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Abstract: Fisheries and aquaculture management can have impacts on economic, social and envi-
ronmental outcomes. Assessing alternative management options requires an understanding of the
different trade-offs between these outcomes. Cost-benefit analysis provides a framework in which
these trade-offs can be assessed, but requires all costs and benefits to be enumerated in monetary
terms. However, some impacts associated with fisheries and aquaculture, particularly environmental,
have no explicit monetary value, so they require non-market values to be derived. In this study, we
identify and prioritize, through a stakeholder workshop, non-market values that are of the most
relevance to Australian fisheries and aquaculture managers. We assess the potential of existing
studies to provide appropriate values for use by managers through a detailed review of available
studies. We found a deficiency in the number of recent studies across all priority areas. Non-market
valuation of recreational fishing has attracted the most attention previously in Australia, but studies
in the last five years were found in only half of the states. Other priority non-market values have
been estimated in only one or two states, and most have no estimates within the last five years. The
results of the study highlight the need for further research in this area.
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1. Introduction

The marine environment produces a wide range of ecosystem services, many of which
may be affected by fisheries management, but not necessarily considered in fisheries man-
agement decision-making. These may include cultural services, such as recreational fishing,
as well as support services for a range of marine species that are exploited commercially,
either through wild caught fisheries or aquaculture, or that are not exploited, but are of
conservation value to society (e.g., seals, seabirds and dolphins) [1].

The fundamental principle underlying fisheries management and policy in Australia—
at both the commonwealth (federal) and state level—is to ensure that marine resources are
allocated sustainably across competing uses and users, such that the net benefits to current
and future generations of society are sustainable and maximized [2]. Most Australian
fisheries jurisdictions require the consideration of recreational and indigenous fishers in
management decision-making affecting commercial fisheries and aquaculture, while some
have additional social consideration requirements [3,4]. This principle requires all benefits
and costs associated with the use of marine resources to be accounted for, with the term
use being defined broadly to include both use values (e.g., commercially and recreationally
harvested fish) and non-use values (e.g., continued existence of an endangered species).
Effective management of marine resources therefore needs to be cognizant of the cost
associated with the potential negative impacts of fishing and aquaculture activities on
the wider ecosystem and community, including (1) environmental and ecosystem impacts
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(for example, water and habitat quality, carbon footprint and visual amenity) and (2)
recreational, cultural and social impacts [2,5].

The triple bottom line (TBL) approach [6] is the general framework currently used to
assess policy outcomes against the economic, social and environmental dimensions. The
TBL approach requires articulation of the impacts in each of these dimensions, but these
may be qualitatively assessed. Significant progress has been made in incorporating some
aspects into fisheries and aquaculture management decisions, particularly prioritizing dif-
ferent objectives of fishery management [7,8]. In some cases, semi-quantitative approaches
have been used to assist in decision-making across multiple dimensions [9] including, in
some cases, indigenous value [10]. Recent research has also extended this focus to develop
a robust articulation of indigenous customary fishing values and enable their inclusion
when developing fisheries management policies [11].

However, many decisions require a trade-off between different costs and benefits to be
considered. TBL approaches do not explicitly consider this trade-off, resulting in challenges
in identifying the options that generate the greatest net benefits. A number of different
approaches have been developed to assess trade-offs between different components of the
triple bottom line approach. For example, multi-criteria analysis (MCA) has been widely
used in fisheries and other natural resource sectors to integrate social, environmental and
economic outcomes [12-14]. Other approaches, such as social metabolism analysis [15-17]
and the related biophysical economics approach [18,19], provide an alternative (non-
capitalist-based) approach that provides information on the impacts on a sector though
tracking material or energy flows (input usage and resource extractions and outputs,
including adverse environmental impacts) through the production process. In contrast,
cost-benefit analysis (CBA) enables an economic assessment of the trade-offs associated
with alternative management options in measures that are more familiar and meaningful
to managers (i.e., money) and facilitates the identification of those management options
that produce the highest net benefits (benefits less costs) to society [20].

CBA is increasingly being applied to natural resource management. For example,
forest management in the USA requires consideration of the market and non-market
benefits of any management change [21]. In Australia, the New South Wales (NSW) Coastal
Management Act 2016 requires local councils to undertake CBA as part of their coastal
management activities [22].

CBA requires monetary value estimates for each of the benefits and costs. However,
in fisheries and aquaculture (as in many environmental management areas), many costs
and benefits do not have an explicit monetary value. Many ecosystem services provided
by marine resources and used by fisheries and aquaculture are not bought and sold in
markets, but nevertheless generate utility to the broader community. The values associated
with these ecosystem services may include use values (e.g., recreational fishing) or non-use
values, such as benefits associated with preserving a species for future generations [23,24].

Using CBA to inform decisions about the use and management of environmental
resources requires objective information on the non-market value of benefits (and costs)
associated with this use [25]. Some attention has been focused on the estimation of non-
market values in recreational fishing [26,27], although only limited attempts to date have
been made to use these values in supporting management decision-making [28]. Including
these values in a cost-benefit framework may change what is considered an optimal
outcome. For example, Pascoe et al. [29] found that including a non-market cost associated
with bycatch changes the level of harvest in a fishery that maximizes total net economic
returns. Many other relevant non-market values have not been quantified, and their use in
fisheries and aquaculture management has not been fully explored.

The estimation and use of values associated with non-market benefits and costs is
a well-established process in environmental and resource management [25,30] and, as
such, the inclusion of the non-market costs and benefits of managing marine resources
is not controversial in itself. Such values are commonly used in US marine and coastal
management [31]. However, the empirical estimation of critical non-market values requires
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resources, including time. This presents managers with a pragmatic constraint that often
results in non-market values being excluded in decision-making.

Fisheries and aquaculture managers are in the best positions to identify the non-
market values required to support their decision-making. To date, an appropriate research
program to provide non-market values relevant for fisheries decision-making in Australia
has not evolved, in part due to a lack of information as to management needs.

The aim of this paper is to report the results of an assessment of (1) the current needs
for non-market values to support evidence-based decision-making and reporting, (2) the
extent to which these values have been estimated within Australia, and (3) the key research
gaps and priorities for further empirical non-market valuation studies to support fisheries
and aquaculture management in Australia. These results will support the development of a
future research strategy to develop and use the estimates of non-market values to support
fisheries and aquaculture management in Australia.

2. Materials and Methods

The study was undertaken in three stages. A workshop involving managers from each
jurisdiction aimed at identifying key non-market values that would support their decision-
making and assess their relative priority (based on the level of potential use). Second, the
availability of appropriate non-market values based on Australian analyses through use
in management through benefit transfer was assessed through a detailed review of the
literature. Benefit transfer involves the use of results from a non-market valuation study
in a different but related context [32], and it is a pragmatic approach to the incorporation
of non-market values into marine resource management (provided appropriate primary
studies exist). Finally, priorities for future research needs were assessed by comparing
managers’ needs with availability.

2.1. Workshop

A workshop of key management and policy analysts, decision-makers and researchers
was conducted in Brisbane, Queensland. In total, 13 managers and policy makers attended
the workshop, representing all state and commonwealth fisheries jurisdictions and in-
cluding representatives of commercial and recreational fisheries, as well as aquaculture
management and policy.

The workshop had two roles: (1) better inform managers and policymakers about
the potential ways in which these values can be used, and (2) identify which non-market
values were considered of most importance for future decision-making.

The first half of the workshop involved a series of presentations around the use of non-
market values in fisheries and aquaculture, the conditions necessary for the use of benefit
transfer, and the availability of information in existing databases. The second half of the
workshop involved group discussions about the types of non-market values that managers
and policy makers would find most useful and would most likely use. Prioritization of
these values was subsequently undertaken using a simple 1-10 scale as to their likelihood
of use of these values, if available.

2.2. Review of Available Australian Non-Market Values

A literature review was undertaken to gauge the availability of Australian studies
providing empirical estimates of the non-market values identified as useful for management
decision-making in the workshop. We considered Australia-based studies only, as analyses
of the potential for international benefit transfers suggest that these may involve a high
number of errors [33]. The literature review included searches within several environmental
economic valuation databases (e.g., the Environmental Valuation Reference Inventory
(EVRI); the National Ocean Economics Program (NOEP) Non-Market Valuation Database;
the Marine Ecosystem Services Partnership (MESP) Mapper & Valuation Library; and the
Recreation Use Values Database (RUVD)), as well as additional searches through Google
Scholar.
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2.3. Gap Analysis

Hoehn [34] identified four key factors that influence the priority given to primary
research on a resource: society’s awareness of the resource, the importance of the resource
to stakeholders, the magnitude of the policy decisions to be made in response to conflicts
over the resource, and the availability of funding to support the research. In this study,
we assumed both that society (as represented by the fisheries and aquaculture managers)
was aware of the resource and that sufficient funds may have been available to undertake
appropriate research. Hence, we focused on prioritizing the importance of the resource to
the key stakeholders and the likelihood that policy decisions would be made based on the
research to resolve potential conflicts over its use.

Gap analysis was conducted to identify key research gaps and prioritize the need
for further empirical non-market valuation studies. The analysis, based on the likelihood
of use established in the workshop, and the assessment of available studies from the
literature review, used a modified version of the importance—performance analysis (IPA)
approach [35,36]. The approach has been applied widely in areas such as healthcare [37]
and education [38] and has particularly gained widespread acceptance in hospitality and
tourism research [39,40], including marine-based tourism [41].

The approach is conceptually simple: a matrix is constructed consisting of four quad-
rants, the axes being importance and performance. The importance of each of the different
types of non-market values was determined in the workshop, as noted above. In the
above cited studies, performance is generally measured in terms of customer or visitor
satisfaction. For this study, we replaced performance with a measure representing the
relative quantity of available studies, adjusted for their recency and relevance (Figure 1).

VYN N
D. Low C. High
importance; importance;
high high

availability availability
\ / ‘\.,, 4

B. Low

importance;
low
availability
A 4

Figure 1. Importance-availability matrix.

For the measure of relevance, we considered only Australia-based studies since 2010.
To include a recency consideration, we discounted studies based on their age. While updat-
ing estimates of the nominal values of non-market values produced by previous valuation
studies through use of the consumer price index (CPI) is a common approach, changes in
preferences (e.g., development of alternative opportunities in the case of recreation) and
underlying economic conditions over time (e.g., incomes) may increase the distortion in the
inflated values [42,43]. Changes in non-market values of ecosystem services over time can
be driven by changes in the markets for related ecosystem services, changing preferences
for landscapes or biodiversity, increased understanding of the level of scarcity of the ecosys-



Sustainability 2021, 13, 920

50f18

tem service, or changes in the level of resources available to manage an ecosystem [43—46].
Skourtos et al. [47] found that non-market values were relatively robust over 1-5 years
(i.e., they could be adjusted based on changes in income), but beyond this, preferences
changed substantially, decreasing their relevance with time such that simple adjustment
was less appropriate. Since valuation methods have improved over time and preferences
have changed, dependence on older valuation data can affect the accuracy and relevancy of
values derived through benefit transfer [46,48]. Likewise, there is considerable uncertainty
as to future preferences and how they will change, so older estimates of values are likely
to be less relevant to future values. Even basing decisions on the most recent information
may still be flawed if preferences change in the future, but may be reasonably appropriate
for the short term, with these decisions needing reassessment over time through adaptive
management [49].

Given this, the availability measure was developed on the basis that (1) older studies
were potentially less relevant than more recent studies, and (2) several studies provided
more information than a single study. As there was no agreed method to discount studies
based on their recency, studies conducted in the last five years were considered current
(i.e., not discounted following Skourtos et al. [47]), and the five-year period from 2015 to
2020 was incomplete at the time of the analysis. Studies identified in 2020, however, were
also included in the analysis, while studies older than 2015 were subjected to a straight line
depreciation rate of 20% per year. This effectively removed papers that were over 10 years
old from the analysis.

The final availability score was based on the discounted age of the most recent pub-
lished study in each state or territory contiguous to the coast (i.e., excluding the Australian
Capital Territory (ACT)). A state-based analysis was considered as the most relevant for
potential benefit transfer. This remains a crude indicator, as noted with the most recent
study, although relevant to the state, it may be less relevant to different fisheries or aqua-
culture industries within the state. The final availability score was calculated as the sum of
the discounted ages of the most recent study in each state or territory divided by the total
number of states or territories contiguous to the coast (i.e., 7). This gave a value between 0
(no relevant or recent studies) and 1 (a current (i.e., 2020) study in every state and territory).
In this case, a value of 0.5 represented a current study (i.e., within the last 5 years) in at
least four of the seven states, or a number of less recent papers over more states.

The combination of importance and availability helped identify which values were
potentially in the most need of further research. Values that fell into the top left quadrant of
Figure 1 (low importance, high availability) required little additional attention. In contrast,
values that fell into the bottom right quadrant (high importance, low availability) required
additional attention.

3. Results
3.1. Usefulness of Non-Market Values to Managers

At the workshop, managers and policy makers were asked to identify what non-
market values they saw as important to aid in management decision-making.

Thirteen different types of values were identified and agreed upon by workshop
participants (Figure 2). These covered both use values (e.g., direct use values such as
commercial fisher satisfaction, the value of an individual recreational fish, (loss of) access
to areas of water and water quality, non-extractive uses of marine resources such as scuba
diving or swimming; cultural values such as recreational fishing and fish to Indigenous
communities; amenity values affected by aquaculture development or fishing activities; and
indirect use values such as ensuring the continued existence of a commercial fishing fleet in
a town (i.e., heritage values)) and non-use values (e.g., existence values such as minimizing
bycatch and discarding, protecting habitats, threatened, endangered and protected species,
and other ecosystem services affected by fishing).
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Workshop participants were also individually (and anonymously) asked to assess the
likelihood of them using these non-market values, if they were available, on a 10 point
scale, from not likely (a score of 1) to extremely likely (a score of 10).

The key values and the likelihood of their use, as identified by the workshop partic-
ipants, are shown in Figure 2, sorted in order of average use. The diamond in Figure 2
represents the geometric mean score given by the respondents, while the vertical line
represents the range of responses. As there was considerable variability in some of the
scores, a geometric mean was used rather than an arithmetic mean to reduce the influence
of extreme values.

A score of 8 or higher in Figure 2 indicated that managers were fairly to extremely
likely to use the values for decision-making. In contrast, a value of 5 or less indicated that
managers were unlikely to use the values even if available. Most respondents suggested
that they were most likely to use non-market values related to the use of the resource
by commercial, recreational, and indigenous fishers, but the likelihood of use was highly
variable for values around ecosystem services affected by fishing and aquaculture. The
three values mostly associated with the non-market impacts of aquaculture—amenity
values, access to water, and changes in water quality—were rated low by most respondents,
but high by a few. The likelihood of use was collected anonymously, but it was likely
that these values were of greater use to aquaculture managers, but of little use to fisheries
managers who made up the majority of workshop participants (70%), hence the scores
being low on average across all respondents but useful to some individuals.
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Figure 2. Relative likelihood of use of non-market values identified by workshop participants (n = 13).

3.2. Availability of Australian Non-Market Values Relevant to Fisheries and Aquaculture
Management

We found 24 non-market valuation studies since 2010 relating to the above values
identified by managers (Figure 3). Some earlier studies were also identified, but these were
not included in our subsequent analyses as they were thought to be too old to be useful for
managers. Some studies identified several values. For example, Farr et al. [50] estimated
values for five different Threatened, Endangered, or Protected (TEP) species groups, while
Pascoe et al. [51] identified values associated with several types of coastal and marine
habitats. Further details on these studies are provided in the Supporting Information
section.

No studies were found regarding non-market values associated with commercial
fisher satisfaction, bycatch, and discards (excluding TEP species) and the loss of access to
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water (as a result of an aquaculture farm). Values associated with fishers’ satisfaction are
contentious, as will be elaborated in the discussion section. While bycatch and discards
have been linked to social license to operate [52-54], the focus of most international non-
market valuation studies regarding bycatch have been in relation to TEP species [55].

Changes in water Anindividual fish to a
quality, 2

recreational fisher, 2

TEP species bycatch
.. dolphi 1
(e-g. dolphins), Fish to Indigenous
communities, 3
Habitats affected
by fishing, 4

Recreational
fishing experience,
9

Non-extractive uses
(e.g. conservation), 5

Having a commerdial fishing fleet, 2

Figure 3. Non-market studies identified from the review, 2010-2020 (n = 24).

The studies identified were not evenly distributed across the different Australian
states. Most studies were undertaken in Queensland, which accounted for nearly half
of all Australian non-market valuation studies concerning the priorities identified by
workshop participants (Figure 4). At least one recreational experience-related study had
been undertaken in all states except for the Northern Territory. Studies relating to the
value of fish to Indigenous communities were only undertaken in the northern states
(Queensland, Northern Territory, and Western Australia, with one study involving all three
states), where most Indigenous communities are located.

14

m Anindividual fish to a recreational fisher
12 m Fish to Indigenous communities
Recreational fishing experience
m Having a commercial fishing fleet
W Non-extractive uses (e.g. conservation)
M Habitats affected by fishing
B TEP spedes bycatch (e.g. dolphins)
M Changes in water quality

10

Number of Australian studies since 2010
(3}

QLD NSwW Vic Tas SA

Figure 4. Non-market studies by state, 2010-2020 (n = 24).

The studies employed a variety of estimation approaches, with most using the travel
cost method (Figure 5). This also reflected the types of estimates being derived, with
travel cost models generally widely used for recreational fishing and non-extractive usage
(e.g., other coastal recreation), the two values that dominated the total number of studies
(Figure 3). For non-use values, such as TEP species and potentially the bycatch values (for
which no studies were found over the last decade in the literature review), stated preference
approaches (contingent valuation and choice experiments) were more appropriate [56],
with the one observed study using contingent valuation [50].
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Figure 5. Number of non-market studies by valuation method, 2010-2020 (n = 24).

3.3. Gap Analysis

The gap analysis was based on the Australian studies identified in the literature review
and database audit above over the last 10 years. As noted in the methods section, the gap
analysis was based on the importance—availability analysis approach. The importance of
each of type of non-market value identified by managers in the workshop was determined
through a survey and was represented by a score out of 10. We used the geometric mean
value of these importance scores for the purposes of the gap analysis. For the availability
measure, we developed a measure based on the availability of studies in each state or
territory, as noted previously, with the most recent study in each state or territory (if any)
discounted by its age.

The results of the analysis relating to each of the thirteen potential non-market values
identified in the workshop can be seen in Figure 6, with further details also presented in
Table 1. In Figure 6, an availability score of one would represent a current (i.e., within the
last five years) study in each state.

All but three of the priorities fell into the high importance low availability category. For
the two priorities that fell into the low importance group based on the mean usage rating,
these both related to aquaculture, and it is likely that the low average likelihood of use
was an artifact of the small proportion of aquaculture managers compared with fisheries
managers in the survey. For at least some managers—presumably linked to aquaculture—
these values were identified as having a high likelihood of use. In contrast, the value of the
recreational fishing experience was well represented, with studies undertaken in six of the
seven states since 2010 and half of these being undertaken in the last five years.
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Figure 6. Importance-availability analysis of non-market valuation studies in Australia by priority
(numbered; see also Table 1).

Table 1. Importance and availability of recent non-market valuation (NMV) studies in Australia.

Discounted Age of Most Recent NMV Study by State

Value fmportance o4 NSW  Vie Tas  SA WA NT AV Seor
1. Commercial fisher satisfaction 8.32 0
%. An individual fish to a recreational 8.22 0.8 0.6 0.200
fisher
3. Fish to Indigenous communities 7.85 0.2 0.2 1 0.200
4. Recreational fishing experience 7.43 1 1 1 0.6 0.2 0.6 0.629
5. Bycatch and discarding of commercial 7 46 0
species
6. H'avmg a local commercial fishing fleet 737 1 0143
(heritage value)
7. Non-extractive uses 7.10 1 1 0.286
8. Habitats affected by fishing 6.71 1 1 1 0.429
9. Ecosystem services affected by fishing 5.80 0
10. TEP species bycatch 5.68 0.8 0.114
11. Amenity values 5.22 0
12. Access to water (aquaculture) 4.72 0
13. Changes in water quality 4.63 0.8 1 0.257

Note: Average score is across all states and territories, including a zero for states where no studies exist. Qld = Queensland;
NSW = New South Wales; Vic = Victoria; Tas = Tasmania; SA = South Australia; WA = Western Australia; and NT = Northern Territory.

4. Discussion
4.1. Are There Enough Non-Market Valuation Studies Already in Australia to Support Fisheries
and Aquaculture Management?

Previous studies of managers’ attitudes to the use of non-market values in Aus-
tralia [57,58] suggested that most managers were interested in using non-market val-
ues, but their lack of availability and understanding of their use were major barriers.
Rogers et al. [58] suggested that increased education of managers and policy makers is the
key to increased acceptability of the use of non-market values in decision-making.

Our study confirmed the lack of recent and relevant non-market valuation studies
in Australia for most of the potential impacts fisheries and aquaculture managers were
interested in, including in their decision-making. Except for recreational fishing experience,
and to a lesser extent coastal and marine habitat values, only a limited number of non-
market valuation studies were identified, with some priority areas having no identifiable
studies in the last decade. While there is a degree of arbitrariness in the approach used to
assess availability (e.g., considering only one study each state and assessing availability
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on the basis of the age of the study and the number of states covered by such studies), the
more complete review of available studies since 2010 (Table S1, Supporting Information)
highlight the low availability of studies.

The research effort into non-market values relevant for fisheries and aquaculture
management is also disproportionately applied in Australia. For example, 10 of the
24 identified studies were based on Queensland case studies. This most likely reflects the
location and interests of the individual researchers involved in the studies. This does not
necessarily align with the broader needs of managers at a national scale and suggests the
need for a more coordinated research strategy.

Similarly, the distribution of studies did not align with the needs of the managers. One
third of the identified studies (eight) related to recreational fishing experiences. In contrast,
only one study was identified that estimated the values of non-commercial species [50],
although these were values to tourists and would be difficult to include in a fisheries
cost-benefit analysis. For five of the priorities, no study could be identified in the last
10 years.

4.2. What Key Alternatives Are Currently in Use to Support Decision-Making in Fisheries and
Aquaculture Management?

A potential explanation for the lack of non-market studies in Australia is the per-
ceived high cost of data collection and analysis. This argument is potentially spurious, as
compared with other fisheries information inputs (e.g., stock assessments and monitoring
programs) that are regularly undertaken, the costs of estimating non-market values are
relatively low. New technologies such as online surveys can further reduce these costs [59],
while some values can be derived from existing monitoring information (e.g., recreational
fishing values) [60].

As noted in the introduction, other approaches are also currently being applied to
assess the broader impacts of fisheries and aquaculture. Several studies to date have focused
on identifying and measuring the impacts (both direct and indirect) and contributions of the
different sectors using marine ecosystem services. These include economic impact studies
(e.g., recreational fishing expenditure surveys [61,62] and commercial fishing expenditure
studies [61]) as well as well-being studies [63], which aim to extend the analysis beyond
direct economic impacts. While these studies provide useful information to managers, they
have sometimes been incorrectly used to influence decision-making [64]. Furthermore, they
exclude environmental externalities associated with fisheries and aquaculture production.
Similarly, triple bottom line assessment, while explicitly considering economic, social,
and environmental impacts, are useful for monitoring management performance, but
do not provide information on potential management changes. In particular, all of these
approaches do not explicitly consider trade-offs, nor can they be used to assess management
alternatives in the face of trade-offs. Critically, they do not provide a measure of the total
economic value of the use of all ecosystem services, which is necessary to determine the
optimal allocation of resources for the whole of society.

Multi-criteria analysis (MCA) provides a relative ranking of different policy outcomes,
usually developed through stakeholder involvement in objective prioritization and impact
assessment. With MCA, many impacts can be assessed semi-quantitatively through subjec-
tive measures that are often not commensurate, including social and ecological impacts
that are difficult to otherwise measure. MCA has been successfully applied to support
fisheries management decision-making in several Australian fisheries [9,14].

However, in the absence of objectively estimated non-market values, derived policy
rankings are not independent of the stakeholders included in the analysis. Different
stakeholder groups have different importance weights on the non-market costs and benefits.
For example, some groups may advocate strongly for the consideration of some benefits
(e.g., reduction in bycatch or improvement in water quality) while ignoring others (e.g.,
changes in commercial catches or employment), while other groups may have opposite
preferences. This approach implicitly places an infinite value on some non-market benefits
and zero on others by some groups, with potential conflicts between groups with different
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priorities. Again, this can potentially distort decision-making and reduce transparency in
decision-making.

While MCA can be used to rank different management options, it is unable to help
identify the degree to which benefits exceed costs, or indeed if benefits do exceed costs. It
can also only rank the options as presented. Economic values derived through non-market
valuation allow these variables to be included in formal modeling of the sector and enable
targets to be developed based on the management objectives, taking into account the
non-market impacts as well as the market related outcomes.

As with non-market valuation, undertaking MCA, particularly through stakeholder
engagement, is potentially costly in terms of both time and financial resources. With
MCA, however, some of this cost is potentially imposed on the stakeholders who agree to
participate, unless they are compensated for their time.

MCA has one key advantage in that a broad range of impacts can be considered
(subjectively) simultaneously, whereas non-market valuation requires a series of individual
assessments to derive the objective values (i.e., each component needs a separate valuation
study). However, MCA results are not readily transferable to other fisheries or other
situations beyond those for which they were developed. In contrast, provided non-market
values are available, they can be applied to a wide range of fisheries or aquaculture
management decisions as they are less case specific. Therefore, investing in non-market
valuation studies that can be used in a range of alternative management situations has
more long-term benefits.

4.3. Does Satisfaction Need a Non-Market Value?

Of the non-market values identified by managers as potentially useful, all but commer-
cial fisher satisfaction has been estimated in some form for some industry (not necessarily
fisheries or aquaculture) either in Australia or elsewhere. Fisher satisfaction is often inter-
preted as an indicator of the social performance of fisheries management [65-69]. Such
measures are routinely collected as part of the economic and social monitoring of key
commercial fisheries [67] and are also a common feature of many recreational fishery
surveys [70]. These have largely been assessed on a qualitative basis. While a number
of qualitative measures of fisher satisfaction have been undertaken [67,71], these have
not been developed to represent economic values that could potentially be used in a
benefit—cost analysis.

The level of satisfaction with fishing and with being part of the commercial fishing
industry has been associated with a willingness to remain in the fishery in periods of lower
incomes [72], as well as the desire to exit the industry [71]. Holland et al. [72] found that 80%
of commercial fisher satisfaction was attributable to lifestyle factors such as being outdoors,
working on the water, maintaining family history in the industry, and the identity of being
a commercial fisher. In contrast, livelihood-related factors, such as income, accounted for
only 15% of job satisfaction in fishing [72].

Satisfaction levels have also been linked to achieving the planned outcomes of man-
agement (as well as being affected by management). For example, dissatisfied fishers were
less likely to comply with management regulations [73]. Similar links between compliance
and satisfaction have been noted for recreational fisheries [74,75].

Intuitively, incorporating changes in satisfaction into a cost-benefit analysis frame-
work has its appeal. A management option that improves economic and sustainability
outcomes but reduces the social benefits associated with fishing is not as desirable as
another that achieves the same economic and sustainability outcomes without the loss
of social benefits to fishers. Choice experiments could be designed to derive estimates
of the value of satisfaction for this purpose. A non-market valuation approach has been
developed using satisfaction measures as a means of deriving non-market values of en-
vironmental and public goods (the Life Satisfaction Approach (LSA) [76]). This does not
value satisfaction directly, but rather estimates the marginal value of satisfaction as part of
the environmental valuation.
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In a broader (non-fisheries) study, Spagnoli et al. [77] found that during periods of
management and structural change, satisfaction with work can (negatively) change, but
returns to similar (or higher) levels once changes have been fully implemented and are
the new norm. This suggests a dynamic process, where declines in satisfaction due to
management changes are relatively short-term.

This is not to say that changes in satisfaction should be ignored. Spagnoli et al. [77]
suggested that gaining an understanding of the determinants of satisfaction is important
to try and minimize any short-term impacts from management change. Other studies
have suggested that improved communication and increased stakeholder participation
in the change process can minimize reductions in job satisfaction during the change
process [78,79].

In this regard, a better understanding of the factors affecting satisfaction with fishing
would be of benefit to managers as a separate area of research. While it may be feasible to
develop non-market values of satisfaction change, minimizing short run impacts during
any management change is likely to be a better option.

4.4. Estimate or Borrow?

When done poorly, the inclusion of non-market values can undermine the scientific
rigor of decisions and reporting, weakening trust in practitioners and users of non-market
values, as well as in decision-making [57,80]. Conversely, excluding non-market values
implicitly assumes that these impacts have no value and can lead to decisions that do not
maximize the net economic returns to the broader community.

Deriving non-market values to support decision-making is a potentially costly and
time-consuming activity. The cost of data collection for the non-market valuation studies
can vary depending on the attribute being examined. In some cases, where the potential
beneficiaries are limited (e.g., visitation to a particular site), on-site surveys may be required.
These are both expensive and time-consuming. In contrast, for more general values (e.g.,
cost of bycatch), surveys may be distributed more broadly online, which may lower the
cost of the data collection and also reduce the time required to collect an appropriate
sample. However, compared with the collection of other data and analyses (e.g., fishery
independence surveys and stock assessments), the costs of collecting non-market values
may not be excessive, particularly if values can be applied to several fisheries or aquaculture
industries. For example, estimates of the value of TEP species or other bycatch could
potentially be applied to all fisheries that interact with these species.

Benefit transfer provides a cost-effective means of including non-market values in
decision-making. However, benefit transfer is not without problems, and in some cases may
lead to wrong decisions being made if the values are not valid or robust for the situations
being considered [32]. However, from the gap analysis, there are only limited Australian
estimates of values that could potentially be applied in benefit transfer. Furthermore,
these values may vary substantially between studies, reflecting not only differences in the
underlying demographics of the different populations (e.g., Queensland versus Tasmanian
fishers), but also in the estimation approach used and the assumptions involved. For
example, some travel cost analyses assumed that travel time had an explicit cost [81],
whereas in other cases, travel time was assumed to have zero cost [82]. In some cases,
accommodation and food costs were included for overnight trips [81], while in other cases,
accommodation costs were excluded [83]. These different assumptions affect the measure
of travel cost and the resultant estimate of consumer surplus.

Meta-analysis is an approach that has been widely adopted for benefit transfer to
allow for adjustments in different sample characteristics, as well as methodological as-
sumptions [84-86]. Meta-analysis involves the development of regression models that
model the willingness to pay, estimated as a function of the different sample and survey
characteristics. A key feature of meta-analysis is that the transfer error can be estimated
using the model, so the reliability of the estimates can be better evaluated. While examples
in fisheries and aquaculture are limited, such an approach has been used in the marine
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environment to develop estimates of coral reef values for benefit transfer [87] and (some)
marine TEP species [88].

While there exists a sparsity of Australian values, there exists a broader range of
international studies. Views on the potential usefulness of international studies in benefit
transfer are mixed. Ready and Navrud [89] and Shrestha and Loomis [90] suggested that
the errors encountered through international benefit transfer were no larger than those
from transfer study sites within the same country as the policy site. More important are
the similarities in the sites—not the geographical location—that may affect their usefulness
for benefit transfer [89]. Similarly, Czajkowski et al. [91] found that, provided appropriate
adjustments are made for differences in income levels and other demographic characteris-
tics, international benefit transfer can provide appropriate values. Other studies, based on
meta-analysis, have suggested that errors introduced through international benefit transfer
may be substantial, and recommend that international benefit transfer be avoided [33,92].

5. Conclusions

CBA is an economic evaluation framework that, through the inclusion of non-market
values, quantitatively captures the broader costs and benefits of using ecosystem services
(in addition to costs and benefits that are captured by market prices). As CBA uses a
standardized measure or numeraire (relevant market and non-market values as costs and
benefits expressed in dollar value), the net benefits of a policy management decision can be
quantified (in dollar value terms) and comparisons made between different policy man-
agement options. The valuation principle that underpins CBA is grounded in neoclassical
economics theory, and it leverages the assumption that prices, in a competitive market,
maximize economic surplus. Hence, from a neoclassical perspective, CBA provides an
absolute measure of the dollar value of the total economic and social impact of a policy
outcome and the optimal allocation of resources for the whole of society. It should be noted
that the neoclassical underpinnings of value are not without their critiques. Ontological
approaches, such as social metabolism, view prices and markets as part of the problem
of environmental degradation as a result of exploiting ecosystem services, such as in [17].
However, CBA and the use of non-market valuation as a methodology aligns to a broader
social perspective reflecting the principles of ecologically sustainable development. Its ap-
plication is therefore not unique to fisheries and aquaculture management decision-making
and is well embedded to inform decision-making across a range of policy areas in natural
resource management, including water resources, forestry, national park management, and
coastal management.

The key aim of this study was to assess the key priorities for non-market valuation
in Australia that could be used in CBA to support fisheries and aquaculture management.
This involved determining which types of values would be most useful for their decision-
making and identifying the availability of these data.

The study identified thirteen types of non-market values that fisheries and aquaculture
managers considered as potentially important for decision-making. Of these, the top four
involved values related to users of the fisheries resources, including fisher satisfaction,
values to indigenous fishers and the value of the fish and the experience to recreational
fishers. The next four involved the impacts of fishing on other aspects, including habitats,
species, local communities, and other users of the marine environment.

Valuing satisfaction in monetary terms has not been undertaken in fisheries in Aus-
tralia or elsewhere. While such a valuation could theoretically be undertaken (for example,
through a choice experiment), the dynamic nature of satisfaction changes in response
to management changes will make the use of any derived values difficult. Deriving a
standardized method for assessing satisfaction, and understanding what drives these
measures, rather than an equivalent monetary value may be of greater benefit to fisheries
and aquaculture managers.

The identification of key non-market values and their prioritization was limited to
current fisheries and aquaculture managers and policymakers. Other potential values may
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be of importance to other decision-makers and society as a whole. In principle, fisheries and
aquaculture managers aim to implement government policy, which in turn is, in principle,
based on the values of society as a whole. The perceived high importance of commercial
fisher satisfaction may reflect the more regular contact with the commercial sector than
other interest groups in society and the perceived needs of this group. Nevertheless, the
managers are those responsible for making decisions, and the values identified were those
that they thought would be most useful in making these decisions.

The review of the available Australian studies indicated that current empirical esti-
mates for most of the identified priorities did not exist. The value of recreational fishing
experience was the best represented, with several recent studies available, although for
five of the priorities, no studies have been undertaken in the last decade. At the state and
territory level, Queensland was the best represented in terms of available non-market data,
although not all values were available, nor were all of them recent. For some of these priori-
ties, there is the opportunity to use existing data to develop estimates of non-market values.
For example, recreational fishing values (experience and value per fish) could potentially
be estimated from existing boat ramp or expenditure surveys, which are routinely collected
by the states and territories. Ideally, more primary studies would be undertaken for other
key values identified in the study. Nearly all priorities identified by the managers fell into
the high importance, low availability category in the gap analysis.

The results of this study, while focused on Australian fisheries and aquaculture man-
agement, are potentially relevant to other countries who are also aiming to better integrate
environmental impacts into management decision-making. The priorities identified are
relatively generic and undoubtedly would be of relevance to other jurisdictions interna-
tionally. While the availability of relevant studies is likely to vary from country to country,
the approach applied in this study to identify research gaps is also equally applicable
elsewhere.
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