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Ocean warming, acidification and deoxygenation
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The ocean has become:

e warmer (an increase in average temperature of 0.2°C at the top 300 m of
the ocean between the 1950s and1990s);

 with less sea-ice (summer Arctic sea ice extent 1s decreasing at 7.4% per
decade);

 more acidic;

* less oxygenated in some area, higher sea level, changes in primary
productivity.




Physical change in
the ocean

Biological / ecological
change in the ocean

* Physiology;
* Growth; &
* Body size.
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Climate change biophysical impacts

o T
VR e

2 VO RVAR @ - N
B G @ &7 e
VS
1"'»;;“ = ,y’"‘ N «Tl\».,Av“r'—ﬁ;\/‘/

low B!

Physical change in Biological / ecological

1) the productivity

2) distribution

of fish biomass 1n
the global ocean.
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Climate change implications

e It will result in changes in the following:
» Catches;
* Food security;
 Catch (landed) values;
* Cost of fishing;
* Profits to fishing companies;
* Income to fishers;

* The distribution of benefits to different countries, regions and
groups.

Sumaila et al. (2011) Nature Climate Change



Climate change implications for
fisheries economics and
management



Climate change, fish stocks, fisheries and
dependent human communities
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Two contrasting scenarios

* The current high emissions trajectory

(Representative Concentration Pathway 8.5,
RCP8.5); and

* A reduced emissions scenario (RCP2.6)
consistent with the Copenhagen Accord of
keeping the global atmospheric temperature
increase below 2°C in the 21st century.



Mean percentage change in maximum catch potential (MCP) and revenues
in the 2050s relative to current status under RCP 8.5 scenario
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The map is created using MATLAB R2012b, http://www.mathworks.com
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Lam, Cheung, Reygondeau, Sumaila. (2016) Scientific Reports



Percentage change (%) i in catch under

cllmate change
West Africa //we(stem Sahara \
0 / )
8% P ﬁ
715 99 |
[ | \\
N \\ ~
z; 14.4% \
\. i i = () o \; -
-21.6% | Mauritania | ‘
%, % [ |
P - ([S\;:le a\l oy b
Cape Verde
ambia —%

-22.6%

-53.3%
Scenarios

Low GHG emission

‘ High GHG emission

Lam, Cheung, Swartz, Sumaila (2012)§§mcan JMS



-10

-20

-30

-40

-50

-60

-70

-80

Impact on fisheries revenues in Pacific
islands under RCP 8.5 in the 2050s
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Methods: Paris Agreement
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Step 3: Objectives
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Supply and price effects of the Paris Agreement

« Effects on fishers’ revenues due to changes in:

Catch and
price

Sumaila et al. (2019): Science Advances



Outcomes of achieving Paris Agreement targets
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% Change in MCP with implementation of the Paris Agreement
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Management implications



Management implication of climate change

and ocean acidification
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Example: Change in landed values
in Mexican EEZ
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Sumaila, Lam & Cheung (in press)
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Implications for resource sharing/allocations
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Why is Britain braced for a mackerel war?

By Andrew McFarlane
BEC News Magazine

Fishery
Mackerel war could
hurt Iceland’s EU
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Mackerel stocks had recovered well during the past decac

Vou are here: Home — Breaking news — EU warns Tceland, Farces over 'mackerel war

EU warns Iceland, Faroes over 'mackerel war’

Britain is said to be bracing itself for a re-run of e — T — s e
Iceland - except this time the fish being fought ANALYSIS '
Yet, until recently, few were interested in a fish (BRUSSELS) - Ieeland and the Faroe Islands are
unclean. ovatfishing mackerel way above a level deermed
LEGISLATION  cafe forthe survival of the fish, the European
11710 19:42 CET

Union's executive arm said YWednesday.

. lceland's fishing policies, notably its refusal to
NEWS share its cod fishing waters, has heen identified
TICKER as atharny izsue to resaolve with the EU in the
Morth Atlantic island's hid to jointhe 27-nation

club.

Oliver Drewwes, the European Commission's spokesman for maritime affairs, said the
dispute over mackerel would be discussed with [celand and the Faroe Islands ata
technical rmeeting in September.

FUNDING

"They are owerfishing moare than which is justifiable on the basis of scientific evidence”
Drewes said at a news hriefing.
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Key messages

Fisheries are important to people;

Even without climate change, global fisheries,
In general, are in trouble;

Climate change will affect the biophysics of
the ocean;

It would therefore have implications for
fisheries economics and the management
ocean resources.



Fisheries contribution to climate change

Changes in fisheries catch, fisheries economics, fisheries
management, food security

Changes in community structure, trophic
interactions, biodiversity
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Sumaila et al. (2011): Nature Climate Change; Sumaila & 2020: Frontiers in Mar. Sc.



How an ocean full of life is
also climate action

Nutrients
‘Lemunpion
Phatcsprihess

Respiration

I oecompostion, egeiven

1 Trophic Cascade Carbon  Food web dynarmics help maintain the carbon storage and sequestration function of coastal marine ecosystemns {e.g. the
health of primary prod such as seag d and kelp forests (s maintzined by herbivory and predation).

1 Biomixing Carbon Turbulence and drag, associated with the movement of marine vertebrates, causes enhanced mixing of nutrient rich water
from deeper in the water column towards the surface, where it enhances primary production by phytoplankten and thus
the uptake of dissolved CO, .

3 Bony Fish Carbonate Bony fich excrete metaboliced carbon as ealeium carbonate (CaCO,) enhancing oceanic alkalinity and providing a buffer
against scean scidification.

4 Whale Pump Mutrients frorm the faecsl materisl of whales stimulate enhanced prifmary production by phytoplankton, and thus uptake
of dissalved 0,

5 Twilight Zene Carbon Mesopelagic fish feed in the upper ocean layers during the night and transpert censumed organie carbon to deeger
waters during daylight hours.

& Biomass Carbon Bdarine vertebrates stere carbon in the ocean as biormass throughout their natwral lifetimes, with larger individuals stering
proportienally greater amounts over prelonged tmescales.

T Deadfall Carbon The carcasses of large pelagic marine vertebrates sink through the water column, exporting carbon to the ocean floor
where it becomes incorporated into the benthic food web and s sometimes buried in sediments {a net carbon sink).

& Marine Vertebrate Barine vertebrates consume and repackage arganic carbon through marine food webs, which is transported 1o deep

Medisted Carban waters by rapidly sinking faecal material.



Ending overfishing is
climate action

* Ending overfishing now would:

— strengthen the ocean, making it more capable of
withstanding climate change; while contributing to
mitigating climate change;

— Briefly on fisheries subsidies.

* A healthy person is more likely to survive an
epidemic than a person who is less healthy, and
because of overfishing we have severely
weakened the ocean’s iImmune system;

 |n this way people and the ocean are not that
different.
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