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ABSTRACT 

OF THE THESIS OF 

 

Joelle Jean SAKR  for  Master of Science 

      Major:  Biology 

 

 

Title: Reproductive Characteristics of Common Marine Fishes in the Lebanese Coastal 

Fishery (Sparidae, Carangidae, Scombridae, Mugilidae, Mullidae, Phycidae, Congridae, 

Scaridae, Uranoscopidae) 

 

Fish reproduction is a dynamic process that allows the perpetuation of species. It has long 

been a central interest to scientists ever since Aristotle. In the Mediterranean, particularly 

the eastern Mediterranean, information pertaining to fish reproduction is limited. 

Attempting to survey the reproductive features of Mediterranean fishes from the 

Lebanese coast will help fill this gap in the country and the region.  

 

The present study aimed at evaluating the population structure and reproductive 

characteristics of native fishes of commercial interest in Lebanon by assessing spawning 

periods and sizes at first maturity, as well as analyzing length frequencies, sex ratios, 

gonadosomatic and hepato-somatic indices and condition factors.  

 

From the large number of commercially important fishes in Lebanon, 28 were included 

in this study from nine different families (Sparidae, Carangidae, Scombridae, Mugilidae, 

Mullidae, Phycidae, Congridae, Scaridae, Uranoscopidae). Fishes were acquired on 

weekly basis during the reproductive season for two consecutive years. Data was 

collected and analyzed following standard procedures.  

 

Results give a basic idea on the biology of most species, but were not sufficient to 

describe their reproductive periods. Several challenges and obstacles were encountered 

including a low sample size or scarcity of mature individuals for some species. The 

economic crisis and the COVID-19 pandemic also occurred during the sampling periods.  
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CHAPTER 1 

INTRODUCTION 

 

"Only the ocean remains as the last great unexplored portion of our globe; so, it  

 

is to the sea that man must turn to meet the last great challenge of exploration…” 

- H.B. Stewart 

 

1.1. The Mediterranean Sea 

The Mediterranean represents a complex marine ecosystem with great 

heterogeneity. Geological events, as well as hydrologic and climatic conditions shaped 

the previously known Tethys Sea into today’s Mediterranean Sea (Coll et al., 2010).  

1.1.1. Geography 

 

Lebanese waters are part of a larger water body currently known as 

“Mediterranean Sea” (from the Latin mediterraneus = inland). The Mediterranean Sea 

represents the largest, nearly landlocked, sea in the world with an area of 2,969,000 

km2. It stretches from the Strait of Gibraltar in the west to the Dardanelles Strait and 

Suez Canal in the east (Longhurst, 2010), accounting for about 0.8% of the global ocean 

area (Figure 1). It is divided into two main basins – the Western Basin and the Eastern 

Basin. The Lebanese waters are situated in the easternmost part of the Mediterranean 

Sea, in the Levantine sub-basin (Mannino et al., 2017). In total, it is bordered by 21 

nations with a narrow continental shelf that only widens on the eastern terraces of 

Tunisia and the northern Adriatic (Longhurst, 2010). 

1.1.2. Sea properties  
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The Mediterranean Sea is characterized by distinct physical and chemical 

properties. Its temperature and salinity are higher than those of the Atlantic Ocean. It is 

an evaporative basin, in which evaporation is higher in the east, resulting in a salinity 

gradient from the west to the east (from 36 ppt to 39.5 ppt) (Coll et al., 2010). In terms 

of nutrient supply, it is an oligotrophic basin, although it accommodates the deltas of 

large rivers such as the Nile, Ebro, Po and the Rhone rivers. Oligotrophy increases as 

one moves east, and productivity consequently decreases (Mannino et al., 2017). The 

reduced runoff of the Nile after the construction of the Aswan High Dam, contributed 

further to reduce the supply of nutrients in the Levantine area (Longhurst, 2010). These 

factors combined make the western and the eastern basins two relatively different 

ecosystems with a general decrease in biodiversity from northwestern to the 

southeastern part of the Mediterranean Sea (Coll et al., 2010). 

 

Figure 1: Map of the Mediterranean Sea. 

1.1.3. Biodiversity  

  

The Mediterranean is a biodiversity hotspot with more than 17,000 species 

identified. Despite its relatively small area, it hosts many marine organisms, a large 
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number of which are endemic species. One main factor leading to a high degree in 

species richness is the Mediterranean’s geographic location (Coll et al., 2010). In fact, 

the Mediterranean Sea is connected to the Atlantic Ocean by the Strait of Gibraltar and 

to the Red Sea and the Indo-Pacific Ocean by the Suez Canal. Another factor increasing 

the biodiversity of the basin is its geologic history (Coll et al., 2010, Bianchi et al., 

2012). The current marine biota inhabiting the Mediterranean is primarily derived from 

the Atlantic Ocean after the basin was refilled with an inflow from the Atlantic 

following the Messinian Salinity Crisis. The opening of the Suez Canal, and various 

pathways of introduction, allowed the arrival of a new set of species from the Indo-

Pacific and elsewhere. This results in the co-occurrence of organisms from the Indo-

Pacific, as well as the Atlantic oceans (Katsanevakis et al., 2014, Mannino et al., 2017, 

Crocetta et al, 2021).  

For marine fishes, the highest estimated number of species present in the 

Mediterranean is 664, with more new species being regularly discovered (e.g. Coll et 

al., 2010, Bariche et al., 2020; Bariche & Fricke, 2020; Bariche et al., 2021; Crocetta et 

al., 2021).  

1.2. Fishes of economic importance 

 

Fishery is an ancient practice with cultural, economic, and social importance. It 

is a form of natural renewable capital providing essential food resources and work 

opportunities for residents living along its basin.  

Today, the size of commercial species populations is essentially shaped by 

human activities. The Mediterranean coast has been inhabited for millennia and interest 

in marine resources has risen ever since Aristotle in the fourth century B.C. (Coll et al., 

2010). Marine organisms, particularly fishes, constitute a notable economic contribution 
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to humans (FAO, 2020b). From the rich variety of fish species in the Mediterranean, 

numerous species, such as anchovies, hakes, sardines, groupers, and tunas, are 

considered of commercial importance (FAO, 2020a). 

Despite that, anthropogenic negative impacts have been strongly increasing. 

Significant threats to different taxonomic groups include habitat destruction, climate 

change, coastal urbanization, pollution, eutrophication, bio-invasions and 

overexploitation (Moullec et al., 2019). For fish species, overfishing represents the 

highest threat with an increasing rate of exploitation due to poor landing selectivity. 

This has led to a significant decline in fish stocks in Lebanese fisheries and in the 

Mediterranean as a whole (Vasilakopoulos et al., 2014, Bariche, 2012). 

The Lebanese waters host more than 80 fish species of commercial importance 

(Nader et al., 2012; Bariche & Fricke, 2020). The Lebanese fishery is classified as 

small-scale artisanal fishery (Figure 2). The total Lebanese catches are dominated by the 

families such as Clupeidae (sardines), Scombridae (tunas), Sparidae (seabreams), 

Carangidae (mackerels), Mullidae (red mullets), Mugilidae (grey mullets) and 

Carangidae (jacks and pompanos) (Nader et al., 2020). 

 

Figure 2: Artisanal nature of the traditional Lebanese fishery. 
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Despite the relatively large number of fish species present in the Lebanese 

landings, little knowledge is available about their biology and ecology. While basic 

biological data is lacking for as many as 43% of fish species in the Mediterranean sea 

(Moullec et al., 2019), available literature for the Lebanese waters is limited to few 

studies describing the small pelagic fishery (sardines and anchovies), which constitutes 

two thirds of the Lebanese landings (Bariche et al., 2006, Sacchi & Dimech, 2011). The 

lack of biological information concerns the population structure and reproduction, 

which is important for fisheries, as well as conservation and aquaculture purposes. 

1.3. Reproduction 

 

Reproduction is the dynamic process allowing the perpetuation of species and it 

has long been a central interest to scientists ever since Aristotle (Miller & Kendall, 

2009; Ganias et al., 2017).  

Fish display numerous strategies and tactics, where various kinds of mating 

systems are represented, from strict monogamy to spawning in large groups (Pavlov et 

al., 2009; Muchlisin, 2014). The reproductive success of different fishes has resulted in 

species-specific reproductive strategies, such as gender systems (Lowerre-Barbieri, 

2009). Most species have a gonochoristic system, but some other species have a 

hermaphroditic system (Figure 3). Gonochoric individuals are distinct females and 

males that do not alter their sex in the course of their lives, while hermaphroditic 

individuals function as both genders either simultaneously or sequentially. Sequential 

hermaphrodites may be protogynous, where the fish begins its reproductive life as a 

female, and switches later to male (e.g., Scaridae (parrotfishes), Labridae (wrasses), 

Sparidae (seabreams) and Serranidae (groupers)). They can also be protandrous, where 
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the fish starts as a male and switches later to female (e.g., Sparidae (seabreams)) 

(Pavlov et al., 2009).  

 

Figure 3: Diagram summarising the types of sex differentiation in fishes (Jakobsen et 

al., 2009, p70). 

As in other vertebrates, the reproductive organs of fish are categorized as testes 

for males and ovaries for females, producing sperm and eggs respectively (Figure 4). 

However, the gender of most fishes can only be identified by visual examination of the 

gonad, which are internal since situated in the body cavity. Both male and female 

gonads are bilaterally paired structures suspended by mesenteries across the dorsal side 

of the body cavity (Muchlisin, 2014). They may be separated or fused partially or 

completely (Patiño & Redding, 2000). Gonad maturation can be studied 

macroscopically or microscopically (Pavlov, 2009).  

Differences in the general aspect, shape, and color of the gonads is observed 

macroscopically. During the development of gonads, changes in volume, weight, and 
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shape occur at the level of the germinal cells. Mature ovaries are typically large, pink 

orange in color and featuring prominent superficial blood veins. Ripe oocytes are easily 

recognizable and freely escape or might be expelled with light pressure. The testes are 

whitish in color, creamy in texture and delicate. Sperm can be expelled under minimal 

pressure or even freely escape when the testes are mature. The presence of mature 

oocytes and spermatozoa reflect advanced stages of gonadal development. Scales are 

used to identify the maturity stages at which the fish are caught. Historically, many 

scales were adopted. The most recent and commonly used scale is the Maier scale 

which includes eight stages that range from virgin to resting (Ungaro, 2008). 

 

Figure 4: Fish gonads; (a) Male gonads and (b) Female gonads in an advanced 

developmental stage. 

The onset and duration of spawning periods are interesting for a holistic 

approach on reproduction. Spawners are generally categorized in the Mediterranean Sea 

into cold (October, November, December, January, February, March, April) and warm 

(May, June, July, August, September) spawners. Each group is divided into two sub-

groups (Figure 5) leading to fall, winter, spring, and summer spawners (Tsikliras, 

2010).   

(a) (b) 
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Figure 5: Cluster analysis based on Bray–Curtis similarity matrix of the months 

according to the spawning preferences of the Mediterranean marine fishes (modified 

from Tsikliras (2010)). 
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1.4. Study aims 

 

1.4.1. General aim 

The general aim of this study is to analyze the sampled population structure and 

basic reproductive characteristics of native Mediterranean marine fishes, particularly 

those of commercial interest from the Lebanese coast. The families that were selected 

include seabreams (Sparidae), red mullets (Mullidae), grey mullets (Mugilidae), jacks 

and pompanos (Carangidae), as well as mackerels and some tunas (Scombridae). Less 

common species were also investigated whenever possible. These were conger eels 

(Congridae), phycid hakes (Phycidae), the native parrotfish (Scaridae) and the stargazer 

(Uranoscopidae).  

 

1.4.2. Specific aims 

  

Analyzing the population structure and reproductive characteristics of native 

fishes includes:  

 

1. Examining the population structure of the samples using descriptive statistics, 

weight-length relationships, length frequencies and sex ratios analyses 

2. Evaluating basic wellbeing indices such as the Gonado-Somatic Index (GSI), the 

Hepato-Somatic Index (HSI) and various condition factors (Kf, Kr and Wr) 

3. Assessing the spawning period for selected fish species within each family 

4. Determining the size at first maturity for each species assessed. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1. Sampling  

Sampling was carried out on a weekly basis between February and July for two 

consecutive years (2020-21). The sampling period was narrowed down to cover the 

reproductive season of each species by generating preliminary spawning calendars from 

the literature. A pooled total of 575 individuals (170 in 2020 and 405 in 2021) was 

collected during the sampling period. Specimens were acquired from fishers at different 

sites along the Lebanese coast, mainly from Tripoli, Beirut, and Tyre (Figure 6). The 

fishes were then kept labelled in the freezer (-22°C) until processing. From the wide 

variety of species present in the Lebanese waters, commercially important species were 

targeted and individuals from nine different families were collected (Carangidae, 

Congridae, Mugilidae, Mullidae, Phycidae, Scaridae, Scombridae, Sparidae, and 

Uranoscopidae). The acquired fish species (Table 1), with their known gender system are 

summarized in Table 2. 

 

Figure 6: Map showing the three sampling locations from Lebanon. 
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Sparidae 

  

Carangidae 

 

Scombridae 

 

Mugilidae 

 

 

Phycidae 

 

 

Uranoscopidae                           Congridae                  Mullidae                         Scaridae 

                
Table 1: Table representing all fish species processed in the current study. 
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Family Species Gender system 

Carangidae Alectis alexandina Gonochoric 

  Caranx crysos Gonochoric 

  Lichia amia Gonochoric 

  Seriola dumerili Gonochoric 

  Trachinotus ovatus Gonochoric 

  Trachurus mediterraneus Gonochoric 

  Trachurus trachurus Gonochoric 

Congridae Conger conger Gonochoric 

Mugilidae Chelon labrosus Gonochoric 

  Chelon auratus Gonochoric 

  Chelon ramada Gonochoric 

  Mugil cephalus Gonochoric 

Mullidae Mullus surmuletus Gonochoric 

Phycidae Phycis blennoides Gonochoric 

  Phycis phycis Gonochoric 

Scaridae Sparisoma cretence Protogynous 

Scombridae Auxis rochei Gonochoric 

  Euthynnus alletteratus Gonochoric 

  Sarda sarda Gonochoric 

  Scomber colias Gonochoric 

Sparidae Diplodus cervinus Gonochoric/Protogynous 

  Diplodus sargus Gonochoric/Protandrous 

  Diplodus vulgaris Potentially hermaphroditic 

  Lithognathus mormyrus Protandrous 

  Oblada melanura Gonochoric/Protogynous 

  Sparus aurata Protandrous 

  Spondyliosoma cantharus Protogynous 

Uranoscopidae Uranoscopus scaber Gonochoric 

Table 2: Summary of the acquired species from targeted families with their gender 

system. Gonochoric: distinct females and males that do not alter their sex in the course 

of their lives; Protogynous: fish that begin their reproductive life as a female, and 

switch later to male; Protandrous: fish that begin their reproductive life as a male and 

switch later to female. 

 

2.2. Data collection 

Different fish species were identified using the appropriate identification keys 

(Whitehead et al, 1986). Identified specimens were given a code, which is a 

combination of the first letter of the genus with the first two letters of the specific 
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epithet and a cardinal number (i.e., Diplodus cervinus = DCe 19; Figure 7). An 

additional letter from the specific epithet was added in case of code overlap.  

 

Figure 7: Diplodus cervinus with its given code (combination of the first letter of the 

genus with the first two letters of the specific epithet and a cardinal number). 

Standard biometric measures were taken for each fish before dissection. The 

total length (length from the upper tip of the snout to tip of upper caudal lobe; TL) and 

standard length (distance from the upper tip of the snout to the posterior end of the last 

vertebra; SL) were measured to the nearest mm (Figure 8). The total fish weight (WT) 

was recorded to the nearest 0.01g. A tissue sample was taken for each individual by 

cutting a fin clip from the right side of the fish. Fin clips were preserved in 100% 

ethanol for potential molecular studies (Figure 9a). 
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Figure 8: Standard biometric measurements including Total Length (TL) and standard 

length (SL). 

 
Figure 9: Images showing preserved (a) fin clips, (b) guts, and (c) gonads  for fish 

species processed in the current study. 

 

Fish were dissected by making an incision from the anus to the pelvic girdle. 

The visceral content and gonads were removed and the gutted weight (WG), as well as 

liver weight (WL), guts -visceral content without the liver and gonads- (Wr), and gonads 

weight (Wg) were recorded to the nearest 0.01 g. The guts were preserved in 10% 

formalin (Figure 9b) for future studies on diet while livers and hearts were discarded. 

Extracted gonads were sexed and preserved in 10% neutral buffered formalin (Figure 

9c). Fish heads were kept in the freezer for future studies on growth. Photographs of 

individual specimens, with and without visceral content and gonads were taken for 

documentation (Figure 10). Sexing was done based on morphological appearance 

(a) (b) (c) 
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(structure, color, and texture) for mature gonads whereas immature gonads were seen 

under the stereoscope for sex identification based on texture.  

 

 
Figure 10: Photographs of (a) whole fish; (b, c) fish with gonads and guts extracted. 

 

  

(a) (b)  
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2.3. Data analyses 

2.3.1. Population structure 

 

The population structure of the sampled populations was analyzed for each 

species. Descriptive statistics (sample size, mean, standard deviation, minimum and 

maximum) for total length and gutted weight were obtained for pooled years, for the 

separate and pooled sexes and unsexed individuals. Additional analyses included using 

weight-length relationships, length-frequencies, and sex ratios analyses.  

The weight-length (W-L) relationships were investigated, following two 

approaches, using regression analyses after pooling the available weight-length data 

over the two years, using a hypothesized power function of the form W(G) = aTLb. W(G) 

is gutted weight and TL is total length, a is a constant determined empirically and b is 

close to 3 in isometric growth (Anderson & Neumann, 1996). Following the first 

approach, separate W-L regression analyses were conducted for both sexes with the 

same hypothesized power function. For each sex, regression significance was evaluated 

using the Analysis Of Variance test (ANOVA). If both regressions were concluded to 

be significant, the Student’s t-test was used to compare slopes and elevations of the 

obtained relationships to validate pooling the data and generating a common regression. 

Following the second approach, W-L regression analyses were conducted with no 

regard to sexing, with the same hypothesized power function. Regression significance 

was also tested using ANOVA.   

To examine the population's structure, length frequency histograms were 

constructed, with the lengths grouped into 20 mm interval for small (less than 300 mm 

at adult size) and 50 mm interval for large fishes (more than 300 mm at adult size). 
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Histograms were constructed for pooled years and sexes. Normality of the sampled 

populations was evaluated using Shapiro-Wilk test.  

Sex ratios were calculated and plotted to analyze monthly fluctuations in the 

sampled population's ratios. Sex ratios for the pooled sampling years were also 

calculated. With a hypothesized ratio of 1:1 (Females:Males), the χ 2 goodness-of-fit 

test was used to evaluate the equal representation of each sex within the sampled 

population.  

2.3.2. Reproductive indices 

 

2.3.2.1. Gonadosomatic index 

 

The Gonadosomatic Index (GSI) is an index that allows the measurement of fish 

gonad development over time. It describes the ratio between gonad weight and body 

weight and varies with the length (age) of the fish and the season. The highest GSI 

values occur during the spawning season when the gonads are ripe. The GSI was 

calculated using the formula GSI = 100 x W(g) / W(G), where W(g) is the gonadal weight 

and W(G) is the gutted weight (King, 1995). The monthly GSI averages of the pooled 

data (2020-21) were also calculated for males and females. Estimating the temporal 

monthly fluctuation of GSI allows the identification of spawning peaks (Ungaro, 2008). 

2.3.2.2. Hepatosomatic index  

 

 The Hepatosomatic index (HSI) is a measure of the energy reserves in the body 

of the fish. It is the ratio of liver weight to body weight and is calculated using the 

formula HSI = 100 x W(L) / W(G).  

It reflects liver contribution to vitellogenesis. Hepatocytes produce vitellogenin and 

zona radiata proteins during gonadal maturation, which are then delivered to the 

ovaries. Hence, the HSI rises before maturation starts and then drops upon maturation 



 

 41 

(Rizzo, 2020). The temporal fluctuation of HSI of the pooled data (2020-21) over the 

season was analyzed for separate sexes reflecting the change in size and weight of the 

liver as a response to reproductive efforts.  

2.3.2.3. Condition factors 

 

Condition factors are indices that measure the relative plumpness of the fish. 

Three indices are commonly calculated, these are Fulton's and Ricker's condition 

indices, as well as Relative Weight (King, 1995).  

For each specimen, Fulton's condition index was calculated using the formula  

Kf = 100,000 x (W(G) / TL 3) (Anderson & Neumann, 1996). This index assumes an 

isometric increase in weight as a function of fish length. It tends to be higher in resting 

and early ripening and lower during late ripening and spawning season.  

Ricker's condition index was determined using the formula  

Kr = 100,000 x (W(G) / TL b) (Bolger & Connolly, 1989), where b refers to the slope of 

the power function generated from the W-L relationship. This is an allometric condition 

factor which reflects the wellbeing of the fish. The more a fish weighs for a given 

length, the greater will be its condition factor. 

Relative Weight (Wr) was calculated using the formula Wr = 100 x (W(G) / Ws), 

where Ws is the length-specific standard weight derived using the power function. 

Monthly averages were calculated for each index, for separate sexes over the 

pooled years to determine seasonal patterns of variability in the samples' somatic 

conditions. 

2.3.3. Gonads maturity stages 

 

 Gonads were assessed macroscopically for maturity. Macroscopic staging was 

done following criteria of our own. Female maturity stages were divided into 5 stages: 
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immature (stage 1), developing (stage 2), gravid (stage 3), spawning (stage 4), and spent 

(stage 5). Male maturity stages were divided into 4 stages: immature (stage 1), 

developing (stage 2), spawning (stage 3), and spent (stage 4). 

 

2.3.4. Size at first maturity 

  

The size at which 50% of the population reaches reproductive maturity is known 

as the size at first maturity (TL50). The parameter is species-specific, and can be altered 

by external factors (temperature, availability of food) and population (density) factors 

(Ungaro, 2008). All undifferentiated individuals (2020-21) were first classified as 

mature and immature where mature individuals have a GSI equal or higher to 10% of 

the highest GSI recorded in its length class. Individuals were then divided into length 

categories of 20 mm for small fishes and 50 mm for large fishes. The proportions of 

mature and immature individuals were calculated for each length class. This produced, 

using SPSS, non-linear logistic equations, of the form P = 1 / (1+e (-r (TL- TL
50

))) that 

expressed the proportion of sexually mature fish in terms of the total length and the 

estimated TL50 (King, 1995). When regression was shown to be significant through 

ANOVA test, length at first maturity was estimated. 

2.3.5. Statistical software 

 

 Descriptive statistics, calculated averages, and plotted graphs for W-L 

relationships, GSI, HSI, Kf, Kr and Wr were obtained using Microsoft ® Excel. Both R 

4.0.3 for windows, and IBM SPSS Statistics were used to estimate and plot length at 

first maturity TL50. All statistical tests were performed using R 4.0.3 for windows.  
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CHAPTER 3 

RESULTS 

3.1. Sparidae 

3.1.1. Oblada melanura 

3.1.1.1. Population structure 

Descriptive statistics 

A total of 104 individuals (24 in 2019-20, 80 in 2020-21) of Oblada melanura 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 181 mm and 321 mm while gutted weight (WG) ranged between 70.4 g and 

362.8 g. Descriptive statistics for data pooled over the two years are represented in 

Table 3. 

 
Table 3: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Oblada melanura processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 11a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 11c). This 

n Mean S.D.

Minimum Maximum

Total length

Females 60 240.0 34.80 181 321

Males 36 231.9 36.68 182 312

Unsexed 8 227.1 26.99 196 282

Pooled 104 236.2 34.95 181 321

Gutted weight

Females 60 175.3 80.21 70.4 362.8

Males 36 162.0 83.29 75.9 356.1

Unsexed 8 141.5 59.25 94.2 272.8

Pooled 104 168.1 79.87 70.4 362.8

Range
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regression was also significant (P<0.05). Figure 11d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 
Figure 11: Weight-length relationships for all Oblada melanura individuals (2019-21) 

considered in this study. (a) females (n=60), (b) males (n=36), (c) females and males 

(n=96), and (d) all individuals, including unsexed (n=104). 

 

Length frequency 

 

The length frequency distribution for all Oblada melanura individuals is 

represented in Figure 12. The Shapiro-wilk test for normality showed that the sample is 

not normally distributed (P<0.05). 
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Figure 12: Length frequency distribution for all Oblada melanura individuals 

considered in this study. 

 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.6 and showed 

significant deviation from the hypothesized 1:1 ratio (P<0.05). Figure 13 shows the 

monthly variation of sex ratios for the pooled data.  

 

Figure 13: Monthly variations of sex ratios for all Oblada melanura individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.1.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 14 

a, b. For both GSI and HSI, an increase was noted between February and April followed 

by a decrease in May and June while a decrease was noted for males between April and 

May. 

 
Figure 14: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Oblada 

melanura. Numbers of specimens (n) are inserted on the graphs. 

  

3.1.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 15. All 

indices showed no significant differences between the months of February and June for 

females with slightly higher values in April. All indices showed a decrease between 

April and May for males.   
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Figure 15: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Oblada melanura. Females: light grey, Males: dark grey. 

 

3.1.1.4. Gonads maturity stages 

 

All gonads maturity stage were detected for both females and males of Oblada 

melanua (Figure 16). Maturity stages were found consecutively between the months of 

February and June with spawning individuals in April. 

 

 
Figure 16: Macroscopic staging of gonad maturity for (a) female and (b) male Oblada 

melanura. 

3.1.1.5. Size at first maturity 
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A non-linear logistic regression for all Oblada melanura individuals was 

obtained P=1/(1+e(-0.012*(TL-207.69))) (Figure 17). The size at first maturity TL50 was 

estimated as 208 mm. 

 
Figure 17: Curve of proportions of mature Oblada melanura specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

3.1.2. Diplodus cervinus 

3.1.2.1. Population structure 

Descriptive statistics 

A total of 50 individuals (13 in 2019-20, 37 in 2020-21) of Diplodus cervinus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 177 mm and 411 mm while gutted weight (WG) ranged between 87.2 g and 

1097.4 g. Descriptive statistics for data pooled over the two years are represented in 

Table 4. 



 

 49 

 
Table 4: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Diplodus cervinus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 18a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 18c). This 

regression was also significant (P<0.05). Figure 18d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 27 322.8 37.83 261 411

Males 16 324.1 29.40 286 382

Unsexed 7 192.4 7.70 177 200

Pooled 50 305.0 56.00 177 411

Gutted weight

Females 27 534.2 194.00 271.3 1097.4

Males 16 548.4 152.05 360.4 858.0

Unsexed 7 124.5 17.53 87.2 138.1

Pooled 50 481.4 219.72 87.2 1097.4

Range
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Figure 18: Weight-length relationships for all Diplodus cervinus individuals (2019-21) 

considered in this study. (a) females (n=27), (b) males (n=16), (c) females and males 

(n=43), and (d) all individuals, including unsexed (n=50). 

Length frequency 

 

The length frequency distribution for all Diplodus cervinus individuals is 

represented in Figure 19. The Shapiro-wilk test for normality showed that the sample is 

not normally distributed (P<0.05). 

 
Figure 19: Length frequency distribution for all Diplodus cervinus individuals 

considered in this study. 
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Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.59 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 20 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 20: Monthly variations of sex ratios for all Diplodus cervinus individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.1.2.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 21 

a, b. For both GSI and HSI, females showed the highest values in April while males 

showed a decrease in GSI and an increase in HSI between the month of February and 

June. 
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Figure 21: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Diplodus 

cervinus. Numbers of specimens (n) are inserted on the graphs. 

3.1.2.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 22. All 

indices showed no significant differences between the months of February and June for 

both females and males.   

 
Figure 22: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Diplodus cervinus. Females: light grey, Males: dark grey. 
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3.1.2.4. Gonads maturity stages 

 

All gonads maturity stages were detected for both females and males of 

Diplodus cervinus (Figure 23). Maturity stages were found consecutively between the 

months of February and June with gravid and spawning in May. 

 

 

 
Figure 23: Macroscopic staging of gonad maturity for (a) female and (b) male Diplodus 

cervinus. 

3.1.2.5. Size at first maturity 

 

A non-linear logistic regression for all Diplodus cervinus individuals was 

obtained P=1/(1+e(-0.133*(TL-242.626))) (Figure 24). The size at first maturity TL50 was 

estimated as 243 mm. 

 
Figure 24: Curve of proportions of mature Diplodus cervinus specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 
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3.1.3. Diplodus sargus 

3.1.3.1. Population structure 

Descriptive statistics 

A total of 42 individuals (14 in 2019-20, 28 in 2020-21) of Diplodus sargus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 164 mm and 297 mm while gutted weight (WG) ranged between 62.9 g and 

393.9 g. Descriptive statistics for data pooled over the two years are represented in 

Table 5. 

 
Table 5: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Diplodus sargus processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 25a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 25c). This 

regression was also significant (P<0.05). Figure 25d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

n Mean S.D.

Minimum Maximum

Total length

Females 23 230.9 33.10 164 297

Males 19 223.2 28.94 178 271

Unsexed - - - - -

Pooled 42 227.4 31.16 164 297

Gutted weight

Females 23 197.8 80.24 62.9 393.9

Males 19 177.1 70.79 76.2 321.6

Unsexed - - - - -

Pooled 42 188.5 75.92 62.9 393.9

Range
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Figure 25: Weight-length relationships for all Diplodus sargus individuals (2019-21) 

considered in this study. (a) females (n=23), (b) males (n=19), (c) females and males 

(n=42), and (d) all individuals, including unsexed (n=42). 

 

Length frequency 

 

The length frequency distribution for all Diplodus sargus individuals is 

represented in Figure 26. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 

 

Figure 26: Length frequency distribution for all Diplodus sargus individuals considered 

in this study. 
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Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.83 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 27 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 27: Monthly variations of sex ratios for all Diplodus sargus individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

 

3.1.3.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure  

28a, b. For GSI, both males and females showed a decrease between February and May. 

For HSI, both males and females had higher values in March and May compared to 

February and April.  
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Figure 28: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Diplodus sargus. 

Numbers of specimens (n) are inserted on the graphs. 

3.1.3.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 29. No 

trend could be deduced for males. Fulton’s index and Ricker’s index showed no 

significant differences between the months of February and May for both sexes. For 

HSI, females showed no significant difference between February and May while a 

decrease was detected for males.   
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Figure 29: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Diplodus sargus. Females: light grey, Males: dark grey. 

3.1.3.4. Gonads maturity stages 

 

All gonads maturity stages were detected for both females and males of 

Diplodus sargus (Figure 30). Immature and developing individuals were found in 

February. Spawning individuals were found in March and April while spent individuals 

were found in May. 

 

 
Figure 30: Macroscopic staging of gonad maturity for (a) female and (b) male Diplodus 

sargus. 
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3.1.3.5. Size at first maturity 

 

The obtained non-linear logistic regression for all Diplodus sargus individuals 

was not significant (P>0.05). Thus, the size at first maturity TL50 could not be 

estimated. 

 

3.1.4. Diplodus vulgaris 

3.1.4.1. Population structure 

Descriptive statistics 

A total of 25 individuals (one in 2019-20, 24 in 2020-21) of Diplodus vulgaris 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 203 mm and 252 mm while gutted weight (WG) ranged between 115.7 g and 

214.7 g. Descriptive statistics for data pooled over the two years are represented in 

Table 6. 

 
Table 6: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Diplodus vulgaris processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 31a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

n Mean S.D.

Minimum Maximum

Total length

Females 12 229.1 14.30 203 252

Males 13 226.8 10.81 210 241

Unsexed - - - - -

Pooled 25 227.9 12.39 203 252

Gutted weight

Females 12 169.8 30.88 119.3 214.7

Males 13 167.2 25.15 115.7 206.2

Unsexed - - - - -

Pooled 25 168.5 27.48 115.7 214.7

Range
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common regression was obtained for pooled sexed individuals (Figure 31c). This 

regression was also significant (P<0.05). Figure 31d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 
Figure 31: Weight-length relationships for all Diplodus vulgaris individuals (2019-21) 

considered in this study. (a) females (n=12), (b) males (n=13), (c) females and males 

(n=25), and (d) all individuals, including unsexed (n=25). 

 

Length frequency 

 

The length frequency distribution for all Diplodus vulgaris individuals is 

represented in Figure 32. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 32: Length frequency distribution for all Diplodus vulgaris individuals 

considered in this study. 

 

 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:1.08 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 33 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 33: Monthly variations of sex ratios for all Diplodus vulgaris individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.1.4.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 34 

a, b. For GSI, the highest detected value for females was in March while a decrease was 

noted for males between February and April. For HSI, an increase was detected for both 

sexes.  

 
Figure 34: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Diplodus 

vulgaris. Numbers of specimens (n) are inserted on the graphs. 

  

3.1.4.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 35. No 

trend could be deduced for males. All indices showed an increase between the months 

of February and April for females.   
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Figure 35: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Diplodus vulgaris. Females: light grey, Males: dark grey. 

3.1.4.4. Gonads maturity stages 

 

Three gonads maturity stages (immature, developing and spent) were detected 

for females of Diplodus vulgaris. Three gonads maturity stages (immature, developing 

and spawning) were detected for males (Figure 36). Immature and developing 

individuals were found in February and March.  Spawning males were found in March 

while spent females were found in April. 

 

 
Figure 36: Macroscopic staging of gonad maturity for (a) female and (b) male Diplodus 

vulgaris. 
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3.1.4.5. Size at first maturity 

 

A non-linear logistic regression for all Diplodus vulgaris individuals was 

obtained P=1/(1+e(-0.081*(TL-201.515))) (Figure 37). The size at first maturity TL50 was 

estimated as 202 mm. 

 
Figure 37: Curve of proportions of mature Diplodus vulgaris specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.1.5. Lithognathus mormyrus 

3.1.5.1. Population structure 

Descriptive statistics 

A total of 24 individuals (six in 2019-20, 18 in 2020-21) of Lithognathus 

mormyrus were acquired during the sampling period of this study. Total length (TL) 

ranged between 159 mm and 255 mm while gutted weight (WG) ranged between 53.8 g 

and 195.2 g. Descriptive statistics for data pooled over the two years are represented in 

Table 7. 



 

 65 

 
Table 7: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Lithognathus mormyrus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 38a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 38c). This 

regression was also significant (P<0.05). Figure 38d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 16 221.2 26.83 176 255

Males 8 204.9 25.32 159 244

Unsexed - - - - -

Pooled 24 215.8 26.95 159 255

Gutted weight

Females 16 141.8 40.72 73.8 195.2

Males 8 123.8 44.47 53.8 194.3

Unsexed - - - - -

Pooled 24 135.8 41.94 53.8 195.2

Range
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Figure 38: Weight-length relationships for all Lithognathus mormyrus individuals 

(2019-21) considered in this study. (a) females (n=16), (b) males (n=8), (c) females and 

males (n=24), and (d) all individuals, including unsexed (n=24). 

Length frequency 

 

The length frequency distribution for all Lithognathus mormyrus individuals is 

represented in Figure 39. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 

 
Figure 39: Length frequency distribution for all Lithognathus mormyrus individuals 

considered in this study. 
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Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.5 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 40 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 40: Monthly variations of sex ratios for all Lithognathus mormyrus individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.1.5.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 41 

a, b. Due to lacking data no trend could be detected. Females showed the highest values 

for both indices in the month of April while males showed a decrease in GSI between 

April and June and an increase in HSI. 
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Figure 41: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Lithognathus 

mormyrus. Numbers of specimens (n) are inserted on the graphs. 

  

3.1.5.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 42. Due 

to lacking data, no trend could be deduced for both sexes. All indices showed no 

significant differences between the months of February and June for females and April 

and June for males.   
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Figure 42: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Lithognathus mormyrus. Females: light grey, Males: dark grey. 

 

3.1.5.4. Gonads maturity stages 

 

Three gonads maturity stages (immature, developing and spawning) were 

detected for females of Lithognathus mormyrus. Two gonads maturity stage 

(developing and spawning) was detected for males (Figure 43). Immature females were 

found in February. Developing and spawning females as well as spawning males were 

found in April. 
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Figure 43: Macroscopic staging of gonad maturity for (a) female and (b) male 

Lithognathus mormyrus. 

3.1.5.5. Size at first maturity 

 

The obtained non-linear logistic regression for all Lithognathus mormyrus 

individuals was not significant (P>0.05). Thus, the size at first maturity TL50 could not 

be estimated. 

3.1.6. Sparus aurata 

3.1.6.1. Population structure 

Descriptive statistics 

A total of five individuals (five in 2019-20, none in 2020-21) of Sparus aurata 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 197 mm and 267 mm while gutted weight (WG) ranged between 93.4 g and 

220.3 g. Descriptive statistics for data pooled over the two years are represented in 

Table 8. 

 
Table 8: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Sparus aurata processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Stage 1 Stage 2

 

Stage 3

 

Stage 4 

 

n Mean S.D.

Minimum Maximum

Total length

Females 1 267.0 - 267 267

Males 1 231.0 - 231 231

Unsexed 3 214.7 17.50 197 232

Pooled 5 228.4 25.86 197 267

Gutted weight

Females 1 220.3 - 220.3 220.3

Males 1 179.0 - 179.0 179.0

Unsexed 3 134.6 37.33 93.4 166.1

Pooled 5 160.6 46.68 93.4 220.3

Range

(b) 
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Weight-length relationship 

 

With only one sampled individual, weight-length relationships could not be 

obtained for the pooled data (2019-21) of separate sexes (Figure 44a & b). No 

regression could be obtained for pooled sexed individuals (Figure 44c). Figure 44d 

shows the regression for all individuals (sexed and unsexed) which was statistically 

significant (P<0.05). 

 

 
Figure 44: Weight-length relationships for all Sparus aurata individuals (2019-21) 

considered in this study. (a) females (n=1), (b) males (n=2), (c) females and males 

(n=2), and (d) all individuals, including unsexed (n=5). 

Length frequency 

 

The length frequency distribution for all Sparus aurata individuals is 

represented in Figure 45. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 45: Length frequency distribution for all Sparus aurata individuals considered in 

this study. 

 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:1 and did not show 

significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 46 shows the 

monthly variation of sex ratios for the pooled data.  

 

Figure 46: Monthly variations of sex ratios for all Sparus aurata individuals considered 

in this study. Females (light grey) and males (dark grey). 
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3.1.6.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 47 

a, b. Due to lacking data, no trend could be deduced for both sexed. 

 
Figure 47: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Sparus aurata. 

Numbers of specimens (n) are inserted on the graphs. 

3.1.6.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 48. No 

trend could be deduced for both sexes. All indices showed no significant differences 

between the months of February and June for females. Kr and Wr could not be 

calculated as their formulas are directly dependent on obtained a regression between the 

gutted weight and the total length which impossible in this case. 
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Figure 48: Monthly variations in Fulton’s index (mean ± S.D.) for the whole sampling 

period for Sparus aurata. Females: light grey, Males: dark grey. 

3.1.6.4. Gonads maturity stages 

 

One gonads maturity stage (immature) was detected for both sexes of Sparus 

aurata (Figure 49). Immature females were found in May while immature males were 

found in May.  

 

 
Figure 49: Macroscopic staging of gonad maturity for (a) female and (b) male Sparus 

aurata. 
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A non-linear logistic regression for all Sparus aurata individuals was obtained 

P=1/(1+e(-4.995*(TL-230))) (Figure 50). The size at first maturity TL50 was estimated as 230 

mm. 

 
Figure 50: Curve of proportions of mature Sparus aurata specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

3.1.7. Spondyliosoma cantharus 

3.1.7.1. Population structure 

Descriptive statistics 

A total of four individuals (four in 2019-20, none in 2020-21) of Spondyliosoma 

cantharus were acquired during the sampling period of this study. Total length (TL) 

ranged between 224 mm and 237 mm while gutted weight (WG) ranged between 186 g 

and 215.6 g. Descriptive statistics for data pooled over the two years are represented in 

Table 9. 
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Table 9: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Spondyliosoma cantharus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

With only two sampled individual, weight-length relationships could not be 

obtained for the pooled data (2019-21) of separate sexes (Figure 51a & b). No 

regression could be obtained for pooled sexed individuals (Figure 51c). Figure 51d 

shows the regression for all individuals (sexed and unsexed) which was statistically 

significant (P<0.05). 

 
Figure 51: Weight-length relationships for all Spondyliosoma cantharus individuals 

(2019-21) considered in this study. (a) females (n=2), (b) males (n=2), (c) females and 

males (n=4), and (d) all individuals, including unsexed (n=4). 

n Mean S.D.

Minimum Maximum

Total length

Females 2 234.0 4.24 231 237

Males 2 230.5 9.19 224 237

Unsexed - - - - -

Pooled 4 232.3 6.18 224 237

Gutted weight

Females 2 208.3 7.00 203.3 213.2

Males 2 200.8 20.90 186.0 215.6

Unsexed - - - - -

Pooled 4 204.5 13.43 186.0 215.6
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Length frequency 

 

The length frequency distribution for all Spondyliosoma cantharus individuals is 

represented in Figure 52. The Shapiro-wilk test for normality showed that the sample is 

not normally distributed (P<0.05). 

 
Figure 52: Length frequency distribution for all Spondyliosoma cantharus individuals 

considered in this study. 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:1 and did not show 

significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 53 shows the 

monthly variation of sex ratios for the pooled data.  
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Figure 53: Monthly variations of sex ratios for all Spondyliosoma cantharus individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.1.7.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

Monthly variation of GSI and HSI averages are shown respectively in Figure 54 

a, b. Due to the concentration of collected data in the month of March, no trend could be 

deduced for neither GSI nor HSI. 

 

 
Figure 54: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Spondyliosoma 

cantharus. Number of specimens (n) are inserted on the graphs. 
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3.1.7.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 55. No 

trend could be deduced for Kf  for both sexes. Kr and Wr could not be calculated as their 

formulas are directly dependent on obtained a regression between the gutted weight and 

the total length which impossible in this case. 

 
Figure 55: Monthly variations in Fulton’s index (mean ± S.D.) for the whole sampling 

period for Spondyliosoma cantharus. Females: light grey, Males: dark grey. 

3.1.7.4. Gonads maturity stages 

 

One gonads maturity stage (spawning) was detected in March for both sexes of 

Spondyliosoma cantharus (Figure 56).  
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Figure 56: Macroscopic staging of gonad maturity for (a) female and (b) male 

Spondyliosoma cantharus. 

3.1.7.5. Size at first maturity 

 

In the absence of most gonads’ maturity stages during samplings, the obtained 

non-linear logistic regression for all Spondyliosoma cantharus individuals was not 

significant (P>0.05). Thus, the size at first maturity TL50 could not be estimated. 

3.2. Carangidae 

3.2.1. Trachurus mediterraneus 

3.2.1.1. Population structure 

Descriptive statistics 

A total of 35 individuals (one in 2019-20, 34 in 2020-21) of Trachurus 

mediterraneus were acquired during the sampling period of this study. Total length 

(TL) ranged between 192 mm and 345 mm while gutted weight (WG) ranged between 

52.2 g and 318.4 g. Descriptive statistics for data pooled over the two years are 

represented in Table 10. 
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Table 10: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Trachurus mediterraneus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

 

Weight-length relationships 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 57a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevations (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 57c). This 

regression was also significant (P<0.05). Figure 57d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 13 276.8 40.84 192 345

Males 22 288.7 31.03 240 338

Pooled 35 284.3 34.90 192 345

Unsexed - - - - -

Gutted weight

Females 13 178.5 74.06 52.2 315.8

Males 22 198.9 70.65 107.0 318.4

Unsexed - - - - -

Pooled 35 191.3 71.55 52.2 318.4

Range
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Figure 57: Weight-length relationships for all Trachurus mediterraneus individuals 

(2019-21) considered in this study. (a) females (n=13), (b) males (n=22), (c) females 

and males (n=35), and (d) all individuals, including unsexed (n=35). 

 

Length frequency 

 

The length frequency distribution for all Trachurus mediterraneus individuals is 

represented in Figure 58. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 58: Length frequency distribution for all Trachurus mediterraneus individuals 

considered in this study. 

Sex ratio 

 

The calculated sex ratio for the whole sampling period was 1:1.69 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 59 shows 

the monthly variation of sex ratios for the pooled data. 

 
Figure 59: Monthly variations of sex ratios for all Trachurus mediterraneus individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.2.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 60 

a, b. An increase of both GSI and HSI can be noted for males while a slight increase in 

GSI values and no significant change in HSI values can be noted for females between 

February and March. 

 
Figure 60: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Trachurus 

mediterraneus. Numbers of specimens (n) are inserted on the graphs. 

3.2.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 61. All 

indices showed no significant differences between the months of February and March.   
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Figure 61: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Trachurus mediterraneus. Females: light grey, Males: dark grey. 

3.2.1.4. Gonads maturity stages 

 

Four gonads maturity stages (immature, gravid, spawning and spent) were 

detected for females and three gonads maturity stage (immature, developing and 

spawning) for males of Trachurus mediterraneus (Figure 62). All four stages were 

found concurrently between late February and early March for females. Immature and 

developing male was found in February while spawning was found in March.  
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Figure 62: Macroscopic staging of gonad maturity for (a) female and (b) male 

Trachurus mediterraneus. 

3.2.1.5. Size at first maturity 

 

A non-linear logistic regression for all Trachurus mediterraneus individuals was 

obtained P=1/(1+e(-0.084*(TL-256.866))) (Figure 63). The size at first maturity TL50 was 

estimated as 257 mm. 

 
Figure 63: Curve of proportions of mature Trachurus mediterraneus specimens in 2019-

21 obtained through a non-linear logistic function. TL50 shown in red. 

 

3.2.2. Trachinotus ovatus 

3.2.2.1. Population structure 

Descriptive statistics 

 

A total of 18 individuals (none in 2019-20, 18 in 2020-21) of Trachinotus ovatus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 241 mm and 287 mm while gutted weight (WG) ranged between 112.4 g and 
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189.9 g. Descriptive statistics for data pooled over the two years are represented in 

Table 11. 

 

 

 
Table 11: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) Trachinotus ovatus processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 64a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 64c). This 

regression was also significant (P<0.05). Figure 64d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 12 264.8 10.36 250 287

Males 6 263.2 14.16 241 276

Unsexed - - - - -

Pooled 18 264.3 11.36 241 287

Gutted weight

Females 12 149.9 17.52 122.4 189.9

Males 6 147.8 20.67 112.4 175.2

Unsexed - - - - -

Pooled 18 149.2 18.04 112.4 189.9

Range
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Figure 64: Weight-length relationships for all Trachinotus ovatus individuals (2019-21) 

considered in this study. (a) females (n=12), (b) males (n=6), (c) females and males 

(n=18), and (d) all individuals, including unsexed (n=18). 

Length frequency 

 

The length frequency distribution for all Trachinotus ovatus individuals is 

represented in Figure 65. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 65: Length frequency distribution for all Trachinotus ovatus individuals 

considered in this study. 

Sex ratio 

 

The calculated sex ratio for the whole sampling period was 1:0.5 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 66 shows 

the monthly variation of sex ratios for the pooled data. 

 
Figure 66: Monthly variations of sex ratios for all Trachinotus ovatus individuals 

considered in this study. Females (light grey) and males (dark grey). 
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 Monthly variation of GSI and HSI averages are shown respectively in Figure 67 

a, b. Due to missing data, no trend could be deduced. However, higher GSI and HSI 

values were noted in June compared to April. 

 
Figure 67: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Trachinotus 

ovatus. Numbers of specimens (n) are inserted on the graphs. 

 

3.2.2.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 68. No 

trend can be deduced due to lacking data, all indices showed no significant differences 

between the months of April and June.   
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Figure 68: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Trachinotus ovatus. Females: light grey, Males: dark grey. 

3.2.2.4. Gonads maturity stages 

 

Three gonads maturity stages (immature, developing and spawning) were 

detected for females and two gonads maturity stage (immature and developing) for 

males of Trachinotus ovatus (Figure 69). Immature and developing female were found 

in April while spawning female was found in June. Immature male was found in April 

while developing male was found in early June.  
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Figure 69: Macroscopic staging of gonad maturity for (a) female and (b) male 

Trachinotus ovatus. 

 

3.2.2.5. Size at first maturity 

 

The obtained non-linear logistic regression for all Trachinotus ovatus 

individuals was not significant (P>0.05). Thus, the size at first maturity TL50 could not 

be estimated. 

3.2.3. Caranx crysos 

3.2.3.1. Population structure 

Descriptive statistics 

A total of 16 individuals (five in 2019-20, 11 in 2020-21) of Caranx crysos were 

acquired during the sampling period of this study. Total length (TL) ranged between 

292 mm and 583 mm while gutted weight (WG) ranged between 275.1 g and 1999.1 g. 

Descriptive statistics for data pooled over the two years are represented in Table 12. 

 

Table 12: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Caranx crysos processed in the current study. Unsexed 

individuals are fish that displayed immature gonads that cannot be differentiated 

macroscopically. 

Stage 1

 

Stage 2 

 

Stage 3  Stage 4 

 

n Mean S.D.

Minimum Maximum

Total length

Females 9 424.6 116.16 292 583

Males 7 415.0 91.02 301 547

Unsexed - - - - -

Pooled 16 420.4 102.64 292 583

Gutted weight

Females 9 1001.9 700.26 275.1 1999.1

Males 7 928.7 534.34 324.1 1722.1

Unsexed - - - - -

Pooled 16 969.9 614.12 275.1 1999.1

Range
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Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 70a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 70c). This 

regression was also significant (P<0.05). Figure 70d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

 
Figure 70: Weight-length relationships for all Caranx crysos individuals (2019-21) 

considered in this study. (a) females (n=9), (b) males (n=7), (c) females and males 

(n=16), and (d) all individuals, including unsexed (n=16). 

 

Length frequency 

 

The length frequency distribution for all Caranx crysos individuals is 

represented in Figure 71. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 71: Length frequency distribution for all Caranx crysos individuals considered in 

this study. 

 

Sex ratio 

 

 The calculated sex ratio for the whole sampling period was 1:1.28 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 72 shows 

the monthly variation of sex ratios for the pooled data.  

 
Figure 72: Monthly variations of sex ratios for all Caranx crysos individuals considered 

in this study. Females (light grey) and males (dark grey). 
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3.2.3.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 73 

a, b. Due to missing data, no trend could be deduced. However, higher GSI and HSI 

values were noted in June compared to April.  

 
Figure 73: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Caranx crysos. 

Numbers of specimens (n) are inserted on the graphs. 

 

3.2.3.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 74. No 

trend can be deduced due to lacking data, all indices showed no significant differences 

between the months of April and June.   
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Figure 74: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Caranx crysos. Females: light grey, Males: dark grey. 

 

3.2.3.4. Gonads maturity stages 

 

 Three gonads maturity stages (gravid, spawning and spent) were detected for 

both females and males (immature, spawning and spent) of Caranx crysos (Figure 75). 

Earlier stages were found in April while spawning and spent were found concurrently in 

June.   
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Figure 75: Macroscopic staging of gonad maturity for (a) female and (b) male Caranx 

crysos. 

3.2.3.5. Size at first maturity 

 The obtained non-linear logistic regression for all Caranx crysos individuals was 

not significant (P<0.05). Thus, the size at first maturity TL50 could not be estimated. 

3.2.4. Seriola dumerili 

3.2.4.1. Population structure 

Descriptive statistics 

A total of eight individuals (five in 2019-20, three in 2020-21) of Seriola 

dumerili were acquired during the sampling period of this study. Total length (TL) 

ranged between 874 mm and 1346 mm while gutted weight (WG) ranged between 5850 

g and 19638 g. Descriptive statistics for data pooled over the two years are represented 

in Table 13. Only total length was recorded for the single sampled male.  

 
Table 13: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) Seriola dumerili processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

Stage 1

 

Stage 2  Stage 3

 

Stage 4 

 
 

n Mean S.D.

Minimum Maximum

Total length

Females 7 1027.4 187.90 874 1346

Males 1 1170.0 - 1170 1170

Unsexed - - - - -

Pooled 8 1045.3 181.12 874 1346

Gutted weight

Females 7 10931.5 5976.51 5850.0 19638.1

Males 1 - - - -

Unsexed - - - - -

Pooled 8 10931.5 5976.51 5850.0 19638.1

Range
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 With no available data for males, a weight-length relationship was obtained for 

female individuals only (Figure 76). Regression was statistically significant (P<0.05).  

 
Figure 76: Weight-length relationship for female Seriola dumerili individuals (2019-21) 

considered in this study (n=7). 

 

Length frequency 

 

The length frequency distribution for all Seriola dumerili individuals is 

represented in Figure 77. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 77: Length frequency distribution for all Seriola dumerili individuals considered 

in this study. 

Sex ratio 

 

 The calculated sex ratio for the whole sampling period was 1:0.14 and showed 

significant deviation from the hypothesized 1:1 ratio (P<0.05). Figure 78 shows the 

monthly variation of sex ratios for the pooled data. 

 
Figure 78: Monthly variations of sex ratios for all Seriola dumerili individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.2.4.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 79 

a, b. A decrease between the months of April and May can be deduced for both GSI and 

HSI.  

 
Figure 79: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D.; light grey) for the whole 

sampling period for Seriola dumerili. Numbers of specimens (n) are inserted on the 

graphs. 

3.2.4.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 

 Monthly variations in used condition factors are represented in Figure 80. All 

indices showed a decrease between the months of April and May.   
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Figure 80: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Seriola dumerili. Females: light grey. 

 

3.2.4.4. Gonads maturity stages 

 

 Only one gonads maturity stage (gravid) was detected in April for females of 

Seriola dumerili (Figure 81). 

 

 
Figure 81: Macroscopic staging of gonad maturity for female Seriola dumerili. 

3.2.4.5. Size at first maturity 

 

 A non-linear logistic regression for all Seriola dumerili individuals was obtained 

P=1/(1+e(-1.030*(TL-914.559))) (Figure 82). The size at first maturity TL50 was estimated as 

915 mm. 
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Figure 82: Curve of proportions of mature Seriola dumerili specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.2.5. Alectis alexandrina 

3.2.5.1. Population structure 

Descriptive statistics 

A total of five individuals (none in 2019-20, five in 2020-21) of Alectis 

alexandrina were acquired during the sampling period of this study. Total length (TL) 

ranged between 298 mm and 313 mm while gutted weight (WG) ranged between 293.4 

g and 350.5 g. Descriptive statistics for data pooled over the two years are represented 

in Table 14. 

 
Table 14: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Alectis alexandrina processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

n Mean S.D.

Minimum Maximum

Total length

Females - - - - -

Males - - - - -

Unsexed 5 304.4 6.66 298 313

Pooled 5 304.4 6.66 298 313

Gutted weight

Females - - - - -

Males - - - - -

Unsexed 5 329.9 26.68 293.4 350.5

Pooled 5 329.9 26.68 293.4 350.5

Range
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Weight-Length relationship 

 

With no available sexed individuals, a weight-length relationship was obtained 

for unsexed individuals only (Figure 83). Regression was not statistically significant 

(P>0.05).  

 

Figure 83: Weight-length relationship for unsexed Alectis alexandrina individuals 

(2019-21) considered in this study (n=5). 

Length frequency 

 

 The length frequency distribution for all Alectis alexandrina individuals is 

represented in Figure 84. The Shapiro-wilk test for normality showed that the sample is 

normally distributed (P>0.05). 
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Figure 84: Length frequency distribution for all Alectis alexandrina individuals 

considered in this study. 

  

Sex ratio 

 

 With no available sexed individuals, sex ratio analyses could not be performed. 

 

Similarly, no analyses could be performed for the reproductive indices (GSI and HSI), 

the condition factors (Kf, Kr and Wr), gonad maturity stages and the size at first 

maturity. 

3.2.6. Lichia amia 

3.2.6.1. Population structure 

Descriptive statistics 

A total of three individuals (one in 2019-20, two in 2020-21) of Lichia amia 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 880 mm and 1190 mm while gutted weight (WG) ranged between 7135 g and 

12370 g. Descriptive statistics for data pooled over the two years are represented in 

Table 15. 
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Table 15: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Lichia amia processed in the current study. Unsexed 

individuals are fish that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Gutted weight was plotted against total length for the available data (females of 

2019-21) (Figure 85a). With only two values available, no regression could be 

statistically obtained and tested for significance.  

  
Figure 85: Plots of gutted weight against total length for all Lichia amia individuals 

(2019-21) considered in this study. (a) females (n=2), and (b) all individuals* (n=2). 

*One individual is not represented due to missing data. 

Length frequency 

 

The length frequency distribution for all Lichia amia individuals is represented 

in Figure 86. The Shapiro-wilk test for normality showed that the sample is normally 

distributed (P>0.05). 

n Mean S.D.

Minimum Maximum

Total length

Females 2 1074.5 163.34 959 1190

Males - - - - -

Unsexed 1 880.0 - 880 880

Pooled 3 1009.7 161.09 880 1190

Gutted weight

Females 2 9752.5 3701.70 7135.0 12370.0

Males - - - - -

Unsexed 1 - - - -

Pooled 3 9752.5 3701.70 7135.0 12370.0

Range
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Figure 86: Length frequency distribution for all Lichia amia individuals considered in 

this study. 

Sex ratio 

 

 With only female individuals from Lichia amia, the calculated sex ratio for the 

whole sampling period was 1:0 and showed significant deviation from the hypothesized 

1:1 ratio (P<0.05). Figure 87 shows the monthly variation of sex ratios for the pooled 

data. 

 
Figure 87: Monthly variations of sex ratios for all Lichia amia individuals considered in 

this study. Females (light grey). 
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3.2.6.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

Monthly variation of GSI and HSI averages are shown respectively in Figure 88 

a, b. Due to the concentration of collected data in the month of April, no trend could be 

deduced for neither GSI nor HSI. 

 

 
Figure 88: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D.; light grey) for the whole 

sampling period for Lichia amia. Numbers of specimens (n) are inserted on the graphs. 

 

3.2.6.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 89. Due 

to the concentration of collected data in the month of April, no trend could be deduced 

for neither Kf, nor Kr, nor Wr.  
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Figure 89: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Lichia amia. Females: light grey. 

 

3.2.6.4. Gonads maturity stages 

 

 Only one gonads maturity stage (gravid) was detected in April for females of 

Lichia amia (Figure 90).  

 

 
Figure 90: Macroscopic staging of gonad maturity for female Lichia amia. 

 

3.2.6.5. Size at first maturity 

 

In the absence of most gonads’ maturity stages during sampling, the obtained 

non-linear logistic regression for all Lichia amia individuals was not significant 

(P>0.05). Thus, the size at first maturity TL50 could not be estimated. 
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3.2.7. Trachurus trachurus 

3.2.7.1. Population structure 

Descriptive statistics 

Only one individual (in 2020-21) of Trachurus trachurus was acquired during 

the sampling period of this study. Total length (TL) was 172 mm while gutted weight 

(WG) was 46.3 g. Descriptive statistics for data pooled over the two years are 

represented in Table 16. 

 

Table 16: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Trachurus trachurus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

 With data available from one individual only, no weight-length relationship 

could be obtained (Figure 91). 

n Mean S.D.

Minimum Maximum

Total length

Females 1 172.0 - 172 172

Males - - - - -

Pooled 1 172.0 172 172

Unsexed - - - - -

Gutted weight

Females 1 46.3 - 46.3 46.3

Males - - - - -

Unsexed - - - - -

Pooled 1 46.3 - 46.3 46.3

Range
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Figure 91: Plot of gutted weight against total length for Trachurus trachurus individual 

(2019-21) considered in this study. Females (n=1). 

Length frequency 

 

The length frequency distribution for Trachurus trachurus is represented in 

Figure 92. The Shapiro-wilk test for normality was inapplicable. 

 

Figure 92: Length frequency distribution for all Trachurus trachurus individuals 

considered in this study. 
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With only one female sampled, the calculated sex ratio for the whole sampling 

period was 1:0 and showed significant deviation from the hypothesized 1:1 ratio 

(P<0.05). Figure 93 shows the monthly variation of sex ratios for the pooled data.   

 

Figure 93: Monthly variations of sex ratios for all Trachurus trachurus individuals 

considered in this study. Females (light grey). 

3.2.7.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

Monthly variation of GSI and HSI averages are shown respectively in Figure 94 

a, b. Due to the concentration of collected data in the month of May and the low sample 

size (n=1), no trend could be deduced for neither GSI nor HSI. 

 

Figure 94: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D.; light grey) for the whole 
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sampling period for Trachurus trachurus. Numbers of specimens (n) are inserted on the 

graphs. 

 

3.2.7.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variation in the Fulton’s condition factor is represented in Figure 95. 

Due to the concentration of collected data in the month of May, no trend could be 

deduced for neither Kf. Kr and Wr could not be calculated as their formulas are directly 

dependent on obtained a regression between the gutted weight and the total length 

which impossible in this case.  

 

Figure 95: Monthly variation in the Fulton’s condition index Kf (mean ± S.D.), for the 

whole sampling period for Trachurus trachurus. Females: light grey. 

 

3.2.7.4. Gonads maturity stages 

 

Only one gonads maturity stage (spawning) was detected in May for females of 

Trachurus trachurus (Figure 96). 
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Figure 96: Macroscopic staging of gonad maturity for female Trachurus trachurus. 

3.2.7.5. Size at first maturity 

 

With only one sampled individual, no significant non-linear logistic regression 

could be obtained. Thus, the size at first maturity TL50 could not be estimated. 

3.3. Scombridae 

3.3.1. Scomber colias 

3.3.1.1. Population structure 

Descriptive statistics 

A total of 74 individuals (34 in 2019-20, 40 in 2020-21) of Scomber colias were 

acquired during the sampling period of this study. Total length (TL) ranged between 

142 mm and 326 mm while gutted weight (WG) ranged between 20.7 g and 275.6 g. 

Descriptive statistics for data pooled over the two years are represented in Table 17. 

 
Table 17: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Scomber colias processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

 

Weight-length relationship 

Stage 1 Stage 2  Stage 3  Stage 4

 

Stage 5 

 

n Mean S.D.

Minimum Maximum

Total length

Females 38 270.3 19.92 206 326

Males 22 261.0 31.36 184 292

Unsexed 14 211.4 47.67 142 273

Pooled 74 256.4 37.20 142 326

Gutted weight

Females 38 167.3 35.84 69.1 275.6

Males 22 152.0 50.91 48.7 218.2

Unsexed 14 87.9 57.69 20.7 178.6

Pooled 74 147.7 53.68 20.7 275.6

Range
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Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 97a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 97c). This 

regression was also significant (P<0.05). Figure 97d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 
Figure 97: Weight-length relationships for all Scomber colias individuals (2019-21) 

considered in this study. (a) females (n=38), (b) males (n=22), (c) females and males 

(n=60), and (d) all individuals, including unsexed (n=74). 

Length frequency 

 

The length frequency distribution for all Scomber colias individuals is 

represented in Figure 98. The Shapiro-wilk test for normality showed that the sample is 

not normally distributed (P>0.05). 
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Figure 98: Length frequency distribution for all Scomber colias individuals considered 

in this study. 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.58 and showed 

significant deviation from the hypothesized 1:1 ratio (P<0.05). Figure 99 shows the 

monthly variation of sex ratios for the pooled data.  

 

Figure 99: Monthly variations of sex ratios for all Scomber colias individuals 

considered in this study. Females (light grey) and males (dark grey). 

1
5 3 2 2

15

30

14

1 1

0%

25%

50%

75%

100%

0
-1

9

4
0

-5
9

8
0

-9
9

1
2

0-
1

39

1
6

0-
1

79

2
0

0-
2

19

2
4

0-
2

59

2
8

0-
2

99

3
0

0-
3

19

3
4

0-
3

59

4
0

0-
4

19

4
4

0-
4

59

4
8

0-
4

99

5
2

0-
5

39

5
6

0-
5

79

6
0

0-
6

19

6
4

0-
6

59

6
8

0-
6

95

Fr
eq

u
en

cy
 (

%
)

Total length (mm)

0%

25%

50%

75%

100%

Jan Feb Mar Apr May Jun Jul

Fr
eq

u
en

cy
 (

%
)

Month



 

 116 

3.3.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

100 a, b. For GSI, females showed a decrease between the months of February and 

March as well as May and June, while males showed an increase between February and 

March and a slight decrease between May and June. For HSI, females showed an 

increase between the months of February and March and a decrease between May and 

June, while males showed a decrease between February and March as well as between 

May and June. 

 
Figure 100: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Scomber colias. 

Numbers of specimens (n) are inserted on the graphs. 

3.3.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 101. For 

females, all indices showed no significant differences between the months of February 

and March and a slight decrease between the months of May and June. For males, all 

indices showed a slight increase between the months of February and March and a 

slight decrease between the months of May and June.   
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Figure 101: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Scomber colias. Females: light grey, Males: dark grey. 

3.3.1.4. Gonads maturity stages 

 

Four gonads maturity stages (immature, gravid, spawning and spent) were 

detected for females of Scomber colias (Figure 102). All gonads maturity stages 

(immature, developing, spawning, and spent) were found for males. Immature, gravid 

and spawning females were found concurrently in February and March while spent 

females were found in May and June. Immature, developing and spawning males were 

found concurrently in February and March while spent males were found in May and 

June.  
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Figure 102: Macroscopic staging of gonad maturity for (a) female and (b) male 

Scomber colias. 

3.3.1.5. Size at first maturity 

 

A non-linear logistic regression for all Scomber colias individuals was obtained 

P=1/(1+e(-0.01*(TL-352.747))) (Figure 103). The size at first maturity TL50 was estimated as 

353 mm. 

 
Figure 103: Curve of proportions of mature Scomber colias specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.3.2. Euthynnus alletteratus 

3.3.2.1. Population structure 

Descriptive statistics 

A total of 18 individuals (none in 2019-20, 18 in 2020-21) of Euthynnus 

alletteratus were acquired during the sampling period of this study. Total length (TL) 

ranged between 426 mm and 868 mm while gutted weight (WG) ranged between 843.8 
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g and 6495 g. Descriptive statistics for data pooled over the two years are represented in 

Table 18. 

 
Table 18: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Euthynnus alletteratus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 104a & b). Both regressions were significant but showed 

difference when comparing slopes and elevation (P<0.05). Data thus could not be 

pooled, and a common regression could not be obtained for pooled sexed individuals 

(Figure 104c). Figure 104d shows the regression for all individuals (sexed and unsexed) 

which was found not to be significant (P>0.05). 

n Mean S.D.

Minimum Maximum

Total length

Females 6 647.0 214.64 426 868

Males 12 509.1 91.09 435 677

Unsexed - - - - -

Pooled 18 555.1 152.95 426 868

Gutted weight

Females 6 3437.6 2713.20 909.4 6495.0

Males 12 1392.2 717.40 843.8 2666.0

Unsexed - - - - -

Pooled 18 2074.0 1866.14 843.8 6495.0

Range
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Figure 104: Weight-length relationships for all Euthynnus alletteratus individuals 

(2019-21) considered in this study. (a) females (n=6), (b) males (n=12), (c) females and 

males (n=18), and (d) all individuals, including unsexed (n=18). 

Length frequency 

 

The length frequency distribution for all Euthynnus alletteratus individuals is 

represented in Figure 105. The Shapiro-wilk test for normality showed that the sample 

is not normally distributed (P<0.05). 

 
Figure 105: Length frequency distribution for all Euthynnus alletteratus individuals 

considered in this study. 
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Sex ratio 

The calculated sex ratio for the whole sampling period was 1:2 and did not show 

significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 106 shows the 

monthly variation of sex ratios for the pooled data.  

 

Figure 106: Monthly variations of sex ratios for all Euthynnus alletteratus individuals 

considered in this study. Females (light grey) and males (dark grey). 

3.3.2.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

107 a, b. No trend could be deduced for both sexes. For males, a higher value can be 

deduced for both GSI and HIS in June as compared to April.  

  
Figure 107: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 
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(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Euthynnus 

alletteratus. Numbers of specimens (n) are inserted on the graphs. 

3.3.2.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 108. No 

trend could be deduced for both sexes. All indices showed no significant differences 

between the months of April and June for males.   

 
Figure 108: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Euthynnus alletteratus. Females: light grey, Males: dark grey. 

3.3.2.4. Gonads maturity stages 

 

Two gonads maturity stages (spawning and spent) were detected for females of 

Euthynnus alletteratus. Two gonads maturity stage (spawning and spent) were detected 

for males (Figure 109). Spawning and spent females were found concurrently in June, 

Spawning males were found in April while spent males were found on June.  
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Figure 109: Macroscopic staging of gonad maturity for (a) female and (b) male 

Euthynnus alletteratus. 

3.3.2.5. Size at first maturity 

 

A non-linear logistic regression for all Euthynnus alletteratus individuals was 

obtained P=1/(1+e(-0.006*(TL-563.648))) (Figure 110). The size at first maturity TL50 was 

estimated as 564 mm. 

 
Figure 110: Curve of proportions of mature Euthynnus alletteratus specimens in 2019-

21 obtained through a non-linear logistic function. TL50 shown in red. 

3.3.3. Auxis rochei 

3.3.3.1. Population structure 

Descriptive statistics 

A total of four individuals (two in 2019-20, two in 2020-21) of Auxis rochei 

were acquired during the sampling period of this study. Total length (TL) ranged 
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between 336 mm and 377 mm while gutted weight (WG) ranged between 473 g and 

627.8 g. Descriptive statistics for data pooled over the two years are represented in 

Table 19. 

 
Table 19: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Auxis rochei processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

A weight-length relationship was obtained for the pooled data (2019-21) of 

females (Figure 111a). This regression was not significant (P>0.05). Figure 111d shows 

the regression for all individuals (sexed and unsexed) which was found not to be 

significant as well (P>0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 3 354.3 20.84 336 377

Males 1 375.0 - 375 375

Unsexed - - - - -

Pooled 4 359.5 19.91 336 377

Gutted weight

Females 3 522.6 69.16 473.0 601.6

Males 1 627.8 - 627.8 627.8

Unsexed - - - - -

Pooled 4 548.9 77.20 473.0 627.8

Range
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Figure 111: Weight-length relationships for all Auxis rochei individuals (2019-21) 

considered in this study. (a) females (n=3), (b) males (n=1), (c) females and males 

(n=4), and (d) all individuals, including unsexed (n=4). 

Length frequency 

 

The length frequency distribution for all Auxis rochei individuals is represented 

in Figure 112. The Shapiro-wilk test for normality showed that the sample is normally 

distributed (P>0.05). 

 

 
Figure 112: Length frequency distribution for all Auxis rochei individuals considered in 

this study. 
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Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.33 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 113 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 113: Monthly variations of sex ratios for all Auxis rochei individuals considered 

in this study. Females (light grey) and males (dark grey). 
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 Monthly variation of GSI and HSI averages are shown respectively in Figure 
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April’s value.  
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Figure 114: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Auxis rochei. 

Numbers of specimens (n) are inserted on the graphs. 

  

3.3.3.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 115. No 

trend could be deduced for both sexes for Fulton’s index. Ricker’s index and Relative 

weight showed no significant differences between the months of April and June for 

females.  These indices could not be calculated for males as their formulas are directly 

dependent on obtained a regression between the gutted weight and the total length 

which impossible in this case.  
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Figure 115: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Auxis rochei. Females: light grey, Males: dark grey. 

 

3.3.3.4. Gonads maturity stages 

 

Two gonads maturity stages (Spawning and spent) were detected for females 

while one gonads maturity stage (spawning) was detected for males of Auxis rochei 

(Figure 116). Spawning female was found in April while spent female was found in 

June. Spawning male was found in June. 

 

 

Figure 116: Macroscopic staging of gonad maturity for (a) female and (b) male Auxis 

rochei. 
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3.3.3.5. Size at first maturity 

 

A non-linear logistic regression for all Auxis rochei individuals was obtained 

P=1/(1+e(-0.345*(TL- 372.99))) (Figure 117). The size at first maturity TL50 was estimated as 

373 mm. 

 
Figure 117: Curve of proportions of mature Auxis rochei specimens in 2019-21 obtained 

through a non-linear logistic function. TL50 shown in red. 

3.3.4. Sarda sarda 

3.3.4.1. Population structure 

Descriptive statistics 

Only one individual (one in 2019-20, none in 2020-21) of Sarda sarda were 

acquired during the sampling period of this study. Total length (TL) was 456 mm while 

gutted weight (WG) was 804.8 g. Descriptive statistics for data pooled over the two 

years are represented in Table 20. 
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Table 20: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Sarda sarda processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

With no available sexed individuals, a weight-length relationship could not be 

obtained. A plot of gutted weight against total length for unsexed individuals is 

represented in Figure 118.  

 
Figure 118: Plot of gutted weight against total length for unsexed Sarda sarda 

individuals (2019-21) considered in this study (n=1). 

Length frequency 

 

The length frequency distribution for Sarda sarda is represented in Figure 119. 

The Shapiro-wilk test for normality was inapplicable. 

n Mean S.D.

Minimum Maximum

Total length

Females - - - - -

Males - - - - -

Unsexed 1 456.0 - 456 456

Pooled 1 456.0 - 456 456

Gutted weight

Females - - - - -

Males - - - - -

Unsexed 1 804.8 - 804.8 804.8

Pooled 1 804.8 - 804.8 804.8

Range

0

100

200

300

400

500

600

700

800

900

1000

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 9501000

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)



 

 131 

 

Figure 119: Length frequency distribution for all Sarda sarda individuals considered in 

this study. 

Sex ratio 

 

With no available sexed individuals, sex ratio analyses could not be performed. 

 

Similarly, no analyses could be performed for the reproductive indices (GSI and HSI), 

the condition factors (Kf, Kr and Wr), gonad maturity stages and the size at first 

maturity. 

3.4. Mugilidae 

3.4.1. Chelon auratus 

3.4.1.1. Population structure 

Descriptive statistics 

A total of 21 individuals (five in 2019-20, 16 in 2020-21) of Chelon auratus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 253 mm and 431 mm while gutted weight (WG) ranged between 130.1 g and 

551.1 g. Descriptive statistics for data pooled over the two years are represented in 

Table 21. 
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Table 21: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Chelon auratus processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 120a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 120c). This 

regression was also significant (P<0.05). Figure 120d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 14 344.8 45.58 284 431

Males 4 330.0 35.52 295 364

Unsexed 3 282.3 25.72 253.0 301.0

Pooled 21 333.0 45.71 253 431

Gutted weight

Females 14 325.7 140.57 162.3 551.1

Males 4 277.8 103.97 170.5 385.0

Unsexed 3 170.51 36.43825645 130.08 200.82

Pooled 21 294.4 132.82 130.1 551.1

Range
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Figure 120: Weight-length relationships for all Chelon auratus individuals (2019-21) 

considered in this study. (a) females (n=14), (b) males (n=4), (c) females and males 

(n=18), and (d) all individuals, including unsexed (n=21). 

Length frequency 

The length frequency distribution for all Chelon auratus individuals is 

represented in Figure 121. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 

 
Figure 121: Length frequency distribution for all Chelon auratus individuals considered 

in this study. 

y = 2E-06x3.2425

R² = 0.9374

0

100

200

300

400

500

600

700

100 150 200 250 300 350 400 450 500 550 600

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)

(a)
y = 2E-07x3.6084

R² = 0.9921

0

100

200

300

400

500

600

700

100 150 200 250 300 350 400 450 500 550 600

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)

(b)

y = 3E-06x3.1616

R² = 0.9493

0

100

200

300

400

500

600

700

100 150 200 250 300 350 400 450 500 550 600

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)

(c)
y = 1E-06x3.2901

R² = 0.9427

0

100

200

300

400

500

600

700

100 150 200 250 300 350 400 450 500 550 600

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)

(d)

2

5 5

3
2

1
2

1

0%

25%

50%

75%

100%

2
0

0-
2

19

2
2

0-
2

39

2
4

0-
2

59

2
6

0-
2

79

2
8

0-
2

99

3
0

0-
3

19

3
2

0-
3

39

3
4

0-
3

59

3
6

0-
3

79

3
8

0-
3

99

4
0

0-
4

19

4
2

0-
4

39

4
4

0-
4

59

4
6

0-
4

79

4
8

0-
4

99

5
0

0-
5

19

Fr
eq

u
en

cy
 (

%
)

Total length (mm)



 

 134 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.28 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 122 shows 

the monthly variation of sex ratios for the pooled data.  

 
Figure 122: Monthly variations of sex ratios for all Chelon auratus individuals 

considered in this study. Females (light grey) and males (dark grey). 

3.4.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

Monthly variation of GSI and HSI averages are shown respectively in Figure 

123 a, b. For males, due to the concentration of collected data in the months of February 

and May separately, no trend could be deduced. For HSI, obtained values did not differ 

between February and May. The GSI value was slightly higher in February than in May. 

For females, no difference was detected between January and February as well as 

between May and June while a general decrease was noted between the two periods for 

GSI. For HSI, an increase was detected between January and February as well as 

between May and June while a general increase was noted between the two periods. 
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Figure 123: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D.; light grey) for the whole 

sampling period for Chelon auratus. Numbers of specimens (n) are inserted on the 

graphs. 

 

3.4.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 124. For 

males, due to the concentration of collected data in the months of February and May 

separately, no trend could be deduced for the three indices. For females, no difference 

was detected between January and February as well as between May and June.  
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Figure 124: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Chelon auratus. Females: light grey, males: dark grey. 

 

3.4.1.4. Gonads maturity stages 

 

 Three gonads maturity stages (immature, developing and spent) were detected 

for females and two (immature and developing) for males of Chelon auratus (Figure 

125). Both earlier stages were mainly found in February, spent females were found in 

June. 
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Figure 125: Macroscopic staging of gonad maturity for (a) female and (b) male Chelon 

auratus. 

3.4.1.5. Size at first maturity 

 

A non-linear logistic regression for all Chelon auratus individuals was obtained 

P=1/(1+e(-0.086*(TL-280.642))) (Figure 126). The size at first maturity TL50 was estimated as 

281 mm. 

 
Figure 126: Curve of proportions of mature Chelon auratus specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.4.2. Chelon labrosus 

3.4.2.1. Population structure 

Descriptive statistics 

A total of 40 individuals (13 in 2019-20, 27 in 2020-21) of Chelon labrosus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 273 mm and 462 mm while gutted weight (WG) ranged between 180.2 g and 
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765.4 g. Descriptive statistics for data pooled over the two years are represented in 

Table 22. 

 

 
Table 22: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Chelon labrosus processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 127a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 127c). This 

regression was also significant (P<0.05). Figure 127d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

n Mean S.D.

Minimum Maximum

Total length

Females 15 369.5 34.31 320 462

Males 21 351.5 33.97 273 388

Unsexed 4 318.5 15.61 305 341

Pooled 40 355.0 35.45 273 462

Gutted weight

Females 15 403.5 120.22 282.6 765.4

Males 21 353.5 85.18 180.2 482.0

Unsexed 4 281.2 48.32 245.5 350.9

Pooled 40 365.0 102.21 180.2 765.4

Range
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Figure 127: Weight-length relationships for all Chelon labrosus individuals (2019-21) 

considered in this study. (a) females (n=15), (b) males (n=21), (c) females and males 

(n=36), and (d) all individuals, including unsexed (n=40). 

 

Length frequency 

The length frequency distribution for all Chelon labrosus individuals is 

represented in Figure 128. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 
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Figure 128: Length frequency distribution for all Chelon labrosus individuals 

considered in this study. 

 

Sex ratio 

 

The calculated sex ratio for the whole sampling period was 1:1.4 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 129 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 129: Monthly variations of sex ratios for all Chelon labrosus individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.4.2.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

130 a, b. For the GSI, both males and females had higher GSI values in February than in 

January and March. For the HSI, males displayed the same trend while females’ values 

were lower in February than in January and March.  

 

Figure 130: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Chelon labrosus. 

Numbers of specimens (n) are inserted on the graphs. 

 

3.4.2.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 131. For 

the Fulton’s index, no difference was detected for the females while a slight decrease 

was detected for males between January and March. For the Ricker’s index, a slight 

decrease was noted for females between January and March while males displayed the 

highest Kr value in February. For the relative weight, no significant difference was 

detected for females while a decrease was noted for males between January and March. 
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Figure 131: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Chelon labrosus. Females: light grey, Males: dark grey. 

3.4.2.4. Gonads maturity stages 

 

Four gonads maturity stages (immature, gravid, spawning and spent) were 

detected for females and three gonads maturity stage (immature, spawning and spent) 

for males of Chelon labrosus (Figure 132). Immature females were found in January, 

gravid and spawning females in February and spent females in March. Immature males 

were found in January and spawning and spent males were found in February. 
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Figure 132: Macroscopic staging of gonad maturity for (a) female and (b) male Chelon 

labrosus. 

3.4.2.5. Size at first maturity 

A non-linear logistic regression for all Chelon labrosus individuals was obtained 

P=1/(1+e(-0.017*(TL-302.019))) (Figure 133). The size at first maturity TL50 was estimated as 

302 mm. 

 

 
Figure 133: Curve of proportions of mature Chelon labrosus specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.4.3. Chelon ramada 

3.4.3.1. Population structure 

Descriptive statistics 

A total of three individuals (none in 2019-20, three in 2020-21) of Chelon 

ramada were acquired during the sampling period of this study. Total length (TL) 

ranged between 299 mm and 373 mm while gutted weight (WG) ranged between 190.5 

Stage 1

 

Stage 2 Stage 3 

 

Stage 4

 
 

(b) 



 

 144 

g and 404.9 g. Descriptive statistics for data pooled over the two years are represented 

in Table 23. 

 
Table 23: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Chelon ramada processed in the current study. Unsexed 

individuals are fish that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

With sample sizes lower than three for both females and males, no weight-

length regressions could be obtained. Figure 134a, b & c shows the plots for the gutted 

weight against the total length of females and males respectively, and the regression for 

all individuals (sexed and unsexed) which was found not to be significant (P>0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 2 321.0 31.11 299 343

Males 1 373.0 - 373 373

Unsexed - - - - -

Pooled 3 338.3 37.22 299 373

Gutted weight

Females 2 236.9 65.67 190.5 283.4

Males 1 404.9 - 404.9 404.9

Unsexed - - - - -

Pooled 3 292.9 107.53 190.5 404.9

Range
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Figure 134: Weight-length relationships for all Chelon ramada individuals (2019-21) 

considered in this study. (a) females (n=2), (b) males (n=1), and (c) all individuals, 

including unsexed (n=3). 

Length frequency 

The length frequency distribution for all Chelon ramada individuals is 

represented in Figure 135. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 

 

Figure 135: Length frequency distribution for all Chelon ramada individuals considered 

in this study. 
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Sex ratio 

 

The calculated sex ratio for the whole sampling period was 1:0.5 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 136 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 136: Monthly variations of sex ratios for all Chelon ramada individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.4.3.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

Monthly variation of GSI and HSI averages are shown respectively in Figure 

137 a, b. Due to low sample sizes and the concentration of collected data in the months 

of June, no trend could be deduced for neither GSI nor HSI for both males and females.  
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Figure 137: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D.; light grey) for the whole 

sampling period for Chelon ramada. Numbers of specimens (n) are inserted on the 

graphs. 

3.4.3.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 138. No 

trend can be deduced due to low sample ample and concentration of collected data in 

the month of June. The Kr and Wr could not be calculated as their formulas are directly 

dependent on obtained a regression between the gutted weight and the total length 

which impossible in this case.  

 
Figure 138: Monthly variations in the condition indices for the whole sampling period, 

Fulton’s Kf (mean ± S.D.) for Chelon ramada. Females: light grey, Males: dark grey. 
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3.4.3.4. Gonads maturity stages 

 

Only one gonads maturity stage (immature) was detected in June for both 

females and males of Chelon ramada (Figure 139). 

 

 
Figure 139: Macroscopic staging of gonad maturity for (a) female and (b) male Chelon 

ramada. 

3.4.3.5. Size at first maturity 

 

In the absence of most gonads’ maturity stages during samplings, the obtained 

non-linear logistic regression for all Chelon ramada individuals was not significant 

(P>0.05). Thus, the size at first maturity TL50 could not be estimated. 

3.4.4. Mugil cephalus 

3.4.4.1. Population structure 

Descriptive statistics 

Only one individual (in 2020-21) of Mugil cephalus was acquired during the 

sampling period of this study. Total length (TL) was 368 mm while gutted weight (WG) 

was 416 g. Descriptive statistics for data pooled over the two years are represented in 

Table 24. 
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Table 24: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Mugil cephalus processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

 

Weight-length relationship 

With data available from one individual only, no weight-length relationship 

could be obtained (Figure 140). 

 
Figure 140: Plot of gutted weight against total length for Mugil cephalus individual 

(2019-21) considered in this study. Unsexed (n=1). 

 

Length frequency 

 

The length frequency distribution for Mugil cephalus is represented in Figure 

141. The Shapiro-wilk test for normality was inapplicable. 

n Mean S.D.

Minimum Maximum

Total length

Females - - - - -

Males - - - - -

Unsexed 1 368.0 - 368 368

Pooled 1 368.0 - 368 368

Gutted weight

Females - - - - -

Males - - - - -

Unsexed 1 416.0 - 416.0 416.0

Pooled 1 416.0 - 416.0 416.0
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Figure 141: Length frequency distribution for all Mugil cephalus individuals considered 

in this study. 

 

Sex ratio 

 

With no available sexed individuals, sex ratio analyses could not be performed. 

 

Similarly, no analyses could be performed for the reproductive indices (GSI and HSI), 

the condition factors (Kf, Kr and Wr), gonad maturity stages and the size at first 

maturity. 

3.5. Mullidae  

3.5.1. Mullus surmuletus 

3.5.1.1. Population structure 

Descriptive statistics 

A total of 36 individuals (25 in 2019-20, 11 in 2020-21) of Mullus surmuletus 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 131 mm and 247 mm while gutted weight (WG) ranged between 23.9 g and 

159.4 g. Descriptive statistics for data pooled over the two years are represented in 

Table 25. 

1

0%

25%

50%

75%

100%

2
0

0-
2

19

2
2

0-
2

39

2
4

0-
2

59

2
6

0-
2

79

2
8

0-
2

99

3
0

0-
3

19

3
2

0-
3

39

3
4

0-
3

59

3
6

0-
3

79

3
8

0-
3

99

4
0

0-
4

19

4
2

0-
4

39

4
4

0-
4

59

4
6

0-
4

79

4
8

0-
4

99

5
0

0-
5

19

5
2

0-
5

39

5
4

0-
5

59

5
6

0-
5

79

5
8

0-
5

99

6
0

0-
6

19

6
2

0-
6

39

6
4

0-
6

59

6
6

0-
6

75

6
8

0-
6

95

7
0

0-
7

19

Fr
eq

u
en

cy
 (

%
)

Total length (mm)



 

 151 

 

 
Table 25: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Mullus surmuletus processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 142a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 142c). This 

regression was also significant (P<0.05). Figure 142d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 17 191.3 36.61 131 247

Males 18 163.7 34.24 135 232

Unsexed 1 157.0 - 157 157

Pooled 36 176.6 37.19 131 247

Gutted weight

Females 17 87.5 49.80 23.9 159.4

Males 18 53.9 41.26 26.2 140.4

Unsexed 1 38.4 - 38.4 38.4

Pooled 36 69.3 47.64 23.9 159.4

Range
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Figure 142: Weight-length relationships for all Mullus surmuletus individuals (2019-21) 

considered in this study. (a) females (n=17), (b) males (n=18), (c) females and males 

(n=35), and (d) all individuals, including unsexed (n=36). 

Length frequency 

 

The length frequency distribution for all Mullus surmuletus individuals is 

represented in Figure 143. The Shapiro-wilk test for normality showed that the sample 

is not normally distributed (P<0.05). 

 

Figure 143: Length frequency distribution for all Mullus surmuletus individuals 

considered in this study. 
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Sex ratio 

 

The calculated sex ratio for the whole sampling period was 1:1.06 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 144 shows 

the monthly variation of sex ratios for the pooled data. 

 

Figure 144: Monthly variations of sex ratios for all Mullus surmuletus individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.5.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

145 a, b. Due to the concentration of collected data in the month of April, no trend 

could be detected for males for both GSI and HSI. For females, the highest GSI value 

was noted in April with lower values in February as well as June. The HSI for females 

showed higher values in February followed by lower values in April and even lower in 

June. 
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Figure 145: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Mullus 

surmuletus. Numbers of specimens (n) are inserted on the graphs. 

 

3.5.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 146. Due 

to the concentration of collected data in the month of April, no trend could be detected 

for males for all indices. For females, all indices showed the lowest value in April with 

higher values in both February and June. 
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Figure 146: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Mullus surmuletus. Females: light grey, Males: dark grey. 

 

3.5.1.4. Gonads maturity stages 

 

Four gonads maturity stages (immature, developing, gravid and spent) were 

detected for females while two stages (developing and spawning) were detected males 

of Mullus surmuletus (Figure 147). Immature, developing and gravid females were 

found in April while spent females were found in June. Developing and spawning males 

were found in April. 
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Figure 147: Macroscopic staging of gonad maturity for (a) female and (b) male Mullus 

surmuletus. 

3.5.1.5. Size at first maturity 

 

The obtained non-linear logistic regression for all Mullus surmuletus individuals 

was not significant (P>0.05). Thus, the size at first maturity TL50 could not be 

estimated. 

3.6. Scaridae 

3.6.1. Sparisoma cretense 

3.6.1.1. Population structure 

Descriptive statistics 

A total of 20 individuals (six in 2019-20, 14 in 2020-21) of Sparisoma cretense 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 118 mm and 189 mm while gutted weight (WG) ranged between 22 g and 

206.2 g. Descriptive statistics for data pooled over the two years are represented in 

Table 26. 

 
Table 26: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Sparisoma cretense processed in the current study. 

Stage 1  Stage 2 

 

Stage 3

 

Stage 4 

 

n Mean S.D.

Minimum Maximum

Total length

Females 8 200.9 11.69 184 218

Males 3 241.3 8.96 231 247

Unsexed 9 154.8 25.42 118 189

Pooled 20 186.2 37.00 118 247

Gutted weight

Females 8 124.5 23.12 93.0 159.7

Males 3 196.6 15.87 178.3 206.2

Unsexed 9 59.5 28.69 22 108

Pooled 20 106.1 55.08 22.0 206.2

Range

(b) 
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Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

separate sexes (Figure 148a & b). Both regressions were significant and showed no 

difference when comparing slopes and elevation (P>0.05). Data was thus pooled, and a 

common regression was obtained for pooled sexed individuals (Figure 148c). This 

regression was also significant (P<0.05). Figure 148d shows the regression for all 

individuals (sexed and unsexed) which was statistically significant as well (P<0.05). 

 

 
Figure 148: Weight-length relationships for all Sparisoma cretense individuals (2019-

21) considered in this study. (a) females (n=8), (b) males (n=3), (c) females and males 

(n=11), and (d) all individuals, including unsexed (n=20). 

Length frequency 

 

The length frequency distribution for all Sparisoma cretense individuals is 

represented in Figure 149. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 
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Figure 149: Length frequency distribution for all Sparisoma cretense individuals 

considered in this study. 

Sex ratio 

The calculated sex ratio for the whole sampling period was 1:0.375 and did not 

show significant deviation from the hypothesized 1:1 ratio (P>0.05). Figure 150 shows 

the monthly variation of sex ratios for the pooled data.  

 

Figure 150: Monthly variations of sex ratios for all Sparisoma cretense individuals 

considered in this study. Females (light grey) and males (dark grey). 
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3.6.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

151 a, b. No trend could be deduced for males. For females, higher values for both 

indices were noted in June compared to February.  

 

 
Figure 151: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Sparisoma 

cretense. Numbers of specimens (n) are inserted on the graphs. 

3.6.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 152. No 

trend could be deduced for males. All indices showed no significant differences 

between the months of February and June for females.   
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Figure 152: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Sparisoma cretense. Females: light grey, Males: dark grey. 

3.6.1.4. Gonads maturity stages 

 

Two gonads maturity stages (immature and gravid) were detected for females of 

Sparisoma cretense (Figure 153). Immature females were found in February while 

gravid females were found in June.  

 

 
Figure 153: Macroscopic staging of gonad maturity for female Sparisoma cretense. 

3.6.1.5. Size at first maturity 

 

A non-linear logistic regression for all female Sparisoma cretense individuals 

was obtained P=1/(1+e(-0.04*(TL-209.372))) (Figure 154). The size at first maturity TL50 was 

estimated as 210 mm. 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Jan Feb Mar Apr May Jun Jul

M
al

e

Fe
m

al
e

Month

(a)

0.0

20.0

40.0

60.0

80.0

100.0

120.0

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Jan Feb Mar Apr May Jun Jul

M
al

e

Fe
m

al
e

Month

(b)

0

20

40

60

80

100

120

0

50

100

150

200

250

Jan Feb Mar Apr May Jun Jul

M
al

e

Fe
m

al
e

Month

(c)

Stage 1

 

Stage 2  Stage 3

 

Stage 4 Stage 5 

 



 

 161 

 

 
Figure 154: Curve of proportions of mature Sparisoma cretense specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.7. Congridae 

3.7.1. Conger conger 

3.7.1.1. Population structure 

Descriptive statistics 

A total of seven individuals (none in 2019-20, seven in 2020-21) of Conger 

conger were acquired during the sampling period of this study. Total length (TL) ranged 

between 581 mm and 765 mm while gutted weight (WG) ranged between 288.7 g and 

679.1 g. Descriptive statistics for data pooled over the two years are represented in 

Table 27. 

 



 

 162 

 
Table 27: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Conger conger processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

Weight-length relationships were obtained for the pooled data (2019-21) of 

males (Figure 155a & b). Female weight-length relationship could not be obtained with 

one individual. Male regression was significant (P<0.05). Figure 155c shows the 

regression for all individuals (sexed and unsexed) which was statistically significant as 

well (P<0.05). 

 

n Mean S.D.

Minimum Maximum

Total length

Females 1 700.0 700 700

Males 6 669.5 66.09 581 765

Unsexed - - - - -

Pooled 7 673.9 61.42 581 765

Gutted weight

Females 1 647.9 647.9 647.9

Males 6 433.1 132.25 288.7 679.1

Unsexed - - - - -

Pooled 7 463.8 145.49 288.7 679.1

Range
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Figure 155: Weight-length relationships for all Conger conger individuals (2019-21) 

considered in this study. (a) females (n=1), (b) males (n=6), and (c) all individuals, 

including unsexed (n=7). 

Length frequency 

 

The length frequency distribution for all Conger conger individuals is 

represented in Figure 156. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 

 
Figure 156: Length frequency distribution for all Conger conger individuals considered 

in this study. 
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Sex ratio 

 

 The calculated sex ratio for the whole sampling period was 1:6 and showed 

significant deviation from the hypothesized 1:1 ratio (P<0.05). Figure 157 shows the 

monthly variation of sex ratios for the pooled data.  

 
Figure 157: Monthly variations of sex ratios for all Conger conger individuals 

considered in this study. Females (light grey) and males (dark grey). 

3.7.1.2. Reproductive indices  

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 158. The 

GSI increased between March and April and then decreased in May. The HSI slightly 

decreased between March and April and significantly decreased in May.  
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Figure 158: Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) and males 

(mean ± S.D. (dash dot); dark grey) for the whole sampling period for Conger conger. 

Numbers of specimens (n) are inserted on the graphs. 

 

3.7.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 159. For 

males, all indices showed higher values in April than in March and May. Nothing can 

be concluded pertaining to females with 1 sampled individual. 
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Figure 159: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Conger conger. Females: light grey, Males: dark grey 

 

3.7.1.4. Gonads maturity stages 

 

Only two gonads maturity stages (immature and spawning) were detected for 

males of Conger conger (Figure 160). Immature male was found in March while 

spawning male was found in April.   

 

 
Figure 160: Macroscopic staging of gonad maturity for male Conger conger. 

3.7.1.5. Size at first maturity 
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A non-linear logistic regression for all Conger conger individuals was obtained 

P=1/(1+e(-0.011*(TL-629.957))) (Figure 161). The size at first maturity TL50 was estimated as 

630 mm. 

 
Figure 161: Curve of proportions of mature Conger conger specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 

 

3.8. Phycidae 

3.8.1. Phycis blennoides 

3.8.1.1. Population structure 

Descriptive statistics 

A total of three individuals (none in 2019-20, three in 2020-21) of Phycis 

blennoides were acquired during the sampling period of this study. Total length (TL) 

ranged between 347 mm and 410 mm while gutted weight (WG) ranged between 471.3 

g and 700 g. Descriptive statistics for data pooled over the two years are represented in 

Table 28. 
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Table 28: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Phycis blennoides processed in the current study. 

Unsexed: individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

A weight-length relationship was obtained for the pooled data (2019-21) of 

males (Figure 162). This regression was significant (P<0.05).  

 
Figure 162: Weight-length relationships for all Phycis blennoides individuals (2019-21) 

considered in this study. Males (n=3) 

Length frequency 

 

 The length frequency distribution for all Phycis blennoides individuals is 

represented in Figure 163. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 

n Mean S.D.

Minimum Maximum

Total length

Females - - - - -

Males 3 387.7 35.28 347 410

Unsexed - - - - -

Pooled 3 387.7 35.28 347 410

Gutted weight

Females - - - - -

Males 3 622.1 130.65 471.3 700.0

Unsexed - - - - -

Pooled 3 622.1 130.65 471.3 700.0

Range

y = 0.0003x2.4168

R² = 0.9981

200

250

300

350

400

450

500

550

600

650

700

200 250 300 350 400 450 500 550 600 650 700

G
u

tt
ed

 w
ei

gh
t 

(g
)

Total length (mm)



 

 169 

 

Figure 163: Length frequency distribution for all Phycis blennoides individuals 

considered in this study. 

 

Sex ratio 

 

With only three males sampled, the sex ratio females :males for the whole 

sampling period could not be calculated. Figure 164 shows the monthly variation of sex 

ratios for the pooled data.   

 

Figure 164: Monthly variations of sex ratios for all Phycis blennoides individuals 

considered in this study. Males (dark grey). 
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3.8.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

165 a, b. A decrease was detected between the months of February and March for both 

GSI and HSI.  

 

Figure 165: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for males (mean ± S.D. (dash dot); dark grey) for the whole 

sampling period for Phycis blennoides. Numbers of specimens (n) are inserted on 

graphs. 

 

3.8.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in used condition factors are represented in Figure 166. 

Fulton’s index showed a slight increase between February and March while Ricker’s 

index and the relative weight showed no difference between the two months.  
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Figure 166: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight Wr 

(mean + S.D.) for Phycis blennoides. Males: dark grey. 

 

3.8.1.4. Gonads maturity stages 

 

Only the first two gonads maturity stages (immature and developing) were 

detected for males of Phycis blennoides (Figure 167). Immature and developing male 

were found respectively in February and March.   

 

 
Figure 167: Macroscopic staging of gonad maturity for male Phycis blennoides. 

 

3.8.1.5. Size at first maturity 
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In the absence of mature individuals during samplings, the obtained non-linear 

logistic regression for all Phycis blennoides individuals was not significant (P>0.05). 

Thus, the size at first maturity TL50 could not be estimated. 

 

3.8.2. Phycis phycis 

3.8.2.1. Population structure 

Descriptive statistics 

A total of three individuals (two in 2019-20, one in 2020-21) of Phycis phycis 

were acquired during the sampling period of this study. Total length (TL) ranged 

between 177 mm and 233 mm while gutted weight (WG) ranged between 53.9 g and 

85.8 g. Descriptive statistics for data pooled over the two years are represented in Table 

29. 

 
Table 29: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Phycis phycis processed in the current study. Unsexed: 

individuals that displayed immature gonads that cannot be differentiated 

macroscopically. 

Weight-length relationship 

 

No weight-length relationships could be obtained for the pooled data (2019-21) 

of males (Figure 168a). Figure 168b shows the regression for all individuals (sexed and 

unsexed) which was shown not to be significant (P>0.05).  

 

n Mean S.D.

Minimum Maximum

Total length

Females - - - - -

Males 1 177.0 - 177 177

Unsexed 2 222.5 14.85 212 233

Pooled 3 207.3 28.29 177 233

Gutted weight

Females - - - - -

Males 1 53.9 - 53.9 53.9

Unsexed 2 74.6 15.81 63.4 85.8

Pooled 3 67.7 16.38 53.9 85.8

Range
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Figure 168: Weight-length relationships for all Phycis phycis individuals (2019-21) 

considered in this study. (a) males (n=1), (b) all individuals, including unsexed (n=3). 

Length frequency 

 

 The length frequency distribution for all Phycis phycis individuals is represented 

in Figure 169. The Shapiro-wilk test for normality showed that the sample is normally 

distributed (P>0.05). 

 

Figure 169: Length frequency distribution for all Phycis phycis individuals considered 

in this study. 

Sex ratio 

 

With only one male sampled, the sex ratio females :males for the whole 

sampling period could not be calculated. Figure 170 shows the monthly variation of sex 

ratios for the pooled data.   
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Figure 170: Monthly variations of sex ratios for all Phycis phycis individuals considered 

in this study. Males (dark grey). 

 

3.8.2.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

171 a, b. With only one sampled male, no trend could be detected for both reproductive 

indices.  

 
Figure 171: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for males (mean ± S.D. (dash dot); dark grey) for the whole 

sampling period for Phycis phycis. Numbers of specimens (n) are inserted on graphs. 
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3.8.2.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 

 Monthly variations in the Fulton’s condition factor is represented in Figure 172. 

Due to the concentration of collected data in the month of May, no trend could be 

deduced for neither Kf. Kr and Wr could not be calculated as their formulas are directly 

dependent on obtained a regression between the gutted weight and the total length 

which impossible in this case.  

 
Figure 172: Monthly variations in the Fulton’s condition index Kf (mean ± S.D.), for the 

whole sampling period for Phycis phycis. Males: dark grey. 

3.8.2.4. Gonads maturity stages 

 

 Only one gonads maturity stage (developing) was detected in May for males of 

Phycis phycis (Figure 173).  
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Figure 173: Macroscopic staging of gonad maturity for female Phycis phycis. 

 

3.8.2.5. Size at first maturity 

 

In the absence of most gonads’ maturity stages during samplings, the obtained 

non-linear logistic regression for all Phycis phycis individuals was not significant 

(P>0.05). Thus, the size at first maturity TL50 could not be estimated. 

3.9. Uranoscopidae 

3.9.1. Uranoscopus scaber 

3.9.1.1. Population structure 

Descriptive statistics 

A total of 4 individuals (one in 2019-20, three in 2020-21) of Uranoscopus 

scaber were acquired during the sampling period of this study. Total length (TL) ranged 

between 248 mm and 302 mm while gutted weight (WG) ranged between 225 g and 

446.9 g. Descriptive statistics for data pooled over the two years are represented in 

Table 30. 

Stage 1  Stage 2 

 

Stage 3  Stage 4 
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Table 30: Descriptive statistics of pooled data (2019-21) for the total length (TL, mm) 

and gutted weight (WG, g) for Uranoscopus scaber processed in the current study. 

Unsexed individuals are fish that displayed immature gonads that cannot be 

differentiated macroscopically. 

 

Weight-length relationship 

 

A weight-length relationship was obtained for the pooled data (2019-21) of 

females (Figure 174). This regression was significant (P<0.05).  

 

Figure 174: Weight-length relationships for all Uranoscopus scaber individuals (2019-

21) considered in this study. Females (4). 

 

 

Length frequency 

 

n Mean S.D.

Minimum Maximum

Total length

Females 4 270.5 25.01 248 302

Males - - - - -

Unsexed - - - - -

Pooled 4 270.5 25.01 248 302

Gutted weight

Females 4 322.1 98.49 225.0 446.9

Males - - - - -

Unsexed - - - - -

Pooled 4 322.1 98.49 225.0 446.9

Range

y = 6E-06x3.16

R² = 0.9458
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The length frequency distribution for all Uranoscopus scaber individuals is 

represented in Figure 175. The Shapiro-wilk test for normality showed that the sample 

is normally distributed (P>0.05). 

 

 

 

 

 

 

 

 

  

 

Figure 175: Length frequency distribution for all Uranoscopus scaber individuals 

considered in this study. 

Sex ratio 

 

 With only female individuals from Uranoscopus scaber the calculated sex ratio 

for the whole sampling period was 1:0 and showed significant deviation from the 

hypothesized 1:1 ratio (P<0.05). Figure 176 shows the monthly variation of sex ratios 

for the pooled data. 
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Figure 176: Monthly variations of sex ratios for all Uranoscopus scaber individuals 

considered in this study. Females (light grey) and males (dark grey). 

 

3.9.1.2. Reproductive indices  

Gonadosomatic index GSI and Hepatosomatic index HSI 

 Monthly variation of GSI and HSI averages are shown respectively in Figure 

177 a, b. For both indices, an increase was detected between April and May.  

 

 
Figure 177: (a) Monthly variations in the Gonadosomatic index (GSI) and (b) 

Hepatosomatic index (HSI) for females (mean ± S.D. (solid line); light grey) for the 

whole sampling period for Uranoscopus scaber. Numbers of specimens (n) are inserted 

on the graphs. 

3.9.1.3. Condition factors 

Fulton’s condition index (Kf), Ricker’s condition index (Kr), and Relative weight 

(Wr) 
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 Monthly variations in used condition factors are represented in Figure 178. All 

indices showed a decrease between the months of April and May. 

 
Figure 178: Monthly variations in the condition indices for the whole sampling period, 

(a) Fulton’s Kf (mean ± S.D.), (b) Ricker’s Kr (mean ± S.D.), and (c) Relative weight 

Wr (mean + S.D.) for Uranoscopus scaber. Females: light grey. 

3.9.1.4. Gonads maturity stages 

  

 Two gonads maturity stages (gravid and spent) were detected for females of 

Uranoscopus scaber (Figure 179). Gravid females were found in April while spent 

females in May.   

 

 
Figure 179: Macroscopic staging of gonad maturity for female Uranoscopus scaber. 

 

3.9.1.5. Size at first maturity 
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A non-linear logistic regression for all Uranoscopus scaber individuals was 

obtained P=1/(1+e(-9.169*(TL-260.451))) (Figure 180). The size at first maturity TL50 was 

estimated as 260 mm. 

 
Figure 180: Curve of proportions of mature Uranoscopus scaber specimens in 2019-21 

obtained through a non-linear logistic function. TL50 shown in red. 
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CHAPTER 4 

 

DISCUSSION 

 

This study aimed to gather fundamental data on reproductive characteristics of 

as many native species as possible that have commercial significance in Lebanon. 

Although the obtained data provides a basic understanding of each species' biology, it 

falls short of describing the fishes' reproductive cycles. The expected results from the 

current study were affected by many challenges encountered during sampling period. 

Below is a list highlighting the most important ones:  

A) Failure to acquire a large number of the targeted species 

Out of an anticipated 90 fish species, only 28 were actually sampled in this study 

(Bariche & Fricke, 2021). In future studies, efforts should be undertaken to sample from 

new places. In the current study, larger landing sites were covered during the second 

sampling year compared to the first year. This led to an increase in the number of 

sampled species.  

B) Low sample size per species 

Most sampled species had low sample sizes, the highest sample size being 104. This can 

be attributed to the ecological nature of species (i.e., spawning grounds, solitary…) as 

well as the artisanal nature of the fishing methods used. In order to gather enough 

specimens of a species within a few weeks of reproduction, it is possible to optimize 

sampling by directly coordinating with small-scale fishers from several regions to 

collect the same species from various locations at once. Furthermore, fishers will 

occasionally indicate a species' potential breeding season for the purpose of selling it. 

The presence of developed gonads, which they extract and sell to customers as fresh 



 

 183 

bottarga, or “batrakh” in Arabic, is the basis for their observation. These gonads do not 

always represent a genuine spawning event because they could be non-virgin (old 

gonads having reproduced in previous years) or atretic gonads (post-spawning gonads 

that are resorbing). These are visible and sellable to fishermen, but they are not 

reproducing gonads in the correct sense. 

C) Scarcity of mature specimens 

From the purchased fish, several displayed immature gonads. The sampling was based 

on a preliminary spawning calendar generated from available literature in the 

Mediterranean. This allowed to approach the spawning period of most species without 

necessarily pinning it down as the biology of fishes in general and the breeding season 

in particular often influenced by environmental and biotic factors, notably seawater 

temperature. 

D) External surrounding factors 

The main factors affecting this study were an economic crisis, protests and an increase 

in fish demand. Lebanon experienced political instability and a string of civic protests 

over the majority of the 2019-2020 period. This led to material shortages, banking 

industry issues, and a spike in the cost of products and gasoline. These conditions 

caused a limitation in the circulation, problems with cash, and an increase in demand for 

regional foods like fish and seafood. 

E) Ongoing COVID-19 pandemic  

During the study period, the ongoing coronavirus pandemic began in Lebanon and 

resulted in several national lockdowns. Fishers, like the majority of people, were deeply 

affected by the fear of becoming infected, and several stopped working. This 

significantly reduced market interactions between fishermen, affecting fish sampling. 
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 Thus, it should be noted that the results presented are preliminary and do not 

provide a complete picture of the fish's reproductive period in Lebanon. This study can 

be described as a compilation of raw data collected between the reproductive years of 

2020 and 2021. Many factors influenced the findings of this study, the majority of 

which were related to the sample size obtained. The fish species for which data was 

sufficient to draw conclusions were Trachurus mediterraneus, Trachinotus ovatus, 

Caranx crysos, Chelon auratus, Chelon labrosus, Mullus surmuletus, Scomber colias, 

Euthynnus alletteratus, Oblada melanura, Diplodus cervinus, Diplodus sargus, 

Diplodus vulgaris as well as Lithognathus mormyrus. No accurate conclusion could be 

drawn for the remaining species (Seriola dumerili, Alectis alexandrina, Lichia amia, 

Trachurus trachurus, Conger conger, Chelon ramada, Mugil cephalus, Phycis 

blennoides, Phycis phycis, Sparisoma cretense, Auxis rochei, Sarda sarda, Sparus 

aurata, Spondyliosoma cantharus, Uranoscopus scaber). Results are discussed below 

by family from the species having the most significant results to the species having the 

least.  

4.1. Sparidae  

4.1.1. Oblada melanura  

 The sampled population of Oblada melanura was well structured. Females 

predominated the sample with a sex ratio of 1:0.6. The recorded TL range (181 mm - 

321 mm) was compatible with the common length 200 mm, Bauchot and Hureau 

(1990). This suggests that sampled Oblada melanura were mostly adults. Recorded 

length values were not normally distributed with 37 individuals in the 200-220 mm 

length class. The Bayesian approach for estimating generalized W-L relationships in 

fishes generates the regression equation W(G)= 1.148x10-2TL3.03 for the species (Froese, 
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2014). The generalized W-L relationship regression equation obtained in this study was 

the power function W(G)= 7x10-6TL3.1. The regression coefficient was comparable to 3 

(b = 2.94), indicating an isometric growth (Anderson & Neumann, 1996). The 

regression coefficeint is comparable to the value found in a different study in the 

Aegean Sea W(G)= 9.1x10-2TL3.11. The study showed that spawning period of Oblada 

melanura expends between May and July, with highest GSI values in June and a size at 

first maturity of 190 mm (Dahan et al., 2020). Other studies were done in the western 

Mediterranean but not the eastern. Results from this study were somewhat in 

concordance with this available literature. The GSI and HSI values were highest in 

April and May suggesting an upcoming spawning period. The size at first maturity TL50 

was estimated as 208 mm which is comparable to values found in literature. 

4.1.2. Diplodus cervinus  

 

 The sampled population of Diplodus cervinus was well structured. Both sexes 

were well represented with a sex ratio of 1:0.59. The recorded TL range (177 mm - 411 

mm) was compatible with the common length 350 mm, Bauchot et al. (1981). This 

suggests that sampled Diplodus cervinus were mostly adults. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 1.175x10-2TL3.09 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 7x10-4TL2.33. The regression coefficient was less than 3 (b = 2.33), 

indicating a negative allometric growth where the fish becomes less rotund as length 

increases (Anderson & Neumann, 1996).  
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Similar studies for Diplodus cervinus were done in the western Mediterranean 

but not in the eastern. Such studies were mainly in Algeria and showed that the 

reproduction period of the species expends between February and September with 

highest GSI values in June and July and a size at first maturity of 250 mm (Derbal & 

Kara, 2014). Results from this study showed that higher GSI and HSI values were noted 

in April for females suggesting an upcoming spawning period. Males showed higher 

values of GSI in February and of HSI in June which could not give a clear conclusion. 

The size at first maturity TL50 was estimated as 243 mm which is comparable to values 

found in literature in the western Mediterranean. 

4.1.3. Diplodus sargus 

 

The sampled population of Diplodus sargus was well structured. Both sexes 

were equally represented with a sex ratio of 1:0.83. The recorded TL range (164 mm - 

297 mm) was compatible with the common length 220 mm, Bauchot (1987). This 

suggests that sampled Diplodus sargus were mostly adults. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 1.202x10-2TL3.04 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 2x10-5TL2.91. The regression coefficient was comparible to 3 (b = 2.91), 

indicating an isometric growth (Anderson & Neumann, 1996). The regression 

coefficient was comparable to a value reported in Tunisia W(G)= 1.5x10-2TL3.05 (Mouine 

et al., 2007). 

Similar studies in Egypt and Tunisia showed that reproduction period of 

Diplodus sargus takes place during late winter and spring with highest GSI values in 
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March and a size at first maturity of 180-210 (Zaki et al., 2001, Mouine et al., 2007 & 

2012). Results from this study were in concordance with this available literature. Higher 

GSI and HSI values were noted in March compared to other months while all indices 

showed no significant differences during this same period. The size at first maturity 

TL50 could not be estimated in this case. 

4.1.4. Diplodus vulgaris 

 

 The sampled population of Diplodus vulgaris was well structured. Both sexes 

were equally represented with a sex ratio of 1:1.08. The recorded TL range (203 mm - 

252 mm) was compatible with the common length 220 mm, Bauchot (1987). This 

suggests that sampled Diplodus vulgaris were mostly adults. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 1.23x10-2TL3.05 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 3x10-5TL2.89. The regression coefficient was slightly less than 3 (b = 

2.89), indicating a slight negative allometric growth where the fish becomes less rotund 

as length increases (Anderson & Neumann, 1996).  

Similar studies in Syria and Turkey showed that reproduction period of 

Diplodus vulgaris expends during late fall and winter with highest GSI values in 

January and a size at first maturity of 180 mm and 130 mm respectively (Hamoud & 

Saad, 2007; Soykan et al., 2015). Results from this study were not in concordance with 

this available literature. Higher GSI, HIS and reproductive indices values were noted in 

April compared to previous months suggesting a spawning period. The size at first 

maturity TL50 was estimated as 202 mm which is greater than values found in literature. 
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4.1.5. Lithognathus mormyrus 

 

 The sampled population of Lithognathus mormyrus was somewhat not well 

structured. Females predominated the sample with a sex ratio of 1:0.5. The recorded TL 

range (159 mm - 255 mm) was less than the common length 300 mm, Bauchot and 

Hureau (1990). This suggests that sampled Lithognathus mormyrus were mostly young 

individuals. Recorded length values were normally distributed covering different length 

classes within the recorded range. The Bayesian approach for estimating generalized W-

L relationships in fishes generates the regression equation W(G)= 1.202x10-2TL3.02 for 

the species (Froese, 2014). The generalized W-L relationship regression equation 

obtained in this study was the power function W(G)= 7x10-5TL2.69. The regression 

coefficient was less than 3 (b = 2.69), indicating a negative allometric growth where the 

fish becomes less rotund as length increases (Anderson & Neumann, 1996). The 

regression coefficeint differs from values found in similar studies done in Turkey and 

Greece where the growth is positively allometric. These studies showed that spawning 

period of Lithognathus mormyrus expends in Late Spring and Summer, with highest 

GSI values in late Spring and a size at first maturity of 140 mm and 190 mm 

respectively (Türkmen & Akyurt, 2003; Emre et al., 2010; Kallianiotis et al., 2005). 

Results from this study were in concordance with this available literature. The GSI and 

HSI values were highest in April suggesting an upcoming spawning period. The size at 

first maturity TL50 could not be estimated in this case. 

4.1.6. Sparus aurata  

 

The sampled population of Sparus aurata was not well structured. With only 

five sampled individuals (one female, one male and 3 unsexed), no significant 

comparisons, other than the recorded total length, could be done. The recorded TL 
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range for Sparus aurata individuals (197 mm - 267 mm) was compatible with the 

common standard length 300 mm, Bauchot and Hureau (1986). The Bayesian approach 

for estimating length-weight relationships in fishes generates a generalized W-L 

relationship for the species with the regression equation W(G)= 1.230x10-2TL3.02 

(Froese, 2014). The generalized W-L relationship regression equation obtained in this 

study was the power function W(G)= 6x10-5TL2.73. The regression coefficient was 

slightly less than 3 (b = 2.73), indicating a slight negative allometric growth where the 

fish becomes less rotund as length increases (Anderson & Neumann, 1996). A similar 

study in Turkey obtained a generalized W-L relationship regression equation W(G)= 

1.74x10-2TL2.98 with a regression coefficient closer to 3 than the onw obtained in this 

current study. In that study, the spawning period of Sparus aurata expends between 

December and February with highest GSI values in December and a size at first 

maturity of 285 mm (Emre et al., 2009). Results from this study could not provide clear 

conclusions due to low sample size. The size at first maturity TL50 was estimated as 230 

mm which is slightly less than the value found in literature. 

4.1.7. Spondyliosoma cantharus  

 

The sampled population of Spondyliosoma cantharus was not well structured. 

With only four sampled individuals (two females and two males), no significant 

comparisons, other than the recorded total length, could be done. The recorded TL 

range for Spondyliosoma cantharus individuals (224 mm - 237 mm) was less than the 

common standard length 300 mm, Bauchot & Hureau (1986). This suggests that 

sampled Spondyliosoma cantharus were young individuals. The Bayesian approach for 

estimating length-weight relationships in fishes generates a generalized W-L 

relationship for the species with the regression equation W(G)= 1.259x10-2TL3.03 
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(Froese, 2014). The generalized W-L relationship regression equation obtained in this 

study was the power function W(G)= 3x10-4TL2.49. The regression coefficient was less 

than 3 (b = 2.49), indicating a negative allometric growth where the fish becomes less 

rotund as length increases (Anderson & Neumann, 1996).  

Similar studies in the western Mediterranean showed that the spawning period 

of Spondyliosoma cantharus expends between January and May (Mouine et al., 2011). 

In literature, the estimated size at first maturity TL50 is around 170-200 mm (Mouine et 

al., 2011; Derbal et al., 2008). It could not be estimated in this study. No studies were 

done in the eastern Mediterranean. Results from this study could not lead to any 

conclusion regrading reproductive features as collected data were concentrated in 

March and the sample size was low. 

4.2. Carangidae 

4.2.1. Trachurus mediterraneus 

 The sampled population of Trachurus mediterraneus was well structured. Both 

sexes were equally represented in the sample with a sex ratio of 1:1.69. The recorded 

TL range (192 mm - 345 mm) was compatible with the common fork length 300 mm, 

Bauchot (1987). This suggests that sampled Trachurus mediterraneus were mostly 

adults. Recorded length values were normally distributed covering different length 

classes within the recorded range. The Bayesian approach for estimating generalized W-

L relationships in fishes generates the regression equation W(G)= 8.91x10-3TL2.96 for the 

species (Froese, 2014). The generalized W-L relationship regression equation obtained 

in this study was the power function W(G)= 4.10-6TL3.12. The regression coefficient was 

slightly greater than 3 (b = 3.12), indicating a positive allomertric growth where the fish 

becomes more rotund as length increases (Anderson & Neumann, 1996).  
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Similar studies in the Mediterranean showed that spawning period of Trachurus 

mediterraneus expends between April and August in Turkey, April and October in Italy, 

May and August in Croatia and Turkey, and April and September in Greece 

(Slastenenko, 1956; Nannini et al., 1997; Santic et al., 2006; Demirel & Yüksek, 2013; 

Karlou-Riga, 2000). Viette et al. (1997) and Santic et al. (2006) recorded the highest 

GSI values in June. The size at first maturity was estimated as 160 mm TL by Viette et 

al. (1997), 191 mm TL by Karlou-Riga (1995) and 200 mm TL by Bauchot (1987). 

Results from this study were in concordance with this available literature. Gravid 

females were found in March and the GSI and HSI showed higher values in March than 

in February suggesting a spawning period in April. The size at first maturity TL50 

however, was estimated as 254 mm which is greater than values found in literature. 

4.2.2. Trachinotus ovatus 

 

 The sampled population of Trachinotus ovatus was well structured. Both sexes 

were equally represented with a sex ratio of 1:0.5. The recorded TL range (241 mm - 

287 mm) was less than the common length 350 mm, Sanches (1991). This suggests that 

sampled Trachinotus ovatus were mostly adults. Recorded length values were normally 

distributed covering different length classes within the recorded range. The Bayesian 

approach for estimating generalized W-L relationships in fishes generates the regression 

equation W(G)= 1.1122x10-2TL2.89 for the species (Froese, 2014). The generalized W-L 

relationship regression equation obtained in this study was the power function W(G)= 

6x10-5TL2.63. The regression coefficient was less than 3 (b = 2.63), indicating a slight 

negative allometric growth where the fish becomes less rotund as length increases 

(Anderson & Neumann, 1996).  
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Similar studies in Egypt and Spain showed that spawning period of Trachinotus 

ovatus expends between August and October and June and July with highest GSI values 

in August and July and a size at first maturity of 195 mm and 300 mm respectively 

(Allam, 1996; Assem, 2005; Villegas-hernandez, 2016). Results from this study were in 

concordance with this available literature. Higher GSI and HSI values were noted in 

June compared to April while all indices showed no significant differences during this 

same period. The size at first maturity TL50 could not be estimated in this case. 

4.2.3. Caranx crysos 

 

 The sampled population of Caranx crysos was well structured. Both sexes were 

equally represented with a sex ratio of 1:1.28. The recorded TL range (292 mm - 583 

mm) was compatible with the common length 400 mm, Cervigón et al. (1992). This 

suggests that sampled Caranx crysos were mostly adults. Recorded length values were 

normally distributed covering different length classes within the recorded range. The 

Bayesian approach for estimating generalized W-L relationships in fishes generates the 

regression equation W(G)= 1.738x10-2TL2.95 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 4x10-5TL2.81. The regression coefficient was slightly less than 3 (b = 

2.81), indicating a slight negative allometric growth where the fish becomes less rotund 

as length increases (Anderson & Neumann, 1996).  

Similar studies in Egypt and Tunisia showed that reproduction period of Caranx 

crysos expends between May and November with highest GSI values in June and July 

and a size at first maturity of 190 mm and 250 mm respectively (Assem, 1999; Sley et 

al., 2012 & 2013). Results from this study were in concordance with this available 

literature. Higher GSI and HSI values were noted in June compared to April while all 
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indices showed no significant differences during this same period. The size at first 

maturity TL50 could not be estimated in this case. 

4.2.4. Seriola dumerili 

 

 The sampled population of Seriola dumerili was not well structured. Females 

predominated the sample with a sex ratio of 1:0.14. The recorded TL range (874 mm - 

1346 mm) was compatible with the common length 1000 mm, Smith-Vaniz (1986b). 

This suggests that sampled Seriola dumerili were mostly adults. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 1.622x10-2TL2.92 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 10-5TL2.94. The regression coefficient was comparable to 3 (b = 2.94), 

indicating an isometric growth (Anderson & Neumann, 1996).  

Similar studies in the Mediterranean showed that spawning period of Seriola 

dumerili expends between May and July, and June and July, with highest GSI values in 

June and July and a size at first maturity of 1110 mm and 1140 mm respectively 

(Marino et al., 1995; Sley et al., 2014; Zupa et al., 2017).  Results from this study were 

somewhat in concordance with this available literature. Developing females were found 

in April suggesting a spawning period in May. The GSI, HSI and condition factors 

showed higher values in April than in May. The size at first maturity TL50 was 

estimated as 915 mm which is comparable to values found in literature (Bauchot, 1987; 

Marino et al., 1995; Sley et al., 2014). 

4.2.5. Alectis alexandrina 
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The sampled population of Alectis alexandrina was not well structured. With 

only five unsexed sampled individuals, no significant comparisons, other than the 

recorded total length, could be done. The recorded TL range for Alectis alexandrina 

individuals (298 mm - 313 mm) was significantly less than the common length 600 mm, 

Bauchot (1987). This suggests that sampled Alectis alexandrina were young individuals 

which is congruent with the inability to sex them. The Bayesian approach for estimating 

length-weight relationships in fishes generates a generalized W-L relationship for the 

species with the regression equation W(G)= 2.455x10-2TL2.83 (Froese, 2014). No 

comparison could be done in this respect as the obtained regression in this study was 

not significant. In other studies, reproduction of Alectis alexandrina is characterized by 

one clear seasonal spawning peak (Smith-Vaniz, 1986). No conclusion in this regard 

could be drawn in the current study.  

4.2.6. Lichia amia 

 

The sampled population of Lichia amia was not well structured. With only three 

sampled individuals (two females and one unsexed), no significant comparisons, other 

than the recorded total length, could be done. The recorded TL range for Lichia amia 

individuals (880 mm - 1190 mm) was compatible with the common length 1000 mm, 

Smith-Vaniz (1986b). This suggests that sampled Lichia amia were adults. The 

Bayesian approach for estimating length-weight relationships in fishes generates a 

generalized W-L relationship for the species with the regression equation W(G)= 

1.1413x10-2TL2.93 (Froese, 2014). No comparison could be done in this respect as the 

obtained regression in this study was not significant.  The size at first maturity TL50 

could not be estimated in this case. No other studies on the reproduction of Lichia amia 

were documented in the Mediterranean.  
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4.2.7. Trachurus trachurus 

 

The sampled population of Trachurus trachurus was not well structured. With 

only one female sampled, no significant comparisons, other than the recorded total 

length, could be done. The recorded TL for Trachurus trachurus (172 mm) was slightly 

less than the common length 220 mm, Bauchot (1987). This suggests that the sampled 

Trachurus trachurus was an adult. The Bayesian approach for estimating length-weight 

relationships in fishes generates a generalized W-L relationship for the species with the 

regression equation W(G)= 8.32x10-3TL2.95 (Froese, 2014). No comparison could be 

done in this respect as no significant obtained regression was obtained. In literature, the 

estimated size at first maturity TL50 is around 220 mm (Smith-Vaniz, 1986b; Tsikliras 

et al., 2014). It could not be estimated in this study. In other studies from the 

Mediterranean, reproduction of Trachurus trachurus is characterized by one clear 

seasonal spawning peak that expends between April and July (Karlou-Riga & 

Economidis, 1997; Tsikliras et al., 2010). No conclusion in this regard could be drawn 

in the current study.  

4.3. Scombridae  

4.3.1. Scomber colias 

 The sampled population of Scomber colias was somewhat not well structured. 

Females predominated the sample with a sex ratio of 1:0.57. The recorded TL range 

was 142 mm - 326 mm but no common length is reported for the species. Recorded 

length values were not normally distributed with 30 individuals in the 260-280 mm 

length class. The Bayesian approach for estimating generalized W-L relationships in 

fishes generates the regression equation W(G)= 7.41x10-3TL3.03 for the species (Froese, 

2014). The generalized W-L relationship regression equation obtained in this study was 
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the power function W(G)= 3x10-6TL3.21. The regression coefficient was comparable to 3 

(b = 3.21), indicating an isometric growth (Anderson & Neumann, 1996).  

Similar studies in the Mediterranean showed that spawning period of Scomber 

colias expends during late spring and early summer in Italy (Bottari et al., 2002) while 

in fall and early winter in Morocco (Techetach et al., 2018). Results from this study 

could not lead to any comparison as no clear trend could be deduced from all indices. 

This could be due to inadequate sampling and/or errors in measurements. The size at 

first maturity TL50 was estimated as 353 mm which is greater than values found in 

literature (183 mm, Cikes Kec (2011) and 190 mm, Techtach et al. (2018)).  

4.3.2. Euthynnus alletteratus 

 

 The sampled population of Euthynnus alletteratus was not well structured. 

Males predominated the sample with a sex ratio of 1:2. The recorded TL range (426 mm 

- 868 mm) was less than the common length 800 mm, Cervigón et al. (1992). Recorded 

length values not normally distributed with 9 individuals in the 450-500 mm length 

class. This suggests that sampled Euthynnus alletteratus were mostly young individuals.  

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 1.023x10-2TL3.05 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was not 

significant for the pooled data. The regression coefficient for separate sexes were both 

less than 3 (b = 2.86 for female & b=2.64 for males), negative allometric growth where 

the fish becomes less rotund as length increases (Anderson & Neumann, 1996). 

Comparable regression coefficient were found in other studies such as Kahraman et al. 

(2007 & 2008), Mohamed et al. (2014). 
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Similar studies in the Mediterranean showed that spawning period of Euthynnus 

alletteratus expends in the summer with highest GSI values in June (Hajjej et al., 2010 

& 2017; Kahraman & Alicli, 2007; Mohamed et al., 2014; Saber et al., 2018; Kahraman 

et al., 2008).  Results from this study were in concordance with this available literature. 

The highest male GS and HSI values were recorded in June suggesting an upcoming 

spawning period in summer. The condition factors showed no detectable trends that can 

be compared to available literature. The size at first maturity TL50 however, was 

estimated as 564 mm which is higher than values found in literature (460 mm, Hajjej 

(2010 & 2011) and 420 mm, Mohamed et al. (2014)).  

4.3.3. Auxis rochei 

 

 The sampled population of Auxis rochei was not well structured. Females 

predominated the sample with a sex ratio of 1:0.33. The recorded TL range was 336 

mm - 377 mm but no common length is reported for the species. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 9.77x10-3TL3.06 for the species (Froese, 2014). No 

comparison could be done in this respect as no significant obtained regression was 

obtained. Other studies in the Mediterranean generated generalized W-L relationships 

with regression coefficients comparable to 3 (Macias et al., 2005; 2006; Plandri et al., 

2009).  

The spawning period in the Mediterranean for Auxis rochei has been reported to 

occur from June to September (Macías et al., 2006) and May to September with highest 

GSI values in July-August (Plandri et al., 2009; Kahraman et al., 2010). Results from 

this study were somewhat in concordance with this available literature. The female GSI 
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values increased between April and June while the HSI values decrease suggesting an 

upcoming spawning season. All condition factors however did not show significant 

differences. The size at first maturity TL50 was estimated as 373 mm which is 

comparable to values found in literature (350 mm in fork length, Rodriguez-Roda 

(1983) 325 mm, Plandri et al. (2009) and Macias et al. (2005)). 

4.3.4. Sarda sarda 

  

The sampled population of Sarda sarda was not well structured. With only one 

unsexed individual sampled, no significant comparisons, other than the recorded total 

length, could be done. The recorded TL for Sarda sarda (456 mm) was compatible with 

the common length 500 mm, Collette and Nauen (1983). This suggests that the sampled 

Sarda sarda was an adult. The Bayesian approach for estimating length-weight 

relationships in fishes generates a generalized W-L relationship for the species with the 

regression equation W(G)= 8.71x10-3TL3.06 (Froese, 2014). No comparison could be 

done in this respect as no significant obtained regression was obtained. In literature, the 

estimated size at first maturity TL50 is between 390 and 440 mm (Orsi Relini et al., 

2005). It could not be estimated in this study. In other studies from the Mediterranean, 

reproduction of Sarda sarda is characterized by a spawning season that expends 

between May and September in Turkey and June and July in Italy (Slastenenko, 1956; 

Orsi Relini et al., 2005). No conclusion in this regard could be drawn in the current 

study.  

4.4. Mugilidae  

4.4.1. Chelon auratus  

 The sampled population of Chelon auratus was well structured. Both sexes were 

equally represented. The recorded TL range (253 mm - 431 mm) was less than the 
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common standard length 300 mm, Thomson (1990). This suggests that sampled Chelon 

auratus were mostly adults. Recorded length values were normally distributed covering 

different length classes within the recorded range. The Bayesian approach for 

estimating generalized W-L relationships in fishes generates the regression equation 

W(G)= 1.023x10-2TL2.96 for the species (Froese, 2014). The generalized W-L 

relationship regression equation obtained in this study was the power function W(G)= 10-

5TL3.29. The regression coefficient was greater than 3 (b = 3.29), indicating a slight 

positive allometric growth where the fish becomes more rotund as length increases 

(Anderson & Neumann, 1996).  

Similar studies in the Mediterranean showed that spawning period of Chelon 

auratus expends between August and November in Greece, September and November 

in the Ionian Sea, September and October in the Adriatic Sea, and October and 

December in Tunisia (Hotos et al., 1999; Tsikliras et al., 2010; Bartulovic et al., 2011; 

Fehri-Bedoui et al., 2002; Abdallah et al., 2013). Hotos (1999) and Fehri-Bedoui et al 

(2002) as well as Abdallah et al (2013) recorded the highest GSI values in September 

and October respectively. The size at first maturity was estimated as 240 mm, Hotos 

(1999) and Abdallah et al. (2013) and 270 mm for females and 340 mm for males, 

Campillo (1992). Results from this study did not cover the known spawning period. 

Immature and developing individuals were found in June suggesting a late spawning 

period. The GSI, HSI and condition factors showed no detectable trends that can be 

compared to literature. The size at first maturity TL50 however, was estimated as 281 

mm which is comparable to values found in literature. 

4.4.2. Chelon labrosus 
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 The sampled population of Chelon labrosus was well structured. Both sexes 

were equally represented with a sex ratio of 1:1.4. The recorded TL range (273 mm - 

462 mm) was compatible with the common standard length 320 mm, Thomson (1990). 

This suggests that sampled Chelon labrosus were mostly adults. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 7.24x10-3TL3.12 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 9x10-5TL2.59. The regression coefficient was less than 3 (b = 2.59), 

indicating a negative allometric growth where the fish becomes less rotund as length 

increases (Anderson & Neumann, 1996).  

Similar studies in the Mediterranean showed that spawning period of Chelon 

labrosus expends between January and April (Cataudella et al., 1988). Highest GSI 

values were recorded in January for females and March for males by Farrugio & 

Quignard (1973). The size at first maturity was  370 mm TL for females and 310 mm 

TL for males, Farrugio & Quignard (1973), 360 mm for females and 320 mm for males, 

Brusle & Brusle and 295 mm in standard length for females and 250 mm in standard 

length for males, Campillo (1992). Results from this study were in concordance with 

this available literature. Mainly the highest GSI and HSI values were noted in February 

while condition factors showed no clear trend during this same period. The size at first 

maturity TL50 was estimated as 302 mm which is comparable to values found in 

literature.  

4.4.3. Chelon ramada  

 



 

 201 

The sampled population of Chelon ramada was not well structured. With only 

three sampled individuals (two females and one male), no significant comparisons, 

other than the recorded total length, could be done. The recorded TL range for Chelon 

ramada individuals (299 mm - 373 mm) was significantly less than the common length 

350 mm, Thomson (1981). This suggests that sampled Chelon ramada were adults. The 

Bayesian approach for estimating length-weight relationships in fishes generates a 

generalized W-L relationship for the species with the regression equation W(G)= 

9.77x10-3TL2.96 (Froese, 2014). No comparison could be done in this respect as the 

obtained regression in this study was not significant. In other studies, reproduction of 

Chelon ramada is characterized by one clear seasonal spawning peak between 

September and January with a size at first maturity around 260 mm (Tsikliras, 2010 & 

2014). No conclusion in these regards could be drawn in the current study.  

4.4.4. Mugil cephalus  

 

The sampled population of Mugil cephalus was not well structured. With only 

one female sampled, no significant comparisons, other than the recorded total length, 

could be done. The recorded TL for Mugil cephalus (368 mm) was slightly less than the 

common length 500 mm, Thomson (1990). This suggests that the sampled Mugil 

cephalus was young individuals. The Bayesian approach for estimating length-weight 

relationships in fishes generates a generalized W-L relationship for the species with the 

regression equation W(G)= 1.202x10-2TL2.94 (Froese, 2014). No comparison could be 

done in this respect as no significant obtained regression was obtained. In other studies 

from the Mediterranean, reproduction of Mugil cephalus is characterized by one clear 

seasonal spawning peak that expends between June to August (Breder & Rosen, 1996; 

Tsikliras et al., 2010). No conclusion in this regard could be drawn in the current study.  
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In literature, the estimated size at first maturity TL50 is around 470 mm for females and 

420 mm for males, Brusle & Brusle (1977). It could not be estimated in this study.  

4.5. Mullidae  

4.5.1. Mullus surmuletus  

 The sampled population of Mullus surmuletus was somewhat well structured. 

Both sexes were equally represented with a sex ratio of 1:1.06. The recorded TL range 

(131 mm - 247 mm) was less than the common standard length 250 mm, Hureau 

(1986). This suggests that sampled Mullus surmuletus were mostly young individuals. 

Recorded length values were not normally distributed with 16 individuals in the 140-

160 mm length class. The Bayesian approach for estimating generalized W-L 

relationships in fishes generates the regression equation W(G)= 8.91x10-3TL3.11 for the 

species (Froese, 2014). The generalized W-L relationship regression equation obtained 

in this study was the power function W(G)= 4x10-6TL3.19. The regression coefficient was 

slightly greater than 3 (b = 3.19), indicating a slight postitive allometric growth where 

the fish becomes more rotund as length increases (Anderson & Neumann, 1996). A 

similar study done in the South Aegean Sea obtained a comparable regression 

coefficient b=2.97 (Kousteni et al., 2019). 

Studies done in the Mediterranean showed that spawning period of Mullus 

surmuletus expends between March and May in Algeria with highest GSI values in 

April (Kherraz et al., 2014), between March and July in South Aegean Sea (Kousteni et 

al., 2019) and between May and June in Egypt with highest GSI values in May (Amin et 

al., 2016). Results from this study suggest a spawning period between March and May 

as a higher GSI value weas noted in April compared to February and June and highest 

HIS value was noted in February.  Condition factors reflected the highest fitness in 
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April. The size at first maturity TL50 could not be estimated in this case. In literature, 

the size at first maturity was estimated as 110-170 mm Tsikliras (2014); Kherraz et al. 

(2014) and Kousteni et al. (2019). 

4.6. Scaridae  

4.6.1. Sparisoma cretense  

 The sampled population of Sparisoma cretense was well structured. Both sexes 

were equally represented with a sex ratio of 1:0.385 in addition to several unsexed 

individuals. The recorded TL range (118 mm - 189) was less than the common standard 

length 300 mm, Quignard & Pras (1986). This suggests that sampled Sparisoma 

cretense were mostly young individuals which is congruent with the inability to sex 

most of them. Recorded length values were normally distributed covering different 

length classes within the recorded range. The Bayesian approach for estimating 

generalized W-L relationships in fishes generates the regression equation W(G)= 

1.047x10-2TL3.08 for the species (Froese, 2014). The generalized W-L relationship 

regression equation obtained in this study was the power function W(G)= 10-5TL3.05. The 

regression coefficient was comparable to 3 (b = 3.05), indicating an isometric growth 

(Anderson & Neumann, 1996). Another study done by Petrakis & Papaconstantinou 

(1990) obtained a generalized W-L relationship regression equation with the same 

regression coefficient W(G)= 10-5TL3.052. 

Similar studies in Italy and Greece showed that reproduction period of 

Sparisoma cretense expends between July and September (Girolamo et al., 1999; 

Petrakis & Papaconstantinou, 1990). Results from this study could not lead to a certain 

conclusion as collected data were concentrated in February and June for females and in 

March only for males. Higher GSI and HSI values were noted in June while all indices 
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showed no significant differences during this same period. This suggests an upcoming 

spawning period in July but with no certainty. The size at first maturity TL50 was 

estimated as 210 mm which is comparable previously recorded values (155-205 mm, 

Papaconstantinou et al (1989)). 

4.7. Congridae  

4.7.1. Conger conger 

 The sampled population of Conger conger was not well structured. Males 

predominated the sample with a sex ratio of 1:6. The recorded TL range (581 mm - 765 

mm was less than the common length 1000 mm, Smith-Vaniz (1986b). This suggests 

that sampled Conger conger were mostly young individuals. Recorded length values 

were normally distributed covering different length classes within the recorded range. 

The Bayesian approach for estimating generalized W-L relationships in fishes generates 

the regression equation W(G)= 4.4x10-4TL3.27 for the species (Froese, 2014). The 

generalized W-L relationship regression equation obtained in this study was the power 

function W(G)= 2x10-6TL2.95. The regression coefficient was comparable to 3 (b = 2.95), 

indicating an isometric growth (Anderson & Neumann, 1996).  

Little is yet known about the reproduction of Conger conger in the 

Mediterranean, but some references suggest that the spawning period expends during 

summer (Vallisneri et al., 2007). Results from this study suggest that the spawning 

period starts in May as the highest recorded values for GSI, HSI and the condition 

factors were in April. The size at first maturity TL50 was estimated as 630 mm which is 

comparable to the value found in literature (625 mm by Smith 1990). 



 

 205 

4.8. Phycidae  

4.8.1. Phycis blennoides 

The sampled population of Phycis blennoides was not well structured. With only 

three sampled males, no significant comparisons could be done. The recorded TL range 

for Phycis blennoides individuals was 347 mm - 410 mm but no common length is 

reported for the species. The Bayesian approach for estimating length-weight 

relationships in fishes generates a generalized W-L relationship for the species with the 

regression equation W(G)= 4.79x10-3TL3.13 (Froese, 2014).  The generalized W-L 

relationship regression equation obtained in this study was the power function W(G)= 

3x10-4TL2.42. The regression coefficient was less than 3 (b = 2.42), indicating a negative 

allomertric growth where the fish becomes less rotund as length increases (Anderson & 

Neumann, 1996). The size at first maturity TL50 could not be estimated in this case. 

Similar studies showed that the spawning period of Phycis blennoides expends from 

September to November with a size at first maturity of 200-240 mm for females and 

180-190 mm for males, Tsikliras (2014) and El Amine Benghali, (2014). 

4.8.2. Phycis phycis  

 

The sampled population of Phycis phycis was not well structured. With only 

three sampled individuals (one male and two unsexed), no significant comparisons, 

other than the recorded total length, could be done. The recorded TL range for Phycis 

phycis individuals (177 mm - 233 mm) was compatible with the common length 250 

mm, Cohen et al. (1990). This suggests that sampled Phycis phycis were mostly adults. 

The Bayesian approach for estimating length-weight relationships in fishes generates a 

generalized W-L relationship for the species with the regression equation W(G)= 

6.46x10-3 TL3.14 (Froese, 2014). No comparison could be done in this respect as the 
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obtained regression in this study was not significant.  The size at first maturity TL50 

could not be estimated in this case. Similar studies showed that the spawning period of 

Phycis phycis expends from September to early January with a size at first maturity of 

290-310 mm for females and 320-350 mm for males (Vieira et al., 2016; Glavic et al., 

2014). 

4.9. Uranoscopidae  

4.9.1. Uranoscopus scaber  

The sampled population of Uranoscopus scaber was not well structured. With 

only four sampled females, no significant comparisons could be done. The recorded TL 

range for Uranoscopus scaber individuals (248 mm - 302 mm) was compatible with the 

common length 220 mm, Bauchot (1987). This suggests that sampled Uranoscopus 

scaber were adults The Bayesian approach for estimating length-weight relationships in 

fishes generates a generalized W-L relationship for the species with the regression 

equation W(G)= 1.175x10-2TL3.04 (Froese, 2014).  The generalized W-L relationship 

regression equation obtained in this study was the power function W(G)= 6x10-6TL3.16. 

The regression coefficient was slightly more than 3 (b = 3.16), indicating a positive 

allomertric growth where the fish becomes less rotund as length increases (Anderson & 

Neumann, 1996).  

Similar studies in the Mediterranean showed that the reproduction period of 

Uranoscopus scaber expends all year round (Casali et al., 1999) with one peak between 

July and August in Turkey (Orhan et al., 2011), in May in the Aegean Sea (Coker et al., 

2008) and between May and July in Tunisia (Kartas & Bondka, 1986). Results from this 

study were somewhat in concordance with this available literature. Peaks of GSI and 

HSI were noted in May coinciding with a decrease in the condition factors. The size at 
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first maturity TL50 was estimated as 260 mm which is greater than values found in 

literature (118-138 mm, Orhan et al. (2011); 110-140 mm, Boundka et al., (1998); 180 

mm Kortas & Bondka (1986)). This is due to the low sample size with a predominance 

of adult females.  

Conclusion 

This study provided important information about the reproductive cycle of 

several native fish species found in the Lebanese fish market. Some issues that arose in 

2020 were resolved the following year, with an increase in the number of species 

collected and a greater number of individuals per species. Other challenges encountered 

in 2020 persisted in 2021, having a significant impact on the outcomes of the study. In 

fact, the total number of sampled specimens for some species remained significantly 

low, preventing a statistically significant estimate of their reproductive cycle. For those 

species, accurate conclusions cannot be drawn. This was most likely due to the scarcity 

of certain species in Lebanese waters as well as the abundance of juvenile and immature 

fish in the Lebanese fishery. Despite the economic problems and instability encountered 

during the sampling years, obtaining such a large amount of information was a 

significant accomplishment. The low number of some species in our sample may reflect 

their population size in Lebanese waters. The majority of Lebanese landings are made 

up of juveniles and immature individuals. This clearly demonstrates severe overfishing, 

which is primarily the result of multiple illegal fishing activities and a lack of fishing 

regulations. Pollution, habitat destruction, and competition with non-native species 

(Lessepsians) may all be clearly affecting Lebanon's and the region's marine coastal 

environment. Recommendations to solve these problems include intensifying sampling 

by covering larger areas and longer periods.   
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