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Abstract. Harlyan LI, Rahman MA, Rihmi MK, Abdillah SFA. 2023. Biological parameters and spawning potential ratio of Longtail
Tuna Thunnus tonggol landed in Kranji fishing port, Lamongan District, Indonesia. Biodiversitas 24: 6527-6535. Longtail Tuna
(Thunnus tonggol), one of the small-pelagic tropical fisheries in the Fisheries Management Area (FMA-712), is important in supporting
global food security. Therefore, to ensure its sustainability, this fishery is applying for fishery certification to be an ecolabel fishery by
the Marine Stewardship Council (MSC). However, limited information about Longtail Tuna's biological parameters and stock status in
this management area will lead to failure in certification completion. This study aims to provide biological parameters and stock status
of Longtail Tuna landed in the Kranji fishing port, Lamongan, Indonesia. Length, weight, and gonad weight of female Longtail Tuna
individuals which landed in the Kranji fishing port were conducted from January to April 2023. Several analyses were carried out to
figure out the biological parameters of Longtail Tuna, such as length-weight relationship, length at first maturity (Lsg) and length at first
capture (L) estimation. Length-Based Spawning Potential Ratio (LB-SPR) analysis was conducted to estimate fish exploitation. Results
showed that the Longtail Tuna landing in the Kranji fishing port exhibited a negative allometric growth pattern with the length-weight
relationship model W = 0.0433 FL27%%8, A comparison between L., (43.9+0.11cm) and L, (43.6+0.04cm) indicated that most female
Longtail Tuna landed in the Kranji fishing port are mature (60% of the total samples). The LB-SPR analysis showed moderate
exploitation status (SPR = 34%). Fishing activities are still manageable in this situation by focusing on stock sustainability. An
overlapping fishing ground occurs in the Kranji water, showing the domination of two species landed in the Kranji fishing port, Longtail
Tuna and Eastern Little Tuna (Euthynnus affinis). Therefore, Longtail Tuna fishery management might also consider fishery

management of Eastern Little Tuna or other species with overlapped habitats.
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INTRODUCTION

Longtail Tuna, known as Thunnus tonggol, has
traditionally contributed significantly to Indonesia's food
supply (Abdussamad et al. 2012). As a small pelagic fishery,
it contributed up to 37% of the total fish production in the
Fisheries Management Area (FMA-712) (Hidayat et al. 2020;
Rizal et al. 2023). They are located exclusively in the neritic
waters, geographically distributed within the Indo-Pacific
region between 47°N and 33°S. In Northern Java, part of
FMA-712, Longtail Tuna is the most dominant species
caught by many fishing gears, such as purse seines and
gillnets, indicating high fishing pressure (Hidayat et al.
2020). As a result, the sustainability of the fishery must be
preserved. Together with the other group of species, Anchovy
fisheries, the Department of Marine and Fisheries, Province
of East Java, applies a fishery certification for these
fisheries to ensure their sustainability in Northern Java
(Wiadnya et al. 2023). The Marine Stewardship Council
(MSC) is a nonprofit organization that aims to establish
criteria for sustainable fishing. The Conformity Assessment

Bodies (CAB) evaluate fisheries that exhibit that they are
sustainably managed and up to the criteria set by the MSC.
Therefore, to be certified by the MSC certification, the
fisheries must meet the MSC Fisheries Standard (Southall et
al. 2016; Pierucci et al. 2022).

As part of the certification process, a fishery can
complete a pre-assessment conducted by the CAB, which
informs whether the fishery is ready for a full assessment
(Southall et al. 2016; Wakamatsu and Wakamatsu 2017; Le
Manach et al. 2020). The pre-assessment of the Longtail
Tuna caught by the purse seine fishery in the FMA-712 has
been done and stated that there needs to be more information
on the current stock status for the populations caught by
Unit of Assessment (UoA) vessels, which the stocks are
poorly defined. It is also specified that the Longtail Tuna
stocks are likely to be above the Point of Recruitment
Impairment (PRI) as a reference point limit for the reproductive
part of the stock. However, more information is required on
stock status (Bioinspecta 2019). Therefore, some actions need
to be taken to improve the fishery and fulfill the requirement
of the MSC fishery certification (Southall et al. 2016;
Wakamatsu and Wakamatsu 2017; Le Manach et al. 2020).
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The Spawning Potential Ratio (SPR) is a typical approach
for estimating the biological reference point of a fish stock
under fishing pressure (Hordyk et al. 2015b). It can be used
to help minimize over-exploitation, which can threaten the
sustainability of fisheries. However, in small-scale and data-
poor fisheries, due to a lack of technical skill and financial
support, the only available data to be collected is length
composition data. (Ault et al. 2005; Harlyan et al. 2019,
2021, 2022). Furthermore, measuring an exploited stock's
length data is relatively practical and is among the most
common data available. Since the length of data for many
stocks is readily available, various length-based approaches
have been developed and deployed to estimate biological
characteristics and explain the dynamics of fish populations
(Pauly and Morgan 1987; Klaer et al. 2012). Length-based
strategies leverage the population's length structure to
determine stock status and provide helpful management
advice (Ault et al. 2005; Klaer et al. 2012; Hordyk et al.
2015a).

The former studies assessed the applicability of Length-
Based SPR (LB-SPR) as a tool for analyzing data-poor and
small-scale stocks by testing some of the fundamental
assumptions of the Length-Based SPR (LB-SPR) model
(Hordyk et al. 2015a, 2015b). In this study, the possibility
of fish stock estimation was developed by the LB-SPR with
several assumptions to the supporting data, such as growth
and mortality parameters (King 2007). The Northern Java
Longtail Tuna fishery, which only has length frequency
data available, may benefit from adopting the LB-SPR
model as a data-poor fishery since it may be an effective
technique to provide a preliminary estimation of stock
status and management recommendations.

The Northern Java Longtail Tuna fishery must ensure
its structure, productivity, and diversity of the ecosystem to
meet the MSC fisheries standards, including other supporting
species, which are defined as species that are also caught
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together with target species (Southall et al. 2016; Yusrizal
et al. 2018). Lack of information on other species as
supporting species of the Longtail Tuna fishery might raise
problems in identifying the Longtail Tuna fishery's impact
on other species. This study also provides the characterization
of other species assumed as the supporting species into
primary, secondary, and Endangered, Threatened and
Protected Species (ETP) for baseline data on assessing the
impacts of the Longtail Tuna fishery in Northern Java.

The Kranji fishing port, located in Lamongan regency,
is the dominant Longtail Tuna fishery landing site in
Northern Java. This study was conducted to estimate the
stock status of Longtail Tuna landed in Northern Java using
the LB-SPR model and assess the impacts of the Longtail
Tuna fishery on other supporting species by characterizing
its landing composition. Longtail Tuna Fishery's
Improvement Program (FIP) might lead to MSC
certification by completing these information gaps, leading
to fishery sustainability and elevating its global market.

MATERIALS AND METHODS

Study area

The Kranji fishing port in Northern Java is a small
fishing port that primarily lands for Longtail Tuna (Figure
1). A field survey was conducted to gather biological
information on Longtail Tuna and the landing information
from January to April 2023, representing the fishing season
in Northern Java, as a part of the Western Central Pacific.
The fishing season of Kranji water is divided into two
seasons; the Longtail Tuna was dominantly caught from
October to April, while other small pelagic fish were
dominantly caught from May to September.
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Figure 1. Kranji Fishing Port is located in Northern Java as a part of the Western Central Pacific
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Data collection

The field survey collected information on all species
based on their fishing ground, fishing gear, landing sites,
and the number of landings. A systematized questionnaire
was used during the fishery surveys to collect fishing data,
including fishing ground coordinates and caught data,
through face-to-face interviews with local fishermen and
enumerators. Participatory mapping was used to assist
respondents in providing their fishing ground coordinates.
At the time of the survey, there were 150 boat owners,
including 120 purse seine fishers and 30 gillnet fishers.

Moreover, 2,000 samples were collected to gather
Longtail Tuna's fish length and weight data for both male
and female individuals. The length data gathered was
forked length (cm), and the weight data were taken by
digital scale (g). Dissection was performed to observe fish
gonad macroscopically to observe gonad maturity for 45
female individuals.

Data analysis

Several analyses were performed to describe the
biological parameters of Longtail Tuna landed in the Kranji
fishing port.

Species composition

The species composition of the landings and fishing
coordinates collected from fishery surveys were used to
digitize for landing composition of each fishing ground.

Length-weight relationship
Growth parameters are conducted by length-weight
relationship analysis through this equation:

Therefore, to estimate the constant, a and b, the
equation was transformed into a linear regression model as
follows:

ImW =a+bInL...........ienna, 2

Where W and L are, respectively, fish weight (g) and
forked length (cm). The constants a and b are the intercept
and slope of the linear regression model. The b value
describes the growth pattern (isometric vs. allometric).
Furthermore, to test whether Longtail Tuna exhibits
isometric growth or not, a partial t-test was conducted by
considering  Ceaprecaary With  95%  confidence interval
(0=0.05) and degree of freedom is m — 1. The tount Was
estimated by the following equation:

bg—by
Shy

Where bg equals 3, by is the regression slope, and Sbl is
the standard deviation of b applying hypotheses:

HO: b=3 indicates an isometric growth pattern

H1: b#3 indicates an allometric growth pattern

Allometric patterns are divided into two: positive
allometric and negative allometric. If b<3, the growth
pattern is negative allometric, indicating accretion of length
is faster than accretion of weight, and if b>3, the growth

tcount =
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pattern is positive allometric, indicating accretion of weight
is faster than accretion of length.

Gonad maturity level

Gonad maturity can be determined by observing both
morphometric and meristic data. Several aspects are
observed, including color and size. Male and female
individuals have four to five stages of gonad maturity
levels (Table 1) (Ngabito et al. 2023).

Mean length at first maturity Lso

This analysis can be applied to evaluate fish stock
management and conservation (Soares et al. 2020). In
addition, Lso was calculated by adapting the equation
created by King (2007):

P=1U@+exp[-r(L—LOD...ceevvvrerennn. (@)
To calculate Lsg, the equation is transformed as:

_ 1
P —m ................................ (5)

Where P is the proportion of mature individuals, L is
fish length (cm), Lso is the mean length at a proportion of
50% at maturity (cm), and r is the coefficient related to the
slope of the logistic curve.

Length at first capture (Lc)

The length at first capture (L.) and the length at both 25
and 75 captures correlated to the cumulative probability at
25% and 75%, respectively. They were estimated using the
ascending left arm of the length converted catch curve
included in the FiSAT Il tool. The likelihood of catch
provides a clear picture of the approximate size of the fish
in the fishing region that will be captured with a certain
piece of equipment. It is a crucial tool for fisheries
managers to determine the minimum mesh size of a fishing
fleet, which is necessary to sustain targeted fishery
management. The results of Lsy and L. were compared to
determine allowable fish length and stock status.

Length-Based Spawning Potential Ratio (LB-SPR)

Therefore, to estimate the stock status of the Longtail
Tuna fishery, the LB-SPR method was performed using the
barefoot ecologist application (Prince 2003; Castello et al.
2013). The input of the application is length data and several
life history parameters, such as average maximum asymptotic
length (L), growth rate coefficient (K), natural mortality
(M), and length at 50% maturity (Lsg), and length at 95%
maturity (Les) (Hordyk et al. 2015b; Halim et al. 2020).

Asymptotic length (L) and growth rate coefficient
(K). Growth parameters were estimated from the Von
Bertalanffy growth curve equation using the FAO-
ICLARM Stock Assessment Tools (FISAT-II) - Electronic
Length Frequency Analysis | (ELEFAN I) software, as
follows:

L = Lop(1—e ¥t ) s (6)

Where Lt is the fish length at age t (cm), and to is the
theoretical age at which the fish is age 0.
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Natural mortality (M). Natural mortality can be
calculated using the Pauly (1980) equation:

LogM = —0.0066 — 0.279LogL, + 0.6543LogK + 0.4634LogT-..(7)

Where: T is the seawater temperature (°C) collected
from NASA Ocean Color (https://oceancolor.gsfc.nasa.gov/)
in the study period.

Lso and Los. Lso is obtained from the Lso analysis
described above, while Lgs was estimated by applying the
equation from Kindong et al. (2022) as follows:

The SPR wvalue is expressed as a percentage,
representing the decline in the proportion of the spawning
biomass produced by each recruit relative to the spawning
production that would have occurred in an unfished state.
An SPR of 100% means the resource is under-exploitation.
An SPR <20% indicates an overexploitation fishery, while
20%<SPR<40% indicates that the exploitation status is
moderate, and SPR>40% indicates that the fishery is under-
exploitation (Prince et al. 2015).

Catch composition distribution overfishing coordinates
Fishing coordinates and species composition were
combined to generate a fishing ground distribution map. The
fishing coordinates were gathered from participatory mapping;
respondents directly gave their fishing coordinates information
in the fishing ground map with minimal intervention from
researchers. The species composition data was collected
from the landings of 150 fishing boats. The ArcMap 10.3
application digitized the landing data of each coordinate.

RESULTS AND DISCUSSION

Species composition

Longtail Tuna is the primary species landed in the
Kranji fishing port, exploited by gillnet and purse seine
gears. Figure 2 shows the caugth composition of the
Longtail Tuna fishery from two fishing gears. The charts
show Longtail Tuna represent more than half of the
landings for both fishing gears, followed by mackerel tuna
(Euthynnus affinis) and small portions of other supporting
species, such as Black Marlin (Istiompax indica), Narrow-
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barred Spanish Mackerel (Scomberomorus commerson),
Indo-Pacific king Mackerel (Scomberomorus guttatus),
Needlescaled queenfish (Scomberoides tol), Military
barracuda (Sphyraena putnamae), Common Blacktip Shark
(Carcharhinus limbatus), Barracuda (Acanthocybium
solandri), Shortbodied Mackerel (Rastrelliger brachysoma),
and Fourfinger Threadfin (Eleutheronema tetradactylum).
During the study period, landings of purse seines were five
times higher than those of gill nets. The length distribution
data was collected from two gears to ensure that the length
data covered all size distributions of Longtail Tuna
individuals.

Length-weight relationship

The length-weight relationship was estimated using
2,000 individual length and weight measurements. Figure 3
shows the scatter plot and fitted curve for the length-weight
relationship of Longtail Tuna. The length-weight equation
is estimated as follows:

W = 0.0433 FL27% where the a and b constants are
0.0433 and 2.7608, respectively (Figure 3).

Results from the t-test (toount = 18.54; tiame = 1.96)
indicated that the Longtail Tuna has a negative allometric
growth pattern. The increase in fish body weight is slower
than in fish body length.

Gonad maturity analysis

The determination of the gonad maturity level was
based on the gonad maturity stage (Table 1), and 45
individuals were examined. From 45 samples, 25 males and
20 females were distributed in various stages (Figure 4).

In Figure 4, stage | indicates immature gonads, while
stage Il indicates mature gonads, and stage 1V should be
the post-spawning; hence, there are many fish in stage IV.
No individual was found in the post-spawning stage (where
the gonads shrink and empty). According to samples, more
mature samples were found in the landings at Kraniji
fishing port.

Mean length at first maturity (Lso)

The fish's mean length at first maturity is when 50% of
the population mature (Lso) or individuals in stages Il and
IV of the gonad maturity level. The Lso value was obtained
from the linearized regression analysis between the length
class and the proportion of mature individuals (Figure 5).

Table 1. Morphometric characterizations to aid in determining male and female maturity stages

Stages Female Male

I (Immature) Gonads are clear Gonads are clear

Il (Early Gonads are yellowish-white Gonads are milky-white

maturation)

111 (Maturation) Gonads fill almost half of the peritoneum, and the eggs ~ Gonads fill almost half of the peritoneum and are milky-
are fine granules, greenish-yellow. white.

IV(Mature) Gonads fill most of the peritoneum and are brownish- ~ Gonads fill most of the peritoneum and are milky-white

green.
V (Post spawning Gonads shrink

or spent)

Gonads are empty

Source: Ngabito et al. (2023)
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The Lsp on Longtail Tuna was estimated at 43.9+0.11cm,
as the linear regression model results suggested, with a
determination coefficient of 59.25%. Figure 6 shows the
graph to determine whether the length frequency of the
Longtail Tuna landed in the Kranji fishing port is more or
less than the Lso. The graph shows that in the length
frequency, most landing fish have a length more than the Lso,

Mean length at first capture (Lc)

The value of Lc can be applied to several approaches
for determining the exploitation level. A fishery can be
assumed to be a sustainable fishery if most landings are in
a mature stage. The L¢ value can be defined by applying a
regression analysis, which was performed between length
class (FL, cm) and the difference of log-normal number
individuals (d In N) (Figure 7). The regression model for L,
is y=-—0.1621x +6.337 with the determination
coefficient is 64.4%. The calculation shows that the Lc of
the Longtail Tuna landed in the Kranji fishing port is
43.6+0.04 cm. Based on the calculation of Lsg and Lc, the
value of Lso significantly differs from Lc. It is assumed that
the landings of Longtail Tuna in the Kranji fishing port are
stable since individuals in the mature stage dominate it.

Length based-Spawning Potential Ratio (LB-SPR)

This analysis was applied to determine the exploitation
status of Longtail Tuna landed in the Kranji fishing port by
inputting the fork length and several parameters.

Growth rate (K), asymptotic length (L), and natural
mortality (M). Below is the von Bertalanffy plot shown
from January to April 2023 (Figure 8). The K value is
0.67/year, while the L is 55.4 cm FL.

Istiompax
indica
1.71%
Scomberomorus commerson

1.18%
Euthynnus affinis ?

33.43%

Rastrelliger brachysoma
0.74%

Eleutheronema
< tetradactylum
Thunnus tonggol 0.63%
57.87% Other
£.44%
A
n = 116,903 kg
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The natural mortality calculated by the Pauly equation is
determined as 1.53/year. Therefore, the M/K ratio is 2.29.
This means the removal of Longtail Tuna in Kranji waters
due to causes not associated with fishing, which can be
characterized by fishing intensity by comparing with F and
Z values.

Selectivity-Maturity analysis. In this analysis, the Lso
was estimated at 43.9 cm FL, while the Los was 48.9 cm FL.
By completing the calculations of several biological parameters,
the barefoot ecologist tool provided the selectivity-maturity
curve (Figure 9) that shows the gear selectivity of fishing
gears used, purse seines and gillnets, in Kranji waters.

The selectivity curve falls on the right of the maturity
curve. It indicates that the gears used by the Kranji fishers
were selective, as they could dominantly catch mature
individuals. Similarly, the SPR value of the Longtail Tuna
landed in the Kranji fishing port was 34% (Figure 10),
indicating modest stock status. It is suggested that the
Longtail Tuna still can be fished with proper monitoring
and surveillance.

Fishing ground distribution

The fishing grounds of the Longtail Tuna fishery and
other supporting species are concentrated vertically from
the Kranji coastline (Figure 11). It is shown that the
overlapping of fishing coordinates between the fishing
ground of the Longtail Tuna and the mackerel tuna
demonstrates that both species are dominant.

Longtail Tuna are widely distributed from Kranji waters
to Bawean Island with fishing distances ranging from 13 to
56 miles from the coast. The Longtail Tuna has no distinct
fishing ground since it overlaps with other species, such as
mackerel tuna.

Carcharhinus limbatus
1.44%

Scomberoides tof
1.33%
Scomberomorus commerson
1.33%

Euthynnus affinis

35515 //

Scomberomorus guttatus

1.16%
Thunnus tonggol Sphyraena putnomae
55.23% 0.61%
Acanthocybium solandri
0.39%
B
n = 28,529 kg

Figure 2. Species composition by weight of Longtail Tuna fishery from two fishing gears: A. Purse seines, B. Gillnets
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Discussion

Results of the analysis comparing length at first
maturity (Lsg) (or in this study, is Lso) to length at first
capture (L.) showed that these two values were very close
to one another for Longtail Tuna landed in Kranji. This
shows that mature fish dominate the catch of Kranji
fishermen. The Lso and Lc values, which are almost the
same, are influenced by the biological characteristics of
Longtail Tuna, which tends to cluster in the same species
and size range (Koya et al. 2018). It is known that the Lso
value might wvary within species; differences in
environmental conditions and geographical location
influence this.
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Figure 10. The spawning potential ratio of the Longtail Tuna
fishery landed in Kranji waters

Geographical location is related to changes in sea
surface temperature, which influence differences in habitat
preferences and fish distribution patterns (Koya et al.
2018). The Lc value varies at each research location;
differences in fishing gear and fishing methods can cause
differences in Lc values. This affects the fish size data
obtained and the analysis size results' (Griffiths et al.
2020). Other factors that influence the size of the Lc values
are net mesh size, differences in seasons, and differences in
fishing areas (Hidayat et al. 2020).

Fish are stated to be sustainably caught if the length at
first capture is larger than half the asymptotic length or the
Lc > Lso (Hidayat et al. 2020). Since the Longtail Tuna
landed at the Kranji fishing port has an Lc value nearly
equal to the Lso value, the fishing activities are still
considered sustainable because they catch fish with
developed gonads.

Results from the LB-SPR analysis indicated that the
stock of Longtail Tuna in the Java Sea is still in a stable
condition with an SPR value of 34%. This means that 34%
of the adult Longtail Tuna population still has the
opportunity to spawn. Biomass is said to restore its
population if the SPR value exceeds the reference threshold
of 30% (Prince et al. 2015). On the other hand, an SPR
value of 34%, if related to the SPR categorization by
Abdussamad et al. (2012), would indicate a fully exploited
condition. This condition occurs if the SPR value obtained
is in the range of 20-40%. This is supported by research
from Bintoro et al. (2022), which states that the utilization
status of large pelagics in FMA-712 has reached 63% of
the MSY (Maximum Sustainable Yield) value and shows a
fully exploited condition. Fishing activities for Longtail
Tuna at the Kranji fishing port can still be conducted but
must be monitored closely to ensure long-term
sustainability. Management actions that could help avoid
over-exploitation include limiting fishing trips and
implementing regulations on the size of purse seine fishing
gear, particularly mesh size regulation.
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Figure 11. Fishing ground distribution of the Longtail Tuna fishery landed in the Kranji waters.

The distribution of species composition revealed an
overlap in the fishing grounds of species landed in Kranji
waters, as demonstrated by the fishing distribution of
Longtail Tuna and mackerel tuna (Euthynnus affinis). As a
result, Longtail Tuna fishery management might also
consider fishery management of Eastern Little Tuna or
other species that have overlapped habitats. As more
biological and ecological information becomes available,
the Kranji waters, as part of FMA- 712, may get fisheries
certification in the coming years.

ACKNOWLEDGEMENTS

The authors would like to thank all Kranji fishing port
and Indonesian staff for supporting the statistical data of
fisheries during the field study. Also, the Faculty of
Fisheries and Marine Science, Universitas Brawijaya,
Malang, Indonesia, provided financial support for this work
by Doktor Non-Lektor Kepala research grant number
2327/UN10.F06/KS/2023.

REFERENCES

Abdussamad EM, Koya KPS, Ghosh S, Rohit P, Joshi KK, Manojkumar
B, Prakasan D, Kemparaju S, Elayathu MNK, Dhokia HK, Sebastine
M, Bineesh KK. 2012. Fishery, biology and population characteristics
of Longtail Tuna, Thunnus tonggol (Bleeker, 1851) caught along the
Indian coast. Indian J Fish 59 (2): 7-16.
http://eprints.cmfri.org.in/id/eprint/8985.

Ault JS, Smith SG, Bohnsack JA. 2005. Evaluation of average length as
an estimator of exploitation status for the Florida coral-reef fish
community. ICES J Mar Sci 62 (3): 417-423. DOI:
10.1016/j.icesjms.2004.12.001.

Bintoro G, Setyohadi D, Tri LD, Rofiigoh NA, Syawli A, Kadhafi M
2022. Sustainable management of fisheries resources in Java Sea:
Utilization status of Longtail Tuna (Thunnus tonggol) in Indramayu
waters West Java case study. E3S Web Conf 339: 04001. DOI:
10.1051/e3sconf/202233904001.

Bioinspecta. 2019. Pre-assessment report of Tongkol Tuna (Thunnus
tonggol; Euthynnus affinis) Purse seine Fishery in East Java (FMA-
712). MSC Fish for Good project.

Castello L, McGrath DG, Arantes CC, Almeida OT. 2013. Accounting for
heterogeneity in small-scale fisheries management: The Amazon case.
Mar Policy 38: 557-565. DOI: 10.1016/j.marpol.2012.09.001.

Griffiths SP, Leadbitter D, Willette D, Kaymaram F, Moazzam M. 2020.
Longtail Tuna, Thunnus tonggol (Bleeker, 1851): A global review of
population dynamics, ecology, fisheries, and considerations for future
conservation and management. Rev Fish Biol Fish 30: 25-66. DOI:
10.1007/s11160-019-09589-5.

Halim A, Loneragan NR, Wiryawan B, Fujita R, Adhuri DS, Hordyk AR,
Sondita MFA. 2020. Transforming traditional management into
contemporary territorial-based fisheries management rights for small-
scale fisheries in Indonesia. Mar Policy 116: 103923. DOI:
10.1016/j.marpol.2020.103923.

Harlyan LI, Matsuishi TF, Md Faisal MF. 2021. Feasibility of a single-
species quota system for management of the Malaysian multispecies
purse-seine fishery. Fish Manag Ecol 28 (2): 126-137. DOI:
10.1111/fme.12470.

Harlyan LI, Rahma FM, Kusuma DW, Sambah AB, Matsuishi TF,
Pattarapongpan S. 2022. Spatial diversity of small Pelagic species
caught in Bali strait and adjacent Indonesian waters. J Fish Environ
46 3): 198-209. https://1i01.tci-
thaijo.org/index.php/JFE/article/view/257507.

Harlyan LI, Wu D, Kinashi R, Kaewnern M, Matsuishi T. 2019.
Validation of a feedback harvest control rule in data-limited
conditions for managing multispecies fisheries. Can J Fish Aquat Sci
76 (10): 1885-1893. DOI: 10.1139/cjfas-2018-0318.



HARLYAN et al. — Biological parameters of longtail tuna in Kranji Fishing Port

Hidayat T, Boer M, Kamal MM, Zairion, Suman I, Mardlijah S. 2020.
Population dynamics of Longtail Tuna (Thunnus tonggol) in the Java
Sea and adjacent waters. AACL Bioflux 13 (3): 1428-1436.
www.bioflux.com.ro/aacl.

Hordyk A, Ono K, Valencia S, Loneragan N, Prince J. 2015b. A novel
length-based empirical estimation method of Spawning Potential
Ratio (SPR), and tests of its performance, for small-scale, data-poor
fisheries. ICES J Mar Sci 72 (1): 217-231. DOl
10.1093/icesjms/fsu004.

Hordyk AR, Ono K, Sainsbury K, Loneragan N, Prince J. 2015a. Some
explorations of the life history ratios to describe length composition,
spawning-per-recruit, and the spawning potential ratio. ICES J Mar
Sci 72 (1): 204-216. DOI: 10.1093/icesjms/fst235.

Kindong R, Sarr O, Wu F, Tian S. 2022. Length-based assessment methods
for the conservation of a Pelagic shark, Carcharhinus falciformis from
the tropical Pacific Ocean. Fishes 7 (4): 184. DOI: 10.3390/fishes7040184.

King M. 2007. Fisheries Biology Assessment, and Management. Blackwell
Publishing Ltd., Oxford. DOI: 10.1002/9781118688038.

Klaer NL, Wayte SE, Fay G. 2012. An evaluation of the performance of a
harvest strategy that uses an average-length-based assessment
method. Fish Res 134-136: 42-51. DOI:
10.1016/j.fishres.2012.08.010.

Koya KM, Rohit P, Abdussamad EM, Azeez PA, Vase VK, Bharadiya
AS. 2018. Reproductive biology, diet and feeding pattern of Longtail
Tuna Thunnus tonggol (Bleeker, 1851) in the North-Eastern Arabian
Sea off Gujarat, India. Indian J Fish 65 (2): 16-25. DOI:
10.21077/ijf.2018.65.2.78457-02.

Le Manach F, Jacquet JL, Bailey M, Jouanneau C, Nouvian C. 2020.
Small is beautiful but large is certified: A comparison between
fisheries the Marine Stewardship Council (MSC) features in its
promotional materials and MSC-certified fisheries. PLoS One 15 (5):
€0231073. DOI: 10.1371/journal.pone.0231073.

Ngabito M, Olii O, Binol SV, Auliyah N, Apriliani IM. 2023. Gonad
maturity and fecundity of Mackerel Tuna (Euthynnus affinis (Cantor,
1849)) in North Gorontalo Waters, Indonesia. World Sci News 182:
104-114.

Pauly D, Morgan GPR. 1987. Length-based methods in fisheries research.
In: The Theory and Application of Length-Based Stock Assessment
Methods Conference Proceedings 13. Istituto di Tecnologia della
Pesca e del Pescato, Mazara del Vallo, Sicily, Italy.

6535

Pauly D. 1980. On the interrelationships between natural mortality,
growth parameters, and mean environmental temperature in 175 fish
stocks. ICES J Mar Sci 39 (12): 175-192. DOI:
10.1093/icesjms/39.2.175.

Pierucci A, Columbu S, Kell LT. 2022. A global review of MSC
certification: Why fisheries withdraw? Mar Policy 143: 105124. DOI:
10.1016/j.marpol.2022.105124.

Prince J, Hordyk A, Valencia SR, Loneragan N, Sainsbury K. 2015.
Revisiting the concept of Beverton-Holt life-history invariants with
the aim of informing data-poor fisheries assessment. ICES J Mar Sci
72 (1): 194-203. DOI: 10.1093/icesjms/fsu011.

Prince JD. 2003. The barefoot ecologist goes fishing. Fish Fish 4 (4): 359-
371. DOI: 10.1046/j.1467-2979.2003.00134.x.

Rizal DR, Adnina GSN, Agustina S, Natsir M. 2023. Stock Status in the
Indonesia  Fisheries Management Area (FMA-712). Fisheries
Resources Center of Indonesia. Rekam Nusantara Foundation.
https://perikanan.org/storage/publications/yLnoDfbV1swlpi2CI7bjB
BgQ942Q4IKpddBhJs4s.pdf. [Indonesian]

Soares BE, Barros TF, Hashiguti DT, Pereira DC, Ferreira KCF,
Caramaschi EP. 2020. Traditional approaches to estimate length at
first maturity (Lso) retrieve better results than alternative ones in a
Neotropical heptapterid. J Fish Biol 97 (5): 1393-1400. DOI:
10.1111/jfb.14505.

Southall T, Defeo O, Tsamenyi M, Medley P, Japp D, Oloruntuyi Y,
Agnew D, Doddema M, Good S, Hoggarth D, Lefébure R, Atcheson
M, Liow SY, Leisk C, Norbury H, Bianchi P, Anderson L, Bostrom J,
Gutteridge A. 2016. Working towards MSC certification: A practical
guide for fisheries improving to sustainability. Marine Stewardship
Council, London.

Wakamatsu M, Wakamatsu H. 2017. The certification of small-scale
fisheries. Mar Policy 77: 97-103. DOI:
10.1016/j.marpol.2016.12.016.

Wiadnya DGR, Harlyan LI, Rahman MA, Mustikarani SMI, Nadhiroh
ENS, Taufani WT. 2023. Stock status and supporting species of
anchovy fisheries in the northern of East Java, Indonesia.
Biodiversitas 24: 4775-4782. DOI: 10.13057/biodiv/d240918.

Yusrizal, Wiyono ES, Simbolon D, Solihin I. 2018. Estimation of the
utilization rate of fish resources in the northern coast of Java.
Indonesia. AACL Bioflux 11 (6): 1809-1824.
www.bioflux.com.ro/docs/2018.1807-182.


https://doi.org/10.1016/j.fishres.2012.08.010
https://doi.org/10.1093/icesjms/39.2.175

