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ABSTRACT 

OF THE THESIS OF 

 

Nathalie Kozhaya Boutros for  Master of Science 

      Major: Biology 

 

 

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

Fishery: Balistidae, Clupeidae, Engraulidae, Haemulidae, Labridae, Merlucciidae, 

Moronidae, Sebastidae, Sciaenidae, Serranidae, Sparidae, Sphyraenidae 

 

 

At least 1,600 animal species are found in Lebanon's marine waters, out of which 80 

fish species are commercially important. Agriculture and fisheries have played a minor 

role in the economy, providing only 30% of domestic food need. The country relies on 

imports to meet the demand for food, however, more than 3500 fishers strictly depend 

on fishing. The fisheries in Lebanon are typically Mediterranean and mainly composed 

of purse seines, entangling nets, longlines and wire traps. The Lebanese coast and 

fisheries are under a lot of pressure: overfishing, pollution, destruction of habitats and 

the failure of classical management approaches. Studies on reproductive biology is 

crucial to plan a better conservation of fishery resources. 

 

In this work, 28 commercially important species were sampled over a period of two 

years from different locations in Lebanon. These samples were dissected and data 

analysis were performed to calculate different parameters related to the reproduction of 

these species. These parameters were the Gonadosomatic index, Hepatosomatic index, 

condition factors, Weight-Length relationship and size at first maturity.  

 

We came across many challenges, namely: the small number of species collected, the 

small number of individuals collected per species, the economic crisis and the covid-19 

pandemic. However, the main goal of the study was to compile primary data on 

reproductive characteristics of the maximum number of commercially important species 

in Lebanon. It is highly recommended that future studies, following the same 

methodology, be planned in the upcoming years to validate and complement the gaps in 

our results. 
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CHAPTER I 

INTRODUCTION 
 

A. Mediterranean Sea 

The Mare medi terraneum in Latin, or the Mediterranean as we know it, means a 

ñSea in the middle of the landò. It is the largest and deepest water body on the planet with 

an area of 2,969,000 km2 and an average depth of 1,460 m. The Mediterranean Sea is 

connected to the Atlantic Ocean through the Strait of Gibraltar in the West, and to the Sea 

of Marmara and the Black Sea in the Northeast through the Dardanelles. The man-made 

Suez Canal links the Mediterranean to the Red Sea and the Indian Ocean. The 

Mediterranean is known to be divided into two main subregions: A Western and an 

Eastern basin, separated by the trait of Sicily (Coll et al., 2010; 2011).  

 

1. Economic Importance of the Mediterranean 

The Mediterranean is bordered by 23 nations and situated at the crossroads of 

Africa, Europe, and Asia. It generates massive economic value through its natural 

ecosystems, maritime resources, tourism attraction, and trading operations (Randone et 

al., 2017; FAO, 2020). In particular, the Mediterranean has sustained important fishing 

activities since ancient times. These activities are multispecies fisheries that exploit 

mostly pelagic stocks of fishes and can range from industrial, semi-industrial to small-

scale fisheries (Papaconstantinou & Farrugio, 2000; Bariche 2012). The Mediterranean 

fishery produce annually 1.2 million tons of fish and provide vital jobs: one in every 1,000 

coastal residents is a fisher in the region. However, despite its small size it is challenging 

to maintain and manage the fisheries sector due to many different factors (FAO, 2020). 
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2. Biodiversity 

In the late Miocene, around 5.96 million years ago, the Mediterranean faced 

extreme geological event known as the Messinian Salinity Crisis. The main driver of 

this event was when the precursor of the strait of Gibraltar locked, isolating the 

Mediterranean from the Atlantic Ocean (Duggen et al., 2003; Govers, 2009; Garcia-

Castellanos & Villaseñor, 2011). Within 700,000 years, the dry climate of the region 

dried out the Mediterranean basin, transforming it into a series of brackish lakes 

(Carnevale et al., 2008; Roveri et al., 2014). This geological episode ended around 5.33 

million years ago, with the opening of the Strait of Gibraltar, the Atlantic Ocean poured 

then a vast volume of water into the Mediterranean Sea, which also allowed the arrival 

of marine biota from the eastern Atlantic. Today, this biota is today considered native to 

the Mediterranean Sea (Loget et al., 2005; Coll et al., 2010; Bianchi et al., 2012).  

While the Mediterranean covers an area of only 0.7% of the worldôs total ocean area, it 

holds 17,000 known species which accounts for 7% of the worldôs biodiversity, with 

many species being endemic to the Mediterranean (Coll et al., 2011; Mannino et al., 

2017). A drop in the species richness is observed from the Western basin of the 

Mediterranean to its Eastern region. This could be interpreted by the fact that the 

Atlantic Ocean is closer to the Western Mediterranean basin (Katsanevakis et al., 2014, 

Mannino et al., 2017). Moreover, numerous factors negatively affect the 

Mediterraneanôs biodiversity, and thus, threatens the sustainability of the fisheries. 

Some of the influences include pollution from human activities, habitat degradation, 

and overfishing (Coll et al., 2011; Mannino et al., 2017). Climate change is also 

seriously affecting both abiotic and biotic entities and consequently transforming the 

Mediterranean biodiversity (Katsanevakis et al., 2014). Furthermore, the opening of the 
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Suez Canal contributed to the introduction of non-indigenous species that may bring 

negative impact at the ecological level, by competing for resources with the native 

species, becoming predators, and causing displacement of native species from their 

ecological niches (Sakai et al., 2001; Bariche et al., 2004). These changes will have 

direct socio-economic repercussions on fisheries where the relative abundance of 

several species may be either suppressed or intensified (Didham et al., 2005).  

 

B. The Lebanese Coast 

The Lebanese coast is situated in the eastern basin of the Mediterranean. The 

area is considered as oligotrophic, with two yearly thermal phases: a cold phase in the 

winter and a warm phase in the summer, separated by two short inter-seasonal intervals 

in the spring and fall. The spring season (March to May) is characterized by a large 

phytoplankton bloom, caused by the rising temperatures and melting snow flowing to 

the sea through the rivers. This season is thought to form the basis of the food web and 

marine productivity. During the summer and fall months (June to November), since 

most rivers are dry, there is usually a minor rise in nutrient levels and a moderate bloom 

of phytoplankton (Abboud-Abi Saab et al., 2017; Varkitzi et al., 2020).  

The Lebanese shoreline is around 225 kilometers long and runs north-south. The coast 

is rocky for 80% of the way, with the remaining 20% being sandy with gravel on the 

landward side. The continental shelf spreads to 21 km in the north, narrows along a 

north-south axis, and then widens to 8 km in the south (Sacchi and Dimech, 2011; 

Lakkis, 2018). The sea surface temperature varies from 17°C in February to a maximum 

of 30°C in August, but salinity remains stable, ranging from 39.25 psu in April to 39.75 

psu in September (Lakkis, 2018).  
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At least 1,600 animal species are found in Lebanon's marine waters, out of 

which 80 fish species are commercially important. The coast has played a significant 

role in modeling the countryôs economic and cultural growth (Lakkis, 2018). However, 

marine resources are currently suffering from serious pressure since the area has been 

subject to many anthropogenic stresses from increased urbanization and the resulting 

pollution (Nader et al., 2020).  

 

C. The Lebanese Fisheries 

Agriculture and fisheries have played a minor role in the economy, providing 

only 30% of domestic food need. The country relies on imports to meet the demand for 

food, however, more than 3500 fishers strictly depend on fishing (Pinello & Dimech, 

2017; FAO 2020). The Lebanese fishery is typically Mediterranean: artisanal or 

traditional in nature, with most of the boats being motorized and smaller than 12 m in 

length (Sacchi & Dimech, 2011). Fishing takes place in shallow waters with an average 

depth of 50 meters and rarely goes beyond three nautical miles from the coast 

(Majdalani, 2004; Nader et al., 2014). Gillnets, trammel nets, longlines, purse seine 

nets, lampara nets, and beach seines are the most common fishing equipment used in 

Lebanon (Sacchi & Dimech, 2011; Nader et al., 2012). Purse seines (a large fishing net 

deployed in the shape of a bag to encircle a school of fish), mostly target sardines and 

other related species of commercial importance. The latest report issued by (FAO, 

2020) estimated the total landings in Lebanon to be equal to an average of 3,281 tons 

per year between 2016-2018.  

The Lebanese fisheries are under a lot of pressure. They are suffering from 

increased pressure on the marine resources: Overfishing, destruction of habitats, and 
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classical management approaches in the region are jeopardizing the livelihoods of 

coastal communities and threatening the food security (Nader et al., 2014). A study by 

Bariche et al. (2007), emphasized the fact that two third of the catches in Lebanon are 

small pelagic fishes. Juveniles of the year (age-class 0) are attracted to floating lights 

and are captured using purse seine nets. This could be due to the occurrence of fishing 

in nursery areas and shallow waters whereas adult fishes are concentrated in different 

locations. There is also a lack of customer interest in large or middle-sized fishes. These 

practices are against sustainable fishing and leave a potential impact on fish 

communities.  

Efforts toward better fisheries management should be put into action to allow 

them to produce their maximum sustainable yield in the face of overexploitation, illegal 

fishing, and increasing human pressures on the marine environment (Christou et al., 

2020). Several obstacles stand in the way of the optimum use of marine resources: Very 

little data is available for Lebanese native fishes of commercial importance and accurate 

and reliable statistics data are lacking (Majdalani, 2004; Nader et al., 2012). The study 

of fish reproductive cycles provide basis that can lead to better management strategies 

for a sustainable fishery. The reason is that intense fishing on young and sexually 

immature fishes exerts a negative impact on the net reproductive effort, thus leading to 

a smaller population size and diversity (Lowerre, 2020; Gebremedhin et al., 2021). 

Moreover, to ensure the long-term viability of the fishery, laws and legislation must be 

implemented to prohibit the capture of spawners during the reproductive period 

(Trindade-Santos & Freire, 2015). 
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D. Reproduction in Teleosts 

Teleosts are the most diverse vertebrate group in terms of species counts and 

lifestyles, with incredible variation in reproductive features (Patiño & Redding, 2000). 

Although some fish display morphological dimorphism, that allows sex determination 

externally, visual inspection of the internal anatomy of the gonad is needed for most to 

distinguish between the two sexes. Gonads in Teleosts are found in the peritoneal cavity 

and attached dorsally to the peritoneum. They are paired and may be partly or 

completely fused in some species. Ovaries are sac-like, granular in advanced stages due 

to developing oocytes, and range in color from yellow to pink, depending on the 

pigmentation. Testes, on the other hand, are flattened with lobular external morphology, 

and whitish due to the accumulation of sperm produced inside the tissues (Patiño & 

Redding, 2000). 

Fish are the only vertebrates where hermaphroditism is present, with two main 

types. The first type is sequential hermaphroditism, changing sex at different stages in 

life. Some species can first mature as males, change sex and function as females for the 

rest of their lives (protandrous species). Other species first mature as females, change 

sex and function as males for the rest of their lives (protogynous species) (Munday et 

al. 2010; Manabe et al. 2013). The second type is simultaneous hermaphroditism, where 

individuals produce both mature eggs and sperm in their gonads at the same time 

(Patiño & Redding, 2000). Additionally, rudimentary hermaphroditism (late 

gonochorism) may occur when individuals carry both female and male immature 

gonads, but during maturation one of the two types develops fully and determines the 

sex (Sadovy & Shapiro 1987). Over the years, several studies have attempted to 

determine the incidence of hermaphroditism in fish based on detailed histological 
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analysis of the gonads in various stages of sexual transition and observation of 

functional sex change. Hermaphroditism was confirmed in seven orders, 27 families 

and 94 genera. Sequential hermaphroditism predominates over simultaneous 

hermaphroditism at a 5:1 ratio and protogyny predominates over protandry (6:1) 

(Maynou et al., 2021). For sequential hermaphroditism, the size-advantage model 

predicts that sex change will occur when the reproductive success of one sex increases 

more rapidly with size than the reproductive success of the opposite sex (Warner, 

1975). For example, if the process of spawning in females is more successful when the 

females are larger, large male-to-female sex change is most advantageous. But if males 

gain more from being large - when they need to better defend their breeding territories 

and to mate with many females - large female-to-male sex change is optimal. On the 

other hand, simultaneous hermaphroditism is best known as a tactic to secure mating 

opportunities when finding an opposite-sex individual is difficult or costly 

(Ghiselin 1969; Warner 1975). Furthermore, Maynou et al., (2021) revealed that 

simultaneous hermaphroditism appears to be as common in shallow waters as it is in 

deep-water environments where the probability of encounter is very low.  

E. Fish Families Included in the Study 

Twelve fish families were included in the study, most of which are commercially 

important. These are: 
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Sparidae 

Boops boops 

 

Dentex dentex 

 
Dentex gibbosus 

 

Dentex macrophtalmus 

 
Dentex maroccanus 

 

Pagellus acarne 

 
Pagellus erythrinus 

 

Pagrus caeruleostictus 

 
Pagrus pagrus 

 

Sarpa salpa 

 

Sicara smaris 

 

 

Figure 1 Sparidae family members included in the study 
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Clupeidae 

Sardinella aurita 

 
Sardinella maderensis 

 
Sardina pilchardus 

 
Figure 2 Clupeidae family members included in the study 
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Serranidae 

Epinephelus aeneus 

 
 

Epienephelus costae 

 
Epinephelus marginatus 

 
Serranus cabrilla 

 
 

 

Serranus scriba 
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Figure 3 Serranidae family members included in the study 

Sciaenidae 

  

Sciaena umbra 

 
Umbrina cirrosa 

 
Figure 4 Sciaenidae family members included in the study 
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(a) Balistes capriscus 

 
(b) Engraulis encrasicolus 

 
(c) Pomadacys incisus 

 
(d) Symphodus tinca 

 
(e) Merluccius merluccius 

 
 

(f) Dicentrarchus labrax 
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(g) Helicolenus dactylopterus 

 
(h) Sphyraena sphyraena 

 
Figure 5 (a) Balistidae, (b) Engraulidae, (c) Haemulidae, (d) Labridae, (e) Merlucciidae, 

(f) Moronidae, (g) Sebastidae and (h) Sphyraenidae family members included in the 

study 

 

Table 1 The reproduction mode of the studied species 

Boops boops Gonochoric (Bottari et al., 2014) 

Dentex dentex Gonochoric (Grau et al., 2016) 

Dentex gibbosus Late gonochoric (Grubisic et al., 2007) 

Dentex macrophtalmus Late gonochoric (Potts et al., 2010) 

Dentex maroccanus Late gonochoric (Bauchot et al., 1986) 

Pagellus acarne Protandric (Coelho et al., 2005) 

Pagellus erythrinus Protogynous (Zarrad et al., 2010) 

Pagrus caeruleostictus Late gonochoric (Ismail et al., 2018) 

Pagrus pagrus Protogynous (Kokokiris et al., 2006) 

Sarpa salpa Protandric (Paiva et al., 2018) 

Spicara smaris Protogynous (Juntunen et al., 2014) 

Sardina pilchardus Gonochoric (Basilone et al., 2021) 

Sardinella aurita Gonochoric (Baali et al. 2017) 
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Sardinella maderensis Gonochoric (Amenzoui & Baali 2018) 

Engraulis encrasicolus Gonochoric (Sharaf et al., 2009) 

Epinephelus aeneus Protogynous (Desidera et al., 2020) 

Epinephelus costae Protogynous (Heemstra & Randall 

1993) 

Epinephelus marginatus Protogynous (Condini et al., 2018) 

Serranus cabrilla Simultaneous hermaphrodites (Garcia-

Diaz et al., 1997) 

Serranus scriba Simultaneous hermaphrodites (Alonso-

Fernandez et al., 2011) 

Helicolenus dactylopterus Gonochoric (Ringvold & Vesterinen, 

2021) 

Sciaena umbra Gonochoric (Kouroupakis et al., 2020) 

Umbrina cirrosa Gonochoric (Chaves-Pozo et al., 2020) 

Balistes capriscus Gonochoric (Kacem & Neifar, 2014) 

Sphyraena sphyraena Gonochoric (de Morais et al., 2015) 

Symphodus tinca Gonochoric (Pallaoro & Jardas, 2003) 

Merluccius merluccius Gonochoric (Al -Absawy, 2010) 

Pomadasys incisus Gonochoric (Doumpas et al., 2020) 

Dicentrarchus labrax Gonochoric (Villamizar et al., 2012) 

 

F. Study Aims 

This study aimed at investigating a range of characteristics involved in the 

reproduction of commercially important fish species, native to the Mediterranean Sea. 

These are: 

 

1. Weight-length relationships 

2. Sex-ratios 

3. Sizes at first maturity 

4. Reproductive and condition indices  
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CHAPTER II 

MATERIALS AND METHODS 
 

A. Sampling 

Based on the literature available on different species in the Mediterranean, 

samples were collected around their estimated reproductive periods. Sampling was 

carried out on the coast of Lebanon during two intervals: February - June 2020 (N= 215 

individuals) and January - June 2021 (N= 405 individuals). Major sampling sites were 

fishing ports situated in Tripoli, Dora, Beirut, Damour and Tyre (Figure 6). 

Freshly caught fish were purchased directly from the fishers and transported to the 

laboratory on crushed ice. They were preserved afterwards at -22°C. 

 

Figure 6 Sampling sites along the Lebanese coast in 2020 and 2021  
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B. Processing and General Biological Data 

Species were identified following the keys in Whitehead et al. (1986). 

Additionally, information about the location and time of capture (day/month/year) was 

kept for each individual. A coding system was created to organize and manage the 

database of all individuals included in the study. Each fish was given a code that consisted 

of the first letter from its genus name and two letters from its specific epithet. For 

example, the 5th individual of Boops boops is given the code of Bbo5, B from Boops and 

bo from boops. 

All fishes were photographed afterwards for reference with their corresponding 

code inscribed on a piece of paper, used as a label (Figure 7). Fin clips are then taken 

from the right side (pectoral and pelvic fins) of each specimen and preserved in 96% 

ethanol. 
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Figure 7 BBo5 code consisting of the first letter of the Genus Boops and the first two 

letters of the epithet boops, given to the fifth Boops boops individual in the sample 

 

Basic standard biometric measurements were also taken for each fish before 

dissection. The total length consisting of the length from the tip of the snout to tip of 

upper caudal lobe (LT), and standard length which is the distance from the tip of the snout 

to the hypural plate (LS), are measured to the nearest mm (Anderson & Neumann, 1996) 

(Figure 8). The total fish weight (WT), is recorded to the nearest 0.01 g. The fish is then 

dissected, the gonads and internal organs removed, and only the ñemptiedò fish with its 

flesh is left for the measure of the gutted weight (WG), recorded to the nearest 0.01g. 
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Figure 8 Boops boops specimen photograph showing the gut and gonad 

 

Figure 9 Total length (LT) and Standard length (LS) 

 

Gonads are weighed to the nearest 0.01 g (Wg), sexed when the individual is 

mature enough, and photographed next to their corresponding code for documentation 

and analysis. Some fishes displayed small immature gonads that cannot be differentiated 

macroscopically. These immature young fishes were left unsexed. 

The maturity stages are visually identified, immature individuals have small and 

deflated gonads. As the fish matures, its gonads increase in length and female individuals 

present granulated and yellowish gonads, whereas male individuals possess whitish and 
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smooth gonads. The maturity stages of females are distributed into five categories, the 

first one being the immature and the final one being the spent gonad. The male gonads 

are classified into four categories, starting with the immature gonads and finishing with 

the spent gonads. The different maturity stages are grouped in Tables 2, 3 and Figure 10. 

Subsequently, gonads and the rest of the internal organs are preserved separately in 4% 

buffered formaldehyde.  

Table 2 Macroscopic description of the maturation stages of female gonads 

Maturity stage Gonad characteristics  

Stage 1 Immature ovaries very small, elongated, 

paired with smooth edges and pale pink in 

color.  

Stage 2 Ovaries bigger and oval in shape. Some 

are covered with blood vessels. 

Stage 3 Mature granulated gonads. Orange yellow 

eggs are visible, ovaries covered with 

blood vessels. 

Stage 4 Ripe and running ovaries, eggs extruded 

with slight pressure on the abdomen. 

Blood vessels still prominent. 

Stage 5 Spent gonad, empty deflated sacs. Blood 

vessels not prominent. Ovary is shrunken 

in size. 

 

Table 3 Macroscopic description of the gonad maturation stages of male gonads 

Maturity stage Gonad characteristic  

Stage 1 Tiny testes, elongated and transparent.  

Stage 2 Mature testes milky in color with rough 

edges. Considerably larger than stage 1. 

Stage 3 Ripe testes, milky in color. With pressure 

on the abdomen, milt flows out. 

Stage 4 Spent testes, pale white and shrunken in 

size.  
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Female gonads maturity stages Male gonads maturity stages 

 
Stage 1 

 
Stage 1 

 
Stage 2 

 
Stage 2 

 
Stage 3 

 
Stage 3 

 
Stage 4 

 
Stage 4 
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C. Population Structure 

Weight-length relationships, length-frequency analyses, and sex ratios serve to 

analyze the population structure of the sampled populations. The weight-length (W-L) 

relationships of the two sampled populations are analyzed by regression analyses for 

samples where the total sample is greater than two individuals, with a hypothesized power 

function of the form WG =a LT
b. WG represents the gutted weight and LT the total length, 

a and b being regression parameters. W-L regression analyses are performed for the sexes 

separately during the two years of the study and for the pooled population including the 

unsexed individuals, with the same power function hypothesized. The Analysis of the r2 

values indicate the significance of the regression. Student's t-tests are used to compare 

the slopes and intercepts of the derived relationships between the sexes. (Zar, 2009).  

Length-frequency histograms are constructed for the sexed individuals within the pooled 

population. The length groups are divided into 2 cm intervals. Non-parametric 

Kolmogorov-Smirnoff test (Zar, 2009) serve to test the normality of the sampled 

populations.  

The sex ratios are analyzed using ɢ2 goodness-of-fit tests with a hypothesized 

ratio of  

 
Stage 5 

 

Figure 10 Different maturity stages of female and male gonads of Boops boops 
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1:1 (females: males). Sex ratios are calculated for the whole duration of the sampling 

during each month in order to evaluate monthly variations in the ratios of the sampled 

population.  

 

D. Reproductive Indices 

The gonadosomatic index (GSI) is a tool for measuring the sexual maturity in 

proportion to the testes and ovary development. It estimates the gonad mass as a 

proportion of the total body mass (Nikolsky, 1963). It is calculated for each sex separately 

in the sampled population using the formula GSI = 100 x Wg / WG (King, 1995). The GSI 

is one of the most important parameters for fish biology since it helps in establishing the 

breeding period of a species. It follows the gonadal maturation as it reaches higher values 

at the ripe stage before decreasing after spawning and sperm release. The determination 

of the stages of sexual maturation of individuals by calculating the GSI is inexpensive, 

rapid and more accurate compared to the traditional macroscopic and microscopic 

staging. Macroscopic staging relies on the visual evaluation of the external gonad 

development whereas microscopic staging examines the histology of the internal gonadal 

structure (Ganias et al., 2007; Flores et al., 2020).  

Similarly, the Hepatosomatic index (HIS), is calculated using the formula HIS = 

100 x WL / WG. The hepatosomatic index (HIS) is related to the GSI because it reflects 

the liver participation to the vitellogenesis process: The vitellogenin is the yolk precursor 

that is synthesized in the liver, secreted in the blood and then transported to the oocytes 

causing the accumulation of yolk. This accumulation causes changes in oocytes size and 

enhances the ovary weight (Ding, 2005). Therefore, HSI increases at early ripening, 

preparing for gonadal maturity then decreases at late ripening. However, males HSI do 
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not follow the same tendency of females, and presents fewer representative differences 

during the reproductive phase (Lovedeep, 2020). The monthly GSI and HSI averages are 

also calculated and plotted to determine the seasonal variability of the sampleôs 

reproductive conditions. 

Monthly condition factors are used to analyze the general well-being and health 

of fishes over the year. Differences can result from environmental conditions and 

physiological differences like feeding abundance and reproductive status (King, 1995). 

Fultonôs condition index assumes an increase in weight as function of fish length that 

tends to be higher in resting season and lower during the spawning season. It is calculated 

according to the formula Kf = 100,000 x (WG / LT
3) (Anderson & Neumann, 1996) for 

each specimen, and then monthly averages are calculated and graphed followed by K for 

the sexes separately to determine the monthly patterns of variability of the samplesô 

somatic condition.  

Rickerôs index considers that the more a fish weighs for a given length, the greater 

will be its condition factor. It is calculated using the formula Kr = 100,000 x (WG / LT
b), 

b referring to the slope of the power function derived from the W-L relationships (Bolger 

& Connolly, 1989). Kr is calculated for the sexes, using the slopes b of the power 

functions derived from the W-L relationships of the sexes. 

 And finally, the relative weight compares the mean weight of fish in a sample with the 

standard weight of fish from a generalized length weight relationship. It is calculated 

using the formula Wr = 100 x (WG / Ws) where Ws is the length-specific standard weight 

calculated from the power function obtained from the W-L relationships (Anderson & 

Neumann, 1996). Wr is calculated for the sexes similar to Rickerôs Kr. Nevertheless, the 
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comparison between species is impossible because different fish have different shapes 

(Anderson & Neumann 1996). 

 

E. Size at Maturity 

The length at first sexual maturity (L50) denotes the length at which 50 % of the 

population has reached reproductive maturity. It is an essential parameter for the 

sustainable management of fish stocks within an ecosystem to avoid fishing individuals 

that have not reached maturity yet. It is calculated for the pooled population. Fish within 

the spawning season were assigned into two categories, either mature or immature, based 

on GSI of individual / Highest GSI of the batch per year. If this ratio is greater than 10 

%, then the fish is considered mature and reproducing. The other specimens were counted 

as immature (Marquardt method). The total length of the selected specimens was grouped 

into 2 cm intervals. The proportions of mature individuals are calculated on R per length 

class. A logistic equation of the form  

P = 1 / {1+e [-r (LT- L50)]} expresses the proportion of sexually mature fish in terms of 

the total length and the L50 (King, 1995). Using nonlinear regression on SPSS programs, 

L50 is calculated for each species for the pooled years and sexes.  
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CHAPTER III  

RESULTS 
 

A. The Bogue Boops boops 

1. Population structure 

The total number of acquired specimens of B. boops was 100 individuals. They 

ranged from 100 to 290 mm LT and 11 to 234 g WG (Table 4).  

 

Table 4 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Boops boops processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 45 203.4 54.2 132 290  

Males 23 152.8 53.2 100 271  

Unsexed 32 141 8.5 122 160  

Pooled 100 171.9 52.9 100 290 

Gutted weight       

Females 45 99.9 78.8 20.88 237.92  

Males 23 88.6 79.2 11.16 237.92  

Unsexed 32 30.77 5.1 24.27 43.4  

Pooled 100 66.0 67.7 11.16 237.92  
 

 

2. Weight-length relationships 

Figure 11 represents various weight-length relationships for the B. boops 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases. The coefficients and elevations (slopes and intercepts) of the 

W-L curves for males and females during the two years of sampling did not show a 

significant difference (P > 0.05) (Figure 11, a, b). The data were then pooled and 

common regression coefficients calculated (Figure 11, c). Figure 11, d shows the W-L 
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relationship for all collected specimens, including the ones that were left unsexed and 

its regression was also significant. 

 

Figure 11 Weight-length relationships for all Boops boops individuals (pooled 2020-21) 

considered in this study (N=100). (a) females (N=45), (b) males (N=23), (c) females 

and males (N=68), and (d) all individuals, including unsexed  

 

 

3. Length frequency 

Figure 12 shows the length-frequency distributions of B. boops samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) (d) 

(b) 
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Figure 12 Length-frequency distributions for all Boops boops (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 B. boops samples was 1:0.51 females to 

males (Figure 13) and showed significant deviations from the 1:1 hypothesized ratio (P 

< 0.05).  

 
Figure 13 Monthly variations of sex ratios for all Boops boops (Pooled 2020-21) 

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 14, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The GSI curve showed one peak in April for males and females and 

then decreased for both in May.  

Figure 114, b shows the monthly variations of the HSI for both sexes in the two 

sampling periods. The mean female HSI reached its peak value in April and then 

declined in May. The mean male HSI appeared more or less stable between February 

and April and then increased in May.  

 

 

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

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

in 2020-21 sampling periods for Boops boops. Numbers of specimens (N) are inserted 

on the graph 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 15 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

(b) (a) 
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indices followed the same trend across the months of study. The mean female and male 

condition factors displayed their lowest values in March and increased in May.  

 

 
 

Figure 15 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Boops boops. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

All the maturity stages were detected for B. boops females and males (Figure 

16). 

 

(a) (b) 

(c) 
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Figure 16 Macroscopic staging of gonad maturity for females (a) and males (b) Boops 

boops 

 

8. Size at first maturity 

The logistic function obtained for the B. boops pooled specimens in 2020-21 

was P = 1/ {1+e [-0.017*(LT-123.505)]}. The L50 estimate was 123.5 mm.  

 
Figure 17 Curve of proportions of mature Boops boops specimens in 2020-21 obtained 

through a binary logistic function. L50 shown in red 

 

 

 

Stage1 Stage 2 Stage 3 Stage 4 Stage 5 

     
 

Stage 1 Stage 2 Stage 3 Stage 4 

    
 

(b) 

(a) 
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B. The Common dentex Dentex dentex 

1. Population structure 

The total number of acquired specimens of D. dentex was 3 individuals. They 

ranged from 307 to 544 mm LT and 427.6 to 1352.1 g WG (Table 5).  

Table 5 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Dentex dentex processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 2 425.5 167.5 307 544  

Males 1 473.0   473 473  

Unsexed 0      

Pooled 3 441.3 121.6 307 544 

Gutted weight       

Females 2 555.1 180.2 427.6 682.5  

Males 1 1352.1   1352.1 1352.1  

Unsexed 0      

Pooled 3 820.7 477.5 427.6 1352.1  
 

 

2. Weight-length relationships 

Figure 18 represents various weight-length relationships for the D. dentex 

considered in the current study. No graph was done for the male population since it is 

only represented by one individual neither for the female population because it is only 

represented by two individuals. Regression analysis was performed on the pooled 



 

 65 

sample between the two variables and was found to be insignificant. 

 

Figure 18 Weight-length relationships for all Dentex dentex individuals (2020-21) 

considered in this study (N=3) 

 

 

3. Length frequency 

Figure 19 shows the length-frequency distributions of D. dentex samples. The 

Shapiro-Wilk test for normality showed that all sexed samples were not normally 

distributed (P < 0.05).  
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Figure 19 Length-frequency distributions for all Dentex dentex individuals (2020-21) 

considered in this study. (N) are inserted on the graph 

 

4. Sex ratio 

The total sex ratio for the 2020-21 D. dentex samples was 1:0.5 females to males 

(Figure 20) and showed no significant deviations from the 1:1 hypothesized ratio (P > 

0.05).  

 
Figure 20 Monthly variations of sex ratios for all Dentex dentex (2020-21) considered in 

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 21, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The GSI was recorded in May for females and in March for the one 

male individual captured.  

Figure 21, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean female HSI was recorded in May and male HSI in March. 

  

Figure 21 Monthly variations in the (a) Gonadosomatic (GSI) and (b) Hepatosomatic 

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

grey line) in 2020-21 sampling periods for Dentex dentex. Numbers of specimens (N) 

are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 22 represents the variations in the condition factors recorded in May for 

females and in March for males during the two years sampling period (Fultonôs Kf, 

Rickerôs Kr, and Relative weight Wr). Kr and Wr were not calculated for males because 

it cannot be done when only having one individual.  

(b) (a) 
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Figure 22 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Dentex dentex. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Only stages two and three of maturity were observed in female D. dentex 

(Figure 23, a) and stage 2 in male D. dentex (Figure 6, b). 

 

 

Stage 1 Stage 2 

 

Stage 3 

 

Stage 4 Stage 5 

 

(a) (b) 

(c) 

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

dentex 

 

 

8. Size at first maturity 

Size at first maturity was calculated using the binary logistic function. The 

logistic function obtained for the D. dentex pooled specimens in 2020-21 was P = 1/ 

{ 1+e [-0.003*(LT -474.196)]}. The L50 estimate was 474.2 mm.  

 
Figure 24 Curve of proportions of mature Dentex dentex specimens in 2020-21 obtained 

through a binary logistic function. L50 shown in red 

  

Stage 1 Stage 2 

 

Stage 3 Stage 4 

 

(b) 
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C. The Pink dentex Dentex gibbosus 

1. Population structure 

Only one unsexed D. gibbosus individual was sampled. It was 257 mm LT and 

217.4  g WG (Table 6). 

Table 6 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Dentex gibbosus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 0      

Males 0      

Unsexed 1 257  257 257  

Pooled 1 257  257 257 

Gutted weight       

Females 0      

Males 0      

Unsexed 1 217.4  217.4 217.4  

Pooled 1 217.4  217.4 217.4  
 

 

2. Gonads maturity stages 

            The immature stage one was detected on the sampled D. gibbosus individual 

(Figure 25). 

 

 
 

Figure 25 Macroscopic staging of gonad maturity for the Dentex gibbosus individual 

 

3. Size at first maturity 

The size at first maturity cannot be estimated since the sample contains one 

individual. 

Stage 1 

 

Stage 2 Stage 3 Stage 4 Stage 5 
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D. The large eye dentex Dentex macrophtalmus 

1. Population structure 

The total number of acquired specimens of D. macrophtalmus was 46 

individuals. They ranged from 122 to 237 mm TL and 27.9 to 191.1 g Wg (Table 7).  

Table 7 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Dentex macrophtalmus processed in the current study 2020-21. Unsexed individuals 

are fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 24 175.4 30.3 136 237  

Males 13 172.8 28.3 130 216  

Unsexed 9 148 12.1 122 162  

Pooled 46 169.4 28.6 122 237 

Gutted weight       

Females 24 88.6 45.3 39.8 191.1  

Males 13 85.6 42 32.4 171.2  

Unsexed 9 48.58 11.6 27.92 66.35  

Pooled 46 79.9 42.3 27.9 191.1  
 

 

2. Weight-length relationships 

Figure 26 represents various weight-length relationships for the D. 

macrophtalmus considered in the current study. Regression analysis was significant 

between the two variables in all the cases. The coefficients and elevations (slopes and 

intercepts) of the W-L curves for males and females during the two years of sampling 

did not show a significant difference (P > 0.05) (Figure 26, a, b). The data were then 

pooled and common regression coefficients calculated (Figure 26, c). Figure 26, d 

shows the W-L relationship for all collected specimens, including the ones that were left 

unsexed where the regression was not significant between the two variables.  
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Figure 26 Weight-length relationships for all Dentex macrophtalmus individuals 

(pooled 2020-21) considered in this study (N=46). (a) females (N=24), (b) males 

(N=13), (c) females and males (N=37), and (d) all individuals, including unsexed  

 

 

3. Length frequency 

Figure 27 shows the length-frequency distributions of D. macrophtalmus 

samples. The Shapiro-Wilk test for normality showed that all sexed samples collected 

between the years 2020-21 were not normally distributed (P < 0.05).  

(a) (b) 

(d) (c) 
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Figure 27 Length-frequency distributions for all Dentex macrophtalmus (Pooled 2020-

21) considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 D. macrophtalmus samples was 1:0.45 

females to males (Figure 28) and showed no significant deviations from the 1:1 

 hypothesized ratio (P > 0.05).  

 
Figure 28 Monthly variations of sex ratios for all Dentex macrophtalmus (Pooled 2020-

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 29, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The female mean GSI declined from February to March and dropped 

again in May. The male mean GSI increased from February to March and then declined 

in May.  

Figure 29, b shows the monthly variations of the HSI for both sexes in the two 

sampling periods. The mean female HSI poorly increased from February to March and 

then dropped in May. The male HSI augmented from February to March and then 

decreased in May.  

  

Figure 29 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Dentex macrophtalmus. 

Numbers of specimens (N) are inserted on the graph 

 

 

6. Condition factors 

 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 30 represents the variations in the condition factors for females and 

males during the two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative 

(b) (a) 
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weight Wr). Kr and Kf values dropped a bit for females and males between February 

and March and the value stayed relatively constant in May. Wr values dropped between 

February and March for females and males and stayed constant for females in May but 

increased again for males in May.  

 

 

 
 

 

 

Figure 30 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Dentex macrophtalmus. Females: light grey lines, Males: dark grey lines 

 

7. Gonads maturity stages 

Stages one to four of maturity were observed in female D. macrophtalmus 

(Figure 31, a) and stages one to three in male D. macrophtalmus (Figure 31, b). 

 

 

 

(a) (b) 

(c) 
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Figure 31 Macroscopic staging of gonad maturity for female (a) and male (b) Dentex 

macrophtalmus 

 

 

8. Size at first maturity 

Due to the scarcity of immature individuals in the sample, a non-linear regression 

could not be obtained for D. macrophtalmus and thus the L50 could not be estimated.  

  

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 

Stage 5 

 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 

(a) 

(b) 
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E. The Morocco dentex Dentex maroccanus 

1. Population structure 

The total number of acquired specimens of D. maroccanus was 5 individuals. 

They ranged from 153 to 183 mm LT and 52.2 to 95.1 g WG (Table 8).  

Table 8 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Dentex maroccanus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 1 164.0   164 164  

Males 4 167 14.7 153 183  

Unsexed 0      

Pooled 5 166.4 12.8 153 183  

Gutted weight       

Females 1 78.7   78.7 78.7  

Males 4 74 21.7 52.2 95.1  

Unsexed 0      

Pooled 5 74.7 18.9 52.2 95.1  
 

 

2. Weight-length relationships 

Figure 32 represents various weight-length relationships for the D. maroccanus 

considered in the current study. No graph was done for the female population since it is 

only represented by one individual. Regression analysis was done for the male 
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population and was found to be insignificant. Regression analysis was performed on the 

pooled population as well and was insignificant.  

 

Figure 32 Weight-length relationships for all Dentex maroccanus individuals (2020-21) 

considered in this study (N=5). (a) males (N=4) and (b) all individuals  

 

 

3. Length frequency 

Figure 33 shows the length-frequency distributions of D. maroccanus samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected were not 

normally distributed  

(P < 0.05).  

 

 
Figure 33 Length-frequency distributions for all Dentex maroccanus (2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

(a) (b) 
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4. Sex ratio 

The total sex ratio for the 2020-21 D. maroccanus samples was 1:4 females to 

males (Figure 34) and showed significant deviations from the 1:1 hypothesized ratio (P 

< 0.05).  

 

 
Figure 34 Monthly variations of sex ratios for all Dentex maroccanus (2020-21) 

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

 

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 35, a and b show the GSI and HSI for both sexes in March.  

 

Figure 35 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Dentex maroccanus. Numbers 

of specimens (N) are 

 

(b) (a) 
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6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 36 represents the condition factors recorded in March for females and 

males (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). Kr and Wr were not 

calculated for females because it cannot be done when only having one individual.  

 
 

 

Figure 36 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Dentex maroccanus. Females: light grey lines, Males: dark grey lines 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

(c) 
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7. Gonads maturity stages 

Only stage 2 of maturity was detected for female (Figure 37, a) and male D. 

maroccanus (Figure 37, b).  

 

 

 
Figure 37 Macroscopic staging of gonad maturity for female (a) and male (b) Dentex 

maroccanus 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear 

regression could not be obtained for D. maroccanus, and thus L50 could not be 

calculated. 
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F. The Axillary seabream Pagellus acarne 

1. Population structure 

The total number of acquired specimens of P. acarne was 4 individuals. They 

ranged from 155 to 184 mm LT and 46.9 to 75.21 g WG (Table 9).  

Table 9 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Pagellus acarne processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 1 160   160 160  

Males 1 159   159 159  

Unsexed 2 170 20.5 155 184  

Pooled 4 165 13.1 155 184 

Gutted weight       

Females 1 56.3   56.3 56.3  

Males 1 49.9  49.86 49.9  

Unsexed 2 61.05 20 46.9 75.21  

Pooled 4 57.1 12.7 46.9 75.2  
 

 

2. Weight-length relationship 

Figure 38 represents the weight-length relationship for the P. acarne considered 

in the current study for all the collected specimens including the ones that were left 

unsexed. Regression was found to be significant between the two variables in this case.  
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Figure 38 Weight-length relationships for all Pagellus acarne individuals considered in 

this study, including unsexed (N=4) 

 

 

3. Length frequency 

Figure 39 shows the length-frequency distributions of P. acarne samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected 

between the years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 39 Length-frequency distributions for all Pagellus acarne (2020-21) considered 

in this study. (N) are inserted on the graph 
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4. Sex ratio 

The total sex ratio for the 2020-21 P. acarne samples was 1:1 females to males 

(Figure 40) and showed no significant deviations from the 1:1 hypothesized ratio (P < 

0.05).  

 
Figure 40 Monthly variations of sex ratios for all Pagellus acarne (2020-21) considered 

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

 

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 41 a and b show the GSI and the HSI for both sexes in the sampling 

period in May.  

 

 

(b) (a) 
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Figure 41 Monthly variations in the (a) Gonadosomatic (GSI) and (b) Hepatosomatic 

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

grey line) in 2020-21 sampling periods for Pagellus acarne. Numbers of specimens (N) 

are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 42 represents Fultonôs index for P. acarne recorded in May.  

 

 
 

Figure 42 Monthly variations in the Fultonôs Kf (mean ± S.D) for Pagellus acarne. 

Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

 

Only stage 2 of maturity was detected for P. acarne in females (Figure 43, a) 

and males (Figure 43, b). 
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Figure 43 Macroscopic staging of gonad maturity for female (a) and male (b) Pagellus 

acarne 

 

 

8. Size at first maturity 

 

Due to the small size of the sample, a non-linear regression could not be 

obtained for P. acarne, and thus L50 could not be calculated. 

 

 

G. The Common pandora Pagellus erythrinus 

 

1. Population structure 

 

The total number of acquired specimens of P. erythrinus was 4 individuals. 

They ranged from 158 to 312 mm LT and 52.3 to 393.4 g WG (Table 10).  

 

 

Table 10 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Pagellus erythrinus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 

Stage 1 Stage 2 

 

Stage 3 Stage 4 Stage 5 

 

Stage 1 Stage 2 

 

Stage 3 Stage 4 

 

(b) 

(a) 
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 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 2 206 67.8 158 254  

Males 2 297 21.9 281 312  

Unsexed 0      

Pooled 4 251 66.5 158 312 

Gutted weight       

Females 2 118.0 92.9 52.3 183.8  

Males 2 338.7 77.2 284.1 393.4  

Unsexed 0      

Pooled 4 228.4 145.2 52.3 393.4  
 

 

2. Weight-length relationships 

Figure 44 represents the weight-length relationship for the P. erythrinus 

considered in the current study. Regression analysis cannot be performed for the 

femalesô and malesô populations since they are formed by two individuals each. The 

data were then pooled and common regression coefficients calculated (Figure 44, c), the 

regression was found to be significant. 

 

 

Figure 44 Weight-length relationships for all Pagellus erythrinus individuals (2020-21) 

considered in this study (N=4) 
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3. Length frequency 

Figure 45 shows the length-frequency distributions of P. erythrinus samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 45 Length-frequency distributions for all Pagellus erythrinus (2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 P. erythrinus samples was 1:1 females to 

males (Figure 46) and showed no significant deviations from the 1:1 hypothesized ratio 

(P < 0.05).  
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Figure 46 Monthly variations of sex ratios for all Pagellus erythrinus (2020-21) 

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

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 47, a shows the monthly variations of the GSI for both sexes in the 

sampling period. The mean female GSI increased between May and June and the male 

GSI decreased between April and June.  

Figure 47, b shows the monthly variations of the HSI for both sexes in the sampling 

period. The mean female HIS decreased between May and June.

  

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

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

grey line) in 2020-21 sampling periods for Pagellus erythrinus. Numbers of specimens 

(N) are inserted on the graph 

 

 

(b) (a) 
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6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 48 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). Kr and 

Wr followed the same trend across the months of study. The mean female condition 

factors displayed their lowest values in May and increased in June, the male condition 

factors increased between April and June. Kf evolved differently and decreased between 

May and June for females and April and June for males.  

 

 
 

Figure 48 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Pagellus erythrinus. Females: light grey lines, Males: dark grey line 

 

7. Gonads maturity stages 

Stages two and three were detected for P. erythrinus females (Figure 49, a) and 

males (Figure 49, b). 

(a) (b) 

(c) 
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Figure 49 Macroscopic staging of gonad maturity for female (a) and male (b) Pagellus 

erythrinus 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear regression 

could not be obtained for P. erythrinus, and thus L50 could not be calculated. 

 

  

Stage 1 Stage 2 

 

Stage 3 

 

Stage 4 Stage 5 

 

Stage 1 Stage 2 

 

Stage 3 

 

Stage 4 

 

(b) 

(a) 
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H. The Bluespotted seabream Pagrus caeruleostictus 

 

1. Population structure 

The total number of acquired specimens of P. caeruleostictus was 14 

individuals. They ranged from 248 to 472 mm LT and 231.7 to 1527.4 g WG (Table 11).  

Table 11 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Pagrus caeruleostictus processed in the current study 2020-21. Unsexed individuals 

are fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 7 371.4 87 248 467  

Males 7 408.3 46 364 472  

Unsexed 0      

Pooled 14 389.9 69.5 248 472 

Gutted weight       

Females 7 835.0 498.3 231.7 1527.4  

Males 7 1001.2 328.2 662.4 1520.0  

Unsexed 0      

Pooled 14 918.1 414.4 231.7 1527.4  
 

 

2. Weight-length relationships 

Figure 50 represents various weight-length relationships for the P. 

caeruleostictus considered in the current study. Regression analysis was significant 

between the two variables in all the cases. The coefficients and elevations (slopes and 

intercepts) of the W-L curves for males and females during the two years of sampling 

did not show a significant difference (P > 0.05) (Figure 50, a, b). The data were then 
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pooled and common regression coefficients calculated (Figure 50, c), the regression was 

found to be significant. 

                                                      

Figure 50 Weight-length relationships for all Pagrus caeruleostictus individuals (pooled 

2020-21) considered in this study (N=14). (a) females (N=7), (b) males (N=7) and (c) 

females and males  

 

 

3. Length frequency 

 

Figure 51 shows the length-frequency distributions of P. caeruleostictus 

samples. The Shapiro-Wilk test for normality showed that all sexed samples collected 

between the years 2020-21 were not normally distributed (P < 0.05).  

(c) 

(a) (b) 
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Figure 51 Length-frequency distributions for all Pagrus caeruleostictus (Pooled 2020-

21) considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

 

The total sex ratio for the 2020-21 P. caeruleostictus samples was 1:1 females to 

males (Figure 52) and showed no significant deviations from the 1:1 hypothesized ratio 

(P < 0.05).  

 
Figure 52 Monthly variations of sex ratios for all Pagrus caeruleostictus (Pooled 2020-

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

 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 53, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The GSI curve showed one peak in March for males and stayed 

constant for females to increase in June. 

Figure 53, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean male HSI increased in March and then reached a peak value in June. 

The mean female HSI appeared more or less stable between March and May and then 

increased in June. 

 

Figure 53 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Pagrus caeruleostictus. 

Numbers of specimens (N) are inserted on the graph 

 

 

6. Condition factors 

 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 54 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

indices followed the same trend across the months of study. The mean female and male 

(b) (a) 
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condition factors displayed their lowest values in March and February respectively and 

increased in June.  

 

 
 

Figure 54 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Pagrus caeruleostictus. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Stages one, two and three of maturity were detected for the female P. 

caeruleostictus (Figure 55, a). Stages one and two were detected from the male 

individuals (Figure 55, b). 

 

 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 Stage 5 

 

(a) (b) 

(c) 

(a) 
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Figure 55 Macroscopic staging of gonad maturity for female (a) and male (b) Pagrus 

caeruleostictus 

8. Size at first maturity 

 

Size at first maturity was calculated using the binary logistic function. The 

logistic function obtained for the P. caeruleostictus pooled specimens in 2020-21 was P 

= 1/ {1+e [-0.008*(LT - 304.715)]}. The L50 estimate was 304.7 mm.  

 
Figure 56 Curve of proportions of mature Pagrus caeruleostictus specimens in 2020-21 

obtained through a binary logistic function. L50 shown in red 

 

  

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 

 

(b) 
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I. The Red porgy Pagrus pagrus 

 

1. Population structure 

The total number of acquired specimens of P. pagrus was 30 individuals. They 

ranged from 151 to 454 mm LT and 48 to 1328.4 g WG (Table 12).  

Table 12 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Pagrus pagrus processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 3 321.7 120.9 217 454  

Males 2 183.0 2.8 181 185  

Unsexed 25 190 34.8 151 302  

Pooled 30 202.6 60.3 151 454 

Gutted weight       

Females 3 623.6 621.3 154.9 1328.4  

Males 2 87.1 4.3 84.0 90.2  

Unsexed 25 109.97 79.1 48.03 376.21  

Pooled 30 159.8 237.8 48.0 1328.4  
 

 

2. Weight-length relationships 

 

Figure 57 represents various weight-length relationships for the P. pagrus 

considered in the current study. Regression analysis was significant between the two 

variables for the female individuals. The data were then pooled (adding the unsexed) 
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and common regression coefficients calculated (Figure 57, c), the regression was 

significant. 

 

Figure 57 Weight-length relationships for all Pagrus pagrus individuals (2020-21) 

considered in this study (N=30). (a) females (N=3) and (b) all individuals, including 

unsexed  

 

 

3. Length frequency 

 

Figure 58 shows the length-frequency distributions of P. pagrus samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 58 Length-frequency distributions for all Pagrus pagrus (2020-21) considered in 

this study. (N) are inserted on the graph 

 

 

 

(a) (b) 
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4. Sex ratio 

 

The total sex ratio for the 2020-21 P. pagrus samples was 1:0.6 females to males 

(Figure 59) and showed significant deviations from the 1:1 hypothesized ratio (P < 

0.05).  

 
Figure 59 Monthly variations of sex ratios for all Pagrus pagrus (2020-21) considered 

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

 

 

5. Reproductive indices 

 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 60, a shows the monthly variations of the GSI for both sexes in the 

sampling period. GSI values were recorded in March and then increased in June for 

females. One mean GSI value was recorded in February for males. 
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Figure 60, b shows the monthly variations of the HSI for both sexes in the sampling 

period. The mean female and male HSI was recorded in March and increased in June.

  

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

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

± S.D.; dark grey line) in 2020-21 sampling periods for Pagrus pagrus. Numbers of 

specimens (N) are inserted on the graph. 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 61 represents the monthly variations in the condition factors used for the 

sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). Only female Kr 

and Wr were calculated in March and June because the male sample is too small (only 2 

individuals) to calculate the condition factors.  

(b) (a) 
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Figure 61 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Pagrus pagrus. Females: light grey lines, Males: dark grey lines 

 

 

 

 

7. Gonads maturity stages 

 

Stages one and two of maturity were observed on the females (Figure 62, a) and 

males (Figure 62, b) P. pagrus. 

 

(a) (b) 

(c) 
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Figure 62 Macroscopic staging of gonad maturity for female (a) and male (b) Pagrus 

pagrus 

8. Size at first maturity 

 

Due to the scarcity of mature individuals in the sample, a non-linear regression 

could not be obtained for P. pagrus, and thus L50 could not be calculated. 

 

 

  

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 Stage 5 

 

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 

 

(b) 

(a) 
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J. The Salema Sarpa salpa 

 

1. Population structure 

  

The total number of acquired specimens of S. salpa was 3 individuals. They 

ranged from 236 to 367 mm LT and 183.7 to 642.7 g WG (Table 13).  

Table 13 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Sarpa salpa processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 1 367   367 367  

Males 0      

Unsexed 2 263 37.4 236 289  

Pooled 3 297.3 65.9 236 367 

Gutted weight       

Females 1 642.74   642.74 642.74  

Males 0      

Unsexed 2 228.55 63.3 183.72 273.38  

Pooled 3 366.6 243.3 183.7 642.7  
 

 

2. Weight-length relationships 

 

Figure 63 represents the weight-length relationship for the S. salpa 

considered in the current study. Regression analysis was significant between the 

two variables for all the individuals, including the unsexed.  
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Figure 63 Weight-length relationships for all Sarpa salpa individuals (2020-21) 

considered in this study, including unsexed (N=3) 

 

 

3. Length frequency 

 

Figure 64 shows the length-frequency distributions of S. salpa samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 64 Length-frequency distributions for all Sarpa salpa (2020-21) considered in 

this study. (N) are inserted on the graph 
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4. Sex ratio 

 

The total sex ratio for the 2020-21 S. salpa samples was 1:0 females to males 

(Figure 65) and showed no significant deviations from the 1:1 hypothesized ratio (P > 

0.05).  

 
Figure 65 Monthly variations of sex ratios for all Sarpa salpa (2020-21) considered in 

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

 

 

5. Reproductive indices 

 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 66, a and b show the GSI and HSI of the female individual collected in 

May. 

  

(b) (a) 
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Figure 66 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Sarpa salpa. Numbers of 

specimens (N) are inserted on the graph 

6. Condition factors 

 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 67 represents the Fultonôs Kf index calculated for one female individual 

in May.  

 

 
 

Figure 67 Monthly variations in the Fultonôs Kf (mean ± S.D.; b) for Sarpa salpa. 

Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Stages one and two of maturity were recorded for female S. salpa (Figure 68). 
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Figure 68 Macroscopic staging of gonad maturity for female Sarpa salpa 

 

 

8. Size at first maturity 

 

Size at first maturity was calculated using the binary logistic function. 

The logistic function obtained for the S. salpa pooled specimens in 2020-21 was 

P = 1/ {1+e [-0.953*(LT -334.652)]}. The L50 estimate was 334.6 mm.  

 
Figure 69 Curve of proportions of mature Sarpa salpa specimens in 2020-21 obtained 

through a binary logistic function. L50 shown in red 

 

  

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 Stage 5 

 



 

 109 

K.  The Picarel Spicara smaris 

 

1. Population structure 

The total number of acquired specimens of S. smaris was 33 individuals. They 

ranged from 102 to 132 mm LT and 11.1 to 21.4 g WG (Table 14).  

Table 14 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Spicara smaris processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 11 112.7 6.5 102 121  

Males 7 127.1 4.6 120 132  

Unsexed 15 125 2.7 120 130  

Pooled 33 121.5 7.7 102 132 

Gutted weight       

Females 11 14.0 1.9 11.1 16.2  

Males 7 20.1 1.8 16.0 21.4  

Unsexed 15 18.01 1.2 16.09 19.63  

Pooled 33 17.1 2.8 11.1 21.4  
 

 

2. Weight-length relationships 

Figure 70 represents various weight-length relationships for the S. smaris 

considered in the current study. Regression analysis was significant between the two 
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variables in the female and pooled (including unsexed) population.

 

Figure 70 Weight-length relationships for all Spicara smaris individuals (pooled 2020-

21) considered in this study (N=33). (a) females (N=11), (b) males (N=7) and (c) 

Females and males (N= 18) and (d) all individuals, including unsexed  

 

 

3. Length frequency 

 

Figure 71 shows the length-frequency distributions of S. smaris samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) 

(b) 

(d) 
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Figure 71 Length-frequency distributions for all Spicara smaris (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

 

The total sex ratio for the 2020-21 S. smaris samples was 1:0.63 females to 

males (Figure 72) and showed no significant deviations from the 1:1 hypothesized ratio 

(P > 0.05).  

 
Figure 72 Monthly variations of sex ratios for all Spicara smaris (Pooled 2020-21) 

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

 

5. Reproductive indices 

 

Gonadosomatic index GSI and hepatosomatic index HSI 
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Figure 73, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The male mean GSI decreased from February to March and only one 

GSI mean value was recorded for the female population in March. 

Figure 73, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean female HSI increased from February to March, whereas the female 

mean HSI was only calculated in March.

  

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

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

± S.D.; dark grey line) in 2020-21 sampling periods for Spicara smaris. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Condition factors 

 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 74 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

indices followed the same trend across the months of study. The mean male condition 

factors increased between February and March and the mean female condition factor 

was only recorded in March.  

(b) (a) 
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Figure 74 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Spicara smaris. Females: light grey lines, Males: dark grey lines 

 

7. Gonads maturity stages 

 

Stages one, two and three were detected for the female population (Figure 75, a) 

and stages one and two for the male population (Figure 75, b) in S. smaris. 

 

 

 
Figure 75 Macroscopic staging of gonad maturity for female (a) and male (b) Spicara 

smaris 
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8. Size at first maturity 

Due to the scarcity of mature individuals in the sample, a non-linear regression 

could not be obtained for S. smaris, and thus L50 could not be calculated. 

 

L. The European pilchard Sardina pilchardus 

1. Population structure 

The total number of acquired specimens of S. pilchardus was 14 individuals. 

They ranged from 86 to 112 mm LT and 4.8 to 11 g WG (Table 15).  

Table 15 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Sardina pilchardus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 0      

Males 0      

Unsexed 14 96.3 6.4 86 112  

Pooled 14 96.3 6.4 86 112 

Gutted weight       

Females 0      

Males 0      

Unsexed 14 7.0 1.8 4.8 11.0  

Pooled 14 7.0 1.8 4.8 11.0  
 

 

2. Weight-length relationship 

Figure 1 represents the weight-length relationship for the S. pilchardus 

considered in the current study. Regression analysis was significant between the two 

variables in the unsexed specimens.  
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Figure 76 Weight-length relationships for all Sardina pilchardus individuals (2020-21) 

considered in this study (N=14) 

 

 

3. Gonads maturity stages 

Only stage one of maturity was recorded in S. pilchardus (Figure 6). 

 

 
Figure 77 Macroscopic staging of gonad maturity for Sardina pilchardus 

 

4. Size at first maturity 

The size at first maturity cannot be calculated because the sample consists of 

exclusively immature individuals.  

Stage 1 

 

Stage 2 Stage 3 Stage 4 Stage 5 
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M. The Round sardinella Sardinella aurita 

1. Population structure 

The total number of acquired specimens of S. aurita was 66 individuals. They 

ranged from 152 to 255 mm LT and 26.1 to 130.3 g WG (Table 16).  

Table 16 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Sardinella aurita processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 26 210.8 16.3 176 238  

Males 40 190.1 24.9 152 255  

Unsexed 0      

Pooled 66 198.2 24.1 152 255 

Gutted weight       

Females 26 75.2 16.9 40.2 107.3  

Males 40 58.4 24.2 26.1 130.3  

Unsexed 0      

Pooled 66 65.0 23 26.1 130.3  
 

 

2. Weight-length relationships 

Figure 78 represents various weight-length relationships for the S. aurita 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases. The coefficients and elevations (slopes and intercepts) of the 

W-L curves for males and females during the two years of sampling did not show a 
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significant difference (P > 0.05) (Figure 78, a, b). The data were then pooled and 

common regression coefficients calculated (Figure 78, c) and were significant. 

 

Figure 78 Weight-length relationships for all Sardinella aurita individuals (pooled 

2020-21) considered in this study (N=66). (a) females (N=26), (b) males (N=40) and (c) 

females and males  

 

 

3. Length frequency 

Figure 79 shows the length-frequency distributions of S. aurita samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) 

(b) 
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Figure 79 Length-frequency distributions for all Sardinella aurita (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 S. aurita samples was 1:1.54 females to 

males (Figure 80) and showed no significant deviations from the 1:1 hypothesized ratio 

(P > 0.05).  

 
Figure 80 Monthly variations of sex ratios for all Sardinella aurita (Pooled 2020-21) 

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

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 
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Figure 81, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The male GSI decreased from May to June whereas the female GSI 

increased from May to June. 

Figure 81, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean female HSI increased between May and June. The mean male HSI 

appeared to be stable between May and June. 

 

Figure 81 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Sardinella aurita. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 82 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

indices followed the same trend across the months of study. The mean female and male 

condition factors increased from May to June.  

(b) (a) 
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Figure 82 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Sardinella aurita. Females: light grey lines, Males: dark grey lines 

 

7. Gonads maturity stages 

All the maturity stages except stage 4 were detected for female S. aurita (Figure 

83, a) and all the stages were detected for males (Figure 83, b). 

 

 

 
Figure 83 Macroscopic staging of gonad maturity for female (a) and male (b) Sardinella 

aurita 

 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 Stage 5 

 
 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 
 

(a) (b) 

(c) 

(b) 

(a) 
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N. The Madeiran sardinella Sardinella maderensis 

1. Population structure 

The total number of acquired specimens of S. maderensis was 26 individuals. 

They ranged from 148 to 306 mm LT and 29.3 to 222 g WG (Table 17).  

Table 17 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Sardinella maderensis processed in the current study 2020-21. Unsexed individuals 

are fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 10 249.1 62.8 148 306  

Males 16 226.9 58.2 158 298  

Unsexed 0      

Pooled 26 235.4 59.7 148 306 

Gutted weight       

Females 10 148.1 77.7 29.3 222.0  

Males 16 112.6 71.9 35.6 212.3  

Unsexed 0      

Pooled 26 126.2 74.7 29.3 222.0  
 

 

2. Weight-length relationships 

Figure 84 represents various weight-length relationships for the S. maderensis 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases. The coefficients and elevations (slopes and intercepts) of the 

W-L curves for males and females during the two years of sampling did not show a 
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significant difference (P > 0.05) (Figure 84, a, b). The data were then pooled and 

common regression coefficients calculated (Figure 84, c) and were significant.  

 

Figure 84 Weight-length relationships for all Sardinella maderensis individuals (pooled 

2020-21) considered in this study (N=26). (a) females (N=10), (b) males (N=16) and (c) 

females and males  

 

 

3. Length frequency 

Figure 85 shows the length-frequency distributions of S. maderensis samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) 

(b) 
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Figure 85 Length-frequency distributions for all Sardinella maderensis (Pooled 2020-

21) considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 S. maderensis samples was 1:1.6 females to 

males (Figure 86) and showed no significant deviations from the 1:1 hypothesized ratio 

(P > 0.05).  

 
Figure 86 Monthly variations of sex ratios for all Sardinella maderensis (Pooled 2020-

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 87, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The male GSI was calculated in March and then decreased in June. 

The female GSI was calculated in February, then increased in March to decrease again 

in June.  

Figure 87, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean female HSI appeared to be stable between February and March and 

then increased in June. The mean male HSI was recorded in March and June.

   

Figure 87 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Sardinella maderensis. 

Numbers of specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 88 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

indices followed the same trend across the months of study. The mean female HIS 

(b) (a) 
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decreased from February to March and then increased in May. The mean male HIS was 

calculated in March and June.  

 

 
 

Figure 88 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Sardinella maderensis. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

All the maturity stages except stage 5 were detected for female S. maderensis 

(Figure 89, a). All the stages except stage 4 were detected the male population (Figure 

89, b). 

 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 

Stage 5 

 

(a) (b) 

(c) 

(a) 
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Figure 89 Macroscopic staging of gonad maturity for female (a) and male (b) Sardinella 

maderensis 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear 

regression could not be obtained for S. maderensis, and thus L50 could not be calculated. 

 

 

O. The White grouper Epinephelus aeneus 

1. Population structure 

The total number of acquired specimens of E. aeneus was 3 individuals. They 

ranged from 312 to 551 mm LT and 347.6 to 1882.7 g WG (Table 18).  

Table 18 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Epinephelus aeneus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 1 551   551 551  

Males 2 350.5 54.4 312 389  

Unsexed 0      

Pooled 3 417 121.9 312 551 

Gutted weight       

Females 1 1882.7   1882.7 1882.7  

Males 2 387.1 55.8 347.6 426.6  

Unsexed 0      

Pooled 3 885.6 864.4 347.6 1882.7  
 

 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 

(b) 
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2. Weight-length relationships 

Figure 90 represents the weight-length relationship for the E. aeneus considered 

in the current study. Regression analysis was significant between the two variables for 

the collected specimens.  

 

Figure 90 Weight-length relationships for all Epinephelus aeneus individuals (2020-21) 

considered in this study. Females and males (N=3) 

 

 

3. Length frequency 

Figure 91 shows the length-frequency distributions of E. aeneus samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  
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Figure 91 Length-frequency distributions for all Epinephelus aeneus (2020-21) 

considered in this study. (N) are inserted on the graph 

4. Sex ratio 

The total sex ratio for the 2020-21 E. aeneus samples was 1:2 females to males 

(Figure 92) and showed no significant deviations from the 1:1 hypothesized ratio (P > 

0.05).  

 
Figure 92 Monthly variations of sex ratios for all Epinephelus aeneus (2020-21) 

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 93, a shows the GSI for both sexes in the sampling period. The female 

GSI was calculated in May and the male GSI calculated in April.  

Figure 93, b shows the HSI for both sexes in the sampling period. The mean female HSI 

was recorded in May and the mean male HSI was calculated in April. 

 

Figure 93 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 20209-21 sampling periods for Epinephelus aeneus. Numbers 

of specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 94 represents the monthly variations in the condition factors used for the 

two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All the 

indices were recorded in April and only Wr was calculated in May.  
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Figure 94 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean ± 

S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Epinephelus aeneus. Females: light grey lines, Males: dark grey lines 

 

7. Gonads maturity stages 

Only stage two of maturity was detected in the female E. aeneus (Figure 95, a) 

and stage one of maturity in the male population (Figure 95, b). 

 

(a) (b) 

(c) 
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Figure 95 Macroscopic staging of gonad maturity for female (a) and male (b) 

Epinephelus aeneus 

 

 

P. The Goldblotch grouper Epinephelus costae 

1. Population structure 

The total number of acquired specimens of E. costae was 4 individuals. They 

ranged from 295 to 451 mm LT and 299.7 to 1106.7 g WG (Table 19).  

Table 19 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Epinephelus costae processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 3 348.3 83.8 295 445  

Males 1 445.0   445 445  

Unsexed 0      

Pooled 4 374.0 85.5 295 451 

Gutted weight       

Females 3 714.8 391.6 299.7 1106.7  

Males 1 1106.7   1106.7 1106.7  

Unsexed 0      

Pooled 4 714.8 391.6 299.7 1106.7  
 

 

Stage 1 Stage 2 

 

Stage 3 Stage 4 Stage 5 

 

Stage 1 

 

Stage 2 Stage 3 Stage 4 

 

(b) 

(a) 
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2. Weight-length relationships 

Figure 96 represents various weight-length relationships for the E. costae 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases.  

 

 

Figure 96 Weight-length relationships for all Epinephelus costae individuals (pooled 

2020-21) considered in this study (N=4). (a) females (N=3) and (b) females and males  

 

 

3. Length frequency 

Figure 97 shows the length-frequency distributions of E. costae samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

(a) (b) 
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Figure 97 Length-frequency distributions for all Epinephelus costae (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 E. costae samples was 1:0 females to males 

(Figure 98) and showed significant deviations from the 1:1 hypothesized ratio (P < 

0.05).  

 
Figure 98 Monthly variations of sex ratios for all Epinephelus costae (Pooled 2020-21) 

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 99, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The female GSI was calculated in April and then increased in May. 

Only one male GSI value was calculated in April. 

Figure 99, b shows the monthly variations of the HSI for both sexes in the two sampling 

periods. The mean female HSI was calculated in April and then increased in May. Only 

one mean HSI value was calculated in April. 

 

Figure 99 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Epinephelus costae. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Gonads maturity stages 

Stages one and three were detected in the female population (Figure 100, a) and 

stage one in the male population of E. costae (Figure 100, b). 

 

 

 

Stage 1 

 

Stage 2 Stage 3 

 

Stage 4 Stage 5 

 

(b) (a) 

(b) 

(a) 
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Figure 100 Macroscopic staging of gonad maturity for female (a) and male (b) 

Epinephelus costae 

 

 

 

7. Size at first maturity 

Size at first maturity was calculated using the binary logistic function. The 

logistic function obtained for the E. costae pooled specimens in 2020-21 was P = 1/ 

{ 1+e [-0.011*(LT -285.386)]}. The L50 estimate was 123.5 mm.  

 

 
Figure 101 Curve of proportions of mature Epinephelus costae specimens in 2020-21 

obtained through a binary logistic function. L50 shown in red 

 

  

Stage 1 

 

Stage 2 Stage 3 Stage 4 
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Q. The Dusky grouper Epinephelus marginatus 

1. Population structure 

The total number of acquired specimens of E. marginatus was 8 individuals. 

They ranged from 324 to 893 mm LT and 506.2 to 14968.9 g WG (Table 20).  

Table 20 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Epinephelus marginatus processed in the current study 2020-21. Unsexed 

individuals are fish that displayed immature gonads that cannot be differentiated 

macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 4 387.0 31.2 358 426  

Males 3 551.7 295.6 376 893  

Hermaphrodites 1 324  324 324  

Pooled 8 440.9 185.1 324 893 

Gutted weight       

Females 4 972.3 283 743.0 1354.3  

Males 3 5594.8 8118.4 842.6 14968.9  

Hermaphrodites 1 506.20  506.20 506.20  

Pooled 8 2647.5 4984.7 506.2 14968.9  
 

 

2. Weight-length relationships 

Figure 102 represents various weight-length relationships for the E. marginatus 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases. The coefficients and elevations (slopes and intercepts) of the 

W-L curves for males and females during the two years of sampling did not show a 

significant difference (P > 0.05) (Figure 102, a, b). The data were then pooled and 

common regression coefficients calculated (Figure 102, c). Figure 102, d shows the W-
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L relationship for all collected specimens, including the hermaphrodites in which the 

regression was also significant. 

 

Figure 102 Weight-length relationships for all Epinephelus marginatus individuals 

(pooled 2020-21) considered in this study (N=8). (a) females (N=4), (b) males (N=3), 

(c) females and males (N=7), and (d) all individuals, including hermaphrodites  

 

 

3. Length frequency 

Figure 103 shows the length-frequency distributions of E. marginatus samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) (d) 

(b) 
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Figure 103 Length-frequency distributions for all Epinephelus marginatus (Pooled 

2020-21) considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 E. marginatus samples was 1:0.75 females to 

males (Figure 104) and showed no significant deviations from the 1:1 hypothesized 

ratio (P > 0.05).  

 
Figure 104 Monthly variations of sex ratios for all Epinephelus marginatus (Pooled 

2020-21) considered in this study. Females (light grey) and males (dark grey) 
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5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 105, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The male GSI increased between April and May and the female GSI 

increased between March and June. 

Figure 105, b shows the monthly variations of the HSI for both sexes in the two 

sampling periods. The mean male HSI decreased between April and May and the mean 

female HSI decreased between March and June. 

 

Figure 105 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Epinephelus marginatus. 

Numbers of specimens (N) are inserted on the graph. 

 

6. Gonads maturity stages 

Stages one and two were detected for female (Figure 106, a) and male E. 

marginatus (Figure 106, b). 

 

(b) (a) 
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Figure 106 Macroscopic staging of gonad maturity for female (a) and male (b) 

Epinephelus marginatus 

 

 

7. Size at first maturity 

Due to the scarcity of immature individuals in the sample, a non-linear regression 

could not be obtained for E. marginatus, and thus L50 could not be calculated. 

 

R. The Comber Serranus cabrilla 

1. Population structure 

The total number of acquired specimens of S. cabrilla was 5 hermaphrodite 

individuals. They ranged from 154 to 172 mm LT and 47.6 to 68.6 g WG (Table 21).  

Table 21 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Serranus cabrilla processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 0      

Males 0      

Hermaphrodites 5 164.0 6.4 154 172  

Pooled 5 164.0 6.4 154 172 

Gutted weight       

Females 0      

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 Stage 5 

 

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 

 

(b) 

(a) 



 

 141 

Males 0      

Hermaphrodites 5 54.2 8.2 47.6 68.6  

Pooled 5 54.2 8.2 47.6 68.6  
 

 

2. Weight-length relationships 

Figure 107 represents the weight-length relationship for the S. cabrilla 

considered in the current study. Regression analysis was significant between the two 

variables.  

 

Figure 107 Weight-length relationships for all Serranus cabrilla individuals (2020-21) 

considered in this study. Hermaphrodites (N=5) 

 

 

3. Gonads maturity stages 

          Stage two was detected on the sampled S. cabrilla hermaphrodite individuals 

(Figure 108). 
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Figure 108 Macroscopic staging of gonad maturity for Serranus cabrilla 

 

S. The Painted comber Serranus scriba 

1. Population structure 

The total number of acquired specimens of S. scriba was 7 individuals. They 

ranged from 149 to 189 mm LT and 48 to 99 g WG (Table 22).  

Table 22 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Serranus scriba processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  
Total length       

Females 7 175.7 14 149 189  
Males 0      
Unsexed 0      

Pooled 7 175.7 14 149 189 

Gutted weight       

Females 7 79.3 18.2 48.0 99.0  
Males 0      
Unsexed 0      

Pooled 7 79.3 18.2 48.0 99.0  
 

 

2. Weight-length relationships 

Figure 109 represents the weight-length relationship for the S. scriba considered 

in the current study. Regression analysis was significant between the two variables.  

Stage 1 Stage 2 

 

Stage 3 Stage 4 Stage 5 
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Figure 109 Weight-length relationships for all Serranus scriba individuals (pooled 

2020-21) considered in this study. Females (N=7) 

 

 

3. Length frequency 

Figure 110 shows the length-frequency distributions of S. scriba samples. The 

Shapiro-Wilk test for normality showed that all the female samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 110 Length-frequency distributions for all Serranus scriba (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 
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4. Sex ratio 

The total sex ratio for the 2020-21 S. scriba samples was 1:0 females to males 

(Figure 111) and showed significant deviations from the 1:1 hypothesized ratio (P < 

0.05).  

 
Figure 111 Monthly variations of sex ratios for all Serranus scriba (Pooled 2020-21) 

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

 

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 112, a and b show the GSI and HSI for the females sampled in February.  

 

Figure 112 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

(b) (a) 
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± S.D.; dark grey line) in 2020-21 sampling periods for Serranus scriba. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 113 represents the monthly variations in the condition factors used for 

the two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All 

the indices were calculated in February for the female population. 

 

 
 

Figure 113 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean 

± S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Serranus scriba. Females: light grey lines, Males: dark grey lines 

 

7. Gonads maturity stages 

Stage two of maturity was detected for female S. scriba (Figure 114). 

(a) (b) 

(c) 
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Figure 114 Macroscopic staging of gonad maturity for female (a) and male (b) Serranus 

scriba 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear regression 

could not be obtained for S. scriba, and thus L50 could not be calculated. 

 

T. The European anchovy Engraulis encrasicolus 

1. Population structure 

The total number of acquired specimens of E. encrasicolus was 20 individuals. 

They ranged from 85 to 118 mm LT and 4.5 to 10.5 g WG (Table 23).  

Table 23 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Engraulis encrasicolus processed in the current study 2020-21. Unsexed individuals 

are fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 14 103.0 8.3 87 118  

Males 3 97.0 11 85 107  

Unsexed 3 106 10 96 116  

Pooled 20 103.0 8.8 85 118 

Gutted weight       

Females 14 7.1 1.8 4.7 10.0  

Males 3 5.8 1.2 4.5 7.0  

Unsexed 3 8.36 1.8 7.24 10.49  

Pooled 20 7.1 1.8 4.5 10.5  
 

 

Stage 1 Stage 2 

 

Stage 3 Stage 4 Stage 5 
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2. Weight-length relationships 

Figure 115 represents various weight-length relationships for the E. encrasicolus 

considered in the current study. Regression analysis was significant between the two 

variables in all the cases. The coefficients and elevations (slopes and intercepts) of the 

W-L curves for males and females during the two years of sampling did not show a 

significant difference (P > 0.05) (Figure 115, a, b). The data were then pooled and 

common regression coefficients calculated (Figure 115, c). Figure 115, d shows the W-

L relationship for all collected specimens, including the ones that were left unsexed. 

The regression was also significant. 

 

Figure 115 Weight-length relationships for all Engraulis encrasicolus individuals 

(2020-21) considered in this study (N=20). (a) females (N=14), (b) males (N=3), (c) 

females and males (N=16), and (d) all individuals, including unsexed  

 

 

(a) 

(c) (d) 

(b) 
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3. Length frequency 

Figure 116 shows the length-frequency distributions of E. encrasicolus samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 116 Length-frequency distributions for all Engraulis encrasicolus (2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 E. encrasicolus samples was 1:0.21females to 

males (Figure 117) and showed significant deviations from the 1:1 hypothesized ratio (P 

< 0.05).  
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Figure 117 Monthly variations of sex ratios for all Engraulis encrasicolus (2020-21) 

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

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 118, a shows the GSI for both sexes in the sampling period. The GSI 

value was recorded for both males and females in March.  

Figure 118, b shows the monthly variations of the HSI for both sexes in the sampling 

period. The mean female and male HSI were recorded March. 

 

Figure 118 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Engraulis encrasicolus. 

Numbers of specimens (N) are inserted on the graph 

 

 

1. (b) (a) 



 

 150 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 119 represents the monthly variations in the condition factors used for 

the two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). All 

the indices were recorded in March and the female mean was higher than the male 

mean. 

 

 
 

Figure 119 Monthly variations in the condition indices in 2020-21), Rickerôs Kr (mean 

± S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Engraulis encrasicolus. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

In the female population, all the stages of maturity were detected except for 

stage four (Figure 120, a). In the male population, stages one until four were detected in  

E. encrasicolus (Figure 120, b). 

(a) (b) 

(c) 
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Figure 120 Macroscopic staging of gonad maturity for female (a) and male (b) 

Engraulis encrasicolus 

8. Size at first maturity 

Due to the scarcity of immature individuals in the sample, a non-linear regression 

could not be obtained for E. encrasicolus, and thus L50 could not be calculated. 

 

U. The Blackbelly rosefish Helicolenus dactylopterus 

1. Population structure 

The total number of acquired specimens of H. dactylopterus was 5 individuals. 

They ranged from 234 to 275 mm LT and 189.3 to 359.5 g WG (Table 24).  

Table 24 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Helicolenus dactylopterus processed in the current study 2020-20. Unsexed 

individuals are fish that displayed immature gonads that cannot be differentiated 

macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 0      

Males 5 244.2 17.3 234 275  

Unsexed 0      

Pooled 5 244.2 17.3 234 275 

Gutted weight       

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 Stage 5 

 
 

Stage 1 

 

Stage 2 

 

Stage 3 

 

Stage 4 

 

(b) 

(a) 
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Females 0      

Males 5 236.3 69.8 189.3 359.5  

Unsexed 0      

Pooled 5 236.3 69.8 189.3 359.5  
 

 

2. Weight-length relationships 

Figure 121 represents the weight-length relationship for the H. dactylopterus 

considered in the current study. Regression analysis was significant between the two 

variables.  

 

 

Figure 121 Weight-length relationships for all Helicolenus dactylopterus individuals 

(2020-20) considered in this study. Males (N=5) 

 

 

3. Length frequency 

Figure 122 shows the length-frequency distributions of H. dactylopterus 

samples. The Shapiro-Wilk test for normality showed that all sexed samples collected 

between the years 2020-20 were not normally distributed (P < 0.05).  
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Figure 122 Length-frequency distributions for all Helicolenus dactylopterus (2020-20) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-20 H. dactylopterus samples was 1:0 females to 

males (Figure 123) and showed significant deviations from the 1:1 hypothesized ratio (P 

< 0.05).  

 
Figure 123 Monthly variations of sex ratios for all Helicolenus dactylopterus (Pooled 

2020-21) considered in this study. Females (light grey) and males (dark grey) 

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 
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Figure 124, a and b show the GSI and HSI for the male H. dactylopterus 

calculated in May. 

  

Figure 124 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Helicolenus dactylopterus. 

Numbers of specimens (N) are inserted on the graph 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 125 represents the condition factors used for the two years sampling 

period (Fultonôs Kff, Rickerôs Kr, and Relative weight Wr). All the indices were 

calculated in May for the male H. dactylopterus. 

(b) (a) 
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Figure 125 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean 

± S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Helicolenus dactylopterus. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Stage two of maturity was detected for H. dactylopterus males (Figure 126). 

 

 
 

Figure 126 Macroscopic staging of gonad maturity for Helicolenus dactylopterus 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear regression 

could not be obtained for H. dactylopterus, and thus L50 could not be calculated. 

 

  

Stage 1 Stage 2 

 

Stage 3 Stage 4 

 

(a) (b) 

(c) 



 

 156 

V. The Brown meagre Sciaena umbra 

1. Population structure 

The total number of acquired specimens of S. umbra was 7 individuals. 

They ranged from 220 to 402 mm LT and 128.6 to 892 g WG (Table 25).  

Table 25 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Sciaena umbra processed in the current study 2020-21. Unsexed individuals are fish 

that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 5 331.4 64.6 231 402  

Males 2 222.0 2.8 220 224  

Unsexed 0      

Pooled 7 300.1 75 220 402 

Gutted weight       

Females 5 461.3 270.3 153.3 892.0  

Males 2 138.4 13.9 128.6 148.2  

Unsexed 0      

Pooled 7 369.1 271.2 128.6 892.0  
 

 

2. Weight-length relationships 

Figure 127 represents the various weight-length relationships for the S. umbra 

considered in the current study. Regression analysis was significant between the two 

variables in the females and pooled population. 
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Figure 127 Weight-length relationships for all Sciaena umbra individuals (pooled 2020-

21) considered in this study. Males (N=5) 

 

 

3. Length frequency 

Figure 128 shows the length-frequency distributions of S. umbra samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

(a) 

(c) 

(b) 
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Figure 128 Length-frequency distributions for all Sciaena umbra (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 S. umbra samples was 1:0.4 females to males 

(Figure 129) and showed no significant deviations from the 1:1 hypothesized ratio (P > 

0.05).  

 
Figure 129 Monthly variations of sex ratios for all Sciaena umbra (Pooled 2020-21) 

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

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 130, a shows the monthly variations of the GSI for both sexes in the two 

sampling periods. The GSI curve showed one peak in May for females and then 

decreased in June. One GSI mean value was recorded for males in May.  

Figure 130, b shows the monthly variations of the HSI for both sexes in the two 

sampling periods. The mean female HSI reached its peak value in April and then 

declined in May and June. The mean male HSI value was only calculated in May.  

 

  

Figure 130 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Sciaena umbra. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 131 represents the condition factors used for the two years sampling 

period (Fultonôs Kff, Rickerôs Kr, and Relative weight Wr). All the female indices 

followed the same trend and decreased in June after being constant in March and May. 

Only one Wr value was calculated for the males in April.  

(b) (a) 



 

 160 

 

 
 

Figure 131 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean 

± S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Helicolenus dactylopterus. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Stages one, two and four were detected for the females S. umbra (Figure 132, a) 

and only stage one for the males (Figure 132, b) 

 

(a) (b) 

(c) 
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Figure 132 Macroscopic staging of gonad maturity for female (a) and male (b) Sciaena 

umbra 

8. Size at first maturity 

Size at first maturity was calculated using the binary logistic function. The 

logistic function obtained for the S. umbra pooled specimens in 2020-21 was P = 1/ 

{ 1+e [-0.011*(LT -306.153)]}. The L50 estimate was 306.1 mm.  

 

 
Figure 133 Curve of proportions of mature Sciaena umbra specimens in 2020-21 

obtained through a binary logistic function. L50 shown in red 

 

  

Stage 1 

 

Stage 2 

 

Stage 3 Stage 4 

 

Stage 5 

 

Stage 1 

 

Stage 2 Stage 3 Stage 4 
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W. The Shi drum Umbrina cirrosa 

1. Population structure 

The total number of acquired specimens of U. cirrosa was 4 individuals. They 

ranged from 392 to 574 mm LT and 583.1 to 1660.2 g WG (Table 26).  

Table 26 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Umbrina cirrosa processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 4 488.0 84.5 392 574  

Males 0      

Unsexed 0      

Pooled 4 488.0 84.5 392 574 

Gutted weight       

Females 4 1121.9 502.7 583.1 1660.2  

Males 0      

Unsexed 0      

Pooled 4 1121.9 502.7 583.1 1660.2  
 

 

2. Weight-length relationships 

Figure 134 represents the weight-length relationship for the U. cirrosa 

considered in the current study. Regression analysis was significant between the two 

variables.  
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Figure 134 Weight-length relationships for all Umbrina cirrosa individuals (2020-21) 

considered in this study. Females (N=4) 

 

 

3. Length frequency 

Figure 135 shows the length-frequency distributions of U. cirrosa samples. The 

Shapiro-Wilk test for normality showed that all sexed samples collected between the 

years 2020-21 were not normally distributed (P < 0.05).  

 
Figure 135 Length-frequency distributions for all Umbrina cirrosa (2020-21) 

considered in this study. (N) are inserted on the graph 
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4. Sex ratio 

The total sex ratio for the 2020-21 U. cirrosa samples was 1:0 females to males 

(Figure 136) and showed significant deviations from the 1:1 hypothesized ratio (P < 

0.05).  

 
Figure 136 Monthly variations of sex ratios for all Umbrina cirrosa (2020-21) 

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

 

 

5. Reproductive indices 

Gonadosomatic index GSI and hepatosomatic index HSI 

 

Figure 137, a shows the monthly variations of the GSI for the female  

U. cirrosa. The mean GSI value increased between the months of March and April 

Figure 137, b shows the monthly variations of the HSI for the female  

U. cirrosa. The mean female HSI decreased between March and April. 
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Figure 137 Monthly variations in the (a) Gonadosomatic index (GSI) and (b) 

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

± S.D.; dark grey line) in 2020-21 sampling periods for Umbrina cirrosa. Numbers of 

specimens (N) are inserted on the graph 

 

 

6. Condition factors 

Rickerôs condition index (Kr), Fultonôs condition index (Kf) and Relative weight 

(Wr)  

 Figure 138 represents the monthly variations in the condition factors used for 

the two years sampling period (Fultonôs Kf, Rickerôs Kr, and Relative weight Wr). Kr 

and Wr followed the same trend across the months of study and decreased between 

March and April. Kf increased between March and April

 

(a) (b) 

(c) 

(b) (a) 
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Figure 138 Monthly variations in the condition indices in 2020-21.), Rickerôs Kr (mean 

± S.D.; a), Fultonôs Kf (mean ± S.D.; b) and Relative weight Wr (mean + S.D.; c) for 

Umbrina cirrosa. Females: light grey lines, Males: dark grey lines 

 

 

7. Gonads maturity stages 

Stage two of maturity was detected for U. cirrosa females (Figure 139). 

 

 
 

Figure 139 Macroscopic staging of gonad maturity for Umbrina cirrosa 

 

 

8. Size at first maturity 

Due to the absence of immature individuals in the sample, a non-linear regression 

could not be obtained for U. cirrosa, and thus L50 could not be calculated. 

 

X. The Grey triggerfish  Balistes capriscus 

1. Population structure 

The total number of acquired specimens of B. capriscus was 7 individuals. They 

ranged from 243 to 586 mm LT and 219.9 to 1755 g WG (Table 27).  

Table 27 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g) 

for Balistes capriscus processed in the current study 2020-21. Unsexed individuals are 

fish that displayed immature gonads that cannot be differentiated macroscopically 

 n Mean S.D. Range  

       Minimum Maximum  

Total length       

Females 5 313.6 106.4 243 502  

Males 2 537.0 69.3 488 586  

Unsexed 0      

Stage 1 Stage 2 

 

Stage 3 Stage 4 Stage 5 
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Pooled 7 377.4 142.2 243 586 

Gutted weight       

Females 5 508.1 349.4 219.9 1115.7  

Males 2 1432.5 456 1110.0 1755.0  

Unsexed 0      

Pooled 7 772.2 565.2 219.9 1755.0  
 

 

2. Weight-length relationships 

Figure 140 represents various weight-length relationships for the B. 

capriscus considered in the current study. Regression analysis was significant 

between the female population and the pooled population.  

 

Figure 140 Weight-length relationships for all Balistes capriscus individuals (pooled 

2020-21) considered in this study (N=7). (a) females (N=5), (b) males (N=2) and (c) 

females and males  

 

3. Length frequency 

Figure 141 shows the length-frequency distributions of B. capriscus samples. 

The Shapiro-Wilk test for normality showed that all sexed samples collected between 

the years 2020-21 were not normally distributed (P < 0.05).  

(c) 

(b) (a) 
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Figure 141 Length-frequency distributions for all Balistes capriscus (Pooled 2020-21) 

considered in this study. (N) are inserted on the graph 

 

 

4. Sex ratio 

The total sex ratio for the 2020-21 B. capriscus samples was 1:0.4 females to 

males (Figure 142) and showed no significant deviations from the 1:1 hypothesized 

ratio (P > 0.05).  

 
Figure 142 Monthly variations of sex ratios for all Balistes capriscus (Pooled 2020-21) 

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

 

 

 

 

 










































































































