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Executive Summary and Recommendations Arising from Workshops 
 
The conference provided a successful forum for exchange of ideas and integration 
between researchers and policy-makers. During the scheduled discussions at the end 
of each session and during workshops, as well as during the numerous informal 
discussions between conference participants, a number of recommendations 
repeatedly arose. These recommendations resonated across all discussion groups and 
across all specialties. They address gaps in knowledge and capability, aim to increase 
networking, communication and the translation of science to policy and ultimately, 
help prepare Australia for climate change in coastal and marine systems. The 
recommendations are summarized below: 
 

• Improve biological modelling capabilities. Predicting impacts of climate 
change will require an investment both in current modelling capabilities and in 
training the next generation of modellers. The present demand for competent 
biological modellers far exceeds supply. 

• Cross-disciplinary and cross-organizational research networks. Strategies 
that span disciplines and research organizations, and include end-users as an integral 
part of the research process, are needed to improve our understanding of the complex 
impacts of climate change on our oceans and coasts.  

• Permanent latitudinal transect of Australia. Climate change operates over 
large spatial scales. Too often, monitoring biological systems within Australia tends 
to be constrained by human-imposed boundaries e.g., by State political boundaries or 
by habitat type such as a coral. These boundaries do not cover the entire distributional 
ranges of many species and are transcended by more mobile fauna and by the 
dispersive stage (larvae and seeds) of many flora and fauna. A permanent latitudinal 
transect of Australia will capture the impacts of climate change on marine life and on 
ocean physics on a scale that is relevant. Such an approach will necessitate a multi-
organizational research and monitoring network.  

• Integrated data archiving. Australian researchers promote a lack of baseline 
data as one reason for the poor-reporting of climate change impacts in Australian 
marine waters. Valuable data does exist but archived by various diverse research and 
conservation bodies. Centralized metadata bases (e.g., Box 1) will promote climate 
impacts research.  

• Marine Report card Rapid communication of research and monitoring is 
essential especially as Australia is moving quickly to adaptation strategies. 
Subsequent to the meeting, a preliminary marine climate change impacts report card 
is being championed by CSIRO (see Box 2). 

• Further climate change symposia and workshops. This symposium 
demonstrated the value of bringing together researchers, stake-holders and end-users. 
Feedback was extremely positive and a number of requests for further such events 
were received. Including socio-economists in future meetings should prove profitable. 
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Box 1 - National Ecological Meta Database 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 2 - Marine Climate Change Impacts Report Card 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The National Ecological Meta Database (NEMD) is a joint project between the Bureau of 
Meteorology, the University of Melbourne, Macquarie University and the Australian 
Greenhouse Office.  
NEMD aims to document existing datasets that have the potential to be used for the 
assessment of climate change impacts on species and ecosystems (Note only metadata is 
recorded, the raw data remaining with the data custodian). 

The strategic objectives of the National Ecological Meta Database (NEMD) are to: 

• Improve our knowledge of the impacts of climate change on natural systems and 
species; 

• Provide information on baseline data for future monitoring programs; 
• Promote sharing of knowledge between regions and institutions; 
• Improve the capacity of natural resource managers to adapt to climate change 

through improved understanding of climate-species relationships; 
• Assist in the identification of climate change indicator species (climate proxies). 

NEMD is available at http://www.bom.gov.au/nemd
 

 
A Marine Climate Change Impacts Report Card for Australia is being scoped by CSIRO 
to fulfill the growing demand by decision- and policy-makers for up-to-date knowledge and 
information on how climate change is impacting and may impact our marine environment. 
It is intended that the card be produced bi-annually and it will supplement the information 
given in the State of the Environment reports.  
The objectives of the Report Card are to: 

• Provide a coherent over-view of the impacts of climate change on the physical and 
biological aspects of Australia’s marine ecosystems; 

• Rapidly disseminate advances in climate change impacts research; 
• Provide a forum to broadcast latest findings from monitoring programmes; 
• Promote sharing of knowledge between regions, institutions and decision-makers; 
• Improve the capacity of natural resource managers to adapt to climate change 

through improved understanding of climate change impacts; 
• Improve the translation of science to policy 
 

Further information from: Elvira.Poloczanska@csiro.au 
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Meeting premise 
 
Warming of the oceans, changes in ocean chemistry and changes in ocean currents are 
anticipated to have widespread impacts on marine life, marine ecosystems and the 
social and economic systems they support. However, our ability to predict the impact 
of climate change on marine biological communities remains limited. Recent 
developments in a range of disciplines (including climate modeling, down-scaling 
marine ecology and physiology, and social science) mean that it is now possible to 
make a significant leap forward in this relatively new area of research. The aim of the 
conference was to accelerate Australia’s capacity to assess, predict, and adapt to the 
impacts of climate change on marine life and marine ecosystems. The conference 
addressed challenges both in science and in the translation of scientific understanding 
into options for marine management and policy. The symposium was structured 
around five themes: 
 

1. Detecting changes in marine and coastal ecosystems: climate change or natural 
variability? 

2. Approaches for predicting marine climate change impacts. 
3. Ecosystem impacts of climate change in the marine environment. 
4. Fostering resilience in Australian marine and coastal ecosystems. 
5. Use of scientific understanding of marine climate change impacts to inform 

decision-making in marine industry, policy and management. 
 
The meeting was conducted in plenary, with an emphasis on invited talks from 
national and international leaders in the science and management of marine climate 
impacts. Extensive time was reserved for discussion and for workshops. Numbers 
were limited to 100 to facilitate debate.  
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Programme 
 

 
Time Theme Speaker Provisional title 
9:00 Mon 12th November  Welcome 

9:15 Nathan Bindoff, ACE CRC, 
Tasmania Physical change in the Oceans 

9:45 John Beardall, Monash University Climate change and global 
primary productivity 

10:15  Tea Break 

10:45 Anthony Richardson, CMAR, 
CSIRO 

Impacts on Australian marine 
ecosystems: Overview 

11:15 Col Limpus, Queensland Parks 
and Wildlife 

Impacts on Australian marine 
ecosystems: Marine turtles 

11:30 Ove Hoegh-Guldberg, University 
of Queensland 

Impacts on Australian marine 
ecosystems: Tropical Coral 
Reefs 

11:45 

1: Detecting changes in 
marine and coastal 
ecosystems 
 

 Question Time: Theme 1 
12:15   Lunch 

13:45 Richard Pearson, American 
Museum of Natural History, USA 

Forecasting climate change 
impacts on species 
distributions 

14:15 Miguel Araújo, Museo Nacional 
de Ciencas Naturales, Spain 

Future challenges for 
modeling climate change 
impacts on species 
distributions and abundances 

14:45  Tea Break 

15:15 Brian Helmuth, University of 
South Carolina, USA 

Integrating physiology into 
predictive models 

15:45 Craig Johnson, University of 
Tasmania 

Integrating species 
interactions into predictive 
models 

16:15 

2: Approaches for 
predicting marine 
climate change impacts 

 Question Time: Theme 2 
16:45   Finish 

 Tues 13thNovember   

8:00 Tom Okey, Pew Foundation 

Integrating climate and 
Ecopath models to predict 
climate change impacts on 
Australian marine ecosystems 

8:30 George Watters – NMFS, USA 
Predicting changes in the 
Southern Ocean with an 
ecosystem model 

9:00 Richard Little, CMAR, CSIRO 

A “real world” model – 
InVitro. How can such a 
model be used to predict 
climate change impacts 

9:30 Patrick Lehodey, MEMMS, 
France 

Spatially explicit models of 
large pelagic fish in tropical 
oceans 

10:00 

3. Predicting ecosystem 
impacts of climate 
change 

 Question Time: Theme 3 
10:30   Tea Break 
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11:00 Brian Walker, CSE, CSIRO, 
Increasing resilience in 
terrestrial ecosystems: lessons 
for marine management 

11:30 Terry Hughes, James Cook 
University of North Queensland 

Resilience and marine 
ecosystems 

12:00 Alistair Hobday, CMAR, CSIRO 
Increasing resilience in 
Australian marine ecosystems: 
the way forward 

12:30 

4. Fostering resilience in 
marine and coastal 
ecosystems 

 Question Time: Theme 4 
13:00   Lunch 

14:30 Themes 1-4  Workshops Themes 1-4 in 
parallel 

15:30   Tea Break 

16:00 Themes 1-4  Workshops Themes 1-4 in 
parallel 

17:00   Finish 
Evening   Conference Dinner 

 Wed 14th November   

9:00 Mark Howden, CSE, CSIRO Adaptation options to mitigate 
climate change impacts 

9:30 Paul Marshall, Great Barrier Reef 
Marine Park Authority 

Conservation management in 
a changing climate 

10:00 Peter Appleford, Australian 
Fisheries Management Forum 

Towards a National Fisheries 
and Climate Change Action 
Plan 

10:30  Tea Break 

11:00 Dan Laffoley, Natural 
England/IUCN 

UK marine climate change 
initiatives 

11:30 Jo Mummery, Australian 
Greenhouse Office 

Australian marine climate 
change initiatives – the way 
forward 

12:00 

5. Use of scientific 
understanding of marine 
climate change impacts 
to inform decision-
making in marine 
industry, policy and 
management 

 Question Time: Theme 5 
12:30   Lunch 
14:00   General workshop Theme 5 
15:30   Tea Break 

16:00 Final address: keynote 
speaker 

Greg Bourne, CEO, WWF-
Australia The Future for Australia 

16:30   Wrap up 
16:45   Finish 

 
 

Closing Address – Greg Bourne, WWF-Australia 
 
The closing presentation was delivered by Mr Greg Bourne, CEO, WWF-Australia. Prior to 
joining WWF, Greg Bourne had a long career with BP PLC having held a number of senior 
roles including Regional President of BP Australasia. His standing and passion for the 
environment are currently reflected in his roles as a Member of the CSIRO Sector Advisory 
Council to the Natural Resource Management and Environment Sector, a member of the 
National Environmental Education Council and a member of the Advisory Council for the 
CSIRO Energy Transformed Flagship. We wish to thank Greg Bourne, and all the speakers, 
for the time and effort they spent on preparing and participating in this exciting meeting. 
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Session 1: Detecting changes in marine and coastal ecosystems 
 
The speakers in Session 1 (pp 34-39) reviewed biological and 
physical impacts of climate change in the oceans. Nathan Bindoff 
first presented observed physical and biological changes in the 
global ocean, followed by John Beardall who considered impacts 
on global marine primary productivity. Anthony Richardson 
bought the focus from global to Australia, presenting evidence of 
biological impacts around the country. The last two speakers, 
provided evidence for change in tropical Australia, using a case 
study of adaptation to climate change in flatback turtles (Colin 
Limpus) and climate change impacts on coral reefs (Ove Hoegh-
Guldberg). During the workshop, participants were asked to 
consider how to overcome the dearth of observed biological 
impacts of marine climate change from Australia and approaches 
to improve knowledge, monitoring capacity and understanding of 
climate change impacts. 
 

Workshop Report 
Chairs and rapporteur: Steve Rintoul, Janice Lough, Anthony J. Richardson 

Summary 
Input by a diversity of researchers from physical, chemical and biological 
backgrounds led to a wide-ranging discussion. The main points are summarised here. 
 
General Discussion 
Existing data: The most comprehensive information on the availability of marine time 
series in Australian waters are in the reviews by Hobday et al. (2006) and 
Poloczanska et al. (2007) and references therein. These reviews highlight that there 
are relatively few long time series in Australia, compared with many other nations, 
although awareness of existing time series is not always extensive. In response, Linda 
Chambers from the Bureau of Meteorology has designed a National Ecological Meta 
Database for ecological data (marine and terrestrial) in Australia (see 
http://www.bom.gov.au/nemd/) (see Box 1). A necessary step in documenting and 
attributing impacts of climate change on natural systems in Australia is to maximise 
use of existing long-term baseline data sets. The National Ecological Meta Database 
collates information on the baselines that are available. If used by the impacts 
community, this will provide a centralised point for researchers and policy makers to 
quickly determine what has been collected in Australia. It was noted that one reason 
for the apparent relative scarcity of time series is that some of the information about 
marine climate impacts in Australia is anecdotal, and some is now in the process of 
being published as this research area gains momentum.  
 
Supplementing existing time series: Participants discussed a number of ways to 
supplement the existing time series, including: 

• Rescuing historical datasets, such as field notes from early 20th century rocky shore 
surveys still residing in Australian museums 
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• Compiling data from amateur naturalists and other non-research sources (e.g. 
whale sightings, historical photographs, jellyfish stings). 

• Use of historic fisheries data (for example there are extensive collections of 
otoliths from previous decades in fisheries laboratories) 

• Generation of palaeo-reconstructions of past climate. Forams, scales, coral cores 
etc can all be used. These provide the longer-term context that shorter time series 
lack  

• Use of historical photos, anecdotes, whaling records, records from early colonists 
etc.  

• There are also many high quality time series data in State Government agencies 
that would get greater exposure if they could be digitised and listed on meta-data 
sites. 

 
Potential focus areas: Improved understanding of climate change impacts could be 
advanced by focusing on areas experiencing rapid climate change – so-called 
hotspots. One example hotspot requiring detailed physical, chemical and biological 
monitoring for change is the East Australia Current (EAC). It has already increased in 
strength over the last two decades; as a result, the local rate of warming is four times 
the global average. The CSIRO Mk3.5 General Circulation Model projects that the 
EAC will continue to strengthen this century and push further south, in response to 
increased greenhouse gas emissions. As a result, SE Australian waters are likely to 
experience the greatest warming this century in the Southern Hemisphere. Already 
there have been examples of plankton and fish distributions extending south into 
Tasmanian waters. 
 
Areas where monitoring of marine species may yield the most insight with the 
resources currently available could be at the range boundaries of biogeographical 
provinces. In Australia we have reasonably well-defined tropical and warm 
temperature boundaries on the east coast (Moreton Bay region) and on the west coast 
(Abrolhos/Geraldton region). We are in a unique position in Australia with two south-
ward flowing warm-water currents bounding the east and west coasts. This could 
enable comparative analyses on the effects of temperature, range changes, and 
ecosystem consequences between the coasts.  
 
It is impossible to consider all species and ecosystems and their responses to a 
changing climate. One way to maximise the research effort would be through 
identifying and focusing on key species from different bioregions. 
 
Monitoring Gaps: Two particular monitoring gaps were highlighted. The first is in 
regard to ocean chemistry. Ocean acidification is of growing concern globally and 
Australia is relatively poorly off for programmes monitoring carbonate chemistry. 
Chemistry sensors on the water intake of ships can provide very useful high spatial 
and temporal resolution data (e.g. ferryboxes in Victoria). This situation will be 
alleviated somewhat by the IMOS programme (see Box 3). It should be noted, 
however, that there are still no autonomous sensors for the full range of variables 
necessary to accurately monitor ocean chemistry. The second gap is in the monitoring 
of changes in primary productivity, which is the fundamental driver of higher trophic 
levels. In particular, little is known about changes in the small size (<5 µm) fraction 
of phytoplankton (pico-phytoplankton) in Australian waters: these are responsible for 
most productivity in tropical waters.  
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Environmental data: There are many environmental datasets that can not only provide 
information on changes in physical and chemical variables themselves but are also 
invaluable to understanding biological changes. There are global datasets of 
environmental variables, particularly from remote sensing (e.g. temperature, 
chlorophyll, waves, winds), which provide synoptic surface views. There are also 
model hindcasts which provide reanalysis products, often in three dimensions, that 
can help provide the link between climate variability and biology (e.g. NCEP 
reanalysis products for winds; re-analysis products from Bluelink ~ 10 km resolution 
around Australia). Nutrient-Phytoplankton-Zooplankton models can also be run to 
investigate past productivity patterns. There is a need for nested or down-scaling 
models within the large-scale general circulation models to produce finer-scale 
regional data.  
 
Multiple stressors: Climate change does not act in isolation, but is part of the suite of 
anthropogenic stressors on marine ecosystems. Such additional stressors include 
eutrophication, fishing, habitat modification, pollution, siltation, and species 
introductions. Impacts of these additional stressors are greatest in highly-populated 
coastal areas. There is growing appreciation that we will only be able to reduce the 
impact of climate change through bolstering marine ecosystem resilience (e.g. Reef 
Water Quality Protection Plan for the Great Barrier Reef; 
http://www.reefplan.qld.gov.au/), and this will require simultaneously tackling the 
multiple stressors on marine ecosystems. Thus research into climate impacts can not 
proceed in isolation, but must proceed in partnership with other areas of global change 
research and monitoring (see Working Group 4 summary). 
 
Impacts, detection, attribution and adaptation: There is growing awareness of climate 
change, and Government at all levels now has a strong focus on adaptation. We must 
continue to stress the need for observations: physical, chemical and biological 
baselines are crucial in the context of adaptation. Such ongoing observations will 
provide the basis for detecting climate change impacts. Ongoing monitoring is also 
essential for assessing the success of management strategies. Investigating the causes 
for shifts from baselines (in conjunction with experiments and modelling) provides 
the understanding needed to underpin adaptation strategies, and determine the 
effectiveness of those strategies. 
 
There is broad community support for the current observational phase of IMOS; the 
marine research community should lobby for support of this initiative beyond 2011, 
and in particular, for an increased focus on the biological elements of Australia’s 
oceans in any post-2011 phase. 
 
Recommendations 

1. Marine biologists should lodge information about their time series; for 
example with the Metadatabase for Ecological data in Australia coordinated 
by the Bureau of Meteorology (see http://www.bom.gov.au/nemd/, Box 1). 

2. There is broad community support for the current observational phase of 
IMOS, and the marine research community should lobby for enhanced 
biogeochemical and biological monitoring in the next phase of IMOS.  

3. Two noteworthy monitoring gaps were highlighted: 
a. Primary productivity of the pico-phytoplankton 
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b. Carbonate chemistry: Update since the November meeting: Ocean 
chemistry monitoring (though autonomous systems are still lacking) 
has bee enhanced through IMOS (www.imos.org). An acidification 
conference will be held in Hobart in June 2008 (organised by Will 
Howard and Bronte Tilbrook) 

4. Specialists working on different systems should synthesise information in their 
area. A journal special issue on climate impacts on marine systems may 
address this need. Such a special issue would extend the recent review by 
Poloczanska et al. (2007). 

5. Hold a focused workshop where data series are analysed in combination to 
identify trends over regional and larger scales. This would also provide further 
opportunity to foster collaboration among Australian marine climate impacts 
researchers. 

6. A network focused on questions concerning deep time (centuries, millennia 
and longer time scales) would bring together expertise in this area (tropical 
corals, foraminifera, cold-water corals, diatoms, fishes, etc). 

7. A focus on baselines and impacts in marine systems is needed to provide the 
necessary understanding on which to base adaptation strategies and 
management plans. There was thus a call for Australia’s environment agencies 
to place more emphasis on monitoring long-term change. A marine report card 
would help in this regard. Update: A marine report card is being investigated 
by CSIRO (Box 2). 

 
References 
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Box 3 - The Integrated Marine Observing Systems (IMOS)  

 

The Integrated Marine Observing Systems (IMOS) 
Some of the gaps currently in Australia’s marine monitoring will be filled by IMOS 
(Integrated Marine Observing System) that is now being implemented around Australia 
(www.imos.org). This $55M programme is charged with enhancing Australia’s marine 
observing capability. The observing system provides data in coastal regions as well as for 
the open oceans around Australia out to a few thousand kilometres. Data are made available 
to researchers through the electronic Marine Information Infrastructure located at the 
University of Tasmania. The IMOS infrastructure also contributes to Australia’s role in 
international observing programs.  

 

Owing to the ease of monitoring particular variables in the ocean, the first phase of IMOS  
(funded to 2011) will collect most data on ocean physics, less on ocean chemistry, and 
relatively little on biology (although there is a strong plankton component). Some variables 
measured include temperature, salinity, currents, limited water chemistry, seabed habitat 
maps, phytoplankton species, zooplankton species and acoustic monitoring of marine 
animal movements. 
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Session 2: Approaches for Predicting Marine Climate Change 
Impacts 

 
This session (pp 50-62) considered modelling 
approaches to predict climate change impacts at 
individual, population and community levels. Two 
international experts (Richard Pearson and Miguel 
Araujo) reviewed a range of methods used to forecast 
impacts on species’ distributions and steps to improve 
such forecasts. Brian Helmuth (USA) highlighted some 
of the underlying biological mechanisms mediating 
organism response to climate change, and showed that expectations for simple 
latitudinal climate responses may be oversimplified. The final speaker, Craig Johnson 
(UTas), presented an individual-based model used to predict coral dynamics on the 
Great Barrier Reef. In this workshop, participants discussed available modelling 
approaches and consider strategies to improve our predictive modelling capacity 
within Australia.  
 

Workshop Report 
Chairs and rapporteur: Elvira Poloczanska, Craig Johnson, Thomas Wernberg, 
 
Summary 
Discussion at this workshop covered the different modelling approaches available for 
predicting climate change impacts on marine life ranging from models at an 
individual level to models of whole communities or ecosystems.  
 
General Discussion 
There are a wide range of models available for predicting species distributions, 
species abundances, population and community level responses and ecosystem 
responses. Each model will have different strengths and limitations (e.g., Elith et al., 
2006, Sutherland 2006). Three example approaches discussed in detail are given in 
Table 1 but there are many more models available such as game-theory models, 
genetic algorithms or fishery population models that the group agreed to review 
outside the meeting (see Recommendations). The actual modelling approaches 
selected to predict climate change impacts on species and communities will depend on 
the resolution and quality of available biological data, and of the environmental data 
and the match between these. Temporal and spatial resolution of models will be 
driven by data availability but also by the requirements of the end users. For example, 
industry and commercial interests will require predictions for the next 10-20 years 
whereas researchers will require knowledge of climate impacts over the coming 
century. Process models are lacking for much of Australia marine partly due to a 
scarcity of biological data and also due to a lack of researchers developing such 
models. 
 
Models of biological climate impacts are underpinned by the physical models so it is 
essential to increase interactions between physical modellers and biological 
modellers. Scaling climate projections for biological models is one of the biggest 
challenges for predicting climate change impacts on marine biology. Modelling 
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approaches with low spatial resolution such as correlative models lend themselves to 
these large scale predictions. Even with these models, there may be a mismatch 
between physics and biology. For example, climate projections on a 2° grid will not 
capture the fine scale variations in climate that determine species distributions over 
scales of 100s of km. Many biological surveys occur over these smaller scales.  
 
Question of scale in modelling approaches generated lively discussion. Consider 
plankton living in the surface waters of an embayment vs. fish on a coral reef vs. a 
highly migratory, long-lived species such as a whale or a turtle. All of these species 
live over different spatial and temporal scales, and these scales may change during a 
species life cycle (e.g., larval fish vs. adult fish). We need to model ecological and 
physical processes at the appropriate scale for the system or species under scrutiny. 
Scalability of models and their results is a critical issue – some models are focused on 
particular spatial and temporal scales, and the extent to which their results are scalable 
(up and down) may be limited.  
 
By their nature, models of future climate change impacts cannot be directly tested. 
Climate modellers apply an ensemble approach when predicting future climate so 
reducing the contribution of individual model biases (Meehl et al. 2007). Ensemble 
approaches encompass a range of possible futures and/or a hierarchy of models. Such 
approaches are rarely applied to biological predictions but the development of 
software such as BIOMOD (Thuiller 2003) and an increasing urgency for more robust 
predictions of climate change impacts coupled with increased ease of access to 
climate projections should encourage an uptake of this approach in biological climate 
impacts modelling. The ensemble approach is most useful to managers, allowing 
application of probabilities to future predictions although a multi-model ensemble 
may not span the full range of uncertainty.  
 
 
Table 1 Examples of three modelling approaches for predicting species’ distributions 
and abundances, population and community level responses. 
Approach Strengths Current 

Restrictions/ 
Limitations 

Complexity/Resolution Predictions Use to date 

Process-
driven 

Increased 
realism 
 

Scaling 
environmental 
data 
 

High spatial/temporal 
resolution 

Abundances, 
distributions, 
community-
level effects 

Applied to 
both marine 
and 
terrestrial 
species 

 May be tested 
with 
experimental 
data 

Few species 
only 

Simple to highly 
complex 
 

  

Correlative Only requires 
present/absent 
biological 
data at a 
minimum 

Simplistic - 
does not 
imply 
causality 
 

Low spatial/temporal 
resolution 

Distributions Widely 
applied in 
terrestrial 
environment 
 

 Apply to 
many species 
rapidly 
 

High 
uncertainty - 
biotic Model 
verification 
difficult 

  Few marine 
examples – 
lack of data 
and/or lack 
of effort? 
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interactions 
and dispersal 
not 
considered 
 

Hybrid  
use 
mechanistic 
data to 
produce 
correlative 
models 

Increased 
realism 

Biotic 
interactions 
and dispersal 
not 
considered 
 

Low to high 
spatial/temporal 
resolution 

Abundances, 
distributions 

Coral 
bleaching 
predictive 
models 
 
Agricultural 
crop models 

 
No single approach will produce definitive predictions of climate change impacts. 
Gaps in data availability and a lack of understanding of underlying processes will 
constrain our ability to apply and interpret models. We will need to bring together 
monitoring, field observations and experimental studies together with modelling 
approaches to increase our understanding of biological responses to climate impacts 
(Sutherland 2006, Poloczanska et al. in press). To predict climate change impacts we 
will need a toolbox of models. Identifying the models in the toolbox will provide 
modelers and empiricists alike with direction about where research effort might most 
usefully be focused, and end users with a clear idea of what is possible now, what is 
likely to be possible in the near future and what questions, however valid, are unlikely 
to have robust answers in the near future.  
 
Recommendations 
 

1. Review models available to provide an evaluation of strengths and limitations 
of each approach and inform researchers and end-users. 

• Update since the meeting: A manuscript led by Craig Johnson for 
Ecography has been initiated. 

2. Engage with industry stakeholders to provide them with insight on the 
available modeling approaches, capability and scale of likely impact 
predictions for the next 10-20 years. 

• Update since the meeting: A project to address these issues for the 
Tasmanian salmon aquaculture industry has been initiated. 

3. Improve efforts to map Australian marine biodiversity and uncover and make 
use of historical data where possible. 

• Update since the meeting: Participants at the meeting identified known 
datasets and have the option to list these (see 4). 

4. Centralize metadata across organizations and universities e.g., encourage use 
of the National Ecological Meta Database hosted by the Bureau of 
Meteorology (see Box 1). 

• Update since the meeting: Participants contacted to list data sources. 

5. Provide forums and conduits to increase communication between marine 
biologists, climate modelers, managers and policy makers and industry 
representatives. 
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• Update since the meeting: CSIRO is seeking partners for a report card 
as a communication tool. 

6. Improve capability within Australia in modeling skills suitable for climate 
impacts research  

• Update since the meeting: A bioclimatic modeling workshop for 25 
graduate students and early career researchers was sponsored by the 
ARC Environmental Futures Network in November 2007. 
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Session 3: Predicting Marine Ecosystem Impacts of Climate Change 
in Australia 

 

While Session 2 focused on individual species’ responses to 
climate change, Session 3 (pp 63-77) considered modelling 
approaches to predict impacts of climate change at the level 
of the ecosystem, taking into account other non-climate 
stressors, such as fishing. Rich Little (CSIRO) introduced 
‘InVitro’, a model developed to evaluate multiple-use 
management strategies for Northwest Australian Shelf 
region. George Watters (USA) presented an ecosystem m
for the Scotia Sea to evaluate krill harvest policies, while Patrick Lehodey (France
presented predictions for Pacific tuna distribution and abundance to 2100. To 
conclude the ecosystem session, Tom Okey (USA) reviewed the application of 
Ecopath with Ecosim modelling approaches to predict marine climate change impacts. 
During the workshop, participants considered strategies to apply ecosystem modelling 
approaches to better prepare Australia for marine climate change impacts on marine 
systems. 

odel 
) 

 

Workshop Report 
Chairs and rapporteur: Thomas A. Okey, George M. Watters, Rich Little, Patrick 
Lehodey, Gina Newton, Rebecca Leaper, Thomas Kunz  
 

Summary 
The capability of several ecosystem modelling approaches to predict and better 
understand the implications of climate change impacts on biological communities has 
improved considerably, and these approaches continue to evolve. A review of several 
of the more widely adopted approaches led to a series of priority recommendations to 
guide Australia’s strategic directions and building of capacity. Strengthening of this 
critical methodological area is considered essential to underpin future prediction and 
management of the impacts of climate change on marine ecosystems.  
 
General Discussion 

Workshop discussion attempted to identify the most promising ecosystem modelling 
approaches for assessing marine climate impacts in Australia, and to compare the 
usefulness of each approach in terms of: 

• Strengths and weaknesses;  
• Data needs and availability;  
• Accessibility and Australia’s capacity; and  
• A 5 year outlook for the technical advancements and policy applications of 

these approaches.  

The United Nations Fisheries and Agriculture Organisation (FAO) and the US 
National Marine Fisheries Service (NMFS) recently conducted similar review of 
ecosystem modelling approaches with the goal of advancing ecosystem-based 
fisheries management, but also with application to climate change impacts 
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assessment. One report from these efforts was available at the time of this writing 
(Plagányi 2007), and two more are pending from 2007 workshops: Best practices in 
ecosystem modelling: modelling ecosystem interactions for informing an ecosystem 
approach to fisheries (FAO) and National Ecosystem Modeling Workshop (NMFS).  
 
Australia’s strategic approach to predicting marine ecosystem impacts of climate 
change can be developed from the results of both this workshop and the FAO and 
NMFS analyses. Below we present a comparison of ecosystem modelling approaches 
and a number of guiding principles for predicting marine ecosystem impacts of 
climate change. 
 
Workshop results: Four different ecosystem modelling approaches were presented 
during Session 3 for predicting the effects of climate change on marine environment. 
Some of these approaches include analyses of social and economic effects and 
approaches for developing policies and management strategies that optimize pre-
defined values of the resources in question. Table 2 gives an overview of the strengths 
and weaknesses of these and three other important approaches, but does not cover all 
possible approaches due to the time constraints of the workshop session.  
 

Workshop 3 participants agreed that Australia would be well-served to build more 
capacity and focus more resources on comprehensive modelling of the effects of 
climate change on marine communities and ecosystems. This would facilitate more 
effective predictive and management capacity and provide for a more robust position 
in the international climate change arena. Australia also needs to shift from the mode 
of ‘project based’ modelling toward a nationally comprehensive strategic approach 
supported by a well-connected expert network. It was agreed, for example, that the 
new CSIRO Adaptation Flagship could underpin climate change adaptation and 
modelling strategies in Australia, providing a coordinating role with a national focus 
to modelling, in conjunction with universities, CRCs and state agencies. Australia 
currently has some key experts in this field, but it will take a concerted priority focus 
supported by a national capacity building exercise to accomplish current 
requirements. Participants considered that, although Australia may want to consider 
developing a wealth of regional models (e.g. Large Marine Domains), it is 
questionable that there is the capacity to accomplish this presently. Another 
alternative is to focus modelling on areas highlighted by existing or planned 
vulnerability assessments. The development of a National Strategic Framework for 
climate change related marine ecosystem modelling would help address such issues, 
focus priorities and enable the development of a three year Plan as recommended by 
the workshop participants. 
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Table 2. Comparison of ecosystem modelling approaches for the detection and 
prediction of climate change impacts on marine communities and values  

Approach  Strengths  Weakness  
Generalised agent-based  -Can use externally-forced data -Not user-friendly 
(1, 2) -Captures range of paradigms 

(agent- 
 based to equilibrium-based)  

-Computationally expensive  

  -Parameter optimisation   
  -Somewhat portable   
  -Multi-sectored   
  -Decision-support capabilities    
Ecopath with Ecosim  -Quickly evolving climate 

capabilities 
-Default parameters (e.g. misuse 
) 

(3-6) -User friendly, transparent, 
accessible 

-Equilibrium-based  

  -Allows focus on ecology, learning   
  -Incorporates multiple-fisheries   
  -Model meta-analyses possible   
  -Policy analyses / Decision support    
Minimally Realistic 
Model 

-Address specific problem quickly  -Partial coverage of system  

(7-9) -Climate forcing possible   
 -Modelling functional responses  
 -Smaller, more compact   
  -Computationally cheap    
SEAPODYM  -Currently linked GCM output  -Application to pelagic systems 
(10,11) -Global scale already    
  -Description of habitat & movement   
  -More biologically intuitive   
  -Parameterized with fishing (catch 

and  
 size) data 

  

  -Rigorous parameter optimisation    
Atlantis*  -Explicit biogeochemical modelling -Computationally expensive 
(12) -Incorporates multiple-fisheries -Less accessible 
 -Multi-sector analyses  
  -Climate forcing undergoing 

refinement 
  

Qualitative* 
-Insights into structures & 
interactions -Not quantitative 

(13,14) 
-Rapid evaluation of known 
dynamics   

Conceptual* 
-Decisions with minimal 
information -Not quantitative 

(15) -Broadly educational   
* those approaches not presented at the In Hot Water conference 
Notes: (1) Little et al. 2007, (2) McDonald et al. 2008, (3) Christensen et al. 2004a, (4) Christensen et al. 2004b, (5) Okey 2006, 

(6) Bulman et al. 2006, (7) Hill et al. 2007, (8) Kunz et al. (in prep a), (9) Kunz et al. (in prep b), (10) Lehodey et al. 2003, (11) 

Lehodey et al. (submitted), (12) Fulton et al. 2004, (13) Dambacher & Ramos-Jiliberto 2007, (14) Dambacher et al (sumitted), 

(15) George et al. 2007. 
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Several general principles and recommendations emerged during the course of the 
discussion, which the participants thought should help guide the development of a 
national strategy for predicting community and ecological impacts of climate change.  
 
Recommendations 
 

• INCREASE AUSTRALIA’S INVESTMENT in ecosystem modelling 
capacity, as there is expected to be a future need for regional models and 
modellers (cf. Hobday et al 2006). 

• Implement a NATIONAL STRATEGIC FRAMEWORK to guide ecosystem 
modelling 

• Specify a three year PLAN to get the strategy underway  

• EMBRACE A DIVERSITY of modelling approaches – as complementary 
lessons can be obtained from each 

• TRANSCEND INSTITUTIONS with an Australian modelling group / 
network (It was suggested that the recently implemented CSIRO Adaptation 
Flagship could be a driving force in such an initiative) 

• ENHANCE LINKAGES between climate modellers, biologists and ecosystem 
modellers 

• Need DATA RECOVERY PROJECTS (i.e. to retrieve, reformat and archive 
non-digitized and inaccessible data) & undertake a DATA GAP ANALYSIS 
(i.e. to determine what is known and what are the priority areas to address) 

• Link to mesoscale ocean models and regional projections 

• Bring the models into the Management Strategy Evaluation (MSE) framework  
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Session 4: Fostering resilience in marine and coastal ecosystems  
 
Brian Walker (CSIRO) opened this session (pp 78-84) by presenting a terrestrial 
perspective of resilience assessment and management that 
is transferable to marine systems. The other two speakers 
focussed on marine ecosystems, with Terry Hughes (JCU) 
considering resilience of coral reefs to climate change and 
approaches to increase resilience, while Alistair Hobday 
(CSIRO) broadened this discussion to suggest ways of 
approaching resilience in Australian marine systems in 
general.  
 
 

Workshop Report 
 
Chairs and rapporteur: Russ Babcock, Alan Butler, Alistair Hobday 
 
Summary 
No square kilometre of the global ocean remains unaffected by multiple human 
activities such as eutrophication, fishing, habitat destruction, hypoxia, pollution, and 
species introductions (Halpern et al., 2008). The cumulative affects of these stressors 
may reduce the resilience of marine ecosystems to one of the greatest present-day 
anthropogenic threats, climate change. Climate change requires global effort for 
mitigation, and CO2 emissions are unlikely to cease this century despite an increase in 
policies to mitigate climate change by nations around the globe. However, even 
though these mitigation policies will take time to implement there are steps that can 
be taken immediately. Over relatively short time scales, policies and natural 
management at national or regional scale that can be implemented such as focusing on 
increasing resilience in natural systems 
 
General Discussion 
As the session title suggests, the major topic of discussion was how to increase 
resilience of marine species and systems to climate change. The group agreed that a 
working definition of resilience was the capacity of a (natural) system or species to 
absorb or resist change while maintaining similar system services and functions. 
Evidence was presented, and emphasized in discussion, that when multiple stressors 
on a system are present, the system may more easily shift to an alternative state that 
may not deliver the same services (e.g. Johnson and Mann, 1988, Bilio and Niermann 
2004). Thus, the common paradigm with respect to resilience, species and ecosystems 
is that reducing the impact of one or more stressors will increase resilience. Evidence 
to support this claim is emerging (e.g. Anderson et al. 2008). Thus, the group agreed 
that as stress due to climate change increases over the coming decades, species or 
ecosystems may be more likely to enter an undesirable state unless other stressors are 
reduced.  
 
The participants felt that knowledge of how to increase resilience will be gained 
through adaptive approaches, with learning along the way. Time to design the perfect 
management response is limited or absent and so adaptive management may be the 
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only way forward. Key needs to support resilience building included answering 
apparently simple questions, such as 

• How can we measure resilience?  
o Is ecosystem integrity a proxy for resilience? If so, how to best 

measure integrity? 
o Is functional diversity a proxy for resilience? 

• Will increasing resilience in Australia’s marine systems reduce their 
vulnerability to climate change?  

• What are appropriate resilience indicators? 
 
It is after answering these questions that we can act on increasing the resilience of the 
systems in question. The group noted that maintaining resilience does not mean 
preserving the system precisely in its current state; natural ecosystem are highly 
dynamic and in continual flux. Further, very few, if any, marine ecosystems can be 
considered untouched by human influence (Halpern et al. 2008, Jackson 1997, 
Jackson et al. 2001). Thus, defining “desirable” ecosystem states is necessary before 
beginning management actions: you need to know what you want!  
 
Information about potential ways to increase resilience varies between species and 
systems. There is an inequality in research effort between systems; in coastal systems, 
for example, coral reefs receive 60% of research effort (measured by publication 
output) while seagrasses, saltmarshes and mangroves receive only 11-14% each 
despite the higher value of ecosystem services supplied by each of these habitats 
compared to coral reefs (Duarte 2008). This inequality spreads to public awareness as 
measured by media reports. However, coral reefs, seagrass beds, mangroves and salt 
marshes are ecologically linked – e.g., coral reefs buffer inshore seagrass beds, 
mangroves and salt marshes from wave exposure while they in turn filter sediments 
and nutrients washing off the land that may disrupt coral systems. This example 
emphasises that ecosystems and habitats cannot be preserved in isolation from 
adjoining systems. One area that was discussed was the utility of marine reserves to 
increase regional resilience. Reserves etc operate on regional scales, with possible 
exception of GBR (large scale), but even for this the larvae use a much wider spatial 
range. Research on how reserve networks increase resilience to climate change is 
limited, but considered a potential research area.  
 
Developing management frameworks to manage multiple stressors and increase 
socio-resilience was also emphasized. In these management frameworks it was seen 
as important to incorporate both ecological and socio-economic elements. An 
example ecological process that is linked to resilience of marine systems, dispersal, 
was seen as a critical area for improved understanding. These frameworks, when 
coupled with appropriate models will provide an understanding how systems will 
respond to climate change, and what allows intrinsic resilience.  
 
Once resilient or vulnerable systems are identified, then responses including risk-
spreading strategies (protected networks), locations to establish baseline data 
collection and to monitor responses to the adaptive management approaches can be 
selected. Adaptive management approaches will require partnerships between all 
stakeholders: scientists, resource users, managers and policy planners.  
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Recommendations: 
 
Scientific research priorities 
• Develop both ecological and socio-economic indicators for measuring resilience 

for key species and habitats 
o Design efficient monitoring approaches for these resilience indicators 

• Determine if thresholds to system changes exist, and if they can be predicted 
• Support research to evaluate if increased integrity/resilience will make marine 

systems less vulnerable to climate impacts 
• Integrate socio-economic and ecology resilience theory for marine systems 
 
Management and policy priorities 
• Foster a debate to determine management or policy actions based on resilience 

results for different species and habitats. Should efforts to enhance resilience be 
targeted where natural adaptation is low, where anthropogenic stress is highest, or 
where certain values are highest? 

• Increase interactions between policy makers, decision makers and researchers to 
develop appropriate adaptive and integrated management strategies that include 
action on non-climate stressors 

• Support networks that coordinate use of existing information and efficient future 
efforts. 

 
 
References 
Anderson C.N.K., Hsieh C.-h., Sandin S.A., Hewitt R., Hollowed A., Beddington J.R, 

May R.M. and Sugihara G. 2008. Why fishing magnifies fluctuations in fish 
abundance. Nature 452: 835-839. 

Bilio M. and Niermann U. 2004. Is the comb jelly really to blame for it all? 
Mnemiopsis leidyi and the ecological concerns about the Caspian Sea. Marine 
Ecology Progress Series 269: 173-183. 

Duarte C.M., Dennison W.C., Orth R.J.W. and Carruthers T.J.B. 2008. The Charisma 
of Coastal Ecosystems: Addressing the Imbalance. Estuaries and Coasts: J 
CERF DOI 10.1007/s12237-008-9038-7. 

Halpern B.S., Walbridge S., Selkoe K.A., Kappel C.V., Micheli F., D’Arosa C., 
Bruno J.F., Casey K.S., Ebert C., Fox H.E., Fujita R., Heinemann D., Lenihan 
H.S., Madin E.M.P., Perry M.T., Selig E.R., Spalding M., Steneck R., Watson 
R. 2008. A global map of human impact on marine ecosystems. Science 319: 
948-952. 

Jackson J.C.B. 1997. Reefs since Columbus. Coral Reefs 16: suppl. S23-S32. 
Jackson J.C.B., Kirby M.X., Berger W.H., Bjorndal K.A., Botsford L.W., Borque 

B.J., Bradbury R.H., Cooke R., Erlandson J., Estes J.A., Hughes T.P., Kidwell 
S., Lange C.B., Lenihan H.S., Pandolfi J.M., Peterson C.H., Steneck R.S., 
Tegner M.J. and Warner R.R. 2001. Historical overfishing and the recent 
collapse of coastal ecosystems. Science 293: 629-638. 

Johnson C.R. and Mann K.H. 1988. Diversity, patterns of adaptation, and stability of 
Nova Scotian kelp beds. Ecological Monographs 58(2): 129-154. 

 
 

 26



 

 
Session 5: Use of scientific understanding of marine climate change 
impacts to inform decision-making 
 
The final session of the meeting focused on the oft-
neglected end of the research spectrum – the transfer 
of knowledge to action (pp 85-94). Mark Howden 
(CSIRO) drew on his adaptation experience in 
terrestrial systems to illustrate how the science can 
maximise support of marine ecosystem management. 
Paul Marshall (GBRMPA) gave his perspective on 
implementing climate-compatible conservation 
solutions in the Great Barrier Reef Marine Park, and 
outlined a strategy that contained connected elements needed for a successful process. 
Peter Appleford (representing AFMF) outlined the progress and rationale behind one 
sectorial response to climate change, the National Fisheries Climate Change Action 
Plan. Outreach to policy makers and the general public is also a challenge – Dan 
Laffoley (UK) illustrated one solution developed in the UK – a climate change report 
card. To conclude the session, Jo Mummary (DCC) provided the perspective of the 
national agency responsible for climate change research, response, and policy.  
 
 

Workshop Report 
Chairs and rapporteur: Paul Marshall, Paul Holper, Alistair Hobday and Elvira 
Poloczanska 
 
Summary  
Awareness of climate change in Australia increased dramatically in both the political 
and general public spheres from 2004 onwards. However, scientific evidence 
regarding climate change had accumulated for many decades prior. For example the 
first IPCC assessment report, which presented a stock take of then-current knowledge, 
was released in 1990. Raising public awareness of climate change has been a slow 
process and disseminating scientific findings, within the public, industrial and 
political realms, is a challenge that we still face. 
 
General Discussion 
It is important in terms of effective response to climate change to understand why the 
effective dissemination of scientific knowledge lags behind research? The groups 
suggested this was partly due to knowledge gaps in the science, for instance while the 
first IPCC assessment (IPCC 1990) judged global mean temperatures had risen by 
between 0.3-0.6°C, this warming was not considered unequivocal, thus allowing 
persistence of climate change skeptics. By the fourth IPCC assessment (2007) the 
scientific community was able to state that ‘the warming of the climate system is 
unequivocal’ and ‘most of the observed increase in global average temperatures since 
the mid-20th century is very likely due to the observed increase in anthropogenic 
greenhouse gas concentrations’.  
 
General awareness and acceptance of climate change is now high. Four factors have 
contributed to this raised awareness in particular; firstly the economic implications 
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outlined in the UK’s Stern Report; secondly, major natural climate-related events or 
disasters, namely the tsunami which hit countries around the Indian Ocean in 
December 2004 with massive loss of human life, hurricane Katrina, which devastated 
New Orleans in August 2005, and in Australia, ongoing severe drought; thirdly the 
release of Al Gore’s movie “An Inconvenient Truth” and; fourthly the awarding of the 
2007 Nobel Peace Prize jointly to the authors of the IPCC Fourth Assessment Report 
and Al Gore. In Australia, public and political perception of climate change was 
particularly heightened compared to many Western countries, given the on-going 
severe drought. If we can say the British talk about weather, then Australians certainly 
talk about climate:  
 

 
 
 
As part of this momentum, Australian political parties of all persuasions developed 
positions on climate change, and the public demand for action intensified. The science 
to support policy and management decisions is now in demand, however, a remaining 
challenge is how to increase communication between the science community, the 
public and policy- and decision-makers. There are still barriers to overcome, both in 
dissemination of climate change research to policy- and decision-makers and to the 
general public. They are broken down somewhat when perceptions change, however, 
we should not think it will be smooth sailing, as the workshop participants 
emphasized. 
 
Information delivery is critical, as highlighted during workshop discussions. For 
example, the media is recognised an important route to deliver information to the 
public. Not all media is equal, however, media reports may be both positive – 
accurately reporting scientific findings and negative, when key messages are lost, 
misinterpreted or over-inflated. Further, media attention tends to be focused on 
charismatic species such as polar bears and coral reefs (Duarte et al. 2008). It is a 
matter of debate whether this is a good or bad thing. Focusing on these species is still 
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raising general understanding and awareness of climate change, but it is important to 
present a more balanced picture to motivate conservation and management efforts for 
less charismatic species. Less charismatic species and habitats can play important 
ecological roles and provide valuable ecosystem services (Duarte et al. 2008). 
Decision- and policy-makers require easily interpretable information that presents the 
results of scientific research into climate change with some degree of confidence. 
Further, the links back from action to science and policy need to be strengthened.  
 
Barriers and solutions: The barriers and solutions to uptake and dissemination of 
climate change research raised in the workshop, and in preparation of this overview, 
are summarised in the following Table 3, and detailed in Box 4 while solutions are 
given in Box 5. 

 
 

Table 3 : Summary of barriers to uptake of scientific output, and some suggested 
solutions discussed by conference participants. 

Point Barrier Solution 
1 Goal conflicts between science 

and policy 
Form networks of research teams, 
stakeholders and policy-makers 

2 Uncertainty in climate change 
projections and translation into 
policy 

Pathways for easy access of climate 
scenarios (OzClim for Oceans). Application 
of an ensemble approach in biological 
predictions to generate probabilities for 
decision-makers 

3 Mismatch between temporal 
and spatial scales of research 
and data fragmentation 

Support for initiatives such as BlueNet, 
IMOS and NEMD. Suggestion for a multi-
partner latitudinal-transect study. 

4 Time-scales in disseminating 
scientific results 

Develops ways to reward science for faster 
communication 

5 Communication of key 
messages from science to end-
users 

Improve incentives for using a variety of 
methods to communicate results 

6 Limited access and 
interpretation of scientific 
literature by end users 

Improve delivery mechanism from science to 
policy. Initiatives such as the State of the 
Environment report and climate impact 
report cards provide fast and effective 
reporting 

7 Communication barriers 
between the media and 
scientists 

Encourage scientists to work closely with 
media brokers 

8 Ineffective knowledge transfer 
from science to end-users 

Make end-users an integral part of research 
planning and activities. 
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Detailed explanation of barriers for uptake of research 
 

1. Institutional research priorities may not coincide with the interests of policy- and 
decision-makers. Barriers exist within all organisational levels in research 
institutions which can impede the production of science useful to decision- and 
policy-makers. For example, goal conflicts - researchers may choose to pursue 
projects with high academic value (i.e. cutting edge science) at the expense of 
projects of interest to decision- and policy-makers (Goldfarb 2008). Maintaining a 
relationship with sponsors can actually reduce academic output even though it is 
desirable to funders to work with highly reputable academics (Goldfarb 2008).  

 
2. The science of climate change prediction has unresolved challenges around scale, 

uncertainty and scenarios for the future that can delay uptake. How do we deal with 
knowledge gaps in the short term?  

 
3. Mismatch for time to space scales and data fragmentation across the sectors. For 

example, the mismatch between biology (short-time scales, fine space) and climate 
projections (long time scale, coarse space). Data often dispersed between 
organisations and collected across a range of spatial and temporal scales. 

4. The time-scale to publish results in the scientific literature can be too long. 
Manuscript or report writing, the review process and eventual publication can take 
up to two years, on top of the time to complete research.  

5. Scientific papers carry important messages but often not in a language or format 
that is readily accessible to non-scientists. Scientific papers tend to summarise 
research and present key findings so information relevant to policy- and decision- 
makers may not be included. High-ranking science journals are only interested in 
publishing ‘cutting edge’ science so more traditional studies, e.g., surveys and 
biodiversity monitoring, are often not published. The performance of scientists, thus 
career progression and research funding, are judged on output in high-profile 
science journals so there is little incentive to disseminate information using other 
methods. 

6. There is limited access to scientific information for policy- and decision- makers. 
The ‘grey literature’, eg internal project reports or reports for funders are often most 
relevant to the needs of policy- and decision-makers but institutional barriers can 
restrain the general availability of such reports.  

7. The media plays an important link in disseminating information to the public. The 
media also needs to recognise its responsibility in swaying public opinion while 
scientists need to learn to communicate effectively with the media. Can scientists 
and the media work together?  

8. Early attempts at knowledge broking or knowledge transfer have generally failed. 
This process relies on knowledge exchange through the interactions of researchers 
and decision makers but requires a commitment by both parties and effective 
channels for communication and decision making. 

Box 4  
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Solutions  
1. Prioritise research investment, match to the on the ground management options. (Paul’s 

mapping picture). There are a number of benefits for researchers to partner with industry 
and other end-users such as access to data and resources which would otherwise be 
denied (Jones et al., 2007). Identifying guidelines for such collaborations and defining 
communication channels is vital to the success of such projects (Jones et al., 2007). 
Involving a range of end-users in the network will improve links between science and 
policy and improve integration between science and policy.  

There is a definite shift in scientific research over the last few decades towards team-
work thus focusing collective knowledge and effort and producing higher impact 
science (Wuchty et al. 2007). Advances in communication modes have facilitated the 
growth of team-work. Networks of research organisations can enhance output but 
communication channels are vital. 

2. Dialogue pathways for scenario constructions. There are a number of uncertainties in 
projections of future climate as discussed in IPCC (2007) therefore an ensemble 
approach, with a spectrum of models and green gas emission scenarios, is applied so 
allowing some quantification of uncertainty in projections. Applying a similar approach 
to predictions of impacts of biology will produce results with probability levels which 
will be most useful to managers and decision-makers. OzClim is a climate scenario 
generator that provides easy access to climate scenarios for the research community and 
policy- and decision-makers. OzClim for Oceans is in advanced development. 

3. Within Australia, new initiatives such as BlueNet - the Australian Marine Science Data 
Network will link vast data repositories and marine resources that currently reside in 
academic and government institutions both here and overseas. It is partnered by six 
major commonwealth data generators: Australian Antarctic Division, CSIRO, AIMS, 
Royal Australian Navy and Geoscience Australia as well as the National Oceans Office 
and a number of Universities. IMOS – Integrated Marine Observing System aims to 
provide data from the oceans around Australia to marine climate research. The National 
Ecological Meta Database is specifically aimed at providing information about 
ecological datasets to researchers, natural resource managers and policy makers.  

A national initiative such as a latitudinal-transect study of Australia was also proposed 
with a range of participants, and a knowledge building section. 

4. We need to reward science for moving faster and for rapid communication cutting edge 
research. We need to improve nodes of communication for science, such as web-based 
delivery. For example, the increasing appearance of web-based journals will speed up 
delivery times and will increase accessibility of data in scientific journals.  

5. Improve incentives for other types of dissemination such as through web-based 
initiatives, public reports etc. While organisations are increasingly recognising a number 
of indicators of scientific performance, the general onus within the scientific community 
at large is still on publications in scientific journals. 
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Recommendations 

Solutions continued  
6. Improvements in dissemination for grey literature are coming (e.g. Torres Strait) but we 

need to improve the delivery mechanism for science to policy. The Federation of 
Australian Scientific and Technological Studies works to influence science and 
technology policy for the economic, environmental and social benefit of Australia. The 
State of the Environment reports, which are produced every five years, provide 
information about environmental and heritage conditions, trends and pressures for the 
Australian continent, surrounding seas and Australia's external territories. An initiative 
such as an annual or biannual marine report card has proved a successful medium to 
disseminate information on climate change in other countries and regions (UK, USA, 
Arctic). Support for an Australian report card was strong among workshop attendees. 

7. It is important to have good science communicators who can work and communicate 
effectively with the media and develop media strategies for releasing scientific research. 
A demand can be mobilised through the media and other avenues of raising public 
awareness and resulting in a policy or management action (Duarte et al. 2008).  

8. An alternative to knowledge broking is to ensure the “end user” is an integral part of the 
research activities, because links are seamless. This will also refocus research portfolios 
to emphasise information relevant to policymakers. Such an approach will work better 
for some research activities than others.  

 

• Centralisation of metadata, such that access to information existence is 
maximised (e.g., Box 1) 

• Train researchers to use media effectively. Encourage media participation at 
events like “In Hot Water”. 

• Network clusters for climate change research. Proposal for a latitudinal 
transect.  

• Improve communication avenues between science and policy, involve policy-
makers as an integral part of research activities. Marine report card 
(Box 2). 
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There is compelling evidence that the heat content of the World Ocean has increased 
since 1955 (Levitus et al. 2005). Over the period 1961–2003, global ocean 
temperature has risen by 0.10°C from the surface to 700 m depth. Two thirds of this 
energy is absorbed from the surface to 700 m. While global ocean heat content 
observations show considerable interannual and interdecadal variability superimposed 
on the longer-term trend, relative to 1961–2003, the period 1993–2003 has a higher 
rate of warming. In the North Atlantic, the warming is penetrating deeper than in the 
Pacific, Indian and Southern Oceans, consistent with the strong convection, 
subduction and deep overturning circulation cell that occurs in the North Atlantic 
Ocean. The overturning cell in the North Atlantic region (carrying heat and water 
downwards through the water column) also suggests that there should be a higher 
anthropogenic carbon content as observed (Sabine et al. 2004). Subduction of Sub-
Antarctic Mode Water (and to a lesser extent the deep salinity minimum layer) also 
carries anthropogenic carbon into the ocean and these water masses are both observed 
to be higher in anthropogenic carbon content in the formation areas of these 
subantarctic water masses. The transfer of heat into the ocean also leads to sea level 
rise through thermal expansion, and the geographical pattern of sea level change since 
1955 is largely consistent with thermal expansion and with the observed change in 
heat content.  
 
Although salinity measurements are relatively sparse compared with temperature 
measurements, the salinity data also show significant changes. In global analyses, the 
waters at high latitudes (poleward of 50°N and 70°S) are fresher in the upper 500 m. 
In the upper 500 m, the subtropical latitudes in both hemispheres are characterised by 
an increase in salinity. The regional analyses of salinity also show a similar 
distributional change with a freshening of key high-latitude water masses such as 
Labrador Sea Water, Antarctic Intermediate Water and North Pacific Intermediate 
Water, and increased salinity in some of the subtropical gyres such as that at 24°N in 
the Atlantic and Pacific Ocean. The North Atlantic (and other key ocean water 
masses) also shows significant decadal variations, such as the recent increase in 
surface salinity in the North Atlantic subpolar gyre. At high latitudes (particularly in 
the Northern Hemisphere), there is an observed increase in melting of perennial sea 
ice, precipitation, and glacial melt water, all of which act to freshen high-latitude 
surface waters. At mid-latitudes it is likely that evaporation minus precipitation has 
increased (i.e., the transport of freshwater from the ocean to the atmosphere has 
increased). The pattern of salinity change suggests an intensification in the Earth’s 
hydrological cycle over the last 50 years (Bindoff et al. 2007). These trends are 
consistent with changes in precipitation and inferred greater water transport in the 
atmosphere from low latitudes to high latitudes and from the Atlantic to the Pacific. 
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Ocean biogeochemistry is changing. The total inorganic carbon content of the oceans 
has increased by 118 ± 19 GtC between the end of the pre-industrial period (about 
1750) and 1994 and continues to increase. It is more likely than not that the fraction 
of all the emitted CO2 that was taken up by the oceans has decreased, from 42 ± 7% 
during 1750–1994 to 37 ± 7% during 1980–2005. The increase in total inorganic 
carbon has caused a decrease in surface ocean pH by 0.1 units on average since 1750. 
Direct observations of pH at time series stations for the last 20 years also show trends 
of decreasing pH at a rate of 0.02 pH units per decade. The subduction of carbon into 
the ocean has resulted in calcite and aragonite saturation horizons generally becoming 
shallower and pH decreasing primarily in the surface and near-surface ocean causing 
the ocean to become more acidic (Figure 1). Some regions of the surface ocean are 
projected to become under-saturated for aragonite by 2100 ( Meehl et al. 2007). 
 
The zonal means of changes in temperature, anthropogenic carbon, sea level rise and 
passive tracers such as chloroflourocarbons show a common latitudinal distribution. It 
is remarkable that these independent variables measured over different time periods 
show a common pattern of change in the ocean as shown schematically in Figure 1. 
Specifically, there is a close similarity of higher levels of warming, sea level rise, 
anthropogenic carbon and CFC-11 at mid-latitudes and near the equator. These 
common patterns between these independently measured variables is broadly 
consistent with our understanding of the large scale overturning ocean circulation and 
suggests that these changes are the result of changes in ocean ventilation and surface 
warming. Warming of the upper ocean should lead to a decrease in ocean ventilation 
and subduction rates, for which there is some sparse evidence from observed 
decreases in O2 concentrations. 
 
In the equatorial Pacific, the pattern of steric sea level rise also shows that strong west 
to east gradients in the Pacific have weakened (i.e., it is now cooler in the western 
Pacific and warmer in the eastern Pacific). This decrease in the equatorial temperature 
gradient is consistent with a tendency towards more prolonged and stronger El Niños 
over this same period (Trenberth et al. 2007). Since the previous assessment (Church 
et al. 2001), the capability to measure most of the processes that contribute to sea 
level has been developed. In the 1990s, the observed sea level rise that was not 
explained through steric sea level rise could largely be explained by the transfer of 
mass from glaciers, ice sheets and river runoff (Bindoff et al. 2007, Section 5.5 and 
Figure 1).  
 
When of these observations taken together give high confidence that the ocean state 
has changed, that the spatial distribution of the changes is consistent with the large-
scale ocean circulation and that these changes are in response to changed ocean 
surface conditions. While there are many robust findings regarding the changed ocean 
state, uncertainties still remain. Limitations in ocean sampling (particularly in the 
Southern Hemisphere) mean that decadal variations in global heat content, regional 
salinity patterns, and rates of global sea level rise can only be evaluated with 
moderate confidence. Furthermore, there is low confidence in the evidence for trends 
in the MOC and the global ocean freshwater budget.  
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Figure 1 Schematic of the observed changes in the ocean state, including ocean temperature, 
ocean salinity, sea level, sea ice and biogeochemical cycles. The legend identifies the 
direction of the changes in these variables (from Bindoff et al. 2007). 
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Our planet is currently undergoing major changes to its climate, which is seeing an 
exponential rise in atmospheric CO2 and other greenhouse gases, and associated 
increases in temperature. Concurrently, fluxes of UVB radiation are also increasing, 
particularly (but not exclusively) at higher latitudes. While the Earth has experienced 
conditions of higher temperature, CO2 levels and UVB in the geological past, the rate 
at which these parameters is changing is unlike anything previously seen. These 
changes in the global environment are likely to have severe repercussions on marine 
primary producers and ecosystems (see Beardall and Raven 2004, Beardall and 
Stojkovic 2006, Harley et al. 2006). 

Marine ecosystems contribute ~50% of the total global primary productivity of 111-
117 Pg C y-1 (Behrenfeld et al. 2001, Falkowski and Raven 1997). Of this, the 
majority comes from the photosynthetic activities of the phytoplankton in the open 
oceans and ~25% from algae and seagrasses in coastal regions (Geider et al. 2001). 
Biotic and abiotic drawdown of CO2 by the oceans is believed to account for ~30% of 
the anthropogenic CO2 emissions since the start of the Industrial Revolution. Factors 
controlling the productivity and population composition of phytoplankton are 
therefore of major significance in determining the overall primary productivity, 
carbon cycling and ecology of the oceans.  

CO2 exerts influence on phytoplankton productivity in two ways. Firstly through 
direct effects on photosynthetic activity and secondly through effects on pH and the 
equilibrium between CO2, bicarbonate and carbonate species of inorganic carbon in 
seawater. The shift in equilibria with a rise in CO2 means that even a threefold 
increase in CO2 will lead to only a small (<10%) increase in bicarbonate and total 
DIC concentration. Carbonate concentrations (important in calcification processes) 
will approximately halve (Beardall and Raven 2004). The shift in CO2:HCO3

- ratio 
may have an impact on species able to utilize only CO2 by diffuse uptake, but most 
phytoplankton species have an active uptake system for inorganic carbon, utilizing 
CO2 and/or bicarbonate, that renders photosynthetic carbon assimilation essentially 
saturated under present-day [CO2] and unlikely to increase substantially under 
elevated CO2 conditions (Beardall and Raven 2004, Giordano et al. 2005). Major 
exceptions to this are coccolithophorids such as Emiliania huxleyi. These organisms 
show substantial increases in carbon assimilation under elevated CO2 and are also 
calcifying organisms, responsible for large amounts of export production of carbonate 
from their calcite scales (coccoliths). However, even non-calcifying organisms with 
active uptake processes may show 20-30% rises in growth rate under 1000 ppm CO2. 
These differential responses to elevated CO2 could lead to changes in phytoplankton 
species composition (Tortell et al. 2002) and even different strains of E. huxleyi show 
differential response of photosynthesis to DIC (Stojkovic, unpublished). Increased 
CO2 also leads to enhancement of uptake of other nutrients such as N and P (Beardall 
and Koss, unpublished) though, since these changes are not always in step with any 
rises in C fixation, elemental ratios (C:N:P) can be altered by elevated CO2 (Burkhardt 
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and Riebesell 1997, B7urkhardt et al.1999). Elevated CO2 can also alter other aspects 
of cellular biochemistry leading to changes in the proportion of saturated fatty acids 
and mean fatty acid chain length (Riebesell et al. 2000a). These changes in chemical 
constitution of phytoplankton can alter their nutritional value, with impacts further up 
the trophic chain. Elevated CO2 may also lead to enhanced excretion of carbon-
containing molecules – one class of extracellular polysaccharide (Transparent 
Exopolymer Particles or TEP) is known to increase with elevated CO2 and these 
promote cellular aggregation, potentially enhancing sinking rates and export 
production (Engel et al. 2002). 

The decrease in oceanic pH caused by elevated CO2 will impact on calcification rates. 
This causes decreased calcification in coccolithophorids (Riebesell et al. 2000) as well 
as animals such as pteropods that are major grazers of phytoplankton in Southern 
Ocean ecosystems. Although the decreased decalcification on pteropods (as will other 
calcifying animals) is likely to have an impact on their grazing and growth, there is 
little evidence that decalcification of coccolithophorids will lead to decreases in 
organic carbon formation and growth rates. Export production of C as calcite will be 
impacted however. 

Sea surface temperatures are predicted to rise by an average of 2-3 oC over the next 
century, though such changes will not be homogenous, with greater changes at the 
higher latitudes where oceanic primary production is higher. Since different 
organisms have slightly different temperature responses to growth, even slight 
changes in temperature can potentially impact on competitive advantages of species 
and lead to altered species composition in phytoplankton populations. In freshwater 
systems for instance, there is considerable evidence that cyanobacteria will displace 
diatoms and other phytoplankton as temperatures increase (see Beardall and Stojkovic 
2006 and references therein). 

Perhaps more importantly, increased temperature will lead to enhanced stratification 
of the surface layers of the oceans. Enhanced stratification will lead to the more rapid 
depletion of nutrient resources in the surface mixed layer and a decrease in nutrient 
replenishment from deep, nutrient rich waters. This in turn will lead to a change in 
species composition, with smaller cells with higher surface area: volume ratios (which 
are better able to cope with low nutrient levels) being favoured over larger cells. Thus 
we might see picoplanktonic organisms such as Prochlorococcus and nanoplankton 
such as coccolithophorids displacing larger diatoms. There is good evidence for this 
trend both in the fossil record (see Falkowski and Oliver 2007) and for phytoplankton 
populations in the Mediterranean (Goffart et al. 2002). Since smaller cells are more 
likely to remain suspended in the upper mixed layer, and less likely to sink out to the 
deep sea, this could lead to a decrease in export production – though this ignores 
possible effects of CO2 on TEP production and cell aggregation which would mitigate 
the effect. Increased retention of small cells in the upper mixed layer will increase the 
importance of nutrient recycling via the microbial loop and regenerated production. 
The increased extent of nutrient limitation may also interact with enhanced UVB 
fluxes, as it is known that nutrient limitation, in some species at least, enhances the 
sensitivity of phytoplankton cells to UVB damage (e.g. Shelly et al . 2002, 2005). 

The enhanced extent of nutrient limitation will potentially lead to a decrease in the 
overall productivity of the open ocean. Data of Bopp et al. (2005) suggest that this 
decrease in primary production could be 15%, but the proportion of primary 
production exported to deep water could decrease by as much as 25% with a 4-fold 
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increase in CO2 above pre-industrial values. Gregg et al. (2003) suggested on the 
basis of satellite data that global oceanic primary productivity had decreased by 6% 
between the periods 1979-1986 and 1997-2002, with 70% of this effect due to 
changes at higher latitudes. 
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Overview 
The recent IPCC WGII Report (Rosenzweig et al. 2007) documented almost 29,000 
biological changes attributable to recent global warming including shifts in species 
distributions and alteration of timing of life history events (phenology). Most of these 
observations were from Northern Hemisphere temperate regions and only 85 (or less 
than 0.3%) were from marine systems (Figure 2). It is noteworthy that there are few 
impacts from the Southern Hemisphere and overall, few marine examples of climate 
change impacts. This dearth of documented changes does not mean our oceans are 
immune to climate change, but rather is a misleading and dangerous artefact reflecting 
the distribution of global science funding, biases within the IPCC process, and 
historical realities in marine research. 
 

 
 

Figure 2 Location of significant changes in observations of physical and biological systems (terrestrial, 
marine, and freshwater biological systems) are shown together with surface air temperature changes 
from 1970-2004 (from IPCC 2007) 
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Despite the low report rate in IPCC, recent climate change has had an obvious and 
tangible impact on marine communities ranging from plankton to fish, with 
substantial ecosystem consequences. As presented by John Beardall (this session), 
climate change impacts on marine primary producers, the phytoplankton, in our 
world’s oceans are likely to resonate throughout marine ecosystems (Beardall and 
Raven 2004, Beardall and Stojkovic 2006, Harley et al. 2006). There are strong links 
between temperatures and nutrient availability which govern ecosystem state in 
marine systems not seen in terrestrial systems. In terrestrial systems, although 
temperature is important, factors such as rainfall also drive land productivity (consider 
the ongoing Australian drought). The alteration of ocean chemistry through increase 
CO2 dissolution is a very real threat to marine ecosystems. Ocean acidity has declined 
by 0.1 units since 1750 (around the start of the Industrial Revolution) and within a 
few centuries may be lower than at any time over the past 300 million years. Ocean 
pH is thought to have remained fairly stable over this long time period (Caldeira and 
Wickett 2005). Reduced pH conditions retard growth and increase maintenance costs in 
calcifying organisms. Particularly vulnerable are the reef-building corals and pteropods 
(winged snails) that support rich tropical and polar ecosystems respectively (Raven et al., 
2005, Orr et al. 2005). Probably among the most highly-publicized climate change 
impacts are bleaching of tropical coral reefs, discussed in detail by Ove Hoegh-
Guldberg (this session). Climate change can also shift marine ecosystems, which are 
highly disturbed through over-exploitation and eutrophication, to alternative stable 
states dominated by jellyfish. Jellyfish are highly voracious predators on the larvae 
and eggs of fish and other species so once jellyfish dominate they can suppress the 
capacity of previously common species to expand again (Purcell et al. 2007). Do our 
oceans have a gelatinous future given the projected rate of climate change over the 
coming century and high (other) anthropogenic disturbances?  

We give global and Australian marine examples below drawing on extensive reviews 
undertaken by the CSIRO Marine Biological Impacts Group (Hobday et al. 2006, 
Hobday et al. 2007, Poloczanska et al. 2007). 

Global marine examples 

The shifting of distributional boundaries with inter-annual temperature variability is 
well known in some marine species; for example catches of pelagic fish species in the 
Northwest Atlantic have been shown to shift poleward by 0.5-0.8 degree of latitude 
(roughly 60-90 km) for each 1°C increase in average water temperature (Murawski 
1993). Distributional boundaries are not fixed temporally, and oscillate as climate 
fluctuates and local colonisations and extinctions occur. The global warming trend 
superimposed on inter-annual climate variability has resulted in polewards shifts in 
species distributions far beyond previous natural ranges. For example, in the oceans 
distribution changes of fish species linked to recent warming temperatures, or shifts in 
the ratio of warm-water to cold-water species suggesting distributional shifts, have 
been observed in the North Sea (Perry et al. 2005), Northeast Atlantic (Byrkjedal et 
al. 2004, Genner et al. 2004, Desaunay et al. 2006), and the Mediterranean (Sabates et 
al. 2006).  
 
Distributional shifts tend to be greater for fish species with a ‘fast’ life-cycle i.e., 
small body size and low age and size at maturity (Perry et al. 2005, Sabates et al. 
2006). Rates of expansion in high latitude distributional boundaries were found to be, 
on average, 120 km per decade for North Sea species (Perry et al. 2005), while 
expansions of 40 km per decade were calculated for Mediterranean sardinella (small 
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pelagic fish, Sabates et al. 2006). Fastest expansions have been recorded in North 
Atlantic plankton with copepod species shifting 1000 km polewards in only 50 years 
(Beaugrand et al. 2002). Short life spans of plankton species (days to months) result in 
rapid population responses to climatic alteration. Although marine examples of 
distributional changes are sparse compared to terrestrial examples, partly due to the 
difficulty and expense of working in the marine environment, the few examples we 
have suggest a much greater response in the marine than terrestrial environment to 
global warming. On average, terrestrial species, which have exhibited range 
expansions, have shifted 6.1 km per decade polewards, although range shifts of 200 
km per decade have been recorded in butterflies (Parmesan and Yohe 2003). 
Similarly, the few examples of shifts in phenology of marine species are generally 
larger then those recorded in terrestrial species. Globally, terrestrial species have 
advanced 2.3-2.8 day per decade with amphibian species (therefore aquatic species) 
showing the fastest responses of up to 34 days per decade (Parmesan 2007). Again 
marine species, where observations exist, are showing relatively fast rates of change. 
For example, marine plankton species in the North Atlantic have advanced by 8-10 
days per decade on average (Edwards and Richardson 2004).  
 
Australian marine systems 
While most evidence of marine biological impacts comes from Northern Hemisphere 
waters, there is evidence of comparable changes in Australia. The recent warming in 
the Tasman Sea driven by a strengthening of the East Australian Current (EAC) is 
already impacting marine life in south-eastern Australian waters. In the last decade 34 
fish species that were previously absent or rare south of the Bass Strait have either 
established or increased in abundance further south (Last, CSIRO, pers comm). A 
recent resurvey of Tasmanian intertidal fauna have revealed a number of species have 
shifted further south over the past 50 years (Poloczanska, unpublished data). Further, 
the giant rock barnacle, which was absent in the 1950s, is now established down the 
east coast of Tasmania. The recent poleward range extension of the sea urchin 
Centrostephanus rodgersii in Tasmanian waters is also attributed to the warming in 
Tasmanian waters (Ling et al., 2008). Temperature-related shifts in distributions of 
pelagic species or species with a pelagic dispersal stage are likely to be aided by the 
southward-flowing EAC on the east coast of Australia and Leeuwin current on the 
west. While climate projections suggest the EAC will be increase by up to 20% over 
this century, the Leeuwin current is undefined in Global Climate Models due to model 
resolution but recent studies suggest that this will also strengthen. Of particular 
concern is impact on exploited and aquaculture species (Hobday et al. 2007). Marine 
fisheries and aquaculture are important industries in Australia, both economically 
(gross value over A$2.12 billion in 2005/06) and socially. In northern Australia, 
catches of species such as barramundi, prawns and other estuarine–dependant 
fisheries are linked to rainfall or riverflow. In southern Australia, temperature 
regimes, zonal wind strength, and current strength have the greatest impacts on 
exploited fishes.  
 
There are likely to be winners and losers as global climate warms. For example, 
production in the valuable Tasmanian salmon aquaculture industry is expected to be 
negatively impacted by warming temperatures (Hobday et al. 2007). Warmer summer 
water temperatures and a longer season with high water temperatures will increase 
fish mortality. The arrival of the urchin C. rodgersii in Tasmania, which can 
overgraze algal beds eliminating macroalgae over large regions, has serious 

 45



 

implications for the sustainability of rock lobster and abalone fisheries (Johnson et al. 
2005). The strength of the Leeuwin current has a positive impact on whitebait 
(Hyperlophus vittatus) and on recruitment of Western Australian salmon (Arripis 
truttaceus) and Australian herring (Arripis georgianus) to South Australia (Pearce and 
Caputi 1994). If the Leeuwin current strengthens as global climate warms, then 
productivity of these species may increase (Hobday et al. 2007). One of the few 
examples of impacts on the phenology of Australian marine life comes from breeding 
little penguins on Phillip Island, Victoria. Laying dates are becoming earlier as 
temperatures warm which may lead to improved breeding success (Chambers et al. 
2005).  
 
Much of our information for Australian waters is anecdotal rather than quantitative, so 
it is incumbent upon all of us to help rectify this problem. This problem is exacerbated 
by the dearth of long-term baselines in Australia against which to measure change. 
This requires innovative monitoring to compensate for the lack of biological baselines 
together with retrospective analyses. Driven by the need to prepare for climate 
change, much of the debate in Australia has now shifted from climate impacts to 
climate adaptation. Gaining an understanding of marine climate impacts is important 
for underpinning our future adaptation approaches. 
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Flatback turtles are representatives of an ancient lineage within the hard shelled turtles 
(Cheloniidae) that appear to have originated at about the end of the Cretaceous period. 
The known distribution for this turtle is restricted to the Australian continental shelf 
and a few immediately adjacent areas. There is a high probability that this is a 
Gondwanaland relict species. The flatback turtle has been a survivor of climate 
change across extended geologic time. How a present day marine turtle population 
might respond to climate change is explored using our extensive current knowledge of 
this species and of sea level changes and associated climate change since the last ice 
ages. 

Today’s N. depresssus distribution (nesting beaches, post-hatchling dispersal, benthic 
foraging by immatures and adults, breeding migrations) lies within the previous ice 
age land mass of Australian-New Guinea. With climate change and sea level rise 
since the last ice age, past nesting beaches near the edge of the continental shelf were 
flooded and new nesting beaches have become available. In the extreme, some nesting 
populations have shifted at least 950 km during these sea level changes. The shallow 
water habitats that support its soft-bodied prey species (soft corals, sea-pens, beche-
de-mer) now occur in waters less than 60m in depth within the continental shelf, 
including the Great Barrier Reef lagoon and Gulf of Carpentaria. Flatback turtles have 
made radical changes in distribution of nesting beaches, foraging areas and migratory 
pathways in the last 12 thousand years. 

Associated with these changes in distribution were selective pressures that drove 
changes leading to development of new genetic stocks with associated differences in 
biological characteristics. Tropical beaches in northern Australia in summer are too 
hot to be suitable turtle eggs incubators (The Guinea effect). On the Australian east 
and west coasts, today’s summer nesting populations have a southern (higher latitude 
and hence cooler) nesting distribution. Across northern Australia where a southward 
shift was not an option, the populations have been selected for winter-spring breeding. 
Both breeding distributions provide suitable beach temperatures (25-32oC) for high 
incubation success within a beach temperature range that ensures suitable male:female 
hatchling ratios. This difference in timing of breeding by different populations is 
associated with selection for physiological differences in the endogenous breeding 
cycles within the respective populations. Where summer and winter breeding 
populations have sympatric adult foraging, it can lead to reproductive isolation of 
these populations. With breeding isolation comes the potential for genetic 
differentiation and for developing fixed differences in other biological parameters 
between populations. The east Australian and NE Gulf of Carpentaria, flatback stocks 
which show the greatest genetic differences between stocks also display significant 
differences in a number of population parameters. The summer nesting flatback turtles 
that breed in eastern Australia have larger size adult females which lay more eggs per 
clutch, lay larger diameter eggs and produce larger size hatchlings than the winter-
spring nesting flatback turtles breeding in NE Gulf of Carpentaria. Past climate 
change with its associated changes in the distribution and biology of the marine 
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species such as the flatback turtle should be considered as a significant factor in 
driving speciation processes for marine turtles. 

It is expected that current climate changes will place similar pressures for change on 
species such as the flatback turtle. Changes such as spatial shifts in breeding locations 
potentially can be made by the young adult female now as she chooses a beach for her 
first nesting. It does not have to be the exact beach on which she was born. However, 
once she chooses her beach, she appears to retain a fidelity to that beach for the 
remainder of her breeding life. Therefore these types of spatial changes can be made 
immediately in response to climate change. However, the changes in physiology 
required to make temporal changes in breeding cycles are more likely to occur in 
response to progressive selection across several to many generations. These changes 
are expected to occur slowly.  

The flatback turtle is a listed threatened species (vulnerable) as a result of impacts of 
fisheries bycatch mortality and loss of eggs to feral predators. A species that is 
already at elevated risk of extinction because of human related impacts can be 
expected to be at even greater risk when it is also exposed to the added non-trivial 
impacts of climate change with the associated pressures for changing breeding and 
feeding distribution, changing migratory routes and associated physiological changes. 
 
 
 

 

Female flatback turtle (T23076) returning after successful nesting at Mon Repos, 9 
December 2007. Photo: Col Limpus 
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Coral reefs occupied a tiny fraction of the ocean floor it yet house an estimated one 
million species (Reaka-Kudla 1996).  In addition to being a critically important as 
storehouses of ocean biodiversity, coral reefs also play key roles in stabilising 
coastlines and in providing a number of key technological services to humans in terms 
of industry and access to food, building materials and cultural activities.  Australia 
alone receives over $6 billion in income from international tourism to the Great 
Barrier Reef. 
 
Unfortunately, there is growing evidence that coral reefs are undergoing fundamental 
changes (Hoegh-Guldberg et al. 2007).  A recent meta-study by Bruno and Selig 
(2007) investigated over 6000 publish scientific reports from the past 50 years and 
came to the conclusion that coral cover, an estimate of the health of coral reefs, was 
declining at the rate of 1-2 percent per year on reefs throughout the region.  This 
decline in coral diversity and abundance is also underpinning a rapid decline in a large 
number of coral reef dependents species (Wilson et al. 2006).  There are a number of 
influences arising from human activities that are driving these changes including 
deteriorating water quality, over exploitation of coral reef species and habitat 
destruction.  More recently, global warming and ocean acidification have joined the 
list of pressures on coral reefs. 
 
Corals which are at the core of coral reefs appear to be highly susceptible to changes 
in environmental conditions such as water temperature.  Existing just 1°C below the 
summer maximal water temperature, exposing corals to elevated temperatures quickly 
leads to coral bleaching, the point at which the all-important mutualistic symbiosis 
with their dinoflagellate symbionts breaks down.  As a result, the tissues of corals 
rapidly turned white as the brown symbionts leave.  Deprived of their all-important 
energy source, corals become increasingly susceptible to starvation, disease and 
death.  Over the past 30 years, the frequency and intensity of coral bleaching has been 
on the rise.  Coral bleaching has been recorded seven times on the Great Barrier Reef 
alone; in recent events (1998, 2002) coral bleaching has affected over 60% of the 
coral reefs within the Great Barrier Reef Marine Park, with an estimated 5% of corals 
dying across the 2100 km stretch of coral reef ecosystem.  While these impacts have 
been small, impacts in regions like the Western Indian Ocean (WIO), where 46% of 
corals perished in a single year in 1998, is instructive.  There s no basis for Australia 
to believe that it is special or immune from similar impacts, if sea temperatures 
continue to increase. 
 
Sea temperatures in the Great Barrier Reef region show a steady rise of 0.4°C over the 
past century, which is enough to push corals over the threshold of the coral bleaching 
during warm years that arise due to natural interannual variability (which times 
usually with strong El Niño conditions on the southern Great Barrier Reef).  Current 
projections of warming in the Australian regions suggest that sea temperatures will 
increase by an additional 1-3°C under B2 and A2 scenarios, respectively.  This will 
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steadily increase the incident and impact of mass coral bleaching, eventually bringing 
conditions surrounding coral reefs to stressful levels every year with a further increase 
of 1°C in sea temperature.  The balance of evidence, suggest that 1° C rise in sea 
temperature represents a significant threshold or tipping point of coral reefs as far as 
global warming is concerned. 
 
Rising carbon dioxide in the atmosphere has brought about a second major change to 
the fortunes of corals in coral reefs.  Between 25 and 40% of the carbon dioxide that 
enters the atmosphere eventually enters the ocean, where its reacts with water to 
produce carbonic acid.  The protons that are released from the newly formed acid 
molecules combined with carbonate ions to form bicarbonate, thereby reducing the 
concentration of carbonate ions. As a result, rising carbon dioxide in the atmosphere 
has already decreased the carbonate ion concentration by as much as 30 µmol kg-1 
water in the earth’s tropical oceans.  This decrease has enormous ramifications for 
corals in that they require carbonate ions to create the aragonite skeletons upon which 
coral and other reef calcifiers depend.  Extensive field and experimental evidence 
(Kleypas and Langdon 2007) showed that decreases in carbonate ions have dramatic 
impacts on the rate of calcification of marine organisms like corals, and decreasing 
the carbonate ion concentration below 200 µmol kg-1 water is enough to cause the net 
community calcification of coral reefs to slow and become negative.  Concentrations 
of carbonate islands of 200 µmol kg-1 water arise when carbon dioxide in the 
atmosphere exceeds 450 ppm.  This evidence suggests that a second threshold exists 
for corals as carbon dioxide builds up in the atmosphere.  
 
Critical to the arguments presented above is the relative constancy of thresholds for 
reef calcifers as far as temperature and the carbonate ion concentration are concerned.  
In the past, shifts in climate have occurred over a much longer time periods and 
biology has had the time by which to shift geographically (migrate) or adapt locally to 
the changes that have occurred around it.  Currently there is little evidence that these 
thresholds have been shifting or that biology has been able to evolve rapidly enough 
to keep pace with the changes in the global environments.  In order to investigate why 
biology is falling behind, Hoegh-Guldberg et al. (2007) calculated the changes that 
have occurred in sea temperature and the carbonate ion concentrations for carbonate 
coral reefs over the past 420,000 years using the Vostok ice core data (Petit et al. 
1999).  The results indicate that the temperature and carbonate ion concentrations that 
coral reefs have been exposed to over the past 420,000 years have varied relatively 
slowly (at least 100 times more slowly than the past century) and have remained in a 
tight cluster over this period.  When current conditions are compared to those of the 
past 420,000 years, it becomes clear that we have already placed our coral reefs into 
two conditions that are extremely unusual relative to those which coral reefs have 
evolved under.  Biological adaptation takes time, and current rates of change suggest 
that its ability to keep pace has been exceeded. 
 
A key conclusion of this analysis is that carbon dioxide concentrations of 450 ppm 
represent the upper limit for the existence of coral reefs.  It becomes an imperative, 
therefore, that we make every effort to reduce global emissions so that we stabilise 
them at or below 450 ppm carbon dioxide in the atmosphere.  At the same time, there 
is growing experimental evidence that protecting coral reefs from local stresses such 
as declining water quality and overfishing dramatically improves their ability to 
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recover from disturbances such as coral bleaching events, and hence will allow us to 
important time as we struggle to get global emissions of carbon dioxide under control. 
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Introduction 
There is a great deal of evidence showing that climate change has a profound 
influence on species’ range expansion and contraction. Much of this evidence comes 
from the terrestrial realm, including fossil records (Davis and Shaw 2001) and 
contemporary observations (Parmesan and Yohe 2003, Root et al. 2003). However, 
mounting evidence also demonstrates the impact of climate change on species 
distributions in marine systems (Precht and Aronson 2004, Perry et al. 2005). 
Projected climate change over the twenty-first century (IPCC 2007) is therefore 
expected to have a significant impact on species’ distributions in both terrestrial and 
marine systems. There is now a growing need to forecast future range shifts and to 
anticipate the impact on conservation efforts (Hannah et al. 2002). 
 
Three general patterns in distribution shifts are expected under climate warming: 1. 
toward higher latitudes (‘poleward shifts’) 2. toward higher elevation on land, and 3. 
toward deeper water in the sea. Roughly speaking, a 2 ºC in mean annual temperature 
equates to a poleward shift in isotherms of around 200 km, or an upslope shift of 
around 300 m (Hughes 2000). A number of studies have forecast future distributions 
by extrapolating using rough figures such as these. For example, Raxworthy et al. (in 
press) used a lapse rate of 6 ºC per 1000 m to estimate that a temperature increase of 
1.7°C would be sufficient to cause three species of amphibians and reptiles to shift 
upslope and ‘off the top’ of Madagascar’s highest massif, Tsaratanana. Applying a 
similar rough extrapolation in the marine realm, Perry et al. (2005) estimated that two 
types of commercial fishes, blue whiting and redfishes, may retract completely from 
the North Sea by 2050, whilst bib may extend its range northward to encompass the 
entire region by 2080. 
 
Extrapolations of this kind are useful, but suffer from two principal limitations. First, 
the forecasts tend to be made based only on one ecological dimension (usually 
temperature), yet climate change over the coming century is expected to occur in 
multiple-dimensions (including temperature, precipitation, wind, and marine pH). 
Secondly, simple extrapolations do not give a sense of more complex spatial patterns 
that may emerge in future. A number of more advanced modelling approaches have 
been developed that enable predictions to be made based on multiple ecological 
dimensions, and in a spatially explicit manner through linking with Geographical 
Information Systems. Here I will briefly review the most common modelling 
approaches, give examples of how the models have been applied to date (mostly in 
terrestrial systems), and discuss limitations. Finally, I will outline some principal 
considerations for application of these methods in marine systems. 
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Bioclimate envelope modelling 
A number of modelling strategies for predicting the potential impacts of climate 
change on species’ distributions have been proposed. These often focus on the 
characterization of a species’ ‘bioclimate envelope’, which defines the climatic 
conditions within which a species lives. Bioclimate envelopes may be characterized 
using either a mechanistic or correlative approach (Pearson and Dawson 2003). 
Mechanistic models aim to incorporate understanding of a species’ physiological 
response to environmental conditions. These models describe factors such as frost 
injury, phenology and reproductive success as a function of environmental variables 
(e.g. mean daily temperature, daily precipitation, night length; Chuine and Beaubien 
2001). Mechanistic models can only be applied to species that have been extensively 
studied, since detailed understanding of species’ physiology is required. In contrast, 
correlative models aim to define a species’ bioclimate envelope by associating known 
distributional information with suites of environmental variables. The central premise 
of the correlative approach is that the known distribution of a species provides useful 
information as to the environmental requirements of that species. Since known 
locality records are available for a large number of species, the vast majority of 
forecasts of future distributions under climate change have, to date, been made using 
correlative models. Correlative distribution models are my focus here. 
 
Numerous alternative modelling algorithms have been used to generate correlative 
species’ distribution models (for review and comparison see Elith et al. 2006). These 
include machine learning approaches, such as genetic algorithms (Stockwell and 
Peters 1999) and artificial neural networks (Pearson et al. 2002), and powerful 
statistical regression methods, including boosted regression trees (Leathwick et al. 
2006) and multivariate adaptive regression splines (Elith and Leathwick 2007). 
Having characterized a species’ bioclimate envelope, scenarios of future climate 
change can be run through the model to generate a prediction of the potential 
redistribution of the species bioclimate envelope. 
 
Although correlative distribution models have been used to estimate species’ 
occurrence and richness in marine environments under present day climate (Wiley et 
al. 2003, Leathwick et al. 2006), I am not aware of any attempts to predict 
distributions in marine systems under climate change. However, the approach has 
been widely used to predict climate impacts in terrestrial systems (e.g. Berry et al. 
2002, Peterson et al. 2002, Thomas et al. 2004, Araújo et al. 2006). In one high-
profile application, Thomas et al. (2004) estimated, on the basis of mid-range climate-
warming scenarios for 2050, that 15-37% of species in their sample of over a 
thousand species will be ‘committed to extinction’. Results such as these have 
generated increased interest in the threat of climate change on biodiversity, but the 
modeling methods used have been widely criticized (e.g. Thuiller et al. 2004). I will 
outline some of the main uncertainties in predictive forecasting of species’ 
distributions in the following section. 
 
Uncertainties and prospects for applications in the marine realm 
Many sources of uncertainty are inherent in bioclimate envelope modelling 
approaches (for review and discussion see Pearson and Dawson 2003, Pearson et al. 
2006). Uncertainty results from our limited understanding of factors including biotic 
interactions, species’ dispersal ability, potential for contemporary evolution, and 
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direct impacts of increased concentrations of atmospheric CO2. Perhaps most 
fundamentally, the basic assumption of correlative bioclimate envelope models – that 
the known distribution of a species provides useful information as to its 
environmental requirements – is subject to criticism. A number of studies have tested 
the degree of ‘equilibrium’ between climate variables and species distributions. For 
example, analyses by Araújo and Pearson (2005) suggested that equilibrium was often 
low, but was taxon-dependent, with more mobile species showing higher equilibrium 
than less mobile species. In the case of marine organisms, there is evidence that many 
species are more stressed near their range boundaries (Sorte and Hofmann 2005), thus 
supporting the assumption that range edges are at least partially defined by 
environmental conditions. 

 
One of the largest uncertainties in projections of future species distributions concerns 
changes in interactions between species. Models of species distributions tend to focus 
on individual species, yet changes to the distribution of one species may have 
significant knock-on impacts on the distribution of other species. Indeed, species 
ranges are often defined by competition with other species, rather than by 
environmental conditions alone. A good example of this concerns the changing 
distributions of the barnacles Chthamalus spp. and Semibalanus balanoides around 
the coast of Southern England. The Chthamalus species are characteristic of warmer 
waters and are distributed south as far as the tropics, whilst S. balanoides is mostly 
found in colder waters and penetrates far north into the Arctic Circle. The two types 
are only found side by side in the British Isles and northern France. Distributions of 
these species fluctuated around Southern England as sea temperatures varied over the 
twentieth century: Chthamalus species were dominant in the 1950s when 
temperatures were relatively warm, S. balanoides became more prevalent during 
cooler years in the 1960s and 1970s, and Chthamalus species have expanded again as 
sea temperatures have warmed since the 1980s. However, detailed study of these 
species has shown that it is not environmental tolerances that have directly led to 
range shifts, but rather a change in competitive interactions: S. balanoides reproduces 
more efficiently below about 15 °C, whilst Chthamalus is more successful above this 
temperature (Southward et al. 1995). Interactions of this type make predicting 
responses of individual species problematic, though in such circumstances there may 
be some merit in using correlative modelling approaches that are based on the actual 
species’ distribution (the realized niche) as opposed to attempting to identify absolute 
physiological tolerances (the fundamental niche). 
 
My discussion here only touches on the many difficulties faced when attempting to 
forecast species’ distributions under future climate change. Many of these difficulties 
will be equally relevant to modelling distributions of marine organisms. However, the 
bioclimate envelope approach can provide useful information: the models identify 
areas of the landscape that are expected to have climatic conditions in future that are 
similar to where a species is currently found. Such information may be used, for 
example, to prioritize areas for conservation. 
 
Particular challenges relating to the application of bioclimate envelope models in 
marine systems include understanding how changing currents will affect dispersal 
ability under climate change. Many biogeographical boundaries in oceans are defined 
by current-mediated dispersal limitation, so the ability of species to track changing 
conditions will be largely defined by changes in current systems (Harley et al. 2006). 
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In order to apply bioclimate envelope models in marine systems it will also be 
necessary to have future predictions of key variables, such as sea temperature, salinity 
and pH. 
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Chthamalus spp. and Semibalanus balanoides in SW England (photo E.Poloczanska) 
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Abstract 
Over the past 100 years, Earth’s climate has become warmer and precipitation 
regimes have changed. Climate models predict even greater climate changes in the 
21st century. Can we predict the effects of these changes on the distributions of 
species? Bioclimatic models estimate relationships between the distributions of 
species and climate. However, models are based on problematic assumptions and 
studies have shown that projections by alternative models can be so variable as to 
compromise the simplest assessment of whether species distributions should contract 
or expand for any given scenario. Can uncertainty from bioclimatic models be 
reduced? To address model uncertainties, researchers have proposed the use of ever 
more complex process-based models. Yet, since there are 1.5 million named species 
and many more are undocumented, methods that require detailed specific information 
on all species for forecasting overall biodiversity are not practical. I review the main 
sources of uncertainties in bioclimatic models and discuss some of the required steps 
for improving forecasts of biodiversity change under climate change scenarios. 
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Figure 3 A Visual Example of the Climatic Niche Concept, Its Geographical Location, and Niche 
Conservatism (Nogues-Bravo et al. 2008). The climatic niche represents the climatic conditions where 
a species is able to persist. It would encompass many climate variables (n dimensions). The climatic 
niche has a location in geographical space. On the left, we show an example of a climatic niche (yellow 
ellipse) defined by the distribution (black outlined symbols equal presence) of a species in three 
different periods of time, t1 (orange squares), t2 (green circles), and t3 (blue triangles), within a climatic 
space defined by two dimensions (two climatic gradients represented by precipitation and temperature). 
The mean climate conditions are symbolized by the black cross. On the right, we observe the 
geographical location of the climatic niche in the three periods of time and its projection to a fourth 
one, t4. Note that while the climatic conditions where the species is present remains constant (i.e., the 
records of the species in the three periods can be placed anywhere within the ellipse of the 
environmental scatterplot), climate change modifies the geographical location and the extent of the 
areas with conditions suitable for the species. 
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In conclusion, forecasts of species range shifts can be so variable as to compromising 
their usefulness for policy making, and this needs considerable research effort to 
reduce. Sources of variability include ecological as well as algorithmic uncertainties.  
Improving forecasts will require increasing ecological realism of models, and explicit 
treatments of uncertainty within an ensemble forecasting framework is possible. 
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There is consensus among the scientific community that the Earth’s climate is 
changing at a rapid pace and that these changes are impacting the planet’s ecosystems. 
The challenge laid before the scientific community therefore is no longer to determine 
if the planet’s climate is changing, but rather to predict what the location and 
magnitude of those changes are likely to be, and when possible to ameliorate these 
impacts. At least two broad classes of models exist for predicting the future 
distribution and abundance of species under future climate change scenarios. 
Correlation-based (“climate envelope”) approaches are basically a multiple-regression 
technique that relate environmental variables to existing range boundaries. In essence, 
they assume that a species realized niche space is representative of its fundamental 
niche space. By sampling environmental parameters (related to climate) over a 
species’ existing habitable range, they estimate the suite of survivable conditions, and 
estimate the set of conditions which limit that species range limit. When combined 
with future climate change scenarios, they are then used to estimate a species future 
range shift. 
 
This technique has been widely used, and is an effective means of estimating the 
general trends that may be expected over a wide range of species, as it requires very 
little species-specific information. However, the approach may be significantly 
limited for predicting detailed spatially- explicit predictions of species range shifts or 
changes in abundance for several reasons. First, not all range boundaries are set by 
climate. For example, in the marine environment many range limits have been shown 
to be set by a lack of suitable substrate. Or, following large-scale disturbances, species 
may be slow to fill all habitable range space. Thus, the environmental conditions 
observed at a current range edge may not be indicative of a species physiological 
tolerance limits. Second, not all species are expected to be negatively affected by 
climate change, and may be in the process of range expansion. Thus, current range 
edges may be in the process of expansion. These two concepts suggest that, 
importantly, we should not expect to see effects of climate change at all range edges 
in nature. Instead, some range edges may be stable (where they are set by factors 
other than climate), others may contract, and yet others may expand. Such 
considerations are especially important in a political environment where all negative 
results are viewed as evidence that climate change is not having an impact on natural 
systems.  Simply put, we need to frame our hypotheses regarding the effects of 
climate change on range edges on a species-specific and spatially-explicit basis. 
 
Third, physiological stress, and subsequent mortality, is not caused by environmental 
factors such as air and water temperature per se, but by these factors as they are 
perceived by the organism at the cellular level. For example, an organism’s body 
temperature is related to environmental factors such as air, surface and water 
temperature in often highly nonlinear and species-specific ways. For many 
ectothermic organisms, body temperature is often poorly correlated with body 
temperature. And, while the body temperature of submerged organisms is often (but 
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not always) reasonably close to water temperature, sea surface temperature (SST) is 
frequently very different from the temperature at depth. Thus, the use of proxies such 
as air, water and surface temperature as estimators of species distribution may be 
misleading. Moreover, even while these factors may be linked indirectly to other 
factors (such as productivity) now, there is no guarantee that this relationship will 
hold under future climate change scenarios; their use as an indicator of species range 
boundaries is therefore very risky. 
 
I describe an alternative approach that is based on physiological mechanism, and 
which uses a bottom-up method of calculating body temperature using weather and 
climate data. While it is recognized that body temperature is by no means the only 
factor likely to set the current and future limits of species range limits, this approach 
differs from correlative approaches in that it scales environmental information to the 
level of the organism, and explicitly links environmental data to the physiological 
tolerance of the organism in question. While this approach is significantly limited in 
that it can only be used to examine a number of key ecosystem structuring species at a 
time, it has the advantage that (as opposed to correlative approaches) it generates very 
detailed spatially explicit maps of changes in species ranges. This mechanistic 
(process-based) method may therefore be viewed as a complementary approach to 
correlative approaches: while the former is useful for generating very accurate maps 
of future range boundaries of a very species that include both the direct and indirect 
and direct effects of climate change on species distribution and abundance, the latter 
approach is highly effective for examining large-scale trends across many species.  
 
Forecasting where and when “significant” responses to climate change will occur 
using a mechanistic approach requires that we understand (a) how key aspects of the 
physical environment such as air and water temperature are likely to change over 
appropriate temporal and spatial scales; (b) how these environmental factors are 
translated into physiologically relevant factors such as body temperature; (c) how 
“close” each species of organism is living to its limits of physiological tolerance along 
various portions of its geographic range; (d) the indirect effects of temperature on 
biotic interactions such as competition and predation, and (e) how propagule dispersal 
affects the ability of organisms to recolonize areas of mortality. Moreover, it is also 
important to understand the ability of species to adapt to shifts in climate. For many 
species, the spatial and temporal patterns of environmental temperature, body 
temperature, and physiological responses to temperature are far more complex than 
are previously appreciated. Specifically, in rocky intertidal systems local “modifying” 
factors (such as wave splash, microclimate and tidal regimes) can overwhelm large-
scale climatic gradients, leading to mosaic patterns of environmental stress along 
latitudinal gradients. As a result, we should not expect climate change to always lead 
to poleward shifts in species range distributions.  
 
I describe an ecological forecasting approach that uses remote sensing and ground-
based buoy and weather station data as inputs to a physics-based heat budget model to 
predict the body temperatures of intertidal invertebrates. We use this model to 
generate explicit hypotheses regarding the likely impacts of climate on the 
distribution of intertidal species over three time scales: (a) short-term (8 day) forecasts 
of body temperature using weather data, (b) long term (50 year) retrospective 
hindcasts of temperature that can be compared against historical records of shifts in 
species abundances and distributions and (c) real-time “nowcasts” that are compared 
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against in situ records of body temperature as a means of verifying model accuracy. 
Comparison of model output against field records of body temperature show that e 
can estimate field temperatures or mussels and barnacles to within approximately 2-
2.5°C, within the range of error of our field measurements. Comparisons against 
historical records of species distributions also show that we can hindcast species range 
shifts, suggesting that ecological forecasting can serve as a powerful tool for 
predicting patterns of species responses to climate change, when combined with 
concomitant physiological data.   
 
Importantly, long-term (5-7 yr) measurements and models of mussel (Mytilus 
californianus) temperatures recorded along the west coast of North America show 
that estimates of thermal stress that are based on body temperature reveal patterns that 
differ markedly from those based on land surface or air temperature. Whereas air or 
land surface temperature measurements suggest a monotonic gradient in thermal 
stress, direct models and measurements of body temperature show a much more 
complex thermal mosaic in which a series of “hot” and “cold” spots alternate with one 
another along the coast. Discerning this mosaic is important because it fundamentally 
changes our predictions of where to look for the impacts of climate change: instead of 
looking at species range edges, it instead suggests that mortality may occur in the 
middle of species range boundaries at “hot spots” where the timing of mid-day low 
tides in summer coincide with episodes of low wave splash. Indeed, these are the 
locations where we are now observing mortality in mussel beds. 
 
Mechanistic approaches to forecasting and hindcasting species distributions and 
abundances may prove to serve as a powerful means of estimating high resolution 
maps of physiological stress, and therefore may serve as an effective means of 
“triaging” sites in the face of climate change. While correlation-based approaches 
likely will serve as a far more effective means of detecting large-scale trends, taking 
the physiology of species into account is likely to be our best means of predicting 
fine-scale changes in species distributions in response to climate change. 
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Given strong interspecific interactions among some species and that different species 
show differential susceptibility to thermal stress, it follows that net population 
responses to climate change might be complex and not necessarily determined by a 
species’ direct response to warming. We predicted the dynamics of benthic 
communities on two Great Barrier Reef (GBR) reefs over 100 years under various 
scenarios of climate change using individual based models (IBMs) based on local 
observations of (1) recruitment, growth and mortality rates of 10 distinct 
physiognomic groups of scleractinian corals, other cnidaria and coralline and turf 
algae, and (2) the outcomes of direct competitive interactions between these groups. 

This bottom up approach to modelling is robust because it predicts community 
structure as an emergent property. The model shows that a range of community 
structures can develop from the same mean parameter values for recruitment, growth 
and mortality rates and the outcomes of direct competitive interactions depending on 
stochastic variation around the means and spatial self-structuring in the system.  
Importantly, this range of community configurations includes the benthic community 
structures found on the real GBR reefs. We suggest that since the model predicts real 
community structures without any attempt to fit the model, it is valid to then examine 
the behaviour of the model after including the effects of ocean warming, i.e. to alter 
patterns of coral mortality in line with empirical observations of mortality patterns 
following coral bleaching on the GBR caused by warming (Marshall & Baird 2000). 
We model several scenarios of climate change, including no further ongoing 
warming, and warming of 1 and 3 °C over 100 years. We allow only one bleaching 
event per decade, and assumed that coral recruitment is ‘open’ and thus not affected 
by local depletion of coral cover. 

In the absence of any bleaching-associated mortality, the model predicts that coral 
cover is maintained at ~ 40% indefinitely, in line with average coral cover observed 
on most midshelf GBR reefs. If there is no further warming, but bleaching-associated 
mortality at the levels currently observed on the GBR occurs once each decade, there 
is a net decline in total coral cover from ~40% to ~25%, although some coral groups 
increase in cover despite that all groups suffer increased mortality as a result of 
bleaching. This is because poorer competitors for space (e.g. massive Porites and 
encrusting acroporid corals) are less affected by thermal stress than superior 
competitors (e.g. branching, columnar, foliose and tabulate acroporids). However, any 
ongoing warming at low to modest rates of 1-3 °C per 100 years, well within the 
predictions of the IPCC 4th assessment, will reduce coral cover to ~10% within 100 
years. 

 64

mailto:craig.johnson@utas.edu.au


 

Allowing the emergence of thermally tolerant genotypes, based on observations of 
extremes in thermal tolerance over the entire latitudinal range of the GBR 
(Berkelmans 2002), realizes rapid selection for the more resistant genotypes. In these 
circumstances coral cover declines to ~20% in 100 y for 1 °C warming per century, 
and several coral groups are little affected by this level of warming. However, even 
with proliferation of the thermally tolerant genotypes, 3 °C of warming per century 
leads to only ~10% coral cover in 100 y. In this scenario the decline in cover is not 
linear but happens relatively quickly after ~5 decades of warming at this rate. Thus, 
emergence of thermally tolerant genotypes or, alternatively perhaps, managing for 
increased resilience of coral reefs (Hughes et al. 2003), provides more time (5-6 
decades) to respond to the crisis, but significant coral decline is inevitable for rates of 
climate change of 1-3 °C in 100 years. 

Notably, a similar approach to modelling another area on the GBR based on an 
independent 23-year time series of coral cover (Wakeford et al. 2008) suggested a 
qualitative shift in dynamics, consistent with loss of resilience in the community, at a 
time coincident with the onset of significant warming events.  

This work points to several important conclusions. First, knowledge of the bioclimatic 
envelopes of individual species is insufficient to predict long term effects of climate 
change on individual species and community structure. Second, it is possible to build 
spatially explicit generic IBMs that can be parameterized for particular areas to 
deliver acceptable prediction accuracy. Third, and most importantly, coral 
communities appear to be sensitive to relatively small changes in mortality patterns 
such that even modest rates of ongoing warming on the GBR is likely to realize 
massive declines in coral cover within the next century. 
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Introduction 
Agent-based modelling is an important way of representing biophysical and human 
systems and their interactions. Because they encompass these components at a 
relatively fine scale, agent-based models can be used to evaluate in detail, the 
potential effects of a range of natural processes and human mediated activities 
including climate change. Using the modelling framework InVitro, we have 
constructed an agent-based model to evaluate prospective multiple-use management 
strategies for the Northwest Shelf of Australia under different hypothetical scenarios. 
The model has been developed to be used in a Management Strategy Evaluation 
(Sainsbury et al. 2000). Management Strategy Evaluation (MSE) is a framework 
developed to fit in with the management cycle, whereby management strategies are 
implemented and evaluated within a computer setting against stakeholder specified 
objectives, before they are implemented in reality. InVitro provides a description of 
the ecosystem and human activities, projecting into the future both multiple use 
management measures as well as the responses of the ecosystem (Gray et al. 2007). 
This was the first attempt to develop and apply such an integrated model in a 
multiple-use management context for a large coastal marine ecosystem. 
 
Methods 
The ecosystem was represented by benthic habitats, fish species and their potential 
dependence on benthic habitat, large megafauna, and ontogenic shifts in marine 
species behaviour (Fulton et al. 2007). Human use of the marine environment was 
represented by commercial trawl and trap fishing (of prawn and scalefish, as well as 
bycatch and benthic effects), recreational fishing, shipping lanes, and outfalls. 
Simulated management measures included stock assessment and fisheries decision 
procedures, outfall monitoring and mitigation as well as an integrated conservation 
approach. Externally forcing factors included wave and wind effects as well as 
climatic events such as cyclones. 
 
Results 
Model results are capable of showing the tradeoffs between conflicting sector 
objectives. For example, Figure 4 shows contaminant outfall, and prawn fishing 
grounds around the Burrup Peninsula in Western Australia, and the potential for 
conflicts between industrial and fishing sectors. The results of two management 
strategies applied, one Status Quo and one with triggered reductions in outfall 
concentration, Figure 5, shows that prawn contamination is reduced under the 
triggered reduction strategy.  

Climatic events such as cyclones have been specified, and are capable of showing the 
direct effects on coastal benthic habitat (Figure 6). This damage in turn has the ability 
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to influence other biological features such as mangroves, prawns, finfish and the 
fisheries and human activities that rely on them (Little et al. 2007).  

 

Figure 4: Example of interaction between users of the marine environment. Namely 
an outfall contaminant plume within a prawn trawl area of the Northwest Shelf. 

 

 

Figure 5: Contaminant concentrations in prawns under two management strategies. 
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Figure 6: Benthic habitat (large sponge beds) before and after simulated cyclone 
effects (green: high concentration of large sponge habitat, red: low concentration of 
sponge habitat). 

 

Conclusion 
The results illustrate the connections among sectors and the interaction between 
ecosystem users and regulators in determining the outcomes of a management 
measure. Even in this simple example, a comprehensive model is required to allow 
realistic examination of multiple-use management and the cumulative effects of 
human uses on the ecosystem. Such an approach can be extremely useful when trying 
to assess or predict the possible effect climatic changes on marine ecosystems and 
economies that rely on them. 
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 The production of Antarctic krill (Euphausia superba) is influenced by 
physical processes that are evolving in response to climate change, and krill are 
important prey for predators like penguins and seals. Krill are also targeted by an 
expanding commercial fishery that operates near predator breeding colonies. Thus, the 
Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) 
has requested scientific advice on the consequences (to krill, predators, and the 
fishery) of six options for subdividing a catch limit applying to the whole Scotia Sea 
among 15 small-scale management units (SSMUs) that largely encircle breeding 
colonies. Three colleagues (J. Hinke, Scripps Institution of Oceanography; S. Hill and 
K. Reid, British Antarctic Survey) and I have constructed an ecosystem model that is 
designed to facilitate the provision of such advice. I believe our work provides a 
worked example of possibilities for assessing, predicting, and adapting to the impacts 
of climate change (the theme of this Symposium). 
 
  Philosophically, it seems important to acknowledge that assessing the 
uncertain impacts of climate change on ecological systems should be done within the 
larger context of addressing other sources of uncertainty about the structure and 
function of those systems. Despite the seeming simplicity of food webs in the 
Antarctic, there is substantial uncertainty about how the krill-predator-fishery system 
functions. How climate change will affect krill production is a major source of 
uncertainty, but other sources (e.g., functional responses governing predator-prey 
interactions and the rate at which krill are advected through the system of SSMUs) are 
equally significant. Thus, in the worked example presented here, climate impacts are 
considered in a scenario-based approach that provides equal weight to other sources 
of uncertainty. The outcomes of the CCAMLR’s six harvest options are each 
simulated in a Monte Carlo framework that brackets uncertainty in eight ecological 
scenarios describing the effects of climate change on mean krill recruitment (decline 
versus no trend), the relationship between foraging success and the fraction of adult 
predators that breed (a linear relation versus one in which breeding declines more 
slowly than foraging success), and the rates at which krill are transported through the 
SSMUs (movement as passive drifters versus no movement). 
 
 Since climate impacts are uncertain, predictions about those impacts and the 
simultaneous impacts of fishing (or other human activity) can usefully be described in 
terms of risk. The CCAMLR has initiated a program of work to evaluate the risks of 
implementing the various options for subdividing the kill catch among SSMUs while 
the allowable catch of krill is incrementally ramped up to the overall catch limit. This 
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approach operationalizes a philosophy of “staging” the development of the krill 
fishery in a way that manages risk while allowing for the simultaneous opportunity to 
increase catches and improve scientific advice. In combination, the six harvest options 
and the eight ecological scenarios predict a rich array of outcomes, but, generally, the 
risks that krill-dependent predators will be impacted by the fishery increase as catches 
approach the overall catch limit. It seems important, however, to quantify the risks 
incurred by krill fishing beyond the risks that might be attributable to climate change 
alone; the former risks might be more readily mitigated than the latter risks. The 
marginal impact of fishing is relatively easy to calculate and visualize; the trajectory 
of a simulation predicted from a scenario that includes both fishing and climate 
impacts can be divided by a trajectory predicted from a comparable scenario with 
climate change alone (i.e., without fishing) (e.g., Figure 7). 
 
 Evaluating the performance of candidate management options relative to “self-
scaling benchmarks” that define the marginal impact of those options (e.g., the impact 
of an option for fishery management as illustrated in Figure 7) may facilitate 
adaptation to climate change. Results from simulations designed to advise on 
allocating the krill catch among SSMUs in the Scotia Sea demonstrate that policy 
choices are consequential even when the main drivers of ecosystem change (e.g., 
climate) are beyond the control of fisheries management. Contrasts between policy 
options were enhanced when risk metrics (e.g., probabilities that predator populations 
might fall below some threshold levels of abundance) are defined on the basis of 
marginal impact rather than relative to “pre-exploitation” states (e.g., Figure 8). 
Ultimately, defining management objectives relative to a no-fishing case may be 
useful in climate-change contexts. If the system is not forced by climate change, 
absolute objectives will remain constant, but, if such forcing does occur, the 
objectives will be scaled appropriately and stakeholders are less likely to be penalized 
by setting unreasonable expectations for management. 
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Figure 7:  Illustration of a simple method to calculate and visualize the impact of a 
management option (here an option for distributing the catch of krill among SSMUs, with 
fishing beginning in Year 20 and ending in Year 40) beyond the impact that might be 
attributable to climate change alone. 
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Figure 8: Example assessment of the risk of depleting penguin populations that are 
distributed throughout SSMUs (represented by uniquely colored trend lines) in the Scotia Sea 
when two of the CCAMLR’s management options are implemented and allowable catches are 
ramped up from a level currently specified by a Conservation Measure (the dashed vertical 
lines) to take all of the overall quota. Panels in the top row indicate risk if the performance 
benchmark is considered to be the abundance off animals prior to implementing the 
management option (such “pre-exploitation” benchmarks are commonly used), and panels in 
the bottom row indicate risk if the performance benchmark is “self-scaling” and the risk is 
calculated as the marginal risk of depletion caused by fishing alone (with calculations based 
on those illustrated in Figure 7). The results demonstrate that one of the management options 
may not increase the risk of depleting penguin populations beyond that which might occur by 
climate change alone if up to about half the overall quota is taken (although these results 
illustrate predictions for only one of the eight ecological scenarios mentioned here). 
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An improved version of the spatial ecosystem and population dynamics model 
SEAPODYM is presented that includes an enhanced definition of habitat indices, 
movements, and accessibility of tuna and tuna-like predators (Lehodey et al., 
submitted) to different vertically migrant and non-migrant micronekton functional 
groups (Lehodey et al. submitted). These groups are represented in a three layer 
vertical environment delineated using predicted euphotic depth. The epipelagic layer 
is between surface and 1x euphotic depth, the mesopelagic layer between 1x and 3x 
the euphotic depth and the bathypelagic layer between 3x the euphotic depth and 
1000m. The simulations are driven by bio-physical environment predicted from 
coupled physical-biogeochemical ocean model. Temperature, zonal (u) and 
meridional (v) currents and dissolved oxygen are averaged following the definition of 
layers while total primary production is integrated over the entire vertical layer. The 
new version of SEAPODYM also includes a new module based on adjoint and 
maximum likelihood techniques allowing an optimization of parameters using fishing 
data (Senina et al., submitted). A first optimized parameterization has been obtained 
for bigeye tuna in the Pacific Ocean using historical catch data and a reanalysis of the 
physical and biogeochemical oceanic environment. Fishing data included spatially-
disaggregated monthly catch of bigeye tuna by 4 purse-seine fisheries, 2 pole-and-line 
fisheries (1x1 deg resolution) and 15 longline fisheries (5x5 deg resolution), and 
quarterly length frequencies data associated to each fishery over the historical fishing 
period. The optimization was conducted over the period 1985-2004, and then the 
trends hindcasted and forecasted using achieved parameterization (Figure 9). The 
optimization approach led to meaningful values of biological parameters with narrow 
standard deviation excepted for the Rs parameter which controls the total biomass of 
the population. But despite this large uncertainty the level of biomass is finally close 
to the one obtained through independent approach with the stock assessment model 
MULTIFAN-CL (Hampton et al. 2006; Sibert et al. 2006).  
 
Then we employ this model to forecast the future of bigeye tuna population in the 
Pacific Ocean under the SRESA2 IPCC scenario for the 21th century (i.e atmospheric 
CO2 concentrations reaching 850 ppm in the year 2100, and historical data between 
1860 and 2000). The simulation is driven by physical-biogeochemical fields predicted 
from a global Earth system simulation. This global simulation is composed of the 
oceanic physical component OPA, the marine biogeochemical component PISCES, 
the sea ice component LIM, the atmospheric component LMDZ, and the land surface 
component ORCHIDEE, coupled through the OASIS coupler. A detailed description 
and evaluation of this simulation is provided in Sarmiento et al. (2004), and Schneider 
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et al. (2007). The SEAPODYM simulation covers the Pacific basin (model domain) at 
1x2 degree geographic resolution.  
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be expected due to a general ocean warming, but the main feature is a large increase 
of larvae biomass in the Eastern Pacific Ocean (EPO) compared to the Western 
Central Pacific Ocean (WCPO).  
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continuously increased in the EPO while it started a rapid decline after 2080 in the 
WCPO. Again, likely due to the temperature bias in high latitudes the adult habitat is 
concentrated in the tropical region, and at the difference of the first simulation used 
for parameter estimation, the climate change simulation did not predict clear 
movements of adult fish towards subtropical convergence zones where they are 
frequently caught by longline fisheries (Figure 9).  
 
A second simulation was conducted with the fishing effort of the historical period and 
a projection of the average fishing effort for the last 5 years (1995-2000), to provide a 
comparison of fishing and climate impacts. Though in average, the effect due to 
climate change is of the same order as the fishing effect, the combination of both 
effects result in spatially heterogeneous distributions of the consequences of climate 
change. In the Indonesia-Philippine region in particular, strong fishing pressure and 
negative climate change impact lead to a high reduction (~80%) in abundance of 
bigeye biomass at the end of 21st Century relatively to 1950. 
 
This preliminary analysis demonstrated the capacity of the model to predict plausible 
responses of bigeye tuna population dynamics under a climate change scenario. 
However, given the key effects of temperature in the dynamics of both mid-trophic 
components and tuna populations, further simulations need to be conducted after 
processing the temperature fields to remove the bias in temperate and high latitudes.  
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Summary 
Assessing the ecological impacts of projected climate and oceanographic changes on 
marine ecosystems will ultimately require the application of multi-species, whole 
food web, or ecosystem models to account for the indirect dynamics within biological 
communities in addition to direct effects. Ecopath with Ecosim is the most popular 
and accessible ecosystem modelling approach for marine settings, and it has been 
used mostly for fisheries assessment and management, but there are now several 
examples of its use in assessing climate change impacts. The brief review that follows 
presents several of these examples. Such approaches generally hold the potential for 
distinguishing climate impacts from those from both fisheries and pollution, and this 
is a necessary goal for developing climate adaptation strategies.  
 
Overview 
In general, approaches to integrate climate drivers with ecosystem models include (1) 
comparisons of regional climate signatures with the primary production (PP) 
anomalies calculated using ecosystem models; (2) driving PP with regional climate 
signatures; (3) driving PP with global climate model (GCM) predictions; (4) driving 
PP with other modelling outputs (e.g. from nutrient-phytoplankton-zooplankton 
models); (5) driving other biological rate processes (e.g. consumption and production 
parameters) with GCM predictions; and (6) using the results of niche-based 
bioclimatic envelope modelling to construct future Ecopath models with future 
species assemblies and abundances. Biogeochemical modeling approaches for 
explicitly incorporating climate drivers into marine ecosystem models include 
NEMURO (the North Pacific Ecosystem Model for Understanding Regional 
Oceanography) (e.g. Hashioka and Yamanaka 2007, Kishi et al. 2007) and the 
Atlantis framework (Fulton et al. 2004), but discussion of these approaches is not 
included in this short review even though the integration of all these approaches holds 
great promise. Additional promising approaches are listed and cited in the summary 
on predicting marine ecosystem impacts of climate change (Okey et al. this volume).  
 
As one of the Ecopath with Ecosim examples presented here implies (Heymans et al. 
2007), indicators of ecosystem function or integrity can be used to assess the effects 
of ecosystem changes using any of these approaches. Also, useful comparisons 
between present and future ecosystems and biological communities can be either 
static or dynamic. Furthermore, Ecosim can be used to search for management 
strategies and policies that would optimize weighted values of ecosystem services in 
the contexts of climate change and other human stressors. This approach therefore 
provides a quantitative framework for management and policy decision making in the 
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context of shifting trade-offs amongst regionally-managed human uses in marine and 
coastal settings.  
 
Examples 
Watters and his colleagues (2003) investigated the effects of ocean climate drivers on 
the pelagic biological communities in the Eastern Tropical Pacific on the scales of 
both the El Nino – Southern Oscillation (ENSO) and global warming. They used 
output from the Max Planck Global Climate Model (GCM) and Hadley Centre 
coupled model to drive two physical forcing scenarios in an Ecopath with Ecosim 
model of that pelagic ecosystem. In one scenario type, phytoplankton biomass was 
driven by the climate signals and in the other scenario type both Phytoplankton 
biomass and predator recruitment were driven by these signals. The specified climate 
forcing caused oscillations and trends, and in particular downward trends in 
productivity of a number of key groups. Their conclusions included that examinations 
of specific biomass trajectories cannot be used to detect bottom up effects; that 
physical effects on predator recruitment can be the dominant source of variability; that 
such effects may dampen fisheries effects; and that fishing mortality needs to be 
considered in predictions about CC effects. 
 
Polovina’s (2005) investigations of the effects of productivity regime shifts on the 
biological communities of the northwest Hawiian Islands’ revealed mechanisms 
underlying some of the complex and paradoxical responses of populations there. 
Simple forcing of the lower trophic levels according to changes in productivity 
observed to be associated with Pacific productivity regime shifts stimulated both fast 
and slow responses within the biological community, which lead to temporal lags and 
top-down effects that would not have been intuitively predictable but which explained 
some observed changes of concern. For example, increases in some reef fishes after 
shifts to productive regimes were followed five years later by decreases in the same 
highly productive regime because populations of the predators of these fishes took 
longer to respond but eventually exerted enough top-down forcing to reduce 
populations of their prey, thus indicating bottom-up effects on top-down control as 
initially shown in the temperate rocky intertidal (Menge et al. 1997). 
 
Aydin and his colleagues (2005) linked the oceanic food webs of the Alaskan 
Subarctic Gyre to coastal production and growth rates of Pacific salmon 
(Oncorhynchus spp.) by linking an Ecopath with Ecosim model of the region to a pink 
salmon bioenergetics model and a NEMURO model. This exercise provided new 
insights into the functioning of the North Pacific. For example, it revealed the critical 
role of the gonatid squid Berryteuthis anonychus to pink salmon and that the seasonal 
shallowing of the mixed layer depth decreases energetic foraging costs of salmon. The 
model fit best when it incorporated the ontogenetic switch of salmon diets from 
zooplankton to squid implying that minor coastal constraints on salmon productivity 
may influence their population strongly if such constraints were to delay the seasonal 
timing of that ontogenetic shift.  
 
Field and his colleagues (2006) forced an Ecopath with Ecosim model of the northern 
California current and its fisheries with climate signals including the Pacific Decadal 
Oscillation (PDO), an upwelling wind index, and a southward transport index. They 
found that forcing with these climate signals substantially improved the fit of the 
model dynamics to observed population trends. One of their conclusions was that 
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variability observed in single-species models and dynamics can be replicated in a 
multi-species approach. 
 
Araújo and his colleagues (2006) similarly found that the inclusion of a primary 
production forcing term improved the goodness of fit of the simulated dynamics of 
the Western English Channel fisheries-ecosystem model to observed trends, in this 
case by 25%. They used this Ecopath with Ecosim model to produce a primary 
production anomaly function, which was in turn used to force the primary production 
to improve the goodness of fit. The authors concluded that a bottom up mechanism 
plays an important role in system production. 
 
Most recently, Heymans and her colleagues (2007) constructed Ecopath with Ecosim 
models for two coastal marine areas of the Gulf of Alaska and drove the production 
dynamics of the systems with different expressions of the PDO index in addition to 
fisheries histories, similar to the previous examples. However, they then constructed 
past histories of changes in a variety of network analysis indicators of ecosystem 
status, thus implying the potential for future projection of such ecosystem indicators 
when simulating the future impacts of climate change or changes in other 
anthropogenic stressors.  
 
Other approaches to estimating marine climate impacts that involve the use of 
Ecopath with Ecosim trophodynamic models include projects that would examine 
latitudinal variations in food web structure as a proxy for a warming climate and 
niche-based bioclimatic envelope modeling approaches that can inform the re-
assembly and re-population of Ecopath with Ecosim models. Even initiatives such as 
those that would link marine protected area (MPA) site selection algorithms such as 
MARXAN with the Ecospace interface of Ecopath with Ecosim may enable the 
exploration of MPA designs optimized for climate adaptation strategies.    
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Three inter-related properties of social-ecological systems (SESs) determine their 
dynamics and long-term sustainability – resilience, adaptability and transformability 
(Walker et al. 2004). Resilience is defined as the capacity of a system to absorb 
disturbance and re-organize so as to retain essentially the same function, structure and 
feedbacks – to have the same identity (remain in the same system regime). 
Adaptability is the capacity to manage resilience. It can be done in two ways: (i) 
change the positions of thresholds between alternate regimes of the system, (ii) 
control the trajectory of the system – avoid crossing a threshold (or engineer such a 
crossing). Transformability is the capacity to become a fundamentally different 
system when ecological, social and/or economic conditions make the existing system 
untenable. 
 
A synthesis of resilience oriented case studies (terrestrial and marine) suggests that, in 
the face of anticipated climate changes, policy and management of social-ecological 
systems needs to take into account six features of these systems. 
 
1. They are strongly linked social-ecological systems that are self-organizing, with 
centripetal dynamics, within limits.  
2. They have non-linear dynamics that commonly lead to the existence of alternate 
stability regimes (‘stability domains’, ‘basins of attraction’), and the resilience of 
these regimes is determined by a number of system attributes (e.g., species diversity, 
strength of feedbacks) that collectively constitute a focus for management. 
3. The social and ecological sub-systems operate at different characteristic scales, and 
cross-scale effects lead to many of the most difficult management problems (a marine 
example is the dead zone in the Gulf of Mexico). 
4. It is necessary to distinguish between, and to manage, both ‘specified’ and ‘general’ 
resilience. Specified resilience is the resilience of some particular, identified system 
function(s) or component(s) to particular kinds of disturbance (e.g., the resilience of 
coral reef species composition, to episodes of high sea surface temperatures). General 
resilience does not consider resilience “of what”, “to what”, but reflects attributes that 
enhance resilience, generally, to all kinds of disturbances. 
5. In the context of sustainability in social-ecological systems (as opposed to purely 
ecological systems) there can be a tension between resilience and adaptability, on the 
one hand, and transformability on the other. This will be a rising tension as climate 
change proceeds, since it is likely that some social (resource use) systems will have to 
transform. 
6. Knowing how to intervene in a social-ecological system requires knowledge of the 
above five features. Knowing where and when to intervene requires, in addition, 
knowledge of the phases of the adaptive cycle dynamics the system is in, at various 
scales (cf Holling and Gunderson 2002). 
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Some insights from comparative studies include: 
- All thresholds so far observed are associated with a change in feedbacks, and a focus 
on feedbacks would be a profitable research direction – especially, which of them 
hold the system together, now, and which of these (including cross-scale and cross-
domain feedbacks) could change? 
- Many current developments aimed at increasing efficiency, and the rise of such 
developments as ‘one size fits all’ operating rules, diminish resilience. 
- Governance (sensu lato) is the least well understood, yet probably most important 
aspect of social-ecological system dynamics. Systems of adaptive, polycentric 
governance are more compatible with maintaining and enhancing resilience. 
- Resilience is NOT about staying the same or preventing change. Preventing change 
leads to a decline in resilience.  
- Maintaining resilience requires probing its boundaries; it is all about how to keep 
changing so as to keep functioning in the same way. 
- You cannot understand or manage a SES by focusing at only one scale. You need at 
least three scales; the focal scale and at least one scale above and one below. 
- You cannot understand or successfully manage a SES with solutions that are only 
ecological, or social, or economic. Partial solutions are bound to fail. 
 
The last two observations are reflected in an emerging framework for considering 
social-ecological systems, based on a comparison of four different regions (Kinzig et 
al. 2006) – Figure 11. 
 

 
Figure 11: Multiple, interacting thresholds in four regional social-ecological systems (Causse 
Mejan in France, a catchment in SE Australia, southern Madagascar, Western Australia 
wheatbelt). Thresholds were found to occur in all five ‘boxes’ in the figure, in all four regions 
(after Kinzig et al. 2006) 

D
om

ai
n

Ecological

Economic

Social/Cultural

Scale

Patch Farm Region Extra-regional

 83



 

 
Finally, three suggested actions, in terms of policy and management in coastal / 
marine systems, arise from a consideration of resilience case studies: 
1) Specified (targeted) resilience management – attempt to discover the existence of 
thresholds and alternate stability regimes 
2) Build general resilience and adaptive capacity for dealing with uncertainty 
(requires robust options)  
3) Introduce a system of adaptive, polycentric governance 
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Resilience, climate change and coral reefs 
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The world’s coral reefs support the livelihoods of more than 250 million people, 
providing food and supporting a global tourism industry. Coral reefs also have 
enormous cultural, environmental and aesthetic value. Yet the world’s tropical reefs 
are in trouble. An estimated 44% have been destroyed or are in imminent danger of 
collapse. On many reefs, overfishing of herbivorous fishes and added nutrients from 
land-based activities have caused phase-shifts, from the original dominance by corals 
to a preponderance of fleshy seaweed. Both coral- and algal-dominated systems can 
be highly resilient. Importantly, these changes to reefs, which can often be managed 
successfully at a local scale, are compounded by the more recent, superimposed 
impacts of global climate change. Global warming causes thermal stress leading to 
bleaching of corals, even on reefs that are well-managed or remote from human 
impacts. Reefs that are over-fished and/or polluted often fail to recover after coral 
bleaching, instead becoming overgrown by blooms of seaweed. 

So what can we do to confront this global decline? An urgent reduction in the world’s 
greenhouse gas emissions is essential to reduce the impact of global warming. While 
local action cannot prevent coral bleaching or ocean acidification, it can nonetheless 
bolster the resilience of reefs to global warming. In particular, improved management 
of herbivorous fish and of local water quality can bolster the ability of reefs to cope 
with recurrent bouts of coral bleaching. No-Take Areas (NTAs, where fishing is 
prohibited) can play an important role, but should not detract from the need for 
improved management measures for the vast majority of reefs that are heavily 
impacted by people. Research in support of reef management urgently needs to 
increase the scale of experiments, sampling and modeling to match the scale of 
impacts and key biological processes (e.g. dispersal, bleaching, overfishing), and to 
go beyond the current emphasis on routine monitoring and mapping. Establishing 
appropriate multi-scale systems of governance that are strongly supported by local 
communities, is a major priority.  
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Resilience can refer to the ecological, social, or economic properties of a system. Here 
I focus on ecological resilience of marine systems, defined as the amount of change or 
disruption required to transform a system from being maintained by one set of 
mutually reinforcing processes and structures to a different set. Thus, systems are 
more easily maintained in the same state if resilience is high, and increased resilience 
results in an increase in the amount of “energy” required to shift the system to a 
different stable state (Scheffer et al. 2001).  
 
Resilience in marine systems can be eroded by human impacts that can lead, for 
example to elevated rates of mortality. Examples of human impacts that lower 
resilience include pollution, fishing, coastal development, and invasive species. 
Multiple stressors have been shown to lead to lowered resilience in several marine 
systems (Pandolfi et al. 2003, Daskalov et al. 2007). Climate change will be one 
major additional stressor in marine systems.  
 
The following issues are explored. 
o There is a widespread belief that maintaining the integrity (structure and 

functioning) of natural systems increases resilience, but is this supported by 
evidence? Two examples for Australia have been recognized or hypothesized (i) 
temperate Tasmanian reefs have been suggested to be more resistant to invasive 
urchins when large lobsters are present (C. Johnson, unpublished), and (ii) coral 
reefs with intact herbivorous fish communities recovering from bleaching events 
better, as algal growth is limited by fish grazing. Further research is required to 
evaluate if increased integrity will make marine systems less vulnerable to climate 
impacts. 

 
o Increasing resilience to climate change will not be equally possible for all species 

and systems. Tools to estimate where resilience can be increased are needed. One 
example is a vulnerability index, which indicated that south-eastern Australian 
marine systems were the most vulnerable to climate change in Australia (Hobday 
et al. 2006). A second example was a qualitative review of taxa vulnerability, 
which suggested which species groups could be useful as indicator tools (Hobday 
et al. 2006). Tropical corals have received much attention, and are powerful 
indicators of change: other taxa that are not currently receiving attention, but are 
potential indicators include plankton, deep sea corals temperate rocky reef fauna, 
and soft-sediment fauna. Vulnerability estimates generated in this way may 
provide information on potential resilience. Policy frameworks are then needed to 
address questions such as: Should efforts to enhance resilience be targeted where 
natural adaptation is low, where anthropogenic stress is highest, or where certain 
values are highest? 
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o In several sectors there is an understanding of the impact of climate variability – 
and a belief that preparation for climate variability equals preparation for climate 
change. This similarity is only likely if the expected change is within the range of 
observed patterns, and with the same distribution of extreme events. Novel 
habitats and environmental combinations are also expected in future (Williams et 
al. 2007).  

 
Development of management strategies that enhance ecosystem resilience, 
complemented by strong policy decisions to reduce the rate of global warming, will 
give marine systems the best chance for maintaining ecological diversity and function. 
Resilience in marine systems may be maintained by management of “threatening 
processes” such as species translocation, habitat degradation, pollution and 
eutrophication, and exploitation (e.g. fisheries). An increase in resilience for Australia 
may be achieved through an investment in knowledge that will include monitoring 
and experiments, and actions such as reducing the other known stressors on marine 
systems, restoring and protecting coastal watershed. 
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Improving the role of science in decision making: adaptation options in coastal 
and marine systems 
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The climate change scenarios released by CSIRO and BoM late last year 
(www.climatechangeinAustralia.gov.au) are notable for their convergence and 
stability – they have changed only modestly since the last sets of scenarios in 2001. 
This reflects a significant maturing of the science of climate/ocean/atmosphere 
interactions. There has also been a significant increase in the confidence of attributing 
observed climate and oceanic changes to human influence. These endeavours have 
been well-documented in the Intergovernmental Panel on Climate Change Fourth 
Assessment Report and in other places and they raise the question for decision-makers 
‘We now know there is an issue but what do we do about it ?’ There are two action 
points 1) reduce the net emission of greenhouse gases and/or 2) adapt to the changes. 
This paper will focus on the second point (adaptation) as there appear to be few 
immediate options for major initiatives for marine ecosystems and associated 
industries to reduce net anthropogenic emissions at the national scale. Hobday et al. 
(2007, Session 4, this conference) has identified a range of potential adaptation 
options. Rather than repeat these, this paper instead will draw on experience in the 
terrestrial agriculture domain to outline some general opportunities and pathways for 
science to enhance its contribution in the arena of coastal and marine ecosystem 
management and policy in the face of uncertain climate change.  
 
A critical first step when undertaking adaptation analyses is to identify their purpose 
or purposes. A typology of these was outlined in Howden et al. (2007). A primary 
purpose is often to inform mitigation targets by enabling an analysis of the residual 
vulnerability of the system of interest to climate change. For example, if the climate 
change impacts on the system (as it is currently configured) are significantly negative, 
but there are practical and cost effective adaptation options, then the residual 
vulnerability of the system would be lower than otherwise anticipated. A current 
example of this is the Garnaut Review, where estimates of the vulnerability of 
Australia to climate change are being used to plan mitigation pathways. Another 
purpose is to provide continuing input into policy development to enable it to 
proactively influence the many domains of human activity affected by climate issues 
– ‘mainstreaming’ climate change issues into policy domains such as NRM, health, 
sustainable development, foreign aid, industry structural adjustment. Similarly, 
effective information about adaptation can more effectively help guide investment in 
infrastructure, technology and developing adaptive capacity in the broader decision-
making community (e.g. industries, conservation agencies etc). In so doing, it may 
well reward early adopters of climate information, increasing the ability of society to 
fine-tune response and to draw on concrete examples of effective climate risk 
management. This last point is especially important as climate change is of course just 
one factor amongst many in terms of industry decision-making and being able to 
place this in context is an important step in terms of developing rational and effective 
responses. Lastly, a critical function of adaptation studies is to help us avoid taking 
short term responses that are problematic in the longer term by shutting off future 

 89



 

options, increasing vulnerability or having effects that feed back to make this or other 
major problems worse (Howden et al. 2007). 
 
In developing an effective suite of climate adaptation options, it is important to align 
the scales (spatial, temporal and sectoral) and reliability of the information with the 
scale and nature of the decision (Howden et al. 2007). For example, blunt decisions 
only need blunt information, big scale decisions need broad-scale analyses. Short-
term, local adaptation on the scale of seasons to a few years seems to be more 
rationally linked to climate variability and climate trends rather than to climate change 
projections per se. This is particularly important when taking into account the limited 
utility of long-term projections given high uncertainties at the finer spatial and 
temporal scales (e.g. Giorgi 2005) and from multiple interacting factors including 
those not related to climate change such as changes in trade arrangements, 
technology, costs and prices. In contrast, scenarios at larger time and spatial scales are 
often suited for policy and investment analyses especially if changes in climate 
extremes are included. Science providers need to be aware of the mismatch in 
information delivered to users when investing and striving for increasing precision in 
a world where the non-science scenario uncertainties appear to be expanding all the 
time (e.g the impact of the ‘China boom’ on emissions and subsequently on global 
temperatures, sea levels and atmospheric composition). The critical realization is that 
decision-makers want confidence from the science, not precision. They typically rank 
alternative options, not try to optimise, and seek to integrate synthesised scientific 
information with their own multi-disciplinary, multi-issue mental models to provide 
interpretive meaning. Consultation by policy-makers with members of the science 
community is often based on the reputation and ability of the scientists and 
judgements about their capacity to balance simplicity and rigour. In this form of 
interaction, highly precise but contextually-limited information from ‘hard’ models 
needs to be pushed to the background and subjugated to being a small part of a ‘soft’ 
engagement model. Credibility, relevance and legitimacy are three key aspects of 
effective science input into decision-making domains (Cash and Buizer 2005) but 
there is often a strong tendency to focus on the first aspect and under-invest and 
under-emphasise the others, leading to poor representation of science in critical 
decision-making fora related to climate change. 
 
Science relevance can be enhanced by translating biophysical impacts into the factors 
of critical importance to decision-makers. Experience in terrestrial systems shows that 
analyses based on biophysical factors alone (e.g. rainfall, temperature) can lead to 
erroneous conclusions (e.g. Nelson et al. 2006) and a significant gap between the 
science and decision-making domains especially policy (Meinke et al. 2006). Linking 
climate and oceanic changes through to physical impacts, then to economic impacts 
and then to livelihoods has the potential to enable much more directed and successful 
policy intervention to support both industries and the resource base. 
 
Science legitimacy can be enhanced by the development of appropriate engagement 
mechanisms, enhanced two-way communication, preparedness to involve other 
stakeholders in strategic direction-setting and acknowledgement and incorporation of 
the knowledge base of other stakeholders. CSIRO is a world leader in developing 
such approaches in the agricultural domain (e.g. Carberry et al. 2002) and there are 
opportunities to extend these approaches to marine systems. Another aspect to 
establishing legitimacy is the need to be outcomes-focussed not methods-driven.  
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Translating analysis to action is also assisted by the science fitting into broad 
decision-making frameworks that enable more effective and efficient adaptation to 
climate change. The following is a suggested set of prerequisites to start dealing with 
barriers to adaptation, building adaptive capacity and changing the decision 
environment to promote adaptation actions: 
 
1. Confidence that climate changes are real and are likely to continue  
2. Motivation and understanding to avoid risks or use opportunities 
3. Technical and other options necessary to respond.  
4. Support against establishment failure of new practices during less favourable 

climate periods  
5. Alteration of infrastructure, policies and institutions to support the new 

management and use arrangements.  
6. Maintenance of the capacity to make continuing adjustments and improvements 

in adaptation by “learning by doing” via targeted monitoring (McKeon et al. 
1993; Howden et al. 2007) 

 
Ensuring that research contributes to such a framework and can link to other parts of 
the framework is likely to increase its relevance, credibility and legitimacy, enhancing 
the capacity of marine ecosystem and fisheries managers to make effective decisions 
in a changing and variable climate. 
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Conservation Management in a Changing Climate 
 

Dr Paul Marshall 
Director, Climate Change, Great Barrier Reef Marine Park Authority 

 
Climate change is now recognised at the most serious long-term threat to coral reefs. 
The Great Barrier Reef has been spared the level of devastation seen in many parts of 
the world, yet it is far from immune from the alarming impacts of coral bleaching, 
disease and ocean acidification. The Great Barrier Reef Marine Park Authority is 
working closely with national and international partners to better understand these 
threats and to develop and test management actions that can help coral reefs cope with 
climate change.  
 
The Australian Government, through the Great Barrier Reef Marine Park Authority, 
has recently completed a comprehensive analysis of the vulnerability of the Great 
Barrier Reef to climate change. Bringing together 86 experts, Climate Change and the 
Great Barrier Reef – A Vulnerability Assessment provides a comprehensive and 
contemporary evaluation of climate change risks and potential management 
responses. Building on this knowledge base, the GBRMPA has developed the Great 
Barrier Reef Climate Change Action Plan. The Action Plan outlines a 5-year program 
to build the resilience of the Great Barrier Reef ecosystem, industries and 
communities to a changing climate. In conjunction with stakeholders and partners, the 
GBRMPA is working to support resilience of the GBR, increase adaptive capacity of 
GBR communities and industries and reduce climate footprints. This is being done 
through on-ground testing of management actions; communications that fulfil 
stakeholder needs; and targeted research programs that address critical knowledge 
gaps. 
 
Despite the challenges of instigating local actions in response to the global threat of 
climate change, there has been encouraging progress already. The GBRMPA have 
formed a strong partnership with the GBR tourism industry to form a GBR Tourism & 
Climate Change Group and develop a Climate Change Adaptation Plan. Also, 
following in the wake of the significant losses of coral in the Keppel Islands region of 
the GBR, we are working closely with Park Managers to initiate a broad-based 
program for testing on-ground management responses to climate change. Ideas such 
as no-anchoring zones and community-based no-take areas are being explored for 
protecting key refugia in the area. We are also using this area as a focal site for testing 
approaches to resilience mapping and resilience-based management interventions, and 
for incorporating active involvement of the community in management decisions.  
 
Science will continue to be a critical foundation for management of marine 
ecosystems in the face of climate change. However, the magnitude of the challenge, 
its rate of onset and the potential for irreversible impacts dramatically increase the 
imperative for science to be explicitly targeted to management needs. Scientists and 
managers need to work closely to ensure that applied research is directed at gaps that 
give the greatest return for investment in terms of management outcomes. A shared 
understanding of the constraints and opportunities facing natural resource 
management, and of the emerging scientific ideas and existing knowledge, will be key 
to effective science-management partnerships in our efforts to address climate change.  
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Towards a National Climate Change Action Plan for Fisheries and Aquaculture 
 

1. Dr Peter Appleford, Executive Director, Fisheries Victoria, Victorian Department 
of Primary Industries (DPI) 

2. Mr Will Zacharin, Executive Director, Fisheries, Primary Industries and Resources 
South Australia. 

3. Ms Louise Galli, Principal Policy Analyst, Fisheries Victoria, DPI. 
 
The Australian Fisheries Management Forum (AFMF) has identified the need to 
develop a nationally-coordinated approach to facilitating fisheries adaptation to, and 
mitigation of, climate change. In response, a National Climate Change and Fisheries 
Workshop was held on 8-9 October 2007 in Melbourne.  
 
The Workshop 
The aim of the workshop was to inform the development of a National Climate 
Change and Fisheries Action Plan (National Action Plan). The national climate 
change plan for fisheries should cover all fisheries and aquaculture sectors (including 
commercial, recreational, Indigenous and conservation interests), in freshwater and 
marine environments. 
 
Participants of the workshop included State and Commonwealth fisheries and 
environment agencies, the Australian Greenhouse Office, the Fisheries Research and 
Development Corporation and CSIRO. 
 
Challenges and opportunities for fisheries as a result of climate change were 
identified. Challenges include: 

• Declining stocks/unsustainable fisheries 
• Stakeholder adaptive capability – skills, knowledge, willingness to 

adapt 
• New exotic pests and diseases 
• Competition for water and other resources between sectors 
• Potential spatial mismatches – eg. target species move to location that 

is difficult for fishers to access 
• Difficulty in distinguishing between climate change impacts and 

fishing or aquaculture impacts 
Opportunities include: 

• Changes to the geographic range of species may mean new, profitable 
species enter Australian waters/jurisdiction 

• Biological stimulation of some fish stocks or supporting habitats 
• Opportunity to improve management and industry structure overall 
• More efficient industries 
• Opportunity to target species to market niche (aquaculture). 

 
The proposed outcomes for a National Action Plan were: 

• A good understanding of the impacts of climate change on the 
ecosystem and flow on impacts to stakeholders and the community 

• Ecosystem-based management approach to the management of 
fisheries and other sectors 

• Flexible/adaptive regulatory and management framework to facilitate 
industry adaptation to climate change (e.g. to new, emerging fisheries) 
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• Predictive modelling capacity to inform fisheries decision making 
• Stakeholders understand the need for change and have capacity and 

knowledge to respond to climate change and make informed, risk-
based decisions 

• Profitable, resilient and competitive industries 
• Maintained security of resource access for the fishing and aquaculture 

sectors. 
 
These outcomes were to be achieved under the following guiding principles: 
 

1.  Climate change is occurring and is only one of many drivers of change 
impacting upon fisheries. 

2. Planning for climate change and implementation of any actions requires a 
collaborative approach amongst policy makers, fisheries/aquaculture managers, 
climate change and fisheries/aquaculture scientists, other natural resource 
management and primary industry agencies, fisheries and aquaculture 
stakeholders. 

3. Businesses are best placed to manage their adaptation to climate change. 
Government’s role will be to facilitate this adaptation. 

4. Government is responsible for managing climate change risks to public assets, 
including natural resources. 

5. Fisheries agencies will employ an adaptive management framework to enable a 
timely response to climate change impacts. 

6. Government will aim to take an ecosystem-based approach to the management of 
fisheries through this change. 

7. It is recognised that there are limits to the information we can obtain on climate 
change (given its complexity). It is also recognised that we can never eliminate 
uncertainty in relation to climate change. We need to work within those 
limitations. We will, however, strive to fill information gaps and reduce 
uncertainties where possible. 

8. New information will be communicated as it becomes available and uncertainty 
regarding climate change predictions will be made explicit to stakeholders. 

9. An evidence and risk-based approach will be applied when investing resources 
into adapting to climate change for the greatest return on investment. 

 
Four focus areas for action were identified: 
 

• Focus Area 1: Understand the impacts of climate change on fisheries resources 
and flow on impacts to stakeholders. 

• Focus Area 2: Improve stakeholders’ ability to adapt by encouraging 
leadership and providing tools to develop skills, improve knowledge and to 
create a culture of change. 

• Focus Area 3: Review fisheries policy, management and regulatory 
frameworks to ensure that they are flexible and facilitate adaptation to climate 
change. 

• Focus Area 4: Explore opportunities to reduce industry energy demand and 
increase energy efficiency. 

 
The outputs of the workshop were developed into a National Interim Climate Change 
Response Plan for Fisheries and Aquaculture (Interim Response Plan). This interim 
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plan did not included consultation with fisheries and aquaculture stakeholders, as it 
was considered important for relevant government agencies to bring together the 
available knowledge and information, as a first step in tackling the potential effects of 
climate change on the fisheries and aquaculture sectors. The Interim Response Plan 
will provide a guide and discussion focus for the development of a National Action 
Plan. It will provide guidance for action and investment. The development of the 
National Action Plan will be led by the Australian Government Department of 
Agriculture, Fisheries and Forestry in consultation with all relevant stakeholders. 
 
A copy of the draft Interim Response Plan can be obtained by contacting Ms Louise 
Galli, Victorian Department of Primary Industries, Ph. 03 9658 4344, email: 
louise.galli@dpi.vic.gov.au. 
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 Connecting science and policy: The UK Annual Report Card on 
marine climate change impacts 

 
Dan Laffoley1 and Paul Buckley2 

 
1Principal Specialist Marine, Natural England & IUCN’s WCPA – Marine Vice Chair 

2 Marine Climate Change Programme Officer, Cefas Laboratories, Pakefield Road, 
Lowestoft, Suffolk, NR33 

 
Introduction 
Climate change is now seen as the greatest threat to our future well-being and quality 
of life. For the seas, key concerns include changes in productivity of marine 
ecosystems, shifts in distribution of species, changes in functionality of replacement 
species, changes in overall water chemistry, and the seas ability to buffer increasingly 
elevated levels of carbon dioxide in the atmosphere. Much work is being undertaken 
but a key challenge is how to communicate such information rapidly and accurately 
through to policy advisors and decision makers. This is to substantially reduce the lag 
time involved in transferring science results through to policy action, and in so doing 
accelerated the growth of awareness and implementation of actions can be taken to 
adjust to likely impacts, thus also making a more compelling case for reductions in 
carbon dioxide emissions. 
 
The UK government has set out a vision for ‘clean, safe, healthy, productive and 
biologically diverse oceans and seas’, yet as recently as 2005 the UK government and 
devolved administration report Charting Progress: An Integrated Assessment of the 
State of the UK Seas was unable to assess the potential impacts of climate change on 
our marine environment. The Marine Climate Change Impacts Partnership (MCCIP) 
was announced and launched in March 2005 as one of the main actions from Charting 
Progress, which identified climate change and unsustainable fishing as the two main 
threats facing the UK’s marine environment. The partnership brings together 
scientists, government, its agencies and NGOs to provide co-ordinated advice to 
policy advisors and decision makers on climate change impacts around our coast and 
in our seas. 
 
The initial Objectives of MCCIP are to: 
 

• Develop and maintain a coordinating framework for marine partners in the 
UK. 

 
• Build the knowledge base and consolidate evidence of marine climate change 

impacts. 
 

• Create effective mechanisms for the efficient transfer of marine climate 
change knowledge from the scientific community to policy advisers and 
decision makers. 

 
• Facilitate uptake of tools and strategies to assist stakeholders in developing 

and assessing adaptation strategies. 
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It is planned that MCCIP will also help to: identify gaps in knowledge and 
recommend priority areas for future research; assemble community views and partner 
requirements for climate change tools and information (e.g. marine scenarios of 
climate change) and advise on the development of an integrated marine climate 
impacts monitoring programme. 
 
Communicating science through MCCIP 
The potential impacts of climate change on our marine environment are extensive and 
will require a multi-disciplinary scientific approach to address and understand them. 
MCCIP provides this breadth and acts as the focal point for impacts evidence and 
advice, assessing the scientific evidence base (via expert review) across all aspects of 
our marine environment. The themes explored are consistent with the UK 
governments’ vision for clean, safe, healthy, productive and biologically diverse 
oceans and seas, with topics ranging from sea temperature to seabirds, through to 
societal implications such as flooding and tourism.  
 
The topic of climate change per se is high profile and increasingly political and 
therefore the messages we communicate are open to interpretation by interested 
parties, whether intentional or not. This puts an even stronger emphasis on the 
MCCIP to provide clear and, where possible, unambiguous messages.  
 
MCCIP is currently at an early stage. It will continue to develop over the forthcoming 
years and it is anticipated that its products will increasingly demonstrate the value of a 
co-ordinated approach to addressing marine climate change issues.  
 
Building the scientific evidence base 
The over-arching challenge for the MCCIP is to assimilate scientific evidence to 
provide an overall synopsis of marine climate change impacts, placing the results of 
individual studies into a broad marine ecosystem context that can provide a sound 
basis for decision-making and policy development or implementation. In comparison 
with terrestrially focused impacts of climate change, scientific understanding of how 
climate change will manifest in and impact on the marine environment is limited. 
Therefore increasing levels of understanding, via MCCIP, is a priority. 
 
The Annual Report Card (ARC)1 is one of the primary annual outputs of the MCCIP 
programme, providing a synthesis of developments in UK marine and climate science 
in the form of a "short, comprehensive, quality assured, high level assimilation of 
knowledge set out in a visually impacting way that enables the results to be quickly 
and easily understood and used by policy advisors, decision makers, Ministers, 
Parliament and the devolved administrations" 
 
In November 2006, the Partnership launched its first Marine Climate Change Impacts 
Annual Report Card (ARC), providing an at-a-glance summary of current scientific 
understanding of marine climate change impacts (www.mccip.org.uk/arc). The ARC 
is based on reviews submitted by leading UK climate and marine scientists on a broad 
array of subjects, encompassing all aspects of the marine environment. The ARC 
addresses what we know is already happening, what could happen in the future and 
                                                 
1 MCCIP (2006). Marine Climate Change Impacts Annual Report Card 2006. (Eds. Buckley, P.J., Dye, 
S.R. and Baxter, J.M), Summary Report, MCCIP, Lowestoft, 8pp. 
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rates the scientists’ confidence in our current level of understanding. It strongly 
suggests that climate change has important consequences for biological diversity, 
cleanliness and safety and the commercial productivity of our seas. 
 
MCCIP launched its second marine climate change impacts annual report card on 16th 
January at the Scottish Government buildings in Edinburgh. It highlights key 
developments since the launch of our first report card and explores new subject areas 
(coastal erosion, coastal habitats and air-sea exchanges of heat and water). It brings 
together scientific understanding from a wider range of research institutes, providing 
an even more comprehensive assessment of UK marine climate change impacts and 
highlights regional variations where possible. 
 
The future 
Looking forward, as MCCIP continues to mature, a natural progression will be to 
begin to apply the lessons we are learning from the MCCIP at European level. This 
will help to ensure that the scientific evidence base on marine climate impacts is able 
to inform emerging and future EU level policy and legislative instruments and 
influence future domestic legislation of European Member States. 
 
The cost of marine climate change impacts will be borne by all. In spite of uncertainty 
issues, some consistent observed trends, such as enhanced storminess, increased wave 
heights and sea level rise are concerning, not least to coastal managers. It is known 
that sea level rise and potential increases in storm surges and storminess will increase 
the threat to coastal communities and will be of critical importance for the 
development of planning strategies. Understanding the nature and scale of these 
potential impacts and acting upon them represents a huge challenge for us all. 
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Closing Address 
 
Management Options for Marine Systems in the face of climate change 

Greg Bourne, CEO, WWF-Australia 

WWF-Australia, Sydney, NSW 
It is now abundantly clear that climate change is a critical issue for marine 
ecosystems. For instance if we assume that ca 480ppm CO2 is a critical threshold for 
algal dominance in coral reef ecosystems, the following figures are cause for concern: 

- The current CO2 concentration is now 383 ppm; 
- At the current rate of emissions and emissions growth we hit 480 ppm in 

about 2035; 
- If the Constant Airborne Fraction shifts upward by 15% we hit 480 ppm in 

about 2030; 
- If the world emissions are halved progressively by 2050 we hit 480 ppm in 

about 2050. 
 

This is a matter to which the world needs to give urgent attention. It is urgent because 
delays will make the transition to a low-carbon economy increasingly expensive and 
difficult, with much greater risks of failure. The case for early, decisive action is 
overwhelming. It requires a global effort. Every country has a role to play, in response 
to the scale and the type of challenges arising in its territory. Action is needed by 
governments of the world to agree targets, to collaborate on effective strategies, and 
to influence and co-ordinate the investment of the many trillions of dollars which will 
be spent on energy developments in the coming decades in any event, so that future 
needs are met safely and sustainably.  

 
In the meantime, cconservation management is in many ways poorly prepared to 
adapt to expected levels of climate change. There is a need for integrative 
vulnerability studies on adaptive management responses to preserve biodiversity and 
ecosystem services. These vulnerability and adaptation assessments should be 
interactive processes that support practical decision-making. We need to better 
understand multiple and interacting risks in specific regional contexts. If we fail to 
properly consider these risks; conservation achievements will be seriously 
undermined; if not completely reversed. Adaptation plans need to pay more attention 
to the how; rather than just the what and the where. This involves greater attention to 
political, economic, social, technological, and cultural barriers to adaptation.  
 
This is not a time for hoping. This is a time for action. Buying time is no longer an 
option – procrastination has been its thief! 
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Appendix 2: Marine data sets identified during meeting  
 
taxa spatial 

coverage 
temporal 
coverage 

parameters Notes contact 

Antarctic fish 
(benthic and 
pelagic) 

HiM1 1 1990, 1992,  
1193 - Benthic 

 Australian 
Antarctic Division 

 Macquarie 
Island  

Icefish toothfish     

 East 
Antarctica  

1997 - present     

  1994 - present     
Hump-back 
whales 

east coast 
stock  
(Stradbroke) 

1981-1996, 96-
present  

abundance  Australian 
Antarctic Division 

 west coast 
stock 

1982-1994, 94-
present  

   

Baleen 
whales 

south 60 
degrees 

1904-present catch (dead 
whales!) 

 Australian 
Antarctic Division 

 Southern 
Ocean 

 diet   

   length   
Emperor 
penguins 

Taylor 
Glacier  

20 yrs males 1 abundance 1  Australian 
Antarctic Division 

 Auster  19 yrs chicks 2 abundance 2   
   foraging trip 

duration 2 
  

Baleen 
whales 

south 60 
degrees 
Southern 
Ocean 

CP I 1978/79 - 
1983/84 

abundance  Australian 
Antarctic Division 

 circumpolar CP II 1985/86 - 
1990/91 

   

  CP III 1991/92 - 
2005/06 

   

Elephant 
seals 

Macquarie 
Island  

 abundance  contact Harry 
Burton at AAD  

   (adults and 
pups) 

  

Antarctic krill East 
Antartica 

1995/96 biomass (via 
acoustics) 

 Australian 
Antarctic Division 

 Transects 2004/05   Australian 
Antarctic Division 

 (synoptic 
surveys) 

    

Baleen 
whales (but 
mainly 
minkes) 

south of 60 
degrees 

1 JSV 1965/66 - 
1988/89 

catch (dead 
whales!) 

 Australian 
Antarctic Division 

 Southern 
Ocean 

2 JARPA 1989/90 - 
2005-06 

diet   

  3 JARPA II 2006/07 - present   
Crabeater 
seals 

East 
Antartctica 

 abundance  contact Colin 
Southwell at AAD 

 (APIS 
dataset) 

   

Adelle 
penguins 

Bechervaise 
Island 

1990-present adult abundance  Australian 
Antarctic Division 

   chick abundance   
   foraging trip 

duration 2 
  

   diet   
water 
temperature 

program ~ 
100 reef 

~ 15 years reef zones  Ray Berkelmans 
- AIMS 
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logger sites 
     www.aims.gov.a

u 
T, salinity, 
nutrients 

Maria Island 1940s 
onwards 

  Simon Allen 
CSIRO 

Zoo- 
plankton  

 surveys 70-
90 

  Ritz, Swaddling 
TAFI 

IMPs long-
spined sea 
urchin impact 

 1974-present   Johnson TAFI 

Macrocysts  1940s-
present 

abundance  Johnson TAFI 

Effects of cc 
on squid 

    Peel and Jackon 
TAFI 

Beach Patrol 
Australia 

 1992-present   Birds Australia 

temp, salinty 
nutrients 

Rottnest 
Island 

   CSIRO 

Penguin 
breeding 
data 

Rockingham 
region 

20 yr   Belinda Cannell 
(UWA) 

Range 
changes 
seabirds 

off WA coast    Nick Dunlop 

Coral range 
shifts 

south to 
Rottnest 
Island 

    

Coral Reef 
Studies 

    Professor Terry 
Huges 

     terry.hughes@jc
u.edu.au 

Satellite 
SSTS + 
seawiffs 

GBR ~15-20 years   Craig Steinberg - 
AIMS 

     www.aims.gov.a
u 

Miscellaneou
s biological 
data sets 

 10-20 years  eg fish - 
Dave 
Williams 

AIMS Data 
Centre 

    coral - Terry 
Done others 

www.aims.gov.a
u 

Seabed 
biodiversity  

GBR (90% 
of GBR) 

   Peter Doherty - 
AIMS 

"snapshot" of inter-reefal 
communities 

   Roland Pitcher - 
CSIRO 

Reef 
water 
quality 
protectio
n plan 

 10 years  involves 
"water 
quality" 
monitoring 

Britta Schafelke - 
AIMS 

Monitoring seaturtle 
populations and beach 
temps 

   James Cook 
University 

     Qld 
Environmental 
Protection 
Agency 

Ocean 
moorings 
- sea 
level, 
tides, 
water 
flow 

~5 sites GBR ~15-20 yrs   Craig Steinberg - 
AIMS 

     www.aims.gov.a
u 

 104



 

Rock 
Lobster 

 15 yr abundance (puerulus and adults) Frusher TAFI 

MPA  15 yr fished area 
comparisons 

 Edgar, Barrett, 
Baxton, TAFI 

Rocky reef survey (GPS 
referenced) 

10 yrs apart   Edgar, TAFI 

higher 
predator
s 

Macquarie 
Island 

 long-term 
abundance 

 Antartic Div and 
DPIWE 

Little 
penguins 

Phillip Island  39 years breeding 
data 

 Phillip Island 
Nature Park 

coral 
cover, 
benthos, 
reef fish 

GBR     

Southern 
Ocean 
Foraminif
era 

South Ocean over 10 
years 

reduced  
calification 

 will.howard@ace
crc.org.au 

   sediment 
trap fluxes  

  

Coral, 
cots, fish 
(long 
term 
monitorin
g) 

GBR ~15 years   Hugh Sweatman 
- AIMS 

Automati
c 
weather 
stations 

~6 sites GBR upto ~ 20 
years 

  Ray Berbelmans 
- AIMS 

     www.aims.gov.a
u 

Seabird 
Atlas 

South Eastern 
Australian 
waters 

1975-2000   Birds Australia 

Chloroph
yll 
samples 

GBR ~ 10-15 yrs   Miles Furnas - 
AIMS 

     www.aims.gov.a
u 

multiple 
proxy 
climate 
and coral 
growth 
variables 

AIMS Coral Core 
Collection 

several 
centuries 

  Janice Lough - 
AIMS 

T, 
salinity 
nutrients 

Port Hacking     

    Rocky Reef Survey 
2000 

Johnson TAFI 

    HAB information 
and Impacts 

Hallegraeff, Utas 

short-
tailed 
shear-
water 

Fisher Island over 40 
years 

  DPIWE, 
Tasmania 

 

 105


	Impacts on Australian marine ecosystems: Tropical Coral Reef
	A terrestrial systems perspective of resilience assessment a
	Conservation Management in a Changing Climate



