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Supplementary Figure 1. Human impacts on marine biodiversity.

Values correspond to the relative fraction of the suitable habitat in a pixel that is at risk of being
lost as a result of a) abatable and b) un-abatable impacts. Abatable impacts include artisanal
fishing and commercial fishing classified in: pelagic high-bycatch, pelagic low-bycatch,
demersal destructive, demersal non-destructive high bycatch, and demersal non-destructive low

bycatchl. Un-abatable impacts by MPAs include sea surface temperature, light pollution, organic



and nutrient pollution, ocean acidification, shipping, and sea-level rise. Panel ¢ represents the
difference made by protection expressed as a fraction of current habitat suitability. Areas in
darker yellow represent places where abatable impacts are relatively high and un-abatable

impacts are relatively low, making them attractive for MPAs.
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Supplementary Figure 2. Global biodiversity conservation priorities within Exclusive
Economic Zones (a) and in the High Seas (b).

The values correspond to the global ranking (Fig. 1a) but are rescaled to represent the most

important areas for the high seas and exclusive economic zones.
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Supplementary Figure 3. Representation levels within the top 20% priority areas for
biodiversity conservation

For species in each IUCN category (a) and per feature group (b). Red diamonds represent group
means and cross bars correspond to group medians. EN: Endangered, CR: Critically Endangered,

VU: Vulnerable, NT: Near Threatened, LC: Least Concern, DD: Data Deficient, NA: No data.
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Supplementary Figure 4. Biogeographic representation in today’s MPAs and within the top

20% priority areas for biodiversity conservation

Distributions of the current representation levels of pelagic, coastal, abyssal, and bathyal

biogeographic provinces (green) and representation levels within the top 20% priority areas

(orange). Vertical dashed lines represent group means.
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Supplementary Figure 5. Change in global biodiversity priorities in 2050

Changes in the global biodiversity conservation priorities as a result from planning for the future
(2050, IPCC SRES A2 emissions scenario) compared to planning for today. “Irreplaceable” are
areas in the top 10% priorities for biodiversity protection today and in 2050. “Comparable” are
areas neither irreplaceable nor “least priority” (<5% difference in priority between now and

2050). Current protected areas shown in light blue.
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Supplementary Figure 6. Change in catch per stock at top 10% of ocean protected.

Each point corresponds to the change in catch per stock, normalized by carrying capacity, at the
optimal 10% of the ocean protected. The results highlight that the food provisioning model
prioritizes overexploited stocks (E/E., > 1; left panel) and those with relatively small range size

(number of pixels, right panel).
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Supplementary Figure 7. Global priorities for food provisioning under a no effort
redistribution model.

Optimal conservation strategy to maximize food provisioning benefits assuming that fishing

effort inside MPAs vanishes after protection.
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Supplementary Figure 8. Differences in global conservation priorities for food provisioning
across alternative effort redistribution models.

Difference in ranking (a) between the no effort redistribution (al) and the full effort
redistribution models (a2). Blue areas would decrease in priority under the no effort
redistribution model. Delta catch accumulation curves for each effort redistribution model (b).

The blue bar denotes the current 2.5% of the global ocean in fully protected areas.
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Supplementary Figure 9. Impacts to sedimentary carbon stocks

Values correspond to the fraction of the sedimentary carbon stock that is at risk of being lost in

each pixel as a result of abatable impacts (i.e. bottom trawling). These areas represent places

where MPASs can be most effective to minimize risk of sediment carbon disturbance. Color scale

has been log-transformed for visualization purposes.
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Supplementary Figure 10. Optimal conservation strategy from a multi-objective
prioritization with equal preference for biodiversity and food provisioning.

Assuming fishing effort disappears (a), this strategy calls for protecting 24% of the ocean,
achieving 57% of the biodiversity benefits, 20% of the carbon benefit, and 86% of the food
benefits. Assuming full fishing effort redistribution (b), this strategy calls for protecting 45% of
the ocean, achieving 71% of the biodiversity benefits, 29% of the carbon benefit and 92% of the
food benefits. Existing highly and fully protected MPAs shown in light blue.
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Supplementary Figure 11. Optimal conservation strategies with a strong preference for
biodiversity.

Assuming fishing effort disappears (a), this strategy calls for protecting 48% of the ocean,

achieving 81% of the biodiversity benefits and 30% of the carbon benefit with no change in

14



future fish catch. Assuming full fishing effort redistribution (b), this strategy calls for protecting
71% of the ocean, achieving 91% of the biodiversity benefits and 48% of the carbon benefit with

no change in future fish catch. Existing highly and fully protected MPAs shown in light blue.

a
— S o R o -m!iiyu.,
Top % of the Ocean
0o 5 10
b

Top % of the Ocean

0 5 10 15 20

Supplementary Figure 12. Optimal conservation strategy from a multi-objective
prioritization with zero weight placed on biodiversity

Assuming fishing effort disappears (a), this strategy calls for protecting 12% of the ocean,

yielding maximum food provisioning benefits, 23% of the biodiversity benefits and 18% of the

15



carbon benefit. Assuming full fishing effort redistribution (b), this strategy calls for protecting
28% of the ocean, yielding maximum food provisioning benefits, 35% of the biodiversity

benefits and 27% of the carbon benefits. Existing highly and fully protected MPAs shown in

light blue.
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Supplementary Figure 13. Prioritizing multiple objectives assuming no fishing effort
redistribution.

Each point represents the spatial configuration that maximizes the net benefits of protection for
an assigned weight (i.e. preference) to biodiversity in a joint biodiversity-food provisioning
prioritization, under the assumption that fishing effort on a stock from an area designated for
protection disappears following protection (a). Carbon was treated as a co-benefit (weight = 0).
Optimal conservation strategy if biodiversity is given a weight of zero (b). This scenario

achieves 100% of the potential fisheries benefit by protecting the 12% top priority of the ocean
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and achieves 23% of biodiversity benefits, and 18% of carbon benefits. Optimal conservation
strategy if biodiversity is given the same weight as food provisioning (c). This scenario protects
24% of the ocean, yielding 86% of the maximum food benefits, 57% of biodiversity benefits, and
20% of carbon benefits. Optimal conservation with strong biodiversity preference (10x food
provisioning weight) (d). This scenario achieves 81% of the biodiversity benefit at the least cost
to future fisheries yields and achieves 30% of the carbon benefit by protecting 48% of the global

ocean.
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Supplementary Figure 14. Optimal conservation strategy from a multi-objective
prioritization with equal preference for biodiversity, food provisioning, and carbon

This scenario assumes redistribution of fishing effort after protection. The colour scale denotes

percent priority.
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Top % of the Ocean
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Supplementary Figure 15. Opportunities for strengthening the current level of ocean
protection.

Blue polygons are highly-fully protected MPAs. Red circles indicate MPAs that are currently
lightly- and minimally-protected according to the MPA Guide classification>. The coloured areas

correspond to the 20% top priorities for biodiversity conservation.
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Supplementary Figure 16. National contributions to maximize food provision

Values correspond to the percentage of each territory or country’s exclusive economic zone

within the most important 10% of the ocean to boost food provisioning. Values are in addition to

current protection levels. Shown here are the top 100 countries and territories in terms of the net

gain in catch accrued from their exclusive economic zone.
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Supplementary Figure 17. National contributions to safeguard carbon stocks

Values correspond to the percentage of each territory or country’s exclusive economic zone

within the most important 10% of the ocean to safeguard carbon stocks. Values are in addition to

current protection levels. Shown here are the top 100 countries and territories in terms of the

gains in carbon benefits accrued from their exclusive economic zone.
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Supplementary Figure 18. Biodiversity conservation priorities in a “Scorched-Earth”
scenario.
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Supplementary Figure 19. Carbon conservation priorities in a ““Scorched-Earth” scenario.
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Supplementary Figure 20. Uncertainty in biodiversity priorities: percent iterations in top
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Supplementary Figure 21. Uncertainty in biodiversity priorities: % iterations in top 10%
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Uncertainty in Biodiversity Conservation Priorities

200

Supplementary Figure 22. Uncertainty in biodiversity priorities: coefficient of variation in
the top 5%

23



Actinopterygii Elasmobranchii
2115 721

Mammalia
111

Anthozoa
579

Bivalvia Holothuroidea
65 -

Supplementary Figure 23. Number of species included in the analysis by taxonomic class
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Supplementary Figure 24. Aggregate weight of species per taxonomic class

Values correspond to the relative importance of each taxonomic class and area function of the
number of species, as well as their extinction risk and functional and evolutionary

distinctiveness.
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Supplementary Figure 25. Patterns of species richness by major taxonomic class
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These maps are for illustration purposes. We did not use species richness in our analyses, but the

distribution of each of 4,242 species that would likely be affected (mostly benefited) by

protection’.
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Supplementary Figure 26. Global distribution of bathyal seamounts classified into 194
distinct classes’.
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Supplementary Figure 27. Pelagic and coastal biogeographic provinces of the global ocean.

Every colour represents a different province. For detailed information on provinces see Spalding

et al. (2007, 2012)

Supplementary Figure 28. Abyssal biogeographic provinces of the global ocean
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Every colour represents a different province. For detailed information on provinces see Watling

(2013)
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Supplementary Figure 29. Bathyal biogeographic provinces of the global ocean

Every colour represents a different province. For detailed information on provinces see Watling

(2013y
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Supplementary Figure 30. Global distribution of marine sedimentary carbon stocks

30



GOAL ASSETS THREATS FUNCTION
species
N = 4124 distributions
weighted by extinction risk, functional abatable 5
& evoIutionary-distinctiveness prioritize areas with fishing %
- & §
BIODIVERSITY - seamounts
N = 194 classes unabatable
de-prioritize areas with:
-§- « pollution, acidification, shipping, Level of protection
sea surface temperature shocks,
sea level rise, urbanization, etc.
biogeography
N = 99 provinces . .
vpy = 08t = vig (L= Lu, Moy, V=aX
GOAL ASSETS THREATS FUNCTION
abatable
prioritize areas with s
. demersal destructive fishing §
CARBON - sedimentary &
carbon stocks
unabatable Level of protection
none
Vl"]‘ - vio,)““ = UL.j’a.,/ V =aX
GOAL ASSETS THREATS FUNCTION
-
Stock Ranges abatable 5
N = 1342 stocks prioritize areas with i
L no management S
FOOD = ¢ Mobility & S
. Growth rate de-prioritize areas with
. Larval contribution management
° Carrying capacity Fraction of stock K protected
e  Current exploitation
rates

Supplementary Figure 31. Conceptual diagram of each prioritization model.
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Supplementary Figure 32. Sensitivity of the biodiversity benefit curve to the z parameter.
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Supplementary Figure 33. Sensitivity of the biodiversity conservation priorities ranking to

the z parameter.
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Map shows the difference in ranking between using a z value of 0.4 and 0.1. The Kendall tau

correlation coefficient for the top 30% of the solution suggests priorities are robust to z (T
=0.95).
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Supplementary Figure 34. Dynamics of the two fishing effort redistribution models.

The figures illustrate a set of model parameters (mobility=0.9, K=100, r=1). “Full transfer”
assumes that effort redistributes across the range of a stock proportionally to the distribution of
effort before protection. “Constant effort” in unprotected areas assumes that effort in areas to be

protected vanishes after protection. E/E.., > 1 are overfished fisheries.
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Supplementary Figure 35. Changes in CO2 remineralization rates over successive years of

trawling.
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Supplementary Table 1. Number of species included in the analysis by IUCN extinction

risk®.

IUCN Category # of species
Least Concern 2200

Data deficient 615

NA 541
Vulnerable 381

Near threatened 349
Endangered 106
Critically 50
endangered
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Supplementary Table 2. Carbon model validation results

Region Measured CO., efflux Predicted CO. efflux % error
(mol CO, km>x10r) (mol CO, km>x10r)
Aarhus Bay 0.01260 0.00481 61.7
Sweden 0.00439 0.00404 79
Thermaic Gulf | 0.00874 0.00734 159
Westerchlede | 0.03550 0.03075 13.3
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