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Translated abstracts

Resumen (Espafiol)

Las proyecciones de los impactos del cambio climético en los ecosistemas marinos han revelado una
disminucidn a largo plazo en la biomasa global de animales marinos e impactos desiguales en las
pesquerias mundiales. En el presente estudio se combina un conjunto mejorado de modelos de
ecosistemas marinos globales del Proyecto de Intercomparacion de Modelos de Ecosistemas Marinos y
Pesqueros (Fish-MIP), con los modelos de nueva generacién del sistema terrestre de la Fase 6 del
Proyecto de Intercomparacion de Modelos Acoplados (CMIP6), para realizar diversas proyecciones sobre
como el cambio climético afectara los ecosistemas marinos futuros. En comparacion con la combinacion
de la generacidn anterior de Fish-MIP-CMIP5, el nuevo conjunto de simulaciones de ecosistemas marinos
muestra una mayor disminucion en el promedio global de biomasa animal marina tanto en escenarios de
fuerte mitigacion como de altas emisiones debido al calentamiento elevado. En este ultimo escenario, esto
sucede a pesar de una mayor incertidumbre en la produccién primaria neta. Los cambios regionales de
direccion de los impactos a la biomasa destacan una necesidad continua y urgente de reducir la

incertidumbre en las proyecciones de los ecosistemas marinos al cambio climatico.

Resumo (Portugués)

As projecdes dos impactos da mudanca climatica sobre os ecossistemas marinhos tém revelado declinios
de longo prazo na biomassa animal marinha global e impactos desigualmente distribuidos na pesca. No
presente estudo, se combina um conjunto aprimorado de modelos do ecossistema marinho global do
Projeto de Intercomparacéo do Modelo de Pesca e do Ecossistema Marinho (Fish-MIP), com modelos da
nova geracao do sistema terrestre da Fase 6 do Projeto de Intercomparacdo do Modelo Acoplado
(CMIP6), para explorar como a mudanca climatica afetara os ecossistemas marinhos futuros. Em
comparagdo com o conjunto da geracdo anterior Fish-MIP-CMIP5, as novas simulagdes do ecossistema
marinho global mostram um declinio maior na biomassa animal média do oceano em cenarios de forte
mitigacao e alta emissdo devido ao aquecimento elevado, apesar da maior incerteza na produgdo primaria
neta no cenario de altas emissGes. Cambios regionais na direcdo das mudancas de biomassa destacam a
necessidade continua e urgente de reduzir a incerteza nas respostas projetadas dos ecossistemas marinhos

a mudanca climatica.



A) Expanded results from main manuscript
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Supplementary Figure 1: Change in marine animal biomass between 1990-1999 and 2090-2099 for
marine ecosystem models forced by GFDL CMIP5 (left column) and CMIP6 (right column) outputs

under the high-emissions scenarios.
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Supplementary Figure 2: Change in marine animal biomass between 1990-1999 and 2090-2099 for each
marine ecosystem model forced by IPSL CMIP5 (left column) and CMIP6 (right column) outputs under

the high-emissions scenarios.
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Supplementary Figure 3: Ensemble mean change in marine animal biomass across marine ecosystem
models forced by GFDL and IPSL under the high- emissions scenario. Maps represent mean percent
change between 1990-1999 and 2090-2999 under a) CMIP5 IPSL; b) CMIP6 IPSL; ¢) CMIP5 GFDL; and
d) CMIP6 GFDL. Remaining maps represent (e-f) difference in percent change between CMIPs; (g-h)
difference in percentage change between CMIPs for grid cells that showed the same direction of change;
(i-)) difference in percent change between CMIPs for grid cells that changed from a decrease in CMIP5 to

an increase in CMIP6; vice versa (k-I).



B) Additional results from full set of models under strong-mitigation scenario

Change in biomass (%)

Change in biomass (%)

a) CMIP5 IPSL-CM5A-LR

b) CMIP6 IPSL-CM6A-LR
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Supplementary Figure 4: Projected global change in marine animal biomass from individual marine

ecosystem models (MEMSs) using CMIP5 forcings from IPSL and GFDL under the strong-mitigation

scenario (a and c¢) and CMIP6 forcings (b and d). A different set of MEM s is included for CMIP5 (7

models using IPSL forcings and 5 models using GFDL forcings, n = 12) and CMIP6 (9 models using

IPSL forcings and 7 models using GFDL forcings, n = 16). All values are relative to the standardized

reference period of 1990-1999. Vertical grey shaded area indicates reference decade and vertical grey line

indicates first year of projection (subsequent to historical period).
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Supplementary Figure 5: Ensemble mean change in marine animal biomass across marine ecosystem
models (MEMSs) including those that only ran CMIP6 simulations. Forcings from GFDL and IPSL under
the strong-mitigation scenario. The full ensemble of MEMs is included for both CMIP5 (7 models using
IPSL forcings and 5 models using GFDL forcings, n = 12) and CMIP6 (9 models using IPSL forcings and
7 models using GFDL forcings, n = 16). Maps represent mean percentage change between 1990-1999 and
2090-2999 under a) CMIP5 and b) CMIP6; ¢) difference in percentage change between CMIPs; d)
difference in percentage change between CMIPs for grid cells that showed the same direction of change;
e) difference in percentage change between CMIPs for grid cells that changed from a decrease in CMIP5
to an increase in CMIPG6 and f) vice versa. See Fig. S18 for the same comparison with the reduced set of

MEMs.
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Supplementary Figure 6: Ensemble mean change in marine animal biomass across marine ecosystem
models. Forcings from GFDL and IPSL under the strong-mitigation scenario. Maps represent mean
percent change between 1990-1999 and 2090-2999 under a) CMIP5 IPSL; b) CMIP6 IPSL; ¢c) CMIP5
GFDL; and d) CMIP6 GFDL. Remaining maps represent (e-f) difference in percent change between

CMIPs; (g-h) difference in percentage change between CMIPs for grid cells that showed the same

direction of change; (i-j) difference in percent change between CMIPs for grid cells that changed from a

decrease in CMIP5 to an increase in CMIPG6; vice versa (k-I).
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Supplementary Figure 7: Change in marine animal biomass between 1990-1999 and 2090-2099 for
marine ecosystem models under CMIP5 (left column) and CMIP6 (right column) forcings from GFDL

under the mitigation scenarios.
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Supplementary Figure 8: Change in total consumer biomass between 1990-1999 and 2090-2099 for
marine ecosystem models under CMIP5 (left column) and CMIP6 (right column) forcings from IPSL

under the mitigation scenarios.
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c¢) Additional results from comparable set of MEM models under strong-mitigation

scenario

a) CMIP5 IPSL-CM5A-LR

b) CMIP6 IPSL-CMEA-LR
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Supplementary Figure 9: Projected global change in total animal biomass across the comparable set of

six marine ecosystem models (MEMSs) that used both CMIP5 (a, ¢) and CMIP6 (b, d) forcings (n = 10;

two MEMs only used IPSL). CMIP5 forcings from IPSL and GFDL under the strong-mitigation scenario

RCP2.6 (a, c) and CMIP6 forcings from IPSL and GFDL under the strong-mitigation scenario SSP1-2.6

(b, d). All values are relative to the standardized reference period of 1990-1999. Vertical grey shaded area
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indicates reference decade and vertical grey line indicates first year of projection (subsequent to historical

period).
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Supplementary Figure 10: Ensemble mean change in total animal biomass for the comparable set of
marine ecosystem models that ran both CMIP5 and CMIP6 simulations. Forcings from GFDL and IPSL
under the strong-mitigation scenario. Maps represent mean percent change between 1990-1999 and 2090-
2999 under a) CMIP5 IPSL RCP2.6, b) CMIP6 IPSL SSP1-2.6, c) CMIP5 GFDL RCP2.6 and d) CMIP6
GFDL SSP1-2.6. Remaining maps represent (e-f) difference in percent change between CMIPs; (g-h)
difference in percentage change between CMIPs for grid cells that showed the same direction of change;
(i-j) difference in percent change between CMIPs for grid cells that changed from a decrease in CMIP5 to

an increase in CMIP6; vice versa (k-1).
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Temperature | NPP/ Phytoplankton | Zooplankton | Export | Oxygen Current Photosynthetically | Salinity | pH | Sea | Mixed-
chlorophyll | biomass biomass flux concentration | velocities | active radiation [ water ice | layer
density depth
APECOSM X X X X X X X X
BOATS X X
DBEM X X X X X X X X
DBPM X X
EcoOcean X X
EcoTroph X X X
FEISTY X X X
Macroecological X X
Z0ooMSS X X

Supplementary Table 1: A matrix of marine ecosystem models used in the analysis (left column) and forcing variables (top row). An x indicates
that the ecosystem model uses Earth System Model output of that forcing variable; a blank space indicates that it does not.
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