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Segun la Convencién Marco de las Naciones Unidas sobre el Cambio Climatico (CMNUCCQC),
Cambio climético (CC) se define como:

“Cambio de clima atribuido directa o indirectamente a la actividad humana que altera la composicion de la
atmosfera global y que se suma a la variabilidad natural del clima observada durante periodos de tiempo
comparables”

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into space’ r’ into space

http://lwww.c2es.org/science-impacts/basics/kids
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Our changing climate

Climate has always been changing, e.g. several glaciations through the
history of earth.

Temperature Change (C.)
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Prueba Contundente del Calentamiento Global

95% certainty that humans are the
main cause of recent warming
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Global warming is mostly oceanic!!!!
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The oceans assimilate
approximately 80% of the heat
of the planet and about
30% of the CO2.
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Ocean warming hotspots areas in the top 10% for rate of
warming

NIVA- Pecl & Hobday, 2014
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There is less oxygen available
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Greater stress on animals NG

Species life stage

More stress makes animals more
susceptible to disease

Climate impacts on marine systems

Less energy available to
reproduce
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Global change in maximum fisheries catch potential from 2005 t02055
under climate change scenario

Change in Catch Potential (% relative to 2005)
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Cheung, W.W.L., Lam, V.W.Y., Sarmiento, J. L., Kearney, K., Watson, R., Zeller, D. and Pauly, D. 2009.
NII/' Large-scale redistribution of maximum fisheries catch potential in the global ocean under climate change.
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Global Change Biology.



B Concentrations doubled by 2100
I Concentrations remain at 2000 levels
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The two scenarios represent possible greenhouse gas emissions. In the first scenario, emissions continue to grow in
their current trajectory and will double by 2100. The second scenario assumes that greenhouse gas concentrations

remain constant at 2000 levels.

leld Cheung, W.W.L., Lam, V.W.Y., Sarmiento, J. L., Kearney, K., Watson, R., Zeller, D. and Pauly, D. 2009. Large-scale
redistribution of maximum fisheries catch potential in the global ocean under climate change. Global Change Biology.



Impacts of marine
changes in distribution
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World capture fisheries and aquaculture production
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89% occurs in Asia,
mostly in tropical and
subtropical ecosystems
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MILLION TOMNES

M Aquaculture production
M Capture production

The global output in 2014 from aquaculture:

Fish, molluscs, crustaceans and other aquatic animals= 74 million tonnes (USD
160.2 billion)

*Cultured seaweed ang_mother aquatic plants= 27.3 million tonnes (USD 5.6 billion)
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RELATIVE CONTRIBUTION OF AQUACULTURE AND CAPTURE FISHERIES TO FISH
FOR HUMAN CONSUMPTION
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GLOBAL CAPTURE FISHERIES AND AQUACULTURE PRODUCTION TO 2025
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Equally, fishery and aquaculture
fish supply for human consumption

T )(’7, i}v Future challenges related to climatic

variability for aquaculture production
and sustainability



Physical impacts of climate change on aquaculture

Changes in monsoons
and occurence of extreme
climatic events

Global warming and
temperature increase

Sea level rise Water stress

Ocean productivity and
changes in circulation
patterns

SW FW
aguaculture aguaculture
P

lel" De Silva & Soto (2009)

Changes in hydrological
regimes in inland waters

Ocean acidification
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Figure 1.3c Resilience of the species with highest volume in European fisheries, aquaculture, and lakes & ponds production
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Ocean acidification (OA)

« Shellfish are considered among the most vulnerable organisms in a more acidic

ocean due to their reliance on calcium carbonate (CaCO,) shell.

 Physiological challenges to compensate for low pH by upregulating calcification

internally, impacting growth, reproduction and other processes.

OA impact pathway for shellfish

. Oceans absorb about % of
d anthropogenic CO, emissions




Sea level rise

Shrimp/finfish farming in the Mekong delta
as case study.

Physiological challenges for shrimp
species.

Upstream translocation of aquaculture
facilities.

Impacts on rice culture.
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Changes in ocean productivity and
circulation patterns

Aquaculture can be affected by changes in nutrient
supply due to changed vertical stability and exchange.

Harm algal blooms (HABs) and jellyfish blooms can
increase due to ocean warming.

Changes in runoff patterns also increase nutrient
supply to coastal areas.
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Changes in monsoon patterns and occurrence of extreme
events

« Impacts on aquaculture:

- Physical destruction of facilities.
- Loss of stocks.

- Scape of cultured exotic species.
- Spread of diseases.

S |

Damaged inshore cages after a
typhoon in China

= Open salmon pen after post-tropical
storm Arthur, Nova Scotia, Canada

N I W (http://thechronicleherald.ca/opinion/1226208-what-open-pen-salmon-can-learn-from-landlubber-lobster



Water stress and changes in
hydrological regimes in inland waters

Changes in water quantity and quality for

freshwater and brackish water aquaculture. The hydrologic cycle

Saline intrusion and changes in precipitation
patterns.

Gross changes in habitats where extensive
aquaculture occurs (e.g. wetlands).

Saline intrusion and physiological and reproductive
challenges of species.

Groundwater flow ."

Intensive farming such as salmon farming can be
highly impacted given high demands of water
quality and guantity.
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Indirect impacts of Climate Change on world
aquaculture

Effects of
diseases

Fish meal and
fish oil supply

N &

AQUACULTURE

Other ingredients
used in Impacts on

aquaculture biodiversity

lel" _- De Silva & Soto (2009)



« The importance of aquaculture as user of fishmeal has grown substantially
as a result of the industry’s rapid growth since the 1980s

FIGURE 1.5: Global Fishmeal Use
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Projections of anchovy landings in northern
Chile under climate change scenarios
(Yanez et al., 2014)
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Climate change and Chilean economic resources
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Potential impacts of climate change on
Chilean fisheries and aquaculture are
related to interanual variability of ENSO
and Pacif Decadal Oscillation (PDO)

There are important gaps in knowledge
on how fishery and aquaculture may
respond and cope under climate
change in Chile.

There is an urgent need for research,
R&D and multidisciplinary groups for
tackling major issues of climate change
on Chilean aquatic resources

LA ECONOMIR DEL
EN CHILE

Cepal 2009



Chilean salmon farming as a case study

Production by species and FOB (USD)
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Salmon farming as a case study
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Mean sea surface temperature projections
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Perception of salmon farmers on climate change in
Chile

Impact of increasing water temperature on farming and production factors
(seawater in on-growing sites):
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Salmon farming as a case study
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Salmon farming as a case study
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FW production systems for smoltification in Chile

centros de esmoltificacién
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Elaborated by: Patricio Feest, SalmonExpert
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Total FW facilities registered until June 2015: 316
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National trends in FW inlets of land-based facilities
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Current changes that we are facing...

Precipitacidon total anual de Pto. Montt

TendencialLineal = -91 mm/decada
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Puerto Montt vivio el junio mas seco
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récord histérico y que no existen precedentes de este fenomenc
desde 1950.
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Anual -90 mm/decada
Invierno -31 mm/decada
Primavera -21 mm/decada
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and quality

Hydric deficit and FW land-based facilities in Chilean
salmon farming

salmonexpert.c!\

L A =MENU NEWSLETTER  SERVICIO AL CLI§
There are uncertainties on how current i o | »
changes in rainfall patterns may affect FW e
production in Chile. -\ | cones 022

Facing challenges in terms of water quantity

The risk associated with water quality/quantity
changes by current hydric deficit can be also
dependant on farming conditions (biomass,
flow rates, biomass/flow ratio)

Déficit hidrico preocupa a la industria
salmonicultora

Chile: La escasa agua caida en la zona y un escenario de mucha incertidumbre en el
r— '*‘ﬁ; pronodstico meteorolégico, ha generado preocupacion en los salmonicultores, ya que Ia [
; sequia no sélo puede reducir la cantidad de agua que abastecen las pisciculturas, sino

también su calidad.

Autor: B2 Patricio Faest



Water quality and fish welfare

‘The bad guys’

‘The good guys’

A4 4
Ca/ Toxic
Mg Protective parameters
parameters

= e g How the protective/toxic parameters
are seasonally modified by climate (e.g

NIV3- o rainfall)?



Effects of floods In rivers

of Southern Chile.

Al-D vs. pluviometry
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An integrative model
(environment — fish- producer)

Basal conditions

Climatic variability
Water inlets

l Water quantity/quality

‘ Fish
Water tanks
physiology/welfare
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Adaptation to Climate Change

Prueba Contundente del Calentamiento Global
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What is adaptation?

Process to enhance, develop, and implement strategies to moderate,
Increase the resilience, and take advantage of the consequences of

climatic events.

Adaptation is the principal way to deal with the unavoidable impacts of

Climate Change. '

Manage risks — minimise losses and maximise opportunities

NIVz-



Factors to consider when developing
adaptation options

« How different groups of stakeholders (or jurisdictions) weight objectives.

« Conflict which may act as barriers to implement adaptation actions.

1. Maximise 2. Maximise 3. Ensure 4. Strengthen

wellbeing of economic environmental and
communities performance ecosystem values

management and
governance

* Identifying weighted management objectives

* Obijectives determined through workshops (managers, industry, scientists).

» Relative importance established with port-workshop survey Analytical
Hierarchy Process.

o

B e

lel"‘ Jennings et al., in review



Examples of adaptation in aquaculture — ClimeFish Project

< 4

(www.climefish.eu)

Co-creating a decision support framework to ensure sustainable fish ClimeFish

production in Europe under climate change
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Develop the ClimeFish Decision Support Framework
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http://www.climefish.eu/

Evolution from conventional fisheries and aguaculture management to
cross-sectorial integrated approaches
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Muchas gracias!




