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PICES FUTURE PROGRAM:

Forecasting and Understanding Trends,
Uncertainty and Responses of North Pacific
Marine Ecosystems
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2013 MEETING THEME:

Communicating forecasts, uncertainty and
consequences of ecosystem change

Products Tools Uncertainty Human dimensions
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WHERE IS THE WISDOM WE HAVE LOST
IN KNOWLEDGE?

WHERE IS THE KNOWLEDGE WE HAVE
LOST IN INFORMATION?

T.S. Eliot
The Rock (1934)
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2013 MEETING THEME:

Communicating forecasts, uncertainty and
consequences of ecosystem change

Products Tools Uncertainty Human dimensions

Facts Application of facts Wise use

(Information) (Knowledge) (Wisdom)
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Goal of this presentation

To describe what success might look like for
FUTURE, using examples from a Canadian and
NE Pacific perspective

l*l Fisherles and Oceans  Paches et Océans Perry, 2013 PICES Annual Meeting, Session S1, Nanaimo, 14 October 2013
' Canada Canada



Goal of this presentation

To describe what success might look like for
FUTURE, using examples from a Canadian and
NE Pacific perspective

 What are current and expected conditions and
pressures; and

 What are possible futures for Canada’s Pacific
waters?
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PRODUCTS (“INFORMATION")
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PRODUCTS (“INFORMATION?”)

HOW ARE CANADIAN PACIFIC
MARINE SYSTEMS CHANGING?
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BC coastal waters have been
getting warmer and fresher, but
with interannual variability

Temperature

Pine
Island

Kains
Island

Departure Bay
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Zooplankton seasonality has been shifting earlier

Trend towards
earlier date of
maximum biomass
~ of key food web
~ copepods,
~ associated with
~ warming ocean
~ climate

Courtesy D. Mackas
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Pacific herring population abundance in BC
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Pacific herring size-at-age has been declining along
the BC coast since the 1990’s

Strait of Georgia

Weight (9)

Boldt et al.
2013. DFO
State of the
Ocean Repit.
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Some salmon species have declined; others have

incregsed
Fraser River Sockeye salmon ¢
annual productivity > " Coho salmon
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Many marine mammal populations have been

INncreasing
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Summary (so far) - Products

* Long-term warming and freshening, but with year-
to-year variability

« Seasonal cycles of major zooplankton species are
shifting earlier

* Abundances of key forage fish species such as
herring are low in many areas of BC coast, even
with no fishing

« Salmon which feed lower in the food web have
generally been doing well; those feeding higher in
the food web have been doing less well
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Regular status and trends reports

Canada PICES
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TOOLS
(“INFORMATION / KNOWLEDGE”)
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TOOLS
(“INFORMATION / KNOWLEDGE”)

HOW TO LINK PRESSURES TO CHANGES
WHEN THERE ARE MULTIPLE INTERACTING
FACTORS AND DATA LIMITATIONS?
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Network models to identify indicators for Coho salmon
early marine survival

Probabilistic
causal
(Bayesian)
Network
model to
identify

- indicators for
early marine
survival of
coho salmon
in Strait of
Georgia

Spring Bloom Time =

Hatchery Smolt

Araujo et al. 2013
Prog. Oceanogr
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Network models to identify indicators for Coho salmon
early marine survival

Diagnostic
value

Zooplankton biomass 0.212
anomaly
Calanoid copepod biomass 0.083
Herring biomass (pre- 0.073
fishery) Bayesian network model
Water temperature 0.056 The 3 best indicators of coho
Fraser peak discharge time  0.043 early rrar:(r;e sg!'wval:

L  zooplankton biomass
Euphausiid biomass 0.032 anomaly,
ENSO 0.029 » calanoid copepod biomass,
PDO 0.021 » biomass of herring
Log spring bloom time 0.006 Araujo et al. 2013 Prog. Oceanogr
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Ecological Risk Assessment Framework

[ Activity ] Generic Pathways of Effects model

l l 1) Determine which activities
Stressor Stressor and stressors interact with
' each important ecosystem

l : .
@ component;
Effect Effect
2) Develop area-specific
Pathways of Effects models;

@ 3) Score and rank the most

significant stressors for
each important ecosystem
component

Valued
ecosystem
component

Valued
ecosystem
component

Valued
ecosystem
component

O et al. 2013. CSAS Res Doc.
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Cumulative risk scores for impacts of human activities
on selected ecosystem components [BC North Coast]

Human
activities:
aquaculture,
settlements,
harbours, ports,
shipping, log
dumps, fisheries
(dive, sport,
gillnet, seine,
trap, trawl, troll,
longline),
tourism

sponges, crab, salmon

Clarke-Murray et al.
2013. In revision
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Trophic level

[ A
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Fish-focussed food web models: Strait of Georgia

Ecopath with Ecosim (EwE) model food web for 2009
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Fish-focussed food web models: Strait of Georgia

Primary production ‘anomaly’ back-calculated from the EwE
model, and spring-summer winds at Vancouver airport

Declining
productivity
of the Strait
of Georgia
since 19907

Primary Production Anomaly

Wind anomaly
Preikshot et
al. 2013
Prog.
Oceanogr
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Tools of the Future: Novel genomic technologies

DNA PROTEL

Microarrays scan the
activity of 10’s of 1000’s of

genes at once
Identify genomic signatures that describe the condition of

individual fish
« Under physiological stress, responding to infections or disease
* Feeding or starving, growing fast or slow

Massively Parallel Sequencing
« Ecosystem monitoring: analyse individuals/samples to rapidly
monitor all biological agents (e.g. plankton, microbes,

pathogens, invasives) Courtesy Kristi Miller
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Summary (so far) - Tools

 When long data series are available, use statistical
models to identify links between natural/human
pressures and ecosystem changes, and develop
iIndicators

« Use conceptual pathways-of-effects models based
on data or local/expert knowledge to identify
significant stressors on ecosystem features

« Simulation models can be used to explore our
understanding of how ecosystems work and
change, and identify gaps
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DEALING WITH UNCERTAINTY
(“KNOWLEDGE?”)

=

. v
.
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deg C/century

Running 20 year trends . .
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IPCC projections are for continued warming
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Downscaling future projections from global climate
models to regional (BC) waters

Sea surface
temperature
anomalies are
monthly-averaged
differences 2065-
2078 minus 1995-
2008

Warmer everywhere

Bigger differences
(>1.5°) in winter

Foreman et al. In Press.
Atmos-Ocean
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Downscaling future projections from global climate
models to regional (BC) waters

Sea surface
temperature
anomalies are
monthly-averaged
differences 2065-
2078 minus 1995-
2008

Generally fresher

Some timing
changes produce
saltier regions

Foreman et al. In Press.
Atmos-Ocean
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Trophic level
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Fish-focussed food web models: Strait of Georgia

Ecopath with Ecosim (EwE) model food web for 2009
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Projecting climate impacts on fish-focussed food
webs

Optimistic assumption (Earth System Model 2M, rcp26):
CO, emissions under control in next two decades.
Increase in SST of 0.5-1°C by 2060.

Pessimistic assumption (Earth System Model 2M, rcp85):
CO, emissions continue to increase linearly.
Increase in SST of 1-1.5°C by 2060.

Climate Drivers: Temperature, Chl a, Dissolved Oxygen, pH
Resample primary production (Chl a) many times under
optimistic and pessimistic assumptions to produce a
probabilistic distribution of potential future ecosystem

states
Courtesy: Dave Preikshot et al.
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Projecting climate impacts on food webs

—iistoric  Killer whales .. Killer whales
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Projecting climate impacts on food webs

—iistoric  Killer whales .. Killer whales
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Summary (so far) — uncertainty and future projections

 Warming trend is predicted overall, but on time
scales <20 years cooling trends are almost as likely

* 40 years from now, predict warmer and fresher
everywhere, especially in winter

* QOutcomes for species at top of food web are
uncertain: could be better, or worse, than now

 worst situation would be several consecutive
years with low abundances — ratchet effect
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HUMAN DIMENSIONS OF MARINE
ECOSYSTEM CHANGE

(“WISDOM”)
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I

People as drivers of change: Human population
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Testing Scenarios: Management Strategy Evaluation

Courtesy Rob Kronlund
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Scenarios as tools to project possible futures and
model alternative management actions
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Seafood security of First
Nations peoples on
Vancouver Island

8 kg/yr - Canadian average

Source: Tom Child. 2008. In: Ross and
Child. VIU Workshop Rept., 2008
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Livelihood security in BC fishing industry

Employment in fish processing has been supported by
imports of raw products for processing, diversification into
different species, and processing of aquaculture products
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Responses of fishing-dependent human communities
to changes in marine ecosystems

- at short time scales (coping strategies):
* intensification of fishing
« diversification to other species and gears
 migration to follow the fish
* hibernation (family and social assistance)

« at longer time scales (adapting strategies):
 education and skills upgrading
« diversification to other industries
e political action
« abandonment of the community

Perry et al. 2011 Fish & Fisheries
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Communications: transforming
information to knowledge to wisdom

 Communicating What?

« Communicating Why?
 Communicating to Whom?

« Communicating How?
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Canadian Science Advisory Secretariat (CSAS)

CSAS

|nfmma1.uun overviews
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DFO’s Science Peer Review and Advisory Process

CSAS approach is based on the SAGE (Scientific Advice
for Government Effectiveness) Principles and Guidelines:

« Early Issue Identification

Inclusiveness

Transparency

Sound Science and Sound Advice

Communication of Uncertainty and Risk

Review (the process and as science advances)

To provide sound, objective, impartial science advice
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DFQO’s Science Peer Review and Advisory Process -
Products
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WHERE IS THE WISDOM WE HAVE LOST
IN KNOWLEDGE?

WHERE IS THE KNOWLEDGE WE HAVE
LOST IN INFORMATION?

T.S. Eliot
The Rock (1934)
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Conclusions:
Canada as a Case Study for FUTURE

“Information”
« Canadian marine ecosystems are changing in important ways
* we are observing and reporting these changes

“‘Knowledge”
 Tools to identify and integrate multiple stressors and their
effects on Canadian marine ecosystems
* Projections of future conditions including uncertainty

“Wisdom”

* “Human Dimensions” as drivers of change and support of
food and livelihood security

 Tools to test management actions in uncertain futures

« Communication is key
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What can we do —
individually, and as members of PICES?

Marine environmental change matters to people

As individuals:

» |Integrate People as drivers, and recipients, of ecosystem
change, and effects on human well-being, into our research

» Seek opportunities to communicate our results to a wide
range of audiences using plain language

As PICES:

* Provide accessible summaries of ocean conditions

« Develop community tools for understanding stressors and
Impacts

« Prepare Science Advisory Reports on important topics
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