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Abstract

Over a period of six months spanning from September 2023 to March 2024, researchers collected a total of
224 random samples of Seriola dumerili from the Syrian waters in the eastern Mediterranean Sea. These
samples were subjected to advanced analysis techniques, including artificial neural networks and fuzzy
logic. The largest individual captured during the study measured 165 cm in total length and was estimated
to be 15 years old. By applying the von Bertalanffy growth equation to the total length data, researchers
derived the formula TL: = 182.5 (1-e0.9° ¢+1887) 'which indicates negative allometric growth (b = 2.70). The
growth performance index (®') was calculated as 3.48, providing a measure of growth efficiency. The study
also estimated various mortality coefficients for S. dumerili. The coefficients were as follows: Z = 0.54 y*
(total mortality rate), F = 0.34 y! (fishing mortality rate), M = 0.20 y-! (natural mortality rate), and E = 0.63 y-
1 (exploitation rate). The survival coefficient (S) was determined to be 0.58 y-1. Analysis of the population
growth of S. dumerili from the Syrian coast, with a fishing pressure (FP) value of 60, indicated a substantial
growth pattern within the local marine environment. However, the study also revealed a high fishing
vulnerability, with a vulnerability value of 72.7 FV. This vulnerability poses a significant threat to the fish
population along the Syrian waters.

The findings of this study provide valuable insights into the population dynamics of S. dumerili in the Syrian
waters’ region. They underscore the importance of implementing conservation measures for the sustainable
management of this species. Additionally, the results enhance our understanding of S. dumerili's growth,
mortality, and vulnerability to fishing, paving the way for future research and management strategies.
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neritic waters. Smaller individuals, weighing less than
. ) . 3 kg, are often found in shallow waters (<10 m), while
The greater amberjack Seriola dumerili is a predatory larger specimens tend to inhabit depths ranging from
fish that belongs to the Carangidae family, which 1815 72 m, with records of individuals found as deep
includes jacks and pompanos (Wikipedia, 2024). It as 360 m (Smith-Vaniz, 2015: IUCN, 2024). The
has a widespread distribution, inhabiting tropical and capture of greater amberjacks holds significant
warm temperate seas around the world (Froese & commercial value in the market (Garcia-Gomez,
Payly, 2_024)' This Species can be found in both 2000; Sanchez-Cueto, 2023). According to the last
epibenthic and pelagic environments, often near o\ aation for inclusion in The IUCN Red List of
reefs, deep offshore holes, or drop-offs, where it rpreatened Species in 2013, S. dumerili is classified

forms small to moderate-sized schools, although as Least Concern (LC) (Smith-Vaniz, 2015: IUCN
solitary individuals are also observed. It is also known 2024).

to frequent rocky outcrops and shipwrecks. Juvenile
greater amberjacks commonly associate with
Sargassum or floating debris in oceanic and offshore

Introduction

Determining the age of fish using traditional methods
poses challenges and requires skilled individuals to
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meticulously examine annual growth rings. However,
recent research has shown that convolutional neural
networks (CNNs) can accurately predict fish age by
analyzing images of otoliths (Ordofiez et al., 2020).

In the northwest Atlantic Ocean, researchers have
utilized high-resolution X-ray computed tomography
to analyze vertebral centra and estimate fish age.
Multiple growth models have also been employed to
study growth patterns (Parsons et al., 2018).

The maturity and age of Epinephelus aeneus,
Thunnus thynnus, Gymnura Altavela and Siganus
luridus have been successfully predicted using a
Multilayer Perceptron artificial neural network model
with a configuration of (1, 10, 2) (Hamwi, 2024a;
2024b; 2024c; Hamwi & Ali-Basha, 2024; Hamwi et
al., 2024).

Several studies have employed modern
methodologies, such as expert systems, to assess
various aspects of fish vulnerability and conservation
risks. These include:

- The use of a fuzzy logic expert system to estimate
the intrinsic vulnerability of marine fish to extinction
caused by fishing (Cheung et al., 2005).

- Utilizing an expert system to evaluate the
vulnerability and conservation risks of marine species
resulting from fishing activities (Cheung 2007).

- Applying fuzzy logic to determine the vulnerability of
marine species to climate change (Jones & Cheung,
2017).

- Estimating the vulnerability of specific Sparidae fish
species in the eastern Mediterranean Sea (Syrian
coast) using the fuzzy logic approach (Hamwi & Al
Basha, 2019).

Additionally, a model has been proposed to estimate
the growth of fishery populations using an expert
system based on fuzzy logic (Hamwi et al., 2022).

The Syrian coast lacks any biological research on the
S. dumerili fish species. This study stands as a
pioneering endeavor, examining the growth patterns
and susceptibility to fishing activities of this specific
Carangidae species. Advanced methodologies like
artificial neural networks and fuzzy logic are
employed in an expert system framework to carry out
this research.

Materials and Methods

During the period from September 2023 to March
2024, a thorough collection of 224 specimens of
Seriola dumerili, also known as the Greater
Amberjack, was achieved along the Syrian coastline.
Various fishing techniques, including pelagic and
bottom trawls, as well as hook and line methods, were
employed to obtain these specimens (Figure 1).

Fig 1: Syrian coast (Eastern Mediterranean Sea).
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Age and Maturity

In the research conducted by Hamwi (2024a; 2024b;
2024c), a Multilayer Perceptron artificial neural
network model with a configuration of (1, 10, 2) was

Hidden

Input (

Fig 2: Artificial neural network, multilayer perceptron (MLP).

Growth of fishery population (FP):

In their study, Hamwi et al. (2022) developed an
expert system model based on fuzzy logic to estimate
the growth of the S. dumerili population along the
Syrian coast. The model employed specific
parameters (K, Tr, M, E) as inputs and utilized fuzzy
logic techniques to analyze and interpret the data
(Figure 3). The von Bertalanffy equation was used to
determine the parameters (K, TL«), and the selection
of the appropriate growth model was guided by the
Akaike Information Criterion (AIC) [AIC = N In (WSS)
+ 2M]. Here, N represents the number of data points,
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utilized to estimate the maturity and age of S.
dumerili. The model employed the total length of the
fish as the input parameter for the updated network
model. (Figure 2).

Output

WSS is the weighted sum of squares of residuals, and
M denotes the number of model parameters. The
objective of the study was to compare different growth
models that describe the characteristics of the fish
species (Hamwi, 2018):
TLi= TLo / [1 + eKtty)]

TL: refers to the total length of the fish at a specific
age (t), while TL- represents the hypothetical
asymptotic total length (cm) that the fish can
potentially reach. The growth coefficient is denoted by
K, and to represents the theoretical age at which the
length of the fish is assumed to be zero.

Age at Recruitment (Tr)

————— 1
-------
4

Natural Mortality Rate (M)

><>< ____________ “{Growth of Fishery population
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(mamdani)

-
-
-
L

Exploitation Rate (E)
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Fig 3: Fuzzy inference system variables (Inputs: K, T,, M, E; Output: FP).

To estimate the total mortality rate (Z), the Ricker
method (1975) was utilized. This method involved
calculating the regression equation for the catch
curve (In Nt = a - Zt) throughout the entire population.

The natural mortality rate (M) was determined by
employing a specific relationship:

Log M = -0.0066 -0.279 log TL- + 0.6543 log K +
0.4634 log T (Pauly, 1980)

The von Bertalanffy parameters TL. and K were
used, along with the average surface water
temperature (T) in the fishing area. Throughout the
study period, the average surface water temperature
was recorded as 22.9 °C.

The fishing mortality rate (F) was determined by
calculating the difference between the total mortality
rate (Z) and the natural mortality rate (M) (Ricker,
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1975). Thus, F=Z - M.
The exploitation rate (E) was computed using the
formula E = F/ Z (Sparre & Venema, 1998).

The survival rate (S) was determined by the equation
S = eZ (Ricker, 1975).

The calculation of the total length (TLc) and age (Tc)
at first capture involved the application of equations
proposed by Beverton and Holt (1957):

TLe=TL' - [K (TL= - TLY) / Z]
Te=- (LK) *In (1- TLe/ TLw) + to

TL' refers to the average total length of the captured
fish.

The total length (TL:) and age (Tr) at recruitment were

determined using the equations proposed by
Beverton and Holt (1957):

TL=TL' - [ K (TL= - TLo) / Z]
Tr=- (1K) *In (1- TLr/ TL=) + to
TLo represents the total length of the fish at the

calculated using the equation proposed by Pauly and
Munro (1984): ®1." = logK + 2logTL

The relative yield-per-recruit (Y'/R) model, as

presented below, is derived from the Beverton and
Holt model (1966):

Y/R=[E*UMK]*[1-@3U/(1+m)+ 3U2/(1+
2m) — (U3 / (1 + 3m)]

Where: U = 1-(Lc/L=); m = (1-E) / (M/IK) = (K/Z); E =
Fiz.

The estimation of relative biomass-per-recruit (B'/R)
is derived from the following relationship (Ricker,
1975): B/R = (Y'/R) / F.

Fishing Vulnerability (FV):

To evaluate the susceptibility of S. dumerili to fishing,
the model developed by Hamwi and Ali-Basha (2019)
was utilized. This expert system utilized specific
parameters (TLmax, K, Tmax, M, S) as inputs and
employed fuzzy logic techniques to analyze and

moment of hatching or age zero.

The growth performance index

Total length max

(1) can be

assess the fishing vulnerability of the species. (Figure
4).

Lo )
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Fig 4: Fuzzy inference system variables (Inputs: TLmax, K, Tmax, M, S; Output: FV).

Results and Discussion

The analysis of the age composition of Seriola
dumerili revealed the presence of 15 distinct age
groups. Among these, the first age group was the
most dominant, accounting for 17.41% of the total
population. In contrast, the fifteenth age group
represented only 0.45% of the overall catch,
indicating a long lifespan for this species along the
Syrian coast (Figure 5).

Examining the relative frequency of individuals in
different total length (TL) categories, it was observed
that individuals with total lengths ranging from 60.1-
70 cm, 80.1-90 cm, and 90.1-100 cm were the most

prevalent, accounting for 16.96%, 16.52%, and
16.52%, respectively. On the other hand, individuals
with total lengths of 150.1-160 cm were the least

represented, comprising only 0.89% of the
population.

Within the scope of this study, S. dumerili individuals
from the Syrian coast exhibited a maximum total
length of 165 cm at the age of 15*. Conversely, the
smallest recorded total length for an individual was
25.4 cm at the age of 1*. In the southeastern Adriatic
Sea, the recorded total lengths ranged from 32 cm to
160 cm, with the most frequent length being 40-41.9
cm, and at the age of 1*, the maximum recorded total
length reached 160 cm (Kozul et al., 2021). In the
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southeastern United States, the maximum observed
total length was 155.2 cm at the age of 17 (Manooch
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& Potts, 1997) (Table 1).

VoVl IX X X XV
Age groups

Fig 5: A. Total length frequency distribution (TL); B. Age composition for Seriola dumerili in Syrian waters.

Table 1: Maximum-minimum total length and age of Seriola dumerili from different water bodies.

Location and author

Age Total Length

(TL, cm)
Min Max
southeastern Adriatic Sea (Kozul et al., 2021) 10 32 160

Syrian coast (present study)

southeastern United States (Manooch & Potts, 1997) 17 50.1

The parameters in the von Bertalanffy growth
equation for total length were determined through the
following calculations: TL: = 182.50 (1-g0-09 (t +1.887)
(AIC= 360.662; WSS= 1047.49; 95% confidence=
1.61). According to Kozul et al. (2021), the
hypothetical asymptotic total length growth of S.
dumerili in the southeastern Adriatic Sea was
reported to be 174.6 cm. Manooch and Potts
(Manooch & Potts, 1997) found that in the
southeastern United States, the hypothetical
asymptotic total length growth of S. dumerili was
164.8 cm. In the present study, the hypothetical
asymptotic total length growth of S. dumerili was
determined to be 182.50 cm.

The growth rate of total length in S. dumerili was
assessed by examining the growth coefficient (k)
derived from the von Bertalanffy equation. The
calculated value for total length growth was
determined to be 0.09. It is worth noting that this value
is lower compared to the corresponding values
observed in the southeastern Adriatic Sea (k = 0.190)
and the southeastern United States (k = 0.119). The
findings of this study revealed a negative allometric
growth pattern (b = 2.70) for total length, indicating a
more rapid increase in total length relative to other
dimensions. Notably, this negative allometric growth

15 25.4 165
155.2

pattern (b = 2.847) was specifically observed in the
southeastern Adriatic Sea and the southeastern
United States (b = 2.70).

Based on the findings of this study, the average age
and total length of S. dumerili individuals at first
capture were determined to be 6.54 years and 97.01
cm, respectively. Similarly, the average age and total
length of individuals at recruitment were found to be
4.91 years and 83.55 cm, respectively. The ratio of
the length at first capture to the asymptotic length
(Ld/L-) serves as an indicator of whether the
harvested fish are predominantly juveniles or mature
individuals. If the (Lc/L-) ratio is less than 0.5, it
suggests that the majority of the catch consists of
juvenile fish species (Pauly & Soriano, 1986). In this
study, the estimated (Lc/L~) ratio was 0.53, which is
close to 0.5. This indicates that the majority of the
catch in the S. dumerili fishery mainly comprises adult
fish.

Furthermore, the growth performance index (®') for
total length growth was calculated and recorded as
3.48.

Within the scope of this study, the total mortality
coefficient (Z) of S. dumerili was estimated to be 0.54
per year. The fishing mortality coefficient (F) and
natural mortality (M) were calculated as 0.34 per year
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and 0.20 per year, respectively, while the survival rate
(S) was determined to be 0.58 per year. Additionally,
the exploitation mortality coefficient (E) was found to
be 0.63 per year.

The results presented in Figure 6 depict 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 exploitation rates
considered in this analysis ranged from 0.05 to 1.00,
serving as a variable input parameter. By examining
the first derivative of the yield function with respect to
the exploitation rate, several significant values were
estimated. These values include Emax, which
represents the exploitation rate that leads to the
maximum yield per recruit. In the case of S. dumerili,

the calculated value of Emax was found to be 0.889 y-
1. Additionally, two other crucial values were
determined. Eo.1 corresponds to the exploitation rate
at which the marginal increase in relative yield-per-
recruit reaches one-tenth of its value at E = 0. For S.
dumerili, the calculated value of Eo1 was 0.761 y1.
Moreover, Eos represents the exploitation rate at
which the stock's biomass has been reduced to 50%
of its unexploited state. The estimated value of Eo.s for
S. dumerili was found to be 0.378 y-1. These findings
contribute to our understanding of the relationship
between exploitation rates and the relative yield and
biomass per recruit for S. dumerili. They provide
valuable insights into the population dynamics of this
species and offer guidance for sustainable
management practices.
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Fig 6: Relative yield per recruit (Y'/R) and biomass per recruit (B'/R) (Knife-edge selection) of Seriola dumerili collected from Syrian coast.
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Fig 7: The growth of Seriola dumerili population off the Syrian coast.

Greater Amberjack, as a general trend, face
pressures resulting from fishing activities and the
depletion of their populations. Consequently, their life
cycle can be divided into two distinct stages: the
unexploited phase, which spans from hatching to the

age at first capture (t), and the exploited phase,
which extends from tc onwards (Beverton & Holt,
1956). In the present study, it was discovered that the
exploitation of S. dumerili surpassed the allowable
limit or the optimal exploitation rate (Eos = 0.328)
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(Gulland, 1971). The heightened mortality rate
observed was attributed to the pressure exerted by
fishing operations. An exploitation rate surpassing 0.5
indicates an unsustainable fish population, signaling
overfishing and a decline in the stock's biomass
(Patterson, 1992).

The expert system based on fuzzy logic, proposed by
Hamwi et al. (2022), generated a growth value of 60
for the S. dumerili population along the Syrian coast.
This value corresponds to a large growth rate of 1,
based on a maximum fishery population growth (FP)
value of 100 (Figure 7), indicating a clear inclination
towards large growth within the Syrian coastal
environment.

Journal of Marine Science and Research

According to the expert system (fuzzy logic)
developed by Hamwi and Ali Basha (Hamwi & Al
Basha, 2019), S. dumerili demonstrated a fishing
vulnerability of 72.7 FV, with the maximum
vulnerability value (FV) being 100. This value
indicates a very high vulnerability of 0.70 and a high
vulnerability of 0.30 (Figure 8), suggesting a strong
inclination towards being highly vulnerable to fishing
activities. As a result, these fish face a significant
threat along the Syrian coast. On the other hand,
Fishbase's intrinsic  vulnerability assessment
classifies S. dumerili as having a moderate
vulnerability, with a rating of 54 out of 100 (Froese &
Pauly, 2024).

I I
Low Moderate

0.70

High V High

0.30

100

Output Variable "Fishing Vulnerability"

Fig 8: The vulnerability of Seriola dumerili to fishing off the Syrian coast.

Conclusions

The present study offers significant insights into the
population dynamics of Seriola dumerili along the
Syrian coast, underscoring the significance of
conservation measures in ensuring the sustainable
management of this species. The findings contribute
to our comprehension of S. dumerili's growth
patterns, mortality rates, and vulnerability to fishing,
thereby establishing a foundation for future research
and management strategies.

The outcomes of this study carry substantial
implications for the management of the S. dumerili
fishery along the Syrian coast. Overfishing can
profoundly affect the population's ability to sustain
itself, resulting in decreased abundance. Hence, the
implementation of management strategies that
minimize the catch of S. dumerili and ensure the long-
term sustainability of the fishery is of utmost
importance.
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