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Omar Al-Mukhtar University, Faculty of ABSTRACT
Science, Department of Marine Biology,
El-Baida, Libya This study aimed to investigate the length-weight relationship and condition factor of nine species

collected from the coast of Benghazi, Libya. A total of 758 samples were collected from November

2024 to September 2025. Total length ranged from 15.01 +£0.435 cm (total weight: 50.11 +4.646

g) in Parupeneus forsskali to 57.58 £0.817 cm (total weight: 198.87 £9.585 g) in Tylosurus impe-

rialis. The slope parameter (b) values ranged from 2.68 (95% CI: 2.40-2.95) in Pseudocaranx

dentex t0 3.69 (95% CI: 3.22-4.17) in Hemiramphus far. Isometric growth patterns were observed
ORCID IDs of the author(s): in Symphodus tinca (b: 3.01), Merluccius merluccius (b: 2.95), Tylosurus imperialis (b: 2.73), and
ES.A. 0000-0002-5602-1535 Trachinotus ovatus (b: 3.21). Positive allometric growth was found in Serranus scriba (b: 3.07),
Parupeneus forsskali (b: 3.48), Hemiramphus far (b: 3.69), and Synodus synodus (b: 3.41), while
Pseudocaranx dentex (b: 2.68) exhibited negative allometric growth. The relative (Kn) and Ful-
ton’s (Kf) condition factors showed species-specific variation in body condition among the exam-
ined fishes. Mean Kn values ranged from 0.925 £0.017 (Symphodus tinca) to 1.114 £0.013 (Syn-
odus synodus). In contrast, mean Kf values varied from 0.102 £0.002 (Tylosurus imperialis) to
1.383 +£0.007 (Serranus scriba), reflecting differences in nutritional status, morphology, and envi-
ronmental adaptation among species. This study provides basic biological data necessary for the
management and conservation of species in Libyan marine ecosystems.
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Introduction

The study of the length-weight relationship (LWR) is a cor-
nerstone of fish biology, physiology, and ecology (Oscoz et
al., 2005). This relationship is widely applied in biomass es-
timation, determination of fish growth pattern (isometric or
allometric), evaluation of condition factors, and stock assess-
ment of fish populations (Moutopoulos & Stergiou, 2002;
Froese, 2006; Kuriakose, 2017). In addition, LWRs can serve
as an ecological indicator for appraising the effect of invasive
species on native fish populations and their habitats (Fogg et
al., 2019). They are also useful for comparing the same fish
species across different aquatic environments (Kim et al.,
2023; Deekrachang et al., 2024). Condition factor is com-
monly used as a quantitative indicator of fish health and well-
being, reflecting body robustness and nutritional status (Le
Cren, 1951; Sanaye et al., 2017). In general, heavier individ-
uals at a given length are considered to be in better physio-
logical condition (Bagenal & Tesch, 1978). Length-weight
relationships and condition factors are commonly used as re-
liable indicators to assess growth patterns, feeding efficiency,
and nutritional status of cultured fish under various dietary
treatments (Anani et al., 2025). Studies on multiple fish spe-
cies across the Mediterranean region—including Egyptian
waters (Saber et al., 2020; Mehanna & Farouk, 2021; Ragheb,
2023; Fetouh & El-far, 2023; El-karemm et al., 2025), Leba-
nese waters (Jisr et al., 2018), Turkish waters (Sangun et al.,
2007; Altin et al., 2015; Sen et al., 2024), Libyan waters (El-
baraasi, 2014; Alfergani & Elmabrok, 2025), Sicilian waters
(Falsone et al., 2022), Tunisian waters (Raouf et al., 2017;
Miled-fathalli et al., 2019), and Greek waters (Karachle &
Stergiou, 2008; Dimitriadis & Fournari-konstanntinidou,
2018; Evagelopoulos et al., 2020)—have provided valuable
biological data that supports fisheries management, enhances
understanding of species-specific growth patterns, and offers
a baseline for ecological comparisons across the Mediterra-
nean Sea. However, despite their widespread use, such stud-
ies remain limited for several fish species along the Libyan
coast. Therefore, this study aims to determine the length-
weight relationship and condition factor of three invasive and
six native fish species collected from the Benghazi coast.
These data provide essential biological information for the
management and conservation of fish stocks in the region.

Materials and Methods

A total of nine fish species were collected from November
2024 to September 2025 with the assistance of local fisher-
men from Benghazi, on the eastern coast of Libya. All col-
lected specimens were transferred to the laboratory for further
examination. Species identification was carried out using
standard ichthyological taxonomic keys (Golani et al., 2006),

while specimens belonging to the genus Synodus were iden-
tified according to the diagnostic criteria described by Ander-
son et al. (1966). In total, 758 specimens were collected and
analyzed, including 422 Serranus scriba, 70 Parupeneus
forsskali, 31 Symphodus tinca, 29 Hemiramphus far, 39 Mer-
luccius merluccius, 92 Synodus synodus, 24 Tylosurus impe-
rialis, 26 Pseudocaranx dentex, and 25 Trachinotus ovatus.
In the laboratory, the total weight (TW) of each fish was
measured to the nearest 0.01 g using a digital balance (Sarto-
rius, BP2100S), and the total length (TL) was measured to the
nearest 0.01 cm using a measuring board. The length-weight
relationship was determined according to Ricker (1975): TW
= aTLP®. This equation was converted to a logarithmic expres-
sion: INTW = In a + b InTL, where TW represents the total
weight, TL represents the total length, a is the intercept, and
b is the slope coefficient. We tested the value of b using the
t-test. To determine if b is significantly different from 3, we
used a student's t-test at a significance level of 0.05, ts=b-
3/SE, where b is the regression coefficient, and Sb is the
standard error of the value of b (Sokal & Rohlf, 1987). Ful-
ton’s condition factor (Kf) was calculated as Kf = 100
xTW/TL3, where W is the total weight in grams, and L is the
total length in centimeters. In contrast, the relative condition
factor (Kn) was calculated as Kn = TW/(aTLb), where a and
b are the parameters of the length—weight relationship derived
for each species. All statistical analyses were conducted using
SPSS (Version 21) and Excel (2013).

Results and Discussion

A total of 758 fish specimens were collected to establish the
length—weight relationships and condition factor. The sample
size varied among species, ranging from 24 individuals of Ty-
losurus imperialis to 422 individuals of Serranus scriba. To-
tal length (TL) ranged from 15.01 £0.435 cm in Parupeneus
forsskali to 57.58 £0.817 cm in Tylosurus imperialis, while
total weight (TW) varied from 50.11 +4.646 g in Parupeneus
forsskalito 198.87 +£9.585 g in Tylosurus imperialis. The val-
ues of the slope parameter b ranged from 2.68 (95% CI: 2.40-
2.95) in Pseudocaranx dentex to 3.69 (95% CI: 3.22-4.17) in
Hemiramphus far. The intercept value (a) ranged from 0.000
in Hemiramphus far to 0.013 in Symphodus tinca. Among the
studied species, four species exhibited isometric growth (b =
3, P> 0.05): Symphodus tinca (3.01), Merluccius merluccius
(2.95), Tylosurus imperialis (2.73), and Trachinotus ovatus
(3.21), while the others showed positive allometric growth (b
>3, P <0.05): Serranus scriba (3.07), Parupeneus forsskali
(3.48), Hemiramphus far (3.69), and Synodus synodus (3.41).
Only Pseudocaranx dentex (2.68) showed negative allome-
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tric growth. The coefficient of determination (R?) was signif-
icant, ranging from 0.64 for Tylosurus imperialis to 0.98 for
Parupeneus forsskali and Synodus synodus, indicating strong
relationships between total length and weight for all species.
The detailed LWR parameters for the nine species are sum-
marised in Table 1, whereas Figure 1 complements these re-
sults by graphically depicting the fitted regression curves,
thereby providing a visual confirmation of the length—weight
relationships across species.

Table 2 shows the statistical description of both the relative
condition factor and Fulton's condition factor for the study
fish. The average relative condition factor ranged from 0.925
+0.017 (0.77-1.18) in Symphodus tinca to 1.114 £0.013
(0.87-1.48) in the Synodus synodus. The average value of
Fulton's condition factor was higher than 1 in only four fish;
it was 1.383 £0.007 (1.01-2.31) in Serranus scriba, 1.356
+0.023 (1.12-1.66) in Symphodus tinca, 1.163 £0.021 (0.92—
1.58) in Parupeneus forsskali, and 1.190 £0.011 (1.07-1.29)
in Pseudocaranx dentex. The lowest values of Fulton's con-
dition factor were in elongated fish, in Hemiramphus, 0.308
+0.004 (0.26-0.37), and Tylosurus imperialis, 0.102 +£0.002
(0.08-0.13).

The present study is an important contribution to document-
ing the length-weight relationship and condition factors of
nine bony fish species recorded on the eastern coast of Libya.
This work is significant because it includes three invasive
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species in the Mediterranean Sea. This documentation cont-
ributes to strengthening the biological database of the Libyan
Mediterranean coast by providing updated biological infor-
mation and filling existing knowledge gaps for several fish
species that remain poorly documented in Libyan waters, inc-
luding Synodus synodus, Parupeneus forsskali, Pseudo-
caranx dentex, and Trachinotus ovatus. In this study, the re-
gression coefficient (b) ranged from 2.7 to 3.6, which is close
to the expected range of 2.5 to 3.5 for fish, as suggested by
Froese (2006). A growth pattern is considered isometric if b
= 3, while values greater or less than 3 reflect positive or neg-
ative growth, respectively. According to the t-test, the growth
pattern was isometric in Tylosurus imperialis, Trachinotus
ovatus, Merlucius merluccius, and Symphodus tinca, and pos-
itive allometric growth in Serranus scriba, Parupeneus
forsskali, Hemiramphus far, and Synodus synodus. Only
Pseudocaranx dentex showed negative allometric growth.
The coefficient of determination (R?) varied across the stud-
ied species; while it reached 0.98 for P. forsskali and S. syn-
odus, a lower value, 0.64, was observed for Tylosurus impe-
rialis. This low value (0.64) may reflect substantial individ-
ual variability in weight at a given length, where each obser-
vation can have a pronounced effect on the regression fit due
to the limited sample size (N = 24). Furthermore, additional
unexplained variation is likely associated with short-term bi-
ological factors, such as stomach fullness and the stage of
gonadal development, which are not explicitly accounted for
in the model.

Table 1. Length-weight relationships for nine fish species collected from the Benghazi coast: total length (TL), total weight

(TW), sample size (N), LWR parameters (a and b), 95% confidence interval of b (95% CI), coefficient of determination
(r?), and growth type (GT)

TL (cm) TW (g) Relationship
Species N Me.ani SE Me.an + SE R? 95% CI P-Value
(Min-Max) (Min-Max) of b
Serranus scriba azp 152020108 oY 001l 307 094 300314 0046 +A
Parupencus forsskali 70301 T4 oV 0003 348 098 339357 0000  +A
Symphodus tinca 310 A SIS 0013 301 095 277324 0935
Hemiramphus far 29 SN S 0000 369 090 322417 0007 A
Merluccius merluccius 39 2283(())11f§)13§3 19180%37;6604293 0.008 295 0.83 2.51-3.38 0.935 I
Synodus synodus 92 2112"2430206%21(? ?25(6).;‘52,94411(6) 0.002 341 0098 3.30-3.52 0.000 +A
Tylosurus imperialis 24 5479"5580105"86107 }gggg_ﬁg;gg 0.003 2.73 0.64 1.86-3.59 0.548 I
Pseudocaranx dentex 26 30320313 1SS AHMT 003 268 004 240205 0031 A
Trachinows ovaus 25 5030V OTA0SEEE o003 321 095 29035 0187 1
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Figure 1. Length-weight relationships for nine fish species collected from the Benghazi coast, eastern Libya
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Table 2. Relative condition factor and Fulton's condition factor for nine fish species collected from the

Benghazi coast, eastern Libya

Relative condition factor

Species

Min-Max

Mean< SE

Fulton’s condition factor

Min-Max

Mean< SE

Serranus scriba 0.70-1.59 0.960 £0.005 1.01-2.31 1.383 +0.007
Parupeneus forsskali 0.88-1.40 1.050 £0.012 0.92-1.58 1.163 £0.021
Symphodus tinca 0.77-1.18 0.925 +0.017 1.12-1.66 1.356 +£0.023
Hemiramphus far 0.81-1.13 0.927 +0.013 0.26-0.37 0.308 +0.004
Merluccius merluccius 0.81-1.28 1.004 +0.017 0.57-0.90 0.710+0.012
Synodus synodus 0.87-1.48 1.114 +£0.013 0.61-1.13 0.829 +0.022
Tylosurus imperialis 0.76-1.31 1.018 +0.029 0.08-0.13 0.102 £0.002
Pseudocaranx dentex 0.95-1.15 1.072 £0.009 1.07-1.29 1.190 £0.011
Trachinotus ovatus 0.88-1.13 0.998 £0.017 0.52-0.69 0.598 £0.009

In Egyptian water, Mehanna & Farouk (2021) reported a pos-
itive allometric growth in Hemiramphus far (b = 3.080) and
Merluccius merluccius (b = 3.11). These findings are con-
sistent with the present results, except for Merluccius merluc-
cius, which exhibited an isometric growth pattern in this
study. Similarly, in Tunisian waters, the growth pattern in
Serranus scriba (b = 2.932) exhibited isometric growth. In
contrast, Symphodus tinca displayed negative allometric
growth (b = 2.84), which is different from our finding, except
for (Miled-Fathalli et al., 2019). In contrast, Ozvarol (2014),
during his study of 14 fish species collected from the Gulf of
Antalya in the northern Mediterranean, recorded a negative
growth pattern in Merluccius merluccius (b=2.638). Accord-
ing to Moutopoulos & Stergiou (2002), the growth pattern in
the species Merluccius merluccius (3.200) and Symphodus
tinca (b = 2.733) was allometric and isometric in Serranus
scriba, which is different from this study.

Parupeneus forsskali (Fourmanoir & Guézé, 1976) is a com-
mercially important Red Sea fish, recorded in Libya in late
2018 in Al-Tamimi (Bariche et al., 2020). In this investiga-
tion, 70 specimens were collected, ranging in length from
8.60 to 20.90 cm. The estimated regression coefficient for
Parupeneus forsskali (positive allometric b=3.48) was within
the expected range for fish (2.5-3.5), which confirms the re-
liability of the length-weight relationship (Forese, 2006). Tu-
ran et al. (2021) recorded a higher value of b in females
(4.156) than in males (3.263) and in combined sexes (3.533).
The value of b was in Greece (2.988) and in the Red Sea
(b=2.429), which indicates that the growth pattern was nega-
tive allometric (El-karemm et al., 2025; Kondylatos et al.,
2024). In the same vein, Sabrah (2015) also recorded in the
northern Red Sea during his study of the fisheries biology of
goatfish a negative allometric growth pattern, which had b
values of 2.88 in females and 2.75 in males, and 2.80 in both
sexes. In the Gulf of Suez, researchers recorded an isometric

growth pattern (b=2.98) (Saber et al., 2020). For Tylosurus
imperialis, many previous studies reported that the growth
pattern of this species was allometric. The growth pattern was
positively allometric for this species in the Suez Canal
(b=3.260), the Aegean Sea in Greece (b=3.308), and the Gulf
of Iskenderun in Turkey (b=3.245) (Sabrah et al., 2018; Mi-
nos & Kokokiris, 2015; Ergiiden et al., 2025). However, on
the Tunisian coast, the growth pattern was negative allome-
tric in both sexes (2.832 for females and 2.827 for males)
(Chaari et al., 2014). This finding is in contrast to this study,
where the growth pattern was isometric. In Hemiramphus far,
the estimated regression coefficient (b=3.69) indicated that
this positive allometric growth pattern is consistent with that
of many studies reported in Egyptian waters (Mehanna et al.,
2019; Mehanna & Farouk, 2021; Fetouh & El-Far, 2023; El-
Aiatt et al., 2024). In contrast, off the coast of Karachi, the b
value was 3.06 for males and 3.207 for females, indicating an
isometric pattern (Yousuf & Khurshid, 2008). A negative al-
lometric pattern was also recorded in the Youtefa Bay of In-
donesia (Hamuna et al., 2023).

In the Mediterranean, there are many previous studies on the
length-weight relationship for members of the Synodontidae
(Synodus saurus, Saurida undosquamis, and Saurida les-
sepsianus), such as in Libya (Elbaraasi, 2014; Al-Fergani &
Al-Mabrouk, 2025), in Greece (Dimitriadis & Fournari-kon-
stantinidou, 2018; Kondylatos et al., 2024), in Egypt (Me-
hanna & Farouk, 2021), in Tunisia (Miled-Fathalli et al.,
2019), and in Turkey (Ergiiden et al., 2009; Ozvarol, 2014;
Tiirker et al., 2020). Synodus synodus, originally classified as
an Atlantic species, is no longer rare in the Mediterranean
Sea, where it has established stable populations. A relatively
large number and significant sizes have been recorded, indi-
cating local growth and reproduction (DI Franco et al., 2026).
In our study, we recorded 92 specimens ranging in total
length from 12.40 to 30.20 cm. There are a few documented
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length-weight relationships for this species. This preliminary
study provides data on growth patterns. Abdallah (2002),
studying specimens from the Alexandria coast, reported a re-
gression coefficient of 3.44, which was close to the value
found in the present study, the regression (b =3.41). The 95%
confidence interval for the b value was 3.30-3.52, indicating
a positive allometric growth pattern.

The length-weight relationship of Pseudocaranx dentex in the
present study indicated negative allometric growth (b: 2.68,
P value: 0.031). Ruzafa & Sosa (2025) reported isometric
from the Canary Islands, with a b value of 2.99+0.019. Simi-
larly, Kulbicki et al. (2005) estimated a b value of 2.886 for
the same species. Both these values are higher than the b
value obtained in this study. In contrast, Crec'hriou et al.
(2015) reported a lower b value (2.51), indicating negative
allometric growth, which aligns more closely with the finding
of the present study. Pompano, Trachinotus ovatus, is an in-
shore pelagic schooling fish that is locally commercially im-
portant and can grow to a length of 70 cm (Golani et al.,
2006); in the present study, the maximum length was 31.40
cm, and the weight was 190.10 g. The growth pattern of 7.
ovatus shows isometric growth; this agrees with Siimer
(2012), Moutopoulos et al. (2013), Oliveira et al. (2015), and
Santos et al. (2002). In contrast, Malara et al. (2021) found it
to be positively allometric; other studies reported negative al-
lometric growth (Altin et al., 2015; Morato et al., 2001; Reis,
2020; Rodriguez-Garcia et al., 2023). The differences in the
value of b in this study compared to previous studies are due
to several factors, including the season of sample collection,
sample size, habitat, water quality, diet, maturity stages, and
stomach fullness (Wootton, 1998; Froese et al., 2011;
Romdhani et al., 2013; Mehanna & Farouk, 2021).

Body condition is widely used as an indicator of fish health
at both the individual and population level (Froese, 2006; Le
Cren, 1951). Two types of condition factors are applied: Ful-
ton's condition factor and the relative condition factor (Table
2). In the present study, low values of kf (<1.0) were observed
in Tylosurus imperialis (0.102 +0.002), Hemiramphus far
(0.308 +£0.004), Trachinotus ovatus (0.598 £0.009), Merluc-
cius merluccius (0.710 £0.012), and Synodus synodus
(0.829+0.022). These differences are largely associated with
variations in body shape, as reported by Ragheb (2023) for
species with ribbon-like, elongated, or torpedo-shaped bod-
ies, such as Trichiurus lepturus (0.067 +£0.008), Trachurus
mediterraneus (0.889 £0.073), and Sphyraena chrysotaenia
(0.617 £0.037); this is consistent with the present study. The
highest value of kf (>1.0) was found in other species (Ser-
ranus scriba, Parupeneus forsskali, Symphodus tinca, and
Pseudocaranx dentex). Along similar lines, Angelescu et al.
(1958) and Le Cren (1951) reported the highest value of kf in

the same species during gonad maturation stages. The Kf can
be used to compare the well-being of different fish species in
the same habitat (Hamuna et al., 2023). On the other hand,
the relative condition factor is the inability to make compari-
sons among different populations unless they share the same
length-weight relationship. In contrast, the Kn enables the as-
sessment and comparison of body condition among individu-
als within the same sample, independent of length (Froese,
2006). The value of Kn ranged between 0.925+0.017 and
1.114+0.013, which indicates a good physiological condition
of the fish studied. Values of the Kn below 1.0 indicate low
prey availability or high predator density, whereas values
above 1.0 reflect abundant prey or reduced predation pressure
(Anderson &Newman, 1996; Muchlisin et al., 2010). Much-
lisin et al. (2017) noted that a Kn value equal to 1.0 represents
a balance between prey and predators and reflects favorable
environmental conditions supporting normal fish growth. Fi-
nally, there are many factors that affect the fish condition fac-
tor, such as age, gonad maturation stages, stomach fullness,
sample size, methods of species collection, and environmen-
tal factors (Khan et al., 1994; Adeyemi et al., 2009; De Giosa
etal., 2014).

Conclusion

This study provides updated baseline data on growth patterns
and condition factors of native and invasive fish species from
the eastern Libyan Mediterranean coast. The results contrib-
ute to regional fisheries databases and support future stock
assessment and ecological monitoring efforts. Further studies
incorporating seasonal, sex-based, and long-term analyses
are recommended to refine growth estimates and better un-
derstand population dynamics.
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