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Abstract

needs information about the value of changes.

To be more specific, estimates of total value are generally only of use if seeking to describe the current state of
affairs e.g. that tourism is a more significant generator of incomes in the Great Barrier Reef catchment than is fishing
or if seeking to address management/policy questions, such as What losses would the region suffer if the entire reef
ceased to exist? We now have a reasonably good understanding of the relative contribution of different industries to the
catchment’s economy, and in most cases, managers are not faced with such all or nothing choices. So methodological
approaches that generate estimates of total value may be somewhat less relevant than they were when Great Barrier
Reef valuation research was in an embryonic stage. Instead, managers/policy makers are, nowadays, more likely to
need answers to questions, such as what losses would the region suffer if reductions in water quality reduced the reef’s
ability to provide certain ecosystem services? Or would a relocation of resources from one sector to another improve
overall welfare? Importantly, for questions like these, it is marginal, not total values that one needs. Specifically, one
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Introduction

As highlighted in the State of knowledge sub-section, most Great
Barrier Reef studies that have sought to estimate the value, or financial
impact, of changes, has focused on changes in water quality and impact
on the tourism sector i.e. recreational aspects of cultural services. But
there is relatively little information available on the likely impact of
other non-water quality changes to other non-recreation services.
There is a clear need for research of this type, but given the vast array of
potential changes that could affect any number of ecosystem services,
it will be important to develop some mechanism for prioritizing the
changes to be investigated. The Outlook Report has recently highlighted
cli-mate change, water quality, and loss of coastal habitats as the main
threats to the reef. A better understanding of changes to ecosystem services
as aresult of these drivers is critical, and such research is increasingly taking
place. It will be important to extend investigations to cover all ecosystem
services and not just focus on the recreational and provisioning services.
Third, it is clear that we do not just need information about total or
marginal values, but we also need information about the social, temporal,
and spatial distribution of those values. The substantive body of Input-
Output work done by groups, such as Access Economics has given us a
reasonably good base of information about the way in which the financial
benefits of the fishing and tourism sectors are distributed throughout other
industries within the Great Barrier Reef. Nonetheless, more detail about
the relative importance of those values to different stakeholder group’s
e.g. different types of households, or individuals and the distribution of
impacts within smaller regions, would be useful. One way of attempting to
identify and compare the relative importance of absolute levels or changes
in different ecosystem services to different individuals or stakeholder
groups is via formal valuation work. However, willingness to pay the
basis of most valuation work is, necessarily, a function of ability to pay.
Consequently, monetary valuation methods produce estimates that are
essentially weighted average, the weights that are used are a function of
income, so that the priorities or values of the wealthy are given more
voice than the priorities of the poor. Other nonmonetary methods are
available, but only a few have been trialled in the Great Barrier Reef
catchment area [1-5].

Discussion

More work on these approaches in this region would be welcome
particularly given the vast disparities in incomes between, for example,
indigenous and nonindigenous householders. Moreover, without
information about the social, spatial, or temporal distribution of values,
it will be difficult to determine who or what is likely to win or lose
from different policies and/or incentive mechanisms. As such, it will be
difficult to design appropriate policy. This issue is particularly important
in the context of the rising popularity of payments for environmental
services, one needs accurate information about the distribution of costs
and benefits associated with environmental services if one is going to
design equitable, and efficient, payment systems. Information on the
temporal and spatial distribution of ecosystem services would also be
beneficial when revisiting the Great Barrier Reef Zoning Plan. This
would allow for a design that would try to optimally configure the zones
on the basis of a variety of ecosystem services. Finally, the discussion
of the flow of ecosystem services between adjacent ecosystems section
highlighted the importance of taking a broader systems view when
considering the value of ecosystem services. Just as the reef provides
ecosystem services to humans and to other ecosystems that adjoin the
Great Barrier Reef, so too does the reef receive a variety of services from
adjoining systems. It was not the intention of this article to provide a
comprehensive review of literature relating to the ecosystem services
of these adjacent ecosystems. However, it is clear that the regionally
relevant literature lacks information on the value of ecosystem services
that are provided from systems adjacent to the Great Barrier Reef.
Subsequent terrestrial investigations may therefore wish to extend
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this important avenue of investigation, since failure to acknowledge
the external benefits of the services that these terrestrial ecosystems
provide, serves to undervalue their status within a larger system, and
may, in turn, lead to suboptimal allocations of such land uses. That
it is important to take such steps is clearly emphasized in the Great
Barrier Reef Marine Park Authority’s Outlook Report, which notes
that the effectiveness of management is challenged because complex
factors that have their origin beyond the Great Barrier Reef region,
namely climate change, catchment runoff, and coastal development,
cause some of the highest risks to the ecosystem. If it were possible to
explicitly incorporate assessments of the value of changes to ecosystem
services delivered to the Great Barrier Reef by adjoining ecosystems into
a decision support framework and if one were able to clearly identify
winners and losers from activities and actions that seek to improve
the flow and status of ecosystem services as per Pagiola examples
in a rainforest setting, then it would be possible to align economic
incentives with conservation objectives. In other words, one would
be able to design systems that capitalize on, rather than fight against,
economic incentives, thus increasing the chance of affecting positive
change. That it is essential to progress beyond the realm of simply
estimating the total value of individual ecosystem services and onto
the process of assessing the impacts of potential changes to ecosystem
services so that it is possible to alter incentives, is clearly argued by Heal.
That it is possible to design systems that are capable of affecting such
changes across a broad range of ecosystem services spanning multiple
ecosystems is illustrated by the Costa Rican system outlined in Turner
and Daly. It must, however, be noted that effective management across
marine and terrestrial systems requires institutional structures that are
able to manage these multiple, linked ecosystems. Studies that help
draw attention to the value of individual ecosystem services, to the
value of entire ecosystems, or to the value of cooperative trans-system
goals are but one part of the story. It is not possible to capitalize on the
opportunities that such studies identify, if the institutions that govern
our behaviours are unable to respond accordingly, for example, by
altering incentives so as change behaviours. As such, more research on
alternative institutional structures and on the costs of building up the
supporting infrastructure for such institutions could be of significant
benefit to this vitally important world heritage area. As highlighted
in the value of the Great Barrier Reef’s ecosystem services section, a
substantive body of literature supports the argument that the ability
of the Great Barrier Reef to provide a range of ecosystem services is
being eroded. We identify, and briefly discuss, some of the research
underpinning four key supporting services, one of the major features of
the coastal zone is that part of its sea floor receives a significant amount
of sunlight and can therefore sustain benthic primary production by
sea grasses, macro algae, micro-phyto-benthos, and corals. The degree
to which this primary production can occur is dependent on the
amount of light penetration. Numerous studies have been involved in
calculating this primary production. For example, Chisholm quantified
the primary production of four species of crustose coralline algae and
therefore their contribution to the organic production of reefs on the
Great Barrier Reef, and Johnson calculated the effect of replacement
of coral by algae on the carbon flux. Herbivore, predation, and
competition are key processes responsible for maintaining coral reef
ecosystem function, structure, and resilience. Much of the research
leading this field comes out of the Great Barrier Reef. Carbon and
nitrogen sediment storage and microbial activity has been investigated
in the northern Great Barrier Reef. The role of structural complexity
in providing community structure, in maintaining diversity, and in
maintaining a productive fishery is gaining recognition. Mangroves
and the connection between them and the rest of the coral reef system
are important nursery and feeding areas for fish. Their rich invertebrate

faunas render them productive feeding areas, while their shallow
waters and structural complexity provide sanctuary habitats at a variety
of scales. While coastal protection is often categorized as a regulating
service providing protection from storms to our coastal farms and
properties, it is also a supporting service in that it provides protection
to coastal mangrove and sea grass ecosystems allowing them to provide
us with continued provisioning services [6-10].

Conclusion

These aspects of an ecosystem ensure the continued provision of
nutrient cycling, habitat provision, and coastal protection, and are in
turn maintained by those same services i.e. a healthy system provides
services and the maintenance of services ensures a healthy system. Coral
disease is coming to the fore as a serious problem on the Great Barrier
Reef, and has been shown to be correlated with warm temperature
anomalies. The natural bacterial communities of corals are severely
altered during stress, which suggests a potential mechanism for the
link between diseases and stresses arising from global warming. A key
question in understanding population dynamics and hence whether
and how populations will be replenished is how far the larvae of marine
organisms disperse. Considerable progress has been made within the
Great Barrier Reef in understanding the role of connectivity in terms of
self-vs. Long distance recruitment. Resilience refers to the ability of a
system to endure a disturbance and retain its previous state; essentially it
provides insurance against ecological uncertainty. Empirical indicators
of the cornerstones of coral reef resilience have been put forward.
These indicators include functional group approaches, diversity, and
trophic composition, which, while it may not be possible to measure or
predict resilience, these process orientated metrics capture ecosystem
dynamics improving marine stewardship.
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