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Abstract
Fisheries management must take account of environmental sustainability, economic profitability, and social benefits generated by
the public resources. The traditional approach of maximum economic yield (MEY), however, is yet to consider social objectives
in deriving quantitative quotes. Current MEY evaluation framework would be appropriate if the economic rent was distributed
back to the public. If public resources are privatized as corporations, the rent largely flows to the owners of large capital in the
fishing industry. This is in stark contrast to the aims of benefiting the community as a whole. In this short paper, we promote a
socially responsible framework in decision-making of fisheries management. This approach is beyond the fleet-based MEY
approach, for it incorporates fleet profitability, chain profitability, employment, environmental concerns, and broad social
benefits, in strict accordance with stock sustainability. Recognizing the needs of fishers, as well as the interests of chain sectors
and the broader community, is a vital part of ensuring responsible fishery management and a viable future for Australian fisheries.
The established framework will provide open view scenarios and enrich the MEY approaches in fisheries management.
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1 Introduction

1.1 Making Society Better Off

In Australia, the general policy is to ensure the commercial
fishing industry contributes to Australia’s economy, society,
and environment. Maximum economic yield (MEY), which is
deemed as the most efficient harvest reference point, is highly
promoted and adopted. Where possible, the Australian

Fisheries Management Authority (AFMA) applies MEY har-
vest strategy targets to key fish stocks in Commonwealth-
managed fisheries. However, the current MEY approach is
based on fishing fleet, which considers only total revenues
and the total costs of fishing.

The Australian Commonwealth Fisheries Harvest Strategy
Policy and Guidelines [1] clearly stated that the proclaimed
management objective is Bmaximising net economic returns
to the community, within the context of ecological
sustainability.^ This policy has required consideration of so-
cial impacts when managing fisheries. In fact, the importance
of social objectives in fisheries management has been more
and more recognized by fisheries researchers, economists, and
policy makers in recent years. And many published works
[2–4] has discussed social objectives for either state or
Commonwealth fisheries of Australia. Yet, there has been a
lack of framework and challenges in quantifying the whole
chain-based MEY for all sectors incorporating social objec-
tives to derive harvest strategies, especially for the MEY
approach.

Australia’s oceans are some of the richest in species and
most diverse on our planet (https://www.australiangeographic.
com.au/news/2010/08/australian-oceans-are-most-
biodiverse/). However, the oceans do not seem rich at least in
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terms of harvested stock per unit area, which may due to over-
cautious approaches. A catch of more than 8 million tons has
been reported for 1950–2010 to the United Nations Food and
Agriculture Organization.

1.2 Fleet-Based MEY

MEY has been identified as a primary management objective
for Australian fisheries and is under consideration elsewhere
(Dichmont et al., 2015). The existing approach of MEY is
fleet-based and used to authorize the profit-making of the fish-
ing industry being a priority. One example is the Northern
Prawn Fishery (NPF) in Australia, which is a multispecies
tropical prawn fishery. Before 2000, the fishery had approxi-
mately 250 vessels in the 1980s and 120 vessels in the 1990s.
The sustainable catch for the tiger prawns alone was estimated
as 4000 t [5]. A bioeconomic study framework based on yield
per recruit was also established to determine the fishing effort
and season closure dates by Somers and Wang [6]. However,
due to a number of reasons, its value is halved since the fleet-
basedMEYapproachwas implemented. Apart from the falling
prawn prices, another key contributing factor is the total catch
has been drastically reduced (as the total number of vessels is
only 52). This makes people wonder if the fleet-based MEY
approach should be modified toward maximum sustainable
yield (MSY) so that more catches are allowed to benefit public
instead of just the income for the fishing industry [7].

While Australia targets maximum MEY, our next door
neighbor country New Zealand targets MSY. The MEY ap-
proach is to consider the fishing efficiency for the benefit of
the fishing industry while the MSYapproach is from the bio-
logical perspective that determines the limited amount we can
remove each year. For an excellent review on this topic, see
Bromley [8], Christensen [9], and Sumaila and Hannesson
[10]. Bromley [8] has provided rigorous justification for
why fleet-based MEY is not the same as Bmaking society
better off.^ Pascoe et al. [11] recently shared their experience
in Australian fisheries and compared with New Zealand fish-
eries managed by a counterpart approach.

When applying fleet-based MEY, government resource was
devoted to increase the profit of a few companies which have a
de facto monopoly on the resource. This approach is appropri-
ate if the resource rent is fully collected by the government and
redistributed to the society. This is partly achieved by collecting
license fees of the fleet, but not going far enough. There is an
urgent need to develop a framework, to fundamentally answer a
key question: which side we stand for and whose benefit we are
maximizing for. The fundamental problem here is the discon-
nection between objectives at the policy level (e.g., the
Commonwealth Fisheries Harvest Strategy Policy, HSP) and
the actual management at the operational level. In the HSP,
MEYmeans Bmaximising net economic returns to the commu-
nity, within the context of ecological sustainability,^ which

appears to be socially responsible. However, at the operational
level, MEY is estimated purely based on fleet profitability ig-
noring the HSP objective: as to how the benefit should be
distributed among the public that consists of different cohorts
with different interests in different sectors, how the benefit
flows should be modeled and the total benefit for the whole
society should be maximized, not just the gain for a particular
sector. This is the focus of our discussion. The established
society-based MEY would provide an open view on fisheries
management that is subject to more discussions among fisher-
ies modelers, economists, and policy makers. The essential
characteristic of this approach is to have the community’s in-
terests clearly defined and incorporated.

1.3 Conflicts in the Objectives

There has long been a debate over the issue of maximizing
economic efficiency (for fishing companies) versus community
benefit in fisheries. Currently, the social concerns have been
overwhelmed by arguments and criticisms from fisheries econ-
omists, who set social responsibilities (such as job creation and
other happiness impacts) against Befficiency.^ The current fleet-
based MEY approach stops the benefit flow to other sectors,
and does not account for the benefit drained from the commu-
nity either. This might be the worst welfare-economic deal pos-
sible for the community, who does not benefit from the use of
their public resources (i.e., the fish stocks), but pays higher
prices for seafood because supply is maintained artificially low.

Including social objectives in management decisions is not
necessarily conflicting with managing for healthy stocks and
good economic returns. The framework we established here
makes it possible to balance environmental, social, and eco-
nomic goals.

2 Methods

2.1 Fleet-Based MEY Versus Value Chain-Based MEY

Applying social responsibility in fisheries management requires
accounting for all interests in our community, when determining
the optimal harvest level. The cost or gain must be dealt with
carefully; one person’s cost can be another person’s gain (cf.
Table 1). In fisheries, the income for the fishing industry is [12]:

R Yð Þ ¼ PY−C Y ;Eð Þ;
where Y is the yield; P is the average fish price; E is the fishing
effort;C is the total cost including labor, processing, fuel, license,
andwhatever the fixed or variable costs are. Here, the sustainable
yield Y is generally calculated from the stock assessment models
(i.e.,MSYanalysis) and as an input in themodel. The fleet-based
approach only considers cost in the fishing industry (Table 1).
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Suppose nv is the number of vessels. Under the fleet-based
approach, the income for the government is nv × cL, where cL is
the license fee. Company tax paid on the resource rent gifted to
companies by the Commonwealth is also taxed by the
Commonwealth. So, the same jurisdiction receives the tax.
But note that this tax does not occur in Australian state fisheries.

Now, let us expand the domain. We define a multiplier effect
γ, which is the market price of fish. The total value of processed
fish products increases from one sector to the next in the value
chain, ending with consumers who bear the final cost for their
consumption. γ consists of γ1, γ2,… , γn, depending on how
many sectors (n) are involved in the chain, from dockside to
dinner table. The net revenue in each sector starting from fleet is:

R0 ¼ Pf Y−C0;

R1 ¼ γ1Pf Y−P f Y−C1;

R2 ¼ γ1γ2Pf Y−γ1P f Y−C2;

⋮

Rn ¼ γ1γ2…γnP f Y−γ1γ2…γn−1Pf Y−Cn:

Here, Pf is the dockside fish price, and C0 is the cost in the
fishing industry.

In intermediate sectors, besides the large cost of buying fish
stocks, other costs include labor costs, the price of buying
other goods and services, and taxes. If we simply assume the

Table 1 Cost (−) and gain (+)
parameters for implementing
socially responsible management.
Some cost/gain items that may be
canceled out are matched by su-
perscript numbers

Parameter MEY

Fleet-based Society-based

Fishing industry

Crew cost – [−]1

Packing cost (A$ per kg) – –

Repairs and maintenance (A$ per day) – –

Fuel (A$ per day) – –

License fee (A$ per vessel) – [−]2

Opportunity cost of capital – [−]3

Depreciation rate of capital – –

Crew income 0 [+]1

Company tax and personal income tax 0 [−]4

Gross value of fish products 0 [+]6

Government

License fee (A$ per vessel) 0 [+]2

Tax

Gross Production Tax 0 [+]4

Company tax 0 [+]4

Personal income tax 0 [+]4

Export duties 0 [+]4

Sales tax 0 [+]4

Subsidies to fishing industry

Compensation to fishing operations 0 [−]5

Fuel subsidies 0 [−]5

Unemployment benefits saved 0 [+]5

Ecological and environmental impacts 0 –

Processors and distributors

Salary and wages 0 [−]7

Processing cost related to product 0 –

Labor income 0 [+]7

Company tax, sales tax, and personal income tax 0 [−]4

Consumers

Purchase cost (> dockside price) 0 [−]6

Life quality 0 +

Resource rent Benefit fishing industry Shared by the community
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average cost proportion in each intermediate sector to be p, we
have:

R ¼ R0 þ R1 þ…þ Rn ¼ 1−pð Þ γ−1ð Þ þ 1½ �P f Y−C0;

where γ = γ1γ2… γn and p is always between 0 and 1. When
γ ≫C0/PfY, the MEY becomes almost the same as the MSY
level. In the case of γ = 1, it becomes the fleet-based approach.

The parameter γ extends the scope beyond the fishing sec-
tor; the gross revenue from the community perspective is γPY.
As there is always value added through the processing and
marketing chain (i.e., a profit for each sector) for the sectors
to remain viable [8], this results in γ > 1. The economic
(multiplier) effect of fisheries in Australia was 5.79 [10].

Sumaila and Hannesson [10] argued that one has to take
into account the productive resources necessary to obtain a
product for some end use. Obviously, more fish needs more
handling and processing, which means more cost. Normally,
the additional cost will be covered by the next sector who buys
fish from the fish wharf. If the fishing industry pays for the
cost, it means they earn less economic rent. At an extreme
case, PfY =C0, the fishing industry will earn no economic rent;
and p = 1, all chain sectors make no extra profit. Bromley [8]
pointed out, even under that situation, all sectors still make
normal profit (including salaries and all operating costs). Note
that collecting economic data and conducting bioeconomic
modeling also incur substantial additional costs.

2.2 The Benefits of Applying Social Objectives

2.2.1 People

Employment is a shadow profit but is often treated as a cost.
But it is not a cost to the society. Actually, the social perfor-
mance of fisheries has been measured mainly through the use
of income and employment figures. The fishers’ income,
which is clearly a labor cost for the fishing industry, is also a
source of income for the fishers. From the society viewpoint,
the crew cost is like moving money from the left hand pocket
and putting it back in the right hand pocket. Applying the
society-based MEY approach also maintains/creates jobs in
fish chain sectors. Some may worry that additional catch
would result in drop in dockside price (Pf). In that case, the
broader community consumers would be benefited.

2.2.2 Government

Let us look at the economic rent collected by the government.
Under fleet-based approach, the income is from license fee
and taxes. Commercial fishers pay a license fee to access a
particular marine resource and pay for the right to own quota
units of a particular species. These fees are often substantial as
they support management, compliance, and research in that

fishery. That license fee is even not a real Bcost^ to the fishing
industry—the money has been put back into fisheries and
benefit fisheries. When society-based MEY is applied, part
of the rest of the economic rent (not collected by the govern-
ment) flows into other sectors, especially for the fisheries-
dependent sectors such as processing, distribution, and retail.
Because the fleet-based MEYapproach does not adhere to the
objective described in the high-level policy, we recommend
incorporating societal benefits to better achieve the manage-
ment objective at the operational level. For example, if MEY
is close to MSY, the simple approach may be to adopt MSYas
a limit rather than as a target. Setting MSYas a limit has been
widely recognized outside Australia.

3 Discussion

The fleet-based MEYapproach has kept the fishing effort at a
low level and stopped Brent drain^ to the society, with the
consequence of low economic effect in the broad economy.
It is true that when the fisheries collapse, the fishing sector
would perish and fishermen would have to find alternative
employment. However, fishermen, and particularly those with
vertically integrated businesses, place a lot of value on certain
skilled employees, who play various roles within the compa-
ny. In reality, businesses often continue to operate long into
overdraft situations in an attempt to retain staff and keep their
businesses operating. That is not what we promote. We argue
for extra caution when lowering fisheries employment, when
the fish stocks are considered healthy.

Somemay argue that the fish caught by the fishing industry
in Australia is sold to international consumers, thus it makes
no sense to increase the captures of fish to benefit the other
sectors. Even for fish stocks which would be exported, bene-
fits are not at maximum from the social perspective. Fleet-
based MEY is a suitable reference point only when the re-
source rent is fully collected by the government and is used
to benefit the society. However, under the current situation
where a large resource rent is collected by private companies,
extending fleet-based MEY to a broad MEY would help re-
distribute the resource rent in the economy. Fleet-based MEY
is benefiting the fishing companies by exploiting public re-
sources. Controls and regulations by the government are need-
ed on commercial exploitation of fish resources—as a govern-
ment function. Employment costs are absorbed in a sense
when using a social benefits model, while the employers will
argue against the social benefits model because their benefit
will partially flow to the society due to more employment. In
Australia, the total allowable catches (TAC) are obtained from
fleet-based MEY and then individual transferable quotas
(ITQs) are allocated. A TAC management strategy imposes
an extra risk of overfishing due to natural and fishing-
induced variability in stocks [13]. For this reason, input
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controls are more sensible. Stock assessment should be mod-
ified to account for the great natural variability in abundance,
high reproductive potential, and resilience of marine fishes,
relative to other taxa [14–16].

Globally, many fish stocks have been depleted due to over-
exploitation, pollution, and habitat loss [17]. In open access
fisheries, fishing often reaches or even goes far beyond a
cost-neutral position before it stops. Government subsidies are
often granted to fisheries when the margin is low or negative,
especially in developing countries. Thus, the precautionary ap-
proach was introduced to limit lost yield to overexploitation. It
can be criticized that government assistance to unprofitable
fisheries would result in government funds being diverted to
inefficient uses (unprofitable fisheries) and away from other
uses (roads, hospitals, and others). However, a broad MEY is
far from being unprofitable even in the fishing sector [8].

Bycatch problems and the ecological stress on the environ-
ment and the targeted fish stocks due to the increased fishing
pressure also need careful consideration and evaluation.
However, the indicators of human-caused impacts are contro-
versial and often difficult to collect. Nonetheless, fishing gen-
erates benefits, apart from food, employment, and income,
and all of these benefits need to be factored into Beconomic^
models to maximize benefit from replenishable natural
resources.

The United Nations Convention on the Law of the Sea
(UNCLOS) states that the goal for harvesting fish species is
to achieve MSY. There is a broad range of existing parameter
values for determiningMEY beyond the scope of fishing fleet.
And there is a need to bridge the gap in objectives between
fisheries management and social benefits. While it is accept-
able to have low fishing effort in order to protect fish stocks,
there is much to consider before shrinking to fleet-basedMEY.
The rent Bdrain^ from the fishing sector should be accepted, as
it drains to the society, causing people to benefit from our
precious resources.

4 Concluding Remarks

While we agree that the MEY theory is valid, we argue that
determination of MEY is dynamic. Another disadvantage of
MEY-based management involves large uncertainty. The esti-
mated MSY is already highly uncertain for most fisheries.
Adding economic variables on top of the uncertain biological
parameters makes the estimated MEY very unreliable.
Furthermore, collecting economic data and doing
bioeconomic modeling incur additional costs. The fleet-
based approach is not applicable to natural resources, with
the reasons:

1. The resource rent is not fully collected by the government
and re-distributed to the broad community.

2. Maximizing economic rent for private companies should
not be obfuscated with the fishery efficiency.

3. The benefit drained from the broad community is not
accounted for, which leads to lower optimal fishing effort
and catch levels.

4. The large cost of buyback scheme is not factored in when
moving MSY to fleet-based MEY. The cost is large to the
government.

5. Within the fleet, the fishing crew incomes and employ-
ment are also set at a minimum, when maximizing the
fleet profit (fleet-based MEY).

6. From the perspective of the Bbest interests of the
community^ [8], a fishery managing to achieve fleet-
based MEY is unlikely to perform at full economic
efficiency.

The society-based MEY approach that we are promoting
simply factors in other benefits generated by the fishery—it
may be beyond the traditional fleet-centric economic theory
(which is largely confined to maximizing profit of the harvest-
ing firms or fishing industry itself) and requires multidisciplin-
ary research (social science, decision theory, and biological
science, in particular).

The resource rent extracted via license fees is only a small
proportion of the MEYvalue—possibly just as a proportion of
cost recovery with an overall neutral effect. The absence of
license fees would imply subsidy. Collection of the resource
rent by the government or the broader community will result
in greater catch and effort levels in fisheries compared to fish-
eries that operate at MEY. It balances a greater benefit to the
society against the cost of reducing profitability of fishing
fleets.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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