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and compare the adaptive capacity of wild and aquaculture fisheries to address and mitigate its effects.
We do this by reviewing the available OA literature for scallops and prawns to determine the likely
impacts, and our confidence in these impacts, on Queensland prawn and scallop species. The tolerance
of scallops and prawns to OA is determined by species-specific differences in their structure, life history,

g?:;vr?gdcsi.diﬁcation environmental preference, behaviour, physiology and sources of nutrition. Studies of similar taxa are
Fisheries management used to supplement the sparse information available for the target species. Wild populations of prawns
Crustaceans and scallops appear to be more vulnerable to OA and climate-induced stresses than aquaculture-based
Molluscs populations as ameliorating physico-chemical change in natural waters is difficult or impossible. Our
Climate change analysis suggests the wild prawn fishery is more resilient to increasing OA conditions than the scallop

fishery. We also conclude that aquaculture is likely to be more viable in the long term than the wild fishery
as aquaculture facilities allow water quality monitoring and modification to avoid excessive exposure to
the physico-chemical stresses imposed by OA and climate change.
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1. Introduction

There is wide concern within the science community about the
potentially rapid changes in ocean biochemistry and its impacts
on marine ecosystems, including the consequences for marine-
based fisheries (Royal Society, 2005; NRC, 2010; Le Quesne and
Pinnegar, 2011). Under the ‘business as usual’ emissions scenario
(IPCC, 2007), mean global seawater pH is projected to decrease
0.3-0.4 pH units by 2100 (Orr et al., 2005; Feely et al., 2008). Cal-
cifying organisms (Cooley et al., 2011; Weinbauer et al., 2011) and
organisms susceptible to the effects of hypercapnia (Schalkhausser
et al., 2012) appear to be particularly vulnerable to such a decrease
in pH.

Changes in pH, pCO, and calcite saturation state ($2cacite)
threaten an annual global fish production that exceeds 140 million
tonnes and is worth approximately $150 billion USD per annum
(Kite-Powell, 2009). Narita et al. (2012) estimated that the total
global cost of ocean acidification (OA) to mollusc fisheries by 2100
may be as high as $141 billion USD while Cooley and Doney (2009)
predicted that OA-induced declines in commercial shellfish and
crustacean harvests in the US alone at between $860 million and
$14 billion USD, depending on CO, emissions, discount rates, bio-
logical responses and fishery structure.

Given the economic value of global fisheries, there is a critical
need for vulnerability assessments of fisheries around the world to
explicitly include OA. Such vulnerability assessments are typically
strongly quantitative, drawing upon the pool of data and knowl-
edge that have emerged from scientific research. However, the
geochemical and biological impacts of OA are not well developed
(Poloczanska et al., 2011) and therefore any such assessment needs
to take place in an environment of strong uncertainty and variabil-
ity. Furthermore, whilst OA and fisheries sustainability are global
issues, the nature of the vulnerabilities and opportunities that exist
are strongly context-specific and a regional approach is needed
where the ‘local’ conditions are taken into account. Therefore, we

propose a more qualitative approach to undertaking a vulnerability
assessment based on the ‘expert opinions’ of the authors. We have
endeavoured to provide a coherent and consistent approach to this
qualitative assessment by classifying the amount of evidence and
the degree of agreement (in the evidence) as a means of qualifying
our confidence in the validity of our findings.

The Queensland commercial (wild capture and aquaculture)
fisheries may be particularly vulnerable to the effects of OA because
Queensland fisheries are dominated in volume and value by calci-
fying species (crustaceans and molluscs) (ABARES, 2012), and the
projected decreases in pH for Queensland coastal waters are similar
to those projected for elsewhere in the world’s oceans (Orr et al.,
2005; Feely et al., 2008; Hobday and Lough, 2011).

In this paper we discuss the potential impact of OA on commer-
cially valuable but potentially vulnerable crustacean and mollusc
species that are caught in wild fisheries and/or reared by aquacul-
ture for the coastal area of Queensland, Australia. We consider the
potential implications of OA for different life-stages of wild caught
and aquaculture-grown scallops and prawns. They represent two of
the calcifying phyla (crustacea and mollusca) highlighted as vulner-
able to OA. Furthermore, they represent established (prawns) and
emerging (scallops) contributors to Queensland fisheries. Finally,
both scallops and prawns are cultivated through aquaculture in
Queensland, allowing an assessment of the capability of aquacul-
ture to mitigate the effects of OA and other co-stressors.

We consider the mechanisms and biological implications of
OA-induced stress on these species, a process that includes an eval-
uation of the role of co-stressors such as increasing sea surface
temperature in exacerbating these impacts. We then consider the
structure, function and regulation of the scallop and prawn fisheries
in Queensland.

Finally, OA coincides with climate-induced changes in the phys-
ical environment that will mediate the vulnerability of scallops
and prawns to acidification (e.g. Boyd, 2013). While our analy-
sis considers the impacts of OA in the context of climate change,
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