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Large-scale policy goal

Healthy marine social-ecological systems that:

- maintain desirable ecosystem services, such as:
 human food security (the supply of food from the sea)
* the role of the marine ecosystem in the global carbon cycle
« ability to process and dispose of wastes

- maintain the ability to support human livelihoods, such as:

o ability of people to obtain sustenance (economic, social,
cultural, spiritual) from the sea

e reduction of poverty

] Fcheries and Coeans - Peches et Océens Perry et al., Climate Change Effects on £ "1\ GLOBAL

Canada Canada Fish & Fisheries. Sendai, Japan, 2010 XEEF TIANC.L

W %:; 3



Drivers of change in marine social-ecological systems

I

Biophysical drivers:

Human drivers:

e environmental variability e fishing

climate trends (change)

acidification

changes in oxygen concentration
Internal ecosystem dynamics
(predator-prey; disease)

Fizheries and Oceans
Canada

P&ches et Océans
Canada

habitat degradation

e contaminants

Introductions of exotic species
mineral extraction

o demographic changes

e economic changes

* market / trade changes

e infectious diseases
 societal and international
agreements

law and property relations
 policy changes
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[] Coping range

Smit and Wandel 2006. Global Environ. Change
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Case Studies in which:

* large scale atmospheric/climate changes and/or intensive
fishing led to significant marine ecosystem changes

e
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Synthesis of responses of fishing-dependent
human communities to global changes

e at short time scales

(coping strategies — relatively quick to start, somewhat reversible):
e intensification of effort
« diversification of species and gears fished
e migration
* “hibernation”

e at longer time scales

(adapting strategies — slower to implement, difficult to reverse):
* political reform
 capacity building
e restructuring
e community closure
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Variability of past marine ecosystem changes has
been relatively small

"From all available records, changes in the physical
environment and on basic ecosystem levels have been subtle
over the last two millennia: sea surface temperatures and sea
surface salinities in most regions that have been studied
changed by at most 10% (SST 2 °C, SSS 3-5 psu). Primary
productivity ... in these regional to local environments may
have fluctuated by 20-30%."

Emeis et al. 2010. J. Marine Systems
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Several factors complicate predictions of climate
change impacts

* local expressions of global-scale predictions
e e.g. details of changes in fish distributions; threshold effects

o disruption of existing communities as species respond at
different rates to warming conditions

e changes of seasonality — mismatch of life cycle timing

 uncertainties about how nutrient inputs and productivity
will respond to warmer conditions

 declines in adaptive capacities of marine ecosystems to
climate change due to effects of fishing and habitat loss,
e.g. shorter life spans, loss of sub-populations

Result Is: increased uncertainty
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Climate change impacts will not occur all-at-once

Rapid time scales (a few years)
* increasing temperatures — negative impacts on fish physiology:
» changes in distributions of marine species,
» changes in timing of life history events - short life span, rapid
turnover species (plankton, squid, small pelagic fishes) likely most
affected.

 Intermediate time scales (years to a decade),
» temperature-mediated physiological stresses and phenology
changes impact recruitment success and abundances.
» changes in abundance alter species composition, with possible
consequences for ecosystem structure and productivity.

* Long time scales (decade +),
 predicted impacts depend upon changes in oceanic net primary
production and transfer to higher trophic levels.
» models show high variability so predictions have low confidence.
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Important to consider climate change relative to other
drivers of change in marine social-ecological systems

Climate Change likely greater, but less immediate, challenge for
* highly-regulated (managed) systems,
* slowly varying (e.g. higher latitude) systems

Other Drivers of Change (e.g. fishing, strong environmental

variability) likely more immediate challenges for
 poorly-regulated (managed) systems (South China Sea?),
* highly variable (e.g. small-pelagic upwelling?) systems
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Human social systems

| Reduce overall fishing pressure

Adopt a livelihoods approach

~ | Shift exploitation to functional
| groups (& new fishing opportunities)

Current policies may not be
appropriate under climate change

Do not focus on biomass alone:
maintain life spans; sub-populations

Increased uncertainties require
more monitoring

Adapt fishing and stock rebuilding
to current productivity conditions

Governance:; active communication
and involvement with stakeholders

Do not decrease trophic level of fish
communities
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New agreements may be needed
for special problems (e.g. migratory
stocks)
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How to maintain marine ecosystem services and
support human livelihoods? (1)

 Climate change is but one of many drivers of change in marine
social-ecological systems

 Climate change impacts: overall theme Is uncertainty (= Surprise!)

 Climate change likely to appear first as environmental variability,
 usual human social system coping mechanisms will apply

At longer time scales as changes persist and move beyond
“normal” conditions, human social systems will need to adapt

 Managing human drivers of change will help mitigate climate
change impacts (e.g. EBM: “do first things first”)

e Are current human strategies to cope with and adapt to
environmental variability proxies for adapting to climate change?
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How to maintain marine ecosystem services and
support human livelihoods? (2)

Develop and promote capabilities for observing, assessing, and
adapting marine social-ecological systems to change:

 observing systems (for entire social-ecological system)
 coupled physical-biological-human social system modelling
e iIndicators
 regional assessments
e marine management tools, e.g.

= ecosystem-based management

= stock rebuilding strategies that take account of changes
In marine productivity conditions

= marine protected area designs which take into account
future climate variability
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