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Abstract. Determining the fish population structure is one of the strategies for predicting population 

conditions in an aquatic area. Data on the population structure include the estimation of age, growth, 

and mortality. Therefore, this research aimed to identify biological aspects, including size distribution, 

growth parameters, and exploitation rate of yellowfin tuna (Thunnus albacares) landed in OFP Bungus 

and NFP Palabuhanratu, Indonesia. The analysis at OFP Bungus showed that the number of T. albacares 

samples was 7,830 for a frequency distribution pattern of 55-189 cmFL. The relationship between length 

and weight had a negative allometric coefficient (b=2.8353), with a Knn value of 0.86-0.97. Furthermore, 

the growth parameters L∞, condition factor (K) and Lc50 showed values of 194.25 cmFL, 0.40 year-1 and 

143.21, respectively. Estimation of mortality and exploitation rates returned values of 1.58, 0.48, 1.10, 

and 0.70 years-1 for total mortality (Z), natural mortality (M), fishing mortality (F), and exploitation rate 

(E), respectively. The analysis of T. albacares catch at NFP Palabuhanratu was based on a number of 

2,313 fish samples, the class range was 100-164 cmFL, and the length-weight relationship had a 

negative allometric (b=2.9435), with a Kn value of 0.84-0.86. The growth parameter L∞ value was 168.8 

cmFL, with a K and Lc50 values of 0.44 year-1 and 141.56, respectively. Estimation of mortality and 

exploitation rate values obtained 1.43, 0.53, 0.60, and 0.63 year-1 for Z, M, F, and E, respectively. In 

terms of the usage rate, overfishing occurs when the fishing-related mortality exceeds the natural 

mortality. However, there are differences in the exploitation rate of T. albacares landed at OFP Bungus 

and NFP Palabuhanratu, with a status categorized as “overfished”, and in their maximum sustainable 

yield. 
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Introduction. Biology data is one of the basic information in fishery management and is 

very important to realize the optimum sustainable and responsible management of the 
resources. Excessive, not environmentally friendly and unmeasured fishing activities 

affect the condition of fishery resources, therefore raising awareness is necessary. The 

tuna fishing business has experienced an increase in catch productions, but Nurdin 
(2017) stated that many landed Thunnus albacares specimens still have a size that is not 

suitable for catching. Furthermore, the addition of supplementary fishing fleet and the 
increase of the effort lead to other problems related to the exceeded catch capacity. The 

high effort to catch T. albacares that is not suitable for catching in the wild and the 
technological advances in the fishing sector also cause a decrease in the fish size. The 

frequency of fishing trips can impact the number, spawning opportunities and low 
recruitment of T. albacares in the wild. 

Information related to the fish species’ relationship between length and weight, as 

well as to the conditional factors of their biological aspect is very useful for estimating the 
body weight, as an indication of the body condition (e.g. obesity) and health (in terms of 

physical capacity), and the relationship to the water conditions. According to Kumar et al 



AACL Bioflux, 2022, Volume 15, Issue 6. 
http://www.bioflux.com.ro/aacl 2983 

(2022), the length-weight relationship is important in determining the fish population’s 

growth pattern. The “K” value can indicate the health level of a fish species, while the 
current nutritional conditions or the sources of the energy spent by cyclical activities 

describe the relationship between the environmental conditions and the behavioral 
features of the species (Yilmaz et al 2012; Mensah 2015; Bulanin et al 2017). The fish 

stock population in seas is dynamic: both additions and losses of stocks occur in nature. 

The addition can be caused by recruitment, entry of other individuals from different 
locations, birth, and growth. Meanwhile, the reduction can be caused by the population’s 

fraction exiting the community and by the mortality, both natural and due to fishing 
activities (Nurdin 2017). 

The status and structure of population dynamics are used to understand the current 
state of fishery changes. Policymakers and resource managers need to implement 

sustainable resource utilization strategies (Kaymaram et al 2014). Reproductive biology 
in fisheries is an important prerequisite for a sustainable management and utilization 

(Soe et al 2022). These biological parameters are age, growth, mortality, and size at 

maturity. The differences in the growth and exploitation rate parameters of T. albacares 
landed in the two locations were hypothesized. Research on T. albacares’s growth and 

exploitation rate has already been carried out, but in other locations. This study provides 
policymakers with scientific criteria for managing the T. albacares fisheries, nationally. 

Based on the collected information, it aims to identify the biological aspects, including 
size distribution, growth, and exploitation rate parameters of yellowfin tuna landed at 

OFP Bungus and NFP Palabuhanratu. 
 

Material and Method 
 
Description of the study sites. The research was carried out from January to 

December 2021, at the Ocean Fishing Port (OFP) Bungus, in the Western Sumatra, and 
at the Nusantara Fishery Port (NFP) of Palabuhanratu, in the Western Java, from January 

to December 2019 (Figure 1).  
 

 
Figure 1. Sampling sites of Thunnus albacares captured in the OFP Bungus and NFP 

Palabuhanratu. 
 

Data collection method. The primary data collection was conducted from January 2021 
to December 2021 on the length and weight, assuming the fish came from the same 

stock. Data collection for a year represented the catch data from all seasons in 
Indonesia. They were obtained from 260 and 72 T. albacares hand line fishing units 

based on OFP Bungus and NFP Palabuhanratu, respectively. These fishing fleets operate 
in 228 FADs scattered in the waters of the fishery management area (WPP) 572 and 573. 

Enumerators recorded the entry data at each location, and the number of samples 
successfully measured was 7,830 at the OFP Bungus and and 2,313 fish at the NFP 

Palabuhanratu. Measurements were made on the total length from the tip of the mouth 

to the tail, using a meter with an accuracy of 0.5 mm. 
 



AACL Bioflux, 2022, Volume 15, Issue 6. 
http://www.bioflux.com.ro/aacl 2984 

Data analysis method. The data used to achieve the research objectives was analyzed 

as presented below. 

  
Length frequency distribution. The length frequency distribution was obtained by 

determining the class interval, the median of the class, and the frequency in each length 
group. The length frequency distribution determined in the same class interval was 

plotted in a graph (Omar 2003). 
 
Weight length analysis. Analysis of the relationship between length and weight was 

performed to determine the growth pattern of yellowfin tuna landed at OFP Bungus and 
NFP Palabuhanratu, following the equation (Effendie 2002): 

 
W=aLb 

Where: 
W - the weight of the fish (kg);  
L - the total length of the fish (cm);  
a and b - the coefficients of weight growth. 
 

The relationship between length and weight can be seen from the value of constant b (as 
an estimator of the closeness level of the relationship between the two parameters) by 

using the hypothesis:  
H0: 𝑏 = 3, the relationship between length and weight is isometric (the weight growth 

pattern is proportional to the length growth pattern) 
H1: 𝑏 ≠ 3, the relationship between length and weight is allometric (the weight growth 

pattern is not proportional to the length growth pattern) 
 
The two kinds of growth patterns are positive allometric (b>3), indicating that weight 

grows faster than length, and negative allometric (b<3), indicating that length grows 
faster than weight. 

 
Condition factor. The condition factor shows the good condition of the fish, in terms of 
physical capacity for survival and reproduction. It was calculated using a metric system 

based on the relationship between the length and weight of the sample fish. The 
isometric fish growth is given as (Effendie 2002): 
 

 
Where: 
K - the condition factor;  

𝑊 - the weight of the fish (g);  

𝐿 - the total length of the fish (cm).  

 

If fish growth takes place allometrically, then the following equation is used (Effendie 
2002): 

 

 
Where: 
Kn - the relative condition factor;  

W - the weight of the fish (g);  
L - the total length of the fish (cm);  

a and b - constants. 

 
Estimation of growth parameters. Growth parameters (K and L∞) were analyzed 

using the ELEFAN (Electronic Length Frequency Analysis) method in the FISAT II program 
package (Gayanilo et al 2005). The growth parameter t0 was calculated through Pauly’s 

(1983) equation as follows:  
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Log (-t0) = -0.3922 – 0.2752 Log L∞ - 1.038 Log K 
 

Length first caught (Lc). Estimation of fish length at a certain age (Lt) was based on 

the von Bertalanffy equation (Sparre & Venema 1999) as follows:  
 

Lt = L∞ (1 – e-K(t-t0)) 
 
Where:  
Lt - theoretical length of fish at a certain age;  
L∞ - asymptotic length;  
K - growth coefficient;  
t - theoretical age of fish;  
t0 - theoretical age of fish at zero length. 
 

Mortality and exploitation rate. The estimation of the total mortality rate (Z) was 

analyzed using the “catch curve” in the FISAT II program package (Gayanilo et al 2005). 
Meanwhile, the natural mortality rate (M) was estimated using Pauly’s (1983) empirical 

formula with data on the average annual water surface temperature (T) as follows:  
 

Log (M) = -0.0066 – 0.279 Log L∞ + 0.6543 Log K + 0.4634 Log T 
 

Where:  
M - natural mortality rate; 
L - maximum fish fork length (cm); 
K - growth coefficient (cm year-1); 
T - average surface temperature (°C). 
 
Mortality and exploitation rate (E) were calculated by the equation (Pauly 1983) as 

follows:  

 
Z = M + F 
E = F/Z 

Where:  
Z - total mortality;  
M - natural mortality; 
F - fishing mortality.  
 
Results  
 
Length frequency distribution. During the research, the number of T. albacares 

obtained at OFP Bungus and NFP Palabuhanratu was 7,830 and 2,313 fish, with a total 
length of 55–189 cm and 100-164 cm can be seen in Figure 2, with a weight of 5–98 kg 

and 19-84 kg, respectively. The class interval from the two locations is shown in Figure 

1. Based on the analysis, these results are not different from Nugroho et al (2018), with 
the catch size of T. albacares ranging from 76-176 cmFL. The data on the size 

distribution is not different from Zhu et al (2010), where the value in the waters of the 
Atlantic, Indian, and East Pacific Oceans is 83-176, 78-171, and 93-170 cm with a mode 

size of 143, 125, and 129 cmFL, respectively.  
Based on the analysis results, the length frequency distribution of T. albacares 

between the two locations has different class interval values. This can be caused by 
several influencing factors, including the use of fishing gear by fishermen in both 

locations. In using gear such as fishing rods, the bait used greatly affects the distribution 

in the class intervals of fish obtained. The selection of fishing gear and bait used is also 
influenced by the waters characteristics and fishermen’s habits in using fishing gear in 

each area.   
 

 



AACL Bioflux, 2022, Volume 15, Issue 6. 
http://www.bioflux.com.ro/aacl 2986 

 

 

 

 

 

 
Figure 2. Length frequency distribution of Thunnus albacares. 
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The relationship between length and weight of T. albacares. Analysis of the 

relationship between length and weight produced the growth pattern model shown in 
Figure 3. 

 

   
(a)    (b) 

Figure 3. The relationship between the length and weight of Thunnus albacares: (a) OFP 
Bungus, (b) NFP Palabuhanratu. 

 
Based on the measurement results, the relationship between the length and 

weight of T. albacares showed a negative allometric growth pattern. OFP Bungus and NFP 
Palabuhanratu obtained an a-value of 0.000004 and 0.00033 and a b-value of 2.8353 

and 2.9435 with a correlation coefficient of 0.95 and 0.98, respectively. This result is 

similar to the research by Nugroho et al (2018) related to the relationship between 
length and weight of T. albacares, which obtained a correlation coefficient of 2.848, with 

a determination of 0.95, in the negative allometric. From both research sites, negative 
allometric means that T. albacares has faster growth in length than weight. 

 
Condition factor. The condition factor value at OFP Bungus and NFP Palabuhanratu 

ranged from 0.86–0.97 and 0.84–0.86, respectively, as shown in Figure 4.  
 

 
(a)          (b) 

Figure 4. Condition factor value (Kn) of Thunnus albacares: (a) OFP Bungus, (b) NFP 

Palabuhanratu. 
 

T. albacares caught has a fluctuating condition factor value based on the length of 

the FL and the fishing season, age differences, gonad maturity, environmental conditions, 

and food availability. Generally, smaller fish have a higher relative condition factor that 
decreases with the size increase (Agustina et al 2021). The difference in the relative 

condition factor between small and larger fish is caused by the difference in the growth 
and maturity level of the gonads. Smaller fish are in the somatic growth phase, thus, 

they grow more quickly and have a greater condition factor. In larger fish, the energy is 
used for the gonad development process hence the condition factor value is smaller 

(Faizah et al 2011). 
 

Estimation of growth parameters. Estimating growth parameters was performed 

through an analysis of size cohort separation using the ELEFAN I method in the FISAT II 
program. Based on fish size cohort data, growth parameters could be estimated, 

including asymptotic length (L∞), growth coefficient (K), and theoretical age at zero fish 
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length (t0) analyzed using the von Bertalanffy model presented in Figure 5 and estimation 

of growth parameters in Table 1. 
 

Table 1 
Estimation of yellowfin tuna growth parameters 

 

Location 
Growth parameters 

L∞ K (years-1) t0 

OFP Bungus 194.25 0.40 -0.690 
NFP Palabuhanratu 168.8 0.44 -0.635 

 
 

 

 
 

 
 

 

(a) (b) 
 
 

 
 

 
 

(a)                                                               (b) 
Figure 5. Von Bertalanffy's growth curve; (a) OFP Bungus, (b) NFP Palabuhanratu. 

 

Observation of growth parameters in T. albacares landed in OFP Bungus showed 
asymptotic length (L∞)=194.25 cmFL, K=0.40 years-1, and t0=-0.690 years. Meanwhile, 

the growth parameters at NFP Palabuhanratu produced asymptotic length (L∞)=168.8 
cmFL, K 0.44 years-1, and t0=-0.635 years. This value is close to several observations in other 

locations, with an asymptotic length (L∞) ranging from 151 to 233 cmFL, a growth rate (K) 
from 0.3 to 0.88 years -1, and a theoretical age at zero length (t0) ranging from -0.70 to 0.19 

years. Based on the results, the asymptotic length (L∞) of T. albacaresin OFP Bungus and 
NFP Palabuhanratu is 194.25 and 168.8, respectively. The maximum length in OFP 

Bungus is greater than in NFP Palabuhanratu. According to Langley et al (2009), in the 

Indian Ocean, the size of yellowfin tuna caught ranged from 30 to 180 cm (fork length). 
based on the results of research by Hashemi et al (2020), the value (L∞) is 177 cm and 

the growth coefficient K=0.54 years-1. The maximum age is less than 10 years, with the 
gonad maturity at 2 to 5 years, and can grow to a maximum size of 180-200 cm (ICCAT 

2011; ISSF 2012; IOTC 2012). Damora & Baihaqi (2013) stated that the slow growth of 
yellowfin tuna (Thunnus albacares) is strongly influenced by food factors, aquatic 

environment, and growth phase. Young T. albacareswill grow faster, hence it is necessary 
to consider the right time to catch this fish based on resources and economy. 

 

Length first caught (Lc). The length at the first capture is the length of 50% of fish 
caught in the water. The analysis for the length at the first capture is presented in Table 

2, with the graph in Figure 6. 
 

Table 2  
Length first caught (Lc) 

 

Location Lc (cm) 
OFP Bungus 143.21 

NFP Palabuhanratu 141.56 
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Figure 6. Length of Thunnus albacares first capture; (a) OFP Bungus, (b) NFP 
Palabuhanratu. 

 

The results showed that the length at the first capture (Lc) of T. albacares landed 

at OFP Bungus and NFP Palabuhanratu was 143.21 cmFL and 140 cmFL, respectively. 
According to Damora & Baihaqi (2013), the Lc of yellowfin tuna caught using a hand line 

or longline was 133.85 cmFL. In this research, TKG observation was not carried out 
because the fishermen cleaned the entrails of the caught fish on the boat. This was 

conducted to maintain the freshness of the caught fish, and thus the meat could last a 
longer time, avoiding a quick rotting. Therefore, the length at first maturity (Lm) was 

seen from several existing research references. According to Nugroho et al (2018), the 
Lm was 100 cmFL, and the ½ L∞ value of yellowfin tuna in July-August 2019 was 93 

cmFL. The calculation result of the size first caught (Lc) was 140 cmFL. The value of 

Lc>Lm indicates that T. albacares in the Indian Ocean have mostly spawned and can be 
caught. The average fish first caught has passed the gonad maturity size, hence yellowfin 

tuna in the Indian Ocean is thought to have reproduced. 
 

Mortality and exploitation. The total mortality rate (Z) was estimated using a 
linearized catch curve method based on length data. Mortality (Z) consisted of natural 

(M) and fishing mortality (F). The exploitation rate of fish resources was estimated 
through the relationship between natural and fishing mortality. The exploitation rate was 

analyzed using fish length data, hence the calculation was based on primary biological 

data. The values of mortality (M, F, Z) and exploitation rate (E) are shown in Table 3. 

 
Table 3  

Mortality and exploitation of Thunnus albacares 

 

Location 
Mortality 

Z (years-1) M (years-1) F (years-1) E (%) 
OFP Bungus 1.58 0.48 1.10 0.70 

NFP Palabuhanratu 1.19 0.53 0.90 0.63 

 

The decrease in the catch of T. albacares indicates a decrease in the water’s potential as 
fishing ground. This can also be seen in the high mortality rate of fish as a result of 

exploitation or natural conditions. The catch mortality value (F) for T. albacares from 
both locations was higher than the natural mortality (M). Therefore, more fish die from 

fishing activities than naturally. Natural mortality is a dynamic parameter that will change 
due to predators, indirectly changing the size cohort and fish age (Powers 2014). Factors 

that affect mortality rate include egg and larval phases, environmental factors, such as 

temperature and salinity, predation, hunger and disease (Houde 2002), physiological 
changes (Geffen et al 2007), and the density of a fish population (Jorgensen & Holt 2013; 

Nash & Geffen 2012). According to Widodo & Suadi (2006), a high fishing mortality rate 
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can indicate a growth of the overfishing. According to IOTC (2021), the probability of the 

stock being in the red Kobe quadrant in 2020 is estimated to be 68%. On the weight-of-
evidence available since 2018, T. albacares stock is subject to overfishing.  
 
Conclusions. T. albacares landed in both locations and were included in the negative 

allometric. The caught fish had a faster length growth than weight, with a wide length 

distribution. A large asymptotic length (L∞) was found in sample specimens from OFP 
Bungus. In terms of the usage rate, overfishing occurs when the fishing-related mortality 

exceeds the natural mortality. However, there are differences in the exploitation rate of 
T. albacares landed at OFP Bungus and NFP Palabuhanratu, with a status categorized as 

overfishing, and in their maximum sustainable yield. 
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