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Abstract

From May 2023 to September 2024, a total of 270 random samples of Katsuwonus pelamis were collected from the waters 
off the coast of Syria. Sophisticated analytical methods, including artificial neural networks and fuzzy logic, were utilized to 
examine these samples. The largest specimen recorded had a fork length of 85 cm and was estimated to be 8 years old. The 
von Bertalanffy growth equation derived from the fork length data (FLt = 140.72 (1-e-0.09 (t + 2.378))) shed light on the growth 
dynamics of this Katsuwonus pelamis population, indicating a trend of positive allometric growth, with a growth coefficient (b) 
of 3.29. The index of growth performance (Φ’) was calculated at 3.24, reflecting efficient growth rates.

Estimates of mortality rates for Katsuwonus pelamis showed total mortality (Z) at 1.07 y⁻¹, fishing mortality (F) at 0.85 y⁻¹, 
natural mortality (M) at 0.22 y⁻¹, and exploitation ratio (E) at 0.79 y⁻¹, resulting in a survival coefficient (S) of 0.34 y⁻¹. 
The analysis indicated a large population growth (FP) of 56.6, while also revealing a high vulnerability to fishing (58.6 FV), 
which poses a considerable risk to the species. These findings underscore the necessity for conservation strategies aimed at 
sustainable management of the species, enhancing our understanding of the growth, mortality, and fishing vulnerability of 
Katsuwonus pelamis, and informing future research and management efforts.
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Introduction

The skipjack tuna, scientifically classified as Katsuwonus 
pelamis, is a medium-sized fish belonging to the family 
Scombridae, making it the sole representative of the genus 
Katsuwonus. Commonly referred to by various names such 
as katsuo, mushmouth, arctic bonito, oceanic bonito, striped 
tuna, or victor fish, this species can reach lengths of up to 
1 meter. It inhabits tropical and warm-temperate waters, 
demonstrating a cosmopolitan distribution. Skipjack tuna 
plays a significant role in global fisheries, highlighting its 

importance as a resource [1]. The most recent assessment 
of Katsuwonus pelamis for the Red List of Threatened Species 
by the IUCN occurred in 2021, where it was classified as 
Least Concern [2,3].

Determining the age of fish is essential for effective 
fisheries management and conservation efforts. Traditional 
methods typically rely on skilled readers to carefully 
examine the annual growth rings in otoliths. However, recent 
advancements in artificial intelligence (AI) present a more 
efficient and accurate alternative. The multilayer perceptron 
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artificial neural network model has emerged as a viable 
option compared to conventional deep learning approaches, 
demonstrating higher accuracy, reduced effort, and lower 
costs [4-10]. Importantly, this method contributes to fish 
conservation indirectly by minimizing mortality rates and 
enhancing opportunities for survival, reproduction, and 
distribution, particularly for endangered species or those 
facing population declines and habitat loss.

Expert systems, a form of artificial intelligence (AI) that 
simulates human expertise, are increasingly being utilized 
in fisheries research. These systems leverage fuzzy logic and 
other AI methodologies to address complex issues related 
to fish population dynamics, vulnerability assessments, and 
conservation efforts. Cheung, et al. [11] developed a fuzzy 
logic-based expert system for assessment the extinction 
vulnerability of marine fish due to fishing pressures. In a 
separate study, Cheung, et al. [12] employed an expert system 
to assess the vulnerabilities and conservation risks faced by 
marine species as a result of fishing activities. Additionally, 
Jones, et al. [13] applied fuzzy logic to determine the 

susceptibility of marine species to climate change impacts. 
Hamwi, et al. [14] estimated the vulnerability of Sparidae fish 
species along the Syrian coast of the eastern Mediterranean 
Sea utilizing the fuzzy logic approach. Furthermore, Hamwi, 
et al. [15] proposed a model based on fuzzy logic expert 
systems to estimate fishery population growth.

Research on Katsuwonus pelamis in Syrian waters has 
been lacking. This initial study investigates growth patterns 
and the effects of fishing using advanced techniques such 
as neural networks and fuzzy logic within an expert system 
framework.

Materials and Methods

Between May 2023 and September 2024, a thorough 
collection of 270 specimens of Katsuwonus pelamis, also 
known as Skipjack tuna, was conducted along the Syrian 
coastline and its territorial waters. Various fishing techniques, 
such as purse seines, longlines, traps, and different manual 
methods, were utilized to gather these samples (Figure 1).

       
Figure 1: a. Katsuwonus pelamis. b. Syrian seawaters (Eastern Mediterranean Sea).

Age and Maturity

In the research carried out by Hamwi [4], a Multilayer 
Perceptron artificial neural network model was used to 
estimate the maturity and age of Katsuwonus pelamis. This 

network model was structured with a configuration of (1, 10, 
2), representing the number of neurons in each layer. The 
fork length (FL) of the fish served as the input parameter for 
the revised network model (Figure 2).

Figure 2: Artificial neural network, multilayer perceptron (MLP).
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Growth of Fishery Population (FP)

In their study, Hamwi, et al. [15] created an expert 
system model using fuzzy logic to estimate the growth of the 
Katsuwonus pelamis population in Syrian waters. The model 

utilized particular parameters (E, M, Tr, K) as input variables 
and employed fuzzy logic methods for data analysis and 
interpretation (Figure 3).

Figure 3: Fuzzy inference system variables (Inputs: E, M, K, Tr; Output: FP).

The von Bertalanffy equation was employed to calculate 
the parameters (K, FL∞), with the selection of the most 
suitable growth model guided by the Akaike Information 
Criterion (AIC) [AIC = N ln (WSS) + 2M]. In this context, N 
refers to the number of data points, WSS is the weighted sum 
of squares of residuals, and M indicates the number of model 
parameters. The objective of the research was to assess 
various growth models that describe the characteristics of 
the fish species [16]. The growth model can be represented 
as FLt = FL∞ / (1 + e-K(t-t0)), where FLt signifies the fork length 
of the fish at a given age (t), FL∞ represents the theoretical 
maximum fork length (in centimeters) the fish can attain, K 
is the growth coefficient, and t0 denotes the theoretical age 
when the length of the fish is presumed to be zero.

The Ricker method [17] was used to estimate the 
total mortality rate (Z). This method involved calculating 
the regression equation for the catch curve (ln Nt = a - Zt) 
for the entire population. The natural mortality rate (M) 
was estimated using a specific formula: Log M = -0.0066 
- 0.279 log FL∞ + 0.6543 log K + 0.4634 log T [18], where 
the von Bertalanffy parameters FL∞ and K, along with the 
average surface water temperature (T) in the fishing area, 
were applied. During the study, the average surface water 
temperature was noted to be 24.84 °C.

The fishing mortality rate (F) was determined by 
subtracting the rate of natural mortality (M) from the total 
mortality rate (Z), following Ricker’s methodology [17]. 
Thus, F = Z - M. The exploitation rate (E) was calculated using 
the formula E = F / Z, as outlined by Sparre, et al. [19]. The 
survival rate (S) was derived from the equation S = e-Z, as 

suggested by Ricker [17]. To estimate the fork length (FLc) 
and age (Tc) at first capture, equations proposed by Beverton, 
et al. [20] were utilized: FLc = FL’ - [ K (FL∞ - FL’) / Z ]; Tc = - 
(1/K) * ln (1 - FLc / FL∞) + t0, where FL’ denotes the average 
fork length of the captured fish.

The fork length (FLr) and age at recruitment (Tr) were 
determined using the equations put forth by Beverton, et al. 
[20]: FLr = FL’ - [ K (FL∞ - FL0) / Z ]; Tr = - (1/K) * ln (1 - FLr 
/ FL∞) + t0, where FL0 refers to the fork length of the fish at 
hatching or age zero.

The growth performance index (ΦFL`) can be calculated 
using the equation proposed by Pauly, et al. [21]: ΦFL` = logK 
+ 2logFL∞. 

The relative yield-per-recruit (Y’/R) model, based on the 
Beverton and Holt framework [22], is expressed as follows: 
Y’/R = [ E * U(M/K) ] * [ 1 – (3U / (1 + m) + (3U² / (1 + 2m) – (U³ 
/ (1 + 3m) ], where U = 1 - (FLc/FL∞); m = (1-E) / (M/K) = 
(K/Z); and E = F/Z. 

The relative biomass-per-recruit (B’/R) is calculated 
using the relationship established by Ricker [17]: B’/R = 
(Y’/R) / F.

Fishing Vulnerability (FV)

To evaluate the vulnerability of Katsuwonus pelamis to 
fishing, the model created by Hamwi, et al. [15] was utilized. This 
expert system incorporated specific parameters (FLmax, K, Tmax, M, 
S) as inputs and employed fuzzy logic techniques to analyze and 
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assess the species’ susceptibility to fishing (Figure 4).

Figure 4: Fuzzy inference system variables (Inputs: FLmax, M, S, K, Tmax; Output: FV).

Results and Discussion

The analysis of the age structure of Katsuwonus pelamis 
identified eight distinct age groups. Notably, the five-age 

group was the most common, accounting for 22.82% of the 
total population. In contrast, the eighth age group made up 
only 0.85% of the overall catch, suggesting a long lifespan for 
this species in the seawaters of Syria (Figure 5).

        
Figure 5: a. Fork length frequency distribution (FL); b. Age composition for Katsuwonus pelamis in Syrian seawaters.

The analysis of fork length (FL) distribution revealed 
that the most abundant group had fork lengths between 
60.1 and 65 cm, representing 17.89% of the population. 
Conversely, individuals with fork lengths ranging from 40.1 
to 45 cm were the least common, comprising only 1.13% of 
the total population.

In this study, Katsuwonus pelamis specimens caught in 
Syrian seawaters displayed a maximum fork length of 85 

cm at the age of 8+. The smallest recorded fork length for an 
individual was 35.2 cm at the age of 1+. da Cunha-Neto, et 
al. [23] reported that in the western equatorial Atlantic, fork 
lengths ranged from 25 cm to 74 cm at the age of 5+. Soares, 
et al. [24] documented a maximum observed length of 84.7 
cm at the age of 7 in the Southwest Atlantic. In the eastern 
Atlantic Ocean, fork lengths recorded varied between 36 cm 
and 62 cm [25] (Table 1).
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Location and author Age Fork length(FL, 
cm)

min max
western equatorial Atlantic [23] 5 25 74
Syrian seawaters [present study] 8 35 85

southwest Atlantic [24] 7 37 84.7
eastern Atlantic Ocean [25]  36 62

Table 1: Maximum-minimum fork length and age of 
Katsuwonus pelamis from different water bodies.

The parameters of the von Bertalanffy growth equation 
for fork length were determined to be: FLt = 140.72 (1 - 
e-0.09 (t + 2.378)) with an AIC of 5705.02, a WSS of 2960.22, and 
a 95% confidence interval of 3.8261. Previous studies have 
reported varying estimates for the asymptotic fork length 
growth (FL∞) of Katsuwonus pelamis in different regions. 
Gaertner, et al. [25] reported an FL∞ value of 112.34 cm for 
the eastern Atlantic Ocean. da Cunha-Neto, et al. [23] found 
an FL∞ value of 122.50 cm in the western equatorial Atlantic. 
Soares, et al. [24] recorded an FL∞ value of 90.1 cm.

The growth coefficient (k) for Katsuwonus pelamis fork 
length was evaluated, yielding a value of 0.09. This value is 
lower compared to the eastern Atlantic Ocean (k = 0.14) [25], 
as well as the western equatorial Atlantic (k = 0.12) [23] and 
the Southwest Atlantic (k= 0.24) [24]. The study indicated 
a positive allometric growth pattern (b = 3.29 > 3) for fork 
length, suggesting that fork length increases more rapidly 
than other dimensions. Notably, this positive allometric 
growth pattern (b = 3.223) was specifically observed in the 
Prigi waters, Trenggalek East Java Indonesia [26] and in the 
western and central Pacific Ocean (b= 3.37) [27], as well as in 
Southwest Atlantic (b= 3.418) [24].

According to the findings of this study, the average age 
and fork length of Katsuwonus pelamis at first capture were 
found to be 3.51 years and 56.37 cm, respectively. Similarly, 
individuals at recruitment had an average age of 3.11 years 
and a fork length of 53.42 cm. The ratio of first capture 
length to asymptotic length (Lc/L∞) serves as an indicator of 
whether the harvested fish are mainly juveniles or mature 
individuals. A ratio below 0.5 suggests that the majority of 
the catch consists of juvenile fish species [28]. In this study, 
the estimated (FLc/FL∞) ratio was 0.40, indicating that most 
of the catch in the Katsuwonus pelamis fishery is primarily 
juvenile fish. The growth performance index (Φ’) for fork 
length growth was calculated and recorded as 3.24, which is 
comparable to that of the western equatorial Atlantic, where 
it was measured at 3.26 [23]. 

The total mortality coefficient (Z) for Katsuwonus 
pelamis was estimated at 1.07 y⁻¹. The fishing mortality 

coefficient (F) was calculated to be 0.85 y⁻¹, while the natural 
mortality (M) was estimated at 0.22 y⁻¹. The survival rate (S) 
was determined to be 0.34 y⁻¹. Additionally, the exploitation 
mortality coefficient (E) was found to be 0.79 per year. In 
comparison, the values for Z (1.42 y⁻¹), F (0.95 y⁻¹), M (0.47 
y⁻¹), and E (0.67 y⁻¹) were reported in the southwest Atlantic 
[24].

Figure 6 illustrates the relationship between exploitation 
rates (E) and the relative yield per recruit (Y’/R) as well 
as the relative biomass per recruit (B’/R). The analysis 
included exploitation rates ranging from 0.05 to 1.00 as 
variable input parameters. By examining the derivative 
of the yield function with respect to the exploitation rate, 
several significant values were identified. One key value is 
Emax, which represents the exploitation rate that maximizes 
yield per recruit; for Katsuwonus pelamis, the calculated Emax 
was 0.697 y⁻¹. Two additional important values were also 
determined. E0.1 corresponds to the exploitation rate when 
the marginal increase in relative yield-per-recruit reaches 
one-tenth of its value at E = 0; for Katsuwonus pelamis, this 
was calculated to be 0.556 y⁻¹. Furthermore, E0.5 indicates 
the exploitation rate at which the stock’s biomass is reduced 
to 50% of its unexploited level, with an estimated E0.5 of 
0.337 y⁻¹ for Katsuwonus pelamis. These findings enhance 
our understanding of the interactions between exploitation 
rates, relative yield, and biomass per recruit for Katsuwonus 
pelamis, providing valuable insights into the population 
dynamics of this species and guidance for sustainable 
management practices. The results indicate that the current 
exploitation rate (E = 0.79) in Syrian seawaters exceeds Emax, 
suggesting that fishing pressure has surpassed critical levels, 
leading to overfishing of Katsuwonus pelamis populations. If 
intensive fishing continues without a resource management 
plan, the stocks of Katsuwonus pelamis are likely to decline 
significantly over time (Figure 6).

Figure 6: Relative yield per recruit (Y`/R) and biomass 
per recruit (B`/R) (Knife-edge selection) of Katsuwonus 
pelamis collected from Syrian seawaters.
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The fuzzy logic-based expert system developed by 
Hamwi, et al. [15] produced a growth value of 56.6 for the 
Katsuwonus pelamis population in the seawaters of Syria. 
This value reflects a large growth rate of 76 and a moderate 

growth rate of 24, based on a maximum fishery population 
growth (FP) value of 100 (Figure 7). It indicates a clear trend 
toward substantial growth within the environment of Syrian 
waters.

Figure 7: The growth of Katsuwonus pelamis population off the Syrian seawaters.

According to the fuzzy logic expert system created 
by Hamwi, et al. [14], Katsuwonus pelamis displayed a 
fishing vulnerability of 58.6 FV, with the value of maximum 
vulnerability (FV) set at 100. This score indicates a high 
vulnerability level of 95 and a moderate vulnerability level 
of 5 (Figure 8), suggesting a strong susceptibility to fishing 

pressures. As a result, these fish species are under significant 
threat in the seawaters of Syria. In contrast, Fishbase’s 
intrinsic vulnerability assessment classifies Katsuwonus 
pelamis as moderately vulnerable, with a rating of 38 out of 
100 [29].

Figure 8: The vulnerability of Katsuwonus pelamis to fishing off the Syrian seawaters.

Conclusions

The current study offers valuable insights into the 
population dynamics of Katsuwonus pelamis in Syrian 
seawaters, emphasizing the need for conservation measures 
to ensure the sustainable management of this species. The 
findings enhance our understanding of the growth patterns, 
mortality rates, and fishing susceptibility of Katsuwonus 
pelamis, providing a foundation for future research and 

management strategies. The results have significant 
implications for managing the Katsuwonus pelamis fishery 
in Syrian seawaters. Overfishing can severely affect the 
population’s ability to sustain itself, resulting in a decline 
in abundance. Therefore, it is essential to implement 
management strategies that reduce the catch of Katsuwonus 
pelamis and promote the long-term sustainability of the 
fishery.
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