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Global marine biodiversity loss
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Depletion of whales

Humpback whales: from pre-exploitation population
sizes of more than 50,000 to a few hundred in 1970
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Whale hunting, thousands of individuals across species
hunted per year in Antarctica (peak 50,000 per year)
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Fig. 16.4. Catches of whales 1904-1905 to 1980-1981 (including land stations, moored factory ships and pelagic whaling).

Smetacek (2007)



Pessimistic views of the ocean abound

50,000 present
years ago

. 2 e o n
e ¥ B o e e ‘wrm o BTG s Ol e

-

Timeline (log scale) of marine and terrestrial defaunation. The marine defau

been harvesting ocean wildlife for thousands of years. The recent industrialization of this harvest, however, initiated an era of intense marine wildlife declines.
If left unmanaged, we predict that marine habitat alteration, along with climate change (colored bar: IPCC warming), will exacerbate marine defaunation.
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Recovery: whales

Globally > 50%above 1940 estimates; IUCN down-listed from
Vulnerable to Least Concern ST

T~

Out of 92 marine mammal
populations (Roman et al. 2015):
» 42% increasing
* 10% decreasing
* remainder: no change




Recovery: Restoration Mekong Delta mangrove forest

1972 | 1997 * 1964 and 1970: 57% of all Mekong Delta
o -~ Mangrove Forest destroyed

s

» 1978-1998: 2700 km2 planted

» Carbon storage (Nam et al., 2016):
* restored mangrove: 889 £ 111 MgC ha-1
» natural mangrove: 844 + 58 MgC ha-1

The reforestation of the Mekong Delta, the largest mangrove forest
in the world, 15 years after its destruction by the US Air Force is the

largest-scale ecosystem restoration ever undertaken (Duarte et al.,
2008)



Recovery: salt marsh restoration

« Salt marsh restoration is well
proven and can often be achieved
by restoring tidal flows

» Restored breached levee salt
marshes in San Francisco Bay
Estuary

* Recovery in one decade

%t

1997 (11 years of tidal evolution)

Williams and Orr (2002)



Recovery: European seagrass

* 1/3 of European seagrass area
Rate of decline lost, loss peaking in the 1970s and

== Rate of increase 1980s

— Netrate - Loss rates slowed down for most
of the species and fast-growing
species recovered in some
locations

* Net rate of change reversed in
the 2000s

* Density metrics improved or
remained stable in most sites

* In contrast with global
assessments, seagrass decline is
no longer a generalised state in
Europe

» Deceleration and reversal of
declining trends is possible
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de los Santos et al. (2019)



Recovery: coral reefs following nuclear tests

« 76.3 megatons (TNT equivalent) were
conducted across seven test sites (1946
to 1958)

 Five craters were created

« Surface seawater temperatures raised by
55,000 °C after air-borne tests

» Blast waves with speeds of up to 8 m/s;
and shock and surface waves up to 30 m
high with blast columns reaching the floor
of the lagoon (approximately 70 m depth)

» Coral reefs in the Bikini Atoll recovered
40 years after the end of tests, although
with some biodiversity changes

‘ (Richards et al. 2008)
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Recovery: coral reefs following nuclear tests

76.3 megatons (TNT equivalent) were
conducted across seven test sites (1946
to 1958)

Five craters were created

Surface seawater temperatures raised by
5,000 °C after air-borne tests

Blast waves with speeds of up to 8 m/s;

and shock and surface waves up to 30 m
high with blast columns reaching the floor
of the lagoon (approximately 70 m depth)

Coral reefs in the Bikini Atoll recovered
40 years after the end of tests, although
with some biodiversity changes
(Richards et al. 2008)

“While nuclear testing is devastating on an
acute timescale, it may prove to be
beneficial to the local ecosystem over a
more chronic duration through human
exclusion” (Lawrence et al. 2015)



MPAs and restoration projects

% area covered
2000: 0.4% = Seaprs
201 9: 78% - Saltmarsh
2030 300/0 @ Coral reef
2050: 50%

-h
W
o
o

|

5 ® Kelp

& Oyster reef

(oyster reefs)

(0Z02) ‘Ie 10 auenq

Cumulative number of projects
Cumulative number of projects

T
N
o
o

o

0- o9
T T
2000 2010 1960 1970 1980 1990 2000 2010 2020
Year

I T T
1970 1980 1990
Year

© Coral reefs
) Oyster reefs
) Kelp
Mangrove
Saltmarsh
) Seagrass

O
=
o
=3
@
®
—
L
—~
N
o
N
o
N



MPAs and restoration projects
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MPAs and restoration projects

% area covered Mediterranean Sea

2000: 0.4%

2019: 7.8% 0.17% 0.06 %

2030: 30% | 0.05% Not regulated

2050: 50% 0.02 % Unprotected
\ Poorly Protected

1.46% I Moderately Protected
B Highly Protected
B Fully Protected

1960 1970 1980 1990 2000 2010 2020
Year

Claudet et al. (2020)




Recoveries

Fish stock trends in B/B,,q (after 2000) Marine mammal population trends
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| 90° S i
180° E 180° W

Q.
o
=)

]

= Humpback whale (n), East Australia; 400
Sea otter (n), West Canada; 70
Northern elephant seal (births), West USA; 13
Guadelupe fur seal (n), Mexico; 51
Green turtles (n x 10), Japan; 1,190
= Leatherback turtle (n x 10), Virgin Islands; 190
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= Seagrass area (ha x 100), Connecticut USA; 0.1
= Baltic Sea cormorants (n pairs x 20); 3,304
= Baltic Sea grey seals (n x 3); 3,645
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Recovery wedges

No single solution for achieving substantial (50-90% of
past metrics) recovery of marine life by 2050

Recovery requires the strategic stacking of a number of
complementary actions, here termed recovery wedges:

e protecting vulnerable habitats and species

e adopting cautionary harvesting strategies

¢ restoring habitats

¢ reducing pollution

e mitigating climate change
The strength of the contribution of each of these wedges
vary across species and ecosystems

For instance, mitigating climate change is the critical wedge
to set coral reefs on a recovery trajectory, whereas
improved habitat protection and fisheries management are
the critical wedges for the recovery of marine vertebrates
and deep-sea habitats



Roadblocks

e A number of roadblocks may delay or prevent e failure to reduce pressures other than
recovery of some of the critical components: climate change mitigation

e Climate change is the critical backdrop e unexpected natural or social events
against which all rebuilding efforts will play e growing human population will create
out. Much stronger efforts to reduce the additional demands for seafood, coastal
gap between target and projected space and other ocean resources
emissions under the present voluntary e Substantial to complete recovery (60-100%
NDCs is a challenging but not impossible increase relative to the present) appears
task realistic and achievable for most components

* Need to consider unavoidable impacts e Partial to substantial recovery (10 to >50%)
brought about by ocean warming, can be targeted for deep-sea habitats, where
acidification and sea-level rise already slow recovery rates lead to a modest
committed by past emissions, even if the rebuilding scope by 2050, and for coral reefs,
climate mitigation wedge, represented by where existing and projected climate change
the Paris Agreement, is fully implemented. severely limits the rebuilding prospects

e Natural variability and intensification of
environmental extremes



Necessary investments and expected returns

e Substantial rebuilding of marine life by 2050 ® Rebuilt fisheries alone could increase the
requires sustained effort and financial support: annual profits of the global seafood
e at least US$10-20 billion per year to reach industry by US$53 billion
protection of 50% of the ocean space plus ¢ A global rebuilding of exploited fish stocks
substantial additional funds for restoration could increase fishing yields by 15% and
e Benefits: considerable economic return (x10) and profits by about 80% while reducing bycatch
in excess of one million new jobs: mortality
 Rebuilding fish stocks can be achieved by * Conserving coastal wetlands could save the
market-based instruments, such as insurance industry US$52 billion annually
rationalizing global fishing subsidies, taxes while providing additional benefits of carbon
and catch shares, to end perverse incentives sequestration, income and subsistence from
and by the growth of truly sustainable harvesting, and from fisheries
aquaculture to reduce pressure on wild e Ecotourism in protected areas provides 4-12
stocks times greater economic returns than fishing
e Whereas most regulatory measures focus on without reserves (for example, AUS$5.5 billion
commercial fisheries, subsistence and annually and 53,800 full time jobs in the Great
recreational fishing are also globally Barrier Reef Marine Park)

relevant and need to be aligned with
rebuilding efforts to achieve sustainability



Global pressures on marine life and governance

Opportunity to rebuild marine life

Efforts to slow down pressures
Sharp increase in pressures on and decline in marine life

Rebuilding Debate on whether industrialized International Convention CITES (1975) UN Conference on

marine life fishing could lead to permanent for the Prevention of IWC Whaling Environment and
exhaustion of fish stocks Pollution from Ships Moratorium Development (1992)
(International Fisheries Exhibition, (MARPOL, 1973) (1982) UNCBD (1993)

London, 1883) Geneva Convention on UNCLOS (1982) UN SDGs (2015) and

Electric and gas the Law of the Sea (1958) Paris Agreement of
street lights reduced IPCC established UNFCC (2016) adopted

1890 hunting for animal oil 1920 (1988)

Hunting Maximum

Fishing High

Deforestation

Habitat loss Medium

Pressure scale

Fertilizer, plastic and synthetic chemicals

Climate change

Pressures on Steam engines Petroleum industry develops  Onset of large-scale Climate dynamics can Warming-induced
marine life applied to industrial production ~ no longer be reproduced global coral-bleaching
fishing boats of fertilizer, plastic and  without invoking human events
synthetic chemicals perturbation
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Assessment— 18 ocean-based measures

Assisted evolution /e Conservation

Assisted evolution and genetic Protect marine and coastal habitats and
modifications ecosystems, e.g. through marine protected areas

Marine renewable energy Pollution Restoration and

Ocean energy substitution for reduction enhancement

fossil energy From all sources, i .
including land and rivers g;gaebé?sf;ét%%syswms Ps Community-based

services; ecological adaptation
Reduce atmospheric I | e assisted Eg. cg-management of food
pollution — | v' ' ' ' harvest resources, traditional
o knowledge inclusion
Reduce emissions of gases and black . . .

carbon from shipping Supportlng blologlcal

and ecological
Carbon capture and storage _ly adaptation Infrastructure-based

Sequestration of CO, underground adaptation
under the sea floor E.g. seawalls and dykes

Marine bioenergy with
carbon capture and storage —— VA

Marine plants burnt t t . i . .
and resulting GO, is captured and stored Addressing the Enhancing ¢ Relocate and diversify

causes of societal econom.lc act|V|.t|es
E. gL.I relocation of shellfish

climate change adaptation Tdiosl, delisly puveit ey
‘ourism products

Restore and increase
coastal vegetation ————— A®
Restoration and conservation of coastal

vegetation to enhance CO2 uptake and
avoid further emissions

Relocate people

Either internally (i.e. at a local
scale or withinthe country) or
internationally

Enhance open-ocean
productivity =] A

Adding nutrients and cultivating n;?armg Solar radiation

management

Enhance weaaﬂ(r;?irrl]?zga agg A * * ° Improve risk-reduction

olicies
Addition of alkal/ni}v to enhance CO P i
removal and/or carbon storagé E.g., through improved early

Cloud brightening Surface albedo enhancement warning systems, or urban

. . . ) regulfations in flood-prone areas
Adding cloud condensation nuclei to the lower Increase surface ocean albedo by producing
atmosphere to enhance cloud brightness and longevity long-lived ocean foam

/0 | Main areas V¥ Mitigation (reducing sources of GHG) @ Adaptation
Nature-based solutions of action A wmitigation (increasing sinks of GHG) % Solar radiation manipulation

(6102 ‘8102) "le 10 osnyes




Assessment— 18 ocean-based measures

Assisted evolution Conservation

Assisted evolution and genetic Protect marine and coastal habitats and
modifications ecosystems, e.g. through marine protected areas

Marine renewable energy Pollution Rostoration and

Ocean energy substitution for reduction enhancement

fossil energy From all sources, i .
including land and rivers g;gaebé?sf;ét%%syswms Community-based

services; ecological adaptation
Reduce atmospheric I | e assisted Eg. cg-management of food
pollution — | v' ' ' . harvest resources, traditional
o knowledge inclusion
Reduce emissions of gases and black . . .

carbon from shipping Supportlng blologlcal

and ecological
Carbon capture and storage _ly adaptation Infrastructure-based

Sequestration of CO, underground adaptation
under the sea floor E.g. seawalls and dykes

Marine bioenergy with
carbon capture and storage —— VA

Marine plants burnt t t . i . .
and resulting GO, is captured and stored Addressing the Enhancing ¢ Relocate and diversify

causes of societal econom.lc act|V|.t|es
E. gL.I relocation of shellfish

climate change adaptation Tdiosl, delisly puveit ey
‘ourism products

Restore and increase
coastal vegetation A®
Restoration and conservation of coastal

vegetation to enhance CO2 uptake and
avoid further emissions

Relocate people
Either internally (i.e. at a local
scale or withinthe country) or
internationally

Enhance open-ocean
productivity =] A

Adding nutrients and cultivating n;?armg Solar radiation

management

Enhance weaaﬂ(r;?irrl]?zga agg A * * ° Improve risk-reduction

olicies
Addition of alkal/ni}v to enhance CO P i
removal and/or carbon storagé E.g., through improved early

Cloud brightening Surface albedo enhancement warning systems, or urban

. . . ) regulfations in flood-prone areas
Adding cloud condensation nuclei to the lower Increase surface ocean albedo by producing
atmosphere to enhance cloud brightness and longevity long-lived ocean foam

/0 | Main areas V¥ Mitigation (reducing sources of GHG) @ Adaptation
Nature-based solutions of action A wmitigation (increasing sinks of GHG) % Solar radiation manipulation

(6102 ‘8102) "le 10 osnyes




Clusters of ocean actions

Ocean-based measures

Marine renewable energy
Carbon capture and storage
Reducing atmospheric pollution

0000

>
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Pollution reduction

Community-based adaptation

Conservation

Restoring and enhancing habitats
Improving risk-reduction policies

Restoring and increasing coastal vegetation
Infrastructure-based adaptation

Relocating & diversifying economic activities
Relocating people

Assisted evolution

Bioenergy with carbon capture and storage
Enhancing open-ocean productivity
Enhancing weathering and alkalinization
Cloud brightening

Surface albedo enhancement

008

Address the causes of climate change 0: Mitigation (reducing sources of GHG)
0: Mitigation (increasing sinks of GHG)

0: Solar Radiation management

(6102) ‘|e 10 osnpeo

Address the impacts of climate change @: Ecological/Societal Adaptation




Clusters of ocean actions

Policy clusters

Decisive

- Already implemented in the
real-world

- High effectiveness to
reduce climate-related
ocean drivers globally (for
mitigation actions)

- Range of low to high
effectiveness to reduce
impacts/risks locally

- Relatively limited uncertain-
ties, and few disbenefits

Unproven

- Currently at concept stage

- Potentially low to moderate
effectiveness to reduce
climate-related ocean
drivers globally

- Potentially low to moderate
effectiveness to reduce
impacts/risks locally

- Potentially low-to-
moderate disbenefits

Low Regret

- Already implemented in
the real-world

- Low effectiveness to
reduce climate-related
ocean drivers globally

- Moderate-to-high
effectiveness to reduce
impacts/risks locally

- High non-climatic co-
benefits and no-to-very-
limited disbenefits

Ocean-based measures

Marine renewable energy

Carbon capture and storage

Reducing atmospheric pollution

Pollution reduction

Community-based adaptation

Conservation

Restoring and enhancing habitats
Improving risk-reduction policies

Restoring and increasing coastal vegetation
Infrastructure-based adaptation

Relocating & diversifying economic activities
Relocating people

Assisted evolution

Bioenergy with carbon capture and storage
Enhancing open-ocean productivity
Enhancing weathering and alkalinization
Cloud brightening

Surface albedo enhancement

Address the causes of climate change 0: Mitigation (reducing sources of GHG)

O: Mitigation (increasing sinks of GHG)
6: Solar Radiation management

Address the impacts of climate change @: Ecological/Societal Adaptation
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Conserve and sustain what is left: no longer
acceptable

Sustainable Development Goal 14 of the United
Nations aims to “conserve and sustainably use the
oceans, seas and marine resources for sustainable
development’

Here we document the recovery of marine
populations, habitats and ecosystems following past
conservation interventions

Recovery rates across studies suggest that
substantial recovery of the abundance, structure
and function of marine life could be achieved by
2050, if major pressures—including climate change—
are mitigated

Rebuilding marine life represents a doable Grand
Challenge for humanity, an ethical obligation and a
smart economic objective to achieve a sustainable
future



