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A rising trend in catches of non-targeted species has recently been observed in major
fisheries including tuna longline fisheries, yet most of these species are unmanaged.
Given their importance to local economies and sustainable livelihoods in many coastal
countries, there is a need to provide plans for their management. However, most non-
targeted species are data-limited which hampers the use of conventional assessment
methods. This study applied a novel data-limited length-based Bayesian biomass
estimator (LBB) method to assess the stocks of five species from the Atlantic and
Pacific Oceans. Estimates of growth, length at first capture and present relative biomass
(B/B0, B/BMSY) of these species were gotten from length-frequency (LF) data. Of the ten
populations (5 species from two regions) assessed, one has collapsed, one grossly
overfished, and three overfished. Six populations had the ratio of mean lengths at
first capture (Lc) on the mean length at first capture, which maximizes the catch and
biomass (Lc_opt) greater than unity, indicating the presence of large-sized specimens
in the populations. Two species faced intense fishing pressure in the Atlantic while
one population collapsed in the Pacific Ocean. Our results indicate that even non-
targeted pelagic can be prone to over-exploitation. Therefore, there is an urgent need
for stakeholders and fisheries managers to focus on improving fishery statistics and to
conduct periodic monitoring of stock status indicators for non-target species.

Keywords: non-target species, stock assessment, data-limited populations, length-frequency data, biomass
estimation, LBB method

INTRODUCTION

Most commercial fisheries target species of high economic values such as tunas and swordfish.
However, the fishing gears (longlines, purse seines) used to capture fish specimens do not only
capture targeted species but also harvest non-targeted (bycatch) species including sharks, small
pelagic species (scombrids) and many others. Some of these bycatches are at times discarded or
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retained without recording their catch or biological information.
Although these species are of low value compared to the highly
targeted species, they play an important role in the subsistence
(sustenance and food security) and income-generating means to
the local populations (Lynch et al., 2016). These non-targeted
species also play an important role in regulating the marine
trophic level and serve as food for most targeted species.

As indicated in the last FAO (2019) report, only around
12% of the world’s fisheries are properly managed or have
sophisticated stock assessments for management purpose. These
non-targeted small pelagic are most often considered to be
highly abundant and assumed not suffering from population
decline given that they reproduce and grow at a faster rate. As
a consequence, little or no emphasis is usually put in place to
monitor (collect data) and assess their stocks. Robust assessment
models demand long-time series of catch-at-age, abundance
indices, and fishing effort data which are not available in data-
limited fisheries (Methot and Wetzel, 2013; Francis et al., 2016).
However, length data are most often the only reported data
for most bycatch species in longline vessels targeting tunas and
swordfish. Given the lack of data reported for these fisheries,
conventional stock assessment approaches cannot be used to
assess their stocks.

Consistent time series on historical total catch data is
difficult to get for most un-targeted species, while sampling
length-frequency (LF) data from captured specimens is easier
to record. LF data have been used in fishes to assess their
stocks (Munro, 1983; Pauly, 1998; Hordyk et al., 2015; Nadon
et al., 2015; Froese et al., 2017, 2018; Rudd and Thorson,
2018). The most abundant un-targeted teleosts in most longline
fishing vessels’ catch, particularly that of the Chinese tuna
longline vessels operating in all oceanic waters selected for
this study are Acanthocybium solandri (Wahoo), Taractes
rubescens (Black/dagger Pomfret), Taractichthys steindachneri
(Sickle Pomfret), Alepisaurus ferox (Long Snouted Lancetfish),
and Coryphaena hippurus (Common Dolphinfish). These five
species play important roles in regulating the marine trophic
level and also serve as food and income sources for local
fishermen in coastal states. They mostly inhabit epipelagic zones
in oceanic waters.

Acanthocybium solandri is found to at least 340 m, estimated
longevity at 9 years and feeds mostly on small fishes and
squids (McBride et al., 2008; Gao et al., 2020). The heaviest
captured specimens was 96.4 kg and the largest more than
210 cm recorded in 2006 from the South Pacific Ocean (Zischke,
2012). Kindong et al. (2020) recorded the largest (92 cm FL)
and heaviest (17 kg) Taractichthys steindachneri caught in the
Pacific Ocean. Smith (1986) reported that this species could
live up to 8 years and could be found in waters to at least
700 m. Taractes rubescens is recorded in depths to up to 600
m and has a maximum reported size of 89 cm TL (Jawad
et al., 2014; Froese and Pauly, 2020). They feed on small fishes
and squids. Alepisaurus ferox can be found in depths ranging
from just beneath the surface to 1,830 m. They feed on fish,
cephalopods, tunicates and crustaceans, however, diet can vary
according to region. The maximum reported length for this
species is 215 cm TL and a maximum weight of 9 kg (Froese

and Pauly, 2020). Coryphaena hippurus also referred to as “Mahi-
mahi” is a marine, brackish, pelagic–neritic and oceanodromous
species found in depths ranging between 0 and 85 m and
having a maximum reported age of 4 years (Froese and Pauly,
2020; Moltó et al., 2020). Its maximum reported size is 210 cm
and reported weight of 40 kg caught in Costa Rica (Froese
and Pauly, 2020). They feed on smaller fishes, zooplankton,
crustaceans, and squid. This species is of high commercial
value and are highly harvested in its range. All five species are
batch spawners and are important prey items of tunas, marlins
and other large pelagic predators including sharks. They are
mainly harvested in recreational and longline fishing vessels,
are highly migratory species, and are appreciated as food fish
(International Union for Conservation of Nature [IUCN], 2020).

Despite that these small pelagic teleost mostly occur in
tropical and subtropical areas of oceanic waters, assessment
of their stocks are rare except for Acanthocybium solandri
(Zischke and Griffiths, 2015; Pons et al., 2019) and Taractichthys
steindachneri (Kindong et al., 2020). A recent report by the
FAO (2019) shows a catch drop of Coryphaena hippurus from
125 k tons in 2015 to 85 k tons in 2017 while catches of
Acanthocybium solandri slightly increased, around 5,000 tons
in 2017. The catches were obtained from artisanal fishers
targeting both species and as bycatch reports in some longline
vessels; catches for the other three species were not reported
(FAO, 2019). The lack of data reporting for most of these
species is attributed to the fact that most are been discarded
in longline fishing vessels or retained but under-reported
(for both artisanal and industrial fisheries). However, given
the interest shown by most local fishermen targeting these
species, and also the importance of these species to the local
communities, it is crucial to perform assessments for these species
using available LF data to assure the sustainability of these
fishery resources.

A bunch of data-limited methods that use only length or catch
data has recently been developed and their performances tested
for managing fisheries of limited data in some areas worldwide
(Nadon et al., 2015; Prince et al., 2015; Chong et al., 2019; Pons
et al., 2019, 2020). Froese et al. (2018) recently developed a
length-based Bayesian biomass (LBB) estimation approach that
can be applied to analyze LF data for exploited fishery populations
where all appropriate parameters are estimated through Bayesian
Monte Carlo Markov Chain (MCMC). This approach assumes
constant recruitment, growth and mortality, and can provide
the best available information if the LF data is representative
of the exploited stock, including data-limited fisheries. The LBB
method has recently been applied in the East Asian waters to
assess some data-limited stocks (Liang et al., 2020; Wang et al.,
2020; Zhang et al., 2020). Thus, even in most non-targeted
species which are mostly data-limited, the LBB approach may
be applied by fishery managers for precautionary management
of these species.

In this study, the LBB method was applied to 10 populations
of non-targeted pelagic teleost captured by the Chinese longline
fishing vessels operating in the tropical waters of the Atlantic
and the Pacific Oceans. This approach was applied to these
species to determine life-history parameters and explore the
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level of biomass depletion caused by fishing on the populations
of these species.

MATERIALS AND METHODS

Precisely in the tropical eastern Atlantic (14◦03′N–02◦41′N,
33◦12′W–21◦74′W), two voyages were operated by two Chinese
longline vessels targeting tuna and swordfish between June
2019 and May 2020. The power and tonnage of each vessel
are 1,000 KW and 619 t. The smaller vessel measured 50 m
and larger 54.5 m. In the Central Pacific Ocean (14◦03′N–
02◦41′N, 33◦12′W–21◦74′W), 8 voyages were also effectuated
by 8 Chinese longline vessels targeting tunas and tuna-like
species throughout the year 2015. Among these eight vessels
operating in the Pacific Ocean, the power, tonnage and size
of the smallest vessel was 330 KW, 190 t and 36.6 m,
respectively. The largest vessel measured 49 m, a tonnage of
769 t and power of 928 KW. Trained observers deployed
on-board these vessels by the Chinese Longline Fisheries
Observer Programme had specific tasks to record data (catch
and biological) for targeted species and also some major
bycatch species.

Length composition data were collected for five bycatch
species in these commercial longline fisheries including 1
Scombridae (Acanthocybium solandri, Wahoo), 1 Coryphaenidae
(Coryphaena hippurus, Common Dolphinfish), 1 Alepisauridae
(Alepisaurus ferox, Long Snouted Lancetfish), and two
members of the Bramidae family [Taractes rubescens (Black
Pomfret) and Taractichthys steindachneri (Sickle Pomfret)].
For each specimen, the length and when possible, weights
were also measured. However, the easiest to measure was
the fork length (FL). Therefore, while onboard the vessels,
the FL for each captured specimen was measured in a
straight line to the nearest lower cm using a measuring
tape. Later, specimens were identified to species level, and
scientific and common names attributed as referenced in
FishBase (Froese and Pauly, 2020). The FL of all caught
individuals of the five species were measured during the
10 voyages and used for subsequent analyses. The total
number of measured specimens for all five species ranged

from 76 to 1,964, with sizes including small-and large-sized
individuals, representing a wide size range (Table 1 and
Supplementary Tables S2, S3).

LBB is a new simple and fast approach that uses a Bayesian
Monte Carlo Markov Chain (MCMC) method for estimating
relative stock size using length-frequency (LF) data (Froese et al.,
2018). The LBB method requires only LF data of a fishery
representing the true population structure as input since it
uses pre-specified priors on parameters. However, to reduce
uncertainty in LBB results, users may manually input required
prior parameters including the asymptotic length (Linf ), mean
length at first capture (Lc), relative natural mortality (M/K) if
they have good estimates of these parameters from independent
studies (Froese et al., 2018). The LBB method was selected
for this analysis among other length-based methods because of
its ease in handling and inputting data, and also of the need
to explore this new approach in fisheries with limited data.
Furthermore, biomass estimated from simulated data through
LBB was not significantly different from the true values obtained
from conventional stock assessments (Froese et al., 2018).

For the present study, LF data of each fish population
throughout the survey period constituting a year were used
as input in the LBB software. The length-frequency data
obtained for each species had specimens collected for at least
1 year with wide size ranges representing the population
structure (Supplementary Tables S2, S3). Furthermore, to reduce
uncertainty in results, species having asymptotic lengths obtained
from prior studies were also included in the input information
database (Table 1 and Supplementary Tables S2, S3).

Details regarding the development of formulae incorporated
in the LBB are given in Froese et al. (2018). This study just
elaborated on a couple of formulae for this method. LBB assumes
that growth in size follows a von Bertalanffy growth function
(VBGF; von Bertalanffy, 1938; Pauly, 1998).

Lt = Linf (1− e−K(t−to)) (1)

where Lt is the length at age t, K is the growth rate (year−1), and t0
is the theoretical age at zero-length (Froese et al., 2018). When the
fish specimens are fully selected by the gear used, the curvature
of the right side of catch samples is a function of total mortality

TABLE 1 | Basic information and priors of five small pelagic species from the Atlantic and Pacific Oceans used in the present study.

Species (scientific and common name) Fork length (cm)
range

Class
interval

Numbers Linf prior
(cm)

Z/K prior M/K prior F/K prior Lc prior

Acanthocybium solandri (Wahoo) Atlantic 43–190 10 205 202 3 1.5 1.5 102

Pacific 73–170 10 549 204 2.7 1.5 1.2 102

Taractes rubescens (Black Pomfret) Atlantic 25–95 5 1,666 94.9 3.3 1.5 1.7 63.8

Pacific 43–80 5 76 92.5 2.5 1.5 1.1 53.6

Taractichthys steindachneri (Sickle Pomfret) Atlantic 27–85 5 1,336 105 3.9 1.5 2.4 56.1

Pacific 32–80 10 220 90.2 1.8 1.5 0.3 58.6

Alepisaurus ferox (Long Snouted Lancetfish) Atlantic 42–155 5 1,964 160 1.7 1.5 0.18 102

Pacific 38–195 10 1,035 200 2.4 1.5 0.9 76.5

Coryphaena hippurus (Common Dolphinfish) Atlantic 33–136 10 317 150 1.2 1.5 0.3 71.4

Pacific 43–135 10 401 140 2.9 1.5 1.4 86.7
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(Z = M + F) relative to K, expressed by the equation:

NL = NLstart

(
Linf − L

Linf − Lstart

)Z/K

for Lstart < L < Linf (2)

where NL is the number of survivors to the length L, NLstart is
the number at length Lstart with full selection, from which all
specimens encountering the gear are retained. At an unfished
state, Z/K becomes M/K, Lstart is zero, and NLstart can be set to
1. The lengths affected by partial selection are, for each species,
a function of the fishing gear as shown by the ogive function
expressed by the equation below:

SL =
1

1+ e−r(L−Lc)
(3)

where SL is the fraction of individuals that are taken by the
gear at length L, and r describes the steepness of the ogive
(Quinn and Deriso, 1999; Froese et al., 2018). The framework that
approximates the stock status from the estimates of parameters
Linf , M/K, F/K and Lc are represented by two equations related to
parameters Lopt and Lc_opt (Froese et al., 2016):

Lopt = Linf

(
3

3+ M
K

)
(4)

Lopt represents the length at which the biomass of the cohort is
at its peak. Based on Eq. (4) and taking into consideration the
fishing pressure (F/M), the mean length at first capture, which
maximizes the catch and biomass (Lc_opt), is gotten from:

Lc_opt =
Linf

(
2+ 3 F

M
)(

1+ F
M
) (

3+ M
K
) (5)

The obtained estimates of Lc_opt can later be used to evaluate a
proxy for the relative biomass that can produce MSY for a given
fishery (Froese et al., 2018).

In this study, the (M/K) value was set to 1.5 as per Hordyk
et al. (2015) and Froese et al. (2018), and we let the model estimate
Lc and Linf . The Z/K prior was generated based on the equation
(Beverton and Holt, 1957; Quinn and Deriso, 1999):

Z
K
= K(

Linf − Lmean

Lmean − Lc
) (6)

F/K prior equals to Z/K−M/K and the relative fishing mortality
F/M = (F/K)/(M/K). Z/K is the ratio of the total mortality rate Z
to the somatic growth rate.

Indexes of yield-per-recruit (Y’/R) and catch per unit effort per
recruit (CPUE’/R) defined by (Beverton and Holt, 1966) can be
evaluated as a function of Lc/Linf , F/K, M/K, and relative fishing
mortality F/M as developed in Froese et al. (2018). Hence, given
that CPUE is proportionate to biomass in the exploited phase of
the population, the derived index of CPUE’/R represents an index
of the exploited biomass per recruit B’/R.

In the case where no fishing occurs (F = 0), the relative biomass
in the exploited phase of the population is expressed as:

B
′

0 > Lc

R
=

(
1−

Lc

Linf

)M
K

1−
3
(

1− Lc
/

Linf

)
1+ 1

M/K

+

3
(

1− Lc
/

Linf

)
1+ 2

M/K

2

−

(
1− Lc

/
Linf

)
1+ 3

M/K

3
(7)

where B
′

0 > Lc represents the exploitable fraction (> Lc) of the
unfished biomass (B0). According to Beverton and Holt (1966),
an index of relative biomass depletion for the exploited part of
the population B/B0 can be obtained by:

B
B0
=

CPUE′/R
B′0>Lc

R

(8)

Fixing parameters F/M = 1 and Lc = Lc_opt and re-calculating

expressions for Y’/R, CPUE’/R, B
′

0>Lc
R , and B/B0, we obtain a

proxy for relative biomass at MSY (BMSY /B0). Hence, the
current relative stock size (B/BMSY ) was calculated, and their
estimates converted to define the status of each fishery stock
(Palomares et al., 2018). Given the estimated B/B0 and B/BMSY
values, the stocks were classified based on the value of
B/BMSY as in Palomares et al. (2018); healthy stock status was
assigned where B/BMSY > 1.1; a slightly overfished status where
0.8 < B/BMSY ≤ 1.1; overfished where 0.8 ≤ B/BMSY ≤ 0.5;
grossly overfished status where 0.5 < B/BMSY ≤ 0.2; and for a
collapsed status B/BMSY < 0.2. Froese et al. (2018) also defined
B/B0 (0.4–0.5) as the reference limit of a stock’s biomass.

The estimated parameters translate to catch number and catch
size rules: if the relative stock size B/B0 < BMSY /B0, catches
had better be reduced and if the mean length at first capture
Lc is < Lc_opt , fishing would better start at larger sizes. With
these two basic and simple rules provided, the application of
LBB may directly be used in fisheries with data-limited situations
for provisional management of their populations. The length-
frequency data constitute wide size ranges of each fish population
obtained from the 10 commercial longline vessels operating in
the Atlantic and Pacific Oceans were used as input in the LBB
package (Table 1 and Supplementary Tables S2, S3). All analyses
performed in this study were done using the 33.0 version of the
LBB software installed as a package in the R-core environment.

RESULTS

Results obtained from the LBB analyses show that this model fits
well to all 10 populations from the Atlantic and Pacific Oceans
(Figures 1, 2 and Table 2). Values of B/B0 presented by the
LBB model for the 10 populations ranged from 0.068 to 0.87
and 0.21 to 11 for F/K (Table 2). Both proxies of B/B0 and
B/BMSY defined earlier were considered as the minimum limits
of appropriate stock sizes. The results per species using LBB are
presented as follows.
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FIGURE 1 | Application of the LBB method to five non-target species (with available length-frequency data) caught by the Chinese tuna longline fisheries vessels
operating in the Atlantic Ocean (see also Table 1 and Supplementary Materials). LBB plots for (A) Acanthocybium solandri (B) Taractes rubescens (C)
Taractichthys steindachneri (D) Alepisaurus ferox (E) Coryphaena hippurus.

Acanthocybium solandri (Wahoo)
The stock of this species was in a good state in the tropical
eastern Atlantic ocean (F/M = 0.3, B/B0 = 0.67, and B/BMSY = 1.8),
meanwhile, in the central Pacific Ocean, its stock was witnessing
slight overfishing (F/M = 1, B/B0 = 0.35 and B/BMSY = 0.96).
However, the Lc/Lc_opt for this species in both oceans were below
unity, signifying a truncated length structure and fishing of small
specimens (Figures 1, 2A).

Taractes rubescens (Black Pomfret)
The stock of this pelagic species was under increasing fishing
pressure (F/M = 5.8) and its standing biomass was declining
(B/B0 = 0.2 and B/BMSY = 0.56) in the Atlantic. In the Pacific, its
stock was relatively stable and fishing has less effect on its stock
(Table 2). Also, for this species in both oceans, the Lc/Lc_opt ≥ 1
suggesting the presence of larger specimens (Figures 1, 2B).

Taractichthys steindachneri (Sickle
Pomfret)
This study suggests that the stock of this benthopelagic species
distributed globally was seriously been fished down (F/M = 5.2)
in the Atlantic; and the ratios B/B0 = 0.13 and B/BMSY = 0.37

were very low, indicating a sharp decline of its standing biomass.
Whereas, the population of the same species was healthy in
the Pacific. However, the values obtained for Lc/Lc_opt for this
species in both oceans suggested the presence of large specimens
in both stocks (Table 2 and Figures 1, 2C).

Alepisaurus ferox (Long Snouted
Lancetfish)
This species mostly found in deep-waters as compared to the
other species had a stable stock in the Atlantic, less influenced
by fishing, with the presence of large specimens in its population
(B/B0 = 0.87, B/BMSY = 2.5, F/M = 0.11 and Lc/Lc_opt = 1.6). In
the Pacific, its stock was overfished and low biomass (F/M = 1.3,
B/B0 = 0.22, and B/BMSY = 0.61). The Lc/Lc_opt for this species in
the Pacific was below unity, indicating the capture of many small
specimens (Figures 1, 2D).

Coryphaena hippurus (Common
Dolphinfish)
This species found in oceanic waters worldwide was not under
fishing pressure in the Atlantic with healthy biomass and stable
stock state (Table 2). Contrarily, in the central region of the
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FIGURE 2 | Application of the LBB method to five non-target species (with available length-frequency data) caught by the Chinese tuna longline fisheries vessels
operating in the Pacific Ocean (see also Table 1 and Supplementary Materials). LBB plots for (A) Acanthocybium solandri (B) Taractes rubescens (C)
Taractichthys steindachneri (D) Alepisaurus ferox (E) Coryphaena hippurus.

Pacific, the estimate of F/M = 7.1 showed that the Common
Dolphinfish was under serious fishing pressure, meanwhile the
estimate of B/B0 = 0.068 which indicates that the standing
biomass of this species has depleted greatly (Figure 2E).

DISCUSSION

Stocks with very limited or unreliable catch data can be assessed
using the LBB method. However, the greatest limitation of
this approach remains the fact that for an exploited stock,
the length-frequency data used must be representative of that
stock (Froese et al., 2018). For the present work, all the LF
data was obtained from a commercial catch gear for at least
1 year and represented all possible length classes of the species
analyzed, thus meeting all LBB requirements. Furthermore, for
all 10 populations (5 species × 2 oceans) the LF samples were
suitable since their resulting fits presented asymmetric patterns
as prescribed in Froese et al. (2018).

The two species in the bramidae family (pomfrets) attained
larger sizes in the Atlantic than in the Pacific, which may explain
why both fisheries were under intense fishing pressure in the

Atlantic Ocean (Table 2). The populations of Acanthocybium
solandri, Alepisaurus ferox, and Coryphaena hippurus witnessed
intense fishing pressure in the Pacific, reaching maximum lengths
earlier than those of the Atlantic. Still in the Pacific, LBB results
show that the stock of Coryphaena hippurus collapsed in this
same region. Six out of the 10 populations (5 species× 2 oceans)
had ratios Lc/Lc_opt ≥ 1 indicating the presence of a good
number of large specimens.

Apart from Acanthocybium solandri and Taractichthys
steindachneri, no assessment method had previously been
applied to the other three stocks (Supplementary Table S1).
An ecological risk assessment was applied to all these species
in the Western and Central Pacific Ocean (WCPO) to assess
the effect of the tuna longline fishery on these populations
(Kirby, 2006; Kwon et al., 2009). Reports from this assessment
corroborate with the findings obtained in our work; they
reported that Acanthocybium solandri, Alepisaurus ferox, and
Coryphaena hippurus were under intense fishing threat except
for Taractichthys steindachneri and Taractes rubescens. Reports
by Zischke and Griffiths (2015) and Kindong et al. (2020) were
consistent with the present result; they used different per-recruit
models to assess the stocks of Acanthocybium solandri and
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TABLE 2 | Fishery statuses of the five pelagic species assessed in the Atlantic and Pacific Oceans presented by LBB [Linf , Lc50 and Lc/Lc_opt, F/M, F/K, and B/B0 and
B/BMSY and their respective 95% confidence intervals (numbers in brackets)].

Species Linf (cm) Lc50 (cm) Lc/Lc_opt F/M F/K B/B0 B/BMSY Stock
status

Acanthocybium
solandri

Atlantic 197
(195—-199)

99.7
(98.6—-101)

0.97 0.3 (0.18–0.54) 0.39 (0.25–0.57) 0.67 (0.28–1.3) 1.8 (0.74–3.4) Healthy

Pacific 204
(200–208)

103
(102–104)

0.94 1 (0.65–1.27) 1.7 (1.2–2) 0.35 (0.18–0.46) 0.96 (0.51–1.3) Slightly
Overfished

Taractes
rubescens

Atlantic 95.5
(94.1–97.3)

82.7
(81.6–84.2)

1.5 5.8 (4.6–8) 10 (8.7–14) 0.2 (0.14–0.3) 0.56 (0.41–0.85) Overfished

Pacific 94
(92.5–95.2)

50.3
(50.1–50.6)

1 0.49 (0.33–1) 0.75 (0.55–1.2) 0.55 (0.29–1.2) 1.5 (0.79–3.4) Healthy

Taractichthys
steindachneri

Atlantic 107
(105–109)

73.6
(72.8–75.2)

1.2 5.2 (4.3–6.7) 11 (9.3–13) 0.13 (0.095–0.18) 0.37 (0.28–0.51) Grossly
Overfished

Pacific 90.3
(88.9–92.1)

55.4
(55.1–55.7)

1.4 0.23 (0.093–0.48) 0.41 (0.18–0.71) 0.76 (0.11–1.7) 2.1 (0.32–4.9) Healthy

Alepisaurus
ferox

Atlantic 163
(161–165)

107
(106–108)

1.6 0.11 (0.052–0.22) 0.25 (0.11–0.43) 0.87 (0.19–1.9) 2.5 (0.54–5.4) Healthy

Pacific 199
(196–203)

77.3
(76.3–78.1)

0.67 1.3 (0.99–1.7) 2 (1.7–2.2) 0.22 (0.14–0.31) 0.61 (0.39–0.83) Overfished

Coryphaena
hippurus

Atlantic 152
(150–154)

83.4
(81.7–85.8)

1.2 0.14 (0.063–0.26) 0.21 (0.099–0.36) 0.83 (0.18–1.8) 2.3 (0.5–4.8) Healthy

Pacific 140
(139–142)

97.5
(96.2–99.1)

0.87 7.1 (4.5–13) 4.1 (3.7–4.9) 0.068 (0.032–0.14) 0.16 (0.075–0.32) Collapsed

Taractichthys steindachneri in the Pacific. Kirby (2006) and Kwon
et al. (2009) reported that the stock of Coryphaena hippurus was
at higher exploitation risk, corroborated by our findings, which
showed a collapsed state of this stock in the Pacific. Although
no conclusion was reached for this species in the Eastern
Pacific Ocean, Aires-da-Silva et al. (2016) still reported that
current catches were near the maximum sustainable yield (MSY)
estimates from the stock synthesis (SS3) assessment results. These
authors insisted on the prioritization of collecting new data for
future assessment of Coryphaena hippurus. In the Atlantic
Ocean, all except Acanthocybium solandri had no reported
stock assessment. Acanthocybium solandri in the Atlantic is
grouped under the small tunas species category by the ICCAT
(International Commission for the Conservation of Atlantic
Tunas) which recently performed initial attempts to assess this
species’ stock. Pons et al. (2019) assessed this stock using two
length-based methods [(LBSPR: length-based spawning potential
ratio (Hordyk et al., 2015) and LIME: length-based integrated
mixed-effects (Rudd and Thorson, 2018)] and reported that
the stock was stable and not under fishing pressure, which
corroborates with results presented by the LBB method in this
study. Results from LBB showed that Taractichthys steindachneri
was grossly overfished and Taractes rubescens was overfished,
with both fisheries having very low biomasses.

As of now, the five pelagic species analyzed in this study
are listed as Least Concern (LC) in the IUCN: International
Union for Conservation of Nature (International Union for
Conservation of Nature [IUCN], 2020) even though a probable
increase in catches may have been occurring in recent years
(FAO, 2019). However, this classification as LC by the IUCN
may be attributed to the limited nature of catches that result as
a combination of: data misreporting; low economic value and

repeated discarding; an assumed little exposure to fishing stress;
and/or the species identification difficulties (Clarke et al., 2014).

Analyses of these species for the Indian Ocean were not taken
into consideration because reported LF data for four of these
species was less than 50 specimens/year in most cases. However,
a review of information for non-targeted pelagic specimens
in the Atlantic, Eastern, and Western Central Pacific and
Indian Oceans showed that Coryphaena hippurus Acanthocybium
solandri and Alepisaurus ferox were commonly encountered in
longline fisheries, also including few bramidae (Clarke et al.,
2014; FAO, 2019). Coryphaena hippurus seems to be the most
documented non-targeted species in the IATTC convention area
with catches of 2,500–4,500 tons annually in recent years (Clarke
et al., 2014; Aires-da-Silva et al., 2016). Cass-Calay and Ortiz
(2009) reported that their stock was not overfished, consistent
with our findings (Supplementary Table S1).

Worries have been raised concerning the value of non-target
species including Coryphaena hippurus as a source of income
and food security to local communities, hence, the urge to
safeguard the continuous livelihood supply for artisanal fishers
from an apparent disruption from commercial fisheries. This
mainly concerns the high catches from purse seine fisheries.
Though most un-targeted species are highly productive, many
factors of these species still make them vulnerable that may cause
their populations to decline (i.e., aggregation, high inter-annual
variability, and exploitation before sexual maturity; Moltó et al.,
2020). Moreover, due to the lack of quality data, consequently,
rare stock assessments, it was unclear if current levels of
interactions with tuna longline fisheries were placing these non-
targeted fisheries populations at risk. Thus, despite the lack
of conservational and management measures to safeguard the
stocks of these species, more attention in improving fishery
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statistics and conducting periodic monitoring of their stocks
should be implemented.

The LBB method requires that the LF samples constitute of
small-sized as well as large-sized specimens in order to fully
represent all possible size classes of the specie’s population. The
lack of either small-or large-sized specimens in the LF data
may lead to LBB presenting biased results. Given that longlines
represent an important gear type in commercial fisheries, we
think the LBB method generated less biased estimates since the
sizes caught by this gear for the present study constitutes juvenile
and adult specimens from at least 1-year data, thus representative
of these species’ populations. Furthermore, Froese et al. (2018)
reported that, for LBB to present good results, the LF sample
fits must show an asymmetric pattern. In the present study, the
LF samples for all populations obtained from longline fishing
gears showed asymmetric plot patterns similar to fits presented
in Froese et al. (2018). Moreover, the stock status estimated by
LBB for the 10 populations were consistent with the few available
risk assessment and stock assessment reports (Supplementary
Table S1). Therefore, the stock status information presented by
LBB are reliable and provide these fisheries with information that
may serve for managing and conserving their stocks in these
oceanic waters. These LBB results may also serve as proxies
in more sophisticated assessment models when more reliable
data are available.
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