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We applied Catch and Maximum Sustainable Yield (CMSY), Bayesian Schaefer model
(BSM), and Abundance Maximum Sustainable Yield (AMSY) methods to estimate the
status of Platycephalus indicus stocks in the Bohai and Yellow Seas, assessed model
performance, and determined the impact of priors derived from expert knowledge on the
performance of each model. Results showed that P. indicus stock in the Bohai Sea had
collapsed, while that in the Yellow Sea stock was recovering. With the input of an expert
prior derived from the length-based Bayesian biomass (LBB) estimation method, the
CIs of each model narrowed, but the changes in biomass trajectory were not significant,
and the estimates of B/BMSY were differed compared with model results using default
rules. These three models can be used to evaluate data-limited stocks to reflect stock
dynamics when reliable inputs are available. However, the ranges of priors, which are
preferably obtained from other stock assessment tools, should be carefully established.

Keywords: stock assessment, fishery, Platycephalus indicus, Bohai Sea, Yellow Sea, data-limited methods

INTRODUCTION

Marine fisheries are important for the economy and wellbeing of coastal communities, because
they provide food and livelihood security, and traditional cultural identity (FAO, 2005). According
to FAO statistics, world fishery yield experienced a period of rapid growth after World War II, and
then, it has declined since the 1980s and nowadays can only maintain at around 100 million tons
each year (FAO, 2020). As the largest fishing country in the world, China accounts for about 15%
of the total global fishery production and exceeds the total catch of the next two ranking countries
(FAO, 2020). The increase of Chinese fishery production by one order of magnitude from 1950 to
2010 could be regarded as a success story (Srinivasan et al., 2012), but the cost is the depletion of its
coastal marine fishery resources. One-third of globally assessed fish populations are overexploited
(FAO, 2018), and in China, the situation might be worse. At the same time, comparatively less
information about Chinese fishery status is actually available, due to the lack of data and experts,
which precludes the possibility of fishery resources recovery. Therefore, it is necessary to evaluate
the status of the coastal fishery resources of China.

The bartail flathead Platycephalus indicus is commercially fished off the coast of China. In recent
years, surveys have reported general declines in the resources of commercially harvested fish species
in the Yellow and Bohai Seas. With the decline of traditional fishery resources, the stock of P. indicus
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has become one of the few commercial species with a certain
yield along the coast of Liaoning, and its yield is becoming more
and more valuable (Li et al., 2018). Studies on P. indicus focused
mainly on the characteristics of its morphology, age, growth,
and sexual maturity. Although many studies have examined the
biology and ecology of P. indicus, few have assessed its stocks.
Only Qin and Gao (2012) studied the seasonal variation of
P. indicus stock resource abundance in Dongying coastal waters,
and additional research is required to assess its resources and
time-series trends in the coastal waters of China. Such studies
will guide the more sustainable management of the coastal fishery
resources of China.

The lack of relevant fishery data (i.e., population structure
data, abundance data, and body-length data) and data-limitation
models restricts the options for research. However, the Catch
and Maximum Sustainable Yield (CMSY) and Bayesian Schaefer
model (BSM) proposed by Froese et al. (2017) provide relatively
new potential solutions to the data deficiency problem. By
using the time series of catch data (and catch-per-unit-effort
(CPUE) data) and ancillary qualitative information, CMSY
(and BSM) methods can quantify biomass, exploitation rate,
maximum sustainable yield (MSY), and related fisheries reference
points for a given stock. The exploitation level and stock status
are unknown for most of the fish stocks of China because
the data required for full stock assessments are missing. To
resolve this, a new method, i.e., the Abundance Maximum
Sustainable Yield (AMSY), was proposed by Froese et al. (2020),
to estimate relative stock size when no catch data are available.
This method uses the time series of CPUE data or other
relative abundance indices as main inputs. AMSY estimates
for relative stock size do not differ significantly from “true”
values when conducted with simulated data (Froese et al.,
2020). CMSY, BSM, and AMSY models are well suited to
estimate productivity and relative stock size and may, therefore,
aid the management of data-poor stocks, such as that for
P. indicus.

In this contribution, we applied CMSY, BSM, and AMSY
models to assess the resource status and fishery reference points
of P. indicus in the Bohai and Yellow Seas, China, and set up two
groups (a default group and an expert group) for each model to
explore the influence of the use of an expert prior on the model
results. Finally, based on the biology and fishery knowledge
of P. indicus, we discussed a sustainable fishery management
scheme and the potential applications for the three models. This
contribution can serve as a baseline for more sustainable fisheries
management in the future.

MATERIALS AND METHODS

Data Sources
The catch data for P. indicus were collected from the fishing
logs of offshore fishing vessels in Shandong Province from 2012
to 2019. Fishing areas are shown in Figure 1. We obtained
CPUE data by dividing the total catch by the multiplication
of fishing time and fishing power (Supplementary Table 1).
Since there were no other factors that could be included in

the CPUE standardization, the abundance index that we used
here was a raw CPUE.

Catch and Maximum Sustainable Yield
and Bayesian Schaefer Model Methods
The CMSY model, a Monte Carlo method, enables the estimation
of biomass to provide MSY (BMSY ) and related fishery reference
points such as relative stock size (B/BMSY ) and exploitation
(F/FMSY ) (Martell and Froese, 2013; Froese et al., 2017). When
further relative abundance data, such as CPUE or biomass,
are also available, a Bayesian state-space implementation of the
Schaefer production model (BSM; based on Millar and Meyer,
1999) could be used for these assessments together with CMSY.
Both CMSY and BSM methods are based on the logic of the
surplus production model of Schaefer (1954, 1957). By inputting
a time series of catch (and abundance data) and qualitative stock
status information (or set as NA for default), the usable ranges
of parameters, such as r and k, are filtered with a Monte Carlo
algorithm. In this contribution, CMSY was based on the catch
time series recorded in the fishing logs of Shandong Province
from 2012 to 2019, which were standardized according to the
number of fishing vessels. BSM was based on the same catch
time-series data as CMSY, and the CPUE data were calculated
according to catch data, working hours, and fishing vessel power.
Since the CPUE data for the Yellow Sea in 2018 were missing,
the data for this year were replaced by the average of the previous
(2017) and following (2019) years.

Abundance Maximum Sustainable Yield
Method
The AMSY is a new data-limited method that estimates fishery
reference points when no catch data are available, using time
series of CPUE data or other relative abundance indices as
the main input (Froese et al., 2020). In addition to these data,
AMSY also needs a prior for relative stock size (B/k, ranging
from 0 to 1) in a certain year of the time series. AMSY uses
this information and tests a high number of combinations of
r and k for their compatibility with these inputs. A detailed
explanation of the theory and equations behind AMSY is
provided by Froese et al. (2020).

Setting Prior Parameters Ranges
In addition to catch and CPUE data, each model needs to input a
prior on relative biomass (B/k) and r range or to set these inputs
as “NA” to use default settings (Froese et al., 2017). To explore the
influence of prior inputs, we divided each of the Bohai and Yellow
Sea stocks into a default group and an expert group, respectively.

In the default group, except for the input of catch and CPUE
data, other settings were set to default values. It should be noted
that Froese et al. (2017) have given the setting rules for the
default starting relative biomass (in order to avoid the confusion
of relative biomass in different years, in this study, we used Bstart/k
to represent the starting relative biomass and Binter/k for the
intermediate relative biomass) range of CMSY and BSM: if the
time series of catch data starts before 1960, high initial biomass
(0.5–0.9) is estimated, given that most fisheries were either still

Frontiers in Marine Science | www.frontiersin.org 2 February 2022 | Volume 8 | Article 759465

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-759465 February 10, 2022 Time: 15:57 # 3

Zheng et al. Status Assessment of Platycephalus indicus

FIGURE 1 | Fishing areas, Bohai and Yellow Seas, China.

recovering or starting anew after World War II; in all other
cases, medium initial relative biomass (0.2–0.6) is estimated.
Meanwhile, the rules for setting intermediate biomass (Binter/k)
are provided as supplementary materials by Froese et al. (2017).
As for the AMSY method, the model provides four options of
initial relative biomass (Bstart/k) ranges for selection when there is
no reliable starting relative biomass data for use. In this study, we
chose the setting of “very low (0.01–0.15).” This did not conflict
with our expert data, because it included the range of our expert
data and was specified by the model. More details can be found
in the Preliminary User Guide for AMSY, available from http:
//oceanrep.geomar.de/47135/. It is fine to use a different starting
relative biomass between AMSY and CMSY/BSM, because the
main aim of this study was to explore the difference between the
default group and the expert group for each model (i.e., AMSY
and CMSY), instead of observing the difference between models,
and each model has its own application situation. Moreover, we
tried to avoid using too much information in the default group
to affect the judgment of the model itself, so we used the settings
provided by the model.

In the expert group, prior ranges for the start year and
intermediate year relative biomass of the time series of catch
and/or abundance data were obtained from the length-based
Bayesian biomass (LBB) estimation model (Froese et al., 2018).
The body length-frequency data required for the LBB analysis
were collected from published studies (Table 1). The value
of Bstart/k was obtained from the LBB model with the data
provided by Qin and Gao (2012), and Binter/k was also obtained
from the LBB model with the data of 2015 fishing logs of

Shandong Province. The prior ranges of r and B for three models
can be found in Table 2.

Prior ranges for the intrinsic rate of population increase (r),
referred to as “resilience” by Musick (1999), were obtained from
FishBase (Froese and Pauly, 2021). The prior range for the
unexploited population size or carrying capacity (k) is calculated
as follows:

klow =
max(C)

rhigh
and khigh =

4max(C)

rlow
(1)

klow =
2max(C)

rhigh
and khigh =

12max(C)

rlow
(2)

where klow and khigh are the lower and upper boundary priors
for k, respectively; max(C) is the maximum catch value of the
time series of catch data; rlow and rhigh are the lower and upper
boundary priors of the r value, respectively.

RESULTS

Bohai Sea Stock
For the Bohai Sea stock, both groups (default and expert)
were identified to be seriously overfished by all models. The
exploitation rate (F/FMSY ) was estimated to be >1.0 in each
scenario, with stock size (B/BMSY ) ranging from 0.149 to 0.693,
and the stock size of the expert group was lower than that of the
default group (Figure 2 and Table 3). The Kobe plots based on all
scenarios indicated a probability of 40.9–74.3% that the Bohai Sea
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TABLE 1 | Main outputs of length-based Bayesian biomass (LBB) model for different periods.

Sea area Number of
samples

Time Body length Output Source

Min Max B/k lcl ucl B/BMSY lcl ucl F/M lcl ucl Lmean/Lopt L95th/Linf

Yellow Sea 742 1966 167 500 0.76 0.24 2.4 1.9 0.6 6 0.18 0.0971 0.523 0.87 0.96 Chen and Zhao, 1986

Bohai Sea Unknown 2010 62 327 0.1 0.061 0.15 0.28 0.17 0.42 1.7 1.21 2.47 0.42 0.63 Qin and Gao, 2012

Bohai Sea 165 2015 43 520 0.32 0.21 0.5 0.86 0.56 1.4 0.96 0.72 1.45 0.8 0.89 2015 fish log of Shandong

TABLE 2 | Prior ranges of r and B for Catch and Maximum Sustainable Yield (CMSY), Bayesian Schaefer model (BSM), and Abundance Maximum
Sustainable Yield (AMSY).

Bohai Sea stock Yellow Sea stock

CMSY BSM AMSY CMSY BSM AMSY

Default Expert Default Expert Default Expert Default Expert Default Expert Default Expert

r 0.2–0.8 0.42–0.96 0.2–0.8 0.42–0.96 0.2–0.8 0.42–0.96 0.2–0.8 0.42–0.96 0.2–0.8 0.42–0.96 0.2–0.8 0.42–0.96

Bstart 0.2–0.6 0.061–0.15 0.2–0.6 0.061–0.15 0.01–0.2 0.061–0.15 0.2–0.6 0.061–0.15 0.2–0.6 0.061–0.15 0.01–0.2 0.061–0.15

Binter 0.5–0.9 0.21–0.5 0.5–0.9 0.21–0.5 / / 0.5–0.9 0.21–0.5 0.5–0.9 0.21–0.5 / /

FIGURE 2 | Estimated relative biomass (B/BMSY ) and fishing mortality (F/FMSY ) trajectories for the Bohai Sea stock, with the gray areas indicating the CIs.
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TABLE 3 | The main outputs of CMSY, BSM, and AMSY.

Bohai Sea stock Yellow Sea stock

CMSY BSM AMSY CMSY BSM AMSY

Default Expert Default Expert Default Expert Default Expert Default Expert Default Expert

F/FMSY 1.09 1.93 1.17 1.14 1.25 1.21 0.92 1.33 0.789 0.682 0.236 0.295

B/BMSY 0.254 0.149 0.4 0.191 0.693 0.441 1.37 0.767 1.33 0.884 1.48 1.24

FIGURE 3 | Kobe plots showing B/BMSY against F/FMSY ratios estimated by three models for Bohai Sea and Yellow Sea stocks.

stock experienced ongoing overfishing (red part), and the stock
size was very small to produce MSY (Figure 3).

The CMSY results suggested that the Bohai Sea stock was
seriously overfished in 2013 and 2016 (Figure 2). F/FMSY of
the default group in 2013 was not much different from that
in 2016, while for the expert group, the F/FMSY estimate in
2013 was particularly high, and it was almost two times that in
2016. The estimation of B/BMSY at the start year was also quite
different between the two groups. B/BMSY estimate in 2012 for
the default group was >1.0, while the expert group indicated
that the population was already unhealthy at the start year
(B/BMSY < 1.0). According to the Kobe plots, the probabilities
of the Bohai Sea stock collapse were 53.2% for the default group
and 74.3% for the expert group (Figure 3).

The BSM results revealed that F/FMSY of the Bohai Sea
stock always exceeded 1.0, and the B/BMSY estimates were low
(Figure 2). The results of the default group indicated that F/FMSY
of the Bohai Sea stock increased first and then decreased back to
near 1.0, and F/FMSY of the expert group experienced a constant
decrease. For the estimation of B/BMSY , the default group gave

a B/BMSY trajectory implying that the stock shifted from healthy
to gradually collapsed, while the expert group suggested that the
stock was overfished (B/BMSY < 1.0) throughout the time series.
The Kobe plots revealed 50% (expert group) and 64.4% (default
group) probabilities of stock collapse (Figure 3).

The trajectories of F/FMSY and B/BMSY estimated by AMSY
for default and expert groups were consistent (Figure 2). F/FMSY
estimates increased from 2012 to 2013 (the highest point) and
then declined and fell to their lowest value in 2015. As for B/BMSY ,
a low period was experienced between 2012 and 2014, after which
it peaked in 2017 and then decreased again. The Kobe plots results
of AMSY revealed the probabilities of 40.9% (default group) and
45.3% (expert group) of Bohai Sea stock collapse (Figure 3).

Yellow Sea Stock
The Yellow Sea stock was suggested to have a relatively optimistic
status (Figure 4). Only the expert group estimated by the CMSY
method was supposed to have F/FMSY > 1.0 and B/BMSY < 1.0.
Other scenarios predicted F/FMSY ranging from 0.236 to 0.92 and
B/BMSY ranging from 0.884 to 1.48. All Kobe plots, except for
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FIGURE 4 | Estimated relative biomass (B/BMSY ) and fishing mortality (F/FMSY ) trajectories for the Yellow Sea stock, with the gray areas indicating the CIs.

the CMSY plot for the expert group, had a probability of 28.3–
90.5% that the stock was being sustainably fished and capable of
producing high yields close to MSY (Figure 3).

The CMSY results indicated that the Yellow Sea stock had
a high F/FMSY value in 2013, and in other years, F/FMSY was
low (Figure 4). For the estimated B/BMSY in the Yellow Sea, the
default and expert groups noticeably differed, mainly reflected
in the relative biomass at the beginning of the time series.
Although relative biomass trended upward in both groups, due
to the influence of the initial relative biomass, the B/BMSY of
the default group exceeded 1.0 in 2019, while that of the expert
group was <1.0. This also made the Kobe plots results different,
with the default group indicating that 61.8% of the stock was
healthy in 2019, while the expert group suggested that the stock
had an 82.3% probability of collapse (Figure 3). Besides, the
input of an expert prior shrank the CIs of the fishery reference
points (Figures 4).

As for the results of BSM, the overall F/FMSY of the default
group was <1.0, and the highest value occurred in 2013
(Figure 4). The expert group suggested that the stock was
overfished already in 2012, and then, the F/FMSY value decreased
year by year, until 2019, when it was <1.0. The B/BMSY estimates

indicated that the stock was slowly recovering, similar to that
of CMSY results. According to the CIs of the Kobe plots, the
probabilities of the stock being healthy were 72.4% (for the
default group) and 28.3% (for the expert group) (Figure 3).
Similar to CMSY, the fishery reference points of the expert group
had narrower CIs than that of the default group (Figure 4).

The F/FMSY and B/BMSY trajectories of both default and
expert groups produced by the AMSY method were surprisingly
consistent (Figure 4). F/FMSY peaked in 2014, then decreased
consistently, and remained at a lower level from 2016 to 2019.
The B/BMSY trajectory indicated that after a period of low relative
biomass from 2012 to 2015, it rapidly increased and exceeded 1.0
by 2019. According to the Kobe plots for AMSY, the probability
of this stock being healthy in 2019 was 75.4–90.5% (Figure 3).

DISCUSSION

The marine fishing industry of China has expanded dramatically
over the past 70 years and is currently at the forefront of the
world (Aksnes and Browman, 2016; FAO, 2018; Fu et al., 2018).
The total marine catch in China has increased by more than two
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times, from 1.48 × 106 t in 1961 to 3.87 × 106 t in 1985, and
then tripled to reach a peak of 12.03 × 106 t in 1999. Catch was
subsequently stabilized at a higher level, with small fluctuations,
and in 2018, it was about 10.44 × 106 t (Ding et al., 2021). The
total biological allowable catch of China is estimated to be around
9 × 106 t (Yang et al., 2016; Yue et al., 2017; Han, 2018), but
since the mid-1990s, the domestic marine catches have exceeded
these limits. Fishery resources are now under great pressure from
intensive fishing activities, and fishing practices in China are
largely indiscriminate. Bottom trawling contributes to 47% of
the total domestic marine catch, which inevitably has a negative
impact on fishery resources (Hiddink et al., 2011; Szuwalski
et al., 2017). The accelerated fishing activities and inadequate
fishery management have led to reductions in the biomass
of traditionally high-value species and the structural changes
of marine ecosystems (Jin, 2004; He et al., 2014; Liang and
Pauly, 2017; Liu, 2019). Since 1979, the fisheries administrative
department of China has formulated a series of measures to
improve the management of marine resources (Shen et al., 2014;
Su et al., 2020). China also seeks new ways to effectively manage
and restore its inshore fisheries.

Effective measures require stock assessments to provide the
baseline data. In this study, we applied three data-limited stock
assessment models, namely, CMSY, BSM, and AMSY methods,
to assess the stock status of P. indicus in the Bohai and Yellow
Seas. BSM and CMSY results indicated that the Bohai Sea
stock had collapsed or was grossly overfished, according to the
classification of stock status based on the B/BMSY in the final
year (2019) of the time-series data (Palomares et al., 2018).
The AMSY model suggested that these stocks were slightly
overfished. The exploitation rate (F/FMSY ) for all three models
exceeded 1.0. Our results are confirmed by Qin and Gao
(2012), who suggested that the biomass of P. indicus in the
Bohai Sea had decreased significantly, with an average catch
rate at a lower level. Fisheries management should delimit
the protection scope centered on the spawning ground and
sustainably exploit the species by strengthening management and
policy implementation.

For the Yellow Sea stock, each model suggested that the
stock was slightly overfished or healthy (Table 3). Except
for the expert group estimated by the CMSY method, the
predictions of F/FMSY in 2019 for the Yellow Sea stock
were suggested to be <1.0, which indicated that the stock
in the Yellow Sea was recovering. In a study of Yellow Sea
fishery resources, Lv (2018) reported resource levels to be
low in 2010 and 2011, before recovering. In 2016, China
strengthened the supervision measures for fishing vessels during
the closed season, and resources quickly recovered to 2014 levels.
According to the Kobe plots for each model, there was a high
probability that, by 2019, the Yellow Sea stock had recovered to
a healthy level.

To determine the effect of an expert prior on model results,
we ran an additional control group for each model using priors
derived from expert knowledge for relative biomass and r.
For both stocks, the AMSY model was less affected by expert
inputs. Obviously, the expert r and B/k inputs significantly
narrowed the prior range of r–k pairs, resulting in a reduction

of r–k pairs (Supplementary Figures 1, 2). There were no
changes in trends of other parameters, but CIs shrank, and
the overall value of the expert group was slightly lower than
that of the default group, such as for Catch/MSY, B/BMSY , and
F/FMSY .

We maintained that when reliable expert priors are available,
they should be used, because an expert prior improves
model performance, narrows CIs, and provides better biomass
trajectories and estimates. If continuous catch time-series data
and abundance data are available, it would be more appropriate
to use the BSM model, as BSM combines information from both
datasets. Should only catch or abundance data be available, CMSY
or AMSY method can be used, and it still provides valuable
information for managing data-limited stocks (Froese et al., 2017,
2020).

To obtain the expert relative biomass (Bstart/k) prior, we
used the LBB model based on the body length-frequency data
collected from published studies. It should be noted that when
there are other data more than catch time series, such as body-
length data, stock synthesis (SS), which can flexibly incorporate
multiple data sources, may provide a more robust solution for
stock assessment. In addition, the BSM model used in this
study is a full Bayesian implementation of a surplus production
estimation model, which expands the application of CMSY, and
makes it easier to compare estimates from both models. But
BSM is a special case of the Bayesian model and is considered
here for this restricted testing. More flexible Bayesian stock
assessment approaches, such as the Just Another Bayesian
Biomass Assessment (JABBA) (Winker et al., 2018), should be
used under normal circumstances.

Fishing logs used in this contribution do not provide the
CPUE data, but they do record vessel power and working
hours, enabling us to calculate CPUE. However, because some
data are missing for working hours in 2012, we used 24 h
instead, which might decrease the real CPUE. Also, in 2018,
there are no CPUE data for the Yellow Sea stock, and AMSY
requires continuous time-series CPUE data. To accommodate
this, we averaged the data for 2017 and 2019 to replace these
missing data. This may explain why the results of AMSY differed
from those of the other two models, but its forecast trend was
otherwise generally consistent with them. If all three methods
are to be used widely, then reliable, long-term catch time-series
data are required, which are generally lacking for fisheries in
the waters of China. Because the official fishery statistics of
China only lists the catches of several major commercial species,
these statistics must be improved on a large scale to enable
improved assessment and monitoring of management efforts
(Liang et al., 2020).

China loses millions of tons of potential catch annually due
to overfishing (Mallory, 2016) and has now taken measures
to control this excess fishing effort. We used three models to
evaluate the present status of P. indicus stocks in the Bohai and
Yellow Seas and reported each to provide valuable information
regarding these data-poor stocks. We concluded that each
model has merit in these circumstances, with a selection of
the most appropriate model to use determined by the type
and amount of data.
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