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Re: Submission from the Sydney Institute of Marine Science to the Environment and Communications References
Committee inquiry into the impacts of climate change on marine fisheries and biodiversity

Please find attached a submission to the Environment and Communications References Committee for their inquiry
into the impacts of climate change on marine fisheries and biodiversity. This submission has been prepared by
the Scientific Advisory Committee of the Sydney Institute of Marine Science (SIMS). SIMS is a marine science
research institute founded by four major universities in the Sydney region (Macquarie University, the University of
New South Wales, the University of Sydney, and the University of Technology Sydney). The Institute conducts
multidisciplinary marine research across five core research themes; urbanisation, biodiversity, climate change, ocean
resources, and marine management. SIMS is also the operator of the NSW node of the Australian Government’s
Integrated Marine Observing System — IMOS. The work of the Institute is conducted by marine scientists from all four
of the founding universities and partner organizations including the NSW Office of Environment and Heritage, the
Australian Museum and the NSW Department of Primary Industries. This provides SIMS with an extremely broad
scope of professional expertise that is particularly pertinent to the Committee’s inquiry into the impacts of
climate change on marine fisheries and biodiversity.

In summary, the following submission was prepared by SIMS scientists who are internationally recognized
experts in this area and have particular expertise in the marine science of climate change from an Australian
perspective. Our submission focuses on areas for which we have a particularly high level of scientific expertise
and knowledge. It is specifically designed to provide scientific evidence pertinent to the terms of reference for
the Committee’s inquiry. The main conclusions of this submission are that: (i) climate change has already
altered Australia’s marine waters, (ii) these changes are already affecting marine biodiversity, and, (iii) the
impacts of climate change on marine fisheries and biodiversity are likely to increase in the future.

Yours sincerely,

Professor David A. Raftos,

Chair, Scientific Advisory Committee,

Email: WWW.SIMS.org.au
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Submission prepared by the Sydney Institute of Marine Science for the Environment and
Communications References Committee’s inquiry into the impacts of climate change on marine
fisheries and biodiversity

This submission provides scientific evidence pertinent to the Committee’s terms of reference for
their inquiry to assess “the current and future impacts of climate change on marine fisheries and
biodiversity, including”:

(a) Recent and projected changes in ocean temperatures, currents and chemistry associated with
climate change — The is already evidence worldwide that climate change is warming the oceans,
altering ocean currents and changing ocean chemistry (particularly through the process of ocean
acidification). In the Australian context, it seems that the east coast of Australia is already one of the
most heavily affected marine environments in the world resulting from an increase in the poleward
penetration of the East Australian Current. In the past 60 years the temperature and salinity of our
coast has effectively shifted 350 km south (Ridgway 2007), such that the region is warming at a rate of
2-3 times the global average. Southward transport within eddies is increasing (Cetina Heredia et al.
2014) and is expected to increase further in the future, at the detriment of eastward transport (to NZ)
(Oliver et al. 2015).

(b) Recent and projected changes in fish stocks, marine biodiversity and marine ecosystems
associated with climate change — Ocean warming has already affected global fisheries in the past
four decades, leading to a ‘tropicalisation’ of catch. In other words, there has been an increase in the
proportion of species with affinity for warm water (Cheung et al. 2013). The most widely
documented impact of climate change on marine organisms is a poleward shift in their distributions,
with species responding to warming ten times faster than on land at an average of 72 km per
decade at the leading range edges (Poloczanska et al. 2013). Among marine species, phytoplankton
distributions are moving fastest (470 km/ decade), followed by bony fish (278 km/ decade;
Poloczanska et al. 2013), both at the leading range edges. Climate projections estimate that ocean
isotherms will continue to shift poleward at a rate seven times faster in the 21* Century than the
20" Century (Sen Gupta et al. 2015), suggesting that these changes in distribution will become faster
in the next few decades.

Examples of currently observable changes in Australia’s marine fisheries and biodiversity are:

1. Declines and/or range-contraction of kelps and other habitat-forming cool-water seaweeds in
both eastern (Johnson et al. 2011, Vergés et al. In press) and western Australia (Smale and
Wernberg 2013, Wernberg et al. 2016). These seaweeds are foundation species that support
entire ecological communities including some of Australia’s most valuable fisheries (e.g. abalone
and rock lobster), and are valued at over AUS10 billion per year (Bennett et al. 2016). The decline
or disappearance of these foundation species is causing a profound shift in the associated
ecological communities, which are mostly being replaced by turf algae and more tropical species
(Bennett et al. 2015, Wernberg et al. 2016, Vergés et al. In press).

2. Range expansion of warm-water fishes and sea urchins from mainland Australia to Tasmania (Ling
2008, Ling et al. 2009, Last et al. 2011). Significantly, a recent study showed that marine
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communities in no-take sanctuary zones are more stable and more resistant to colonisation by
warm-water invading species than communities in fished reefs (Bates et al. 2014).

3. Increases in populations of tropical fish in temperate NSW reefs from Sydney Harbour to
Narooma on the southern NSW coast (Booth et al., 2007), with ocean warming increasingly
allowing tropical fishes to survive and overwinter in temperate waters (Figueira and Booth 2010).

4. It is also likely that changes in the structure of the East Australian Current will impact
commercially significant fish stocks. The East Australian Current is distinguished from other ocean
boundary currents by the frequency of eddy formation. It is really a current of eddies (Suthers et
al. 2011). These eddies are forecast to increase in formation in the future, increasing the mixing of
surface and deep layers and increasing plankton production (Matear et al. 2013). Recent
observations suggest that eddies (swirls or vortexes) of the East Australian Current provide
significant offshore habitats for larval fish compared to those on the continental shelf (Mullaney
& Suthers (2013). Therefore stronger currents, greater mixing and eddy formation may increase
the production of pelagic fish, albeit in more southern latitudes.

5. Climate change projections of coastal circulation under an A1B emissions scenario (in the 2060s)
show that the increase in EAC eddies, and the increase in poleward penetration could result in an
~ 300k southward shift in the location of peak lobster larval settlement along the east coast of
Australia. That is, a poleward shift in the lobster fishery by 300km. This will have significant
impacts on the people working in the industry and for the management of the eastern rock
lobster fishery (Cetina Heredia et al 2015).

(c) Recent and projected changes in marine pests and diseases associated with climate change —
Ascribing the appearance or abundance of novel marine pests and diseases to climate change
parameters is less straight forward than trends in biodiversity or fish stocks. However, there are
obvious reasons to suspect that climate change will alter the dynamic between infectious microbes
and the host organisms that they infect. It is now clear that outbreaks of infectious diseases are often
linked to environmental stress. For instance, there is some evidence that susceptibility to QX disease,
which limits productivity in Australia’s Sydney rock oyster industry, may be increased after oysters
become stressed, in some cases due to decreased water salinity after rainfall (Butt et al., 2006; Peters
and Raftos, 2003). Hence, altered rainfall patterns associated with climate change may alter the
prevalence of this disease. There is also preliminary evidence that outbreaks of Pacific Oyster
Mortality Syndrome, a viral disease that currently threatens the viability of Pacific oyster farming in
some areas of Australia, might occur after water temperature reaches a particular threshold.

(d) The impact of these changes on commercial fishing and aquaculture, including associated
business activity and employment — Changes in ocean temperature, acidity and currents will have a
broad range of effects on commercial fishing and aquaculture, many of which are interactive and so
hard to predict. However, examples of these potential effects are relatively common. For instance, it
is known that ocean acidification has substantial detrimental effects on fertilisation and development
in oysters, to the extent that oysters may be unable to reproduce above certain threshold levels of
acidification (Parker et al., 2009, 2010). Some work has shown that the genetic potential for
adaptation in aquaculture species may be able to mitigate these effects (Gongalves et al 2016; Parker
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et al.,, 2011). However, there is also emerging evidence that exploiting this capacity for genetic
adaptation in selective breeding programs to produce climate change tolerant oysters may have
negative effects on other traits.

e. The impact of these changes on recreational fishing — Climate change will have an impact on
recreational fishing by changing the distribution, abundance, and seasonality of target species
(Gannon et al. 2014; Payne et al. 2016). Changes to the distribution and abundance of fish will result
in altered species composition and abundance of recreational catches. Highly mobile target species,
such as pelagic fish (tuna, billfish, sharks), will alter the timing of their annual migrations and
recreational fishers will need to adapt to these temporal and spatial changes in species distributions.
Recreational fisheries have been identified as being particularly vulnerable to climate change as they
have less capacity to adapt to altered target species and distributions (Ruckelshaus et al. 2013).
Dynamic ocean management will be required to monitor and help recreational fisheries adapt to a
changing ocean. For example, ocean forecasting tools are being used to predict the seasonal
migration of dolphinfish to inform anglers of fish distribution and to improve the deployment of Fish
Aggregation Devices (Brodie et al. in review).

(h) The adequacy of biosecurity measures and monitoring systems given current and projected
climate change impacts — Australia already has strong biosecurity and monitoring systems designed
to prevent the introduction of harmful marine pests. However, these systems are not infallible, as
demonstrated by the recent appearance in Australia (likely from overseas) of the virus that causes
Pacific Oyster Mortality Syndrome.
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