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Outline

1. Past change in the marine environment

2. Projected change for Queensland waters

3. Impacts on fish (and hence fisheries)
• Change in abundance if primary productivity increases
• Changes in distribution of catch for projected warming

4. Adapting to climate change
• Example – improved planning by salmon industry using seasonal forecasts

5. Strategies for fisheries
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Past temperature change

IPCC 2007

1. Historical
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Get prepared for a changed future…
1. Historical
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Climate change is not linear
1. Historical

Easterling & Wehner (2009) 
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2010 and 2005 the warmest years on record
1. Historical
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Observed ocean warming around Australia
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Tropical ocean warming

• Shifting climate zones for Australia’s tropical marine ecosystems

NW Australia

NE Australia

Lough 2008

1. Historical
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Historical trends - Queensland
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Different rates of change along the coast

Lough 2008

Red – NE Australia

1. Historical
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Climate Impacts on the Ocean

Poloczanska et al 2007

2. Future
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Physical changes around Australia - 2030

Hobday et al (2008)

2. Future
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Projected temperature increases
2. Future
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Projected SST change (from multiple models, A1FI)
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PH: Year 2000
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Projected productivity change (1 model)

Brown et al 2009

2050

2. Future
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Impacts on fish and fisheries

Biology - species
• Range changes (e.g. southward movement)
• Abundance changes (e.g. local increases)
• Phenology changes (e.g. migration timing)
• Physiology changes (e.g. growth rates)

Biological - communities
• Productivity changes (e.g. upwelling)
• Community composition

People & industry
• Fisheries – species and location
• Tourism – habitat quality (e.g. reef) and fishing Hobday et al 2008

Is industry and governance appropriate to take 
opportunities and reduce impact?

3. Impacts
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Northern fisheries and climate change

Physical
• Rainfall (+/-)
• Severe cyclones (more) 
• Sea level (+) 

Biological
• Habitats

• Mangroves (+/-)
• Reefs (-)

• Species: prawns, barramundi and mud 
crabs (+/-, related to rainfall and 
habitat)

Fisheries - 2008
• Northern Prawn Fishery – well placed. 
• Other fisheries are not yet well 

prepared for climate impacts. 

Hobday et al 2008

3. Impacts
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Example 1: Projected abundance changes

Brown et al 2009

3. Impacts
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Change in fisheries landings - 2050

Brown et al 2009

Total landings Value

3. Impacts

With an increase in primary production…
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But, if productivity decreases….declines in landing

Brown et al 2009

3. Impacts
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Increase in all species as a response to PP (+68%)

Griffiths et al 2010

3. Impacts
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But if mesopelagics decline and squid increase…

Predicted relative changes in the biomass of species groups in the ETBF ecosystem after adjusting the 
biomass of micronekton fishes and cephalopods groups in 2008 to reflect predicted changes due to climate 
change. Results show the change in biomasses in 2018 relative to 1998 and after decreasing the biomass of 
micronekton fishes by 20% (left) and increasing the biomass of squids by 50% (right) in 2008

Griffiths et al 2010

3. Impacts
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Example 2: Distribution changes

Range changes to 2100 for pelagic species

Use a range of climate models

3. Impacts
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Present: SBT, CSIRO Mk3

Hobday 2009

3. Impacts
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2100: SBT, CSIRO Mk3

Hobday 2009

3. Impacts
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Broadbill swordfish (225 models) 3. Impacts
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Overall change in species distribution
(14 species, 12 months, 9 models, 25 scenarios = 37,800 futures)

smaller area
moving south

smaller area
moving north

larger area
moving north

larger area
moving south

95%

Hobday 2010

3. Impacts
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Regional Impact for Longline Fisheries
(using  11 common species)

ETBF: Mean index: 4.28
• Mean latitude change: 4.08 °S
• Mean area change: 0.88

WTBF: Mean index: 3.75
• Mean latitude change: 3.58°S
• Mean area change: 0.95

Hobday 2010

3. Impacts
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Adapting to climate change
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Adaptation strategies should aim to 
increase the flexibility in 

management
(Hulme 2005)

Information about the future is useful

4. Adapting
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Adaptation Example - Tasmanian salmonids

• $380 million (88% sold in Australia)

• Year round production ~26,000 t in 
2007/08 (~1.2% world supply)

• Four companies

• Projected to grow at 12.5% p.a. 

• Important regional employer ~1200 

• Fish grown towards their upper 
thermal limit in summer

• Sea cages  
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Step 1: Determine climate sensitivity

Detailed information for industry

• Physical environment changes
• Winds => increase (site selection)

• Temperature => increase (species selection)

• Rainfall => decrease (disease impacts)

• Biological sensitivity
• Salmon – temperature tolerance exceeded
• Algal blooms – temperature and stratification

• Disease risk increases with temperature

• Seals – increased abundance of this “predator”

Battaglene et al 2008

4. Adapting
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Step 2: Identify adaptation options

A. Reduce exposure through predictive modelling
• What locations might be suitable?

• What environment is expected at a range of time scales?

B. Improve salmon performance (at higher temperatures )
• Improve immune response and resistance to diseases 

• Reduce outbreak of diseases currently affecting salmon farming
• Minimize impact of potential emerging pathogens and diseases

• Improve growth and feed conversion at higher temperatures

• Improve feeds: marine protein/oil substitution

C. Select alternate species for local conditions
• Determine attributes which make an alternative species attractive

4. Adapting
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Step 3: Implement seasonal forecasting

Time scale of interest – (3-4 months)
• Develop confidence in the science at 

a relevant time scale for all 
businesses

• Discover adaptation options at a 
range of time scales
• Change stocking rates
• Disease treatments
• Labour needs
• Feed ratios

• Monthly site-specific forecasts 
delivered to industry since Oct 2010

• 4 locations
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200km
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~ 300 km

Hobart

Macquarie 
Harbour
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Huon & 
D’Entrecasteaux

4. Adapting
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Forecasting methods

Regional

Current Future

Local Local

Regional

Local Local

Regional Regional

Downscaling

Dynamical
forecasting

Statistical

modelling

Statistical
modelling

4. Adapting
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Step 4: Validate forecasts
MAQUARIE HARBOUR

-1.5

0

1.5

-1.5 0 1.5

Observed anomaly (Obs - Mean)

P
re

di
ct

ed
 a

no
m

al
y 

(P
re

d 
- 

M
ea

n)

TASMAN

-1.5

0

1.5

-1.5 0 1.5

Observed anomaly (Obs - Mean)

P
re

di
ct

ed
 a

no
m

al
y 

(P
re

d 
- M

ea
n

)

4. Adapting
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Step 5. Evaluate benefit of (short-term) adaptation strategy 

• With forecast information  - in a “good” year

• With forecast information  - in a “bad” year

Profitable businesses are adaptable businesses

Average

$

ForecastNo Forecast

Average

$

ForecastNo Forecast

4. Adapting
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Adaptation: Improved performance from seasonal forecasts

• Help businesses learn on the job

• Provide immediate benefits in 
terms of climate variability

• Potential aquaculture industries
• southern bluefin tuna
• yellowtail kingfish
• ocean trout
• barramundi
• oysters

• Extend to longer timescales, and 
wild commercial and recreational 
fisheries

4. Adapting
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Response to projected impacts

• Scientists, managers and policymakers work 
together to identify climate-sensitive system 
components
• e.g. vulnerability assessment

• Assess the likelihood and consequence of impacts 
(risk assessment)
• e.g. pelagic tunas 

• Identify and select options for adaptation
• e.g. salmon and short-term forecasts

• Stakeholder engagement

5. Strategies
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Implications for fisheries and management

• Climate change will impact fishing and aquaculture (maybe has already)
• General ocean warming around Australia, particularly on the east coast due to 

strengthening of the East Australia Current, is predicted to change the location of 
suitable environments for fishing and aquaculture. 

• Understanding changes in environmental conditions will enhance adaptation by 
businesses 

• Management and policy changes may be needed to allow appropriate responses by 
marine industries.

• Need local information in order to plan
• Selective breeding will adapt some aquaculture species 

• Changes in location may be required for some businesses

• Need new partnerships to be “adaptive”

5. Strategies
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Adaptation challenges for fisheries

• How robust are current assessments to climate change?
• E.g. Harvest strategies and reference points

• Imply equilibrium in stocks and environment

• Is climate buffer included?
• Do they need to be modified?

• Is adaptive governance possible?
• Zoning, permits and area updates

• What will changes in availability mean for access rights?

• Do you need to be ahead of the game, or a follower?
• e.g. proactive, or reactive?

5. Strategies
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Key Questions

• How will the environment change?
• Opportunity or threat?

• Will my species be impacted?
• How, positive/negative?

• Will there be new opportunities?
• Species, markets, social?

• Is my business adaptable to CC?
• Clients, seasons, processing, transport

• Is management policy compatible with CC?
• Flexible, spatial zoning?

• What would you do differently if you had information about the future?

5. Strategies


