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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 

this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 
longline tuna, and handline tuna. Based on the results of a study on tuna stocks by the Western and 

Central Pacific Fisheries Commission (WCPFC) in 2012, it was reported that yellowfin stocks were not 
overfished and overfished, while bigeye tuna were overfished and overfished. In addition, the utilization 

of fish resources in FMA RI 714 is still dominated by small-scale fishermen using vessels <5 GT. Based on 

the magnitude of the potential and the condition of the available large pelagic fish resources. So, it is 
necessary to study the status of large pelagic fisheries, especially tuna in the Maluku region. This study 

aims to examine the biological and fisheries aspects of tuna. The research was carried out from 4 March 

to 25 May 2021 in the Maluku Sea. This study used a survey method, namely by observing in the field the 
observed fish samples. Determination of the location and fishing gear is carried out by purposive sampling, 

namely collecting data deliberately according to the desired conditions. While the determination of 
respondents was carried out by accidental sampling, namely the determination of tuna fishermen by 

accident. The results showed that the growth pattern of T. albacares was isometric. The size of the first 

caught in the purse seine for T. albacares was 39.09 cmFL. The use of tuna in FMA RI 714 shows that the 
actual production and fishing effort for tuna shows that its utilization has not reached the maximum 

sustainable potential value and economically, tuna fishing has not yet reached the maximum profit value 
so that its utilization can still be increased.  

Keywords: Yellowfin tuna, Banda Sea, Gonad Maturity Level (GML), Sex ratio, Size at first maturity (Lm).  

 

Introduction 
The Banda Sea is the waters of the Eastern Indonesia Region which is included in 

the waters of the West Pacific Ocean and is bordered by the Indian Ocean (Firdaus 2018). 

The Banda Sea has also become a very potential tuna fishing area in Maluku Province 

(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 
various forms of fishing activities, including purse seiner, pole and liner, longliner and tuna 

handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009).  

Tuna resources are spread throughout almost all Indonesian waters, from western 

Indonesian waters (Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) 
(Chodrijah & Nugraha 2013). The waters of Eastern Indonesia are known as centers for 

the production of tuna and skipjack which are commonly called tuna in Indonesia 

(Manurung 2016). One of the waters that has become a potential fishing area for large 

pelagic fish in eastern Indonesia is the Banda Sea (Hidayat et al 2014).  

Based on the results of a study of tuna stocks by the Western and Central Pacific 
Fisheries Commission (WCPFC) in 2012 it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished and overfished, while bigeye tuna (Thunnus 

obesus) had experienced overfished and overfished (Post & Squires 2020; Hare et al 2020; 

Widodo et al 2015). Utilization of fish resources in WPP 714 is still dominated by small-
scale fishermen using vessels <5GT (JICA 2010; Adam 2016) based on the large potential 

and condition of available large pelagic fish resources, so it is necessary to study the status 

of large pelagic fisheries, especially tuna in the Maluku region. 
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This study aims to examine several aspects of T. albacares including; a) biological 

aspects including length-weight relationship; b) Assessing aspects of the T. albacares 
fishery including production trends, fishing effort, fishing grounds, fishing season, fishing 

gear and CPUE; and c) Assessing efforts to manage and utilize tuna which includes 

calculating catch rate, Maximum Sustainable Yield, Maximum Economic Yield, and Total 

Allowable Catches of T. albacares in the Maluku region. 
 

Material and Methods 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the 

Maluku Sea which focused on fishing ports with high tuna landing potential. Data collection 
was carried out at several sampling points as shown in Figure 1. 

 

 
Figure 1. Map of Research Locations 

 
Tools and Materials 

The tools and materials used in this study are as follows: Rulers, tape measure, 

digital scales, cameras, stationery, identification labels, and some samples of tuna. 

 

Methods of data collection 
In this study a survey method was used, namely by observing in the field the 

observed fish samples. Determination of the location and fishing gear was carried out by 

purposive sampling, namely collecting data deliberately according to the desired conditions 

(Tongco 2007). Meanwhile, the determination of respondents was carried out by accidental 
sampling, namely the accidental determination of tuna fishermen (Siburian et al 2020).  

Data collection for T. albacares sampling was carried out using the simple random 

sampling method, namely simple random sampling by taking samples to measure the 

length and weight of fish as much as 10% of the total catch (Mous et al 1995). Secondary 
data needed is in the form of periodic data (time series) of catches and fishing effort for 5 

to 10 years from the relevant agencies.  

 

Data Collection  

Primary data collection was carried out by direct observation and measurement 
(Hardani et al 2020) of landed T. albacares. The data collected included: fork length, total 

weight, sex, and GML. Secondary data needed is in the form of periodic data (time series) 

of catches and fishing effort for the last 10 years obtained from the Maritime Affairs and 

Fisheries Service of Maluku Province. 
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Data analysis 

Length Frequency Distribution 
How to obtain the frequency distribution by determining the class interval, class 

mean, and frequency in each long group. The long frequency distribution that has been 

determined with the same class intervals can then be formed in a diagram to see the results 

of the long frequency distribution.  
 

Length-Weight Relationship  

The model used to estimate the relationship between length and weight is an 

exponential relationship with the following equation (Nugraha et al 2020; Effendie 1979): 
W = aLb 

Description: 

W : Fish weight (grams) 

L : Standard/fork length fish (cm) 
a  : The constant number or intercept that is sought from the regression calculation 

b  : The exponent or tangential angle 

 

To determine the values of a and b a linear regression analysis is needed or by 

taking the logarithm of the formula above. The linear equation becomes: 
Ln W = Ln a + b Ln L 

 

Then a simple linear equation can be made (Agustian et al 2021): 

Y = a + bX 
 Where: Y = 

X  = independent 

a'  = Antilog Intercept 

b  = Slope 
 

b  = 
∑Xi Yi

∑Xi²
   

 

Where: 

ƩXi2  = ƩX2 – 
(∑X)²

N
 

 ƩYi2  = ƩY2 – 
(∑Y)²

N
 

ƩXi Yi   = ƩXY – 
(∑X)(ƩY)

N
 

 

Once the value of b is known, the value of a can be calculated in the following way: 

a'  = Ȳ - bẊ 

a = ea' 
 

If you pay more attention, then the probability that the price b that appears is b<3, 

b =3, and b>3. According to Effendie (1979) each value of b can be interpreted as follows:  

1) If b < 3, then the increase in length is faster than the increase in weight or it is called 

a negative allometric 
2) If b > 3, then the weight gain is faster than the increase in length or it is called a 

positive allometric 

3) If b = 3, then the increase in length and weight gain are balanced or called isometric 

 
According to Effendie (1979), the T-test is used to determine whether the value of b 

obtained is significantly different from 3 or not, using the following method: 

Ʃd2yx  = ƩYi2 – 
(ƩXiYi)²

ƩXi²
 

S²yx = 
Ʃd²yx

(N-2)
 

S²b  = ƩXi² 

Sb = √S²b  
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t  = |
3-b

Sb
| 

Where: b  = exponential value obtained in the analysis 
     Sb  = standard deviation of Y value 

t table Test at 95% confidence level (n-2db) 

a. If t count > t table then it is significantly different 

b. If t count < t table then it is not significantly different 
 

Correlation coefficient (r) to see the close relationship between length and weight 

is obtained from: 

r² = 
(ƩXiYi)²

(ƩXi
2

)(ƩYi
2
)
 

r  = √r²  

 

Where: 

r = correlation coefficient, is an abstract measure of the degree of closeness   
     of the relationship between variables x and y (-1 < r < 1) 

r = 1, meaning that there is a close and positive relationship 

r = -1, means that there is a close and negative relationship 

r = 0, meaning that there is no close relationship 
 

Sex Ratio 

Comparison of the sexes of biota is done by visual observation of a number of male 

and female individuals obtained as samples at the study site. The sex ratio is known by 
using the formula: 

X=
X

(X+Y)
 × 100% 

Y=
Y

(X+Y)
 ×100% 

 

Where:  X = number of male fish 

             Y = number of female fish 

After the sex ratio in percentage is obtained, to find out whether there is a significant 
difference between the ratio of male and female individuals, it is carried out through testing 

and the 'X2' (chi square) test with the formula according to Effendie (1979): 

 

X
2
=

(fo-fh)
2

fh
 

Where:  

X2 = chi square 

f0 = observed biota 

fh = expected biota frequency 
 

X2 value obtained from this calculation, then the value is compared with the value 

of X2 table with a confidence level of 95% and degrees of freedom (db) = 1 with the 

hypothesis: 
H0 = there is no significant difference between the number of male and female biota 

H1 = there is a significant difference between the number of male and female biota 

If, X2 count < X2 table = H0 is accepted, H1 is rejected 

    X2 count > X2 table = H0 is rejected, H1 is accepted 
 

Gonads Maturity Level (GML) 

The gonads maturity level of the was determined by visual observation of the 

morphology of the gonads. Furthermore, the observed characteristics are adjusted to the 
GML criteria listed in Table 1. 
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Table 1  

Classification of Gonad Maturity Levels (GML) (Karman et al 2013) 
 

Level Gonadal state Description 

I Immature Gonads are elongated, small almost transparent 

II Maturing 
Gonads are enlarged, pink-beige in color, the eggs cannot 

be seen with visual 

III Mature 
Gonads are creamy-yellow in color, eggs can be seen with 

visual 

IV Ripe 
Eggs are enlarged and clear yellow in color, can come out 

with a little pressure on the stomach 

V Spent 
Gonads are smaller, red in color and have lots of blood 

vessels 

 
Size at first maturity (Lm)  

Size at first maturity (Lm) can be estimated by the Soerman-Karber formula 

proposed by (Udupa 1986) as follows: 

m= xk +
d

2
 - (X ∑ Pi ) 

 

M = antilog (m ± 1,96 √𝑥2𝛴
𝑝𝑖∗𝑞𝑖

𝑛𝑖−1
 ) 

 

Note:  

m = logarithm of class length at first maturity 
d = logarithmic difference of the mean length increase 

k = number of length classes 

xk = logarithm of the median length where fish are 100% gonadal mature (or pi = 1) 

pi = proportion of gonadal mature fish in length class i with the number of fish in the 
i-th length interval 

ni = 1 – pi 

qi = the number of fish in the i-th class length 

M = the length of the fish when the gonads first mature is anti-log m, if ∝ = 0.05, 

then the confidence interval is 95% of m 

 

Length at first caught (Lc) 
The length of fish first caught (Lc) was estimated by the method (Sparre & Venema 

1998): 

SL=
1

a + exp (a-bL)
 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 
of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated using the formula: 

Lc = 
-a

b
 

 

Catch Per Unit Effort (CPUE)  
Catch data and fishing effort obtained, then tabulated to determine the value of 

CPUE. The fishing effort can be in the form of operating days or months of operation, the 

number of fishing trips or the number of fleets carrying out fishing operations. In this study 

the fishing effort (effort) used is the number of trips. The formula that can be used to 
determine the CPUE value is as follows (Imron et al 2022): 
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CPUEi = 
Catchi 

Efforti 

Where: 

CPUEi = catch per unit of fishing effort in year i (tons/unit) 
Catchi = catch in year i (tons)  

EffortI = fishing effort in year i (trip) 

 

Standardization of Fishing Gear 
According to Ardelia et al (2018), standardization is done by finding the Fishing 

Power Index (FPI) value of each fishing gear. The fishing gear used as standard has an FPI 

value equal to one, while the FPI value for other fishing gear is obtained from the CPUE of 

the other fishing gear divided by the CPUE of the standard fishing gear. The formula for 

calculating FPI is as follows: 

RFPi= 
Ci/Ei

Cs/Es
 

 

Description: 

RFPi = catching power factor of fishing units which will be standardized in year i 

Ci = the number of catches of the type of fishing unit that will be standardized in 
year-i 

Cs = the number of catches of the type of fishing unit that will be standardized in 

year-i 

Ei = the amount of effort of catching the type of fishing unit which will be 
standardized in the i-year 

Es = total effort of catching the type of fishing unit which is standardized in the i-

year 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
Effort standar = FPIi × Effort 

 

Production Surplus Model  
The purpose of using the Surplus Production Surplus Model is to determine the level 

of effort optimum, which is an effort that can produce a maximum sustainable catch without 

affecting long-term stock productivity which we usually call Maximum Sustainable Yield 

(Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 
effort in several years using the formula (Sparre & Venema 1998): 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Description: 
Y(i) = catch in year i, I = 1, 2, ......n 

f(i) = fishing effort in year i, I = 1, 2, ......n 

 

Determining the value of a (intercept) and b (slope) requires linear regression f(i) 

to Y(i)/f(i). After the a and b values are obtained, the optimum effort (f MSY) and Maximum 
Sustainable Yield (MSY) can be calculated by the formula: 

fMSY= -
a

2b
 dan MSY= -

a2

4b
 

 

 Next, to find out the level of utilization of fish resources by percentizing the number 
of catches in a certain year with the maximum Sustainable Yield (MSY): 

Utilization rate = 
Ci

MSY
 × 100% 

Information: 

Ci = number of fish caught in year i 

MSY  = Maximum Sustainable Yield 
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RESULTS AND DISCUSSION 

Distribution of T. albacares Length Frequency 
Based on observations of 339 samples of T. albacares, the distribution of frequency 

distribution data with the shortest length was 31 cm and the longest is 126 cm. The long 

frequency distribution is presented in Figure 2. 

 

 
Figure 2. Length frequency distribution of T. albacares 

 
Mode of measurement for T. albacares samples was found at class intervals of 31-

41 cm. This happens because many small fish are caught by trolling liner and purse seiner 

and because many fishermen make a "Tuna loin" process on board so that measurements 

cannot be taken.  
 

The relationship between length and weight of T. albacares 

The relationship between length and weight obtained is presented on the graph 

according to the characteristics of the fish growth pattern as shown in Figure 3. 

 

 
Figure 3. Length-weight relationship of T. albacares. 

 
From the results of the analysis of the length-weight relationship in Figure 20, the 

relationship between the length and weight of the species T. albacares is W = 0.0201L2.9725, 

with a value of b = 2.9725. Then a t-test was carried out on the value of b at a 95% 

confidence interval, obtained tcount < ttable (tcount = 1.393; ttable = 1.967), then H0 is accepted, 
which means that the increase in length and weight is not significantly different, so that it 

can be said that the increase in length is proportional to the increase in weight (isometric). 

From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new length-weight relationship equation by substituting the values of Ȳ and X̄ using Ȳ = 

a' - 3X̄. In order to obtain a new equation for the relationship between the weight of T. 

albacares, namely W = 0.018055L3. Calculation of the growth pattern was carried out using 
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the t test (tcount = 0.05) at a 95% confidence interval (α 0.05) showing that by producing a 

coefficient of determination (R) of 0.9928 this shows a correlation coefficient (r) close to 
1. This also shows that the increase in length affects weight gain by showing that the 

correlation or relationship between length and fish weight is close and positive.  

 

Length at first capture (Lc) 
Calculation of the size of the first catch on T. albacares was carried out using data 

on the length and number of fish caught in purse seine catches. Based on observations of 

the 70 caught, the Lc was 39.55 cm as can be seen in Figure 4. 

 

  

Figure 4. Lc T. albacares on purse seine. 

 
Fishing Ground 

The dominant fishing grounds for fishermen in the province of Maluku are in the 

Banda Sea (FMA RI 714) where these waters are areas that are usually approached by T. 

albacares due to environmental factors, food availability and are spawning and egg-laying 

areas. To get the maximum catch, the right season is needed when catching where the 
highest catch occurs when it enters the East season or is called the harvest season. The 

harvest season is from October to December, the lean season is from May to July, the 

western season is from December to January and the transition season is from April to 

May. The catches obtained depend on the season, currents and wind which are obstacles 
for fishermen to go to sea and make catches.  

 

Stock status in Fishery Management Area - Republic of Indonesia (FMA-RI 714) 

CPUE and MSY T. albacares 
In table 2 below it can be seen the production data and fishing effort of T. albacares in FMA 

RI-714 by handliner, troll liner, purse seiner, and the pole and liner.  

 

Table 2 
FMA RI-714 Production and Fishing Effort 

 

Year 

Production (tons) Trip 

Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

Total 
Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 

2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 

2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 

2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 
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2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 

2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          

 There are differences in fishing productivity between handliner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the table 3.  
 

Table 3 

Productivity and Fishing Power Index (FPI) in T. albacares 

 

Year 
Productivity (Tons/trip) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 

2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 

2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 

Based on Table 3, the huhate is used as standard fishing gear, because its 
productivity islarger than other fishing gear. Furthermore, the standardization process by 

multiplying the FPI with each fishing gear to get a standard effort with the results can be 

seen in Table 4. 

 
Table 4  

Standardization of T. albacares Catching Efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 
Hand liner 

Pole and 

liner 

Total Effort 

Standard 

CPUE 

(Ton/trip) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 

2012 14,163 8,868 11,409 10,617 45,057 0.5569 

2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 

2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 
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The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  
 

 
Figure 5. T. albacares CPUE fluctuation in FMA-RI 714 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 
CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 

fishing activities in FMA-RI 714.  

  

 
Figure 6. Linear equations of CPUE and Effort T. albacares 

 

The relationship between CPUE and effort in Figure 6 shows that the value of the 

estimation parameter for Tuna is obtained by intercept (a) = 0.6419 and slope (b) = -

0.000002 so as to form an equation Linear Schaefer CPUE = -0.000002x + 0.6419. This 
relationship can be interpreted that by catching x units per year, it will reduce the CPUE 

value by 0.000002 tons per year. The conditions described in the linear equation produce 

a value of R² = 0.0029 which means that around 0.29% the influence of the variables 

used, namely effort and yield. Thus, the R² value is statistically considered not strong 

enough to represent the influence of the variables used in this model because the closer 
the R² value is to 100%, the stronger the variable influence. 

MSY and EMSY calculation data for T. albacares in FMA-RI 714 using the Schaefer 

Linear method are presented in Table 5. The results of biological analysis using the 

Schaefer Linear model approach can produce an MSY value of 54,027 tons with a standard 
effort/EMSY of 168,332 trips. 
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Table 5  

MSY and EMSY T. albacares Based on Schaefer Linear Model Calculations 
 

Year  
Number of Catches 

(Tons) 
Total Standard Effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 

2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 

2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 

Based on linear model calculations, biological saturation yields have not occurred in 
T. albacares in FMA RI-714 which is indicated with actual catches that are not close to their 

sustainable potential (MSY). This is evidenced by the actual catch in 2018 which reached 

34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value of 43,221.80 

tonnes. The sustainable potential curve (MSY) of T. albacares can be seen in Figure 7. 
 

 
Figure 7. Stock Equilibrium Curve (MSY) of T. albacares in FMA RI-714 

 

Conclusion 

1) The biological aspects of T. albacares in Maluku waters show that the growth pattern of 

tuna is isometric. 

2) The fishery aspect of T. albacares is in a condition where production continues to 
increase with a low level of fishing gear selectivity. So that there is a need for regulation 

of fishing gear and its supervision. 

0

10.000

20.000

30.000

40.000

50.000

60.000

0 100.000 200.000 300.000 400.000

P
ro

d
u

c
ti

o
n

(T
o

n
)

Effort (Trip)

MSY = 54.027 ton

EMSY = 168.332 trip



AACL Bioflux, 202x, Volume , Issue x. 
http://www.bioflux.com.ro/aacl 12 

References 

Adam L., 2016 [Policy of Prohibition on Fishing of Yellowfin Tuna: Impact Analysis and 
Solution]. Journal of Economics & Public Policy 7(2):215-227 [in Indonesian] 

Agustian D., Megantara E. N., Ihsan Y. N., Cahyandito M. F., 2021 [Analysis of size trends 

for bigeye tuna (Thunnus obesus) and yellowfin tuna (Thunnus albacares) in 

Palabuhanratu Archipelago Fishing Port]. Journal of Fisheries and Marine Research 
5(3):685-693 [in Indonesian] 

Ardelia V., Boer M., Yonvitner Y. 2018 [Precautionary Approach for (Euthynnus affinis, 

Cantor 1849) Resources Management in Sunda Strait]. Journal of Tropical Fisheries 

Management 1(1):33-40 [in Indonesian]. 
Barata A., Prisantoso B. I., 2009 [Some types of pomfret fish (Angel fish, Bramidae) caught 

by longline tuna (tuna long line) in the Indian Ocean and aspects of their catch]. 

BAWAL Widya Capture Fisheries Research 2(5):231-235 [in Indonesian] 

Barata A., Novianto D., Bahtiar A., 2012 [Distribution of Tuna Based on Temperature and 
Depth in the Indian Ocean]. MARINE SCIENCE: Indonesian Journal of Marine 

Sciences 16(3):165-170 [in Indonesian] 

Chodrijah U., Nugraha B., 2013 Size Distribution of Tuna Caught by Longline Fishing and 

Their Catchment Areas in the Banda Sea. Indonesian Fisheries Research Journal, 

19(1):9-16 [in Indonesian] 
Dewi A. N., Saputra S. W., Solichin A., 2016 [Composition of Cantrang Catches and 

Biological Aspects of Greater lizardfish (Saurida tumbill) at PPP Bajomulyo, Juwana]. 

Management of Aquatic Resources Journal 5(2):17-26 [in Indonesian] 

Diningrum T. D. B., Triyono H., Jabbar M. A., 2019 [Biological Aspects of Skipjack Tuna in 
Southeast Celebes]. Journal of Fisheries and Maritime Extension 13(2):139-147 [in 

Indonesian] 

Effendi M. I., 1979 [Fisheries Biology Method]. Dewi Sri Foundation 112 p. [in Indonesian] 

Firdaus M. L., 2018 Physical properties and nutrients distribution of seawater in the Banda 
Sea - Indonesia. IOP Conference Series Earth and Environmental Science 184(1):1-

7. 

Hardani, Auliya N. H., Andriani H., Fardani R. A., Ustiawaty J., Utami E. F., Sukmana D. J., 

Istiqomah R. R., 2020 [Qualitative & Quantitative Research Methods]. CV. 

Yogyakarta Group Science Library xvi+ 245 p. [in Indonesian] 
Hare S. R., Williams P. G., Ducharme-Barth N. D., Hamer P. A., Hampton W. J., Scott R. 

D., Vincent M. T., Pilling G. H., 2020 The western and central Pacifictuna fishery: 

2019 overview and status of stocks. Tuna Fisheries Assessment Report no. 20. 

Noumea, New Caledonia: Pacific Community. 49 p.  
Hidayat T., Chodrijah U., Noegroho T., 2014 [Characteristics of trolling in the Banda Sea]. 

Indonesian Fisheries Research Journal 20(1):43-51 [in Indonesian] 

Imron M., Baskoro M. S., Komarudin D., 2022 [Production, Fishing Season and Fishing 

Ground of the Dominant Fish (Euthynnus affinis, Menemaculata, Leiognathus 
equulus) Caught by Boat Seine in Palabuhanratu Indonesia]. Omni-Akuatika 

18(2):107-116. 

Irianto H. E., Akbarsyah T. M. I., 2007 [Commercial Tuna Canning]. Squalen Bulletin of 

Marine and Fisheries Postharvest and Biotechnology 2(2):43-50. 
Karman A., Martasuganda S., Sondita M. F. A., Baskoro M. S., 2013 Capture fishery biology 

of skipjack in western and southern water of North Maluku Province. International 

Journal of Science 432-448. 

Khan A. M. A., Gray T. S., Mill A. C., Polunin N. V. C., 2018 Impact of a fishing moratorium 

on a tuna pole and line fishery in eastern Indonesia, Marine Policy 94:143-149. 
Manurung V. T., 2016 [Performance and Institutional Credit for Small-Scale Tuna Fishing 

in Eastern Indonesia]. Agro Economics research forum 16(2):60-74 [in Indonesian] 

Mous P. J., Goudswaard P. C., Katunzi E. F. B., Budeba Y. L., Witte F., Ligtvoet W., 1995 

Sampling and measuring. In F. Witte, & WLT van Densen (Eds.), Fish stocks and 
fisheries of Lake Victoria. A handbook for field observations, Samara Publishing Ltd. 

55-82 pp.  



AACL Bioflux, 202x, Volume , Issue x. 
http://www.bioflux.com.ro/aacl 13 

Noegroho T., Chodrijah, U., 2015 [Population Parameters and Recruitment Patterns of 

Bullet tuna (Auxis rochei Risso, 1810) in West Sumatera Waters]. BAWAL Widya 
Capture Fisheries Research 7(3):129-136 [in Indonesian] 

Nugraha B., Mardlijah S., 2007 [Some Biological Aspects of Skipjack (Katsuwonus pelamis) 

Landed in Bitung, North Sulawesi]. BAWAL Widya Capture Fisheries Research 

2(1):45-50 [in Indonesian] 
Nugraha B., Rahmat E., 2008 [Status of pole and line fisheries in Bitung, North Sulawesi]. 

Indonesian Fisheries Research Journal 14(3):311-318 [in Indonesian] 

Nugraha B., Mardlijah S., Rahmat E., 2010 [Size Composition of Skipjack (Katsuwonus 

pelamis) Catches of Huhate Landed at Tulehu, Ambon]. BAWAL Widya Capture 
Fisheries Research 3(3):199-207 [in Indonesian] 

Nugraha E., Yudho G. S., Jaenudin A., Yusrizal, Kusmedy B., Kusnidar A., Husen E. S., 

2020 Relationship between length and weight of skipjack tuna (Katsuwonus 

pelamis) purse seine catching in the Maluku Sea, Indonesia. AACL Bioflux 
13(1):330-345. 

Post V., Squires D., 2020 Managing Bigeye Tuna in the Western and Central Pacific Ocean. 

Frontiers in Marine Science 7(619):1-9. 

Sari C. P. M., Nurainun. 2022 [Bioeconomic analysis and sustainable potential of skipjack 

tuna in Aceh Province]. Journal of Agricultural Economics Unimal 05:22-27 [in 
Indonesian] 

Satrioajie W. N., Suyadi, Syahailatua A., Wouthuyzen S., 2018 The importance of the 

Banda Sea for tuna conservation area: A review of studies on the biology and the 

ecology of tuna. IOP Conference Series Earth and Environmental Science 184(1):1-
11. 

Siburian E., M Ginting M., Salmiah. 2020 Analysis of consumer behaviour in purchasing 

fresh fish in traditional and modern market (case study: Medan Sunggal District, 

Medan City). IOP Conference Series Earth and Environmental Science 454:1-5. 
Sparre P., Venema S. C., 1998 Introduction to Tropical Fish Stock Assessment Part 1. FAO 

Fisheries Technology Paper No.306/1. Rev. 2. Rome, FAO. 407 p. 

Tangke U., Mallawa A., Zainuddin M., 2011 [Analysis of the relationship between 

oceanographic characteristics and catches of yellowfin tuna (Thunnus albacares) in 

the Banda Sea waters]. Agrikan: Journal of Fisheries Agribusiness 4(2):1-14 [in 
Indonesian] 

Tauda I., Hiariey J., Lopulalan Y., Bawole D., 2021 Management policy of small-scale tuna 

fisheries based on island cluster in Maluku. IOP Conference Series Earth and 

Environmental Science 777:1-10. 
Tongco M. D. C., 2007 Purposive Sampling as a Tool for Informant Selection. Ethnobotany 

Research and Applications 5:147–158. 

Udupa K. S., 1986 Statistical method of estimating the size at first maturity offishes. 

Fishbyte 4(2):8-10. 
Widodo A. A., Nugraha B., 2009 [Tuna fishery based in Kendari, Southeast Sulawesi]. 

BAWAL 299–307 [in Indonesian] 

Widodo A. A., Mahulette R. T., Satria F., 2015 [Stock Status, Exploitation and Management 

Options for Tuna Resources in the Banda Sea]. Journal of Indonesian Fisheries Policy 
7(1):45–54 [in Indonesian] 

*** FAO, 2010 Biological characteristics of tuna. Text by Michel Goujon and Jacek 

Majkowski.  

*** JICA, 2010 Data Collection Survey on Outer-ring Fishing Ports Development in the 

Republic of Indonesia (Final Report). Japan International Cooperation Agency (JICA) 
INTEM Consulting, Inc. 155 p. 

 

 

 
Received: 23 August 2021. Accepted:… Published online: … 

Authors: 
Ratna Suharti, Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, Pasarminggu 

12520, South Jakarta, Indonesia, e-mail: r_suharti@yahoo.com  



AACL Bioflux, 202x, Volume , Issue x. 
http://www.bioflux.com.ro/aacl 14 

Mira Maulita, Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, Pasarminggu 
12520, South Jakarta, Indonesia, e-mail: maulita.stp@gmail.com 

Firman Setiawan, Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, 
Pasarminggu 12520, South Jakarta, Indonesia, e-mail: firmansetiawan001@gmail.com 

Dadan Zulkifli, Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, Pasarminggu 

12520, South Jakarta, Indonesia, e-mail: belfyludaputri@gmail.com 
Basuki Rachmad, Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, 

Pasarminggu 12520, South Jakarta, Indonesia, e-mail: basukibye248@gmail.com 

Maman Hermawan, Faculty of Fishing Technology, Jakarta Technical University of Fisheries, Pasarminggu 12520, 
South Jakarta, Indonesia, e-mail: mhermawan60@gmail.com 

Mantani Sayuri, Department of Ships Navigation, Japan Agency of Maritime Education and Training for Seafarers, 
Marine Technical College, Ashiya City 659-0026, Hyogo, Japan, e-mail: mantani-s6ea@jmets.ac.jp 

Erick Nugraha, Jakarta Technical University of Fisheries, Faculty of Fishing Technology, Pasarminggu 12520, 

South Jakarta, Indonesia, e-mail: nugraha_eriq1@yahoo.co.id 
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: 

Suharti R., Maulita M., Setiawan F., Zulkifli D., Rachmad B., Hermawan M., Mantani S., Nugraha E., 2023 Status 
of the Thunnus albacares fishery in the Fisheries Management Area (FMA) 714, Maluku Sea - Indonesia, Indonesia 

AACL Bioflux 
 

 

 



   
                                                                                                                       Bioflux (publishing house) 

                                                                                                                              54 Ceahlau Street,  

                                                                                                                         Cluj-Napoca 400488, 

                                                                                                                       Romania, European Union  

 

 
 

Certificate/Letter of preliminary acceptance 
 

 

 
 

 
 

This certificate shows that your paper: 
 

Status of the Thunnus albacares fishery in the Fisheries Management Area 
(FMA) 714, Maluku Sea – Indonesia 

 

Authors:  
Ratna Suharti, Mira Maulita, Firman Setiawan, Basuki Rachmad, Dadan Zulkifli, 

Mantani Sayuri, Maman Hermawan, Erick Nugraha 
 

was preliminary accepted for publication, with revision, in the scientific/academic journal: 
Aquaculture, Aquarium, Conservation & Legislation –  

International Journal of the Bioflux Society. 
AACL Bioflux is covered by Thomson ISI Web of Knowledge via: 

• Zoological Record (Biosis) and 

• CAB Abstracts (CABI) 
 

 
 

Thank you for publishing with us! 
 

 
 

Sincerely yours, 

Editor Researcher 
Eniko Kovacs, PhD 

 
 

 
 
 

http://www.bioflux.com.ro/
http://www.bioflux.com.ro/


 

Submission letter 
 

Article title: Status of the Thunnus albacares fishery in the Fisheries 

Management Area (FMA) 714, Maluku Sea - Indonesia 

 Hereby I would like to submit the manuscript entitled “Conditions and 

characteristics of coral reefs in Gusung Batu Lampe, Muara Badak, Kutai 

Kartanegara, Indonesia” to Aquaculture, Aquarium, Conservation & 

Legislation - International Journal of the Bioflux Society. 

 This manuscript was not submitted or published to any other journal. 

The authors declare that the manuscript is an original paper and contain no 

plagiarized text. All authors declare that they are not currently affiliated or 

sponsored by any organization with a direct economic interest in subject of 

the article. My co-authors have all contributed to this manuscript and 

approve this submission.   

 

Author, 

 

 

Ratna Suharti   Mira Maulita  Maman Hermawan 

 

 

Firman Setiawan      Basuki Rachmad                  Dadan Zulkifli  

 

 

 

 

Mantani Sayuri                            Erick Nugraha (Corresponding author) 

 

Date: January 29, 2023 











AACL Bioflux, 2023, Volume 16, Issue x. 
http://www.bioflux.com.ro/aacl 1 

 
 

Status of the Thunnus albacares fishery in the 
Fisheries Management Area (FMA) 714, Maluku 

Sea, Indonesia 
1Ratna Suharti, 1Mira Maulita, 1Firman Setiawan, 1Basuki Rachmad, 1Dadan 

Zulkifli, 2Mantani Sayuri, 3Maman Hermawan, 3Erick Nugraha  

 
1 Faculty of Aquatic Resources Management, Jakarta Technical University of Fisheries, 

South Jakarta, Indonesia; 2 Department of Ships Navigation, Marine Technical College, 

Hyogo, Japan; 3 Faculty of Fishing Technology, Jakarta Technical University of Fisheries, 

South Jakarta, Indonesia; . Corresponding author: E. Nugraha, 

nugraha_eriq1@yahoo.co.id 
 

 
Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. Based on the results of a study on tuna stocks by the Western and 

Central Pacific Fisheries Commission (WCPFC) in 2012, it was reported that yellowfin stocks were not 
overfished and overfished, while bigeye tuna were overfished and overfished. In addition, the utilization 

of fish resources in FMA RI 714 is still dominated by small-scale fishermen using vessels <5 GT. Based on 
the magnitude of the potential and the condition of the available large pelagic fish resources. SoThus, it is 

necessary to study the status of large pelagic fisheries, especially tuna in the Maluku region. This study 

aims aimed to examine the biological and fisheries aspects of tuna and the fisheries management. The 
research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This study used a survey 

method, namely by observing in the field the observed fish samples. Determination of the location and 
fishing gear is was carried out by purposive sampling, , namely collecting data deliberately according to 

the desired conditions. wWhile the determination of respondents was carried out by accidental sampling, 

namely the determination of tuna fishermen by accident. The results showed that the growth pattern of T. 
albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 cm FL. 

The use of tuna iIn FMA RI 714, shows that the actual production and tuna fishing effort for tuna shows 
that its utilization has did not reached the maximum sustainable potential valuelevel and economically, 

tuna fishing has did not yet reached the maximum profit value so that its utilization can still be increased.  

Key Words: yellowfin tuna, banda sea, gonad maturity level (gmlGML), sex ratio. 

 

 

Introduction. The Banda Sea is the waters oflocated in the Eastern Indonesia Region 

which and is included in the waters of the West Pacific Ocean and is , being bordered by 

the Indian Ocean (Firdaus 2018). The Banda Sea has also become a very potential tuna 
fishing area in Maluku Province (Satrioajie et al 2018; Tangke et al 2011). Exploitation of 

tuna resources is carried out in various forms of fishing activities, including purse seiner, 

pole and liner, longliner and tuna handliner (Tauda et al 2021; Khan et al 2018; Widodo & 

Nugraha 2009). Tuna resources are spread throughout almost all Indonesian waters, from 
western Indonesian waters (Indian Ocean) to Eastern Indonesia (Banda Sea and North 

Irian Jaya) (Chodrijah & Nugraha 2013). The waters of Eastern Indonesia are known as 

centers sources for the production of tuna and skipjack, which are commonly called tuna 

in Indonesia (Manurung 2016). Banda Sea One of the waters that has become a potentiaisl 
a fishing area ground for large pelagic fish in eastern Indonesia is the Banda Sea (Hidayat 

et al 2014).  

Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished and overfished, while bigeye tuna (Thunnus 
obesus) had experienced overfished and overfished overfishing (Post & Squires 2020; Hare 

et al 2020; Widodo et al 2015). Utilization The utilization of fish resources in WPP 714 is 
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still dominated by small-scale fishermen using vessels <5GT (JICA 2010; Adam 2016), 

based due on to the large potential and condition of available availability of large pelagic 
fish resources, . so it is necessary to studyTherefore, monitoring the status of large pelagic 

fisheries in the Maluku region, especially those targeting tuna, in the Maluku region is 

required. 

This study aims aimed to examine several aspects of T. albacares including; : a) 
biological aspects, including length-weight relationship; , b) Assessing aspects of the T. 

albacares fisheryexploitation characteristics, including production trends, fishing effort, 

fishing grounds, fishing season, fishing gear and CPUE; and c) Assessing efforts to 

management and utilizeof tuna resources, which includes calculating the catch rate, 
Maximum Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. 

albacares in the Maluku region. 

 

Material and Method 
 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Maluku 

Sea, by which focused focusing on fishing ports with high tuna landing potential. Data 

collection was carried out at several sampling points, as shown in Figure 1. 

 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 
of tuna. 

 

Methods of data collection. In this study, a the applied survey method was used, namely 

by observing in the field the observationed fish samples. Determination of the location and 
fishing gear was carried out by purposive sampling, namely collecting data deliberately 

according to the desired conditions (Tongco 2007). Meanwhile, the determination of 

respondents was carried out by accidental sampling, namely the accidental determination 

of tuna fishermen (Siburian et al 2020). Data collection for T. albacares sampling was 

carried out using the simple random sampling method, namely simple random sampling 
by taking samples to measure measuring the specimens’ length and weight of fish as much 

as 10% of the total catch (Mous et al 1995). Secondary data needed is in the form of 

periodic dataare (time series) of catches and fishing effort for 5 to 10 years, from the 

relevant agencies.  
 

Data collection. Primary data collection was carried out by direct observation and 

measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 
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fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 

data (time series) of catches and fishing effort for the last 10 years obtained from the 
Maritime Affairs and Fisheries Service of Maluku Province. 

 

Data analysis 

Length frequency distribution. THow to obtain the frequency distribution was obtained 
by determining the class interval, class mean, and frequency in each long length group, 

then the results were presented in a diagram. The long frequency distribution that has 

been determined with the same class intervals can then be formed in a diagram to see the 

results of the long frequency distribution.  
 

Length-weight relationship. The model used to estimate the relationship between 

length and weight is an exponential,  relationship with using the following equation 

(Nugraha et al 2020; Effendie 1979): 
W = aLb 

 

Where: 

W-fish weight (g); 

L-standard/fork length fish (cm); 
a-the constant number or intercept, that is sought from the regression calculation; 

b-the exponent or tangential angle. 

 

To determine the values of a and b, a linear regression analysis, based on is needed 
or by taking the logarithm of the formula above. The linear equation becomes: 

 

Ln W = Ln a + b Ln L 

 
Then a simple linear equation can be made (Agustian et al 2021): 

Y = a + bX 

Where: Y = 

X-Ln Lindependent; 

a'-antilog intercept; 
b-slope. 

 

b  = 
∑Xi Yi

∑Xi²
 

 

Where: 

ƩXi2  = ƩX2 – 
(∑X)²

N
 

 ƩYi2  = ƩY2 – 
(∑Y)²

N
 

ƩXi Yi   = ƩXY – 
(∑X)(ƩY)

N
 

 

Once the value of b is known, the value of a can be calculated in the following way: 

a'  = Ȳ - bẊ 

a = ea' 

 

If you pay more attention, then the probability that the price b that appears is b<3, 

b =3, and b>3. According to Effendie (1979) each value of b can be interpreted as follows:  
1) If b<3, then the increase in length is faster than the increase in weight or; it is called 

a negative allometric. 

2) If b>3, then the weight gain is faster than the increase in length or ; it is called a 

positive allometric. 
3) If b=3, then the increase in length and weight gain are balanced or; it is called 

isometric allometry. 
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According to Effendie (1979), the T-test is used to determine whether the value of b 

obtained is significantly different from 3 or not, using the following method: 

Ʃd2yx  = ƩYi2 – 
(ƩXiYi)²

ƩXi²
 

S²yx = 
Ʃd²yx

(N-2)
 

S²b  = ƩXi² 

Sb = √S²b  

t  = |
3-b

Sb
| 

Where:  

b  = exponential value obtained in the analysis 

Sb  = standard deviation of Y value 

t table Test at 95% confidence level (n-2db) 
a. If t count > t table then it is significantly different 

b. If t count < t table then it is not significantly different 

 

The cCorrelation coefficient (r), describing the to see the close strength of the 
relationship between length and weight is obtained from the following formula (….et al…..): 

r² = 
(ƩXiYi)²

(ƩXi
2

)(ƩYi
2
)
 

r  = √r²   

 

Where: 

r²-the coefficient of determination 

r-the correlation coefficient, is an abstract measure of the degree of closeness  strength 
     of the relationship between variables x and y (-1 < r < 1): 

r-1, meaning means that there is a close strong and positive relationship; 

r--1, means that there is a close strong and negative relationship; 

r-0, meaning means that there is no close relationship. 

 
Sex ratio. Comparison of the sexes of biota is done by visual observation of a number of 

male and female individuals obtained as samples at the study site. The sex ratio is known 

by using the formula: 

X=
X

(X+Y)
 × 100% 

Y=
Y

(X+Y)
 ×100% 

 
Where:  X = number of male fish 

             Y = number of female fish 

After the sex ratio in percentage is obtained, to find out whether there is a significant 

difference between the ratio of male and female individuals, it is carried out through testing 
and the 'X2' (chi square) test with the formula according to Effendie (1979): 

 

X
2
=

(fo-fh)
2

fh
 

Where:  
X2 = chi square 

f0 = observed biota 

fh = expected biota frequency 

 
X2 value obtained from this calculation, then the value is compared with the value 

of X2 table with a confidence level of 95% and degrees of freedom (db) = 1 with the 

hypothesis: 

H0 = there is no significant difference between the number of male and female biota 
H1 = there is a significant difference between the number of male and female biota 

If, X2 count < X2 table = H0 is accepted, H1 is rejected 
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    X2 count > X2 table = H0 is rejected, H1 is accepted 

 
Gonads Maturity Level (GML). The gonads maturity level of the was determined by 

visual observation of the morphology of the gonads. Furthermore, the observed 

characteristics are adjusted to the GML criteria listed in Table 1. 

 
 

 

Table 1  

Classification of Gonad Maturity Levels (GML) (Karman et al 2013) 
 

Level Gonadal state Description 

I Immature Gonads are elongated, small almost transparent 

II Maturing 
Gonads are enlarged, pink-beige in color, the eggs cannot 
be seen with visual 

III Mature 
Gonads are creamy-yellow in color, eggs can be seen with 

visual 

IV Ripe 
Eggs are enlarged and clear yellow in color, can come out 

with a little pressure on the stomach 

V Spent 
Gonads are smaller, red in color and have lots of blood 

vessels 

 

Size at first maturity (Lm) . Size at first maturity (Lm) can be estimated by the 

Soerman-Karber formula proposed by (Udupa 1986) as follows: 

m= xk +
d

2
 - (X ∑ Pi ) 

 

M = antilog (m ± 1,96 √𝑥2𝛴
𝑝𝑖∗𝑞𝑖

𝑛𝑖−1
 ) 

 

Note:  

m = logarithm of class length at first maturity 
d = logarithmic difference of the mean length increase 

k = number of length classes 

xk = logarithm of the median length where fish are 100% gonadal mature (or pi = 1) 

pi = proportion of gonadal mature fish in length class i with the number of fish in the 
i-th length interval 

ni = 1 – pi 

qi = the number of fish in the i-th class length 

M = the length of the fish when the gonads first mature is anti-log m, if ∝ = 0.05, 

then the confidence interval is 95% of m 

 

Length at first caught (Lc). The length of fish first caught fish (Lc) was estimated by the 
method (Sparre & Venema 1998): 

SL=
1

a + exp (a-bL)
 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 

of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated using the formula (…): 

Lc = 
-a

b
 

 

Catch Per Unit Effort (CPUE) . Catch data and fishing effort were obtained, then 
tabulated to determine the value of CPUE. The fishing effort can be expressed as in the 

form number of operating days or months of operation, the number of fishing trips or the 

number of fleets carrying out fishing operations. In this study the fishing effort (effort) 
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used is expressed as the number of trips. The formula that can be used to determine the 

CPUE value is as follows (Imron et al 2022): 
 

 

CPUEi = 
Catchi 

Efforti 
Where: 

CPUEi-catch per unit of fishing effort in yearfor the period i (tons/unit trip-1); 

Catchi-catch for the period i in year i (tons); 

EffortI Efforti-fishing effort for the period i in year i (trip). 
 

Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 

used as standard has an FPI value equal to one, while the FPI value for other fishing gear 
is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 

fishing gear. The Gulland formula for calculating FPI is as follows: 

RFPi= 
Ci/Ei

Cs/Es
 

 

DescriptionWhere: 

RFPi  = catching relative fishing power factor of the ith fishing units which will be 
standardized in year i 

Ci  = the number of catches of the type of the ith fishing unit that will be 

standardized in year-i 

Cs  = the standard number of catches of the type of fishing unit typethat will be 
standardized in year-i 

Ei  = the amount of effort of catching with the ithtype of fishing unit which will 

be standardized in the i-year 

Es  = total the standard effort of catching with the type of fishing unit typewhich 
is standardized in the i-year 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
standard eEffortffort standar = ∑(FPI

ii
 × effortiE)ffort 

 

Production surplus model. The purpose of using the Surplus Production Surplus Model 

is to determine the level of effort optimumoptimal effort, which is an effort that can 
producecorresponding to a maximum sustainable catch without affecting long-term stock 

productivity which we usually call Maximum Sustainable Yield (Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

DescriptionWhere: 

Y(i) - catch for the period iin year i, I = 1, 2, ......n; 

f(i) - fishing effort for the period iin year i, I = 1, 2, ......n. 
 

Determining the value of a (intercept) and b (slope) requires linear regression of 

f(i) to Y(i)/f(i). After the a and b values are obtained, the optimum effort (f MSY) and 

Maximum Sustainable Yield (MSY) can be calculated by the formula: 

fMSY= -
a

2b
 danand MSY= -

a2

4b
 

 

 Next, to find out tThe level of utilization of fish resources by percentizingis the a 

fractionnumber of catches in a certain year  ofwith the maximum Sustainable Yield (MSY): 

Utilization rate = 
Ci

MSY
 × 100% 

InformationWhere: 
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Ci - number of fish caught in year iI; 

MSY - maximum sustainable yield. 
 

Results and discussion 

 

Distribution of T. albacares length frequency. Based on observations of 339 samples 
of T. albacares, the distribution of frequency distribution data with the shortest length was 

31 cm and the longest is 126 cm. The lengthong frequency distribution is presented in 

Figure 2. 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 

 
Mode of measurement for T. albacares samples was found atThe modal class 

intervals wasof 31-41 cm. This happens because: many small fish are caught by trolling 

liner and purse seiner. and because many fishermen make a "Tuna loin" process on board 

so that measurements cannot be taken.  

 
The relationship between length and weight of T. albacares. The relationship 

between length and weight obtained is presented on the graph, according to the 

characteristics of the fish growth pattern, as shown in Figure 3. 

 

 
Figure 3. Length-weight relationship of Thunnus albacares. 

 
From the results of the analysis of the length-weight relationship of the species T. 

albacaresin Figure 20, the relationship between the length and following equation was 

weight of the species T. albacares is determined: W = 0.0201 L2.9725, with a value of b = 

2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and, 
obtained tcount < ttable (tcount = 1.393; ttable = 1.967), then therefore H0 is was accepted, 

which means that the increase rates in length and weight is are not significantly different, 
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so that it can be said that the increase in length is proportional to the increase in weight 

(isometric). 
From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new T. albacares length-weight relationship equation, by substituting the values of Ȳ and 

X̄ using Ȳ = a' - 3X̄. , In order to obtain a new equation for the relationship between the 

weight of T. albacares, namely W = 0.018055 L3. Calculation of the growth pattern was 

carried out using the t test (tcount = 0.05), at a 95% confidence interval (α= 0.05), showing 

that by producing a coefficient of determination (R2) of 0.9928 this showsand a correlation 

coefficient (r) close to 1. This also shows that the an increase in the length affects the 

weight gain, by showmeaning that the correlation or relationship between length and fish 
weight is close strong and positive.  

 

Length at first capture (Lc). Calculation of the size of the first catch on of T. albacares 

was carried out using data on the length and number of fish caught in purse seine catches. 
Based on the observations of the 70 caught specimens, the Lc was 39.55 cm as it can be 

seen in Figure 4. 

 

 
Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). where Tthese waters are areas that are usually 

approached by T. albacares due to environmental factors, food availability and they are 
also spawning and egg-laying areas. Theo get the maximum catch, the right season is 

needed when catching where the highest catch occurs when it entersat the beginning of 

the East season, also or is called the harvest season. The harvest season is, from October 

to December. T, the lean season is from May to July, the western season is from December 

to January and the transition season is from April to May. The catches obtained depend on 
the season, currents and wind, which are might be obstacles for fishermen to going to sea 

and succeeding to make catches.  

 

Stock status in Fishery Management Area - Republic of Indonesia (FMA-RI 714) 
CPUE and MSY T. albacares. In table 2 below it can be seen the production data and 

fishing effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the 

pole and liner.  

 
Table 2 

FMA RI-714 production and fishing effort 

 

Year 

Production (tons) Trip 

Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

Total 
Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 
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2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 

2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 

2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 

2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 

2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          

 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the table 3.  
 

Table 3 

Productivity and fishing power index (FPI) in Thunnus albacares 

 

Year 
Productivity (Tons/ trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 

2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 

2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 

Based on Table 3, the huhate is used as standard fishing gear, because its 
productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of theby multiplying the FPI with each the number of 

fishing gears , to get aproduces the standard effort values with the results can be 

seenpresented in Table 4. 
 

Table 4  

Standardization of ThunnusT. albacares catching efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 
Hand liner 

Pole and 

liner 

Total Effort 

Standard 

CPUE 

(Ton/trip) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 
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2012 14,163 8,868 11,409 10,617 45,057 0.5569 

2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 

2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  

 

 
Figure 5. Thunnus T. albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 

CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 
fishing activities in FMA-RI 714.  

  

 
Figure 6. Linear equations of CPUE and effort Thunnus T. albacares. 

 
The relationship between CPUE and effort in Figure 6 shows that the value of the 

estimation parameter for Tuna tuna fish is obtained by an intercept (a) = 0.6419 and a 

slope (b) = -0.000002 so as to form an the equation Linear Schaefer linear equation CPUE 

= -0.000002x + 0.6419. This relationship can be interpreted that by catching x units per 

year, it will reduce the CPUE value by 0.000002 tons per year. The conditions described in 
the linear equation produce a value of R² = 0.0029 which means that around 0.29% the 

CPUE is influenced of the variables used, namelyby the effort and yield. Thus, the R² value 

is statistically considered not strong enough to representindicate that the influence of the 
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variables used in this model because the closer the R² value is to 100%, the stronger the 

variable influenceis not strong. 
Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 

(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear model 

approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 168,332 
trips. 

 

Table 5  

MSY and EMSY Thunnus T. albacares Based on Schaefer linear model calculations 
 

Year  
Number of Catches 

(Tons) 
Total Standard Effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 

2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 

2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 

Based on linear model calculations, biological saturation yields have not occurred in 

T. albacares in from FMA RI-714, which is indicated with by actual catches that are not 
close to their sustainable potential (MSY). This is evidenced by the actual catch in 2018 

which reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY 

value of (43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be 

seen in Figure 7. 
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Figure 7. Stock equilibrium curve (MSY) of Thunnus T. albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the growth 

pattern of tuna is isometric. The fishery aspect ofexploitation of T. albacares is in a 
condition where production continues to increase with a low level of fishing gear selectivity. 

So, therefore that there is a need for regulation regulating of and supervising the fishing 

gear are required and its supervision. 
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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. Based on the results of a study on tuna stocks by the Western and 

Central Pacific Fisheries Commission (WCPFC) in 2012, it was reported that yellowfin stocks were not 
overfished, while bigeye tuna were overfished. In addition, the utilization of fish resources in FMA RI 714 

is still dominated by small-scale fishermen using vessels <5 GT. Based on the large potential and 
condition of the available large pelagic fish resources, it is necessary to study the status of large pelagic 

fisheries,Based on the magnitude of the potential and the condition of the available large pelagic fish 

resources. Thus, it is necessary to study the status of large pelagic fisheries, especially tuna in the 
Maluku region. This study aimed to examine the biological aspects of tuna and the fisheries 

management. The research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This study 
used a survey method, namely by observing in the field the observed fish samples. Determination of the 

location and fishing gear was carried out by purposive sampling, while the determination of respondents 

was carried out by accidental sampling. The results showed that the growth pattern of Thunnus 
albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 cm 

Fork Length. In Fisheries Management Area of Republic Indonesia (FMA RI) 714, the actual production 
and tuna fishing effort shows that its utilization did not reach the maximum sustainable level and 

economically, tuna fishing did not yet reach the maximum profit value so that its utilization can still be 

increased.  
Key Words: yellowfin tuna, banda sea, length of first caughtgonad maturity level (GML), sex ratioCPUE. 

 

 

Introduction. The Banda Sea is located in the Eastern Indonesia Region and is included 
in the waters of the West Pacific Ocean, being bordered by the Indian Ocean (Firdaus 

2018). The Banda Sea has also become a potential tuna fishing area in Maluku Province 

(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 

various forms of fishing activities, including purse seiner, pole and liner, longliner and 
tuna handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009). Tuna 

resources are spread throughout almost all Indonesian waters, from western Indonesian 

waters (Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) (Chodrijah 

& Nugraha 2013). The waters of Eastern Indonesia are known as sources for the 

production of tuna and skipjack, which are commonly called tuna in Indonesia (Manurung 
2016). Banda Sea is a fishing ground for large pelagic fish in eastern Indonesia (Hidayat 

et al 2014).  

Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 
(Thunnus albacares) were not overfished, while bigeye tuna (Thunnus obesus) 

experienced overfishing (Post & Squires 2020; Hare et al 2020; Widodo et al 2015). The 

utilization of fish resources in WPP 714 is still dominated by small-scale fishermen using 

vessels <5GT (JICA 2010; Adam 2016), due to the availability of large pelagic fish 
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resources. Therefore, monitoring the status of large pelagic fisheries in the Maluku 

region, especially those targeting tuna, is required. 
This study aimed to examine several aspects of T. albacares: a) biological aspects, 

including length-weight relationship, b)T. albacares exploitation characteristics, including 

production trends, fishing effort, fishing grounds, fishing season, fishing gear and CPUE 

and c) management of tuna resources, which includes calculating the catch rate, 
Maximum Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. 

albacares in the Maluku region. 

 

Material and Method 
 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Banda 

Maluku Sea, by focusing on fishing ports with high tuna landing potential. Data collection 

was carried out at several sampling points, as shown in Figure 1. 
 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 
of tuna. 

 

Methods of data collection. In this study, the applied survey method was the field 

observation. Determination of the location and fishing gear was carried out by purposive 
sampling, namely collecting data deliberately according to the desired conditions (Tongco 

2007). Meanwhile, the determination of respondents was carried out by accidental 

sampling, namely the accidental determination of tuna fishermen (Siburian et al 

2020). Data collection for T. albacares sampling was carried out using the simple random 
sampling method, by measuring the specimens’ length and weight of 10% of the total 

catch (Mous et al 1995). Secondary data are time series of catches and fishing effort for 

5 to 10 years, from the relevant agencies.  

 

Data collection. Primary data collection was carried out by direct observation and 
measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 

fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 

data (time series) of catches and fishing effort for the last 10 years obtained from the 

Maritime Affairs and Fisheries Service of Maluku Province. 
 

Data analysis 
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Length frequency distribution. The frequency distribution was obtained by 

determining the class interval, class mean, and frequency in each length group, then the 
results were presented in a diagram. 

 

Length-weight relationship. The relationship between length and weight uses a linear 

allometric model. This model is used to calculate parameters a and b through 
measurements of length and weight The model used to estimate the relationship between 

length and weight is exponential, using the following equation (Brinkman, 1993; Nugraha 

et al 2020; Effendie 1979): 

W = aLb 
 

Where: 

W-fish weight (g); 

L-standard/fork length fish (cm); 
a-the constant number or intercept, that is sought from the regression calculation; 

b-the exponent or tangential angle. 

W: Individual weights of fish (grams) 

L : Fork length fish (cm) 

a : Intercept (intersection of the curve of the relationship of the length of the weight with 
the y-axis) 

b : Slope   

 

 
To determine the values of a and b, a linear regression analysis, based on the 

logarithm of the formula above. The linear equation becomes: 

 

Ln W(i) = Ln a q + b Ln L 
 

Then a simple linear equation can be made (Agustian et al 2021; Muhsoni 2019): 

Y = a + bX(i) 

Where: 

 Y =: Ln W 
X- : Ln Lindependent; 

a'- :antilog intercept; 

b- :slope. 

 
The coefficients of determination and correlation can also be determined through 

equations.  

 

In this analysis of weight length relationships, what needs to be considered is the 
value of b which can be interpreted as follows:  

1. b < 3 : Length gain is faster than weight gain (negative allometry) 

2. b = 3 : Length gain balanced with weight gain (isometric)  

3. b > 3 : Weight gain is faster than length gain (positive allometry) (Perangin-angin et 
al 2015) 

 

To determine the growth pattern, Bailey's t-test was needed (Thomas 2013; Nair et 

al 2015). The t-test was run to determine significant differences from the isometric value 

(b = 3) with significant level at 5% (P < 0.05).  The formula of Bailey's t-test is as follows 
(Fauziyah et al 2021): 

 

𝑡𝑠 = |
3 − 𝑏

𝑆𝑏
| 

 
Information:  

ts   = Bailey's t-test,  
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b   = the slope of the linear regression 

Sb = standard error of the b coefficients 
  

The correlation coefficient (r) to see the closeness of the relationship between 

length and weight is obtained from the formula bellows (Nurhayati et al 2016). 

 

r2=
(∑XiYi)

2

(∑Xi
2
)(∑Yi

2
)
 

r=√r2 

Information:   

r; Correlation coefficient is an abstract measure of the degree of closeness of the 
relationship between x and y (-1 < r < 1); 1 means that there is a close and positive 

relationship; -1 means that there is a close and negative relationship; and 0 means that 

there is no close relationship. 

 

b  = 
∑Xi Yi

∑Xi²
 

 

Where: 

ƩXi2  = ƩX2 – 
(∑X)²

N
 

 ƩYi2  = ƩY2 – 
(∑Y)²

N
 

ƩXi Yi   = ƩXY – 
(∑X)(ƩY)

N
 

 
Once the value of b is known, the value of a can be calculated in the following way: 

a'  = Ȳ - bẊ 

a = ea' 

 
According to Effendie (1979) each value of b can be interpreted as follows:  

1) If b<3, then the increase in length is faster than the increase in weight; it is called a 

negative allometric. 

2) If b>3, then the weight gain is faster than the increase in length; it is called a 
positive allometric. 

3) If b=3, then the increase in length and weight gain are balanced; it is called 

isometric allometry. 

 
According to Effendie (1979), the T-test is used to determine whether the value of 

b obtained is significantly different from 3 or not, using the following method: 

Ʃd2yx  = ƩYi2 – 
(ƩXiYi)²

ƩXi²
 

S²yx = 
Ʃd²yx

(N-2)
 

S²b  = ƩXi² 

Sb = √S²b  

t  = |
3-b

Sb
| 

Where:  

b  = exponential value obtained in the analysis 
Sb  = standard deviation of Y value 

t table Test at 95% confidence level (n-2db) 

a. If t count > t table then it is significantly different 

b. If t count < t table then it is not significantly different 

 
The cCorrelation coefficient (r), describing the to see the close strength of the 

relationship between length and weight is obtained from the following formula (….et 

al…..): 
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r² = 
(ƩXiYi)²

(ƩXi
2

)(ƩYi
2
)
 

r  = √r²   

 

Where: 

r²-the coefficient of determination 
r-the correlation coefficient, is an abstract measure of the strength 

     of the relationship between variables x and y (-1 < r < 1): 

r-1, means that there is a strong and positive relationship; 

r--1, means that there is a strong and negative relationship; 
r-0, means that there is no relationship. 

 

Sex ratio. Comparison of the sexes of biota is done by visual observation of a number of 

male and female individuals obtained as samples at the study site. The sex ratio is known 
by using the formula: 

X=
X

(X+Y)
 × 100% 

Y=
Y

(X+Y)
 ×100% 

 

Where:  X = number of male fish 

             Y = number of female fish 

After the sex ratio in percentage is obtained, to find out whether there is a significant 
difference between the ratio of male and female individuals, it is carried out through 

testing and the 'X2' (chi square) test with the formula according to Effendie (1979): 

 

X
2
=

(fo-fh)
2

fh
 

Where:  

X2 = chi square 

f0 = observed biota 
fh = expected biota frequency 

 

X2 value obtained from this calculation, then the value is compared with the value 

of X2 table with a confidence level of 95% and degrees of freedom (db) = 1 with the 

hypothesis: 
H0 = there is no significant difference between the number of male and female biota 

H1 = there is a significant difference between the number of male and female biota 

If, X2 count < X2 table = H0 is accepted, H1 is rejected 

    X2 count > X2 table = H0 is rejected, H1 is accepted 
 

Gonads Maturity Level (GML). The gonads maturity level of the was determined by 

visual observation of the morphology of the gonads. Furthermore, the observed 

characteristics are adjusted to the GML criteria listed in Table 1. 
 

 

 

Table 1  

Classification of Gonad Maturity Levels (GML) (Karman et al 2013) 
 

Level Gonadal state Description 

I Immature Gonads are elongated, small almost transparent 

II Maturing 
Gonads are enlarged, pink-beige in color, the eggs cannot 
be seen with visual 

III Mature 
Gonads are creamy-yellow in color, eggs can be seen with 

visual 

IV Ripe Eggs are enlarged and clear yellow in color, can come out 
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with a little pressure on the stomach 

V Spent 
Gonads are smaller, red in color and have lots of blood 
vessels 

 
Size at first maturity (Lm) . Size at first maturity (Lm) can be estimated by the 

Soerman-Karber formula proposed by (Udupa 1986) as follows: 

m= xk +
d

2
 - (X ∑ Pi ) 

 

M = antilog (m ± 1,96 √𝑥2𝛴
𝑝𝑖∗𝑞𝑖

𝑛𝑖−1
 ) 

 

Note:  

m = logarithm of class length at first maturity 

d = logarithmic difference of the mean length increase 
k = number of length classes 

xk = logarithm of the median length where fish are 100% gonadal mature (or pi = 1) 

pi = proportion of gonadal mature fish in length class i with the number of fish in the 

i-th length interval 
ni = 1 – pi 

qi = the number of fish in the i-th class length 

M = the length of the fish when the gonads first mature is anti-log m, if ∝ = 0.05, 

then the confidence interval is 95% of m 

 

Length at first caught (Lc). The length of first caught fish (Lc) was estimated by the 

method (Sparre & Venema 1998): 

SL=
1

a + exp (a-b L)
 

 
Where: 

SL  : Estimated Value 

a    : intercept 

b    : slope 
The value of Lc was obtained by plotting the percentage of the cumulative 

frequency of fish caught with the standard length, where the intersection point between 

the 50% cumulative frequency curve is the length when 50% of the fish are caught 

(Diningrum et al 2019). The value of Lc can be calculated using through the formula 
(…)(Sparre et al 1989): 

Lc = 
-a

b
 

 
 

Catch Per Unit Effort (CPUE). Catch data and fishing effort were obtained, then 

tabulated to determine the value of CPUE. The fishing effort can be expressed as the 

number of operating days or months, the number of fishing trips or the number of fleets 
carrying out fishing operations. In this study the fishing effort (effort) used is expressed 

as the number of trips. The formula that can be used to determine the CPUE value is as 

follows (Imron et al 2022): 

 
 

CPUEi = 
Catchi 

Efforti 

Where: 

CPUEi-catch per unit of fishing effort for the period i (tons trip-1); 
Catchi-catch for the period i (tons); 

Efforti-fishing effort for the period i (trip). 
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Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 
used as standard has an FPI value equal to one, while the FPI value for other fishing gear 

is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 

fishing gear. The Gulland formula for calculating FPI is as follows (Gulland 1983): 

RFPi= 
Ci/Ei

Cs/Es
 

 
Where: 

RFPi  : relative fishing power factor of the ith fishing unit 

Ci  : the number of catches of the ith fishing unit 

Cs  : the standard number of catches of the fishing unit type 
Ei  : the effort of catching with the ith fishing unit 

Es  : the standard effort of catching with the fishing unit type 

 

RFPi  = relative fishing power factor of the ith fishing unit 

Ci  = the number of catches of the ith fishing unit 
Cs  = the standard number of catches of the  fishing unit type 

Ei  = the effort of catching with the ith fishing unit 

Es  = the standard effort of catching with the fishing unit type 

After obtaining the RFPi value, the standardized fishing effort is calculated using 
the formula: 

standard effort = ∑(FPI
i
×efforti) 

 
Production surplus model. The purpose of using the Production Surplus Model is to 

determine the level of optimal effort, corresponding to a maximum sustainable catch 

without affecting long-term stock productivity which we usually call Maximum Sustainable 

Yield (Sari & Nurainun 2022).  
MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Where: 
Y(i) - catch for the period i, I = 1, 2, ......n; 

f(i) - fishing effort for the period i. 

 

Determining the value of a (intercept) and b (slope) requires linear regression of 
f(i) to Y(i)/f(i). After the a and b values are obtained, the optimum effort (f MSY) and 

Maximum Sustainable Yield (MSY) can be calculated by the formula: 

fMSY= -
a

2b
 danand MSY= -

a2

4b
 

 
 The level of utilization of fish resources is a fraction of the maximum Sustainable 

Yield (MSY): 

Utilization rate = 
Ci

MSY
 × 100% 

Where: 

Ci - number of fish caught in year I; 
MSY - maximum sustainable yield. 

 

Results and discussion 

 
Distribution of T. albacares length frequency. Based on observations of 339 samples 

of T. albacares, the shortest length was 31 cm and the longest is 126 cm. The length 

frequency distribution is presented in Figure 2. 
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Figure 2. Length frequency distribution of Thunnus albacares. 

 

The modal class interval was 31-41 cm: many small fish are caught by trolling 

liner and purse seiner.  
 

The relationship between length and weight of T. albacares. The relationship 

between length and weight is presented on the graph, according to the characteristics of 

the fish growth pattern, as shown in Figure 3. 
 

 
Figure 3. Length-weight relationship of Thunnus albacares. 

 

From the results of the analysis of the length-weight relationship of the species T. 

albacares, the following equation was determined: W = 0.0201 L2.9725, with a value of b = 

2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and 
obtained tcount<ttable (tcount=1.393; ttable=1.967), therefore H0 was accepted, which means 

that the increase rates in length and weight are not significantly different, so that it can 

be said that the increase in length is proportional to the increase in weight (isometric). 

From the results of the ttest, it is necessary to carry out further calculations to 

obtain a new T. albacares length-weight relationship equation, by substituting the values 
of Ȳ and X̄ using Ȳ = a'-3X̄, namely W=0.018055 L3. Calculation of the growth pattern 

was carried out using the t test (tcount=0.05), at a 95% confidence interval (α=0.05), 

producing a coefficient of determination (R2) of 0.9928 and a correlation coefficient (r) 

close to 1. This shows that an increase in the length affects the weight gain, meaning 
that the correlation or relationship between length and fish weight is strong and positive.  

 

Length at first capture (Lc). Calculation of the size of the first catch of T. albacares 

was carried out using data on the length and number of fish caught in purse seine 
catches. Based on the observation of the 70 caught specimens, the Lc was 39.55 cm as it 

can be seen in Figure 4. 
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Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). These areas are usually approached by T. 

albacares due to environmental factors, food availability and they are also spawning and 
egg-laying areas. The highest catch occurs at the beginning of the East season, also 

called the harvest season, from October to December. The lean season is from May to 

July, the western season is from December to January and the transition season is from 

April to May. The catches obtained depend on the season, currents and wind, which 
might be obstacles for going to sea and succeeding to make catches.  

 

Stock status in Fishery Management Area - Republic of Indonesia (FMA-RI 714) 

CPUE and MSY T. albacares. In table 2 below it can be seen the production data and 
fishing effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the 

pole and liner.  

 

Table 2 

FMA RI-714 production and fishing effort 
 

Year 

Production (tons) Trip 

Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 
Total 

Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 

2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 

2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 

2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 

2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 

2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          

 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the 

Fishing Power Index (FPI) as can be seen in the table 3.  
 

Table 3 

Productivity and fishing power index (FPI) in Thunnus albacares 
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Year 
Productivity (Tons trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 

2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 

2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 

Based on Table 3, the huhate is used as standard fishing gear, because its 

productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of the FPI with the number of fishing gears, produces the 
standard effort values presented in Table 4. 

 

Table 4  

Standardization of Thunnus albacares catching efforts  
 

Year 
Purse 
seiner 

Trolling 
liner 

Hand liner 
Pole and 

liner 
Total Effort 
Standard 

CPUE 
(Ton/trip) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 

2012 14,163 8,868 11,409 10,617 45,057 0.5569 

2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 

2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every 

year as shown in Figure 5.  
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Figure 5. Thunnus albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though 
the CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability 

of tuna fishing activities in FMA-RI 714.  

  

 
Figure 6. Linear equations of CPUE and effort Thunnus albacares. 

 
The relationship between CPUE and effort in Figure 6 shows that the value of the 

estimation parameter for tuna fish is obtained by an intercept (a) = 0.6419 and a slope 

(b) = -0.000002 so as to form the Schaefer linear equation CPUE = -0.000002x + 

0.6419. This relationship can be interpreted that by catching x units per year, it will 
reduce the CPUE value by 0.000002 tons per year. The conditions described in the linear 

equation produce a value of R² = 0.0029 which means that around 0.29% the CPUE is 

influenced by the effort. Thus, the R² value indicate that the influence of the variables 

used in this model is not strong. 

Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 
(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear 

model approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 

168,332 trips. 
 

Table 5  

MSY and EMSY Thunnus albacares Based on Schaefer linear model calculations 

 

Year  
Number of Catches 

(Tons) 
Total Standard Effort CPUE (Schaefer) 
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2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 

2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 

2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 

Based on linear model calculations, biological saturation yields have not occurred 

in T. albacares from FMA RI-714, which is indicated by actual catches that are not close 
to their sustainable potential (MSY). This is evidenced by the actual catch in 2018 which 

reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value 

(43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be seen in 

Figure 7. 
 

 
Figure 7. Stock equilibrium curve (MSY) of Thunnus albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the 

growth pattern of tuna is isometric. The exploitation of T. albacares is in a condition 

where production continues to increase with a low level of fishing gear selectivity, 
therefore regulating and supervising the fishing gear are required. 
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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. In addition, the utilization of fish resources in FMA RI 714 is still 

dominated by small-scale fishermen using vessels <5 GT. Based on the large potential and condition of 
the available large pelagic fish resources, it is necessary to study the status of large pelagic fisheries, 

especially tuna in the Maluku region. This study aimed to examine the biological aspects of tuna and the 
fisheries management. The research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This 

study used a survey method, namely by observing in the field the observed fish samples. Determination 

of the location and fishing gear was carried out by purposive sampling, while the determination of 
respondents was carried out by accidental sampling. The results showed that the growth pattern of 

Thunnus albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 
cm Fork Length. In Fisheries Management Area of Republic Indonesia (FMA RI) 714, the actual production 

and tuna fishing effort shows that its utilization did not reach the maximum sustainable level and 

economically, tuna fishing did not yet reach the maximum profit value so that its utilization can still be 
increased.  

Key Words: yellowfin tuna, banda sea, length of first caught, CPUE. 

 
 

Introduction. The Banda Sea is located in the Eastern Indonesia Region and is included 

in the waters of the West Pacific Ocean, being bordered by the Indian Ocean (Firdaus 

2018). The Banda Sea has also become a potential tuna fishing area in Maluku Province 
(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 

various forms of fishing activities, including purse seiner, pole and liner, longliner and tuna 

handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009). Tuna resources 

are spread throughout almost all Indonesian waters, from western Indonesian waters 

(Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) (Chodrijah & 
Nugraha 2013). The waters of Eastern Indonesia are known as sources for the production 

of tuna and skipjack, which are commonly called tuna in Indonesia (Manurung 2016). 

Banda Sea is a fishing ground for large pelagic fish in eastern Indonesia (Hidayat et al 

2014).  
Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished, while bigeye tuna (Thunnus obesus) experienced 

overfishing (Post & Squires 2020; Hare et al 2020; Widodo et al 2015). The utilization of 
fish resources in WPP 714 is still dominated by small-scale fishermen using vessels <5GT 

(JICA 2010; Adam 2016), due to the availability of large pelagic fish resources. Therefore, 

monitoring the status of large pelagic fisheries in the Maluku region, especially those 

targeting tuna, is required. 
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This study aimed to examine several aspects of T. albacares: a) biological aspects, 

including length-weight relationship, b) T. albacares exploitation characteristics, including 
production trends, fishing effort, fishing grounds, fishing season, fishing gear and CPUE 

and c) management of tuna resources, which includes calculating the catch rate, Maximum 

Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. albacares 

in the Maluku region. 
 

Material and Method 

 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Banda Sea, 
by focusing on fishing ports with high tuna landing potential. Data collection was carried 

out at several sampling points, as shown in Figure 1. 

 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 

of tuna. 

 
Methods of data collection. In this study, the applied survey method was the field 

observation. Determination of the location and fishing gear was carried out by purposive 

sampling, namely collecting data deliberately according to the desired conditions (Tongco 

2007). Meanwhile, the determination of respondents was carried out by accidental 
sampling, namely the accidental determination of tuna fishermen (Siburian et al 

2020). Data collection for T. albacares sampling was carried out using the simple random 

sampling method, by measuring the specimens’ length and weight of 10% of the total catch 

(Mous et al 1995). Secondary data are time series of catches and fishing effort for 5 to 10 
years, from the relevant agencies.  

 

Data collection. Primary data collection was carried out by direct observation and 

measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 

fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 
data (time series) of catches and fishing effort for the last 10 years obtained from the 

Maritime Affairs and Fisheries Service of Maluku Province. 

 

Data analysis 
Length frequency distribution. The frequency distribution was obtained by determining 

the class interval, class mean, and frequency in each length group, then the results were 

presented in a diagram. 
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Length-weight relationship. The relationship between length and weight uses a linear 

allometric model. This model is used to calculate parameters a and b through 
measurements of length and weight (Brinkman 1993; Nugraha et al 2020; Effendie 1979): 

 

W = aLb 

 
Where: 

W - individual weights of fish (grams); 

L - fork length fish (cm); 

a - Intercept (intersection of the curve of the relationship of the length of the weight with 
the y-axis); 

b - slope.   

 

To determine the values of a and b, a linear regression analysis, based on the 
logarithm of the formula above. The linear equation becomes: 

 

Ln W(i) = Ln q + bLn  

 

Then a simple linear equation can be made (Agustian et al 2021; Muhsoni 2019): 
Y = a + bX(i) 

Where: 

Y - Ln W; 

X - Ln; 
a' - antilog intercept; 

b - slope. 

 

The coefficients of determination and correlation can also be determined through 
equations.  

 

In this analysis of weight length relationships, what needs to be considered is the 

value of b which can be interpreted as follows:  

1. b < 3: Length gain is faster than weight gain (negative allometry) 
2. b = 3: Length gain balanced with weight gain (isometric)  

3. b > 3: Weight gain is faster than length gain (positive allometry) (Perangin-angin et 

al 2015). 

 
To determine the growth pattern, Bailey's t-test was needed (Thomas 2013; Nair et 

al 2015). The t-test was run to determine significant differences from the isometric value (b 

= 3) with significant level at 5% (P < 0.05).  The formula of Bailey's t-test is as follows 

(Fauziyah et al 2021): 
 

𝑡𝑠 = |
3 − 𝑏

𝑆𝑏
| 

 

Where:  

ts - Bailey's t-test; 
b - the slope of the linear regression; 

Sb - standard error of the b coefficients. 

  

The correlation coefficient (r) to see the closeness of the relationship between length 
and weight is obtained from the formula bellows (Nurhayati et al 2016). 

 

r2=
(∑XiYi)

2

(∑Xi
2
)(∑Yi

2
)
 

r=√r2 
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Where:   

r; Correlation coefficient is an abstract measure of the degree of closeness of the 
relationship between x and y (-1 < r < 1);  

1 means that there is a close and positive relationship;  

-1 means that there is a close and negative relationship;  

0 means that there is no close relationship. 
 

Length at first caught (Lc). The length of first caught fish (Lc) was estimated by the 

method (Sparre & Venema 1998): 

SL=
1

a + exp (a-b L)
 

 

Where: 
SL - estimated value; 

a – intercept; 

b – slope. 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 
of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated through the formula (Sparre et al 1989): 

 

Lc = 
a

b
 

 

Catch Per Unit Effort (CPUE). Catch data and fishing effort were obtained, then 
tabulated to determine the value of CPUE. The fishing effort can be expressed as the 

number of operating days or months, the number of fishing trips or the number of fleets 

carrying out fishing operations. In this study the fishing effort (effort) used is expressed as 

the number of trips. The formula that can be used to determine the CPUE value is as follows 
(Imron et al 2022): 

CPUEi = 
Catchi 

Efforti 

 
Where: 

CPUEi - catch per unit of fishing effort for the period i (tons trip-1); 

Catchi - catch for the period i (tons); 

Efforti - fishing effort for the period i (trip). 
 

Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 

used as standard has an FPI value equal to one, while the FPI value for other fishing gear 

is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 
fishing gear. The Gulland formula for calculating FPI is as follows (Gulland 1983): 

 

RFPi= 
Ci/Ei

Cs/Es
 

 

Where: 
RFPi - relative fishing power factor of the ith fishing unit; 

Ci - the number of catches of the ith fishing unit; 

Cs - the standard number of catches of the fishing unit type; 

Ei - the effort of catching with the ith fishing unit; 
Es - the standard effort of catching with the fishing unit type. 

 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
Standard effort = ∑(FPI

i
×efforti) 
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Production surplus model. The purpose of using the Production Surplus Model is to 

determine the level of optimal effort, corresponding to a maximum sustainable catch 
without affecting long-term stock productivity which we usually call Maximum Sustainable 

Yield (Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Where: 

Y(i) - catch for the period i, I = 1, 2, ......n; 

f(i) - fishing effort for the period i. 
 

Determining the value of a (intercept) and b (slope) requires linear regression off(i) 

to Y(i)/f(i). After the a and b values are obtained, the optimum effort (fMSY) and Maximum 

Sustainable Yield (MSY) can be calculated by the formula: 

fMSY= -
a

2b
 and MSY= -

a2

4b
 

 

 The level of utilization of fish resources is a fraction of the maximum Sustainable 

Yield (MSY): 

Utilization rate % = 
Ci

MSY
 × 100 

Where: 

Ci - number of fish caught in year I; 

MSY - maximum sustainable yield. 

 
Results and discussion 

 

Distribution of T. albacares length frequency. Based on observations of 339 samples 

of T. albacares, the shortest length was 31 cm and the longest is 126 cm. The length 
frequency distribution is presented in Figure 2. 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 

 

The modal class interval was 31-41 cm: many small fish are caught by trolling liner 
and purse seiner.  

 

The relationship between length and weight of T. albacares. The relationship 

between length and weight is presented on the graph, according to the characteristics of 
the fish growth pattern, as shown in Figure 3. 
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Figure 3. Length-weight relationship of Thunnus albacares. 

 

From the results of the analysis of the length-weight relationship of the species T. 

albacares, the following equation was determined: W=0.0201 L2.9725, with a value of 
b=2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and 

obtained tcount<ttable (tcount=1.393; ttable=1.967), therefore H0 was accepted, which means 

that the increase rates in length and weight are not significantly different, so that it can be 

said that the increase in length is proportional to the increase in weight (isometric). 
From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new T. albacares length-weight relationship equation, by substituting the values of Ȳ and 

X̄ using Ȳ = a'-3X̄, namely W=0.018055 L3. Calculation of the growth pattern was carried 

out using the t test (tcount=0.05), at a 95% confidence interval (α=0.05), producing a 
coefficient of determination (R2) of 0.9928 and a correlation coefficient (r) close to 1. This 

shows that an increase in the length affects the weight gain, meaning that the correlation 

or relationship between length and fish weight is strong and positive.  

 
Length at first capture (Lc). Calculation of the size of the first catch of T. albacares was 

carried out using data on the length and number of fish caught in purse seine catches. 

Based on the observation of the 70 caught specimens, the Lc was 39.55 cm as it can be 

seen in Figure 4. 
 

 
Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). These areas are usually approached by T. 

albacares due to environmental factors, food availability and they are also spawning and 

egg-laying areas. The highest catch occurs at the beginning of the East season, also called 
the harvest season, from October to December. The lean season is from May to July, the 

western season is from December to January and the transition season is from April to 

May. The catches obtained depend on the season, currents and wind, which might be 

obstacles for going to sea and succeeding to make catches.  
 

Stock status in Fishery Management Area - Republic of Indonesia (FMA-RI 714) 
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CPUE and MSY T. albacares. In Table 2 it can be seen the production data and fishing 

effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the pole 
and liner.  

 

Table 2 

FMA RI-714 production and fishing effort 
 

Year 

Production (tons) Trip 

Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

Total 
Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 

2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 
2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 
2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 
2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 
2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          
 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the Table 3.  

 

Table 3 
Productivity and fishing power index (FPI) in Thunnus albacares 

 

Year 
Productivity (tons trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 
2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 
2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 
Based on Table 3, the huhate is used as standard fishing gear, because its 

productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of the FPI with the number of fishing gears, produces the 

standard effort values presented in Table 4. 
 

Table 4  

Standardization of Thunnus albacares catching efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 
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Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 

2012 14,163 8,868 11,409 10,617 45,057 0.5569 
2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 
2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  

 

 
Figure 5. Thunnus albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 

CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 

fishing activities in FMA-RI 714.  
  

 
Figure 6. Linear equations of CPUE and effort Thunnus albacares. 

 

The relationship between CPUE and effort in Figure 6 shows that the value of the 
estimation parameter for tuna fish is obtained by an intercept (a) = 0.6419 and a slope 

(b) = -0.000002 so as to form the Schaefer linear equation CPUE = -0.000002x + 0.6419. 

This relationship can be interpreted that by catching x units per year, it will reduce the 

CPUE value by 0.000002 tons per year. The conditions described in the linear equation 
produce a value of R² = 0.0029 which means that around 0.29% the CPUE is influenced 
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by the effort. Thus, the R² value indicate that the influence of the variables used in this 

model is not strong. 
Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 

(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear model 

approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 168,332 
trips. 

 

Table 5  

MSY and EMSY Thunnus albacares Based on Schaefer linear model calculations 
 

Year Number of catches (Tons) Total standard effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 
2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 
2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 
Based on linear model calculations, biological saturation yields have not occurred in 

T. albacares from FMA RI-714, which is indicated by actual catches that are not close to 

their sustainable potential (MSY). This is evidenced by the actual catch in 2018 which 

reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value 
(43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be seen in 

Figure 7. 

 

 
Figure 7. Stock equilibrium curve (MSY) of Thunnus albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the growth 
pattern of tuna is isometric. The exploitation of T. albacares is in a condition where 
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production continues to increase with a low level of fishing gear selectivity, therefore 

regulating and supervising the fishing gear are required. 
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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. In addition, the utilization of fish resources in FMA RI 714 is still 

dominated by small-scale fishermen using vessels <5 GT. Based on the large potential and condition of 
the available large pelagic fish resources, it is necessary to study the status of large pelagic fisheries, 

especially tuna in the Maluku region. This study aimed to examine the biological aspects of tuna and the 
fisheries management. The research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This 

study used a survey method, namely by observing in the field the observed fish samples. Determination 

of the location and fishing gear was carried out by purposive sampling, while the determination of 
respondents was carried out by accidental sampling. The results showed that the growth pattern of 

Thunnus albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 
cm Fork Length. In Fisheries Management Area of Republic Indonesia (FMA RI) 714, the actual production 

and tuna fishing effort shows that its utilization did not reach the maximum sustainable level and 

economically, tuna fishing did not yet reach the maximum profit value so that its utilization can still be 
increased.  

Key Words: yellowfin tuna, banda sea, length of first caught, CPUE. 

 
 

Introduction. The Banda Sea is located in the Eastern Indonesia Region and is included 

in the waters of the West Pacific Ocean, being bordered by the Indian Ocean (Firdaus 

2018). The Banda Sea has also become a potential tuna fishing area in Maluku Province 
(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 

various forms of fishing activities, including purse seiner, pole and liner, longliner and tuna 

handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009). Tuna resources 

are spread throughout almost all Indonesian waters, from western Indonesian waters 

(Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) (Chodrijah & 
Nugraha 2013). The waters of Eastern Indonesia are known as sources for the production 

of tuna and skipjack, which are commonly called tuna in Indonesia (Manurung 2016). 

Banda Sea is a fishing ground for large pelagic fish in eastern Indonesia (Hidayat et al 

2014).  
Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished, while bigeye tuna (Thunnus obesus) experienced 

overfishing (Post & Squires 2020; Hare et al 2020; Widodo et al 2015). The utilization of 
fish resources in WPP 714 is still dominated by small-scale fishermen using vessels <5GT 

(JICA 2010; Adam 2016), due to the availability of large pelagic fish resources. Therefore, 

monitoring the status of large pelagic fisheries in the Maluku region, especially those 

targeting tuna, is required. 
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This study aimed to examine several aspects of T. albacares: a) biological aspects, 

including length-weight relationship, b) T. albacares exploitation characteristics, including 
production trends, fishing effort, fishing grounds, fishing season, fishing gear and CPUE 

and c) management of tuna resources, which includes calculating the catch rate, Maximum 

Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. albacares 

in the Maluku region. 
 

Material and Method 

 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Banda Sea, 
by focusing on fishing ports with high tuna landing potential. Data collection was carried 

out at several sampling points, as shown in Figure 1. 

 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 

of tuna. 

 
Methods of data collection. In this study, the applied survey method was the field 

observation. Determination of the location and fishing gear was carried out by purposive 

sampling, namely collecting data deliberately according to the desired conditions (Tongco 

2007). Meanwhile, the determination of respondents was carried out by accidental 
sampling, namely the accidental determination of tuna fishermen (Siburian et al 

2020). Data collection for T. albacares sampling was carried out using the simple random 

sampling method, by measuring the specimens’ length and weight of 10% of the total catch 

(Mous et al 1995). Secondary data are time series of catches and fishing effort for 5 to 10 
years, from the relevant agencies.  

 

Data collection. Primary data collection was carried out by direct observation and 

measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 

fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 
data (time series) of catches and fishing effort for the last 10 years obtained from the 

Maritime Affairs and Fisheries Service of Maluku Province. 

 

Data analysis 
Length frequency distribution. The frequency distribution was obtained by determining 

the class interval, class mean, and frequency in each length group, then the results were 

presented in a diagram. 
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Length-weight relationship. The relationship between length and weight uses a linear 

allometric model. This model is used to calculate parameters a and b through 
measurements of length and weight (Brinkman 1993; Nugraha et al 2020; Effendie 1979): 

 

W = aLb 

 
Where: 

W - individual weights of fish (grams); 

L - fork length fish (cm); 

a - Intercept (intersection of the curve of the relationship of the length of the weight with 
the y-axis); 

b - slope.   

 

To determine the values of a and b, a linear regression analysis, based on the 
logarithm of the formula above. The linear equation becomes: 

 

Ln W(i) = Ln q + bLn  

 

Then a simple linear equation can be made (Agustian et al 2021; Muhsoni 2019): 
Y = a + bX(i) 

Where: 

Y - Ln W; 

X - Ln; 
a' - antilog intercept; 

b - slope. 

 

The coefficients of determination and correlation can also be determined through 
equations.  

 

In this analysis of weight length relationships, what needs to be considered is the 

value of b which can be interpreted as follows:  

1. b < 3: Length gain is faster than weight gain (negative allometry) 
2. b = 3: Length gain balanced with weight gain (isometric)  

3. b > 3: Weight gain is faster than length gain (positive allometry) (Perangin-angin et 

al 2015). 

 
To determine the growth pattern, Bailey's t-test was needed (Thomas 2013; Nair et 

al 2015). The t-test was run to determine significant differences from the isometric value (b 

= 3) with significant level at 5% (P < 0.05).  The formula of Bailey's t-test is as follows 

(Fauziyah et al 2021): 
 

𝑡𝑠 = |
3 − 𝑏

𝑆𝑏
| 

 

Where:  

ts - Bailey's t-test; 
b - the slope of the linear regression; 

Sb - standard error of the b coefficients. 

  

The correlation coefficient (r) to see the closeness of the relationship between length 
and weight is obtained from the formula bellows (Nurhayati et al 2016). 

 

r2=
(∑XiYi)

2

(∑Xi
2
)(∑Yi

2
)
 

r=√r2 
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Where:   

r; Correlation coefficient is an abstract measure of the degree of closeness of the 
relationship between x and y (-1 < r < 1);  

1 means that there is a close and positive relationship;  

-1 means that there is a close and negative relationship;  

0 means that there is no close relationship. 
 

Length at first caught (Lc). The length of first caught fish (Lc) was estimated by the 

method (Sparre & Venema 1998): 

SL=
1

a + exp (a-b L)
 

 

Where: 
SL - estimated value; 

a – intercept; 

b – slope. 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 
of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated through the formula (Sparre et al 1989): 

 

Lc = 
a

b
 

 

Catch Per Unit Effort (CPUE). Catch data and fishing effort were obtained, then 
tabulated to determine the value of CPUE. The fishing effort can be expressed as the 

number of operating days or months, the number of fishing trips or the number of fleets 

carrying out fishing operations. In this study the fishing effort (effort) used is expressed as 

the number of trips. The formula that can be used to determine the CPUE value is as follows 
(Imron et al 2022): 

CPUEi = 
Catchi 

Efforti 

 
Where: 

CPUEi - catch per unit of fishing effort for the period i (tons trip-1); 

Catchi - catch for the period i (tons); 

Efforti - fishing effort for the period i (trip). 
 

Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 

used as standard has an FPI value equal to one, while the FPI value for other fishing gear 

is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 
fishing gear. The Gulland formula for calculating FPI is as follows (Gulland 1983): 

 

RFPi= 
Ci/Ei

Cs/Es
 

 

Where: 
RFPi - relative fishing power factor of the ith fishing unit; 

Ci - the number of catches of the ith fishing unit; 

Cs - the standard number of catches of the fishing unit type; 

Ei - the effort of catching with the ith fishing unit; 
Es - the standard effort of catching with the fishing unit type. 

 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
Standard effort = ∑(FPI

i
×efforti) 
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Production surplus model. The purpose of using the Production Surplus Model is to 

determine the level of optimal effort, corresponding to a maximum sustainable catch 
without affecting long-term stock productivity which we usually call Maximum Sustainable 

Yield (Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Where: 

Y(i) - catch for the period i, I = 1, 2, ......n; 

f(i) - fishing effort for the period i. 
 

Determining the value of a (intercept) and b (slope) requires linear regression off(i) 

to Y(i)/f(i). After the a and b values are obtained, the optimum effort (fMSY) and Maximum 

Sustainable Yield (MSY) can be calculated by the formula (Kartini et al 2021): 

fMSY= -
a

2b
 and MSY= -

a2

4b
 

 

 The level of utilization of fish resources is a fraction of the maximum Sustainable 

Yield (MSY) (Zahra et al 2019): 

Utilization rate % = 
Ci

MSY
 × 100 

Where: 

Ci - number of fish caught in year I; 

MSY - maximum sustainable yield. 

 
Results and discussion 

 

Distribution of T. albacares length frequency. Based on observations of 339 samples 

of T. albacares, the shortest length was 31 cm and the longest is 126 cm. The length 
frequency distribution is presented in Figure 2. 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 

 

The modal class interval was 31-41 cm: many small fish are caught by trolling liner 
and purse seiner.  

 

The relationship between length and weight of T. albacares. The relationship 

between length and weight is presented on the graph, according to the characteristics of 
the fish growth pattern, as shown in Figure 3. 
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Figure 3. Length-weight relationship of Thunnus albacares. 

 

From the results of the analysis of the length-weight relationship of the species T. 

albacares, the following equation was determined: W=0.0201 L2.9725, with a value of 
b=2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and 

obtained tcount<ttable (tcount=1.393; ttable=1.967), therefore H0 was accepted, which means 

that the increase rates in length and weight are not significantly different, so that it can be 

said that the increase in length is proportional to the increase in weight (isometric). 
From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new T. albacares length-weight relationship equation, by substituting the values of Ȳ and 

X̄ using Ȳ = a'-3X̄, namely W=0.018055 L3. Calculation of the growth pattern was carried 

out using the t test (tcount=0.05), at a 95% confidence interval (α=0.05), producing a 
coefficient of determination (R2) of 0.9928 and a correlation coefficient (r) close to 1. This 

shows that an increase in the length affects the weight gain, meaning that the correlation 

or relationship between length and fish weight is strong and positive.  

 
Length at first capture (Lc). Calculation of the size of the first catch of T. albacares was 

carried out using data on the length and number of fish caught in purse seine catches. 

Based on the observation of the 70 caught specimens, the Lc was 39.55 cm as it can be 

seen in Figure 4. 
 

 
Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). These areas are usually approached by T. 

albacares due to environmental factors, food availability and they are also spawning and 

egg-laying areas. The highest catch occurs at the beginning of the East season, also called 
the harvest season, from October to December. The lean season is from May to July, the 

western season is from December to January and the transition season is from April to 

May. The catches obtained depend on the season, currents and wind, which might be 

obstacles for going to sea and succeeding to make catches.  
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CPUE and MSY T. albacares. In Table 2 it can be seen the production data and fishing 

effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the pole 
and liner.  

 

Table 2 

FMA RI-714 production and fishing effort 
 

Year 

Production (tons) Trip 

Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

Total 
Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 

2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 
2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 
2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 
2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 
2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          
 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the Table 3.  

 

Table 3 
Productivity and fishing power index (FPI) in Thunnus albacares 

 

Year 
Productivity (tons trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 
2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 
2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 
Based on Table 3, the huhate is used as standard fishing gear, because its 

productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of the FPI with the number of fishing gears, produces the 

standard effort values presented in Table 4. 
 

Table 4  

Standardization of Thunnus albacares catching efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 
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Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 

2012 14,163 8,868 11,409 10,617 45,057 0.5569 
2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 
2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  

 

 
Figure 5. Thunnus albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 

CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 

fishing activities in FMA-RI 714.  
  

 
Figure 6. Linear equations of CPUE and effort Thunnus albacares. 

 

The relationship between CPUE and effort in Figure 6 shows that the value of the 
estimation parameter for tuna fish is obtained by an intercept (a) = 0.6419 and a slope 

(b) = -0.000002 so as to form the Schaefer linear equation CPUE = -0.000002x + 0.6419. 

This relationship can be interpreted that by catching x units per year, it will reduce the 

CPUE value by 0.000002 tons per year. The conditions described in the linear equation 
produce a value of R² = 0.0029 which means that around 0.29% the CPUE is influenced 
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by the effort. Thus, the R² value indicate that the influence of the variables used in this 

model is not strong. 
Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 

(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear model 

approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 168,332 
trips. 

 

Table 5  

MSY and EMSY Thunnus albacares Based on Schaefer linear model calculations 
 

Year Number of catches (Tons) Total standard effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 
2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 
2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 
Based on linear model calculations, biological saturation yields have not occurred in 

T. albacares from FMA RI-714, which is indicated by actual catches that are not close to 

their sustainable potential (MSY). This is evidenced by the actual catch in 2018 which 

reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value 
(43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be seen in 

Figure 7. 

 

 
Figure 7. Stock equilibrium curve (MSY) of Thunnus albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the growth 
pattern of tuna is isometric. The exploitation of T. albacares is in a condition where 
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production continues to increase with a low level of fishing gear selectivity, therefore 

regulating and supervising the fishing gear are required. 
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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. In addition, the utilization of fish resources in FMA RI 714 is still 

dominated by small-scale fishermen using vessels <5 GT. Based on the large potential and condition of 
the available large pelagic fish resources, it is necessary to study the status of large pelagic fisheries, 

especially tuna in the Maluku region. This study aimed to examine the biological aspects of tuna and the 
fisheries management. The research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This 

study used a survey method, namely by observing in the field the observed fish samples. Determination 

of the location and fishing gear was carried out by purposive sampling, while the determination of 
respondents was carried out by accidental sampling. The results showed that the growth pattern of 

Thunnus albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 
cm Fork Length. In Fisheries Management Area of Republic Indonesia (FMA RI) 714, the actual production 

and tuna fishing effort shows that its utilization did not reach the maximum sustainable level and 

economically, tuna fishing did not yet reach the maximum profit value so that its utilization can still be 
increased.  

Key Words: yellowfin tuna, Banda Sea, length of first caught, CPUE. 

 
 

Introduction. The Banda Sea is located in the Eastern Indonesia Region and is included 

in the waters of the West Pacific Ocean, being bordered by the Indian Ocean (Firdaus 

2018). The Banda Sea has also become a potential tuna fishing area in Maluku Province 
(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 

various forms of fishing activities, including purse seiner, pole and liner, longliner and tuna 

handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009). Tuna resources 

are spread throughout almost all Indonesian waters, from western Indonesian waters 

(Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) (Chodrijah & 
Nugraha 2013). The waters of Eastern Indonesia are known as sources for the production 

of tuna and skipjack, which are commonly called tuna in Indonesia (Manurung 2016). 

Banda Sea is a fishing ground for large pelagic fish in eastern Indonesia (Hidayat et al 

2014).  
Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished, while bigeye tuna (Thunnus obesus) experienced 

overfishing (Post & Squires 2020; Hare et al 2020; Widodo et al 2015). The utilization of 
fish resources in WPP 714 is still dominated by small-scale fishermen using vessels <5GT 

(JICA 2010; Adam 2016), due to the availability of large pelagic fish resources. Therefore, 

monitoring the status of large pelagic fisheries in the Maluku region, especially those 

targeting tuna, is required. 
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This study aimed to examine several aspects of T. albacares: a) biological aspects, 

including length-weight relationship, b) T. albacares exploitation characteristics, including 
production trends, fishing effort, fishing grounds, fishing season, fishing gear and CPUE 

and c) management of tuna resources, which includes calculating the catch rate, Maximum 

Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. albacares 

in the Maluku region. 
 

Material and Method 

 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Banda Sea, 
by focusing on fishing ports with high tuna landing potential. Data collection was carried 

out at several sampling points, as shown in Figure 1. 

 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 

of tuna. 

 
Methods of data collection. In this study, the applied survey method was the field 

observation. Determination of the location and fishing gear was carried out by purposive 

sampling, namely collecting data deliberately according to the desired conditions (Tongco 

2007). Meanwhile, the determination of respondents was carried out by accidental 
sampling, namely the accidental determination of tuna fishermen (Siburian et al 

2020). Data collection for T. albacares sampling was carried out using the simple random 

sampling method, by measuring the specimens’ length and weight of 10% of the total catch 

(Mous et al 1995). Secondary data are time series of catches and fishing effort for 5 to 10 
years, from the relevant agencies.  

 

Data collection. Primary data collection was carried out by direct observation and 

measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 

fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 
data (time series) of catches and fishing effort for the last 10 years obtained from the 

Maritime Affairs and Fisheries Service of Maluku Province. 

 

Data analysis 
Length frequency distribution. The frequency distribution was obtained by determining 

the class interval, class mean, and frequency in each length group, then the results were 

presented in a diagram. 



AACL Bioflux, 2023, Volume 16, Issue x. 
http://www.bioflux.com.ro/aacl 3 

Length-weight relationship. The relationship between length and weight uses a linear 

allometric model. This model is used to calculate parameters a and b through 
measurements of length and weight (Brinkman 1993; Nugraha et al 2020; Effendie 1979): 

 

W = aLb 

 
Where: 

W - individual weights of fish (grams); 

L - fork length fish (cm); 

a - Intercept (intersection of the curve of the relationship of the length of the weight with 
the y-axis); 

b - slope.   

 

To determine the values of a and b, a linear regression analysis, based on the 
logarithm of the formula above. The linear equation becomes: 

 

Ln W(i) = Ln q + bLn  

 

Then a simple linear equation can be made (Agustian et al 2021; Muhsoni 2019): 
Y = a + bX(i) 

Where: 

Y - Ln W; 

X - Ln; 
a' - antilog intercept; 

b - slope. 

 

The coefficients of determination and correlation can also be determined through 
equations.  

 

In this analysis of weight length relationships, what needs to be considered is the 

value of b which can be interpreted as follows:  

1. b < 3: Length gain is faster than weight gain (negative allometry) 
2. b = 3: Length gain balanced with weight gain (isometric)  

3. b > 3: Weight gain is faster than length gain (positive allometry) (Perangin-angin et 

al 2015). 

 
To determine the growth pattern, Bailey's t-test was needed (Thomas 2013; Nair et 

al 2015). The t-test was run to determine significant differences from the isometric value (b 

= 3) with significant level at 5% (P < 0.05).  The formula of Bailey's t-test is as follows 

(Fauziyah et al 2021): 
 

𝑡𝑠 = |
3 − 𝑏

𝑆𝑏
| 

 

Where:  

ts - Bailey's t-test; 
b - the slope of the linear regression; 

Sb - standard error of the b coefficients. 

  

The correlation coefficient (r) to see the closeness of the relationship between length 
and weight is obtained from the formula bellows (Nurhayati et al 2016). 

 

r2=
(∑XiYi)

2

(∑Xi
2)(∑Yi

2)
 

r=√r2 
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Where:   

r - correlation coefficient is an abstract measure of the degree of closeness of the 
relationship between x and y (-1 < r < 1);  

1 - there is a close and positive relationship;  

-1 - there is a close and negative relationship;  

0 - there is no close relationship. 
 

Length at first caught (Lc). The length of first caught fish (Lc) was estimated by the 

method (Sparre & Venema 1998): 

SL=
1

a + exp (a-b L)
 

 

Where: 
SL - estimated value; 

a – intercept; 

b – slope. 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 
of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated through the formula (Sparre et al 1989): 

 

Lc = 
a

b
 

 

Catch Per Unit Effort (CPUE). Catch data and fishing effort were obtained, then 
tabulated to determine the value of CPUE. The fishing effort can be expressed as the 

number of operating days or months, the number of fishing trips or the number of fleets 

carrying out fishing operations. In this study the fishing effort (effort) used is expressed as 

the number of trips. The formula that can be used to determine the CPUE value is as follows 
(Imron et al 2022): 

CPUEi = 
Catchi 

Efforti 

 
Where: 

CPUEi - catch per unit of fishing effort for the period i (tons trip-1); 

Catchi - catch for the period i (tons); 

Efforti - fishing effort for the period i (trip). 
 

Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 

used as standard has an FPI value equal to one, while the FPI value for other fishing gear 

is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 
fishing gear. The Gulland formula for calculating FPI is as follows (Gulland 1983): 

 

RFPi= 
Ci/Ei

Cs/Es
 

 

Where: 
RFPi - relative fishing power factor of the ith fishing unit; 

Ci - the number of catches of the ith fishing unit; 

Cs - the standard number of catches of the fishing unit type; 

Ei - the effort of catching with the ith fishing unit; 
Es - the standard effort of catching with the fishing unit type. 

 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
Standard effort = ∑(FPI

i
×efforti) 
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Production surplus model. The purpose of using the Production Surplus Model is to 

determine the level of optimal effort, corresponding to a maximum sustainable catch 
without affecting long-term stock productivity which we usually call Maximum Sustainable 

Yield (Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 
 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Where: 

Y(i) - catch for the period i, I = 1, 2, ......n; 
f(i) - fishing effort for the period i. 

 

Determining the value of a (intercept) and b (slope) requires linear regression off(i) 

to Y(i)/f(i). After the a and b values are obtained, the optimum effort (fMSY) and Maximum 
Sustainable Yield (MSY) can be calculated by the formula (Kartini et al 2021): 

 

fMSY= -
a

2b
 and MSY= -

a2

4b
 

 
 The level of utilization of fish resources is a fraction of the maximum Sustainable 

Yield (MSY) (Zahra et al 2019): 

: 

Utilization rate % = 
Ci

MSY
 × 100 

Where: 
Ci - number of fish caught in year I; 

MSY - maximum sustainable yield. 

 

Results and discussion 
 

Distribution of T. albacares length frequency. Based on observations of 339 samples 

of T. albacares, the shortest length was 31 cm and the longest is 126 cm. The length 

frequency distribution is presented in Figure 2. 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 

 

The modal class interval was 31-41 cm: many small fish are caught by trolling liner 

and purse seiner.  
 

The relationship between length and weight of T. albacares. The relationship 

between length and weight is presented on the graph, according to the characteristics of 

the fish growth pattern, as shown in Figure 3. 
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Figure 3. Length-weight relationship of Thunnus albacares. 

 

From the results of the analysis of the length-weight relationship of the species T. 

albacares, the following equation was determined: W=0.0201 L2.9725, with a value of 
b=2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and 

obtained tcount<ttable (tcount=1.393; ttable=1.967), therefore H0 was accepted, which means 

that the increase rates in length and weight are not significantly different, so that it can be 

said that the increase in length is proportional to the increase in weight (isometric). 
From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new T. albacares length-weight relationship equation, by substituting the values of Ȳ and 

X̄ using Ȳ = a'-3X̄, namely W=0.018055 L3. Calculation of the growth pattern was carried 

out using the t test (tcount=0.05), at a 95% confidence interval (α=0.05), producing a 
coefficient of determination (R2) of 0.9928 and a correlation coefficient (r) close to 1. This 

shows that an increase in the length affects the weight gain, meaning that the correlation 

or relationship between length and fish weight is strong and positive.  

 
Length at first capture (Lc). Calculation of the size of the first catch of T. albacares was 

carried out using data on the length and number of fish caught in purse seine catches. 

Based on the observation of the 70 caught specimens, the Lc was 39.55 cm as it can be 

seen in Figure 4. 
 

 
Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). These areas are usually approached by T. 

albacares due to environmental factors, food availability and they are also spawning and 

egg-laying areas. The highest catch occurs at the beginning of the East season, also called 
the harvest season, from October to December. The lean season is from May to July, the 

western season is from December to January and the transition season is from April to 

May. The catches obtained depend on the season, currents and wind, which might be 

obstacles for going to sea and succeeding to make catches.  
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CPUE and MSY T. albacares. In Table 2 it can be seen the production data and fishing 

effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the pole 
and liner.  

 

Table 2 

FMA RI-714 production and fishing effort 
 

Year 

Production (tons) Trip 

Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

Total 
Purse 
seiner 

Trolling 
liner 

Hand 
liner 

Pole and 
liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 

2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 
2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 
2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 

2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 
2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 
2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          
 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the Table 3.  

 

Table 3 
Productivity and fishing power index (FPI) in Thunnus albacares 

 

Year 
Productivity (tons trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 

2009 0.1870 0.0126 0.0060 0.3970 
2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 

2013 0.6026 0.0213 0.0167 0.3724 
2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 

2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 
Based on Table 3, the huhate is used as standard fishing gear, because its 

productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of the FPI with the number of fishing gears, produces the 

standard effort values presented in Table 4. 
 

Table 4  

Standardization of Thunnus albacares catching efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 



AACL Bioflux, 2023, Volume 16, Issue x. 
http://www.bioflux.com.ro/aacl 8 

Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 

2012 14,163 8,868 11,409 10,617 45,057 0.5569 
2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 

2016 14,018 5,964 10,322 8,657 38,961 0.5793 
2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  

 

 
Figure 5. Thunnus albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 

CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 

fishing activities in FMA-RI 714.  
  

 
Figure 6. Linear equations of CPUE and effort Thunnus albacares. 

 

The relationship between CPUE and effort in Figure 6 shows that the value of the 
estimation parameter for tuna fish is obtained by an intercept (a) = 0.6419 and a slope 

(b) = -0.000002 so as to form the Schaefer linear equation CPUE = -0.000002x + 0.6419. 

This relationship can be interpreted that by catching x units per year, it will reduce the 

CPUE value by 0.000002 tons per year. The conditions described in the linear equation 
produce a value of R² = 0.0029 which means that around 0.29% the CPUE is influenced 
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by the effort. Thus, the R² value indicate that the influence of the variables used in this 

model is not strong. 
Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 

(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear model 

approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 168,332 
trips. 

 

Table 5  

MSY and EMSY Thunnus albacares Based on Schaefer linear model calculations 
 

Year Number of catches (Tons) Total standard effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 
2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 
2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 
Based on linear model calculations, biological saturation yields have not occurred in 

T. albacares from FMA RI-714, which is indicated by actual catches that are not close to 

their sustainable potential (MSY). This is evidenced by the actual catch in 2018 which 

reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value 
(43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be seen in 

Figure 7. 

 

 
Figure 7. Stock equilibrium curve (MSY) of Thunnus albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the growth 
pattern of tuna is isometric. The exploitation of T. albacares is in a condition where 
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production continues to increase with a low level of fishing gear selectivity, therefore 

regulating and supervising the fishing gear are required. 
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Abstract. The Banda Sea is a potential fishing area for large pelagic fish, especially tuna. Exploitation of 
this resource is carried out by various forms of fishing activities, including purse seine, pole and line, 

longline tuna, and handline tuna. In addition, the utilization of fish resources in FMA RI 714 is still 

dominated by small-scale fishermen using vessels <5 GT. Based on the large potential and condition of 
the available large pelagic fish resources, it is necessary to study the status of large pelagic fisheries, 

especially tuna in the Maluku region. This study aimed to examine the biological aspects of tuna and the 
fisheries management. The research was carried out from 4 March to 25 May 2021 in the Maluku Sea. This 

study used a survey method, namely by observing in the field the observed fish samples. Determination 

of the location and fishing gear was carried out by purposive sampling, while the determination of 
respondents was carried out by accidental sampling. The results showed that the growth pattern of 

Thunnus albacares was isometric. The size of the first caught in the purse seine for T. albacares was 39.09 
cm Fork Length. In Fisheries Management Area of Republic Indonesia (FMA RI) 714, the actual production 

and tuna fishing effort shows that its utilization did not reach the maximum sustainable level and 

economically, tuna fishing did not yet reach the maximum profit value so that its utilization can still be 
increased.  

Key Words: yellowfin tuna, Banda Sea, length of first caught, CPUE. 

 
 

Introduction. The Banda Sea is located in the Eastern Indonesia Region and is included 

in the waters of the West Pacific Ocean, being bordered by the Indian Ocean (Firdaus 

2018). The Banda Sea has also become a potential tuna fishing area in Maluku Province 
(Satrioajie et al 2018; Tangke et al 2011). Exploitation of tuna resources is carried out in 

various forms of fishing activities, including purse seiner, pole and liner, longliner and tuna 

handliner (Tauda et al 2021; Khan et al 2018; Widodo & Nugraha 2009). Tuna resources 

are spread throughout almost all Indonesian waters, from western Indonesian waters 

(Indian Ocean) to Eastern Indonesia (Banda Sea and North Irian Jaya) (Chodrijah & 
Nugraha 2013). The waters of Eastern Indonesia are known as sources for the production 

of tuna and skipjack, which are commonly called tuna in Indonesia (Manurung 2016). 

Banda Sea is a fishing ground for large pelagic fish in eastern Indonesia (Hidayat et al 

2014).  
Based on the results of a study of tuna stocks by the Western and Central Pacific 

Fisheries Commission (WCPFC) in 2012, it was reported that stocks of yellowfin tuna 

(Thunnus albacares) were not overfished, while bigeye tuna (Thunnus obesus) experienced 

overfishing (Post & Squires 2020; Hare et al 2020; Widodo et al 2015). The utilization of 
fish resources in WPP 714 is still dominated by small-scale fishermen using vessels <5GT 

(JICA 2010; Adam 2016), due to the availability of large pelagic fish resources. Therefore, 

monitoring the status of large pelagic fisheries in the Maluku region, especially those 

targeting tuna, is required. 
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This study aimed to examine several aspects of T. albacares: a) biological aspects, 

including length-weight relationship, b) T. albacares exploitation characteristics, including 
production trends, fishing effort, fishing grounds, fishing season, fishing gear and CPUE 

and c) management of tuna resources, which includes calculating the catch rate, Maximum 

Sustainable Yield, Maximum Economic Yield, and Total Allowable Catches of T. albacares 

in the Maluku region. 
 

Material and Method 

 

The research was conducted for 90 days, from March 4 to May 25, 2021, in the Banda Sea, 
by focusing on fishing ports with high tuna landing potential. Data collection was carried 

out at several sampling points, as shown in Figure 1. 

 

 
Figure 1. Map of research locations. 

 

Tools and materials. The tools and materials used in this study are as follows: rulers, 

tape measure, digital scales, cameras, stationery, identification labels, and some samples 

of tuna. 

 
Methods of data collection. In this study, the applied survey method was the field 

observation. Determination of the location and fishing gear was carried out by purposive 

sampling, namely collecting data deliberately according to the desired conditions (Tongco 

2007). Meanwhile, the determination of respondents was carried out by accidental 
sampling, namely the accidental determination of tuna fishermen (Siburian et al 

2020). Data collection for T. albacares sampling was carried out using the simple random 

sampling method, by measuring the specimens’ length and weight of 10% of the total catch 

(Mous et al 1995). Secondary data are time series of catches and fishing effort for 5 to 10 
years, from the relevant agencies.  

 

Data collection. Primary data collection was carried out by direct observation and 

measurement (Hardani et al 2020) of landed T. albacares. The data collected included: 

fork length, total weight, sex, and GML. Secondary data needed is in the form of periodic 
data (time series) of catches and fishing effort for the last 10 years obtained from the 

Maritime Affairs and Fisheries Service of Maluku Province. 

 

Data analysis 
Length frequency distribution. The frequency distribution was obtained by determining 

the class interval, class mean, and frequency in each length group, then the results were 

presented in a diagram. 
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Length-weight relationship. The relationship between length and weight uses a linear 

allometric model. This model is used to calculate parameters a and b through 
measurements of length and weight (Brinkman 1993; Nugraha et al 2020; Effendie 1979): 

 

W = aLb 

 
Where: 

W - individual weights of fish (grams); 

L - fork length fish (cm); 

a - Intercept (intersection of the curve of the relationship of the length of the weight with 
the y-axis); 

b - slope.   

 

To determine the values of a and b, a linear regression analysis, based on the 
logarithm of the formula above. The linear equation becomes: 

 

Ln W(i) = Ln q + bLn  

 

Then a simple linear equation can be made (Agustian et al 2021; Muhsoni 2019): 
Y = a + bX(i) 

Where: 

Y - Ln W; 

X - Ln; 
a' - antilog intercept; 

b - slope. 

 

The coefficients of determination and correlation can also be determined through 
equations.  

 

In this analysis of weight length relationships, what needs to be considered is the 

value of b which can be interpreted as follows:  

1. b < 3: Length gain is faster than weight gain (negative allometry) 
2. b = 3: Length gain balanced with weight gain (isometric)  

3. b > 3: Weight gain is faster than length gain (positive allometry) (Perangin-angin et 

al 2015). 

 
To determine the growth pattern, Bailey's t-test was needed (Thomas 2013; Nair et 

al 2015). The t-test was run to determine significant differences from the isometric value (b 

= 3) with significant level at 5% (P < 0.05).  The formula of Bailey's t-test is as follows 

(Fauziyah et al 2021): 
 

𝑡𝑠 = |
3 − 𝑏

𝑆𝑏
| 

 

Where:  

ts - Bailey's t-test; 
b - the slope of the linear regression; 

Sb - standard error of the b coefficients. 

  

The correlation coefficient (r) to see the closeness of the relationship between length 
and weight is obtained from the formula bellows (Nurhayati et al 2016). 

 

r2=
(∑XiYi)

2

(∑Xi
2)(∑Yi

2)
 

r=√r2 
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Where:   

r - correlation coefficient is an abstract measure of the degree of closeness of the 
relationship between x and y (-1 < r < 1);  

1 - there is a close and positive relationship;  

-1 - there is a close and negative relationship;  

0 - there is no close relationship. 
 

Length at first caught (Lc). The length of first caught fish (Lc) was estimated by the 

method (Sparre & Venema 1998): 

SL=
1

a + exp (a-b L)
 

 

Where: 
SL - estimated value; 

a – intercept; 

b – slope. 

The value of Lc was obtained by plotting the percentage of the cumulative frequency 
of fish caught with the standard length, where the intersection point between the 50% 

cumulative frequency curve is the length when 50% of the fish are caught (Diningrum et 

al 2019). The value of Lc can be calculated through the formula (Sparre et al 1989): 

 

Lc = 
a

b
 

 

Catch Per Unit Effort (CPUE). Catch data and fishing effort were obtained, then 
tabulated to determine the value of CPUE. The fishing effort can be expressed as the 

number of operating days or months, the number of fishing trips or the number of fleets 

carrying out fishing operations. In this study the fishing effort (effort) used is expressed as 

the number of trips. The formula that can be used to determine the CPUE value is as follows 
(Imron et al 2022): 

CPUEi = 
Catchi 

Efforti 

 
Where: 

CPUEi - catch per unit of fishing effort for the period i (tons trip-1); 

Catchi - catch for the period i (tons); 

Efforti - fishing effort for the period i (trip). 
 

Standardization of fishing gear. According to Ardelia et al (2018), standardization is 

done by finding the Fishing Power Index (FPI) value of each fishing gear. The fishing gear 

used as standard has an FPI value equal to one, while the FPI value for other fishing gear 

is obtained from the CPUE of the other fishing gear divided by the CPUE of the standard 
fishing gear. The Gulland formula for calculating FPI is as follows (Gulland 1983): 

 

RFPi= 
Ci/Ei

Cs/Es
 

 

Where: 
RFPi - relative fishing power factor of the ith fishing unit; 

Ci - the number of catches of the ith fishing unit; 

Cs - the standard number of catches of the fishing unit type; 

Ei - the effort of catching with the ith fishing unit; 
Es - the standard effort of catching with the fishing unit type. 

 

After obtaining the RFPi value, the standardized fishing effort is calculated using the 

formula: 
Standard effort = ∑(FPI

i
×efforti) 
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Production surplus model. The purpose of using the Production Surplus Model is to 

determine the level of optimal effort, corresponding to a maximum sustainable catch 
without affecting long-term stock productivity which we usually call Maximum Sustainable 

Yield (Sari & Nurainun 2022).  

MSY can be estimated using the Schaefer model with data on catch and fishing 

effort in several years using the formula (Sparre & Venema 1998): 
 

CPUE = 
Y

f
 = 

Y(i)

f(i)
, i = 1, 2, …… n 

Where: 

Y(i) - catch for the period i, I = 1, 2, ......n; 
f(i) - fishing effort for the period i. 

 

Determining the value of a (intercept) and b (slope) requires linear regression off(i) 

to Y(i)/f(i). After the a and b values are obtained, the optimum effort (fMSY) and Maximum 
Sustainable Yield (MSY) can be calculated by the formula (Kartini et al 2021): 

 

fMSY= -
a

2b
 and MSY= -

a2

4b
 

 
 The level of utilization of fish resources is a fraction of the maximum Sustainable 

Yield (MSY) (Zahra et al 2019): 

: 

Utilization rate % = 
Ci

MSY
 × 100 

Where: 
Ci - number of fish caught in year I; 

MSY - maximum sustainable yield. 

 

Results and discussion 
 

Distribution of T. albacares length frequency. Based on observations of 339 samples 

of T. albacares, the shortest length was 31 cm and the longest is 126 cm. The length 

frequency distribution is presented in Figure 2. 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 

 

The modal class interval was 31-41 cm: many small fish are caught by trolling liner 

and purse seiner.  
 

The relationship between length and weight of T. albacares. The relationship 

between length and weight is presented on the graph, according to the characteristics of 

the fish growth pattern, as shown in Figure 3. 
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Figure 3. Length-weight relationship of Thunnus albacares. 

 

From the results of the analysis of the length-weight relationship of the species T. 

albacares, the following equation was determined: W=0.0201 L2.9725, with a value of 
b=2.9725. Then a t-test was carried out on the value of b at a 95% confidence interval and 

obtained tcount<ttable (tcount=1.393; ttable=1.967), therefore H0 was accepted, which means 

that the increase rates in length and weight are not significantly different, so that it can be 

said that the increase in length is proportional to the increase in weight (isometric). 
From the results of the ttest, it is necessary to carry out further calculations to obtain 

a new T. albacares length-weight relationship equation, by substituting the values of Ȳ and 

X̄ using Ȳ = a'-3X̄, namely W=0.018055 L3. Calculation of the growth pattern was carried 

out using the t test (tcount=0.05), at a 95% confidence interval (α=0.05), producing a 
coefficient of determination (R2) of 0.9928 and a correlation coefficient (r) close to 1. This 

shows that an increase in the length affects the weight gain, meaning that the correlation 

or relationship between length and fish weight is strong and positive.  

 
Length at first capture (Lc). Calculation of the size of the first catch of T. albacares was 

carried out using data on the length and number of fish caught in purse seine catches. 

Based on the observation of the 70 caught specimens, the Lc was 39.55 cm as it can be 

seen in Figure 4. 
 

 
Figure 4. Length at first capture of Thunnus albacares on purse seine. 

 

Fishing ground. The dominant fishing grounds for fishermen in the province of Maluku 

are located in the Banda Sea (FMA RI 714). These areas are usually approached by T. 

albacares due to environmental factors, food availability and they are also spawning and 

egg-laying areas. The highest catch occurs at the beginning of the East season, also called 
the harvest season, from October to December. The lean season is from May to July, the 

western season is from December to January and the transition season is from April to 

May. The catches obtained depend on the season, currents and wind, which might be 

obstacles for going to sea and succeeding to make catches.  
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Stock status in Fishery Management Area - Republic of Indonesia (FMA-RI 714) 

CPUE and MSY T. albacares. In Table 2 it can be seen the production data and fishing 
effort of T. albacares in FMA RI-714 by hand liner, troll liner, purse seiner, and the pole 

and liner.  

 

Table 2 
FMA RI-714 production and fishing effort 

 

Year 

Production (tons) Trip 

Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 
Total 

Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

2008 3,868.71 3,813.07 39.29 3,127.51 10,848.57 23,419 427,899 201 8,546 

2009 3,997.51 4,961.22 1,500.39 3,754.16 14,213,28 21,373 392,497 248,406 9,457 
2010 3,982.52 1,335.69 993.14 2,752.55 9,063.90 43,622 474,562 311,339 8,429 

2011 4,710.08 9,739.77 2,424.13 6,639.34 23,513.32 35,888 433,171 191,396 7,641 

2012 5,169.07 14,869.32 1,017.65 4,037.61 25,093.65 42,027 432,897 226,447 10,617 
2013 19,288.48 10,298.59 3,125.72 3,964.70 36,677.49 32,010 484,526 186,753 10,646 

2014 6,094.66 3,863.20 4,381.17 4,397.88 18,736.91 39,017 141,506 293,614 7,797 
2015 4,505.92 381.21 2,587.83 5,494.17 12,969.12 34,787 247,776 85,352 8,922 

2016 10,159.34 879.72 3,675.05 7,856.27 22,570.37 41,596 291,150 204,868 8,657 

2017 13,102.44 1,476.79 5,140.45 8,321.75 28,041.43 38,453 226,620 191,767 8,125 
2018 13,661.33 2,145.53 6,076.82 12,722.25 34,605.93 48,078 255,188 157,874 8,698 

          

 There are differences in fishing productivity between hand liner, troll liner, purse 

seiner, and pole and liner, it is necessary to standardize productivity, to obtain the Fishing 

Power Index (FPI) as can be seen in the Table 3.  

 
Table 3 

Productivity and fishing power index (FPI) in Thunnus albacares 

 

Year 
Productivity (tons trip-1) 

Purse seine Trolling line Hand line Pole and line 

2008 0.1652 0.0089 0.1955 0.3660 
2009 0.1870 0.0126 0.0060 0.3970 

2010 0.0913 0.0028 0.0032 0.3265 

2011 0.1312 0.0225 0.0127 0.8689 

2012 0.1230 0.0343 0.0045 0.3803 
2013 0.6026 0.0213 0.0167 0.3724 

2014 0.1562 0.0273 0.0149 0.5641 

2015 0.1295 0.0015 0.0303 0.6158 

2016 0.2442 0.0030 0.0179 0.9075 

2017 0.3407 0.0065 0.0268 1.0242 
2018 0.2841 0.0084 0.0385 1.4627 

Average 0.2232 0.0136 0.0334 0.6623 

CPUE 0.2232 0.0136 0.0334 0.6623 

FPI 0.3370 0.0204 0.0504 1 

 

Based on Table 3, the huhate is used as standard fishing gear, because its 

productivity is larger than other fishing gear. Furthermore, the standardization process, 

resulting from the multiplication of the FPI with the number of fishing gears, produces the 
standard effort values presented in Table 4. 

 

Table 4  

Standardization of Thunnus albacares catching efforts  

 

Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2008 7,892 8,765 10 8,546 25,213 0.4303 

2009 7,203 8,040 12,515 9,457 37,215 0.3819 
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Year 
Purse 

seiner 

Trolling 

liner 

Hand 

liner 

Pole and 

liner 

Total effort 

standard 

CPUE (ton 

trip-1) 

2010 14,701 9,721 15,686 8,429 48,538 0.1867 

2011 12,094 8,873 9,643 7,641 38,251 0.6147 
2012 14,163 8,868 11,409 10,617 45,057 0.5569 

2013 10,787 9,925 9,409 10,646 40,768 0.8997 

2014 13,149 2,899 14,793 7,797 38,637 0.4849 

2015 11,723 5,076 4,300 8,922 30,022 0.4320 
2016 14,018 5,964 10,322 8,657 38,961 0.5793 

2017 12,959 4,642 9,662 8,125 35,388 0.7924 

2018 16,202 5,227 7,954 8,698 38,082 0.9087 

 

The effort and yield data shown in Table 3 will produce CPUE fluctuations every year 

as shown in Figure 5.  
 

 
Figure 5. Thunnus albacares CPUE fluctuation in FMA-RI 714. 

 

From Figure 5 it can be concluded that 2013 was the highest CPUE point. Even though the 

CPUE decreased from 2014 to 2015, the conditions did not disturb the sustainability of tuna 
fishing activities in FMA-RI 714.  

  

 
Figure 6. Linear equations of CPUE and effort Thunnus albacares. 

 
The relationship between CPUE and effort in Figure 6 shows that the value of the 

estimation parameter for tuna fish is obtained by an intercept (a) = 0.6419 and a slope 

(b) = -0.000002 so as to form the Schaefer linear equation CPUE = -0.000002x + 0.6419. 

This relationship can be interpreted that by catching x units per year, it will reduce the 
CPUE value by 0.000002 tons per year. The conditions described in the linear equation 

produce a value of R² = 0.0029 which means that around 0.29% the CPUE is influenced 
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by the effort. Thus, the R² value indicate that the influence of the variables used in this 

model is not strong. 
Maximum Sustainable Yield (MSY) and Economic Maximum Sustainable Yield 

(EMSY) calculation data for T. albacares in FMA-RI 714 using the Schaefer Linear method 

are presented in Table 5. The results of biological analysis using the Schaefer Linear model 

approach can produce an MSY value of 54,027 tons with a standard effort/EMSY of 168,332 
trips. 

 

Table 5  

MSY and EMSY Thunnus albacares Based on Schaefer linear model calculations 
 

Year Number of catches (Tons) Total standard effort CPUE (Schaefer) 

I Yi X Y 

2008 10,848.5 25,213 0.4303 

2009 14,213.2 37,215 0.3819 

2010 9,063.9 48,538 0.1867 

2011 23,513.3 38,251 0.6147 
2012 25,093.6 45,057 0.5569 

2013 36,677.5 40,768 0.8997 

2014 18,736.9 38,637 0.4849 

2015 12,969.1 30,022 0.4320 
2016 22,570.3 38,961 0.5793 

2017 28,041.4 35,388 0.7924 

2018 34,605.9 38,082 0.9087 

Total 236,333.9 416,131 6.2676 

Average 21,484.9 37,830 0.5697 

Intercept a 0.6419 

Slope b -0.000002 

MSY Schaefer: -a^2/4b 54,027 

EMSY Schaefer: -a/2b 168,332 

Total Allowable Catch (TAC) 80% MSY 43,221.80 

 
Based on linear model calculations, biological saturation yields have not occurred in 

T. albacares from FMA RI-714, which is indicated by actual catches that are not close to 

their sustainable potential (MSY). This is evidenced by the actual catch in 2018 which 

reached 34,605.9 tonnes, not yet exceeding the potential TAC of 80% of the MSY value 
(43,221.80 tonnes). The sustainable potential curve (MSY) of T. albacares can be seen in 

Figure 7. 

 

 
Figure 7. Stock equilibrium curve (MSY) of Thunnus albacares in FMA RI-714. 

 

Conclusions. The biological aspects of T. albacares in Maluku waters show that the growth 
pattern of tuna is isometric. The exploitation of T. albacares is in a condition where 
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production continues to increase with a low level of fishing gear selectivity, therefore 

regulating and supervising the fishing gear are required. 
 

Conflict of interest. The author declares no conflict of interest.  
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