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Abstract
The Paciﬁc saury (Cololabis saira) is one of the major harvested species in the temperate
waters of the northwestern Paciﬁc Ocean (NPO). The Catch-MSY model uses catch data and basic life
history information to estimate the Maximum Sustainable Yield (MSY) for data-limited ﬁsheries. Since
there is considerable uncertainty in the current status of the Paciﬁc saury stock in the NPO, the Catch-MSY
model was used in this study to estimate MSY on the basis of catch data and life history information from
the North Paciﬁc Fisheries Commission (NPFC). During the process, 17 scenarios, according to diﬀerent
prior distributions of the intrinsic rate of increase (r) and carrying capacity (K), were set for sensitivity
analysis. Moreover, the inﬂuence of diﬀerent catch time series and diﬀerent process errors were taken into
account. The results show the following: (1) there was a strong negative correlation relationship between
ln(r) and ln(K); the MSY increases with an increase in the lower limit of r; (2) The time series of catch data
had a limited impact on the assessment results, whereas the results of the model were sensitive to the annual
catch in the ﬁrst and last years; (3) The estimated MSYs of the Paciﬁc saury were 47.37×104 t (41.57×104 t
to 53.17×104 t) in scenario S1A and 47.53×104 t (41.79×104 t to 53.27×104 t) in scenario S1B. Given the
uncertainty of the Catch-MSY model, maintaining a management target between 50×104 t and 70×104 t
was a better management regulation. This study shows that the Catch-MSY model is a useful choice for
estimating the MSY of data-limited species such as the Paciﬁc saury.
Keyword: Cololabis saira; Catch-MSY model; intrinsic rate of increase; maximum sustainable yield;
northwest Paciﬁc Ocean

1 INTRODUCTION
The Paciﬁc saury (Cololabis saira) is one of the
most commercially important pelagic species in the
northwest Paciﬁc Ocean (NPO) (Sun et al., 2003;
Tian et al., 2004). Japanese ﬁsheries initially
exploited the species in the early 1950s, and in recent
years, most catches of the Paciﬁc saury are from
Japan, Russia, South Korea, and China (including
Taiwan, China); the total catch has been increasing
since 1990s from 15.8×104 t in 1998, 16.0×104 t in
1999 to 60.7×104 t in 2008 and 62.1×104 t in 2014
(Suyama et al., 2012; North Paciﬁc Fisheries

Commission (NPFC), 2017; Shi et al., 2018).
According to the FAO (2016), the total catch of the
Paciﬁc saury was 62.16×104 t, accounting for 2.83%
of the NPO (2 196.77×104 t). In 2003, ﬂeets of
mainland China began exploratory ﬁshing to
investigate the abundance of the Paciﬁc saury in the
NPO and the number of ﬁshing vessels reached 44 in
2014 (Yang et al., 2005; Yu et al., 2006). The annual
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catch of the Paciﬁc saury by Chinese ﬂeets varied
from 2.32×104 t in 2013 to 6.30×104 t in 2016, with
an average of 5.27×104 t, which accounted for
11.85% of the global production (FAO, 2016). The
Paciﬁc saury is a short-lived species, and its yearly
biomass is inﬂuenced by environmental variables in
the NPO. Sakurai et al. (2000) suggested that the
eﬀects of physical and biological environmental
variables on spawning and nursery grounds played a
signiﬁcant role in recruitment success and contributed
to variations in the stock abundance of short-lived
species such as the Paciﬁc saury. Iwahashi et al.
(2006) observed that both the locations and spawning
intensities change every season, and sea surface
temperature (SST) is one of the most important
factors on the spawning ground locations of the
Paciﬁc saury. Ito et al. (2004) also stated that changes
in the SST could directly aﬀect the Paciﬁc saury
through bioenergetics and movement. With the
global development of Paciﬁc saury ﬁsheries, the
number of ﬁshing vessels has been increasing, and
Paciﬁc saury ﬁsheries have become an important part
of the northwestern Paciﬁc ﬁshery industry.
Meanwhile, because of the eﬀects of increasing
ﬁshing eﬀorts, marine environment, and climate
change, Paciﬁc saury resources ﬂuctuated, and
ﬁshing production has undergone annual changes
(Tian et al., 2003; Nakaya et al., 2010; Shi et al.,
2019). The NPFC established the Paciﬁc saury
working group in 2015 and listed the Paciﬁc saury as
a priority species (Zavolokin, 2018). Thus, the
conservation and scientiﬁc management of Paciﬁc
saury resources have attracted widespread attention
from scholars of global ﬁshery resources, and it is
necessary to determine appropriate methods for
estimating the maximum sustainable yield (MSY)
for this noteworthy species.
A precise stock assessment of the Paciﬁc saury will
contribute to the sustainable development of its
commercial ﬁshery, resource management, and
oceanic ecosystem studies (Jiao et al., 2011; Punt et
al., 2011; Guan et al., 2016). However, the lack of
long-term sequence age structure data and imperfect
biological research make it diﬃcult to evaluate the
stock status of the Paciﬁc saury using standard stock
assessment models (Magnusson et al., 2007; Punt,
2011; Wang et al., 2016). Since the quality of ﬁshery
statistics cannot be solved in a short period of time,
regional ﬁsheries management organizations have
determined that the data-poor approach is an
appropriate research direction for the MSY estimation
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of data-limited ﬁsheries (Restrepo et al., 1998;
Carruthers et al., 2014).
Catch-based methods are widely used for datapoor ﬁsheries. For example, the purpose of depletioncorrected average catch (DCAC) is to estimate yields.
DCAC is a one-parameter production model that is
facilitated by supplementary information on
quantities. This model was constructed based on the
potential yield formula of Alverson and Pereyra
(1969) and was improved by MacCall (2009). The
performance and application of the DCAC model was
tested by Wetzel and Punt (2011), Carruthers et al.
(2014), and Arnold and Heppel (2015). Further, the
depletion-based modiﬁcation of a stochastic-stockreduction analysis (DB-SRA) was developed by Dick
and MacCall (2011); however, it required knowledge
of the entire exploitation history. The application of
the model considerably improves the understanding
of current stock biomass and potential productivity
(Dick and MacCall, 2011). Nonetheless, both the
DCAC and the DB-SRA were limited in that these
models are not suitable for species that suﬀer from
higher natural mortality, such as small, fast-growing,
or annual ﬁshes (MacCall, 2009). Unfortunately, the
Paciﬁc saury is a short-lived species with a typical
lifespan of less than two years. In 2013, Martell and
Froese designed the Catch-MSY model, which
utilizes resilience for data-poor stocks, and tested it
on 146 stocks. The authors concluded that the
method’s estimates for the MSY were fairly robust
and agreed with the MSY estimates derived from full
stock assessments. Further, the Catch-MSY method
requires lesser data compared to other methods
(Froese et al., 2012; Chrysaﬁ and Kuparinen, 2016).
Consequently, this model may be a good choice for
the MSY estimation of the Paciﬁc saury.
In recent years, relevant studies on ﬁshing gear
and methods (Yu et al., 2006; Xia, 2008; Shi et al.,
2016, 2018), distribution of ﬁshing grounds (Iwahashi
et al., 2006; Hua et al., 2010; Tseng et al., 2013), and
basic biology (Zhang et al., 2013) of the Paciﬁc saury
have been conducted. However, the stock of Paciﬁc
saury in the NPO still lacks a scientiﬁc stock
assessment. This study used the Catch-MSY method
to estimate the MSY of the Paciﬁc saury stock in the
NPO. The sensitivity of the model parameters was
analyzed with biological information. Subsequently,
management suggestions were proposed based on the
results, thereby providing sound theoretical support
for the development and management of Paciﬁc
saury ﬁshery.
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Table 1 Default values for initial and ﬁnal stock status
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Table 2 Empirical distribution for parameter r
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Fig.1 Trend of Paciﬁc saury catches in the NPO

2 DATA AND METHOD

Resilience

Range of r

High

0.6−1.5

Medium

0.2−0.8

Low

0.05– 0.5

Very low

0.015−0.1

2.1 Fishery data
The catch data used in this study were downloaded
from the NPFC Yearbook (NPFC, 2018). The time
series of catches are from 1950 to 2016. The catch
data trend of the Paciﬁc saury is shown in Fig.1.
2.2 The Catch-MSY model
In this study, the Catch-MSY model is based on the
Schaefer production model, which was developed to
calculate annual biomass (Schaefer, 1991). The basic
biomass dynamics are governed by Eqs.1 and 2:
Bt=γ0Kexpvt t=1,

 B
Bt 1   Bt  rBt 1  t
K



(1)


  Ct  expvt t  1,



(2)

where Bt+1 is the biomass in the subsequent year t+1,
Bt is the current biomass, and Ct is the catch in year t,
K denotes the carrying capacity of the stock habitat,
and r means the intrinsic rate of increase. A lognormal
process error structure was assumed, and vt was
independent and identically distributed normal with
mean 0 and variance σ2. γ0 is the initial depletion level
(B1/K) and is usually assumed to be γ0=1 if it is an
unexploited stock.
The ranges of the initial and current depletion
levels should be speciﬁed in the Catch-MSY model.
In this study, we derived default ranges of relative
biomass in the ﬁrst and last years of the time series
(Froese et al., 2012), as shown in Table 1. For the ﬁrst
year, if the ratio of catch to maximum catch is below
0.5, the range of B/K(γ1, γ2) is 0.5–0.9; otherwise, the
range of B/K is 0.3–0.6. For the ﬁnal year, the range
of B/K(γ3, γ4) is 0.01–0.4 if the ratio of catch to
maximum catch is below 0.5; otherwise, it is 0.3–0.7.
To determine prior information of r parameters for

the species under assessment, the proxies for the
resilience of the species, as provided in FishBase
(Froese and Pauly, 2015), were translated into the rranges shown in Table 2. Martell and Froese (2013)
suggested that for a speciﬁc species, if no other
available knowledge regarding r is available, random
samples of r could be acquired from Table 2. In this
study, based on research by Shi et al. (2019) on the
Paciﬁc saury and allowing for uncertainty, the
informative prior of r was assigned as U[045, 0.95].
Moreover, the non-informative prior of r was set, and
the lower and upper limits of the uniform distribution
were assigned as 0 and 2, respectively. Random
samples of the carrying capacity parameter (K) were
drawn from a uniform distribution wherein the lower
and upper limits were given by the maximum catch in
the time series and 50 times the maximum catch,
respectively. The informative prior of K was set at a
normal distribution and denoted by N(435 2562).
For the detection of viable r-K combinations, a
random r-K pair was selected from within the prior
ranges for r and K. Subsequently, a starting biomass
was selected from the prior biomass range for the ﬁrst
year, and Eq.1 or Eq.2 was used to calculate the
predicted biomass in subsequent years. In this study,
0 was assigned when the depletion level led to the
population exceeding K or going extinct, and 1 was
assigned for those results in ﬁnal depletion level that
were between γ3 and γ4. Therefore, the likelihood
function of the parameter vector Θ={K, r} can be
expressed as follows:
L(Θ|Ct)=1 γ3≤Bn+1/K≤γ4,

(3)

L(Θ|Ct)=0 γ3≥Bn+1/K||Bn+1/K≥γ4.

(4)

Each combination of r-K that could result in a
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practicable stock in the last year of the data series was
derived from this function. The sampling procedure
was used to obtain the joint distribution of parameters
r and K, and 10 000 iterations were processed for each
situation. The geometric mean was selected because it
can better capture the distributions of r, K, and MSY
(Zhang et al., 2018). According to the Schaefer
production model, the MSY can be estimated by
r×K/4. The standard deviation of logarithmic mean
was used as a measure of uncertainties; hence,
approximately 95% of MSY estimates would fall in
this range. Five levels of process errors, namely, 0,
0.01, 0.05, 0.10, and 0.15, were considered.

limits of r were set to 0.40 and 0.35, respectively (see
S4A and S4B). K also uses a prior distribution with
information and no information, as shown in Table 3
below, where S1A and S1B were used for the MSY
estimation of the Paciﬁc saury in the NPO. The other
scenarios were sensitive analysis scenarios.
Additionally, this study also compares the impact of
diﬀerent catch time series on the evaluation model
(see S5_1960 to S5_2000).

2.3 Scenario

The graphical outputs of the Paciﬁc saury are
shown in Figs.2 and 3 in accordance with the result of
the Catch-MSY model under base case. There are no
signiﬁcant diﬀerences between the results of the two
scenarios. In scenario S1A, Fig.2a shows the time
series of catches with an overlaid estimate of
MSY=47.37×104 t and limits (41.57×104 t to
53.17×104 t) that contain about 95% of the MSY
estimates derived from the r-k pairs (Fig.2). In
scenario
S1B,
the
overlaid
estimate
is
MSY=47.53×104 t with the limits ranging from
41.79×104 t to 53.27×104 t (Fig.3). From Figs.2b & c,
3b & c, the posterior estimation of K concentrated on
a narrow range, whereas r had a broad posterior
estimation covering the prior range, and there are
obvious signiﬁcant inverse correlations between ln(r)
and ln(K). Figures 2d, e, f & 3d, e, f show the posterior
densities of r, K, and MSY, respectively. Table 4
shows the parameters and reference points of the
Paciﬁc saury in the NPO from S1A and S1B.

According to the priors of the parameters and catch
data series, the model was run with 17 scenarios
(Table 3). The prior distributions of r were set as
informative and non-informative priors. To account
for the uncertainty as much as possible, the lower
Table 3 Catch data and prior assumptions of parameters
for models
Scenario

r

K

Catch series

S1A

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S1B

U[0.45, 0.95]

normal(435,256)

1950–2016

S2A

U[0, 2]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S2B

U[0, 2]

normal(435,256)

1950–2016

S3A

U[0.45, 0.95]

K~ U[2×CMAX, 60×CMAX]

1950–2016

S3B

U[0.45, 0.95]

K~ U[2×CMAX, 70×CMAX]

1950–2016

S4A

U[0.40, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S4B

U[0.35, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S5_1960

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1960–2016

S5_1970

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1970–2016

S5_1980

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1980–2016

S5_1990

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1990–2016

S5_2000

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

2000–2016

S6_Pe0.01

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S6_Pe0.05

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S6_Pe0.10

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

S6_Pe0.15

U[0.45, 0.95]

K~ U[2×CMAX, 50×CMAX]

1950–2016

3 RESULT
3.1 Catch-MSY model results under base case

3.2 Sensitive analysis
When using the non-informative priors of parameter
r, the posterior distribution of K had a broader range
than when using informative priors of r (Fig.4a).
When using the informative priors of parameter r, the
smaller lower limit r, the larger mean value of the
posterior distribution of K, and the broader distribution
of K values were used to maintain those yields (Fig.4b).
There are no signiﬁcant diﬀerences of the posterior

Table 4 Management-related parameters and reference points of the Paciﬁc saury in the NPO
Scenario

r/year

K/104 t

MSY/104 t

GM

GM±2SD

CV

GM

GM±2SD

CV

GM

GM±2SD

CV

S1A

0.606 9

0.456 9–0.756 9

0.19

321.66

210.44–432.89

0.19

47.37

41.57–53.17

0.06

S1B

0.605 8

0.447 8–0.763 8

0.20

324.27

207.37–441.17

0.21

47.53

41.79–53.27

0.07
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Fig.2 Model outputs in case of no process errors for the Paciﬁc saury in the NPO from S1A
a. catch history from 1950 to 2016 with the MSY estimation (solid line)±2SD (dash line); b. prior uniform distribution of r and K, and the black dots show
the r-K combinations that are compatible with the time series of catches. c. the relationship between ln(r) and ln(K) with the geometric mean MSY (solid
line)±2SD (dash line); d–f. posterior densities of r, k, and MSY. The solid lines are geometric means, and the dashes represent geometric means±2SD.
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Fig.3 Model outputs in case of no process errors for the Paciﬁc saury in the NPO from S1B
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Fig.4 Prior and posterior distribution of the key parameters based on diﬀerent scenarios

distribution of r when using non-informative priors
and informative priors of K (Fig.4c). As shown in
Fig.4d, if the larger upper limit of K was chosen, the
mean value of the posterior distribution of r would be
larger and the range of r would be wider.
Upon comparing the eﬀects of diﬀerent prior
distributions of r and K on the estimated MSY, for the
r, the MSY increased gradually with an increasing
lower limit of the prior distribution of r (Fig.5a). The
MSY is more discrete when the wider range prior
distribution of r is given. For the K, we can see that
the upper limit of K only slightly inﬂuences on the
distribution of MSY when using the informative
priors of parameter r (Fig.5b).
When applying the Catch-MSY model for the
Paciﬁc saury, we considered the inﬂuence of diﬀerent
levels of process error. For scenario S1A (Fig.6), there
was no signiﬁcant change in the percentage relative
bias (PRB) of r, whereas PRB of K decreased as the
process error increased. When the process error was

0.15, the PRB of MSY was the greatest. For scenario
S1B (Fig.7), the results are similar to those of scenario
S1A. The PRB of K and MSY decreased as the process
error increased, whereas there was no signiﬁcant
variance in the PRB of r.
3.3 The inﬂuence of catch time series on the
estimation of MSY
According to the catch data of the Paciﬁc saury in
the NPO (1950–2016) (Fig.1), the MSY was estimated
using diﬀerent catch time series. The maximum
estimated MSY is 48.05×104 t when the 1960–2016
catch time series was selected, and the minimum
estimated MSY is 47.15×104 t when the 1970–2016
catch time series was selected (Fig.8). There is a little
ﬂuctuation of MSY depending on the dataset, which
means that the time series of catch data has a limited
impact on the estimation of MSY, whereas the results
of the model are sensitive to the annual catch in the
ﬁrst and last years.
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Fig.5 Estimated MSY based on diﬀerent scenarios
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Fig.7 Percentage relative bias of r, K, and MSY estimated at diﬀerent process errors for the Paciﬁc saury in the NPO from
S1B

4 DISCUSSION
4.1 Model selection and performance
The Paciﬁc saury is characterized by its short life
span, with individuals seldom exceeding two years of
age (Suyama, 2002; Hua et al., 2017). Moreover, the
Paciﬁc saury stock abundance is highly dependent on
the annual recruitment being successful, and its
biomass can ﬂuctuate wildly as the environment

changes (Tian et al., 2002; Chow et al., 2009). Owing
to the lack of long-term series catch-at-age data and
systematic biological research, the application of a
fully age-structured stock assessment model for a
short-lived species such as the Paciﬁc saury might be
questionable and diﬃcult (Guan et al., 2013; Wang et
al., 2016; Shi et al., 2018). The Catch-MSY model is
an internationally listed method that has been used
successfully on other stocks, particularly for ﬁsheries
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Froese, 2013). Therefore, when developing
management objectives on the basis of the results of
the present study, one should take the underestimated
MSY values into consideration.

55

4.2 Sensitive analysis
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Fig.8 MSY of the Paciﬁc saury estimated by the CatchMSY model based on diﬀerent time series

with limited data (Froese et al., 2017). It is a simpler
and less data-demanding method that is based on the
time series of catch data and basic life history
information, which is suitable for the current Paciﬁc
saury ﬁshery. Therefore, it is reasonable to use the
Catch-MSY model to estimate the MSY for the Paciﬁc
saury.
Table 4 shows that MSY of the Paciﬁc saury,
estimated using the Catch-MSY method, was
47.37×104 t. Shi et al. (2019) determined the estimated
MSY on the basis of the Bayesian Schaefer surplus
production model as 75.26×104 t; meanwhile, an
MSY of 57.07×104 t was obtained by NPFC (2017)
using a Bayesian state-space model. These results are
not consistent with the results of our study. The
reasons for this diﬀerence may be the use of diﬀerent
sources of ﬁshery data and diﬀerent models (Punt and
Hilborn, 1997; Li et al., 2010; Jiao et al., 2011). NPFC
(2017) used the Japanese survey data to ﬁt the
Bayesian state-space model, whereas Shi et al. (2019)
applied a Bayesian Schaefer surplus production
model using Chinese ﬁshery data. The Schaefer
surplus production model and Bayesian state-space
model are more complex than the Catch-MSY model,
ﬁt more types of ﬁshery data, and take process and
observation errors into account. Hence, the estimated
MSY from the previous studies should be considered
when we provide management advice for the Paciﬁc
saury in the NPO. Further, the Catch-MSY model is
prone to underestimating the MSY (Martel and

The sensitivity analysis shows that the posterior
distribution of K would have a broader range when
using the non-informative priors of r, which may
inﬂate the estimates of MSY produced by the CatchMSY model. Martell and Froese (2013) observe that
the estimates of the most probable central values for r
and K are strongly dependent on the lower limit
chosen for r and the upper limit chosen for K. In this
study, diﬀerent lower limit of r and diﬀerent upper
limit of K were set to conduct the sensitive analysis.
The results show that the smaller the lower limit r, the
larger the mean value of the posterior distribution of
K, and if the larger upper limit of K was chosen, the
range of r would be wider, which corresponded with
Martell and Froese’s (2013) conclusion. In the
sensitivity analysis, we also found that the MSY
increases gradually with an increase in the lower limit
of the prior distribution of r (Fig.5a). Consequently,
the inaccurate r values directly cause an
underestimation or overestimation of the MSY and
aﬀect the development of management measures.
Therefore, using demographic methods to estimate a
prior distribution for r of the Paciﬁc saury is a future
research direction. Diﬀerent process error levels had
diﬀerent inﬂuences on the estimated parameters and
MSY. Compared to r and K, process error has a greater
impact on MSY. In order to apply the Catch-MSY
model more accurately, the process error needs to be
selected carefully.
In this study, we set up six diﬀerent time series
scenarios, and the estimated MSY are similar. The
results of the model are not sensitive to the length of
catch data time series. However, because we set the
default ranges of relative biomass in the ﬁrst and last
years of the time series (Froese and Demirel, 2017),
the results of the model were very sensitive to catch
data in the ﬁrst and last years. Consequently, the use
of ranges of relative biomass may also need to be
justiﬁed on the basis of an understanding of the
development of each ﬁshery. This would improve the
accuracy of the results of the model.
4.3 Management advice
The Paciﬁc saury ﬁshery began before 1950, but
the catch was low during those years. The trajectories
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of estimated MSY and catch (Figs.2 & 3) demonstrated
that the Paciﬁc saury ﬁshery suﬀered from overﬁshing
between the mid-1950s and the early 1960s as well as
for several years during the 2000s. The catches were
closer to the MSY during these years, whereas in
recent years, the catches were under the MSY and
were not harmful to the Paciﬁc saury population. This
conclusion is consistent with previous studies by Shi
et al. (2019) and NPFC (2017). According to the
principles of MSY-based management suggested by
Martell and Froese (2013), the lower margin of error
of MSY should be used as a target for Total Allowable
Catch or TAC if stock sizes were above 0.5 K. The
MSY of this study is 47.37×104 t, whereas Shi et al.
(2019) arrived at a MSY result of 75.26×104 t by
using the Bayesian Schaefer production model to
evaluate the status of the Paciﬁc saury in the NPO
according to the Chinese saury ﬁshery data. Given
that the Catch-MSY model may underestimate MSY,
the management target should be set between 50×104 t
and 70×104 t.
4.4 Uncertainty of the Catch-MSY model
On the basis of our understanding of the CatchMSY model and the results of this study, we can
conclude that the uncertainty of the models comes
primarily from the following. First, there is the
uncertainty associated with the time series of catch
data because these data evinced observation errors in
the process of collection. Second, there is the
uncertainty of model parameters because in this
model, we assumed that the prior range for the
parameters is reasonable; however, owing to the lack
of systematic biological research, this may induce
biases in the estimation of the MSY and the biomass of
the Paciﬁc saury. Additionally, a stationary production
formula was assumed, meaning that there were no
changes in the parameters of the Schaefer production
model over time. To evaluate the sensitivity to the
assumed priors, further exploration is needed. Third,
since we operate on the basis of a surplus production
model, growth, mortality, and recruitment are pooled
in the same equation, inevitably ignoring the individual
processes. Moreover, the impact of environmental
factors on the resources of the Paciﬁc saury was ignored.
In summary, this study showed that the CatchMSY mode could be used to estimate MSY for the
Paciﬁc saury and consequently be used to supply
some management advice for this data-poor ﬁshery.
This model may also provide a good selection for the
MSY estimation of other data-poor ﬁsheries. Finally,
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these ﬁndings suggest that more types of ﬁshery data
should be collected in future studies, which should
subsequently conduct stock assessments of the Paciﬁc
saury using traditional stock assessment models.

5 CONCLUSION
As one of the most important commercial species
in the NPO, the catches of the Paciﬁc saury are
increasing every year. However, the stock assessment
research of this species was limited and experienced
considerable uncertainty. The Catch-MSY model is a
promising approach for estimating MSY for datalimited ﬁsheries. The MSY estimation for the Paciﬁc
saury was carried out in Catch-MSY model in our
study, in which 17 scenarios according to diﬀerent
prior distributions of the r and K were established for
sensitivity analysis. We identiﬁed that the MSY
increases with an increasing lower limit of r and the
results of the model are sensitive to the annual catch
in the ﬁrst and last years. The estimated MSY of the
Paciﬁc saury was 47.37×104 t (41.57×104 t to
53.17×104 t) in scenario S1A and 47.53×104 t
(41.79×104 t to 53.27×104 t) in scenario S1B.
Considering the uncertainty of the Catch-MSY model,
it is recommended that the management target be kept
between 50×104 t and 70×104 t as a better management
regulation. The Catch-MSY model can be a better
choice for the MSY estimation of data-poor species
such as the Paciﬁc saury. Additionally, more types of
ﬁshery data should be collected in future studies;
subsequently, stock assessments of the Paciﬁc saury
could be conducted using traditional stock assessment
models, which may provide more reasonable
suggestions for the development and management of
the Paciﬁc saury.
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