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The composition of catch is affected by exploited fishing gear and its selectivity, and
long-term selective harvest induces the change in biological characters and economic
value of exploited population. Stow net is the main fishing gear to capture commercially
important fish species small yellow croaker (Larimichthys polyactis) in Haizhou Bay,
China. Long-term stow net selective harvest affects both the biological characters and
economic benefits of small yellow croaker. Therefore, an appropriate harvest scenario
that can achieve the high economic benefits and the sustainable use of resource needs
to be explored. In this study, we develop a bio-economic model for small yellow croaker
and focus on different harvest scenarios for obtaining maximum economic benefit and
sustainable utilization of resource. Our results indicate that the increase in mesh size has
positive effects on the protection of small yellow croaker population, and optimal harvest
scenario achieves the short- or long-term economic benefits to different stakeholders.
Fishing with small mesh size gets high economic value in short-term, while fishing with
large mesh size achieves better economic value and effectively protect small yellow
croaker resource under long-term fishing pressure. This study provides evidence to
balance the long-term economic benefits and sustainable utilization of fishery resource,
and it also offers a basis for the scientific formulation of fishery policy.

Keywords: bioeconomic model, Larimichthys polyactis, stow net, selective harvest, harvest scenario

INTRODUCTION

Fishing is an economic activity and its basic purpose is to obtain profit (Quaas et al., 2016; Voss
et al., 2017; Lima et al., 2020). The value of catch is significantly affected by multiple factors, such as
climate change, consumer preference, and quantity and quality of catch (George et al., 2005; Reddy
et al., 2013; Can et al., 2015; Suh and Pomeroy, 2020; Sogn-Grundvåg et al., 2021). Generally, the
quantity and quality of catch are the common factors that affect the economic benefits of fisheries.
The individual size of catch is closely related to its quality, and larger individual often means the
greater value. For example, the unit price of Baltic cod (Gadus morhua) of different lengths can
vary by more than 200%. Additionally, the price of red swimming crab (Monomia haanii) can
range from 2 to 23 RMB/kg (Tahvonen et al., 2018; Boenish et al., 2021). The exploitation methods
have significant effects on the quantity and quality of catch. High landings and large individual size
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generate high profits to fishermen, hence exploring the evolution
of economic value and biological dynamics under different
exploitation methods becomes an important issue in fisheries.

Selective harvest measures the ability to capture specific types
of marine organisms, and it directly affects the catch composition
and population dynamic (Hamley, 1975; Fonteyne et al., 1996;
Breen et al., 2016; Fauconnet and Rochet, 2016). Mesh size is an
important factor to consider in selective harvest. Change in mesh
size alters the probability of captured individuals and results in
the differences in catch, such as the change of species, numbers,
and size (Sary et al., 1997; Macbeth et al., 2005; Sun et al.,
2006; Huang et al., 2016). Meanwhile, selective harvest affects
the dynamics of population and community, since different
selectivities prefer to capture particular individuals and species
(Hamilton et al., 2007; Fenberg and Roy, 2008). Recent single-
and multi-species modeling works suggest that selective harvest
alters age, number, and sex structures of exploited population.
The selective harvest of high trophic level individuals reduces the
numbers of predators, which decreases the capture probability
of prey and may lead to the improvement of productivity in
ecosystem (Kolding and van Zwieten, 2011; Garcia et al., 2012;
Law et al., 2012; Moullec et al., 2019). Here, an appropriate
selective harvest management policy requires to ensure yield
stability and fishermen’s income.

Fishery management aims at satisfying human needs for
food and economic benefits (FAO, 2003). With the reduction in
various commercial fish species resources, several governments
have introduced stricter fishery management rules to promote
the sustainable utilization of fishery resources. Harvest control
rules are implemented for northeast Arctic cod (Gadus morhua)
fishery in Norway and Russian, and a minimum landing size is
set for brown crab (Cancer pagurus) fishery in England (Eikeset
et al., 2013; Kvamsdal et al., 2016; Öndes et al., 2017). In China,
the minimum mesh size regulation based on the selective harvest
has been applied to a variety of fishing gears, such as trawl and
stow net. Meanwhile, the Ministry of Agriculture (MOA, now
the Ministry of Agriculture and Rural Affairs, MARA) has also
strengthened the control of the domestic fishing vessels, which
aims to reduce the fishing pressure on marine fishery resources
(MOA, 2017). While the protection of fishery resources has been
well studied, the economic benefits of fisheries have received
less attention in the field of fishery management. Conflicts
between economic efficiency and the conservation of fishery
resources may lead to the ineffective implementation of fishery
policies (Sun et al., 2012). Therefore, there is an urgent need
to compare the long-term dynamics and the economic benefits
of fish population under different fishery management policies,
especially for some key commercial species.

Small yellow croaker (Larimichthys polyactis) is an important
commercial fish species in Haizhou Bay, China, and stow net is
the main fishing gear in small yellow croaker fishery (Huang et al.,
2016; Xu et al., 2020). In the recent years, the annual yield of
small yellow croaker captured by stow net has exceeded 4,000
tons, which also becomes an important income for fishermen
(Department of Ocean and Fishery of Shandong Province, 2011).
At the same time, several studies show that overfishing has
occurred in small yellow croaker population, the population

characteristics have changed, and the stock is characterized by
early maturation, small size, and biomass decline (Lin et al., 2011;
Liu et al., 2012; Yan et al., 2014). Meanwhile, some fishermen
prefer to use stow net with small mesh size to increase the yield
in short-term fishing. However, such behavior almost reaches
the red line of the minimum mesh size for marine fishing gears,
which results in poor selectivity and endangering fishery resource
(Sun et al., 2012; Tang et al., 2014). Nowadays, several studies
suggested that the mesh size of stow net should increase to
more than 40 mm, which can release the juveniles of small
yellow croaker and decrease the bycatch of other non-commercial
species, but it also decreases the yield and benefits of fishing
(Huang et al., 2016; Zhang et al., 2017; Xu et al., 2020). Therefore,
there exists divergences among different stakeholders to capture
small yellow croaker, and the deviation exists between the current
fishing and sustainable utilization of small yellow croaker fishery
in Haizhou Bay. Therefore, defining the optimal harvest scenario
can not only obtain economic benefits, but also protect small
yellow croaker resource.

In this study, we develop a bio-economic model for small
yellow croaker in Haizhou Bay, China. We simulate a series of
stow net selective harvest scenarios and compare the differences
of results in biological dynamics and economic benefits. The
purposes of this study are (1) to explore the population dynamics
of small yellow croaker in different stow net harvest scenarios and
(2) to obtain the optimal harvest scenario that achieves maximum
economic benefits and sustainable utilization of resources. Our
study aims to provide a scientific basis for the protection and
rational exploitation of small yellow croaker.

MATERIALS AND METHODS

Data Source of Small Yellow Croaker
The biological traits data of small yellow croaker and selective
harvest parameters of stow net used in this study depend on the
surveys and size-selective harvest experiments (Liu et al., 2013;
Huang et al., 2016; Xu et al., 2020). The size-based price data were
collected from fish markets in Rizhao, 2014. All these data are
used to parameterize the model and are listed in Table 1.

The Bio-Economic Model for
Size-Selective Harvest
We construct a bio-economic model to study the influences
of stow net-selective harvest on small yellow croaker. This
framework combines the processes of life history, fishing, and the
size-dependent price of catch. In this framework, it is possible
to explore how mesh size, fishing pressure, and price affect
population during a long-term period. The simulation program
is written in R (R Core Team, 2020).

The processes of primary life history include the growth,
maturity, reproduction, and mortality of natural or fishing
causes. The growth of small yellow croaker is based on the von
Bertalanffy growth function (VBGF):

Lt = Linf
(

1− e−K(t−t0)
)
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TABLE 1 | Parameters for the small yellow croaker in bio-economic model.

Function Parameter Value Method

VBGF L∞ 226.47 Liu et al., 2013

K 0.39

t0 0.80

Weight-length
relationship

a 0.0268 Zhang et al.,
2010

b 2.814

Beverton-holt
recruitment
function

α 0.21 Liu et al., 2015;
Li et al., 2020

β 1.1 × 10−5

Selectivity
curve

ϕ −0.138 (MS = 20 mm)
−0.082 (MS = 35 mm)
−0.064 (MS = 40 mm)
−0.045 (MS = 45 mm)
−0.030 (MS = 50 mm)

Huang et al.,
2016 and Xu
et al., 2020

L50 18.03 (MS = 20 mm)
107.89 (MS = 35 mm)
137.57 (MS = 40 mm)
167.58 (MS = 45 mm)
196.93 (MS = 50 mm)

Price (RMB/kg)
by body length
(BL)

P 10 (BL < 100 mm) Collected from
fish market

14 (100 < BL < 150 mm)

20 (BL > 150 mm)

where Lt is the average length at age t, Linf is the asymptotic
length (mm), K is the growth coefficient (year−1), and t0 is the
theoretical age at length of zero. The VBGF is the average growth
parameter of the population, but the growth of individual is
different from the mean curve. To reduce the deviation between
actual growth of individual and VBGF, Lt times the coefficient of
variation ε to represent the individual growth (Liu et al., 2021).
The ε follows normal distribution with N (0, 0.1). Therefore, the
length of individual i at age t is described as follows:

Li,t = εiLinf
(

1− e−K(t−t0)
)

The weight of individual i is calculated from the weight-length
relationship:

Wi,t = aLi,t b

where a is the intercept and b is the allometry coefficient.
The total number of recruitments is density-dependent and

determined by a Beverton–Holt recruitment function (van
Poorten et al., 2018; Li et al., 2020):

Ri,t =
αSt−1

1+ βSt−1
eσ

where Rt indicates the abundance of recruits at time step t. St−1
denotes spawning biomass at time step t-1. Additionally, σ refers
to the variability of spawner–recruitment relationship, which
follows the log normal distribution of LN (0, 0.1). We assume
all individuals reach sexual maturity at age 1. Parameter α is a

FIGURE 1 | Initial body length distribution of small yellow croaker and different
selective curves of stow net.

density-independent parameter proportional to fecundity, and β

is a density-dependent parameter proportional to both fecundity
and density-dependent mortality.

The total mortality for individual i at age t can described as
follows:

Zi,t = Fi,t +Mi,t

where Mi,t is nature mortality rate of individual i at age t
(Gislason et al., 2010; Charnov et al., 2013):

Mi,t = (
Li,t
Linf

)−1.5
× K

where Linf and K are the VBGF parameters and Li,t is the length
of individual i at age t. The fishing mortality rate of individual is
as follows:

Fi,t = fSi,t

where f is the fishing mortality and Si,t is selectivity rate of
individual i at age t. Here, we choose the logistic curve as the
selectivity for stow net (Figure 1):

Si,t =
1

1+ eϕ(Li,t−L50)

where L50 is the capture length at 50% selectivity and ϕ is the
slope of selectivity curve, the parameter of L50 and ϕ determined
by stow net mesh size.

The survival rate for individual i at age t is follows:

SRi,t = e−Zi,t

where individual mortality is modeled as a stochastic process of
Bernoulli trials and occurs if a number randomly drawn from
a uniform distribution between 0 and 1 is lower than 1- SRi,t
(Marty et al., 2015).
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Based on the fishing mortality and natural mortality, we use
the Baranov catch equation to calculate the number of catches at
each time step (Baranov, 1918):

Ct =
∑
i

Ni,t
Fi,t

Fi,t +Mi,t
(1− e−Zi)

where Ni,t is the number of individuals with length Li at year t.
Therefore, the yield is given by:

Y =
∑
i

Wi,tCt

As for the economic value of catch, we use size-based price to
show the market dynamic, and the total value is as follows:

V =
∑
i

PiWi,tCt

where Pi is the unit price of length Li,t .

Generalized Additive Model Analysis
As a passive fishing gear, the catch and economic value of stow
net can be affected by several independent indicators, such as
mesh size (MS), capture date (CD), and environmental variables
(sea surface temperature SST, tide range TR, northward velocity
NV, eastward velocity EV, salinity S, and mixed layer depth
MLD). To determine the importance of mesh size on economic
benefits of small yellow croaker, we use generalized additive
model (GAM) to indicate the specific relationships between the
indicators above and economic value (Hastie and Tibshirani,
1986):

log(Value) ∼ s(Ind)+ ξ

where value is the response variable representing economic
value, which is based on the result of stow net-selective
harvest experiment of small yellow croaker (Huang et al.,
2016). Predictor variable Ind refers to an independent
indicator, s() is the smoothing function, and ξ is the
random error. Daily environmental variables, which
include SST, MLD, NV, EV, and S, are derived from
GLORYS12V1 product with a horizontal resolution of
1/12◦ (published by CMEMS).1 TR data are collected
from National Marine Data and Information Service
(NMDIS).2

Harvest Scenarios
We simulate the mesh size with 20, 35, 40, 45, and 50 mm to
explore the differences on population biological characters and
economic benefits of catch. The 20-mm mesh size is defined as
“non-selective harvest,” and the mesh sizes from 35 to 50 mm
are defined as “selective harvest.” The selective coefficient of
selective harvest varies with mesh size (Figure 1). For each
mesh size, we consider three fishing mortality f = 0.2, 0.4 and

1http://marine.copernicus.eu/
2https://www.cnss.com.cn/tide/

FIGURE 2 | A total of 15 harvest scenarios set with mesh size and fishing
mortality.

TABLE 2 | The effects of different variables on the economic value of small yellow
croaker.

Driver AIC R2 p-value Sign

MS −28.82 0.355 0.000 ***

TR −9.78 0.100 0.010 **

S −8.75 0.084 0.017 *

SST −8.57 0.081 0.018 *

CD −5.32 0.027 0.118

NV −3.39 −0.007 0.439

EV −3.01 −0.136 0.623

MLD −2.91 −0.016 0.709

The drivers including MS, mesh size; TR, tidal range; S, salinity; SST, sea surface
temperature; CD, capture date; NV, northward velocity; EV, eastward velocity;
MLD, mixed layer depth. AIC, Akaike information criteria. Sign: significance, model
significance levels include: *(p < 0.05), **(p < 0.001), ***(p < 0.0001).

0.6 to find out the optimal fishing mortality (Li et al., 2020).
Therefore, 15 harvest scenarios are defined in our study: S1
(20 mm, f = 0.2), S2 (35 mm, f = 0.2), S3 (40 mm, f = 0.2), S4
(45 mm, f = 0.2), S5 (50 mm, f = 0.2), S6 (20 mm, f = 0.4), S7
(35 mm, f = 0.4), S8 (40 mm, f = 0.4), S9 (45 mm, f = 0.4), S10
(50 mm, f = 0.4), S11 (20 mm, f = 0.6), S12 (35 mm, f = 0.6),
S13 (40 mm, f = 0.6), S14 (45 mm, f = 0.6), S15 (50 mm,
f = 0.6) (Figure 2).

The Simulation of Bio-Economic Model
All parameter values used in our model are shown in
Table 1. Here, the original size of population is 10,000
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FIGURE 3 | The change of biomass in different harvest scenarios, (A–C) represent f = 0.2, f = 0.4, and f = 0.6.

FIGURE 4 | The change of average body length in different harvest scenarios, (A–C) represent f = 0.2, f = 0.4, and f = 0.6.

FIGURE 5 | Average length of catch in different harvest scenarios, (A–C) represent f = 0.2, f = 0.4, and f = 0.6.

individuals. We first run for 100 years without harvesting to
ensure that the population keeps equilibrium. All results are
displayed from this time onward. After then, selective harvest

starts and lasts for 20 years. To test the model and the
robustness of the 15 harvest scenarios, all results presented are
repeated ten times.
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FIGURE 6 | Trends of captured number in different harvest scenarios.

RESULTS

The Effects of Different Indicators on the
Economic Value
The importance of different indicators is shown in Table 2.
GAM results show that mesh size is the most important variable
among 8 factors that depend on the AIC and R2. The rank
of variables is TR, S, and SST, which have significant effects
on economic value with the p-value varied from 0.01 to 0.018.
MLD, NV, EV, and the capture date have insignificant effects on
economic value. Therefore, we can select mesh size as the key
indicator in our study.

Dynamics of Population Traits in
Different Harvest Scenarios
The biomass and average body length decline drastically at the
first 5–10 years of fishing and then show a relatively stable trend
(Figures 3, 4). The biomass shows a significant increase with
larger mesh size and lower fishing mortality. Among all the
scenarios, the highest biomass and lowest biomass are observed
in scenarios S5 and S11, respectively (Figures 3A,C). Compared
with the initial population, the biomass declines more than
95% in S11, whereas the biomass in S15 remained stable at
about 350 kg after 10 years fishing under the high fishing
mortality (Figure 3C).

The average body length decreases significantly with the
increase of fishing mortality (Figure 4). Meanwhile, the average
body length also shows an increasing trend with the increase in
mesh size, but the trend is insignificant when mesh size is smaller
than 40 mm, and significant when mesh size is 45 and 50 mm.
Harvest scenario S5 shows the high average body length because
of its low fishing mortality and large mesh size, and S12 tends
to the low average body length during the whole fishing period
(Figures 4A,C).

Trends of Catch Traits in Different
Harvest Scenarios
The trends of average length of catch, catch and yield in different
harvest scenarios are shown in Figures 5–7. Owing to the
characteristics of sigmoid-shaped selective curve, the proportion
of large individuals in catch increases based on larger mesh
size and lower fishing mortality. Harvest scenario S5 shows the
highest average length of catch among all harvest scenarios and
S11 is the opposite (Figure 5). The trends of catch are different
among 15 harvest scenarios (Figure 6). As the value of mesh size
increases, the catch decreases significantly when fishing mortality
is 0.2 and 0.4 (S1–S5, S6–S10). As the fishing mortality is 0.6
(S11 to S15), the catch decreases with the increase in mesh size in
the first 8 years, but after then, more individuals get captured in
S13 than in the other four scenarios. With the increase in fishing
mortality, the trends of catch are opposite with different mesh
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FIGURE 7 | Trends of yield in different harvest scenarios.

sizes: (1) With the small mesh size (e.g., 20 mm), the catch of S11
is significantly higher than that of S1 in the initial stage of fishing,
but lower than S1 after long-term fishing pressure; (2) with large
mesh size (e.g., 50 mm), the catch number of S5 is lower than that
of S15 during the whole fishing period (Figure 6).

The result of yield correlates with quantity and quality of
catch, and the trends of yield in different harvest scenarios are
basically consistent with that of catch (Figure 7). However, the
larger average length of catch can better make up its deficiency
in number, which induces S1 gets higher yield than S6 under
long-term fishing, and S14 is higher than S13.

Treads of Economic Value in Different
Harvest Scenarios
The trends of economic value in different harvest scenarios are
shown in Figure 8. Generally, the trends of economic value are
basically consistent with yield, and the best strategy to achieve
high value varies with fishing time. S11 obtains a high economic
value in the first 3-year fishing, and the highest value of all harvest
scenarios also appears in its first year of fishing. After then, S14
gets the top rank of value under the long-term fishing, which
shows that larger mesh size and higher fishing mortality are
beneficial to economic value.

The economic value of different harvest scenarios keeps stable
from the year 15 to 20 during the whole fishing period. To
explore the relationships between the long-term economic value

and harvest scenarios, contour map is used to illustrate the
average economic value in different harvest scenarios (Figure 9).
Different harvest scenarios affect the economic value variously
under long-term fishing. With the increase in fishing mortality,
the trends of economic value show difference with different mesh
sizes. The value of small mesh size harvest scenarios significantly
decreases with the increase in mesh size (e.g., S1, S6, and S11),
whereas the value of large mesh size harvest scenarios is the
opposite (e.g., S5, S10, and S15). Meanwhile, the change of value
in 0.6 fishing mortality harvest scenarios (S11–S15) is more
dramatic than those in 0.2 fishing mortality (S1–S5). Also, we
can find the appropriate mesh size that achieves high economic
value in different harvest scenarios (S1 to S15). In addition, with
the fishing mortality increases, S14 gets the peak economic value
among all harvest scenarios under long-term fishing. Therefore,
harvest scenario S14 is better than other scenarios in terms of
achieving long-term economic benefits.

DISCUSSION

In this study, we develop a bio-economic model for small yellow
croaker and focus on the effects of different selective harvest
scenarios on population dynamics and economic value. Our
results indicate that increasing mesh size has positive effects on
population, and the selective curve of fishing gears determines
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FIGURE 8 | Trends of value in different harvest scenarios.

the captured probability of target fish species. The selective
curve of stow net and trawl is sigmoid-shaped, which means
that large individuals own the high probability to be retained
in the cod-end, and with the increase in mesh size, more small
individuals can escape from fishing (Stepputtis et al., 2016).
Hence, the ratio of non-commercial conger pike (Muraenesox
cinereus) individuals decreases more than 30% with the increase
in trawl mesh size, which protect juveniles in South China Sea
(Yang et al., 2021). Additionally, the escape rate of largehead
hairtail (Trichiurus lepturus) in stow net increases from 0 to 46%
whereas the mesh size increases from 35 to 65 mm (Xu et al.,
2019). The release of small individuals increases the population
biomass, and the biomass of brown shrimp (Crangon crangon
L.) in North Sea increases 13% whereas mesh size gets increased
from 20 to 26 mm (Günther et al., 2021). Similarly, in this
study, the biomass and average body length of small yellow
croaker both keep low in non-selective harvest scenarios S1, S6,
and S11 and keep high in harvest scenario S5, S10, and S15
(Figures 3, 4). Specifically, compared with initial population,
the biomass in S1 declines for more than 95%, which is almost
collapsed, but the biomass in S15 still keeps high. These results
show that fishing with large mesh size is beneficial to protect
population, even with high fishing mortality. Using large mesh
size can alleviate the overfishing of small yellow croaker, and in
the consideration of its positive effects, some studies suggested
that the mesh size of stow net should increase from 35 to

FIGURE 9 | The contour map of economic value in different harvest scenarios.

51 mm to avoid capturing small yellow croaker juveniles, which
is consistent with our study (Huang et al., 2016; Xu et al.,
2020).

Quantity and quality change of catch depends on selective
harvest, and different harvest scenarios also affect population
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dynamics and economic benefits. Larger mesh size and lower
fishing mortality accompany the capture of fewer fish individuals,
which usually lead to the loss of yield in short-term fishing. For
example, the increase in mesh size from 105 to 120 mm declines
the catch of marketable size of Baltic cod (Gadus morhua)
between 36 and 49% during the first month of fishing (Tschernij
et al., 2004). In this study, due to small mesh size and high
fishing mortality, harvest scenario S11 gets the highest catch
number in the first year of fishing (Figures 5–8). However,
large-scale capture in short-term declines the biomass sharply,
and low biomass cannot support high yield, which makes the
yield and economic of S11 decrease and cannot recover under
long-term fishing (Figures 3, 5, 8). Meanwhile, more individuals
escape from fishing because of larger mesh size and lower
fishing mortality. The growth of escape individuals facilitates
the growth of population biomass and creates space for high
value in future. Therefore, in other harvest scenarios, such as S1
and S14, more individuals can be captured than in S11 under
long-term selective fishing. Moreover, the individual size in these
scenarios is higher than S11. These advantages are beneficial to
create higher yield and economic value under long-term fishing
(Figures 5–8). Our results suggest that short-term losses can
bring long-term benefits in fishery (Cardinale and Hjelm, 2012).
Several studies have also proved this opinion. For example,
increasing the mesh size of gill net from 43 to 50 mm reduces
the yield of pikeperch (Sander lucioperca) by 50% in the first
year of fishing, but it would stabilize at about 20% higher level
than initial yield under long-term fishing (Heikinheimo et al.,
2006). Reducing small Norway lobster (Nephrops norvegicus)
catch decreases the landings in first several years, but lays positive
effects on long-term landings and average gross surplus (Macher
et al., 2008). Meanwhile, our results indicate that increasing
mesh size is more beneficial than decreasing fishing mortality
in small yellow croaker fishery. High fishing mortality can
get high catch, but captured individuals with large mesh size
decreases the numbers of small individual in catch, which makes
harvest scenario S14 receive the top rank of value among all
harvest scenarios under long-term fishing (Figure 9). However,
the positive effects of increasing mesh size in achieving long-
term economic benefit are limited. If the mesh size further gets
increased to 50 mm, the loss of captured number reduces the
economic value, which makes the value of S15 lower than S14
(Figures 8, 9). At the same time, we notice that the long-term
biomass of S14 keeps well and only lower than S15 while f is
0.6. Considering the advantages of high economic value and
biomass, S14 is the optimal harvest scenario to achieve long-term
economic benefit, which also promotes sustainable utilization of
small yellow croaker resources. Nevertheless, fishing is a trade-off
between short- and long-term benefits. Various needs of different
stakeholders must be taken into account in decision-making
of fishery management. Although S14 achieves the long-term
economic benefit, it cannot be ignored that S11 provides high
yield and value in the first several years of fishing, which satisfies
the immediate interests of some stakeholders. Therefore, how to
guarantee the short-term economic benefits while realizing long-
term economic benefits is a key problem that must be considered.
Taking cost–benefit analysis is an effective method, which can

help to get different economic metrics of fishery, such as surplus,
and the response of the stock under different scenarios (Sola et al.,
2020; Maynou et al., 2021). In this study, we mainly focus on
selective harvest impacts on the difference in economic benefits;
therefore, we did not consider the cost of fishery. But the cost–
benefit analysis is an important question, and it will be considered
in our further study.

Economic indicator is an important composition of the
exploitation and protection of fish population, which is closely
related to the formulation of management policy (Hanna, 1998;
Sumaila and Munro, 2018; Fay et al., 2019). Bio-economic
method provides a framework to integrate the economic and
biological process. It can explore the implications of alternative
scientific assumptions and evaluate the potential performance of
alternative management strategies (Ulrich et al., 2007; Prellezo
et al., 2012; Lee et al., 2017). Different fishery management
objectives, such as high yield or high product quality, and
short- or long-term benefits, can be set as harvest scenarios
and compared within the bio-economic framework (Boenish
et al., 2021; Maynou et al., 2021). The change in mesh size
alters the quantity and quality of catch, which affects the
biological and economical traits of exploitation species. To
promote the sustainable utilization of fishery resources, the
minimum mesh size standard is formulated in several fishery
practices (Dean et al., 2021; Nguyen and Morris, 2021). In
China, the minimum mesh size of stow net is formulated as
35 mm, which is conducive to the release of the sustainable
utilization of fishery resources (MOA, 2014). This study uses
bio-economic method and provides evidence that the mesh size
of stow net can be further increased to 45 mm, which will
still be beneficial to improve long-term economic benefits and
protect resources. However, the catch of stow net also includes
other species, and the size of some bycatch (e.g., largehead
hairtail) will also increase with mesh size (Xu et al., 2020).
The long-term economic effect of mesh size on the multiple
species is a meaningful issue and it still needs to be explored
in future. Whatever, our study takes the first step and prove
a better way to balance the economic benefits and population
protection on exploiting small yellow croaker resource in
Haizhou Bay, China.

CONCLUSION

This study simulates different stow net harvest scenarios to
compare the biological dynamics and economic benefits of
small yellow croaker. Our results indicate that mesh size is an
important factor in small yellow croaker fishery. Increase in
mesh size has positive effects on the protection of small yellow
croaker population, and optimal harvest scenario achieves the
short- or long-term economic benefits to different stakeholders.
Fishing with small mesh size gets high economic value in short
term, whereas while fishing with large mesh size achieves better
economic value under long-term fishing. Therefore, appropriate
use of mesh size achieves a balance between economic value
and protection of small yellow croaker resource. This study
provides a scientific basis for improving the economic benefits
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and the sustainable utilization of small yellow croaker resources.
It also provides support for the fishery managements in
Haizhou Bay, China.
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