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Abstract. The aim of this study was to examine the composition, growth
patterns and condition factors of yellowfin tuna caught in Bone Gulf waters.
Sample collection was carried out in July — November 2018 at two stations,
i.e., station 1 in Cimpu Luwu Regency and station 2 at the Lonrae Fish
Landing Site, Bone Regency. At station 1, 10,366 individuals were caught,
with an average size of 81.19 cm in length and of 14.43 kg in weight. Station
2 had a larger average size, i.e., 97.14 cm in length and 27.79 kg in weight.
The results of the analysis of tuna growth patterns at station 1 and station 2
showed a value of b < 3, indicating negative allometric growth. This means
that the weight gain of the species was slower than its length gain. The
average value of the condition factor was 1.03+0.25 for station 1 and
1.07+43 for station 2. These values varied according to temporal variation
and fish size.

1 Introduction

Tuna, Mackarel tuna and skipjack tuna (TTC) are groups that have an important role in
increasing the value of Indonesian fisheries exports. This group contributes second only to
shrimp, which is 13% of the total value of Indonesian fisheries production. This can be seen
from the trend of American market demand which has increased from year to year [1]. One
of the most prominent fish in this group is yellowfin tuna (Thunnus albacares). However, the
Central Bureau of Statistics reported that yellowfin tuna production in the last three years
experienced fluctuations; 324,884 tons in 2019, 300,803 tons in 2020, and 359,143 in 2022.

The study of biological aspects is very important in fisheries resource management [2]—
[4]. Biological studies tap into length-weight relationship and condition factors, fecundity,
length of gonads at first maturity, and eating habits. = Length-weight relationship and
condition factors give an idea of the growth patterns in fish. This is paramount to providing
an overview of environmental conditions, species’ well-being, ecological conditions,
diseases, and the comparison of fish conditions between one region and another [5]-[8].

The length of gonads at first maturity and fecundity are the object of fish reproductive
biology studies. Gonadal maturity length (Im) and fecundity describe the condition of fish
populations. While the length of the fish is a description of the lifespan of the fish, the length
of gonads at first maturity indicates of the condition of the fish population. Fecundity does
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this similarly. Therefore, the study of the length of gonads at first maturity and fecundity is
a key aspect in fisheries biology. Understanding this aspect is closely tied to the fishery
resources management for commercial yellowfin tuna, particularly within the waters of Bone
Gulf [9]-[11] . Insights into the changes in fecundity, growth of adult fish, and maturation
that affect reproductive outcomes are essential to understanding marine fisheries recruitment
models [3]. The description above suggests the rationale of conducting fisheries biology
studies in a fishery area. However, this subject has generated little scholarly attention, which
further emphasizes the importance of examining the biological aspects of yellowfin tuna
(Thunnus albacares) in the waters of Bone Gulf.

2 Materials and methods

2.1 Research period and location

The study was carried out from July 2018 to June 2020 in Bone Gulf. The sampling research
location was divided into two stations, i.e., Station 1 in Luwu Regency in the north and
Station 2 in Lonrae, Tanete Riattang Timur District, Bone Regency, in the southern part of
Bone Gulf waters.
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Fig. 1. Research locations and sampling stations in the waters of Bone Gulf [12]

2.2 Tools and materials

Observations were carried out using a variety of tools and materials both in the field and in
the laboratory. Among the items include; 1) electric scales with an accuracy of 0.01 grams,
2) meter with an accuracy of 1 cm, 3) ice box made of Styrofoam, 4) stainless steel knives,
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5) 60 ml plastic sampling containers, 6) plastic jars, 7) electric microscope, 8) glass
preparation, 9) gonadal surgical tools, 10) tissue baskets, 11) microtone knives, and 12)
floating bags, dish warmers and staining racks. The essential materials used for the biological
observations of yellowfin tuna are: 1) yellowfin tuna caught by fishermen. 2) gonads of
yellowfin tuna, 3) intestines of yellowfin tuna. 4) 10% formalin solution, 5) aquade, and 6)
xylene, chloroform, talue, ethanol, sodium bicarbonate, magnesium sulfate, Paraffin wax
(Paraplast plain/ MEDOS) and Mayer’s Hematoxylin-Eosin used during the preparation and
observation of gonad samples.

2.3 Sample Measurement

2.3.1 Sample length and weight measurement

The samples in this study were fish caught by fishermen in the waters of Bone Gulf using a
handlining technique in one trip. Catches directly landed at each sample measurement station,
i.e. Station la at the Fish Landing Base (PPI) of Cimpu Village, Suli District and Station 1b
in Bonepute Village, South Larompong District, Luwu Regency and Station 2 at PPI Lonrae,
Tanete Riattang Timur District, Bone Regency. Sample measurements at both stations were
made at the time of landing and/or at the time of distribution to the market or cold storage.
The sample fish was first weighed using an electric scale by 0.01 kg accuracy. Subsequent to
the body weight data, fork length (FL) data was measured using a specially modified meter
to measure large fish. Sampling at Station 2 was assisted by an enumerator of the Indonesian
Society and Fisheries Foundation (MDPI) from July to November 2018 and data from
collectors from February to June 2019. Data from measuring FL and fish weight were
grouped per station for further analysis.

2.3.2 Gonadal Sampling

The maturity levels of yellowfin tuna gonads in Bone Gulf were assumed to be uniform;
therefore, sampling was conducted only at Station 1. The gonads were collected once the
yellowfin tuna caught by fishermen from the waters of North Bone Gulf landed at Station 1.
Gonad sampling was carried out in stages. First, the fish caught by fishermen using handline
fishing gear in one trip were stored in a Styrofoam ice box for 5-10 days. The catches were
transported to the landing site and subsequently put in a holding box. Before being put into
the shelter box, 2-3 fish samples were selected and dissected to collect gonads and intestines
as samples. The fork length (FL) used for gonad samples ranged between 65 and 120 cm.
These results are based on several research results that report that the length of gonads at first
maturity ranges from 80 to 120 cm. However, samples were taken with a FL of 65 cm. The
selected fish were measured in length using a meter by 1 cm accuracy and weighed using a
digital scale by 0.01 kg accuracy. The samples were then dissected on the abdomen using a
knife to take the gonads and intestines. The gonads and intestines were separated, and the
gonads were weighed with digital scales by 0.1 g accuracy. Each sample was put into a 100
ml sample pot and preserved using 10% concentration formalin prior to histological GML
(Gonad Maturity Level) analysis at the Maros Veterinary Center (BBV) Laboratory. The rest
of the gonads were put into plastic jars for fecundity analysis and preserved using formalin
of 10% concentration. The size of gonads at first maturity ranged between 65 and 120 cm.
Samples were grouped in terms of their FL range, i.e., 60 — 69 cm, 70 — 79 cm, 80 — 89 cm,
90 —-99 cm, 100 — 109 cm, and 110 — 120 cm. One individual from each group was taken to
predict the length of gonad at first maturity. The sampled fish intestines were put into jars
and preserved using a 10% concentration of formalin for observation. Food habits was
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observed at the Fish Pests and Diseases Laboratory, Department of Fisheries, and FIKP
Unbhas.

2.3.3 Sample size composition

Analysis of the size of FL and body weight of yellowfin tuna caught at Station 1 and Station
2 fit into descriptive statistical analysis in SPSS 23. To analyze the FL and body weight of
yellowfin tuna at the two stations, an independent-sample t test was performed with the help
of SPSS 23.

2.3.4 Length-Weight relationship and condition factors

The analysis of length-weight relationship was carried out using the cubic equation assuming
that the fish weight (W) is in proportion to the cube of its length (L) [5] is:

W=alP orlogW=1loga+blogL 1))

The intercept is the intersection in which the regression line, the y (a) axis, and the
regression coefficient of the slope angle of the line (b) pass through. Based on this equation,
the criteria for the growth pattern of yellowfin tuna is based on the value of b. B=3 suggests
an isometric growth pattern; B>3 indicates a positive allometry; and B<3 is negative
allometry. The analysis of condition factor values is based on growth patterns obtained from
length-weight relationship analysis [5].

5
K= %W 2)
or:
w
Kn = aFT (3)

The equation represents relative condition factor as Kn, the observed weight as W (in
gram), and the fork length as FL (in cm). An isometric growth pattern (b = 3) requires the
calculation of the condition factor value in the equation 2. When the result of the calculation
of the length-weight relationship is allometric (b#3), the calculated condition factor value
constitutes that of the relative condition factor or the Fulton’s condition factor [13] using the
equation 3.

2.3.5 The Length of gonads at first maturity

The length of gonads at first maturity (Lm) is defined using the formula:
P=1/(1 + Exp[-r(L — LM]) @)

where proportion is identified as P, FL as L (cm), and the average length of mature gonads
as LM (cm).
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2.3.6 Gonadal maturity level

Analysis of the levels of gonadal maturity was performed by observing 20 eggs. Observations
were carried out using histological microscopy at the Maros Veterinary Center Laboratory
and Maros Veterinary Clinic. Development of gonadal identification was based on Itano’s
analysis [14]. The levels of gonad maturity were broken into Immature, Mature,
Reproductively active, Spawning, and Reproductive in active.

2.3.7 Fecundity

The fecundity of yellowfin tuna is calculated using the equation [5] .
F= %x n (5)

where fecundity (grain) is represented as F; the observed weight of the gonads as Q (in
gram); the weight of the sub-sample gonads as q (in gram); and the number of eggs in the
sub-sample gonads (grains) as n. The relationship between FL and fecundity is defined by
equation [6]:

F=aFL’ (6)
or in the form of a linear equation:
Log F= loga+hblog FL (7

Where Fecundity is represented as F, Fork Length as FL (in cm), constant values as a and

b.

3 Result and Discussion
3.1 Result

3.1.1 The Composition of sample size

The samples measured at the station during the study from July 2018 to June 2019 were
12,936 individuals. They ranged in size from 20 and 192 cm FL (84.36 cm in average), and
in weight from 0.35 to 99.1 kg (17.08 kg in average). The most samples were obtained in
September 2018, and the least samples were obtained in July 2018. The smallest size in
average length was collected in August 2018, and the largest was in March 2019. As for the
average weight, the smallest was obtained in October 2018 and the highest in May 2019.

Samples measured at Station 2 (in the southern part) were 2,570 individuals that had FL
between 60 and 162 cm (97.4 cm in average). Based on weight, the samples ranged between
5.61 and 97.35 kg (27.79 kg in average). The most samples were captured in May 2019, while
the fewest samples were captured in December 2018. The average length of the fish was
largest in November 2018 and smallest in March 2019. The average weight of the largest fish
was in June and the smallest in September 2018. The composition of the FL captured at both
stations is presented in Figure 2 and 3. There was no dominant length of the fish caught in
the waters of North Bone Gulf (Figure 2). However, the most common size was 85-cm
sample group, which encompassed 710 individuals (6.85%).
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Fig. 2. Number of Thunnus albacares samples caught in the Northern Bone Gulf
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Fig. 3. Size compositions of Thunnus albacares caught in the Southern Bone Gulf

Figure 3 shows the same pattern; there was no dominant size among the yellowfin tuna
caught in the Southern Bone Gulf. The highest length was found in 100- and 105-cm groups,
i.e., 368 individuals (14.32%) and 371 individuals (14.45%), respectively. The smallest size
was found among those with a FL of 60 cm, i.e., 6 individuals (0.19%). The total samples of
yellowfin tuna caught in the Southern Bone Gulf were 2,570 individuals.

The length-weight compositions of the fish samples in the Northern Bone Gulf were
different from those in the Southern part. This is in accordance with the results of different
tests on samples obtained at both stations with a significance value of 0.000.

3.1.2 Length-weight relationship

The length-weight relationship analysis of yellowfin tuna in Bone Gulf is presented in graphs
as Figure 4 shows below.
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Fig. 4. Regression of length-weight relationship of Thunnus albacares in Bone Gulf: (a) the North,
(b) the South, (c) both North and South

Figure 4 shows the correlation coefficient (R) for the length-weight relationship was
0.982 in the Northern and 0.873 in the Southern Bone Gulf. R value for both stations was
found to be 0.967. The a values that indicated the independent variable (fork length) was
heavily associated with the weight gain of yellowfin tuna as the table shows below.

Table 1. Regression value of the length-weight relationship of yellowfin tuna in Bone Gulf
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Area a b R LWRs
Northern 0,000055 2,7473 0,082 W = 0,000055FL2747
Southern 0,000041 20124 0,873" W = 0,000041FL2°12¢

Northern & 0,000039 2,8488 0,967 W = 0,000039FL%45%
Southern

T-test for one sample was performed and indicated that the significance value (two-tailed)
corresponded to 0.076>0.05 with t-table higher than t-count value, i.e., 4.30625 > 3.408. This
output suggests that b values obtained from the analysis of the length-weight relationship are
not equal to 3 (b<3), indicating that the yellowfin tuna samples in the Northern part (Station
1), and Southern part (Station 2), both individually and collectively, had negative allometric
growth.

3.1.3 Condition factors

The condition factors in the yellowfin tuna samples in Bone Gulf varied by month. In the
Northern Bone Gulf, the range of the condition factors was between 0.1 and 4.7 with an
average of 1.03 +0.25. The average condition factor value occurred in April at 0.9, and the
highest occurred in September peaking at 1.09. In the waters of the Southern Bone Gulf, the
condition factor values ranged from 0.24 to 4.26 with an average of 1.07+0.43. The highest
average condition factor values of fish caught in the waters of Southern Bone Gulf were
lowest and highest in December and July at 0.60 and 1.74, respectively. The value of
condition factors by month during the study at each station is presented in Table 2.

Table 2. Relative condition factors of Thunnus albacares in the Northern Bone Gulf and Southern
Bone Gulf during the study.

Northern Part Southern Part
Period N Range Average+SD N Range Average+SD

July 2018 168 0,10 -2 ,40 1,06 0,23 166 0,88 — 4,26 1,74 £ 0,42
Aug 2018 1554 0,15-2,28 1,08 £0,21 157 1,15-221 1,72 £0,18
Sep 2018 2722 0,13 -3,64 1,09 £ 0,28 146 0,80 — 3,52 1,65 +0,67
Okt 2018 1185 0,20 —3,43 1,05+0,28 178 1,34 -1,79 1,52 £0,08
Nov 2018 1070 0,28 - 2,31 0,99 £ 0,19 131 1,19-1,90 1,54 £ 0,09
Dec 2018 486 0,28 -1,93 0,99 +0,24 51 0,42 -0,82 0,60 £ 0.07
Mar 2019 647 0,70 — 1,64 0,95 +0,10 238 0,32 -1,18 0,68 £0,19
Apr 2019 375 0,27 - 4,07 0,90 £ 0,37 395 0,24-1,18 0,86 £ 0,16
May 2019 988 0,17 -2,46 0,99 +0,26 817 0,44 — 1,49 0,87 £0.09
Jun 2019 1.090 0,47 —2,40 0,94 £ 0,15 372 0,42 — 1,38 0,88 £ 0,08

Total 10285 0,10 -4,07 1,03+0,25 | 2651 0,24 —426 1.07+0,43

3.1.4 Gonadal maturity level

The gonadal samples observed in this study were obtained at Station I. The number of
samples used was 33 individuals of yellowfin tuna. The fork lengths used for the observations
of gonadal maturity levels ranged between 66 cm and 146 cm. The results of these
observations are presented in Figures 5 and 6.
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Fig.5. Gonadal sample with 66 cm FL. (a) anterior, (b) middle, (c). posterior. (20X magnification,
Mayer’s hematoxylin staining)

In (a) anterior, the yolk appears and the nucleus is still visible but only partially. In (b)
middle, yolk is not yet visible. In (c¢) posteriorly, there is no apparent egg yolk either. The
gonadal maturity level is therefore classified as active reproductive.

Fig. 6. Gonadal sample with 146 cm FL. (a) anterior, (b) middle, (c). posterior (20X magnification
Mayer’s hematocxylin-eosin stains)

In both (a) (anterior) and (b) (middle), there is gonadal development on the anterior side,
and it appears that the gonads contain egg yolk but not fullly (partially yolked) on the fully
yolked oocyte. In (c) posterior, the yolk appears and the nucleus is still visible, but only
partially. Based on Figure 6, the level of gonad maturity in fish with a length of 146 cm is
early vitellogenic. The results of observations such as those in Appendix 8 show that there
has not been found any gonadal mature Thunnus albacares in Bone Gulf during the
observation.

3.1.5 Length of gonads at first maturity

The length of gonads at first maturity (Lm) indicates the size of maturity of the fish species.
A graph of the size of the first mature gonads can be seen in Figure 7.
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Fig. 7. Logistic curve of the estimation of the length of gonads at first maturity among Thunnus
albacares in Bone Gulf

Figure 7 demonstrates that the length of gonads at first maturity among yellowfin tuna in
Bone Gulf was 101.18 cm FL.

3.1.6 Fecundity

Fecundity analysis was carried out on 33 samples of yellowfin tuna with FL ranging from
66.00 to 148.00 cm and body weight ranging from 5.10 to 31.48 kg. The range of fecundity
was from 46,685 to 316,681 eggs, with egg diameters ranging between 0.2000 and 1.1353
mm. The fecundity and diameter of the gonads based on FL and body weight are presented
in Figure 7.

The results of the regression calculation of the relationship between FL and fecundity are
shown in Appendix 10. If the value of a and the value of b are included in the equation F =
aFLb, then the regression equation of the relationship between FL and fecundity is F = 4.414
FL1.654, with a significance level of 0.003. This means that the fork length of is related to
the increase in fecundity of yellowfin tuna species in Bone Gulf.

The extent to which FL and fecundity are associated can be seen in the Summary Model
based on the results of regression analysis in Appendix 10A. The correlation coefficient R =
0.705, and the determinant coefficient R2 = 0.496. The diameter of yellowfin tuna eggs
ranged from 0.2000 to 1.1353 mm, each peaking at the highest frequency in the diameter
range of 0.4100 — 0.5000 mm (41.72%) and the lowest frequency in the range of 1.1000 —
1.2000 (0.61%).

3.2 Discussion

3.2.1 Sample composition

An independent-sample t test was performed to see the difference between the fork length
and the body weight of the samples at Station 1 and Station 2. The resulting statistical
evidence points out that they were significantly different (p < 0.05). Comparison of the fork
length of yellowfin tuna in several locations according to previous studies is presented in
Table 3. In Bone Gulf, the size composition of yellowfin tuna ranges from 20 to 192 cm (an
average of 84.35+ 31.41 cm). The fork length ranges from 20 to 192 cm (86.252 + 0.2894
cm in average) in the Northern Bone Gulf, and ranges from 60 to 162 cm ( 97.14 cm in
average) in the Southern Bone Gulf. These results are found to be lower than those of the
studies on yellowfin tuna captured in Benoa port, Bali, and Makassar Strait [15] [16].

10
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Differences in size can be influenced by the depth of the waters in which fishing gears take
place [17]. In addition, the length of the fishing line can also affect the size of the tuna caught.
Yellowfin tunas live to a depth of 200 m or above the thermocline layer. On the other hand,
the fishermen in Bone Gulf, particularly in Cimpu and Bonepute, that perform fishing work
in Bone Gulf generally use 50 m fishing line. This confirms the previous studies that claimed
that the size of fish caught at a depth of > 50 m is greater than tuna caught at a depth of <50
meters [18]-[21]. Differences in the length-weight relationship may also be subject to
internal and external factors [22] [23].

Table 3. Comparison of the fork lengths of Thunnus albacares in Bone Gulf and in other waters

Location FL Range FL Average Reference
(cm) (cm)

Indian Ocean 81-171 129,28 [24]
Indian Ocean 43 - 178(M) 135,3 [25]
30— 170(F) 130,8
Indian Ocean 78 — 185 [22]
Benoa, Bali 75-179 133,71 [26]
Banda Sea 25-178 94,0 [27]
Banda Sea 55-215 - [21]

Simeulue Island, Aceh 455-111,5 - [28]
East Coast of India 20— 185 101,9 [29]
Bone Gulf 40 - 160 NA [16]

Bone Gulf 20-192 84,35 This study

3.2.2 Length-Weight Relationship

The analysis of the length-weight relationship of yellowfin tuna points to a close relationship
with negative allometric growth pattern, indicating that the length of yellowfin tuna grows
faster than the weight does. This study has similarities to other studies in different waters
(Table 4).

Tabel 4. Length-weight relationship of Thunnus albacares in several locations

Correlation
Location A b Growth Reference
R R? Pattern
Makassar 0,000 (?) | 2,565 - 0,941(9) | Allometry - [30]
Strait 0,000(3) ¥ 0,944(3) | Allometry -
2,623
(&)
South China 0,0096 2,5480 - 0,9243 Allometry - [31]
Sea
Andaman & |0,00002(9)| 2,92(?) | 0,95 (9) Allometry - [32]
Nicobar | 0,00001(3)| 3,12(3) | 0,98 (&) Allometry +
Islands
Benoa Bali 3x107° 2,911 0,967 Allometry - [26]
Banda Sea 0,0005 2,919 0,597 Allometry - [33]

11
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Molucca Sea | 0,0172 (9) [2,983(9) | 0,968(%9) Allometry + [34]
0,0223(3) |2,928(3) | 0,983(3) Allometry -
Gulf Bone:

North 0,00006 2,747 Allometry - This study

South 0,00004 | 2,912 Allometry -

Gulf Bone as | 0,00004 | 2,849 Allometry -

a whole

Compared to several studies in Table 4, the value of the length-weight relationship in this
study is within the normal and reasonable range. This becomes obvious from the value of b
obtained in the range of previous studies, generally resulting in negative allometry [26], [30],
[32]-[35]. Positive allometric and isometric growth are only found in one body of water [15]
[36]. The difference in growth patterns is influenced by the nature of yellowfin tuna which
has a habit of migrating across very wide ocean waters, so most of the energy obtained from
food is used to migrate. Other factors that can be influential are the location of the waters,
and the timing of the study, gonadal development and sample distribution [20].

3.2.3 Condition factors

Condition factors vary according to the time of capture (Table 2). The relative condition
factor value of yellowfin tuna in the northern part of Bone Gulf ranged from 0.10 to 4.07
(1.03 in average). In contrast, fish caught in the southern waters ranged from 0.24 to 4.26
(1.07 in average). Overall, the samples caught in the waters of Bone Gulf had a condition
factor value ranging from 0.11 to 4.72 with an average of 1.05.

Condition factors (Kn) in young fish are higher and decrease as the fish get older. Kn
variations are attributed to both internal and external factors. Internal factors may be
associated with age, sex, gonadal maturation, species’ well-being and food availability [37].
External factors deal with the extent to which food is available and the circumstances of water
environments in which the fish inhabit [38] (Jatmiko et al., 2014). Condition factors related
to length and weight are a description of food availability and fish health. In general, changes
in condition factors based on seasonal cycles are related to gonadal maturity levels [39], [40].
The value of yellowfin tuna’s condition factor is directly proportional to its fork length (Azizi
et al., 2020). The conditions of gonadal maturity also affect the value of the condition factor
up to the time when the fish is about to spawn. Different results were found by a previous
study [36] that claimed fish with smaller FL also had smaller condition factor values.

3.2.4 Length of gonads at first maturity

According to the aforesaid result, the observed length of gonads at first maturity in yellowfin
tuna ((Lm50%) in Bone Gulf was 101.18 cm. Table 5 summarizes the comparison of
yellowfin tuna in several waters in terms of the length of gonads at first maturity.

Table 5. Comparison of the length of gonads at first maturity among Thunnus albacares in several

waters
No. Location Lmso (cm) Method Reference
Banda Sea 106 Histology [33]
2. Tomini Bay 94,8 Histology and GSI [41]

12
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3. West-Central India 113,77(9) Morphology [42]
Ocean 120,20(3)
. Western Indian Ocean 102 Histology [43]
5. Indonesian & 98,13 Histology [44]
Philippine Waters
6. ZEE India 57,6 Morphology [45]
Bone Gulf 107,98(%) Morphology [46]
109,75(3)
9. Bone Gulf 101.77 Morphology This study

Description: Lm50 = Length at first maturity

In Table 5, the length at first maturity (Lmsee) in the majority of locations was greater
than that in Bone Gulf where this study took place [4], [33], [42], [47]. However, it is
important to note that the present result is greater than the previous results in the Exclusive
Economic Zone of Indian waters and Tomini Bay [41]. Further, the result of the present
study shares similarities to that of the previous work in ocean waters and bay waters. In
general, fish caught in ocean waters have a larger gonad maturity size compared to those in
coastal waters. Yellowfin tuna faster reaches gonad maturity in areas close to land compared
to fish in ocean areas [45].

When compared to the result of a previous work by Kantun & Amir in the same location
[16], the present result showed smaller length of mature gonads. In general, a decrease in the
length of gonads at first maturity is subject to overfishing. A more in-depth study is needed
on the determination of overfishing based on the Lmsoy value to generate findings that
correspond to the actual conditions.

The difference in the Lmso%,% size can be led by several factors, including fishing gear,
the number of observed samples, and geographic location, among others (Itano, 2000). In
general, gonadal maturity is faster among the tropical fish than the subtropical fish [48]. The
decrease in the length of first maturity can also result from population pressure due to capture
[49]. The difference in the size of the first gonad maturity in reproductive biology research,
particularly among yellowfin tuna, can be caused by the differences in observation methods
and gonad maturity criteria used [43]. The difference in the length of gonads at first maturity
in the present study was likely due to the number of gonad samples observed.

3.2.5 Levels of gonadal maturation

The degree to which gonads undergo maturity is heavily associated with environment
changes particularly spawning season. Gonad maturity level (GML) can be found to be
uniform in certain types of fish and varied in others at the same time. GML analysis serves
as a basis for identifying the size of gonads at first maturity (Lmsex). Results of GML
observations in the present study indicate that yellowfin tuna spawn more than once
throughout the year. This is consistent with several previous studies at various locations
[46][47][39]. An important finding in this study was that there was a decrease in the length
of gonads at first maturity compared to a previous study, i.e., from FL 119.20 [48] to 101.8
cm. The decline in the size of gonads at first maturity is one indication of the rising
exploitation of fishery resources [49]. Wise and proper policy and management are therefore
crucial to pursuing the sustainability objectives for yellowfin tuna resources in Bone Gulfin
particular and WPP-NRI (Fisheries Management Area of Republic of Indonesia) in general
for reducing threats to the species that lead to endangerment.
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3.2.6 Fecundity

The fecundity values of yellowfin tuna found in Bone Gulf in this study varied between
46,065 and 316,681 grains. The finding is significantly different when compared to previous
studies, such as Itano [44] in the Western Pacific Ocean that peaked between 978,899 and
4061,460 grains for fish with FL between 87 and 149 cm and a study in Hawaiian waters that
ranged between 425,354 and 10,611,913 grains with FL of 116 — 154 cm. Different results
of various researchers are presented in Table 6. The fecundity values in the present study
were smaller than other studies. This is likely due to different sample sizes. In other studies,
the smallest sample is generally >100 cm, except for Itano’s work [43] that used the smallest
sample of 87 cm. The smallest sample in the present study was FL 20 cm.

The common premise is that the increase of fecundity aligns with that of body size. Larger
fish have higher fecundity values, and vice versa; smaller fish have lower fecundity values
[10]. This corroborates the analysis results of FL and fecundity relationship at 0.000
significance and 0.705 correlation coefficient, with the remaining accounting for other
variables led by internal and external factors. External factors may include the condition of
the water environment. Different water environment conditions have different impacts on
the fecundity of yellowfin tuna, individually or collectively. In addition, sampling time and
fishing season may also be determinant factors [50].

Table 6. Fecundity of Thunnus albacares in several aquatic locations

Location Length (cm) Fecundity (grain) Diameter (um) Reference
Banda Sea 111-145 14.595.000 — 45.720.000 34,60 -50,97 [33]
Benoa, Bali 137-153 2.715.515 - 6.744.001 - [51]
Western Pacific 87-149 549.865 —4.061.420 - [44]
Ocean
Hawaiian Waters 116 - 154 425.354-10.611.913 - (40)
Bone Gulf 66 — 148 46.685 —316.68 246,17 — 1.026,15 | This study

4 Conclusion

The conclusion identifies key insights for attention and is based on the study findings. The
size composition of fish caught in Bone Gulf varied between 20 and 192.7 cm (86.26 + 0.2893
cm in average). The growth pattern of yellowfin tuna (Thunnus albacares) in Bone Gulf was
negative allometry. The gonadal maturity rate showed variations that indicated fish spawning
patterns more than once each year. The length of gonads at first maturity was 101.18 cm,
with fecundity values ranging from 46,685 to 316.68 grains.
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