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This is what we know: Assessing
the stock status of the data-poor
skipjack tuna (Katsuwonus
pelamis) fishery in the South
China Sea
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Yongsong Qiu*? and Zuozhi Chen**
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2Key Laboratory for Sustainable Utilization of Open-sea Fishery, Ministry of Agriculture and Rural Affairs,
Guangzhou, China

Skipjack tuna (Katsuwonus pelamis) is a highly migratory species of significant
value in global marine fisheries. The South China Sea (SCS) is the largest marginal
sea in the northwestern Pacific Ocean, and many tuna and tuna-like species occur
within it. Although a recent Western and Central Pacific Fisheries Commission
report identified skipjack tuna in the western and central Pacific to be sustainably
fished, the exploitation status of skipjack tuna in the SCS is still unclear, due to
limited data. We apply two data-poor methods, length-based Bayesian biomass
estimation (LBB) and length-based spawning potential ratio (LBSPR), to assess the
status of skipjack tuna stock in the SCS. We use electronic length frequency
analysis to estimate von Bertalanffy growth parameters (asymptotic length L;,s and
growth coefficient K) to serve as priors for LBB and LBSPR estimation. Estimates are
calculated for SCS skipjack tuna Lin (68.3 cm), K (0.325 year™), natural mortality
(0.49 year™) and mean fork length at 50% sexual maturity (36.7 cm). LBB analysis
reveals the estimated relative stock size (0.29) indicates that the SCS skipjack tuna
stock maybe heavily overfished. LBSPR analysis reveals the estimated spawning
potential ratio for this fishery to be 3%, which is significantly below the limit
reference point of 20%. Accordingly, for the SCS skipjack tuna stock we identify a
need to reduce fishing mortality by controlling fishing effort and increasing
catchable size.
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Introduction

The highly migratory skipjack tuna (Katsuwonus pelamis) occurs
widely throughout tropical, subtropical and temperate oceans. This
species ranks third in catch tonnage (2.8 x 10° t in 2020; FAO, 2022)
in global marine fisheries (behind Anchoveta Engraulis ringens, and
Alaska pollock Gadus chalcogrammus)—a position it has held for 11
consecutive years. The largest skipjack tuna fishery is in the Western
and Central Pacific Ocean (WCPO), with catches contributing to 62%
of global catch in 2020 (Hare et al., 2021). The Western and Central
Pacific Fisheries Commission (WCPFC), responsible for managing
tuna species, recently reported this fishery was in a sustainable
condition in the whole WCPO (Hare et al., 2021). However, the
spawning potential of skipjack tuna in region 5 (of the eight skipjack
tuna stock assessment regions) (Figure 1) was considered to have
decreased in recent years. A recent assessment report also stated the
concern of the unquantified (and probably heavy) fishing pressure on
juvenile skipjack tuna in this region (Prince et al., 2022). Limited data
for region 5 meant that the exploitation status of skipjack tuna was
unclear in some sea areas, such as the South China Sea (SCS).
Although the SCS belongs to region 5 of the WCPO, there is no
effective multilateral fisheries management mechanism while there
are increasing fishing efforts from many surrounding countries.
Despite its regional significance, knowledge of the SCS’s fisheries
and stock status remains scarce, the initial assessments of commercial
species appear to be particularly significant.

Overfishing is one of the most intractable challenges facing
marine ecosystems. The Food and Agricultural Organization of the
United Nations (FAO) suggest that the percentage of fishery stocks
exploited at unsustainable levels had increased from 10% to 35.4%
since the 1970s (FAO, 2022). Stock assessment is becoming
increasingly necessary to implement effective fishery management
and sustainability. Nevertheless, only one fifth of the global landings
comes from assessed species, and less than one eighth of the world’s
fisheries are sufficiently well managed or have detailed stock
assessments for management purposes (Costello et al., 2012; FAO,
2022; Kindong et al,, 2022). The severity of this problem is

FIGURE 1

Eight (1-8) WCPO skipjack tuna stock assessment regions (sourced
WCPFC, available online at https://www.wcpfc.int/doc/03/skipjack-
tuna ). The red rectangle represents the South China Sea skipjack tuna
sampling area.
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increasingly recognized, and various types of data-poor stock
assessment methods have been put forward over the past 20 years
as part of a solution (Zhang et al., 2021a; Liao et al., 2022). Among
these methods, length-based assessment models are widely used
because length-frequency data are rather cost-effective and easy to
collect (Quinn and Deriso, 1999; Hordyk et al., 2015; Hordyk et al.,
2016; Mildenberger et al., 2017; Froese et al., 2018; Chong et al., 2020).
In this study, we apply length-based spawning potential ratio
(LBSPR) and length-based Bayesian biomass estimation (LBB)
models to assess the status of skipjack tuna stocks in the SCS. We
calculate the prior information required for these models, asymptotic
length (L;,¢) and growth coefficient (K), by electronic length frequency
analysis (ELEFAN). Results are important for more informed and
effective management of this fishery resource, and to ensure its
sustainable exploitation in an otherwise data-poor environment.

Materials and methods
Data collection

Skipjack tuna in the SCS were mainly caught by the Philippines,
Vietnam, China, Malaysia and Indonesia. The main fishing gears were
purse seine, handline, light falling-net, troll, hook and line (Prince
etal,, 2022). Skipjack tuna in the SCS (Figure 1) were collected using a
light falling-net (290-m circumference, 85-m stretched length, 22-mm
cod-end mesh, and 52-mm net mouth mesh) in series of scientific
surveys conducted by South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, from 2014-2019. The surveys
covered four seasons. The light falling-net is a relatively new type of
fishing gear which first appeared in the SCS in the early 1990s, and
widely used in deep waters of the SCS in recent years. In this fishery,
lamps function as fish-aggregating devices. Two rows of lamps (n =
230, 1 kw/lamp) are arranged along the sides of a vessel to attract fish
(Zhang et al., 2021b). The main fishing targets are cephalopods,
phototrophic species, and the pelagic fish species (e.g., skipjack tuna)
which feed on them (Wang et al., 2021; Zhang et al., 2021b).

All species caught in the net during surveys were sampled,
identified, and counted. Biological data for main commercial
species, e.g., skipjack tuna, were collected. When fewer than 50
individuals were caught in a trap, all individuals were measured;
otherwise, 50 individuals were randomly sampled for measurement.
For each skipjack tuna, fork length (nearest mm) and body weight
(nearest g) were measured. The maturity was macroscopically
determined based on gonad development; specimens were
attributed to one of six stages. We regard individuals with stage
IV-VI gonads to be sexually mature, and those of stage I-III to be
immature (Li et al., 2011).

Data analysis

The length-weight relationship is described by the power
function:

W =aL®
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where W is the body weight (g) of an individual fish, L represents
its fork length (cm), a is a scaling coefficient, and b is an allometric
growth parameter. The difference in length-weight relationship
parameters between males and females was tested by one-way
analysis of variance (ANOVA).

Length-frequency data were grouped into monthly catches,
assuming that samples represented the monthly length distribution
of the overall catch (Kindong et al., 2022). We used ELEFAN in the
“TropFishR” package (Mildenberger et al, 2017) to estimate the
asymptotic length (L;,r) and growth coefficient (K) of skipjack tuna.
Growth is described by the von Bertalanffy growth function:

Ly = Liyp(1 = X070

where L, represents mean length (cm) at age f, Li,s is the
asymptotic length, K is the growth coefficient, and ¢, is the
theoretical age when L, = 0.

The parameter f, was estimated using the empirical equation
(Pauly, 1983):

logo( — ty) = =0.3922 — 0.275log;L;y — 1.038log;oK

The growth performance index (@) was eatimated from the
following equation (Pauly and Munro, 1984):

D =log,oK + 2logyoLi.s
Natural mortality (M) was estimated using six empirical methods:

3K

0.38% A, xK)-1

M1=(
e

Alverson and Carney (1975)

M2 = ¢ 00152+0.6543xIn (K)=0.279xIn (Liyy)+0.4634xIn(T)
Pauly (1980)
M3 = l46-1.01xIn(A,)
Hoenig (1983)
M4 = pl44-0.98xIn(4,0.)
Hewitt and Hoenig (2005)

M5 = 4.899 x A01°

max

Then et al. (2015)

M6 = 4.118 x K*7 x L&

Then et al. (2015)

where A, is the maximum reported age (12) for skipjack tuna
(Froese and Pauly, 2022), and T is the mean environmental
temperature (°C), which we assume to be 27°C (Yu et al., 2019).
We average the M1-M6 estimates to obtain a true value for
skipjack tuna.

Mean fork length at 50% sexual maturity (Ls,) was calculated
based on relationships between the arcsin square-root (ASR)
transformative percentage P; of mature individuals in each 20-mm
fork length interval and the midpoint value of the standard-length
interval (X;), as per the following equation (Chen and Paloheimo,
1994):
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ASR(G)

ASR(PI) = 1+ exp[—S(Xi - L50)]

+ &

where G is the maximum attainable proportion of mature fish (G
= 1 in this study), J is the instantaneous rate of maturation, and g is
the error. The mean fork length at 95% sexual maturity (Los) was
estimated by 1.1 x L5, (Prince et al., 2015).

LBB method

LBB is a recently developed method used to assess the exploitation
status of data-poor fisheries based on length-frequency data (for
single or multiple years). It uses a Bayesian Monte Carlo Markov
Chain (MCMC) to calculate mortality parameters and the relative
stock size. The principle of LBB method is that the absolute values of
biomass and age can be replaced by their relative values (Froese et al.,
2018). LBB is appropriate to use for species that can grow
continuously through their life (Pons et al., 2020). This method can
estimate asymptotic length (L;,¢), length of 50% of individuals
captured by a gear (L), relative natural mortality (M/K), fishing
mortality relative to natural mortality (F/M), the exploited biomass
relative to the unexploited biomass (B/By), and the relative stock size
(B/Bysy) for a target species (where MSY is the maximum sustainable
yield). Although the LBB method only requires length-frequency data,
the priors of M/K, Ly, and Lso can also be included to obtain more
accurate results (Table 1). We use the priors of M/K, Li,s, and Lsg
estimated using aforementioned approaches, including “TropFishR,”
empirical formulas for M, and the ASR method.

We determined the exploitation status of the skipjack tuna fishery
based on estimates of B/Bysy. We regard a stock to be healthy if B/
Busy > 1; slightly overexploited where 0.8< B/Bysy < 1; overfished
where 0.8 < B/Bysy < 0.5; heavily overfished where 0.2< B/Bysy < 0.5,
and collapsed when B/Bysy < 0.2 (Palomares et al., 2018). Stocks are
also considered to suffer from ‘growth overfishing’ (when fish are
harvested at an average size that is smaller than the size that would
produce the maximum yield per recruit) if the estimated L./L._ope< 1
(Zhang et al, 2021a), where L ., represents the length at first
capture that maximizes the catch and biomass. More details of LBB

TABLE 1 Summary of data requirements for LBB and LBSPR methods (red
boxes represent required data; green boxes represent optional data).

Parameters Estimates LBSPR LBB
Length-frequency data /

Asymptotic length (L;ne) 68.3 cm

Growth coefficient (K) 0.325 year'l -
Natural mortality (M) 0.49 year™ -
M/K 151

Mean fork length at 50% sexual maturity (Lso) 36.7 cm

Mean fork length at 95% sexual maturity (Lgs) 40.4 cm

Coefficient of variation of Liy¢ 0.1

Length-weight relationship parameter (a) 0.0057

Length-weight relationship parameter (b) 3.3304
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method are presented in Froese et al. (2018). All LBB analyses were
performed using an R code (LBB_33a. R), downloaded from http://
oceanrep.geomar.de/44832/(access date: 5 September 2022) following
user guidelines.

LBSPR method

The spawning potential ratio (SPR) is a well-known biological
reference point that can be used to inform fisheries management
decisions for data-limited fisheries (Hordyk et al.,, 2015). It can be
interpreted as the proportion of the unfished spawning potential
remaining under fishing pressure (Walters and Martell, 2004). We use
the LBSPR method to estimate the SPR of skipjack tuna in the SCS.
This method has been widely used in stock assessments for data-poor
fisheries (Prince et al., 2015; Prince et al., 2020; Han et al., 2021;
Alam et al., 2022); Kindong et al.,, 2022, and it has proven to be a
consistent and accurate model (Chong et al., 2020; Pons et al., 2020).
LBSPR assumes that SPR of an exploited fish stock is a function of
relative fishing mortality (F/M) and two life-history ratios (M/K and
Lso/Ling). In addition to target species length-frequency data, other
parameters needed in the estimation (Table 1) include the M/K ratio,
L;,p, variability of length-at-age (default value 10%), and Ls, and Los
(Prince et al., 2015). We estimate these parameters using
aforementioned approaches, including “TropFishR,” empirical
formulas for M, and the ASR method. To analyze the uncertainty
of nature mortality on LBSPR method, M1-M6 estimates were also
used to run LBSPR and check the results.

In the LBSPR model, mean fork length at 50% and 95% selectivity
(SLsg and SLos), and relative fishing mortality (F/M) are estimated
using the maximum likelihood method. The LBSPR model applies
maximum likelihood estimation to evaluate the selectivity ogive,
which is expected to be a logistic curve described by the selection
parameters (SLsy and SLos), and F/M, which are then utilized to
estimate the SPR (Prince et al., 2015; Hordyk et al., 2016). Note that
SPR estimates of 20% represent a limit reference point; SPR
estimates< 20% suggest a level likely to reduce recruitment and a
stock verging on collapse; and SPR estimates range 0.35-0.4 are
generally associated with a stock at MSY levels (Hordyk et al., 2015;
Prince et al,, 2015; Kindong et al., 2022). All LBSPR analyses were
performed using R code, available at https://cran.r-project.org/web/
packages/LBSPR (access date: 11 September 2022).

Results
Parameter estimation

A total of 2033 skipjack tuna individuals of 8.3-52.9-cm fork
length and 10-3250-g body weight were collected between 2014 and
2019. The length-frequency distribution was unimodal, with 58.1% of
individuals ranging 21-30-cm fork length. There was no significant
difference in parameters (a and b) in length-weight relationships
(Figure 2) between males and females (F= 0.32, p > 0.05; F = 0.71, p >
0.05). Length-weight relationships are estimated as:

Male: W =0.0058L*%% (+* =0.972, n =239, p < 0.001)
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Female: W = 0.0055L>**%® (+* = 0.974, n =204, p < 0.001)

All: W =0.0057L>% (+* =0.988, n=2033, p < 0.001)

Estimated von Bertalanffy growth parameters using the ELEFAN
method and Pauly’s empirical equation are 68.3 cm for Li,; 0.325
year™" for K, and —0.41 for t,. These results indicate that skipjack tuna
attains a maximum fork length of 68.3 cm with a relatively low growth
rate. The estimated growth performance index (@) is 3.18 with a high
goodness of fit value (R,) of 0.515. The von Bertalanffy growth
function is described by:

L, =683 % (1- 6—0-325(t+0.41))

Estimated natural mortalities (M) of skipjack tuna using empirical
formulas M1-M6 are 0.60, 0.67, 0.35, 0.37, 0.50, and 0.45,
respectively. We use the mean value (0.49) and set the prior M/K
for LBB and LBSPR to 1.51 (= 0.49/0.325) (Table 1).

Based on an ASR logistic curve fitted by nonlinear regression
(Figure 3), the estimated mean fork length at 50% sexual maturity
(Lso) of skipjack tuna is 36.7 cm, with 95% confidence interval (CI)
32.1-41.0 cm. The estimated mean fork length at 95% sexual maturity
(Lgs) is 1.1 x Lgy = 40.4 cm.

LBB assessment results

According to LBB outputs (Figure 4), the estimated L;,¢is 68.7 cm
(95% CI = 67.6-69.7 cm) and M/K is 1.59 (95% CI = 1.45-1.72). The
estimated relative stock size B/Bysy is 0.29 (95% CI = 0.232-0.352),
and the estimated L /L. _qp is 0.53, which indicates that the current
SCS skipjack tuna stock is heavily overfished (0.2< B/Bysy < 0.5) and
experiencing growth overfishing (L./Lc_op< 1). Meanwhile, the
estimated F/M is 2.28 (95% CI = 1.94-2.68), indicating that fishing
mortality is twice as high as natural mortality. Therefore, the
exploitation rate E can be calculated by F/(F+M) = 0.695, which
also indicates an overfished stock status. The estimated length at first
capture that maximizes the catch and biomass L_,p is 40.0 cm, but
only 5.2% of all individuals exceeded this length. Therefore, the
optimum skipjack tuna catchable size should be increased.

LBSPR assessment results

According to LBSPR outputs (Figure 5A-D), the mean F/M
estimate is 3.1, and the exploitation rate E (0.756) is higher than
the LBB estimate of 0.695. The ogive curve for selectivity and maturity
(Figure 5B) reveals the length at maturity to be higher than the length
at first capture. The estimated fork length at 50% and 95% selectivity
(SLsp and SLgs) are 20.0 and 27.6 cm, respectively (Figure 5C).
Assuming that our length- frequency data are in a steady-state
(Hordyk et al., 2015), the estimated SPR for the current SCS
skipjack tuna stock is at 3%, which is significantly below the limit
reference point of 20%. The length composition which should be
targeted to maintain the threshold level (SPR = 0.2) against the
current observed length-frequency data is shown in Figure 5D. The
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FIGURE 2
Male (upper) and female

uncertainty of nature mortality has effected the SPR values, and were
0.04, 0.05, 0.01, 0.01, 0.03 and 0.02, respectively, using M1-M6
estimates. The size of fish currently targeted by this fishery is
significantly lower than would be expected, indicating that most
caught fish are juveniles. Therefore, this fishery is overfished and
the catchable size of skipjack tuna should be increased.

Discussion

This study attempted to apply two length-based methods (LBB
and LBSPR) on stock assessment for the data-poor skipjack tuna stock
in the SCS. Results show a precarious situation for this fishery, with a
current relative stock size B/Bysy of 0.29 and SPR of 3%. Although
the WCPFC announced in a recent report that this fishery was
sustainable in the WCPO (Hare et al., 2021), both LBB and LBSPR
length-based methods suggest that it might be heavily overfished in
the SCS. A recent assessment (Prince et al., 2022) also used LBSPR to
evaluate skipjack tuna fishery in the SCS. Our study differed from this

Frontiers in Marine Science

(lower) skipjack tuna length—weight relationships in the South China Sea.

assessment by the following two points. Firstly, two length-based
methods (LBB and LBSPR) were applied in our study and the results
of LBB and LBSPR corroborated each other. Prince et al. (2022) used
only LBSPR but length data from many fisheries and different
countries. Secondly, we estimated the growth, mortality and
maturity parameters directly from our existing data collected in the
SCS while Prince et al. (2022) used previous and similar estimates
(e.g Lsp = 40.9 cm, Lgs = 45.0 cm). Actually, our estimates showed
skipjack tuna in the SCS matured earlier (Lsy = 36.7 cm), and
population parameters might be different with other regions
(Table 1). Therefore, prior information used in LBSPR seemed
more precise in our study. Our analyses contribute significantly to
understanding the status of skipjack tuna stocks throughout the entire
WCPO region.

The SCS occupies a central position in the Indo-West Pacific
region, and is the third largest marginal sea in the world (Li et al,,
2019). Fish diversity and fisheries resources within it are extremely
rich (Zhang et al., 2021a), there are limited data available for many of
its fisheries (Zhang et al., 2017). Shallow water (< 200 m) fisheries
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FIGURE 3
Proportions of mature skipjack tuna and logistic curves fitted using the
ASR model. Solid points represent observed data, and the circle
represents the estimated mean fork length at 50% sexual maturity (Lso).
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FIGURE 4

Length-based Bayesian biomass estimates for skipjack tuna in the South China Sea. Left: fits of the model to length data; right: predictions of the LBB analysis.
Line, asymptotic length; L, length of 50% individuals captured by the gear; Loy, length where the maximum biomass of the unexploited stock is obtained.

resources in the northern SCS had been overfished in the 1990s
(Zhang et al., 2017; Zhang et al., 2021a). The main commercial fish
species in deeper SCS waters are tuna and tuna-like species, e.g.,
yellowfin tuna (Thunnus albacares), bigeye tuna (Thunnus obesus),
skipjack tuna, bullet tuna (Auxis rochei), frigate tuna (Auxis thazard),
and Carangidae species (Wang et al., 2021; Zhang et al,, 2021b). The
status of most of these fish stocks has not been assessed because of
data limitations. For data-poor fisheries, three methods (length-,
catch-, and abundance-based) are usually used to calculate
biological reference points within the context of MSY (Liao et al.,
2022). Because accurate catch statistics in the SCS are not available,
and there is a lack of time-series survey abundance data, catch- and
abundance-based methods cannot be applied to assess the status of
the skipjack tuna fishery in this region. Accordingly, we applied two
length-based models on the SCS skipjack tuna assessment.

Previous sensitivity analysis have demonstrated the results of LBB
to be sensitive to Li,s settings, and that the ELEFAN method can
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provide effective prior information for this method (Zhang et al.,
2021a; Liao et al., 2022). Therefore, we used ELEFAN in the
“TropFishR” package to calculate priors of important growth
parameters (L;,p K) for skipjack tuna before LBB and LBSPR
estimation. Our results differ from previous estimates of von
Bertalanffy growth parameters for skipjack tuna in the Pacific and
Atlantic oceans (Table 2). The estimated L;,¢ in the SCS is smaller
than elsewhere. The estimated K is greater than values for the Atlantic
Ocean, and about average for Pacific Ocean values. The growth
performance index (@) ranged 3.02-3.58 in all results, and our
result (@ = 3.18) is consistent with them. The “TropFishR” package
allows users to visualize fitted scores across a range of Lj,~K
combinations in response surface analysis (RSA). This visualization
of R, scores across discrete combinations of both variables may also
aid in narrowing possible variable ranges in subsequent, more refined
searches (Mildenberger et al., 2017). While our R, score (0.515) is
higher than that reported in other recent studies (Alam et al., 2022;
Kindong et al, 2022), the parameters estimated by “TropFishR”
match those of other studies (Table 2). Therefore, the priors that
we used in LBB and LBSPR are sound and informative.

2014-2019
Lopt Linf
0.20 |
0.15 | Linf=68.7
3
2
]
E
&
i
2010+
=
]
0.05 |
0.00 |
T T T T T T
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Length / Linf

Results of the two models suggest that the SCS skipjack tuna
fishery might be overfished. However, the evaluation processes and
the reference points obtained from LBB and LBSPR differ. LBB works
for species that grow throughout their lives, and estimates asymptotic
length, length at first capture, relative natural mortality, and relative
fishing mortality using MCMC analysis. Standard fisheries equations
can then be used to approximate the current exploited biomass
relative to the unexploited biomass (Froese et al., 2018). The
relative stock size (B/Bysy) is a useful biological reference point
and management limit that is commonly used in tuna fishery
management (ICCAT, 2013; Hare et al, 2021; Liao et al, 2022).
The estimated B/Bysy (0.29) of the SCS skipjack tuna fishery is quite
low for the WCPO (Hare et al., 2021). Hordyk et al. (2019) indicated
that the LBB analysis did not correct for pile-up effects and may result
in a biased estimate of fishing mortality F and M/K. Zhang et al.
(2021a) also suggested using other methods in conjunction with LBB
if decisions regarding actual fisheries had to be made. Therefore, we
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LB-SPR model outputs for South China Sea skipjack tuna. (A) length-frequency distribution (pillars), and predicted fished size composition (black line); (B)
maturity and selectivity curves from the fitted LBSPR model when Lsg = 36.7 cm and Lgs = 40.4 cm; (C) shows the distribution of mean selectivity
parameters (SLsg and SLgs), fishing mortality to natural mortality (F/M), and spawning potential ratio; (D) observed length-frequency data against an
expected size composition at a target SPR = 0.2.

TABLE 2 Growth parameters and growth performance index of skipjack tuna stocks.

von Bertalanffy growth

Location Period PRI Growth performance index (®) Method Reference

Ling (cm) K (year™)
South China Sea 2010s 68.3 0.325 3.18 Length-frequency | This study
Western and central Pacific 2000s 70.6 0.64 3.50 Dorsal Spine Wang et al,, 2010
Western Pacific 2000s 93.6 0.43 3.58 Otolith Tanabe et al., 2003
Western and central Pacific 2000s 77.4 0.176 3.02 Otolith Ku et al,, 2015
Banda Sea 2010s 70.1 0.26 3.11 Length-frequency | Tadjuddah et al., 2017
Southwestern Atlantic 2000s 92.4 0.161 3.14 Dorsal Spine Garbin and Castello, 2014
Southwestern Atlantic 2010s 90.1 0.24 3.29 Length-frequency | Soares et al., 2019
Western Atlantic 2010s 122.5 0.12 3.26 Dorsal Spine Cunha-Neto et al,, 2022

also applied another length-based method (LBSPR) to assess fishery
stocks. The LBSPR method assumes that length-at-age is normally
distributed with a constant coefficient of variation (CV), and assesses
stock status by comparing the spawning potential as measured
through length composition data to that expected in an unfished
stock (Hordyk et al., 2015; Hordyk et al., 2016). The SPR obtained by

Frontiers in Marine Science

LBSPR is a well-established biological reference point, and a powerful
tool to help assess the impact of present-day fishing pressure on a
stock’s reproductive potential. The estimated SPR (0.03) of the SCS
skipjack tuna fishery is the lowest throughout the WCPO (Hare et al.,
2021). Therefore, we conclude that fishing mortality must be reduced
by controlling fishing effort, and that the skipjack tuna catchable size
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must be increased in the SCS. We also emphasize collaboration
mechanism should be established by the main fishing countries for
management and sustainability of skipjack tuna fishery in the SCS.

There are some limitations in this study. The two methods assume
that the length composition of the catch data is representative of the
exploited population, and LBSPR assumes that selectivity is well
represented by a logistic curve. However, the estimated L;,¢ in the
SCS is the lowest thus-far reported (Table 2). This may be because the
predominant size-class of skipjack tuna elsewhere ranges 40-60 cm
(Garbin and Castello, 2014; Hare et al., 2021), while those from the
SCS are smaller (20-40 cm). Possible explanations for this include
density-dependent effects, the influence of environmental factors (e.g.,
higher water temperature), and fishing-induced evolution (Zhang
et al., 2020). But most likely, skipjack tuna caught in unassociated
(free-swimming) schools are larger than those taken in schools
associated with fish aggregating devices such as light falling-net
(Hare et al., 2021). Meanwhile, we found skipjack tuna in the SCS
matured earlier (Lso = 36.7 cm), which indicated the body size might
be smaller than those of other regions. Therefore, the sampling
representativeness and smaller body size in the SCS should be
explored in further studies.
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