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Climate change, coasts and communities symposiumMonmouth UniversityWest Long Branch, New JerseyApril 17-18, 2019Session: Interactions of Climate Change and Anthropogenic Eutrophication in Coastal Ecosystemshttps://www.monmouth.edu/climate-coasts-communities/ 15 mins best. 20 mins maxPanel abstract - Alistair HobdayMarine ecosystems and resources in coastal regions are under a range of pressures, including climate change, coastal development, marine pollution and eutrophication. Species are changing distribution and abundance, and the businesses that depend on these species are also impacted by both long term change and extreme events. Laws providing protection or setting out management approaches are not sufficient to prevent ongoing harm and decline - adaptation is needed for marine systems. In coastal fisheries and aquaculture businesses, both directed and autonomous adaptation are beginning to occur, yet can be antagonistic and exacerbate conflict. I will also provide examples of adaptation options that have been developed and applied to iconic marine species and habitats, such as the Great Barrier Reef, marine turtles and albatross. Reframing of conservation laws is needed to better manage coastal systems under climate change, while fisheries and aquaculture policies must also be dynamic and adaptive.  
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Australia is a marine nationThe brown shading on this map shows population density – more than 85% of our population lives within 50km of the coast.And the blue shading shows our EEZ – the third largest in the world.Our climate is influenced by three major modes of variability – ENSO, the IOD and the SAM CSC – Unites all of CSIRO’s physical climate science – ACCESS and component models, Decadal, Oceans and Coasts, Atmospheric transport and chemistry.Narrative – at the end of this slide – Mention 2016Goal: To support Australia’s prosperity and wellbeing through research underpinning sustainable economic, social, and environmental use of Australia’s marine estate and providing information, technologies, and services to governments, industries, and communities to enable adaption to changing climate and environment. Impact Areas: Marine industries, terrestrial industries and communities (especially coastal), State & Federal governments, Regulatory agencies, international science governance, international R&D agencies.One of the most climate exposed countriesUpdate the goal text at the bottomMake explicit comment around brown shading – population density
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http://maps.grida.no/go/download/mode/plain/f/26_large.jpghttp://www.sahfos.ac.uk/climate%20encyclopaedia/images/img9.jpgOver the last 400,000 years the Earth's climate has been unstable, with very significant temperature changes, going from a warm climate to an ice age in as rapidly as a few decades. These rapid changes suggest that climate may be quite sensitive to internal or external climate forcings and feedbacks. This figures have been derived from the Vostok ice core, taken in Antarctica. 
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Oceans are rapidly warming

Hobday & Pecl 2013
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Changes in global climate patterns are driving changes in ecosystems around the world.Australia's oceans are undergoing rapid change, with two of the world’s most rapidly warming ocean areas located in the south-east and south-west, and much of the tropical waters of Australia warming at almost twice the global average.Compared to the average temperatures of the 1960s, ocean temperatures off Tasmania, New South Wales and Victoria’s east coast have increased by 0.8°C. This is well above the global average of 0.1°C.



Expansion of sea urchins native to NSW causing loss of kelp 
forests in Tasmania (Ling et al 2009)

Some 45 coastal fish species have exhibited major distributional 
changes in Tasmania (Last et al 2011)

Changing composition of phytoplankton blooms off Tasmania–
increased tropical species and red tides (Thompson et al 2009)

Rock lobster recruitment, catch and distribution correlated 
with regional SST changes (Pecl et al 2009)

14/29 intertidal species have moved further south in Tasmania over last 
50 years (Pitt et al 2010)

Biological changes in south-east Australia – now well documented

Seaweeds: 85% further south on east coast and 56% on the 
west coast from 1940 (Wernberg et al 2011)
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What to do? Mitigation vs Adaptation
• Mitigation: usually considered with regard to the climate system 

(“global”, e.g. reduce greenhouse gas emission)

• Adaptation: usually local in scale, to address local impacts of 
climate change (+/-)

• Adaptation strategies should aim to increase the flexibility in 
management of vulnerable ecosystems (Hulme 2005)
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Hulme, P. E. (2005). Adapting to climate change: is there scope for ecological management in the face of a global threat? Journal of Applied Ecology 42: 784-794.



Climate change is already disrupting natural systems

IPCC 2007, WG II, Ch 11

Mitigation

Adaptation

Presenter
Presentation Notes
Chapter 11. Figure 11.4. Vulnerability to climate change aggregated for key sectors in the Australia and New Zealand region, allowing for current coping range andadaptive capacity. Right-hand panel is a schematic diagram assessing relative coping range, adaptive capacity and vulnerability. Left-hand panelshows global temperature change taken from the TAR Synthesis Report (Figure SPM-6). The coloured curves in the left panel represent temperaturechanges associated with stabilisation of CO2 concentrations at 450 ppm (WRE450), 550 ppm (WRE550), 650 ppm (WRE650), 750 ppm (WRE750) and1,000 ppm (WRE1000). Year of stabilisation is shown as black dots. It is assumed that emissions of non-CO2 greenhouse gases follow the SRES A1Bscenario until 2100 and are constant thereafter. The shaded area indicates the range of climate sensitivity across the five stabilisation cases.The narrow bars show uncertainty at the year 2300. Crosses indicate warming by 2100 for the SRES B1, A1B and A2 scenarios.



Natural systems & managers – confronting rapid change

Objectives easy….”preserve and protect”

Now

Medium-term

Long-term

Objectives become very important – what do we want?

“curators” “engineers”“ecologists” “analysts”
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Roe, E. and M. van Eeten (2001). Threshold-Based Resource Management: A Framework for Comprehensive Ecosystem Management. Environmental Management 27(2): 195-214.What you manage today won’t be what you manage tomorrowRegional loss of individual species inevitable under climate change – does not have to mean extinctionMoving from “preserve and protect” to “facilitate change”Intervention = directed adaptationMoving from a species-focus to an ecosystem services approachBut, society won’t forget the species…Species “approaches” should be part of the portfolio



Is a useful manager one…

A. with no tools?
B. with a list?
C. with tools and a list, but no experience?
D. with tools and a list, and experience?



Adaptation Pathways: the process of practice

1. Develop adaptation options: with partners
2. Rate options: expert cost-benefit-risk scoring
3. Test best options

(a) In the field
(b) In a model

4. Compare outcomes: performance indicators
(eg Numbers of Breeding Pairs)

5. Develop an adaptation pathway
6. Inform management and research: refine



Adaptation for scientists, managers and seabirds



Shy Albatross



Shy Albatross
• Signal in population – declining numbers
• Climate signal (breeding success ↓ with ↑ temp)
• Projections of continued poor population status
• Business as usual will not offset losses
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Generate and evaluate adaptation options –
rapid assessment

Implementation of 
successful adaptation 
requires options that are

“Responsible” group Tools to assess options

Generate options Scientists and managers 1. Vulnerability framework

Technically appropriate (k) Scientists and managers 2. Cost-benefit-risk

Institutionally possible (r) ‘Policy & management” 3. Barriers analysis

Socially acceptable (v) Citizens 4. Social acceptability

Hobday et al. 2015
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 Develop some optionsEvaluate options using a cost-benefit-risk framework Evaluate barriers to implementing these options Evaluate social acceptability of these options



Option: Egg 
replacement



Option: 
Drainage



Option: Nest 
enhancement



Option: 
Bird rescue



Stuck – can’t get out. 
Adult and chick die

Option: 
Bird rescue



Option

• Remove competitor



Option: 
disease 
treatment



Reduce exposure
(avoid climate)
•Translocation
• Habitat modification
• Shading
• Engineering

Reduce sensitivity
(improve condition)
•Supplemental feeding
• Habitat modification
• Disease treatment

Increase adaptive capacity
(reduce other stressors)
• Reduce bycatch
• Pest eradication
• Predator management

Hobday et al. 2013

Adaptation options: reduce vulnerability



Rate the adaptation options

Alderman & Hobday 2017
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Adaptation Experiment 1: Disease treatment

• Add plot boxes to the figure



Adaptation experiment 1: Disease treatment
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Adaptation experiment 2: Nest enhancement
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Breeding success

Adults used nests Laid eggs and chicks hatched Chicks fledged

Breeding success tripled on artificial nests



Adaptation pathway for albatross

Adaptive 
capacity

21002050present

Sensitivity

Exposure

Disease treatment

Protection status

Bycatch reduction

Pest control

Nest enhancement

Chick rescue

Translocation

Hazing

Egg rescue

Supplemental feeding

Leadtime for development and social acceptability means staging options

Doing before

Testing now

Costly now

Is the ‘world’ ready?

Easy

Moderate

Hard

Implemented now



Adaptation options: marine species & habitats

• Options developed and prioritised for: 
• Seabirds (Hobday et al 2015)
• Marine mammals (Hobday et al 2015)
• Deep reefs (Thresher et al 2015)
• Coral Trout (Pratchett et al. 2017)
• Albatross (Alderman & Hobday 2017)
• Great Barrier Reef (Condie et al. in rejection)

• Tested options with
• Albatross

Thresher et al 2015



Career progression

Impacts Attribution Adaptation
“see” “why” “what to do”

Science Management/Policy

<40 yrs. 40-60 yrs 50-65 yrs.
Few years left….

How can we speed this up?



What kind of scientist will be useful 
under climate change?

Impacts Attribution Adaptation

Time in Career/System Time in Career/System

Ef
fo

rt

Ef
fo

rt

Impacts

Attribution

Adaptation

Scientist 1 Scientist 2

Alderman & Hobday 2017



Conclusion
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Some proposed adaptation options will be “novel”

Outrage!

But, novel conversations are important….need maturity to have them



Conservation laws for the future

McDonald et al. 2019



Explore options…

• Reframing conservation actions with 
climate interventions

• Link actions to reference points
• A “Harvest Strategy” approach

• Targets and objectives for intervention
• How many birds is enough?



Research to support fishers and managers

1. Historical analysis
• This fish/fishery has moved, declined, changed

• 2. Future projections
• This species is sensitive to climate change
• This fish/fishery will move elsewhere



Exposure Sensitivity

Adaptive 
Capacity

Potential 
Impact

Ecological 
VulnerabilityEcological

Resource 
Dependency

Potential 
Impact

Adaptive 
Capacity

Socioeconomic
Vulnerability

Socio-
economic

Adaptation options

Marshall, Hobday, Marshall, 2013 (Ecosystems)

Lots of options and 
approaches for generating, 
testing, and evaluating 
adaptation options



• New tools needed (e.g. interventions; 
differential management rules)

• Flexible regulations & non-static 
assessments

• Fisheries forecasts (short & long term)

• Cross-jurisdiction management 
coordination

• Plans for differential outcomes

Management adaptation to climate change



How can we learn faster?

When we can test, or observe, cause-and-effect

1. Models – process and mechanism limited…
• Projections (at short time scales) – not 2100!

2. Experiments – scale and factors limited….

3. Observations – replication limited….
• Local studies – in situ process understanding
• Spatial contrasts – fast warming areas
• Temporal contrasts – extremes

Models

ObservationsExperiments



Research papers
• Hobday, A. J., C. M. Spillman, P. Eveson, J. R. Hartog, X. Zhang and S. Brodie (2018). A Framework 

for Combining Seasonal Forecasts and Climate Projections to Aid Risk Management for Fisheries 
and Aquaculture. Frontiers in Marine Science: https://doi.org/10.3389/fmars.2018.00137.
• Environmental variability affects the performance of coastal fisheries and aquaculture. This paper describes 

how decision makers need future climate information at a range of time scales, including seasonal (next 1-4 
months) and long term (decades) to plan all sorts of activities (where to fish, what to fish, where to locate an 
aquaculture business). The current research challenge is to improve these forecasts so fishers, aquaculture, 
and even conservation managers, can make better decisions. What sorts of decisions might be better made if 
we could provide reliable forecasts?

•
• Alderman, R. and A. J. Hobday (2017). Developing a climate adaptation strategy for vulnerable 

seabirds based on prioritisation of intervention options. Deep Sea Research II 140: 290-297.
• A range of species living in coastal environments are vulnerable to climate change impacts, which may 

directly cause mortality (e.g. heat stress) or indirectly (e.g. reduced prey availability). Conservation managers 
might need to try new options to help species cope with climate change. This paper describes an approach to 
develop, screen and then test options on a seabird species. Think about what options you think are 
acceptable, and unacceptable, and why. 
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