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SESSION 3: CLIMATE CHANGE AND INDUSTRY IMPACT

Over the last two hundred years the impact of
industrial-scale fishing on fish stocks and their
sustainability has been recognised and sought to
be addressed or managed. This impact has
resulted in some stocks collapsing, many being
exploited at maximum or non—sustainable levels,
with a subsequent increased focus on aquaculture
as a source of fish protein to meet the demands of
growing populations and economies.

It is now recognised that these enterprises are
also subject to the additional influences of climate
change. Due to the coastal and high seas nature
of our fisheries, the complexity and diversity of
riparian, coastal and oceanic systems, habitats
and populations, the perceived impacts from
climate change on fisheries and aquaculture are
less defined than in other industrial and
community areas.

Climate change induced impacts are anticipated
to deliver both adverse and in some cases
positive effects on fisheries and aquaculture.
Potential adverse impacts include detrimental
changes in oceanic physio-chemical
characteristics (e.g. O,, temperature, salinity, total
inorganic carbon content and acidification) and
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key oceanic circulation systems, declines in
production potential of traditional species,
abundance changes and altered
trophic/ecosystem relationships, disturbance of
reproductive patterns and migratory routes,
increased vulnerability to diseases and pests,
increased extreme weather events (e.g. storm
surges and cyclones) and the provision of a
competitive advantage for lower-valued and
invasive species. Adverse impacts also include
decreased community (industrial and artisan)
economic benefit, the additional cost of relocation
and relocation of production system and coastal
infrastructure, and the recognised vulnerability of
coastal and low-lying island nations to rising sea
levels.

Positive impacts include the potential for
increased coastal nutrients and productivity from
more intense upwelling systems, increased
growth rates and extended growing seasons,
increased competitiveness of high-valued less
abundant and new profitable species, and climate
change driven improvements in production
systems, infrastructure and resource management
strategies.

The critical challenge for the world’s fisheries and
aquaculture is to ensure they effectively contribute
to the global response to address the causes of
climate change, whilst embracing and adapting to
opportunities that future change delivers.

Introduction

‘... all the great sea fisheries are inexhaustible:
that is to say that nothing we do seriously affects
the numbers of fish. Any attempts to regulate
fisheries seems useless’

(T.H. Huxley at the International Fisheries
Exhibition London, 1883)

“The supply of fish in the ocean may be
considered to be practically inexhaustible’

(Introductory line of the chapter on seafood in
Mrs Beeton’s Book of Household Management,
1880)
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I thank the Crawford Fund for this opportunity to
present on the aquatic-industry-based sectors,
complementary to the traditional land-based
agricultural focus.

The foregoing quotations represent the status of
the knowledge of fisheries at the time. We now
know that globally fisheries have been challenged
by a range of factors including recruitment and
economic over-exploitation, natural variation in
species stock dynamics, and habitat and
ecosystem destruction by damaging fishing
practices and or anthropogenic pollution. It is also
now evident that the challenges from climate
change need to be accommodated.

Fishing is a hunting/harvesting operation,
aquaculture a farming/husbandry operation.
Modern fisheries seek the sustainable exploitation
of biologically renewable resources, delivering
economic and social benefits to current and future
generations. They embrace the interactions of
complex biological, technological, economic,
social and cultural, geo-political, regulatory and
compliance factors.

The demand for fish products continues to
increase as a consequence of increased population
as well as to cater for the increasing recognition of
their health benefits. Increased demand for fish
products has also been driven by the global need
for feedstock (fishmeal and fishoil) for
aquaculture and other intensive animal industries
emerging over the last forty years.

Current global capture fisheries production
exceeds 90 million tonnes annually, with
aquaculture production over 40 million tonnes
(FAO 2004). Capture fisheries production grew at
1.2% annually after 1970 but it has stabilised over
the last decade; aquaculture production has
increased at an average rate since 1970 of 8.9%
per annum (FAO ongoing). In 1970 aquaculture
contributed 3.9% by weight; in 2002 it was 29%
by weight. Estimates predict that by 2020 wild
capture production will remain in the 90-100
million tonne range, with aquaculture possibly
surpassing 70 million tonnes (FAO 2004).
Seventy percent of the worlds aquaculture
production is from China (FAO ongoing).

It is now recognised that the major stressors of
large-scale marine stocks are over-fishing, habitat
destruction and climate change (Handisyde et al.
undated).

Climate change

When considering the impacts of climate change
on fisheries and aquaculture it is convenient to
group them in three categories:

e physio-chemical
e Diological
e societial.

The impacts of climate change on fisheries and
aquaculture are many and varied. The aquatic
environment will respond to climate change in
ways that are equally significant as the responses
in terrestrial and atmospheric environments. The
changes may be more gradual and less apparent
than those taking place terrestrially, because of the
ability of oceans to absorb and distribute heat
(2WE Associates 2000).

Consideration of climate change impacts on fish
stocks needs to recognise underlying short- and
long-term fluctuations in populations. Examples
of these are the persistent cyclic nature of stocks
of Californian sardines and anchovy, where
analysis of fish scales from offshore sediment
cores covering 1700 years has identified cyclic
time scales of abundance indices with periods of
54 to 57 and 223 to 273 years. These cycles have
been correlated to air temperature as measured
from fossil ice cores. Shorter-term fluctuations in
the Peruvian anchovy stocks are closely correlated
with strong EI Nino events.

Physio-chemical impacts

Oceans, like terrestrial systems, are experiencing
change in core parameters, albeit reflecting the
nature of the medium. The Intergovernmental
Panel on Climate Change (IPCC 2001) reports
that over the period 1961 to 2003 global ocean
temperatures increased 0.1°C in the region from
the surface to 700 m depth. The global ocean heat
content in the region from 0 to 3000 m increased
over the same period, absorbing energy at a rate of
0.12+0.04 Wm? globally averaged, with the top
700 m absorbing two-thirds of this input.

In the case of salinity, over the period 1955-1998
global freshening has been observed in sub-polar
latitudes (Pacific), with salination occurring in the
shallower parts of the tropical and sub-tropical
oceans (Atlantic and Indian Oceans).

Acidification of the oceans is recognised to be a
direct consequence of global warning. Uptake of
anthropogenic carbon has resulted in the ocean
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becoming more acidic. The IPCC has estimated
the total inorganic carbon content of the oceans
has increased by 118+19 Gt C from the pre-
industrial period (1750). The IPCC estimates the
likely fraction of emitted CO, taken up by the
oceans has decreased from 42+7% during the
period 1750-1994 to 37+7% over the period
1980-2005 (it should be noted there is uncertainty
around these data). The increase in total carbon
results in a decrease in the depth at which calcium
carbonate dissolves as well as a decrease in
surface pH. The IPCC estimates an average
decrease of 0.1 pH units since 1750, although for
more recent times (over the last 20 years) an
indicative rate of decrease of 0.02 pH units per
decade has been suggested to be occurring.

Although much more investigation is required, the
predicted impact of this acidification is a
reduction in bio-calcification in marine organisms.
The most obvious potential impact is a threat to
coral reef communities and their structural
integrity, as well as marine food chains based on
carbonate plankton and organisms with aragonite
calcareous skeletons and shells (e.g. crustaceans,
molluscs).

The earliest impact of ocean acidification is
expected to occur in deeper and polar waters. It is
predicted that tropical areas will remain saturated
but experience a significant drop in the aragonite
availability to marginal levels in 2100.

Oceanic circulation and sea level rise

The best-known impact of climate change in the
aquatic environment is the predicted rise in sea
level. For aquaculture this means having to cope
with changes in tidal amplitude and strength. It is
well recognised that rising sea levels will
particularly affect coastal areas and low-lying
island nations. The main factors contributing to
increasing sea level are:

e thermal expansion
e glacial contributions.

The contribution of thermal expansion to sea level
rises (1961-2003) has been estimated to be
0.4£0.1 mm per annum.

The IPCC estimates that sea levels have risen over
the period 1961-2002 at 1.8 mm per annum,
although this is spatially non-uniform.

The major impacts of sea level rise will include:

e increased inundation of coastal wetlands and
lowlands

o loss of estuarine, coastal species and
communities

e increased intrusion of salt-water vegetation
into freshwater ecosystems in coastal areas

e contamination of coastal quality water
aquifers

e changes in the structure of coastal marine
communities, including coral reefs

e loss of low-lying island states and coastal
regions with consequential economic loss and
social disruption.

With regard to mass transport distribution, there
has not been any clear evidence for oceanic
circulation changes, although changes in the
contributing water body characteristics have been
observed.

Ocean thermohaline circulation and continental
shelf “flushing and cleaning’ mechanisms are
crucial to coastal water quality and nutrient
cycling and the global heat budget. Most climate
change models indicate a weakening of the
thermocline circulation (THC) in the northern
hemisphere, although the extent with which this
overall circulation is threatened is still uncertain.

There is an emerging literature that reinforces the
concerns from the wholesale physical changes
predicted. CSIRO has observed changes to ocean
circulation in the western Pacific Ocean and
Timor Sea, and an upward trend in water
temperature has led to environmental modification
in SE Australia as the East Australia Current
pushes further south, carrying sub-tropical species
into temperate waters (Hobday et al. 2006).

Extreme weather

Fishers and aquaculturalists derive their living
from the sea; consequently they live and operate
at the sea—land interface, and are therefore
vulnerable to climate change induced impacts at
this interface. Extreme weather events are
intrinsically linked to the climate change regimes
and influences. The warming and consequential
increase in ocean heat content, thermal expansion
and reduction in land-based ice are seen as
contributory factors driving these phenomena.
Extreme events include intensified precipitation
and droughts; monsoonal, cyclonic and hurricane
activity; storm surges and flooding; as well as
temperature shocks. Extreme events can manifest
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themselves through both increased frequency and
or severity. Extreme events occur on a global
scale as seen from cyclonic events, or on a local
scale as the Australian southern bluefin tuna
farming industry experienced in 1996 when more
than 95% of the standing production was wiped
out by a localised high-intensity event.

One of the most intensively monitored phenomena
has been the long-term observed changes in the El
Nino Southern Oscillation (ENSO), with well-
recognised effects on southern Australia in
particular.

An area that has yet to receive significant
attention with regard to climate change impacts is
upwelling. Upwellings of deep ocean waters onto
continental shelf margins are a major source of
cold nutrient-rich waters that traditionally enhance
regional productivity. Upwelling is induced by
seasonal intensification of wind blowing parallel
to the coastline (N-S alignment), usually resulting
from intensified temperature differentials between
the adjacent land mass and the ocean and
consequent latitudinal shifts in inter-continental
high-pressure systems. Under the influence of the
Coriolis effect, surface water is transported
offshore and is replaced by upwelled sub-surface
water. The significance of upwelling events is
reflected in the fact that upwelling areas account
for 1% of the ocean surface but support 50% of
the world’s fisheries (Nellman et al. 2008).

Climate change has the potential to strengthen
upwelling events, enhancing nutrient input to
receiving regions. This is predicted to have both
adverse and positive effects. Adverse effects
include disruption of the bio-rhythms and
processes of key species, whilst pluses are
predicted to include increased regional
productivity from the additional nutrient inputs.

Abundance and trophic/ecosystems
relationships

Physico-chemical and circulation modification are
manifested through physio-biological changes in
the aguatic biota and ecosystems.

Aguatic systems are expected to be less tolerant
than terrestrial systems, changing the adaptive
capacity of species. This includes:

e increased competitive advantage for lower-
valued and invasive species

e declining stocks and unstable fisheries

e species shift to those more tolerant of warmer
and perhaps less oxygenated waters.

Changed physical environment , induced
upwelling strengths, and shifts in oxygen and
temperature can also result in more frequent algal
blooms in coastal areas and increased incidence of
fish kills resulting from toxic algae.

Phenology, migratory routes and
reproduction

As with land-based plants and animals, there are
expected to be climate-based changes in the
phenology of seasonal and life-cycle movements
in agquatic organisms. These can include changes
in timing and location of annual peak abundance
and movements for reproductive purposes.

Changes in those latitudes expected to experience
elevated water and air temperatures are likely to
be:

e longer growing seasons

o lower natural mortality (M) rates

o faster growth in higher latitudes,

with consequential beneficial impacts on growth
rates and feed conversion ratios. These have
particular interest to aquaculture and provide an
opportunity to enhance this sector of the industry.

A literature search identified little solid empirical
documentation for these phenomena. UK studies
on the flounder (Platichthys flesus) and squid
(Loligo forbesii) have documented shifts for these
species in time of arrival on spawning grounds
related to temperature, concluding that for these
species migration phenology is ‘driven by short
term, climate induced change in the thermal
resources of their habitats’ related to the North
Atlantic Oscillation (NOA) (Sims et al. 2004).

In Australia CSIRO (Thresher 2007) has reported
that growth rates of coastal species such as
juvenile morwong in the 1990s were 28.5%
greater than recorded in the 1950s. Conversely he
found that species at depth (1000 m), such as
juvenile oreos, had growth rates 27.9% less than
those extrapolated for the 1860s. Thresher has
linked these observations to factors such as higher
mortalities, reduced food availability and
reductions in the size of sexual maturity. He
observed that this also coincides with sea surface
temperature rises in the south-west Pacific east of
Tasmania of the order of 2°C, coinciding with the
strengthening of the warmer southerly-moving
East Australia Current.
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Increased temperature of coastal waters provides
the opportunity for increased production in
aquaculture by expanding species ranges. This
includes responses to reductions in sea ice
resulting in an increased geographic range
becoming available for aquaculture (IPCC 2001).

Diseases and pests/biotechnology

Changes in physical parameters impact on the
adaptability and competitiveness of pests and
diseases, resulting in an increased incidence of
infections. A portent of the future could be the
herpes virus that decimated southern Australia’s
southern bluefin tuna stocks in the 1990s, and the
global spread of the toxic green alga Caulerpa
taxifolia to locations including a number of sites
in Australia.

With regard to aquaculture, there is a recognised
increased occurrence and intensity of disease and
vulnerability to pests due to factors such as stress
induced by shifts in temperature and oxygen
levels.

There is future potential for accelerated breeding
programs, including the use of molecular bio-
technologies, to deliver benefits (growth, abiotic
and biotic resistance) while having to address
wider community demands, and in some quarters
opposition to the use of such technologies.

With an understanding of the physical and
biological changes from climate change, the
application of this knowledge is how society
responds. Most the global consideration is
focussed on the disruptive impacts from weakened
biological systems, severe infrastructure and
coastal degradation, economic loss, fragmentation
of societal cohesion and lifestyle disruption to
post extreme event health and nutrition challenges
in artisanal communities.

Societal impacts

Opportunities for aquatic-resource-supported
societies include the development of possible new
profitable species and enterprises, biological
enhancement of current stocks, drivers for
industry and infrastructure planning and renewal,
along with new management approaches and more
efficient industries and communities driven
through adaptive necessity. It is hoped that this
would also result in greater recognition of the
risks and opportunities, as well as support for
greater knowledge of the systems and the
uncertainty around the models to better enable
science-based management.

Whilst research on climate-change-related aquatic
systems (physical and biological) has contributed
to the overall understanding of systems and their
future landscapes, significantly less research has
been directed at the impacts on fisheries and
aquaculture.

The IPCC’s general conclusion is also relevant to
fisheries and aquaculture: that both mitigation (in
the form of the industries’ contributions to
emission reductions) and adaptation must be
embraced.

This will allow both industrial and artisanal
industries and communities to address the impacts
as well as to pursue the opportunities that climate
change will inevitably present.

Summary

Responding to climate change in the aquatic
environment requires both short- and long-term
solutions. Near-term adaptation strategies include
reinforcing coastline infrastructure, restoring
wetlands to protect coasts and if necessary
reconfiguring ports and coastal facilities to resist
extreme weather events. In addition, jurisdictions
need to plan for such events to enable adequate
responses to protect and assist their citizens,
whether it be to meet a consequential health risk
in flooded areas (e.g. cholera), provide emergency
shelter and sustenance, or rebuild destroyed
infrastructure.

In the longer term, the critical challenge for the
world’s fisheries and agquaculture is to ensure they
effectively contribute to the global response to
address the causes of climate change, whilst
embracing and adapting to opportunities that
future change delivers. This involves adopting
appropriate technologies and practices across the
whole value and delivery chain to:

e reduce climate risks

e ensure continued investment in the large-scale
research programs required to reduce
uncertainty around future projections

e ensure that the outcomes of this investment
are disseminated to assist governments and
society to better interpret and understand the
threat, balance the uncertainties and
strategically plan to effectively adapt.

Climate change impacts in fisheries and
aquaculture provide both risks and opportunities.
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