutrient concentration. (d) As in (b) but for surface vertical-averaged zooplank-
ton concentration. (e) As in (b) but for the simulated euphotic zone (bottom
boundary, ze,). (f) As in (b) but for simulated subsurface (from z,, t0 ze,)
vertical-averaged light. (g) As in (f) but for subsurface vertical-averaged nutri-
ent concentration. (h) Asin (f) but for subsurface vertical-averaged zooplankton
concentration.
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Figure S9: (a) Deseasonalized historical (1990-2014) and projected (2015—
2100) mixed layer depth (z,) from CanESM5 (orange), CESM2-WACCM
(bluish green), CMCC-CM2-SR5 (light blue), CMCC-ESM2 (pink), GFDL-
ESM4 (brown), EC-Earth3 (navy), EC-Earth-Veg (gold), IPSL-CM6A (pur-
ple), and NorESM-MM (forest green) SSP5-8.5 scenario at HOT. Straight lines
indicate linear regressions fitted to deseasonalized data from 2015 to 2100.
The black line shows the nine-model mean, and the grey shading represents
43 standard deviations around the mean. (b) As in (a), but for simulated
vertical-averaged light across z,, running with the input of the historical records
(1990-2014) and projected data (2015-2100) from CanESMS5 (orange), CESM2-
WACCM (bluish green), CMCC-CM2-SR5 (light blue), CMCC-ESM2 (pink),
GFDL-ESM4 (brown), EC-Earth3 (navy), EC-Earth3-Veg (gold), IPSL-CM6A-
LR (purple), and NorESM-MM (forest green) under the SSP5-8.5 scenario. (c)
As in (b) but for surface vertical-averaged nutrient concentration. (d) As in (b)
but for surface vertical-averaged zooplankton concentration. (e) As in (b) but
for the simulated euphotic zone (bottom boundary, z,). (f) As in (b) but for
simulated subsurface (from z,, to zey) 1V%rtical—averaged light. (g) As in (f) but
for subsurface vertical-averaged nutrient concentration. (h) As in (f) but for
subsurface vertical-averaged zooplankton concentration.
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Figure S10: (a) Deseasonalized phytoplankton concentration averaged above the
mixed layer (surface layer), 1990-2100, from the two-layer NPZ model at BATS,
forced by historical records (1990-2014) and projected data (2015-2100) from
BCC-CSM2-MR (orange), CESM2-WACCM (bluish green), CMCC-CM2-SR5
(blue), CMCC-ESM2 (pink), and GFDL-ESM4 (dark red) under the SSP1-2.6
scenario. Straight lines indicate linear regressions fitted to deseasonalized data
from 2015 to 2100. The black line shows the model mean, and the grey shad-
ing represents +£3 standard deviations around the mean. (b) As in (a), but
for deseasonalized phytoplankton concentration averaged between the mixed
layer and the euphotic zone (subsurface layer). (c¢) As in (a), but for phyto-
plankton surface concentration at HOT, with the input of the historical records
(1990-2014) and projected data (2015-2100) from CanESMS5 (orange), CESM2-
WACCM (bluish green), CMCC-CM2-SR5 (light blue), CMCC-ESM2 (pink),
GFDL-ESM4 (brown), EC-Earth3 (navy), EC-Earth-Veg (gold), IPSL-CM6A
(purple), and NorESM-MM (forest green) under the SSP1-2.6 scenario. (d) As
in (c¢), but for the subsurface phytoplankton concentration averaged between
the mixed layer and the euphotic zone.

11



Chlas [mg m~—2]

Chlag [mg m=2]

-
IS

-
~

-
=)

©

o

IS

50

(@)

—— Mean trend

l Ll
!\)'p '},‘,éi‘\*‘“ 0

Al

—— Mean trend

(b)

-2+
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

35

0+
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

(d)

h b H.l I

IM\‘
e

d
i

Pl
N _1_

—— Mean trend
+3SD

T ‘I“llhll 1‘1" J“ i
A AN
! TF

Sl LY

Year

Figure S11: As in Fig. S10 but for chlorophyll-a stocks.
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Figure S12: As in Fig. S10 but for chlorophyll-a concentration.
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Figure S13: As in Fig. S11 but for results under SSP1-2.6 scenarios.
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Figure S14: As in Fig. S12 but for results under SSP1-2.6 scenarios.
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