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The catch-maximum sustainable yield (CMSY) method and a closely related Bayesian
state-space Schaefer surplus production model (BSM) were combined with published
catch data and catch per unit effort (CPUE) time series or spawning stock biomass
(SSB) data to evaluate fisheries reference points for exploited resources of the Japan
Sea. Eleven fish and invertebrate stocks were assessed; outcomes obtained through
this analysis were the carrying capacity, biomass trajectory, maximum sustainable yield,
and related parameters of each stock. Results showed that the stock of Arctoscopus
japonicus was slightly overfished; the stocks of Cleisthenes pinetorum, Hippoglossoides
dubius, Paralichthys olivaceus, and Chionoecetes opilio were overfished; and the
stocks of Eopsetta grigorjewi, Pagrus major, Gadus chalcogrammus, and Glossanodon
semifasciatus were grossly overfished; Pseudopleuronectes herzensteini was proved
to be severely depleted; only Pandalus eous was in good condition. These results are
consistent with the few previous studies on the status of fish species around the Japan
Sea, where overfishing is becoming increasingly apparent. These assessments provide
a basis for guiding the use, management, and rebuilding of fishery resources in the
Japan Sea.

Keywords: data-limited stock assessment, maximum sustainable yield, fisheries management, the Japan Sea
and environs, CMSY and BSM

INTRODUCTION

Fish biomass is declining worldwide due to overexploitation and poor fisheries management
(Watson and Pauly, 2001; Tremblay-Boyer et al.,, 2011; Watson et al., 2013), as confirmed by
regional studies (Christensen et al., 2003; Liang and Pauly, 2017; Froese et al., 2018). With the
increase of fishing pressure since the 1960s, the biomass of the main commercial stocks in the
northern hemisphere started to decline, and the situation worsened in the 1980s and 1990s (Pauly,
2008). The depletion of fishery resources resulted in a series of problems, which have greatly
limited the functioning and productive capacity of marine ecosystems (Pauly and Zeller, 2016;
Liu et al.,, 2019).
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In order to alleviate fishing pressure and restore fishery
resources, a series of management and protection measures,
based on scientific stock assessments, have been implemented.
However, most global fish stocks remain unassessed, due to
the lack of data and/or experts. In developed countries, the
proportion of assessed fish stocks ranges from 10 to 50%. In
developing countries, the proportion is usually lower, between
5 and 20% (Costello et al., 2012). Traditional stock assessment
methods are typically based both on survey and fishery data,
which are hard to be accessed, and more than 90% of the global
fishery stocks are data-limited (Geromont and Butterworth,
2015). Therefore, more assessment methods based on sparse data
need to be developed and adopted (Liu et al., 2019). The Monte
Carlo method for capturing maximum sustainable yield (CMSY)
developed by Froese et al. (2017) and the closely related Bayesian
state-space Schaefer production model (BSM) provide a new
solution. These two methods use only catch data (CMSY) or
catch and abundance data (BSM) to assess the status of developed
fish stocks. The main advantage of BSM compared to other
implementations of surplus production models is its focus on
“informative priors” and the acceptance of short and incomplete
catch per unit effort (CPUE; Froese et al., 2017). Froese et al.
(2018) successfully applied these methods to 397 European stocks
to examine their current status, exploitation pattern, future catch,
and profitability.

Japan is one of the most important fishing countries in East
Asia, and fishery production occupies an important position in
its national economy. In 1997, the Japanese Fisheries Agency has
introduced the Total Allowable Catch (TAC) system, combined
with traditional effort limitations (Makino, 2011; FAO, 2018).
Since then, the Fisheries Research Agency of Japan (FRA) has
released annual assessment reports for main commercial stocks,
based on data sets obtained from fisheries and research surveys,
such as catches, fishing efforts, length frequencies, and catch-
at-age data. Some basic information about the status of the
exploited stocks are presented, mainly including (1) length
composition and the age structure of the catch, (2) the estimation
of recruitment, (3) the variation of catches and biomass, and (4)
suggested next-year catches. However, the official assessments
lack the estimation of maximum sustainable yield (MSY) and
relative biomass (B/By; stock size relative to unexploited stock),
which are important fisheries reference points for management.
Besides, the information published by FRA is exclusively in
Japanese, and it makes much of the information relatively
inaccessible outside Japan.

Therefore, in this contribution, we abstracted catch and
biomass data of 11 exploited stocks in the Japan Sea from the
official reports, including nine fish stocks (Arctoscopus japonicus,
Cleisthenes pinetorum, Eopsetta grigorjewi, Hippoglossoides
dubius, Pseudopleuronectes herzensteini, Paralichthys olivaceus,
Pagrus  major, Gadus chalcogrammus, and Glossanodon
semifasciatus) and two invertebrate stocks (Chionoecetes
opilio and Pandalus eous), and assessed them with CMSY and
BSM methods. In the results, we provided estimates of the
intrinsic population growth rate (), carrying capacity (k), MSY,
relative biomass, and stock status for the stocks in question,
and then compared the MSY estimates with reported catches,

calculating how much catch was lost due to the lack of MSY.
Based on CMSY and BSM methods, this contribution presented
new insights about the exploitation and status of these 11 stocks,
which can make a point for better management.

MATERIALS AND METHODS

Data Sources

Altogether, 11 stocks in the Japan Sea were analyzed (Table 1).
Fishing entities exploring the stocks in the Japan Sea include
Japan, South Korea, Russia, and North Korea. Japan is the
dominant fishing nation in this area, and the catch and
CPUE data from Japan represent the overall trend. Besides, the
successive catch and biomass data are not available from other
countries; thus, only fishery data from Japan were used in our
contribution. All of the data used for stock assessments were
abstracted from published reports from the Fisheries Agency
of Japan in 2018 (full data set, see Supplementary Material 1
for details).

Methods of the CMSY and BSM

The CMSY and BSM methods used in this study are extensively
described in Froese et al. (2017). Given that all 11 populations
have available CPUE or SSB data in addition to their catch
data, they were analyzed by both CMSY and BSM methods. All
algorithms and analyses are implemented through the R code
provided by Froese et al. (2017).

The prior of r range is required in implementing CMSY and
BSM methods. To define the prior boundaries of r for the 11
stocks evaluated, the proxies of resilience provided in FishBase'
or SeaLifeBase* were converted to r ranges (Table 2).

Setting Prior Biomass Ranges

Both the CMSY and BSM methods require estimates of relative
biomass (Bi/k), the proportion of the carrying capacity that
is present at the beginning and end of the time series, i.e.,
Bgtart/k and Bg,g/k (Froese et al., 2017). Table 3 summarized
prior estimates of relative biomass we set for the 11 stocks,
based on their depletion level at the beginning and end of
the time series, and optionally in an intermediate year. Data
source came from published reports from the Fisheries Agency
of Japan (2018), where biomass variation was presented. We set
the initial depletion level of A. japonicus, H. dubius, P. olivaceus,
G. chalcogrammus, and G. semifasciatus as low (Bstart/k = 0.4-
0.8), and C. pinetorum, P. herzensteini, P. major, C. opilio, and
P. eous as medium (Bgq,/k = 0.2-0.6). For E. grigorjewi, whose
time series of catch data begins after 1990, the Fisheries Agency
of Japan (2018) reported low initial biomass due to the rapid
development of fishing techniques; thus, we set its Bgg/k as
strong (Bsart/k = 0.01-0.4). We chose a strong depletion at
the end year of the time series for A. japonicus, E. grigorjewi,
P. herzensteini, and G. chalcogrammus. For the other stocks, we
found sources suggesting medium depletion. We also included

'www.fishbase.org

Zwww.sealifebase.org
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TABLE 1 | Summary of catch and CPUE data of 11 exploited populations in the Japan Sea.

Scientific name (Common name) Catch Additional data* Region Method
Arctoscopus japonicus (Japanese sandfish) 1971-2017 CPUE (1972-2017) (1) the Central and western Japan Sea BSM
Cleisthenes pinetorum (Séhachi) 1966-2017 CPUE (1972-2017) (2) the Western Japan Sea BSM
Eopsetta grigorjewi (shotted halibut) 1993-2017 SSB (1993-2017) () the Japan Sea BSM
Hippoglossoides dubius (flathead flounder) 1972-2017 CPUE (1972-2017) (4) the Japan Sea BSM
Pseudopleuronectes herzensteini (yellow striped flounder) 1971-2017 CPUE (1979-2017) (5) the Japan Sea CMSY
Paralichthys olivaceus (bastard halibut) 1970-2017 SSB (1986-2017) (6) the Western Japan Sea BSM
Pagrus major (red seabream) 1969-2017 SSB (1986-2017) (7) the Western Japan Sea BSM
Gadus chalcogrammus (Alaska pollock) 1980-2017 SSB (1980-2017) (8) the Northern Japan Sea BSM
Glossanodon semifasciatus (deep-sea smelt) 1975-2017 CPUE (1975-2017) (9) the Japan Sea BSM
Chionoecetes opilio (snow crab) 1986-2017 CPUE (1986-2017) (10) the Western Hokkaido regions BSM
Pandalus eous (Alaskan pink shrimp) 1980-2017 CPUE (1980-2016) (11) the Japan Sea BSM

*Note that the catch and CPUE for all the assessed stocks came from the Japan fisheries agency (https.//www.jfa.maff.go.jp/e/index.html), and the CPUE data were
corrected for the increase in fishing power by assuming an annual increase of 2% (Palomares and Pauly, 2019).

intermediate biomass priors for some stocks in the analysis as
this approach can greatly improve the accuracy of the models
(Table 3; Froese et al., 2017).

The CMSY method generates the geometric mean and 95%
confidence intervals for each parameter estimate (Schaefer, 1954;
Ricker, 1975). When additional constraints were available (e.g.,
CPUE or SSB), we also ran the BSM method (Froese et al.,
2017). The predicted relative total biomass (B/Bpisy) in the
last year is used to assess the stock status derived from BSM
and CMSY methods (Table 4; Palomares et al., 2018), where
2 X Bepalk = Byrsy, as MSY is taken at 0.5 k.

RESULTS

CMSY and BSM methods were applied to the 11 stocks. Given
that BSM combines information from both catch and biomass
data and had more reliable estimates, only BSM results were
presented here. Most stocks covered in this study showed
similar biomass trajectories, with high biomass occurring at

TABLE 2 | Ranges of intrinsic population growth rates (year~ ') suggested by
FishBase (www.fishbase.org) and SealifeBase (www.sealifebase.ca) for the
populations studied.

Scientific name (Common name) Prior r range Resilience (r)

Arctoscopus japonicus (Japanese sandfish) 0.2-0.8 Medium
Cleisthenes pinetorum (Séhachi) 0.2-0.8 Medium
Eopsetta grigorjewi (shotted halibut) 0.2-0.8 Medium
Hippoglossoides dubius (flathead flounder) 0.05-0.5 Low
Pseudopleuronectes herzensteini (yellow 0.2-0.8 Medium
striped flounder)

Paralichthys olivaceus (bastard halibut) 0.2-0.8 Medium
Pagrus major (red seabream) 0.05-0.5 Low
Gadus chalcogrammus (Alaska pollock) 0.05-0.5 Low
Glossanodon semifasciatus (deep-sea smelt) 0.6-1.5 High
Chionoecetes opilio (snow crab) 0.2-0.8 Medium
Pandalus eous (Alaskan pink shrimp) 0.6-1.5 High

the beginning of time series and low biomass in recent years.
Here, we took P. olivaceus as an example to illustrate the
output. The full results of the other species were presented in
Supplementary Material 2.

Figure 1A shows a good correlation between carrying capacity
(k) and r values with both CMSY and BSM methods producing a
“best” r—k pair with a 95% confidence interval (CI). The biomass
trajectories generated by CMSY and BSM for the P. olivaceus
(Figure 1B) agree well with the CPUE observations. The
predicted P. olivaceus catch over time shows fluctuations around
the MSY (the MSY estimate was 1,440 tons per year; Table 5
and Figure 1C) of about + 500 tons year—!, with an overall
decline from 1980 to 2017. The predicted relative total biomass
(B/Bpsy) also declined from the mid-1970s to 2000 and then
flattened. From the results of our assessment, the current status of
P. olivaceus stock is overfished (Figure 1D; B/Bjsy = 0.724). The
match between the predicted P. olivaceus catch and the observed
catch was within 95% confidence intervals for the entire model
time period (Figure 1E). The CPUE observation was also within
the 95% confidence interval of the predictions for the entire
time period (Figure 1F). Residuals were very small and could be
ignored (Supplementary Material 2).

Status of the 11 stocks can be defined according to their
terminal B/Bpsy estimates. Table 5 summarized r, k, MSY,
relative biomass, and status for 11 stocks assessed using the
BSM methods. Catch and relative biomass trajectories were
visually shown in Figures 2, 3. Except for P. eous, the terminal
B/Bysy values for the other 10 assessed stocks were less than
1, indicating that these stocks were overfished at different levels
(Table 5). The stock of A. japonicus was slightly overfished
(Table 5; 0.8 < B/Bysy < 1; Figure 2A) in recent years,
although it suffered an overfished (Table 5; B,,;/Bysy < 0.5)
stage in the late 1990s. Four stocks, including C. pinetorum,
H. dubius, P. olivaceus, and C. opilio were overfished (Table 5;
0.5 < Bgng/Bmsy < 0.8), as shown in Figures 2B,D,E]J, while
they were in good condition in the early years of the time
series. The stocks of E. grigorjewi, P. major, G. chalcogrammus,
and G. semifasciatus (Figures 2C,G,H,I) were grossly overfished
(Bena/Bmsy < 0.5) according to the definition of fish stock status
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TABLE 3 | Suggested ranges of Bsiar/k, Bin/k, and Bepg/k for the period before catch data became available*.

Scientific name (Common name) Bstart/k Bint/k Beng/k Data sources
Suggested Depletion Suggested Depletion Suggested Depletion
prior level prior (Year) level prior level
Arctoscopus japonicus (Japanese 0.4-0.8 Low - - 0.01-0.4 Strong All priors refer
sandfish) to the Fisheries
Agency of
Japan, 2018
Cleisthenes pinetorum (Séhachi) 0.2-0.6 Medium 0.2-0.6 (1999) Medium 0.2-0.6 Medium
Eopsetta grigorjewi (shotted halibut) 0.01-0.4 Strong - - 0.01-0.4 Strong
Hippoglossoides dubius (flathead 0.4-0.8 Low 0.01-0.4 (1992) Strong 0.2-0.6 Medium
flounder)
Pseudopleuronectes herzensteini 0.2-0.6 Medium - - 0.01-0.4 Strong
(yellow striped flounder)
Paralichthys olivaceus (bastard halibut) 0.4-0.8 Low - - 0.2-0.6 Medium
Pagrus major (red seabream) 0.2-0.6 Medium 0.01-0.4 (1990) Strong 0.2-0.6 Medium
Gadus chalcogrammus (Alaska pollock) 0.4-0.8 Low 0.01-0.4 (2008) Strong 0.01-0.4 Strong
Glossanodon semifasciatus (deep-sea 0.4-0.8 Low 0.01-0.4 (1986) Strong 0.2-0.6 Medium
smelt)
Chionoecetes opilio (snow crab) 0.2-0.6 Medium - - 0.2-0.6 Medium
Pandalus eous (Alaskan pink shrimp) 0.2-0.6 Medium 0.2-0.6 (2010) Medium 0.2-0.6 Medium

*See Supplementary Material to Froese et al. (2017) and published scientific reports from the Fisheries Agency of Japan in 2018.

in Palomares et al. (2018). The stock of P. herzensteini was
severely depleted (Figure 2E; B,,,;/Bysy < 0.2). Only P. eous was
healthy (B,,4/Bmsy = 1) as shown in Figure 2K and Table 5.

A fishing pressure (F/Fjsy)-stock state (B/Bpsy) plot was
used to further illustrate the status of 11 stocks in question. As was
shown in Figure 4, eight stocks are overexploited and/or outside
of safe biological limits in the final years of time series. C. opilio
and A. japonicus are distributed in the yellow area, which means
that they are benefiting from low fishing pressure, and the stocks
are recovering. P. eous is distributed in a green area, indicating
that it is exploited by sustainable fishing pressure and the biomass
can produce high yields close to MSY (Figure 4).

With the MSY estimates given by the BSM method,
we contrasted it with the corresponding reported catches,
highlighting how much catch was lost due to inefficient
management (Figure 3). The results showed that catch losses of
the nine stocks (P. major and G. chalcogrammus not included)
varied from 135 tons (C. opilio) to 106,022 tons (A. japonicus),
with an average of 25,112 tons. The total catches of P. major

TABLE 4 | Definition of fish stock status, based on F/Fysy and B/Bysy in the final
year of a time series*.

F/Fpsy Bend/Buysy Stock status
=1 =1 Healthy
0.8-1.0 Slightly overfished (Recovering)
0.5-0.8 Overfished (Recovering)
>1 0.5-1.0
0.2-0.5 Grossly overfished (Outside of safe biological limits)
0-0.2 Severely depleted (Collapsed)

*From Froese et al. (2018) and Palomares et al. (2018).

and G. chalcogrammus were more than their total MSYs, which
indicated that in recent years, the stocks in the Japan Sea were
still in great fishing pressure.

DISCUSSION

With the increased use of power trawlers and other new
fishing gears, the growing demand for seafood has led to
overexploitation of marine resources, and the fishing industry
has witnessed a net decline in recruitment and profits in the
past 20 years (Pitcher and Lam, 2015; Wang et al., 2020). The
depletion of fishery resources would generate a major impact on
fishing countries, especially for Japan, where the fishing industry
plays an important role, and seafood is an essential source
of animal protein.

Rational exploitation of fishery resources requires scientific
stock assessment. Most traditional stock assessment models
require large amounts of data, which limits their implementation
to data-rich species (Carruthers et al, 2014). Relatively
little attention has been paid to other species (Pauly, 2006;
Costello et al., 2012). In this contribution, the data-limited
stock assessment methods CMSY and BSM were applied
to 11 important commercial fish and invertebrate stocks in
the Japan Sea. The BSM method helped fully understand
the nature of stock dynamics by using catch and biomass
(CPUE or SSB) data and provided estimates for important
fisheries reference points, ie., MSY and relative biomass,
which were not available in the original official assessment
reports (Fisheries Agency of Japan, 2018). This study presented
new insights about the exploitation and status of these
11 stocks and provided management implications for the
stocks in question.
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Long-term trends in fisheries production in Japan peaked in
the late 1980s and then declined sharply with the collapse of
Japanese sardine (Tian et al, 2006; Ren and Liu, 2020). The
reason was mainly due to heavy fishing, followed by the effect of

the reduction in seawater temperature during this period (Tian
et al., 2006). In addition to Japanese sardines, the production
of other fish species has also declined since the 1980s, such
as the nine fish stocks in our contribution (Figure 3). The
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TABLE 5 | Summary of r, k, MSY, relative biomass, and status for 11 populations assessed using the BSM methods.

Scientific name (Common name) r(year-') k(10%t) MSY (10%t-year ') Beng/k F/Fysy B/Busy Status
Arctoscopus japonicus (Japanese sandfish) 0.315 234 18.4 0.489 0.78 0.979 Slightly overfished
Cleisthenes pinetorum (Séhachi) 0.403 36.4 3.67 0.251 117 0.502 Overfished
Eopsetta grigorjewi (shotted halibut) 0.355 16.7 1.48 0.123 1.87 0.245 Grossly overfished
Hippoglossoides dubius (Flathead flounder) 0.194 80.3 3.89 0.284 117 0.568 Overfished
Pseudopleuronectes herzensteini (yellow striped flounder) 0.397 7.19 0.7138 0.091 3.10 0.182 Severely depleted
Paralichthys olivaceus (Bastard halibut) 0.373 15.4 1.44 0.362 1.11 0.724 Overfished
Pagrus major (red seabream) 0.135 186 6.26 0.220 2.43 0.440 Grossly overfished
Gadus chalcogrammus (Alaska pollock) 0.336 413 31.7 0.162 1.28 0.230 Grossly overfished
Glossanodon semifasciatus (Deep-sea smelt) 0.603 22.5 3.39 0.167 1.35 0.334 Grossly overfished
Chionoecetes opilio (snow crab) 0.333 0.434 0.036 0.467 0.58 0.658 Overfished
Pandalus eous (Alaskan pink shrimp) 0.972 6.44 1.37 0.558 1.00 1.170 Healthy
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FIGURE 3 | Trajectories of catch of 11 stocks in the Japan Sea.

decline in catch generally corresponds to biomass depletion
(Figure 2), and our results are consistent with the few previous
studies on these stocks. An assessment of extinction risk for
marine fishes also highlighted the over-fishing of P. major
(Comeros-Raynal et al., 2016; Shin et al., 2018), which was
consistent with our assessment (Figure 2G) and should be
taken seriously. In addition, the status assessment conducted
for the commercially important species P. herzensteini was also

similar to our results (Figure 2E), which showed that the stock
declined to a low level in recent years (Fisheries Research
Institute of Hokkaido Research Organization, 2017; Joh and
Wada, 2018). Based on the total catch, G. chalcogrammus is the
second most important fish species in the world. From Alaska
to northern Japan, about 3 million tons of G. chalcogrammus
are caught annually (FAO, 2010). The Fisheries Agency of
Japan and our BSM model have both reported the low level of
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FIGURE 4 | Presentation of 11 stocks in Japan Sea in a pressure
(F/Fpsy)-stock state (B/Busy) plot, for the last years with available data
(2016-2017). Red area: stocks that are being overfished or are outside of safe
biological limits; yellow area: recovering stocks; green area: stocks subject to
sustainable fishing pressure and of a healthy stock biomass that can produce
high yields close to MSY.

G. chalcogrammus resource in 2018 (Fisheries Agency of Japan,
2018; Figure 3H).

Since 1950, global invertebrate catches have rapidly expanded
with a sixfold increase in biomass and double the number
of taxa reported. By 2004, 34% of invertebrate fisheries were
overexploited, collapsed, or closed (Anderson et al., 2011). In the
Japan Sea, catch of invertebrate species (e.g., crab, pink shrimp)
was high during most of the 1970-1980s, but it declined to
generally low catches in the 1990s (Tian et al., 2008). At the same
time, a variety of stock management measures were carried out
in the southwestern coastal regions of the Japan Sea (Yamasaki,
1994). These measures seem to have had a positive effect on the
stocks: the declining trend of C. opilio in landings ceased in 1995
and the stocks gradually increased until 2000 (Kon et al., 2003).
The population gradually recovered by 2011, but then dropped
again before 2015; it seems to have improved in recent years
(Mao et al., 2019). The results simulated by the BSM method
in the study are similar to this trend (Figures 2J, 3]). P. eous is
another important invertebrate fishery in the North Pacific due
to its short life cycle (Koeller et al., 2003; Ouellet and Chabot,
2005). The biomass of P. eous along the coast of Honshu Island
modeled by the BSM method showed a decreasing trend from
the 1980s to the early 1990s, followed by a rapid increase from
the end of the 1990s until 2000. P. eous is the only stock that
our study found at a healthy level, which was also reported
a high biomass level in the Fisheries Agency of Japan report
(Fisheries Agency of Japan, 2018).

Among the 11 stocks in question, 10 stocks have current
biomass that is smaller than 50% of unexploited biomass
(Bena/Bo < 0.5 or B,,4/Bysy < 1), which means that these stocks
are not large enough to produce MSY or fulfill their ecosystem
roles as prey or predator and are likely ill prepared for climate
change due to restricted genetic variability. Moreover, our results
showed that if the current fishing pressure was maintained, the
stock status of eight stocks would be getting worse, except for

C. opilio, A. japonicus, and P. eous, whose current fishing pressure
was lower than or equal to the one that would generate MSY
(Figure 4 and Table 5).

A proper conceptualization of MSY was first proposed by
Schaefer (1954), and MSY has now been legally and widely
adopted for world fisheries with intent to enable fishermen to
obtain a maximum catch that is sustainable and to protect
overfished stocks (CCRF, 2004; ISEU, 2006). Based on the
estimates of MSY generated by the BSM method and the
reported catches, nine stocks’ catches were lower than their
MSYs, and the lost catch varied among different stocks. The
other two stocks, ie., P. herzensteini and P. major, whose
reported catches were higher than their MSYs, correspond to
high F/Fjsy and low B/Bysy, indicating that both of them are
suffering from overexploitation, and more efficient management
measures are needed.

As one of the most important fishery countries, Japan has
been committed to the rational exploitation and protection of
fishery resources. Now, by using only fishery data, CMSY and
BSM methods provide a new way to estimate stock dynamics and
important fisheries reference points, which will enrich the current
official reports, and solve the dilemma for data sparse stocks.
We expect that the quantitative assessments conducted in our
contribution will contribute to future improvements in fisheries
and management systems in Japan Sea and help us understand
the state of global fisheries resources in greater details.

CONCLUSION

The CMSY and BSM methods were used to estimate important
fish stocks in the Japan Sea. Of 11 stocks studied, 1 stock was
slightly overfished, 4 stocks were overfished, 4 stocks were grossly
overfished, and 1 was severely depleted; only 1 stock, P. eous, was
in good condition (healthy). This result suggests that fisheries
managers in Japan should implement recovery measures. With
regard to the CMSY and BSM methods we deployed, we conclude
that the results obtained using these methods are very consistent
with the limited observations of these 11 stocks in the Japan
Sea. For the assessment of data-limited stocks, both are very
effective and useful.
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