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Abstract: Managing fisheries to achieve ecological, economic and social sustainability is complex. The
use of dynamic bioeconomic models can be and have been used to assist in determining management
targets. However, optimizing profits over time can result in large reductions in fishing effort in the
short term with adverse social consequences. There exist other benefits from maintaining fishing effort
even in adverse conditions (e.g., maintain crew and fleet capacity). For this reason, many bioeconomic
models have included some form of minimum effort, catch or short-term profit constraint. In this
paper, we consider a range of approaches to assess an appropriate minimum fishing effort, including
the estimation of fishery breakeven effort levels, and approaches based on historical fishing levels.
These are tested using a bioeconomic model currently used for fishery management. We find that
breakeven approaches tend to result in the most conservative effort levels and the highest net present
value of profits. In contrast, using a proportion of the moving average of the observed fishing effort
results in less conservative change in effort, while resulting in positive changes in the net present
value of fishery profits. The approach also has the advantage of being dynamic, adjusting with recent
fishery conditions.

Keywords: multiple objectives; fishery management; effort constraints; bioeconomic modelling

1. Introduction

Fishery management is generally implemented to achieve multiple objectives [1].
Foremost of these is the ecological sustainability of the resource, but more recently fishery
management has embraced a number of economic and social objectives [2,3]. Identify-
ing appropriate harvest or effort levels given such an objective mix is complex, and a
range of fishery bioeconomic models have evolved to assist in this process. Bioeconomic
models generally capture explicitly the economic and ecological sustainability aspects of
management, as the two objectives are largely complementary. However, social aspects
are more difficult to incorporate, as often they are difficult to identify and measure, and
the relationship between stock conditions and their achievement is often obfuscated. For
example, the achievement of some social objective may parallel achievement of economic
and ecological sustainability objectives, while other social objectives may be achieved only
at the cost of fully achieving economic and ecological objectives. For others still, there may
be no apparent relationship between the different objectives.

The use of bioeconomic models to assist in fishery management has other challenges.
A feature of many dynamic bioeconomic models of fisheries is their propensity to operate
at only two levels, with zero harvest being applied while stocks build to their optimal
level and then fish at this optimal level from that point onwards—the so-called bang-bang
solution to fishery management [4—6]. While mathematically appealing, such solutions
are impractical from a management perspective, and may not even be desirable from
an economic and social perspective. Larkin et al. [7] identified a range of reasons not to
close a fishery for a period to allow stocks to recover to an optimal level if closure can
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be avoided. These include benefits associated with continued data collection, especially
as (in the absence of fisheries independent data) fishing allows the stock to be monitored
as it recovers; support for coastal communities that may be dependent on the fishery
and unable to withstand a period of closure; retaining experienced labour in the harvest
and/or post-harvest sectors; and maintaining markets that may be lost to imports or other
producers [7].

To avoid zero or extremely low catch or effort being estimated by the model, and
thereby avoid the loss of potential social and some economic outcomes, minimum effort
levels are often imposed in dynamic bioeconomic models [8-14]. Other models have
addressed this through imposing a minimum total allowable catch each year [15]. The
concept of co-viability and the associated development of co-viability models in fisheries
also generally impose minimum acceptable levels of activity that bound the co-viability
space [16]. Co-viability analysis in fisheries often include minimum effort [16] or minimum
profitability (i.e., non negative or higher) constraints [17,18].

While imposing a non-negative profit constraint as a minimum has an economic logic
and the condition is readily identifiable, other constraints may be equally desirable in
recognition of the supplementary benefits identified by Larkin et al. [7]. Identifying the
appropriate level of a minimum effort or catch constraints to achieve these benefits is less
discernible. In many cases, these are based on what is considered an acceptable minimum
level of effort by industry [11].

Such has been the case in Australia’s Northern Prawn Fishery, an effort-controlled
fishery managed with the objective of achieving the maximum economic yield (MEY). The
fishery is a multispecies prawn fishery with three sub-fisheries that are temporally and
spatially separate (but overlap to some degree). The (common) banana prawn fishery
operates in the first half of the year, and is managed primarily using a trigger catch rate
aimed at preventing effort exceeding levels where the marginal cost exceeds the marginal
benefit [19]. The tiger prawn fishery operates in the second half of the year and involves two
tiger prawn and two endeavour prawn species (plus other species caught as byproduct).
The third fishery—the redleg banana prawn fishery—also operates in the second half of the
year, although is geographically separate to the tiger prawn fishery. Fishing effort, however,
can move between the fisheries depending on relative catch rates and economic conditions.
Fishing effort required to achieve MEY in the redleg banana prawn fishery is assessed using
a discrete population dynamics model and proxy biomass-based target reference points for
MEY (i.e., Bpry, the biomass of the stock at MEY).

Of interest in this study is the model that has been developed to estimate MEY in the
tiger prawn fishery. A bioeconomic model has been used to determine the effort trajectory
that achieves MEY, defined as the trajectory that maximizes the net present value of the
fishery over a 40-year period, and achieves a sustainable yield in seven or fewer years [10].
The model is run bi-annually with an integrated stock assessment and the first two years of
the derived effort trajectory are used to set the total allowable effort (TAE) for the next two
years [19].

The bioeconomic model incorporates a minimum fishing effort imposed at the request
of industry [19] to ensure the fleet remains economically and socially viable in each year
and the longer term, given the market and skilled labour retention benefits noted by Larkin
et al. [7]. The bioeconomic model has been used to set management targets since the fishery
undertook a major restructuring in 2007, with the need for a minimum effort level identified
prior to the 2009 assessment [20]. In May 2008, the Resource Assessment Group (RAG)—a
management advisory group consisting of scientists, managers and industry, determined
that the model would use “a new minimum value of half the 2007 tiger prawn effort and
an 8% efficiency increase” [20]. The 2007 tiger prawn effort was 5142 days, giving a new
minimum effort level of 2777 days. However, as there are two tiger prawn species in the
model that can be targeted separately to some extent (with endeavour prawns caught as by
product in both), the minimum of 2777 days was applied to each species. This gives a total



Sustainability 2023, 15, 16933

30f15

minimum level of fishing effort of 5554 days, allocated equally between the two fishing
activities, which has since become embedded in the fishery’s harvest strategies [19,21].

In the 2022 stock assessment, the use of this minimum resulted in a recommended TAE
higher than the observed level of fishing effort in the previous year, despite indications of a
decline in stock. This raised concerns about its validity: the minimum constraints became
binding at too high a level of effort given the stock status and adversely influenced the
model outcomes. Instead, an ad hoc effort level based on a 10-20% cut in effort (as nominal
days) relative to the recent five-year average was recommended as the TAE [22].

The aim of this paper is to explore different potential minimum effort levels based on
several alternative approaches and assess how these may impact the outcomes of the bioeco-
nomic model. While results are specific to the Northern Prawn Fishery bioeconomic model,
the approaches may be applicable to other fisheries elsewhere confronting similar issues.

2. Materials and Methods

Two general approaches were adopted to assess a suitable minimum effort level for
the fishery: (1) an economic approach based on the effort level required to at least break
even; and (2) a “pragmatic” approach based on a proportion of historic fishing effort levels.

2.1. Definition of Key Concepts

The approaches use several economic concepts that may be unfamiliar to non-economists.
These are defined below:

Revenue is the value of the catch (price times quantity);
Variable costs are the costs directly related to the level of fishing activity and catch
(e.g., fuel, crew costs, freight and packaging);

e  Fixed costs are the costs that are incurred independently of the level of fishing activity
(e.g., management levies, insurance, accountancy, boat maintenance, etc.);
Net revenue is revenue minus variable costs;
Profits are revenue minus both fixed and variable costs;
The breakeven level of effort is the minimum number of fishing days (and the associ-
ated net revenue) required for profits to be greater than or equal to zero.

2.2. Breakeven Analysis

The fishery is multi-species, with most boats operating in the banana prawn compo-
nent of the fishery before the start of the tiger prawn fishery. The banana prawn fishery fluc-
tuates substantially from year to year, driven largely by environmental variability [23,24].
As the banana prawn fishery precedes the tiger prawn fishery, the revenue from the tiger
prawn fishery (net of variable costs) required to break even over the year, and hence the
level of fishing effort required to achieve this net revenue, is dependent also on the net
revenue derived from the banana prawn season.

An economic survey is conducted annually by the industry association (Northern
Prawn Fishery Industry Pty Ltd., NPFIL, Queensland, Australia) to provide input into the
bioeconomic model as well as other management instruments (e.g., the banana prawn
MEY trigger). The survey provides average costs and earnings from a sample of around
30-35 boats (out of a possible 52). From this, we derived an estimate of the number of days
required to operate in the tiger prawn fishery for the vessels to break even on average over
the year. We used data from 2007 to 2022. While earlier data were available, the fishery
went through a major restructure in 2006 so that the cost structure in earlier years may not
be representative of the current fleet.

The approach is undertaken in two stages. The first stage estimated the additional net
revenue required from the tiger prawn fishery on average to break even for the year, while
the second stage estimates how many days fishing is required to achieve this level of net
revenue given prices, costs and stock conditions in each year. The net revenue required
from the tiger prawn fishery for each boat (NRT), on average, to break even is equivalent to
the shortfall in vessel profits if there is no effort applied in the tiger prawn fishery. That is,
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revenue is only obtained from the banana prawn fishery, from which variable costs related
to fishing in the banana prawn fishery and fixed costs are deducted:

NRT = min{(CB[pB(l - C) — m] — (fB + RMB)DB — F),O}, 1)

where F is the average fixed cost per vessel ($/vessel), Cp is the average catch of banana
prawns per vessel over the season (kg), pp is the average price of banana prawns ($/kg), c
is the crew share of revenue (%), m is the market, packaging and freight cost per kilogram
of catch ($/kg), fp is the average fuel cost per day fished for banana prawns ($/day), RMp
is the average repairs and maintenance cost per day fished and D3 is the average number
of days fished for banana prawns. In a “good” year in terms of banana prawn catch, the
net revenue from the banana prawn fishery may exceed the fixed costs, in which case the
fishery may not require any additional effort in the tiger prawn fishery to break even, and
the required net revenue is zero. In other years, the net profit from fishing only for banana
prawns will be negative.

Given the net revenue required to break even from the tiger prawn fishery, the average
number of days required is estimated by

Dr = [NRr|/[Crlpr(1 —¢) —m] — (fr + RMr)], 2)

where Dr is the average number of days required to break even fishing for tiger and
endeavour prawns, Cr is the average catch of tiger and endeavour prawns per vessel per
day over the season (kg/day), pr is the average price of tiger and endeavour prawns ($/kg),
fr is the average fuel cost per day fished for tiger prawns ($/day), and RMr is the average
repairs and maintenance cost per day fished.

The breakeven number of days estimated using Equation (2) were used in two addi-
tional steps. First, we derived the distribution of the empirically based breakeven effort
levels over the last 16 years and estimated the threshold values that are likely to be appli-
cable at different levels of certainty, e.g., 50%, 60% or 80% based on previous prices and
costs. Second, we applied econometric modelling to estimate the effects of factors that
influence this level, such as prices and fuel costs. This may enable a “dynamic” threshold
to be determined based on the best available information.

2.3. Historic Effort Levels

Three “pragmatic” approaches were also considered. The first was to consider the use
of a proportion (e.g., 50%, 75%, 80%, etc.) of the moving average of actual fishing effort
over a particular period (e.g., 3 or 5 years). This has no underlying rationale other than it
is easy to estimate, and the shorter period (3 years) moving average reflects more recent
conditions in the fishery.

The second approach was to consider the minimum level of fishing effort observed
in the fishery since the restructure in 2007. The underlying rationale for this is that fishers
have previously accepted not fishing beyond this point as an appropriate response to the
prevailing stock and economic conditions.

The final approach involved using regression analysis to model the supply of fishing
effort as a function of catch, catch rates and prices, with the intercept representing a
minimum effort level in the absence of variable incentives to increase or decrease this level.

2.4. Testing the Different Threshold Effort Levels Using the Bioeconomic Model

The effect of the different minimum effort levels on the bioeconomic model outcomes
was tested under two different conditions (models). The stock assessment model and
settings used for 2018 estimated that the fishery was in relatively good condition from
both a biological and economic perspective. Conversely, reductions in the stock of the key
tiger prawn species and increased fuel costs in 2022 resulted in the stock assessment model
producing contradictory results, with the minimum effort level forcing the “recommended”



Sustainability 2023, 15, 16933

50f 15

Profit if zero tiger fishing (Sm average

per boat)

0.60

0.40

0.20

0.00

-0.20

-0.40

-0.60

-0.80

0.00

effort level to be higher than the previous year’s (2021) observed level, despite the more
adverse economic and biological conditions.

The potential minimum effort levels based on the breakeven and more pragmatic
approaches were applied to both models, and the outcomes compared against the observed
level of fishing effort in each of the two years (reflecting fisher behaviour given the actual
conditions experienced).

3. Results
3.1. Breakeven Analysis
3.1.1. Analysis of Cost and Earnings Data

The average profit per boat from fishing only for banana prawns (i.e., assuming zero
tiger prawn fishing effort and net revenue) was estimated for the period 2007 to 2022.
Missing data for 2009 resulted in an estimate not being available for this year. In five of the
15 years, the net revenue (i.e., revenue less variable fishing costs) from the banana prawn
fishery was sufficient to cover all fixed costs, such that no additional fishing effort (and
associated net revenue) was required to break even. That is, the profit in these years was
positive even without additional net revenue from tiger prawn fishing. The profit from just
the banana prawn fishery (excluding net revenue from the tiger prawn fishery) in each year
and the banana prawn revenue in that year is shown in Figure 1. Given that this outcome
is largely driven by the level of revenue from the banana prawn fishery, there is a moderate
relationship between the level of banana prawn revenue and the profit assuming zero tiger
prawn fishing, shown by the red dashed line. This relationship, however, is not strong
(R? = 0.36), indicating that other factors, particularly fishing costs, are also driving the level
of profit that can be derived from the banana fishery on its own.

® 2014
y=0.5264x-0.7236

2 _
R*=0.3638 2017

2015 @ 2008 -
w_— 02010 - -

® 2018
® 2007 _ -~ 2012® 2019

-7 ® 2016

® 2022
® 2020

020 040 060 080 1.00 120 140 160 180 2.00

Banana prawn revenue (Sm average per boat)

Figure 1. Average vessel profit if no fishing for tiger prawns occurred compared with banana prawn
fishery revenue.

The number of days per vessel (on average) required to breakeven in this case was
estimated using Equation (2), based on the observed net revenue per day from tiger prawn
fishing from the economic survey. This was expanded to the fleet level to derive an estimate
of the minimum number of days required for the tiger fishery as a whole to break even.
As this depended on conditions in the tiger prawn fishery as well as the banana prawn
fishery, the relationship between this value and banana prawn revenue was relatively weak
(Figure 2).
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Figure 2. Number of days fishing for tiger prawns required to break even.

As indicated in Figure 1, zero tiger prawn fishing effort (and associated net revenue)
was required in five of the years (33% of the observations) as all costs (i.e., variable costs
associated with banana prawn fishing and vessel fixed costs) were fully covered by the
banana prawn fishery. Also shown in Figure 2 is the maximum level of effort in the tiger
prawn fishery over the period of the data. For one of the years (2020), effort in excess of
this maximum would have been required to break even. For another two of the years (2011,
2022), no feasible levels of fishing effort would have resulted in the fishery breaking even
as the average net revenue from tiger fishing per day was estimated to be negative from
the survey data (that is, the average revenue per day from tiger prawn fishing was less than
the querage variable costs of fishing). Consequently, all three years (2011, 2020 and 2022)
were recorded as making a loss in the economic survey.

Apart from those three years for which the fishery was unable to make a profit, the
breakeven level of effort was lower than the current minimum effort threshold used in the
model. Further, the current minimum effort threshold is 92% of the maximum observed
level of effort (Figure 2). A general downward linear relationship between the number
of tiger prawn fishery days needed to break even and the banana prawn revenue was
observed (blue dashed line), although again this relationship was weak (as shown by the
R? value) due to the number of zero days and also the number of infeasible days.

A cumulative probability distribution was derived from the breakeven effort data
(Figure 3). From the economic survey data, 20% of the years made a loss over the period of
the data. That is, the fishery may be only expected to break even 80% of the time given the
observed maximum level of fishing effort available to the fleet. This can also be achieved
with lower levels of fishing effort, roughly 4000 boat days. Similarly, no tiger prawn fishing
is required 33% of the time to break even (as seen by the y-axis intercept). From Figure 3,
the threshold effort value to achieve a given probability of breakeven profits (e.g., 50%) can
be derived.
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Figure 3. Probability of breaking even at different number of days fished. The vertical black dashed
line represents the maximum observed number of days fished, and the vertical blue dashed line the
current effort constraint.

3.1.2. Breakeven Regression Analysis

Given that the breakeven effort level varies substantially from year to year, regression
analysis was undertaken to determine what factors may influence this level. As approxi-
mately one third of the estimated breakeven effort levels were zero, standard regression
models are not appropriate, and alternative estimation procedures were considered. A
censored Tobit model was initially tested, but the coefficients were generally not significant,
or the wrong sign given a priori expectations (e.g., the breakeven point decreased with
increased fuel cost counter to expectations).

A zero-inflated negative binomial count model was also tested. This is a two-part
model. First, a logistic (i.e., logit) model is applied to estimate the probability of an obser-
vation being either a zero or a non-negative outcome; then, a “normal” negative binomial
count model is applied to the non-negative component. The models were estimated using
the pscl package [25] in R [26]. The output from the model provides information on both
components, the first part being the output relating to the “normal” negative binomial
count model, and the second component relating to the probability that a value is zero. The
key variables available for the model included the banana prawn revenue, fuel costs and
tiger prawn prices. The latter was found to be not significant in both parts of the model.

The final model (based on the Akaike Information Criterion, or AIC) is given in Table 1.
The estimation of the zero inflated negative binomial count model does not produce a
standard goodness of fit measure. However, the predicted values of the dependent variable
were reasonably correlated (given the existence of the zero levels) with the observed levels
(r = 0.608), suggesting that the model reasonably captures the general trend in the data.

As expected, the breakeven effort level decreased with increasing banana prawn
revenue, and increased with fuel costs (as the net tiger prawn revenue per day would
decrease, requiring more days to achieve the required breakeven level of profit). While
the variables in the zero-inflation model were not significant, excluding this component
resulted in a less well-fitting model (as given by the log likelihood and the AIC).

As the variables in the model are logged, the coefficients also represent elasticities (i.e.,
the percentage change in breaking even given a 1% change in the variable being considered).
While the elasticity relating to banana prawn revenue is small, this is a highly variable
value, with a coefficient of variation of 37%. The breakeven number of days is also sensitive
to changes in fuel costs, with a 1% change in fuel costs resulting in almost a 0.5% change in
the breakeven effort level. The base level breakeven point is given by the exponential of the
constant, estimated as 1670 nominal boat days.
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Table 1. Zero inflated negative binomial count model.

Estimate Std. Error Significance
Count model coefficients (negative binomial with log link):
Intercept 7.013 0.271 .
Banana Prawn Revenue ($'000) —0.005 0.000 **
Fuel cost per day ($°000) 0.484 0.000 o
Log(theta) 1.984 0.120 i
Zero-inflation model coefficients (binomial with logit link):
Intercept —1.812 2914
Fuel cost per day ($°000) 0.928 1.775
Theta (dispersion parameter) 7.27
Log-likelihood on 6 Df —64.29
AIC 140.58

Significance codes: “***” 0.001 **" 0.01 *" 0.05°." 0.1 " 1.

The predicted breakeven level of effort, derived from the count model coefficients,
fluctuated between 2000 and 3000 boat days a year (Figure 4) in the first half of the data
(i.e., prior to 2014), although it was below 2000 boat days between 2014 and 2020. The
probability of zero days being required to break even, derived from the zero-inflation model
coefficients, was also highest between 2016 and 2020 but decreased to its lowest level in

2022 (Figure 4).
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Figure 4. Annual predicted breakeven point and probability of a zero breakeven point for the period
2007 to 2022. The dashed line represents the base level breakeven point.

3.2. Historic Effort Levels

Three-year and five-year moving averages were derived from the available fishing ef-
fort time series [27] over the period 2007 to 2022, and different proportions were considered
for testing using the bioeconomic model (Table 2). The minimum observed in the fishery
over this period was also considered (Table 2).
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Table 2. Potential threshold effort levels based on historic effort data.

3-Year Moving Average 5-Year Moving Average
2018 2022 2018 2022
Percentage of
moving average
80% 4241 3612 4316 3951
60% 3181 2709 3237 2963
50% 2651 2258 2698 2469
Minimum
observed 3599

(2007-2022)

The fishing effort time series was also regressed against the available economic in-
formation. Several different functional forms of the model were estimated. The most
appropriate included a measure of average net revenue (fishing revenue less fuel costs) per
day in the tiger prawn component of the fishery (Table 3). As expected, total fishing effort
over the year increased with an increasing average net revenue per day (Figure 5).

Table 3. Nominal fishing effort regression model.

Estimate Std. Error Significance
Intercept 8.103 0.118 ok
Log (Revenue less
fuel cost per day, tiger 0.217 0.061 *
prawn fishery)

R? 0.471

R 0.433
Fi1,14) 12.49 el

Significance codes: ***” 0.001 **" 0.01 ** 0.05°." 0.1 " 1.

6000 - 2

i
=]
=
=
'
L]
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o+

(5]

=

=
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4000~

G ] 12
Revenue less fuel cost ($'000 per day)

La -
7]

Figure 5. Nominal fishing effort and average net revenue per day in the tiger prawn fishery.
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As with the breakeven point model, the minimum level of fishing effort that might be
expected is given by the exponential of the constant, estimated as 3305 nominal boat days.
The coefficient on the net revenue term also represents the effort elasticity, with a 1 percent
increase in average net revenue in the tiger prawn fishery resulting in a 0.2% increase in
total days fished over the season.

3.3. Bioeconomic Model Results

The potential threshold effort levels (Table 4) were applied to the NPF bioeconomic
model. Two variants of the model were used—one based on stock and economic conditions
in 2018 and the other based on conditions in 2022.

Table 4. Summary of potential threshold effort levels tested using the bioeconomic model.

2018 2022
5-year moving average
80% 4316 3951
60% 3237 2963
50% 2698 2469
3-year moving average
80% 4241 3612
60% 3181 2709
50% 2651 2258
Breakeven probability
80% 4000 4000
60% 1800 1800
50% 1200 1200
Regression models
Breakeven point model 1670 1670
Nominal Effort model 3305 3305
Minimum observed 3599 3599

The minimum effort constraint had no substantial impact on the results from the
2018 model, except for the baseline effort constraint (2777 days on each species’ métier),
which forced additional fishing effort onto brown tiger prawns in particular (Figure 6).
The blue line in Figure 6 represents the observed fishing effort allocated to each of the
two tiger prawn species’ métiers. Except for the current baseline constraint, effort on the
brown tiger prawn métier was slightly underestimated, while that on the grooved tiger
métier was slightly overestimated. The combined effort across both métiers was similar
in all cases and close to the observed level of fishing effort in 2018 (Figure 6). The net
present value of profits over time was also almost identical between the different minimum
effort constraints.

In 2022, the fishery conditions were substantially different to those in 2018. Tiger
prawn stocks were estimated to be relatively low and fuel prices high [28]. As noted above,
the model results were not adopted as the TAE for 2022 as the high base case threshold
(2777 days each métier) resulted in recommended effort levels higher than observed in
2021 despite the adverse stock status and economic conditions. With the exception of the
base case and 5554-day overall scenarios, the model-estimated fishing effort for 2022 with
the alternative threshold values was similar to the observed fishing effort at the fishery
level, but underestimated the effort applied to the grooved tiger métier and overestimated
the effort in the brown tiger métier relative to what was observed (Figure 7). Given the
observed level of fishing effort was constrained by an ad hoc reduction (rather than based
on maximizing net economic returns over time) [22], some difference in the outcomes would
be expected. In most cases, the difference between the observed and model-estimated effort
values were less than around +/—20% (Figure 8).
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Figure 6. A comparison of key results between the different minimum effort threshold methods

applied to the 2018 bioeconomic model and the observed fishing effort in 2018 (the blue line).
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applied to the 2022 bioeconomic model and the observed fishing effort in 2022 (the blue line).
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Model estimated effort level relative to actual effort, 2022
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Figure 8. Difference between model estimated and observed effort, 2022.

Changes in the net present value of fishery profits varied substantially, with most
alternative scenarios resulting in between 20-30% higher values than the base case (Figure 9).
However, there is a clear trade-off between effort reduction and NPV, with the greatest
increases in NPV being a result of the greatest decrease in fishing effort (as might be
expected) (Figure 10). Given that there are additional costs associated with reducing fishing
effort that are not captured in the model [7], an appropriate minimum effort level to apply
in the model may be considered to be within +/—10% of the observed level. Four scenarios
fall within this range—three of which are based on a moving average and the fourth based
on the regression analysis of the observed fishing effort over time (Figure 10).
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Figure 9. Increase in NPV with different effort thresholds relative to the base case.
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4. Discussion and Conclusions

The use of a minimum constraint on fishing effort in dynamic bioeconomic models
has the dual role of preventing “bang-bang” solutions while also recognizing the potential
social and indirect economic benefits associated with maintaining a level of fishing effort
each year. While the principle is well recognized, determining the appropriate value to
impose in the models is less straightforward and, to date, has largely been ad hoc.

In this study, a range of different approaches to deriving an appropriate threshold effort
level when using such a dynamic bioeconomic model were developed and evaluated. Of the
options that were evaluated, the approaches that produced the lowest effort threshold also
resulted in the highest net present value of fishery profits. This is not unexpected, as this
also allows the fastest stock recovery and subsequently higher future profitability levels.

Given that fishers are, individually, profit maximisers, and hence would only fish
provided the marginal benefit (i.e., the value of their catch) exceeded their margin cost given
the prevailing stock status and economic conditions, comparing the estimated threshold
values to the observed level of effort in 2022 provides another estimate of the breakeven
conditions in 2022 based on observed behaviour under adverse biological and economic
conditions. Minimum effort thresholds above this value are unlikely to be economically
viable (at least in 2022), otherwise fishers (who were unconstrained) would have operated
at these higher levels. For this reason, we focused on threshold values that were close to
the observed level of fishing effort in 2022.

Of the methods most consistent with the observed level of effort (+/—10%), three
of these involved the use of a moving average. An advantage of the moving average
approach, other than its pragmatism, is that it also captures the effects of recent conditions
in the fishery. This provides a dynamic threshold rather than a static value applied in
all conditions, a pertinent consideration when modelling highly variable stock, such as
prawns. As the minimum should, by definition, be more conservative than the observed
(rather than forcing a higher level of fishing effort than might “naturally” occur given the
conditions), the two measures that are potentially most appropriate were 60% of the 3-year
moving average or 50% of the 5-year moving average. Both of these measures result in
a lower NPV than more conservative values, but capture some of the other benefits by
maintaining fishing effort in the fishery.

The use of a moving-average based approach also has some limitations, as it provides
less certainty about the future operating environment in the fishery and may, in some cases,
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overly constrain or under-constrain the fishery if effort levels fluctuate substantially. For
example, a rapid decline in stock levels may lead to actual fishing effort falling faster than
the moving average, such that the model constraint cannot adjust appropriately. Conversely,
rapid recovery, as may be the case in short-term species such as prawns, may result in the
minimum constraint being too low, limiting the activity of the fleet unnecessarily. While a
fixed value may also lead to under- or over-constraining the model, this provides greater
certainty as to minimum allowable effort levels in the fishery to ensure that crew are
appropriately retained and markets secured.

The aim of this study was to identify potential minimum effort levels to apply in a
dynamic model for use in setting total allowable effort levels. Previously, as in many other
cases (e.g., [11]), these were based on what was considered an acceptable minimum level of
effort by industry [20]. This, however, resulted in a minimum effort level being imposed
in the model that was over 90% of the maximum effort observed in the fishery since 2007.
This ad hoc approach and resulting high minimum effort level was found to be problematic
when conditions in the fishery became adverse.

Of the options considered in this analysis, the pragmatic use of a moving average, and
an appropriate proportion of this (i.e., 50-60%) allows for changes in fishery conditions to
be considered in the model while still maintaining a degree of stability. Although, as noted
above, the use of moving averages also bring other challenges. Breakeven approaches,
while appealing, were found to result in substantially lower levels of fishing effort but
higher net present values of profits as measured in the model. As not all benefits of
maintaining a minimum level of fishing effort are captured in the model [7], the breakeven
approaches may be too conservative.

The direct applicability of the results of this analysis to other fisheries is likely to be
limited as each fishery will have its own unique economic, social and ecological conditions.
However, the general principles established in this study are likely to be more broadly
applicable. These include the justification for considering a minimum effort level when
using models to estimate fishing effort or catch limits, and the use of a proportion of
moving averages as this minimum is likely to allow some dynamism in the analysis,
reflecting the more recent conditions in the fishery. While more complex approaches are
also possible (such as the breakeven and regression-based approaches applied in this study),
the additional complexity may not be warranted. Nevertheless, also considering these
approaches does provide a broader information set upon which final decisions as to which
approaches to adopt for the fishery can be based.
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