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e Constant rate functions do not
vield good predictions
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Ecological
O

Consumption, Production

— Lowest trophic levels
Consumption
-> Production
-> Consumption

— Rest
Consumption ->

->(Maintenance+Behaviour+Growth+Reproduction)
->Consumption

Mortality

Linkages - Generalist
Overlap

— Spatial, temporal, behavioural
Elephants in the food web

— changing availability of consumables that cannot be corrected by
behaviour

— mortality unrelated to food
+% — changing transport
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Physical habitat

salinity

wind
fronts
mixing

sea ice
fast ice

nutrients
— air
— upwelling




facey
E?Ltinkages are a greater challenge than
physiology




Population lags Long

Life history Fixed Plastic

Behaviour Little behaviour Adaptive
Migration Constrained to patches Across patches

Mortality rate Relatively stable

Escapement of
low density food

lower

you Trophic level
GRS




Modelling Framework

Ecosystem Productivity Ocean Climate (EPOC)

Flexibility
Collaboration / Participation

— Ecologically intuitive but

unconstrained by theory Fishery

Multiple scales
(biota, space, time)

Evaluation platform

— field work Phytoplankton Phytoplankton
— model efficiencies

— management strategies
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Universe

Penguin Penguin Penguin

Whales : : .
colonies colonies (R4 colonies
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 Questions:
— impacts of climate change

— historical over-exploitation
and potential for recovery

— management and
conservation measures

e Modelling Approaches:
— evaluation (MSE)

— estimation & prediction
(hindcasting, forecasting)

e Data collection (CEMP)
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Regional variation in food webs &

(CCAMLR primary bioregionalisation 2007)




Small-scale management
(ecological) units

South Georgia
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Scotia Sea




Estimated
parameters

Estimation method
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Model structure

Standardisation

Input

Predicted
real world
states
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[Data]

[Field
method/
design]

Physical (real) world (Unknown)




Integrated approaches for
assessing climate change impacts




e salinity

e wind
e fronts
* mixing

e seaice
e fastice

e nutrients?
— air
— upwelling

LN
GRC




Biodiversity and habitats

Sea ice Land /
fast ice

TRy (R Oceanic Neritic

Benthic




Limacina helicina antarctica
Hopcroft/UAF/CoML




(Kawaguchi)

temperature impacts on
growth and reproduction

decline in sea ice juvenile

habitat

reduced escapement
from predators

less reproduction in low
pH




* increased
temperature
could move
distribution

south




Toothfish

Present

Cheung et al.

~Photo: AFMA




Zooplankton
Mesopelagic fish

* will they move with fronts

e sensitivity to changing environment
conditions — temp, pH (e.g. pteropods)

o different energy pathways
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* sea ice breeding platform
e foraging platform / prey availability




r pengu

e fastice breeding
platforms

e summer access to
feeding grounds
through sea ice

e prey availability




e summer access to
feeding grounds
through sea ice

e winter foraging
platform

e prey availability

= © Susan.Doust
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* seaice habitat
and feeding
locations

e prey availability

© Nick Gales
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e temperature
e pH - calcification

e detritus availability
(sea ice, pelagic)







Will bottom-up control
of primary production
change?

(efficiency of biological
pump)

What changes to
species will cause top-

down change?
(effects on biological

pump)

Foodwebs

4 4
1 1

Land-based
predators

Pack-ice
predators

Baleen whales

Icefish Myctophid Fish

n Krill «<—» Zooplankton

Protists
Sea lce

Ocean (nutrients/habitat)




Will alternative en
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pathways become im|

3

Mixed Layer

Protists

Larval metazoans

Life history size partition

Particulates

1% Very deep water
GRS




Key questions

* Will climate change (and ocean acidification) bring
change in gross primary production?
top down impacts on biological pump?

change in commercial species and a requirement to alter
management systems - krill, fish

change in the conservation status of species — whales, albatross,
petrels

— threats to biodiversity — emperor penguins, bryozoan reefs

 How fast are marine ecosystems (physical,
biogeochemistry, biology, ecology) changing?
— which predictive model is correct?
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Mean chlorophyll distribution in December - Sokolov & Rintoul (2007)




Key questions

How are physical habitats
and their dynamics going to
change?
— input to ocean/ice/atmosphere
models

— predictions for ecosystems

How will changes in biota
impact on ocean ecosystem

*r ~funct|on?

© A Constable




Monitoring climate
change impacts:

Establishing a Southern Ocean Sentinel program

WORKSHOP

20-24 April 2009

CCAMLR HEADQUARTERS
HOBART - TASMANIA
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 To consider how to measure, assess and
provide early-warning detection of climate
change impacts on the Southern Ocean and
how these could be used to signal future

impacts on marine and other ecosystems
elsewhere in the world.
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Monitoring Purpose

Measure change > Forecast Future Change

Ecosystem
Understanding
+

Scenarios

l

Indicators ~|Parameters + Model| => Assessment/Forecast
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Field measurements

§ www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change




@Y

PI\ ' @
UL

iAdAratIiANCE
IUC I AdlLIVUIID

e State of knowledge

* Scientific and technological research
required to establish a Southern Ocean
Sentinel monitoring program

e Linkages amongst programs e.g. ICED, SOOS

§ www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change
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Changes in physical and chemical environment

Characteristics of marine biota that determine their
resilience or susceptibility to physical changes

Expectations of future change in marine biodiversity,
including species composition and ecological
processes

Indicators of climate change impacts on ecosystems

Processes to develop international, multidisciplinary
program to measure change

Research to reduce uncertainty in projections of
future climate change and its impacts

§ www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change




Mission
 The Southern Ocean Sentinel will be an
international multidisciplinary scientific
effort to provide early warning of climate
change impacts on global marine and other
ecosystems based on Southern Ocean

ecosystem indicators and assessments of
climate change impacts in the region.

§ www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change
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Provide information on the impacts of climate change
in the Southern Ocean

Develop methods for predicting imminent and future
change in Southern Ocean ecosystems

Establish Southern Ocean ecosystem indicators as

early-warning signals of future change in other global
regions

Establish an active, adaptive long-term field program
(indicators, parameters)

Present outcomes (e.g. system assessments), and
synthesise, review and regularly update predictions.

www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change
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an ICED project (legacy program)
 field measurements (SOOS) to
— indicate change

— differentiate between models
— refine parameters in models

§ www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change




2009

— Workshop conclusions (website)

— Workshop report (July)

— Assessment 1 (qualitative) (September)
— Workshop outcomes (October)

— Proceedings (well advanced)

2010 Workshop 2 (Focus groups,
collaborations, science program)

2012 IPCC AR5 contributions
2014 Assessment 1 (qualitative) (September)
2017 Long-term program (outcome of ICED)

www.acecrc.org.au/drawpage.cgi?pid=antractica_climate change







