.

A Fer- Map of HUW

I\/Iarlﬁ’g":cosystems*

B el e fife) i ] Eh L

bern Shaun Walbridge, Kimberly
e Carrie Kappel, Fiorenza Michelr,
na D’Agrosa, John Bruno, Kenneth Casey,
= “Colin Ebert, Helen Fox, Rod Fuijita,

{ Dennls Heinemann, Hunter Lenihan,
~ Elizabeth Madin, Matthew Perry, Elizabeth Selig,
Mark Spalding, Robert Steneck, Reg Watson

*Science, 15 Feb 2008, 319: 948-952



The Inexhaustlble Ocean
L AN AW .




Perhaps Not So Inexhaustible
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We have long dealt with impacts one
at a time, but impacts are cumulative

Overfishing

+
Sewage

N +
Warming/Bleaching

v

Phase shift
to algal dominance



The Global Map of Human Impacts

GOALS

« Map multiple anthropogenic impacts
on 20 marine ecosystems types

* Create global picture of
relative cummulative impacts

o Establish an impacts baseline

* ldentify regions most in need of relief
and most in need of protection
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17 Different Stressors Mapped

Commercial & Artisanal Fishing
Land-based Pollution
Climate Change (temp, pH, UV)

Ocean-based Pol
Commercial Ship

ution

0INng

Benthic Structures (oil rigs)
Species Invasions
Direct Human Damage (trampling)



Vulnerability of Ecosystems
to Stressors

Five Criteria:
e Spatial scale
 Frequency
* Functional impact
* Resistance
« Recoverytime  _J/

> Vulnerability
Weight

Every ecosystem-by-stressor combination
assessed with a survey of experts

(Halpern et al. 2007 Conservation Biology)



Cumulative Impact Scores”

Sum within'each 1km2 pixel-across all
ecosystem types'oflog-transformed
and standardlzed stressor values..: .
weighted by vulnerablllty b
41% of the ocean
subject to medium

to very high impact
- Less than 4%

subject to
very low impact

.| Very Low Impact (<1.4) |_| Medium Impact (4.95-8.47) L] High Impact (12-15.52)
| Low Impact (1.4-4.95) [] Medium High Impact (8.47-12) Il Very High Impact (>15.52)

* vulnerability-weighted sum across all stressors and ecosystems for each 1km? pixel
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Arctic One of Least Impacted Areas

e |ce prevents access

e Light commercial fishing

e« Some artisanal fishing
 Few humans or settlements
 Relatively little pollution

e Little ship traffic

But, warming and acidification
are or will have their impact
on the Arctic, and seaice loss
IS opening the Arctic to
surrounding threats
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Commercial shipping and pollution
New Routes and New Risks
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Implications

Climate change impacts should be clearer

Lack of knowledge high = Research critical
to successful management

Monitoring necessary
Adaptation = Preserving resilience

Opportunity to employ EBM from start
— Precautionary Approach

— Area-based

— Adaptive

— Resilience-based

— Climate change-based
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" HoW ON EARTH DO WE TURNIT OFF ?”



Calculating a Cumulative Impact Score







Shipping load:  Vulnerability weight:

96 X 025 pixel in thé Pacific:

(percentile)  (shipping in shelf waters)

Ship pollution, France:



Shipping load: Vulnerability weight:

28 X 0.1 pixel in The Pacific:
(shipping in pelagic waters)

Ship pollution, Pacific:

Ship pollution, France:



2nd stressor Layer: I
Elevation in UV radiation _ e

=~

24




France:

Elevated UV.: Vulnerability weight:
33 X 0.66

[
N
N

(UV in shelf waters)

Elevated UV, France:
22

- Ship pollution, Pacific:
4

24



Pacific:
Elevated UV: Vulnerability weight:
72 X 0.19

14

(UV in pelagic waters)
Elevated UV, Pacific:

Elevated UV, France: 14

22

- Ship pollution, Pacific:
4

Ship pollution, France:
24

g



Summed Impact Scores

Pixel in France Pixel in Pacific
22 + 24 = 46 14 +4 = 18
Elevated UV, Pacific:
Elevated UV, France: = 5 14
> . - -

Ship pollution, Pacific:
4



Millions of km?

Cumulative Impact Scores
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