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Abstract. The production of yellowfin tuna (Thunnus albacares) in West Nusa Tenggara (NTB) Province
has continued to increase from 2011 to 2021. The data from the Indian Ocean Tuna Commission (IOTC)
shows that yellowfin tuna (YFT) originating from the Indian Ocean has been over-exploited since 2018.
Thus, it is necessary to carry out research related to the biology of YFT, to aid making fisheries
management policies. The data collection was carried out at the Labuhan Lombok Fishing Port. The
primary data were collected from 2017 to 2021. The data were collected using stratified sampling for the
size of tuna fishing vessels and systematic sampling for YFT <10 kg in size. The length frequency, the
relationship between length and weight of fish, length at first catch, growth parameters, mortality, and
exploitation rate were determined. The results of this study indicate that the growth of YFT landed at the
Labuhan Lombok Fishing Port is negatively allometric. The size of the dominant YFT caught and landed
was under 100 cm, with a length of 65.7 cm at first catch. The YFT growth parameters were: growth
coefficient (K), of 0.28 year? and maximum body length (L), of 176.4 cm, with a fishing mortality rate
(F) of 0.19 year* and a natural mortality rate (M) of 0.48 year. The exploitation rate (Z) of YFT landed
at the Labuhan Lombok Fishing Port was 0.28.
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Introduction. The vyellowfin tuna (Thunnus albacares) is a fish that migrates long
distances. This tuna migration route covers almost all waters in the world, especially in
the Indian and Pacific Oceans. Until now, vyellowfin tuna (YFT) has been fished
relentlessly. Thus, its stock is vulnerable to collapse. YFT is the second main fishing
target in the world after skipjack (Katsuwonis pelamis) (Vincent et al 2020). The Indian
Ocean Tuna Commission (IOTC) has determined that YFT in the Indian Ocean has
experienced overfishing (IOTC 2022). Hence, all countries that are members of the IOTC
carry out management in a massive and coordinated manner to sustain the life of this
species in the future.

As one of the countries involved in the IOTC, Indonesia contributes with 16% to
the world's production of tuna, skipjack, and mackerel (TCT) and 20% to the national
fishery (FAO 2020). The province of West Nusa Tenggara (NTB), located in the
Indonesian fisheries management area FMA 573, has a significant contribution to the
production of TCT, especially YFT. The Indian Ocean in the south of West Nusa Tenggara
is a tuna fishing ground for fishermen both from NTB and from other provinces such as
Bali and East Nusa Tenggara. Based on the statistics data of NTB Province Capture
Fisheries, YFT production in NTB from 2011 to 2016 fluctuated and tended to increase
from 3534.6 tons to 4330.2 tons (DKP 2012, 2013, 2014, 2015, 2016, 2017).
Afterwards, in 2021, NTB Provincial Marine and Fisheries Service published that YFT's
production in the Province of NTB reached 7062.04 tons (Pemerintah Provinsi NTB 2023).
The YFT's production in NTB Province has increased. Following up on this, the Ministry of
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Marine Affairs and Fisheries and the local government have carried out supervision and
management by encouraging research related to the species, research that can become
references for the government, for making policies at the local, national, and regional
scope. The research can also influence international recommendations on the subject.

In the southern waters of Nusa Tenggara, research on YFT fisheries has not been
carried out consistently and continuously. Therefore, the basic profile of the policy cannot
be highly accurate yet in this location. The essential data that should be obtained are the
biological characteristics of YFT, in order to be able to explain the population structure of
the school of YFT in the southern waters of NTB. Knowing changes in population structure
will help understand the issues of population decrease due to habitat destruction,
predation, or fishing pressure (Kaymaram et al 2014). The illustration of these biological
characteristics can be used to formulate a strategy. Research has been conducted for
FMA 573 in the Indian Ocean comprehensively, but this has never been done specifically
for the southern waters of NTB. Ghofar et al (2021) researched population dynamics from
2013 to 2017, covering all of FMA 573, but partial research per area is also essential
because the profile of tuna fisheries is not even, so the strategy formulated will vary
between regions. Therefore, research on the biological characteristics of YFT in the
southern waters of NTB needs to be conducted. The aim of this paper is to determine the
biological characteristics of tuna in the aforementioned region, including: the relationship
between the length and weight of YFT, the YFT size distribution, the YFT growth
parameters, the length of YFT at first catch, and the mortality and exploitation rates of
YFT.

Material and Method

Research time and location. Data collection in this study was carried out for five years,
from January 2017 to December 2021. The data collection was carried out on YFT landed
at the Labuhan Lombok Fishing Port, East Lombok Regency, NTB, Indonesia. The YFT
data collection in this study was carried out at Labuhan Lombok Fishing Port because that
location is the dominant YFT landing site in NTB Province. Figure 1 shows the YFT landing
site at the Labuhan Lombok Fishing Port.
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Figure 1. Yellowfin tuna (Thunnus albacares) landing site at the Labuhan Lombok Fishing
Port.
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Tuna fishing units. YFT landed in Labuhan Lombok Fishing Port was caught by
fishermen using a hand line. The size of hooks used to catch YFT of more than 10 kg was
numbers 3 and 4. Meanwhile, YFT less than 10 kg were caught by fishermen using hook
size numbers 9 and 10. In performing the fishing activities, tuna fishermen at the
Labuhan Lombok Fishing Port used fishing vessels with a length of 8 to 12 m.

YFT landed by fishermen at the Labuhan Lombok Fishing Port was caught at FMA
573 and FMA 713 (Gigentika et al 2017). In FMA 573, south of Nusa Tenggara, the YFT
fishing area utilized by fishermen is at 9-139S latitude and 115-122°E longitude (Figure
2). The fishing area has a depth of 1000 m. However, YFT is generally caught at depths
between 1 and 60 m.
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Figure 2. Fishing area of yellowfin tuna (Thunnus albacares) landed at Labuhan Lombok
Fishing Port.

Data collection. The research collected YFT data from 2-3 YFT suppliers around the
Labuhan Lombok Fishing Port. From 2017 to 2019, data were collected from 3 YFT
suppliers, while from 2020 to 2021, data was collected from 2 YFT suppliers. The data
collection was carried out by sampling based on the data collection protocol for small-
scale handline fisheries in Indonesia (MDPI 2019).

This study used two forms in collecting the data; the daily sampling form and the
monthly landing form. The daily sampling forms collected data from daily fish landing
activities, where each state is for one ship per day. Information collected from everyday
sampling forms includes fish landing locations, names of suppliers, descriptions of fishing
units and fishing gear, descriptions of fishing areas, descriptions of catches, and
descriptions of fishing operations. Meanwhile, the monthly landing form was used to
collect monthly summary data on each fishing vessel at a fish landing site, filled out by
suppliers. Information collected from the monthly landing forms includes the identity of
fishing vessels, descriptions of fishing operations, information on fishing areas based on
Indonesian fisheries management areas (FMA), and reports of catches.

The daily data collection in this research used two types of sampling: stratified
sampling and systematic sampling. Stratified sampling is a sampling technique in
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heterogeneous populations, but can be divided into homogeneous sub-populations, where
sampling in each sub-population is carried out independently (Pirzadeh et al 2013; Ballin
et al 2016). Systematic sampling is a sampling technique carried out by selecting the first
unit randomly, the rest being assigned automatically according to a predetermined
pattern (Mostafa & Ahmad 2016; Zhao et al 2018). In this research, stratified sampling
was carried out on the size of the tuna fishing vessels. The vessels were grouped in <3
GT and 3-30 GT. Systematic sampling was carried out on the size of YFT landed, being
selected YFT <10 kg. Efforts were made daily to collect data for at least 20% of the total
fish landing activities during the research (WCPFC 2003; WCPFC 2008). The number of
samples is considered a representative sample of all fishing vessel landings and the
number that is feasible to be recorded.

Sampling on fishing vessels sized 3-30 GT with large catch volumes was
implemented with a subsampling system. For YFT sized 210 kg, a separate measurement
was carried out, with all fish landed on the sampled vessel measured for length and
weight. For YFT sized <10 kg, systematic sampling was carried out on the baskets that
are landed. The systematic sampling was used in this study also to measure the length
and weight of the YFT in the 1st, 5t 10% baskets, and so on for basket numbers in
multiples of five. The number of baskets sampled stopped when the number of YFTs
measured reached 200 fish. However, the baskets used for sampling were conditioned to
meet specific requirements, namely: contain >5% tuna, and the fish in the baskets
should not be sorted by size (MDPI 2019). If the basket sample did not meet these
requirements, another basket meeting the criteria was selected. Meanwhile, the
subsampling system was not applied for fishing vessels of less than 3 GT with small catch
volumes, but all YFTs that landed were measured for length and weight.

In this research, the YFT fork length (FL) was measured, from the tip of the
maxilla to the fork of the tail (Onsoy et al 2011). The FL of YFT measuring 210 kg was
determined using calipers, while the FL of YFT measuring <10 kg was determined using a
measuring board (Figure 3).The weight measurements of YFT were done by using scales.
YFT weighing 210 kg was carried out individually, while for YFT <10 kg the weighing was
carried out per basket. Figure 4 shows the scales used to measure YFT weight in this
study. The number of YFTs measured for length and weight in this study was 32299 fish
originating from 666 landing frequencies of tuna fishing vessels.

Figure 3. The measurement of yellowfin tuna (Thunnus albacares) fork length with caliper
(a) and measuring board (b) carried out by enumerators.
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Figure 4. The scales used to measure yellowfin tuna (Thunnus albacares) weight at the
location of the research.

Data analysis. Length frequency analysis was conducted to determine the number of
YFTs based on the length size group (Abdel-Barr et al 2012; Kaymaram et al 2014).
Microsoft Excel was used to process histogram data (Ilaboya & Otuaro 2019).

The analysis of the relationship between the length and the weight of YFT was
conducted using the equation W=alLP®, where W is the total weight of the fish (g), L is the
fork length of the fish (cm), while a and b are the constants of the regression results
(Jatmiko et al 2016; Yosuva et al 2018). The constant value (b) indicates an isometric or
allometric fish growth pattern. If b=3, then the fish growth pattern is isometric, whereas
if b#3, the fish growth pattern is allometric (Mariasingarayan et al 2020).

The length at first catch (Lc) was calculated through the value of the frequency
distribution of fish lengths. The value of this distribution was then analyzed by using the
Spearman-Karber standard logistic equation approach, where the length class with the
highest FL value is the length at first capture (Lc). The equation is the following (Sparre &
Venema 1998):

1
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Where: S. - logistic curve; S: - a; S2 - b; S1 and Sz - constants of the logistic curve
formula. Lc or Lso represents a fish length that of a fish that has 50% chances to be either
retained or to escape. If the Lc value is >%2 Lo (maximum body length), then the size of
the fish is declared fit for catching (Soukotta et al 2022). In addition, Lc should be close
to or more prominent than the length at first maturity to avoid overfishing (Kindong et al
2022).
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The growth parameters analyzed in this study consisted of the growth coefficient
(K), maximum body length (L»), theoretical age of fish at 0 cm (to), and maximum age of
fish (tmax). The ELEFAN I analysis contained in the FISAT II software was used to
estimate the value of K and Lo used, with the assumption that the dynamics of the fish
are in a state of equilibrium. Meanwhile, the estimated value of to was calculated using
the following equation (Pauly 1983):

Log-to = -0.3952-0.275 Log L» - 1.038 Log K

Longevity or maximum age (tmax) was estimated using the following equation (Pauly
1984):

2.996
bnay = g +—F—

K

The total mortality rate (Z) was estimated using a length-converted catch curve (Sparre
& Venema 1998; Gayanilo & Pauly 2001). The mortality of fish populations that have
been exploited is a combination of natural mortality and fishing mortality (Pauly 1983;
Sparre & Venema 1999; Welcomme 2001). The natural mortality rate (M) was estimated
using the empirical equation as follows (Pauly 1983):

Log M= -0.0066-0.279 Log L»+0.6543 Log K + 0.4634 Log T

Where: M - natural mortality coefficient; Lo - asymptotic fish length (cm); K - Von
Bertalanffy’s growth rate; T - average water temperature (°C).
Fishing mortality (F) can be calculated with the following formula:

F=Z-M

Where: Z - total mortality rate; F - fishing mortality rate; M - natural mortality rate.
Based on the fishing mortality rate value (F) assumption, the value is divided by the total
mortality rate (Z). The assumption is then determined using the exploitation rate (E)
using this formula (Pauly 1983):

E=F/Z

Optimal fish resources have an exploitation rate of 0.5, and natural mortality is equal to
fishing mortality. When E is higher than 0.5, it indicates over-exploitation (Mudjirahayu
et al 2017).

Results

Length-weight relationship. The YFT length-weight relationship equation s
W=0.00006264L272730313 with a determination coefficient R?=0.996% (Figure 5). This
means that 99.6% of the weight was gained from an increase in fish length, while 0.4%
was caused by other factors. Meanwhile, the fish growth pattern (b) was in a negative
allometric state (b<3), which means that the length growth is more dominant than the
weight growth.
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Figure 5. The length-weight relationship of yellowfin tuna (Thunnus albacares) in the
South of Nusa Tenggara waters, Indian Ocean.

Length distribution frequency. Fork length-frequency fish distribution was carried out
from 32299 fish divided into 16 classes (Figure 6). The minimum FL measured was 18
cm, while the maximum FL was 168 cm. The highest humber of fish was in the 38-47 cm
range. Figure 6 shows two size groups, namely the 28-87 cm size group and the 88-177
cm size group. The fish from the 28-87 cm size group were mostly was caught in
February to mid-April, while the fish from the 88-177 cm size group were mostly caught
in October.

The length distribution of tuna caught between 2017 and 2021 varies. There is a
tendency for the number of large tuna to decrease from 2017 to 2019. However, in 2020
and 2021 the number of large fish appears to have increased.

n= 1141 individuals

Frequency (individuals)

Figure 6. Fork length-frequency distribution of yellowfin tuna (Thunnus albacares) in the
south of Nusa Tenggara waters, Indian Ocean 2017-2021.

Length at first catch. The analysis of Lc in the catch period of 2017-2021 is presented
in Figure 7. Lc values relate to the fishing gear used and may vary depending on its
selectivity performance. L. was estimated at 65.7 cm FL.
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Figure 7. Length of first capture determination of yellowfin tuna (Thunnus albacares) in
south of Nusa Tenggara waters, Indian Ocean.

Growth parameters. The YFT from south of Nusa Tenggara waters, Indian Ocean, had a
K of 0.18 year?, Lo of 204 cm FL, to of (-)0.556 years, and tmax of 16.11 years (Table 1
and Figure 8).

Table 1
Estimation of growth parameters for yellowfin tuna (Thunnus albacares) in south of Nusa
Tenggara waters, Indian Ocean

K (year?) Lo (Cm) to (year) tmax (year)

0.18 204 -0.56 16.11

Note: K = growth coeficient; Lo - maximum body length; to - theoretical age at 0 cm; tmax - maximum age.

The analysis carried out resulted in the von Bertalanffy growth function equation for YFT,
as shown in Figures 8 and 9. The von Bertalanffy growth function equation of YFT was
Lt=204 [1-e70:18(t+0.56)] Based on Figure 8, YFT growth is relatively fast toward 10 years
and slows down after (>10 years) (Figure 9).
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Figure 8. Von Bertalanffy growth plot of yellowfin tuna (Thunnus albacares) in the south
of Nusa Tenggara waters, Indian Ocean.
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Figure 9. Estimated growth curve of yellowfin tuna (Thunnus albacares) exploited in the
south of Nusa Tenggara waters, Indian Ocean.

Mortality parameters. The results of the analysis in this study showed that F for YFT
during the study period was 4.64 year!, while M for YFT was 0.34 year! (Table 2).
Therefore, the Z value for YFT in the Indian Ocean the south of Nusa Tenggara (FMA 573)
is 4.98 year! (Figure 10). The value of E for YFT is 0.93 (Table 2).
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Figure 10. Length-converted catch curve of yellowfin tuna (Thunnus albacares) in the
south of Nusa Tenggara waters, Indian Ocean.

Table 2
Estimation of mortality and exploitation for yellowfin tuna (Thunnus albacares) in the
south of Nusa Tenggara waters, Indian Ocean

M (year?!) F (year?) Z (year?!) E

0.34 4.64 4.98 0.93

Note: M - natural mortality; F - fishing mortality; Z - total mortality; E - exploitation rate.

Discussion. This research aims to complete information for the 2017-2021 period
regarding yellowfin tuna fisheries. It is expected to aid the references needed by policy
owners in managing sustainable tuna fishing. Determining the relationship between
length and weight is essential to identify changes in tuna shape as a result of growth.
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During this study, the value of R? was close to 1, meaning that YFT's weight increased as
its length increased (Nugraha et al 2020). The analysis of the relationship between length
and weight produced a value of b<3 indicating that YFT has a negative allometric growth,
which is commonly found in the Indian Ocean (Hartaty & Sulistyaningsih 2014; Triharyuni
& Iskandar 2012; Perera & Weerasiri 2020; Yosuva et al 2018). These differences in
growth patterns can be influenced by the reproductive cycle, food availability, and
environmental factors (Jisr et al 2018).

The size distribution of the catch needs to be analyzed to describe the profile of
the shoal of YFT at the study site. Two groups that were assumed to have come from old
and new recruitments have been obtained with different numbers. More than 80% of the
shoal of YFT at the study sites is dominated by small sized fish. The intense fishing of
small tuna will trigger recruitment overfishing, with small fish not reaching maturity, or, if
they do reach maturity, their numbers will be low (Ben-Hasan et al 2021). Assessing the
profile per year of observation, there was a tendency for the increase of large YFTs in
2020 and 2021. This was allegedly due to a decrease in effort related to the Covid-19
pandemic, which also indirectly affected fish production and consumption in NTB
(Partelow et al 2023). Therefore, the tuna had time to reach larger sizes. However, the
increase in the number of large YFTs has not been profoundly noticeable.

The growth rate of YFT caught in the southern waters of Nusa Tenggara is very
low, at 0.18 year!. The slow growth is indicated by a K value of less than 1 (Gulland
1983). This growth value is in line with research from Amaliani et al (2022), where the K
value at FMA 573 was around 0.2 year! with Lo 171.5 cm. Hartaty & Sulistyaningsih
(2014) noted that the value of K in FMA 753 once reached 0.59 year!, with Lo 185.85
cm in 2011. Ghofar et al (2021) stated that during a 2013-2017 study at FMA 573, the K
value was 0.51 year? with Lo 194.25 cm. This explains that there has been a decrease in
the value of K and L« in the last five years in the southern waters of Nusa Tenggara (FMA
573). Particularly in the Indian Ocean, the growth rate has been low before 2012 (Rohit
et al 2012). As for YFT in the Atlantic Ocean, Lessa & Duarte-Neto (2004) noted that YFT
had a low growth rate, of 0.27 year. The downward trend in K values also occurs in the
Banda Sea. Before 2012, the value of K was above 0.5 year?! and Le 223 cm (Zhu et al
2011; Damora & Baihagi 2013), while in 2016 the values of K and L decreased to 0.33
year! and 159 cm, respectively (Amri et al 2021). The K value is influenced by several
factors, including the availability of food sources, fish internal factors, and aquatic
environmental conditions (Nurdin et al 2016). A lower K value means a longer time to
reach Lo (Sparre & Venema 1998). In reaching L« of 204 cm, YFT in this study takes up
to 16.11 years.

To support responsible tuna fishing, the selectivity of the fishing gear is also a
major factor that must be considered. The selectivity of the fishing gear is defined as the
performance of the fishing gear in catching the target fish above their maturity length
(Lm). Therefore, ideally, the size of L. should be above Lm, where Lc should permit at least
once spawn. Based on the data, it can be seen that the catch is dominated by YFT with
sizes below the proper catch size, reflected by the Lc value obtained, 65.7 cm. It is known
that the value of Lm of YFT in the Indian Ocean is in the range of 100-110 cm (Lehodey &
Leroy 1999; FAO 2010), while in the tropical western and central Pacific the value of Lm
is higher, namely above 110 cm for males and 119 cm for females (Shi et al 2022).
Different Lm values can be caused by stressors from the environment or from the fish
itself (Arula et al 2017).

Lc values below Lm, namely 42 cm, were also obtained by Amaliani et al (2022).
This indicates that there is a tendency for fishermen in the research location and its
surroundings to use fishing gear that is not selective for YFT. Previous research at the
same location in 2013-2017 showed an Lc of 140 cm (Ghofar et al 2021), so it can be
concluded that there has been a change in the selectivity of the fishing gear used in the
last five years. As for the Banda Sea, the L. obtained is above the Lw value, which is
above 100 cm (Damora & Baihaqi 2013; Chodrijah 2015; Amri et al 2021). The
selectivity of fishing gear is determined by the design and construction, as well as the the
fishing method used. A hand line is a fishing gear classified as selective if the size of the
hook and the fishing method are adjusted to the characteristics of the target species.
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There are four sizes of hooks used by YFT fishermen in the southern waters of Nusa
Tenggara, namely hooks number 3 and 4 for large YFT and 9 and 10 for small YFT.
Likewise in the research of Maspeke et al (2018), in the Celebes Sea, Halmahera Sea,
and around Tomini Bay, fishing hooks number 2-3 produced YFT with very small sizes,
namely in the size range of 35-40 cm. Therefore, choosing a larger hook size is expected
to improve the selectivity performance of the fishing gear used. Fishing exploitation
should be selective to the size of the fish, being intended to avoid the occurrence of
overfishing (Saranga et al 2018).

Based on the current research data, it is known that fishing is carried out during
the day and the night at a depth of 1-60 m. This depth range corresponds to small-sized
YFT. Barata et al (2012) argued that 88% of YFTs sized >100 cm are caught in a depth
range of 100-200 m, while 77% of YFTs <100 cm are caught in a depth range of 0-100
m. However, Soepriyono (2009) explained that large tuna will swim near to the surface
at night. Thus, both of these pieces of information need to be considered in order to be
able to accurately target YFT of proper size. The depth is one of the main factors in the
size distribution of tuna because it is related to the temperature preferences required in
each tuna age group. The thermocline or the deep water zone is favored by YFT (Collette
& Nauen 1983).

YFT's natural mortality in the Indian Ocean, south of Nusa Tenggara, is lower
compared to the mortality due to fishing. This indicates significant fishing pressure on
YFT in the Indian Ocean, south of Nusa Tenggara. The results of the mortality analysis
align with the results of the level of exploitation analysis in this study, where the E value
is higher than 0.5, meaning that there has been overexploitation of YFT between 2017-
2021. These findings are consistent with several similar studies conducted in the Sea of
Oman and the Banda Sea, which also indicate the over-exploitation of YFT (Damora &
Baihagi 2013; Kaymaram et al 2014). However, several similar studies in Palabuhanratu
port, East Cost of India, and the eastern and central Pacific Ocean indicate a suboptimal
utilization of YFT (Zhu et al 2011; Rohit et al 2012; Nurdin et al 2016). The differences in
the value of E in different waters is determined by the effort in fishing activities, with a
greater level of exploitation corresponding to a greater effort, causing a decrease in fish
biomass (Watson et al 2012; Costello et al 2016; Tickler et al 2018).

The data on the status of tuna fishing issued by the IOTC (2022) shows that YFT
in the Indian Ocean has been over-exploited in the 2018-2021 period. This finding aligns
with the results of this research. It is important to note that this research was conducted
in a small part of the Indian Ocean, which only sampled 2-5 companies that act in tuna
fishing, so there are data that did not fully record the YFT status conditions in the Indian
Ocean, south of Nusa Tenggara. Effort and production in this study decreased along with
the reduced number of fishing companies in the sample. Therefore, there is a need for
thorough research to be able to produce a more comprehensive utilization status of YFT's
fishing activities in the Indian Ocean, south of Nusa Tenggara.

Conclusions. YFT must spawn at least once in its life to remain sustainable. Based on
the data, it can be stated that most of the YFT caught in the southern waters of Nusa
Tenggara (FMA 573) in 2017-2021 have not spawned. A catch like this is a sign that
there has been growth and recruitment overfishing. The high dominance of YFT under the
proper catch size cannot be separated from the size of the hook used. The use of hooks
by fishermen produces an Lc of 65.7 cm, so the selection of a larger fishing hook must be
made immediately. In addition, information from the literature study found that the
operating depth of fishing gear by fishermen needs to be increased to a depth of 100 m
to be able to catch large YFT. As for growth, a negative allometric model was obtained
with a low growth rate, namely K=0.18 year?, with a mortality rate due to fishing of 4.64
year! and a natural mortality rate of 0.34 year!. The exploitation rate of YFT landed at
the Labuhan Lombok Fishing Port is 0.93. This value is aligns with the IOTC findings
regarding overfishing for YFT in the Indian Ocean region. This research is only limited to
YFT caught at FMA 573, which is located in the southern waters of Nusa Tenggara and
landed at the Labuhan Lombok Fishing Port. In addition, the research data used sampling
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data, which does not cover the entire production, so it is necessary to conduct more
thorough research to obtain more comprehensive data.

Acknowledgements. We thank Masyarakat dan Perikanan Indonesia (MDPI) Foundation
for the time series data used in this study and the enumerators who collected data from
January 2017 to December 2021.

Conflict of Interest. The authors declare that there is no conflict of interest.
References

Abdel-Barr M., El-Sayed A., Al-Oraimi A., 2012 Length-frequency, yield and biomass per
recruit analysis for yellowfin tuna, Thunnus albacares (Bonnaterre 1788) in the
Arabian Sea off Oman. Asian Fisheries Science 25:290-302.

Amaliani D. N., Tumulyadi A., Setyohadi D., 2022 [Population dynamics of yellowfin tuna
(Thunnus albacares Bonnaterre 1788) in FMA 573 landed at TPI Pondokdadap
Sendangbiru, Malang Regency, East Java]. Prosiding Seminar Nasional Perikanan
dan Kelautan 9(1):19-24. [In Indonesian].

Amri K., Setyadji B., Rahmat E., 2021 Some biological parameters of yellowfin tuna
(Thunnus albacares) from the handline fishery in the eastern part of the Banda Sea.
IOP Conference Series: Earth and Environmental Science 934:012019.

Arula T., Shpilev H., Raid T., Vetemaa M., Albert A., 2017 Maturation at a young age and
small size of European smelt (Osmerus eperlanus): A consequence of population
overexploitation or climate change? Helgoland Marine Research 71:7.

Ballin M., Barcaroli G., Catanese E., D'Orazio M., 2016 Stratification in business and
agriculture surveys with R. Romanian Statistical Review 64(2):43-58.

Barata A., Novianto D., Bahtiar A., 2012 [Distribution of tuna based on temperature and
depth in the Indian Ocean]. Indonesian Journal of Marine Sciences 16(3):165-170.
[In Indonesian].

Ben-Hasan A., Walters C., Hordyk A., Christensen V., Al-Husaini M., 2021 Alleviating
growth and recruitment overfishing through simple management changes: Insights
from an overexploited long-lived fish. Marine and Coastal Fisheries 13(2):87-98.

Chodrijah U., 2015 [Several aspects of the reproductive biology of yellowfin tuna
(Thunnus albacares) from the Banda Sea]. Prosiding Seminar Nasional Ikan
8(1):401-419. [In Indonesian].

Collette B., Nauen C. E., 1983 Scombrids of the world: An annotated and illustrated
catalogue of tunas, mackerels, bonitos and related species known to date. FAO
Species Catalogue, Vol. 2, Rome, 137 p.

Costello C., Ovando D., Clavelle T., Strauss C. K., Hilborn R., Melnychuk M. C., Branch T.
A., Gaines S. D., Szuwalski C. S., Cabral R. B., Rader D. N., Leland A., 2016 Global
fishery prospects under contrasting management regimes. Proceedings of the
National Academy of Sciences of the United States of America 113(18):5125-5129.

Damora A., Baihagi B., 2013 [Size distribution and population parameters of yellowfin
tuna (Thunnus albacares) in Banda Sea]. BAWAL 5(1):59-65. [In Indonesian].

Gayanilo Jr. F. C., Pauly D., 2001 Welcome to FISAT II user’s guide. FAO, Rome, 100 p.

Ghofar A., Saputra S. W., Sabdono A., Solichin A., Taufani W. T., Febrianto S., 2021
Population dynamics of yellowfin tuna Thunnus albacares (Bonnaterre, 1788) in the
Fisheries Management Area 573 of the Indian Ocean. Croatian Journal of Fisheries
79(2):53-60.

Gigentika S., Nurani T. W., Wisudo S. H., Haluan J]., 2017 [Tuna utilization system in
Nusa Tenggara]. Marine Fisheries 8(1):24-37. [In Indonesian].

Gulland J. A., 1983 Fish stock assessment: A manual of basic methods. 15t Edition. Wiley,
236 p.

Hartaty H., Sullistyaningsih R. K., 2014 [Estimation of population parameter and
exploitation rate of yellowfin tuna (Thunnus albacares) landed at Benoa, Bali].
Jurnal Penelitian Perikanan Indonesia 20(2):97-103. [In Indonesian].

AACL Bioflux, 2023, Volume 16, Issue 5. 2430
http://www.bioflux.com.ro/aacl



Ilaboya I. R., Otuaro E. A., 2019 Simple to use Microsoft Excel template for estimating
the parameters of some selected probability distribution model by method of L-
Moment. Civil and Environmental Research 11(9):43-56.

Jatmiko I., Hartaty H., Nugraha B., 2016 Estimation of yellowfin tuna production landed
in Benoa Port with weight-weight, length-weight relationships and condition factor
approaches. Indonesian Fisheries Research Journal 22(2):77-84.

Jisr N., Younes G., Sukhn C., El-Dakdouki M. H., 2018 Length-weight relationships and
relative condition factor of fish inhabiting the marine area of the Eastern
Mediterranean city, Tripoli-Lebanon. The Egyptian Journal of Aquatic Research
44(2):299-305.

Kaymaram F., Hosseini S. A., Darvishi M., 2014 Estimates of length-based population
parameters of yellowfin tuna (Thunnus albacares) in the Oman Sea. Turkish Journal
of Fisheries and Aquatic Sciences 14(1):101-111.

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.

Lehodey P., Leroy B., 1999 Age and growth of yellowfin tuna (Thunnus albacares) from
the Western and Central Pacific Ocean as indicated by daily growth increments and
tagging data. Working Paper YFT-2, Oceanic Fisheries Programme, Secretariat of
the Pacific Community, New Caledonia, 21 p.

Lessa R., Duarte-Neto P., 2004 Age and growth of yellowfin tuna (Thunnus albacares) in
the western equatorial Atlantic, using dorsal fin spines. Fisheries Research
69(2):157-170.

Mariasingarayan Y., Danaraj J., Vajravelu M., Mayakrishnan M., Ayyappan S., 2020
Allometry coefficient variations of length-weight relationship of Scombridae family
caught along the Tuticorin coast, Bay of Bengal. Indian Journal of Geo Marine
Sciences 49(3):496-500.

Maspeke F. I., Puspito G., Solihin I., 2018 [Combination of hook size and artificial bait
colors to increase catch of pole and line]. Jurnal Penelitian Perikanan Indonesia
24(4):239-251. [In Indonesian].

Mostafa S. A., Ahmad I. A., 2016 Recent developments in systematic sampling: A review.
Journal of Statistical Theory and Practice 12(2):290-310.

Mudjirahayu, Bawole R., Rembet U. N. W. J., Ananta A. S., Runtuboi F., Sala R., 2017
Growth, mortality and exploitation rate of Plectropomus maculatus and P.
oligocanthus (Groupers, Serranidae) on Cenderawasih Bay National Park,
Indonesia. The Egyptian Journal of Aquatic Research 43(3):213-218.

Nugraha E., Gunawan R., Danapraja S., Yusrizal, Kusdinar A., Waluyo A. S., Hutajulu J.,
Prayitno H., Halim S., Sutisna D. H., 2020 The sea surface temperature effect on
the length and size of skipjack tuna (Katsuwonus pelamis) catches in the Banda
Sea, Indonesia. AACL Bioflux 13(1):1-18.

Nurdin E., Sondita F., Yusfiandayani R., Baskoro M. S., 2016 Growth and mortality
parameters of yellowfin tuna (Thunnus albacares) in Palabuhanratu waters, west
Java (eastern Indian Ocean). AACL Bioflux 9(3):741-747.

Onsoy B., Tarkan A. S., Filiz H., Bilge G., 2011 Determination of the best length
measurement of fish. North-Western Journal of Zoology 7(1):178-180.

Partelow S., Nagel B., Paramita A. O., Buhari N., 2023 Seafood consumption changes and
COVID-19 impact index in west Nusa Tenggara, Indonesia. PLoS ONE
18(1):e0280134.

Pauly D., 1983 Some simple methods for the assessment of tropical fish stocks. FAO,
Rome, 52 p.

Pauly D., 1984 Fish population dynamics in tropical waters: A manual for use with
programmable calculators. ICLARM Studies and Reviews 8, 325 p.

Perera H. A. C. C., Weerasiri P. A. S. A., 2020 Length weight relationship and diet
composition of yellowfin tuna (Thunnus albacares) landed in Negombo Fishery
Harbour, Sri Lanka. Sri Lanka Journal of Aquatic Sciences 25(2):79-83.

AACL Bioflux, 2023, Volume 16, Issue 5. 2431
http://www.bioflux.com.ro/aacl



Pirzadeh H., Shanian S., Hamou-Lhadj A., Alawneh L., Shafiee A., 2013 Stratified
sampling of execution traces: Execution phases serving as strata. Science of
Computer Programming 78(81):1099-1118.

Rohit P., Syda R. G., Rammohan K., 2012 Age, growth and population structure of the
yellowfin tuna Thunnus albacares (Bonnaterre, 1788) exploited along the east coast
of India. Indian Journal of Fisheries 59(1):1-6.

Saranga R., Arifin M. Z., Wiadnya D. G. R., Setyohadi D., Herawat E. Y., 2018 [Growth
pattern, sex ratio, condition factor and structure of trevally fish, Selar boops
(Cuvier, 1883) caught in the waters around Bitung]. Journal Fisheries and Marine
Science 2(2):86-94. [In Indonesian].

Shi X., Zhang J., Wang X., Wang Y., Li C., Shi J., 2022 Reproductive biology of yellowfin
tuna (Thunnus albacares) in tropical western and central Pacific Ocean. Fishes
7(4):162.

Soepriyono Y., 2009 [Tuna fishing techniques and management using the longline
method]. Bilas Utama, Denpasar, Indonesia, 156 p. [In Indonesian].

Soukotta I., Moniharapon L., Rahman R., Hukubun R., 2022 [Size of the first capture
(Lc50%) and long relationship with weight skipjack (Katsuwonus pelamis) in Banda
Sea]. Jurnal Laut Pulau 1(2):12-18. [In Indonesian].

Sparre P., Venema S. C., 1998 Introduction to tropical fish stock assessment. Part 1:
Manual. FAO Fisheries Technical Paper 306/1 Rev. 2, 423 p.

Tickler D., Meeuwig J., Palomares M. L. D., Pauly D., Zeller D., 2018 Far from home:
Distance patterns of global fishing fleets. Science Advances 4(8):eaar3279.

Triharyuni S., Iskandar P. B., 2012 [Species composition and size distribution of longline
caught tuna in the Indian Ocean south of Java]. Jurnal Saintek Perikanan 8(1):52-
58. [In Indonesian].

Vincent M., Ducharme B. N., Hamer P., Hampton J., Williams P., Pilling G., 2020 Stock
assessment of yellowfin tuna in the western and central Pacific Ocean. WCPFC-
SC16-2020/SA-WP-04, Oceanic Fisheries Programme, The Pacific Community, 154
p.

Watson R., Cheung W. W. L., Anticamara J., Sumaila R. U., Zeller D., Pauly D., 2012
Global marine vyield halved as fishing intensity redoubles. Fish and Fisheries
14(4):493-503.

Welcomme R. L., 2001 Inland fisheries: Ecology and management. Wiley-Blackwell, 358
p.

Yosuva M., Jeyapragash D., Manigandan V., Machendiranathan M., Saravanakumar A.,
2018 Length-weight relationship and relative condition factor of yellowfin tuna
(Thunnus albacares) from Parangipettai coast, southeast coast of India. Zoology
and Ecology 28(2):94-99.

Zhao J1., Cao J., Tian S., Chen Y., Zhang S., 2018 Evaluating sampling designs for
demersal fish communities. Sustainability 10(8):2585.

Zhu G., Xu L., Dail X., Liu W., 2011 Growth and mortality rates of yellowfin tuna,
Thunnus albacares (Perciformes: Scombridae), in the eastern and central Pacific
Ocean. Zoologia (Curitiba) 28(2):199-206.

*** DKP (Dinas Kelautan dan Perikanan), 2012 [Capture fisheries statistics of West Nusa
Tenggara in 2011]. Mataram, Indonesia, 131 p. [In Indonesian].

*** DKP (Dinas Kelautan dan Perikanan), 2013 [Capture fisheries statistics of West Nusa
Tenggara in 2012]. Mataram, Indonesia, 152 p. [In Indonesian].

*** DKP (Dinas Kelautan dan Perikanan), 2014 [Capture fisheries statistics of West Nusa
Tenggara in 2013]. Mataram, Indonesia, 158 p. [In Indonesian].

*** DKP (Dinas Kelautan dan Perikanan), 2015 [Capture fisheries statistics of West Nusa
Tenggara in 2014]. Mataram, Indonesia, 155 p. [In Indonesian].

*** DKP (Dinas Kelautan dan Perikanan), 2016 [Capture fisheries statistics of West Nusa
Tenggara in 2015]. Mataram, Indonesia, 187 p. [In Indonesian].

*** DKP (Dinas Kelautan dan Perikanan), 2017 [Capture fisheries statistics of West Nusa
Tenggara in 2016]. Mataram, Indonesia, 188 p. [In Indonesian].

*** FAO, 2010 The state of world fisheries and aquaculture. FAO Fisheries and
Aquaculture Department, Rome, 218 p.

AACL Bioflux, 2023, Volume 16, Issue 5. 2432
http://www.bioflux.com.ro/aacl



*** FAQO, 2020 The state of world fisheries and aquaculture. FAO Fisheries and
Aquaculture Department, Rome, 206 p.

*** IOTC (Indian Ocean Tuna Commission), 2022 Table of status summary for species of
tuna and tuna-like species under the IOTC mandate, as well as other species
impacted by IOTC fisheries, 10 p.

*** MDPI (Masyarakat dan Perikanan Indonesia), 2019 Data collection protocol for small-
scale handline tuna fisheries of Indonesia. Denpasar, 103 p.

*** pemerintah Provinsi NTB, 2023 [Marine capture fisheries production by commodity in
2021]. Available at:
https://data.ntbprov.go.id/sites/default/files/Produksi%20Perikanan%20Tangkap%
20di%20Laut%20Berdasarkan®%20Komoditas%20Utama%20Menurut%?20Kabupate
N%20Kota%20Tahun%202021.xlIsx. [In Indonesian].

*** WCPFC (Western and Central Pacific Fisheries Commission), 2003 Review of data
standards for the western and central Pacific region. WCPFC/PrepCon/WP.15, MRAG
Americas, Florida.

*** WCPFC (Western and Central Pacific Fisheries Commission), 2008 Report of the
second eastern Indonesia tuna fishery data collection workshop. EITFDC-2, Jakarta.

Received: 26 February 2023. Accepted: 09 May 2023. Published online: 14 September 2023.

Authors:

Ayu Adhita Damayanti, Marine Science Study Program, Faculty of Agriculture, University of Mataram, JI.
Pendidikan No. 37, 83125 Mataram, West Nusa Tenggara, Indonesia, e-mail: ayudamayanti@unram.ac.id
Nurliah Buhari, Marine Science Study Program, Faculty of Agriculture, University of Mataram, JI. Pendidikan No.
37, 83125 Mataram, West Nusa Tenggara, Indonesia, e-mail: nurliah.buhari@unram.ac.id

Soraya Gigentika, Marine Science Study Program, Faculty of Agriculture, University of Mataram, JI. Pendidikan
No. 37, 83125 Mataram, West Nusa Tenggara, Indonesia, e-mail: gigentika@unram.ac.id

A. Riza Baroqi, Masyarakat dan Perikanan Indonesia (MDPI) Foundation, JI. ByPass Ngurah Rai blok S/7, 80223
Pesanggaran, Denpasar Bali, Indonesia, e-mail: riza@mdpi.or.id

Wildan, Masyarakat dan Perikanan Indonesia (MDPI) Foundation, JI. ByPass Ngurah Rai blok S/7, 80223
Pesanggaran, Denpasar Bali, Indonesia, e-mail: wildan@mdpi.or.id

Putra Satria Timur, Masyarakat dan Perikanan Indonesia (MDPI) Foundation, JI. ByPass Ngurah Rai blok S/7,
80223 Pesanggaran, Denpasar Bali, Indonesia, e-mail: timur@mdpi.or.id

Amrollah, Masyarakat dan Perikanan Indonesia (MDPI) Foundation, JI. ByPass Ngurah Rai blok S/7, 80233
Pesanggaran, Denpasar Bali, Indonesia, e-mail: amrollah@mdpi.or.id

Sasi Rustandi, West Nusa Tenggara Provincial Marine and Fisheries Service, JI. Semanggi No. 8, 83122
Mataram, West Nusa Tenggara, Indonesia, e-mail: sasirus2001@gmail.com

Misbahul Umam, West Nusa Tenggara Provincial Marine and Fisheries Service, JI. Semanggi No. 8, 83122
Mataram, West Nusa Tenggara, Indonesia, e-mail: umam.dkpntb@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Damayanti A. A. D., Buhari N., Gigentika, S., Barogi A. R., Wildan, Timur P. S., Amrollah, Rustandi S., Umam
M., 2023 The biological characteristics of yellowfin tuna (Thunnus albacares) in the Indian Ocean, south of Nusa
Tenggara (FMA 573), Indonesia. AACL Bioflux 16(5):2419-2433.

AACL Bioflux, 2023, Volume 16, Issue 5. 2433
http://www.bioflux.com.ro/aacl



