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ABSTRACT
OF THE THESIS OF

NathalieKozhaya Boutros for Master ofScierce
Major: Biology

Title: ReproductiveCharacteristics of Common Marine Fishes in the Lebanese Coastal
Fishery Balistidae, Clupeidae, Engraulidae, Haemulidae, Labridaglucciidae
Moronidae, Sebastidae, Sciaenidae, Serranidae, Sparidae, Sphyraenidae

At least 1,600 animal species are foumdlebanon'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 foodwsver, 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 fféqesLebanese coast and
fisheries are under a lot of pressure:réighing, pollution, destruction of habitats and

the failure of classical management approacBeslies on reproductive biology is

crucial to plan a better conservation of fishery resources.

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

years from different locations in Lebandrhese samples were dissected and data
analysis were performed to calculate different parameters related to the reproduction of
these species. These parameters were the Gonadosomatic indegséteptt index,
condition factors, Weighitength relationship and size at first maturity.

We came across many challenges, nante/small number of species collected, the

small number of individuals collected per species, the economic crisis and thd 8ovid
pandemicHowever, thanain goal of the study was to compile primary data on
reproductive characteristics of the maximum nemiif commercially important species

in Lebanonlt 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 |

INTRODUCTION

A. Mediterranean Sea

TheMare medi terraneurm Latin, or the Mediterranean as we know it, means a
ifiSea in the middle of the | ando. 1t is the
an area of 269,000 kri 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. Tneaghan
Suez Canal links thévlediterranean 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 Si€lgll 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 (Rethdone
al., 2017; FAO, 2020). In particularthe Mediterranean has sustained important fishing
activities since ancient times. These activities are multispediskeries that exploit
mostly pelagic stocks of fishes and can range from industrial-isdomstrial to small
scde fisheries (Papaconstantinou & Farrugio, 2000; Bariche 2012). The Mediterranean
fishery produce annually 1.2 million tons of fishd provide vital jobs: one in every 1,000
coastal residents is a fisher in the regldawever, despite its small sizestchallenging

to maintain and manage the fisheries sector due to many different {&a&as2020)

34



2. Biodiversity

In the late Miocene, around 5.96 million years ago, the Mediterranean faced
extreme geological event known as the Messinian Salinity CrigsesnTain driver of
this event was when the precursor of the strait of Gibraltar locked, isolating the
Mediterranean from the Atlantic Ocean (Dug@eml, 2003; Govers, 2009; Gareia
Castellanos & Villasefior, 2011). Within 700,000 years, the dry climate of the region
dried out the Mediterranean basin, transforming it into a series of brackish lakes
(Carnevaleet al, 2008; Roveret al, 2014). This geologal 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. Toddws biota is today considered native to
the Mediterranean Sea (Logatal, 2005; Collet al, 2010; Bianchget al, 2012).
Whil e the Mediterranean covers an area o0
holds 17,000 known species which acceuntf or 7% of t he worl doés
many species being endemic to the Mediterranean éCall 2011; Manninceet al,
2017). A drop in the species richness is observed from the Western basin of the
Mediterranean to its Eastern region. This cowddriterpreted by the fact that the
Atlantic Ocean is closer to the Western Mediterranean basin (Katsanevaki2014,
Manninoet al, 2017). Moreover, numerous factors negatively affect the
Mediterraneands biodi ver ghiltygf the fshertes.t hu s ,
Some of the influences include pollution from human activities, habitat degradation,
and overfishing (Colét al, 2011; Mannineet al, 2017). Climate change is also
seriously affecting both abiotic and biotic entities and camsetly transforming the

Mediterranean biodiversity (Katsanevakisal, 2014). Furthermore, the opening of the
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Suez Canal contributed to the introduction of4maaigenous species that may bring
negative impact at the ecological level, by competing feousces with the native
species, becoming predators, and causing displacement of native species from their
ecological niches (Sakat al, 2001; Baricheet al, 2004). These changes will have
direct socieeconomic repercussions on fisheries where thévelabundance of

several species may be either suppressed or intensified (Dethan2005).

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 tlaphases: a cold phase in the
winter and a warm phase in the summer, separated by two shodeatamal intervals
in the spring and fall. The spring season (March to May) is characterized by a large
phytoplankton bloom, caused by the rising temperatanel 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 imi@ot levels and a moderate bloom
of phytoplankton (Abboud\bi Saabet al, 2017; Varkitziet al, 2020).

The Lebanese shoreline is around 225 kilometers long and runssoatth The coast

is rocky for 80% of the way, with the remaining 20% being samitty gravel on the
landward side. The continental shelf spreads to 21 km in the north, narrows along a
northsouth 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 Febimargnaximum

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 imjpot. The coast has played a significant
role in modeling the countryds economic
marine resources are currently suffering from serious pressure since the area has been
subject to many anthropogenic stresses firmreased urbanization and the resulting

pollution (Naderet 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 ttaenddon
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 thannl2 m i
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; Nadest 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; Nadgral, 2012). Purse seines large fishing net
deployed in the shape of a bag to encircle a school of fistgtly 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 2048018.

The Lebanese fisheries are unddot 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 feecurity (Nadeet al, 2014). A study by
Baricheet al.(2007), emphasized the fact that two third of the catches in Lebanon are
small pelagic fishes. Juveniles of the year {elgss 0) are attracted to floating lights

and are captured using purse seiats. 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 rstdd fishes. These
practices are againsisainable 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 incresing human pressures on the marine environment (Chestaly
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 mtistics data are lacking (Majdalani, 2004; Naeteail, 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
immaturefishes exerts a negative impact on the net reproductive effort, thus leading to
a smaller population size and diversity (Lowe2@2Q Gebremedhirt al, 2021).

Moreover, to ensure the lostigrm viability of the fishery, laws and legislation must be
implemented to prohibit the capture of spawners during the reproductive period

(TrindadeSantos & 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 variatiomireproductive features (Patifio & 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 sex€&onads 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 ardilsacgranular in advanced stages due
to developing oocytes, and rangecotor 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 tiPaié® (&

Redding, 200D

Fish are the only venteates where hermaphroditism is present, with two main
types. The first type is sequential hermaphroditisimanging sexat different stages in
life. Some speciesan first mature as males, change sex and function as females for the
rest of their livegprotandrous speciepther speciefrst mature as females, change
sex and function as males for the rest of their lives (protogynous species) (Mainday
al. 2010 Manabeet al.2013).The second type is simultaneous hermaphroditignere
individualsproduce both mature eggs and sperm in their gonads at the same time
(Patifio & Redding, 20Q0Additionally, rudimentary hermaphroditism (late
gonochorism) may occur when individuals carry both female and male immature
gonads, but during maturation one of the types develops fully and determines the
sex (Sadovy & Shapiro 198ver 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 sexarasition and observation of

functional sex changélermaphroditism was confirmed sevenorders, 27 familis

and 94 genera. Sequential hermaphroditism predominates over simultaneous
hermaphroditsmata5rlati o and protogyny predominate
(Maynouet al, 2021).For sequential hermaphroditism, the siwlvantage model

predicts that sex change will occur when the reproductive success of one sex increases
more rapidly with size than the megluctive success of the opposite sex (Warner,

1975). For examplef the process adpawningn females is more successful when the
females are larger, large matefemale sex change is most advantageous. But if males
gain more from being largewhen ttey need to better defend their breeding territories

and to mate with many femaletarge femaleto-male sex change is optimé&n the

other hand, simultaneous hermaphroditism is best known as a tactic to secure mating
opportunities when finding an oppasgex individual is difficult or costly

(Ghiselin1969 Warnerl1975. FurthermoreMaynouet al, (2021) revealed that
simultaneous hermaphroditism appears to be as common in shallow waters as it is in

deepwater environments where the probability of emteuis 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

Vis At T
ALY

~Pagrus caeruleos

Sarpa salpa

‘Sicara smaris

feaiad _-L?;"‘rf\ A/’ | td ¥ i ‘
Figurel Sparidae family members included in the study
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Clupeidae

Sardinella aurita

"A

Figure2 Clupeidae family members included in the study
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Serranidae

Epinephelus aeneus
el

Epienephelus costae

z

Epinephelus marginatus

Serranus cabrilla

Serranus scriba
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Figure3 Serranidaé family members included in the study

Sciaenidae

Sciaena umbra

Umbrina cirrosa

Figure4 Sciaenidae family members included in the stuoiy
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(a) Balistes capriscus

(b) Engraulis encrasicolus

s

(d) Symphodus tinca

() Dicentrarchus labrax
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Ifigdres (é) Balistidae, (b) EngraUIid’ae, (C) Haemulidae, (d) Labridadi¢elucciidae
(f) Moronidae, (g) Sebastidae and (h) Sphyraenidae family members included in the

study

Tablel The reproduction mode of the studied species

Boops boops

GonochorigBottari et al, 2014)

Dentex dentex

Gonochoric Grauet al, 2016)

Dentex gibbosus

Late gonochori¢Grubisicet al, 2007)

Dentex macrophtalmus

Late gonochoricHottset al, 2010)

Dentexmaroccanus

Late gonochoricBauchotet al, 1986)

Pagellus acarne

ProtandriqCoelhoet al, 2005)

Pagellus erythrinus

ProtogynousZarradet al, 2010)

Pagrus caeruleostictus

Late gonochorig¢lsmail et al, 2018)

Pagrus pagrus

ProtogynougKokokiris et al, 2006)

Sarpa salpa

Protandric (Paivat al, 2018)

Spicara smaris

ProtogynougJuntuneret al, 2019

Sardinapilchardus

Gonochoric Basiloneet al, 2021)

Sardinella aurita

Gonochoric Baaliet al.2017)
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Sardinella maderensis

Gonochoric Amenzoui & Baali 2018)

Engraulis encrasicolus

Gonochoric §harafet al, 2009)

Epinephelus aeneus

ProtogynougDesideraetal., 2020

Epinephelus costae

ProtogynousHleemstra & Randall
1993)

Epinephelus marginatus

Protogynous@ondiniet al, 2018)

Serranus cabrilla

Simultaneous hermaphroditégsdrcia
Diazet al, 1997)

Serranus scriba

Simultaneous hermaphroditeslgnso-
Fernandeet al, 2011)

Helicolenus dactylopterus

Gonochoric Ringvold & Vesterinen,
2021)

Sciaena umbra

Gonochoric Kouroupakiset al, 2020

Umbrina cirrosa

Gonochoric ChavesPozoet al, 2020

Balistes capriscus

Gonochoric Kacem & Neifar,2014)

Sphyraena sphyraena

Gonochoric (de Moraist al, 2015)

Symphodus tinca

GonochorigPallaoro & Jardas, 2003)

Merluccius merluccius

GonochorigAl-Absawy, 2010)

Pomadasys incisus

Gonochoric Doumpaset al, 2020)

Dicentrarchus labrax

GonochoriqVillamizar et al, 2012)

F. Study Aims

This study aimedatinvestigating a range of characteristics involved in the
reproduction of commercially important fish specieative to the Mediterranean Sea.

These are

1. Weightlength relationship
2. Sexratios
3. Sizes at first maturity

4. Reproductive and condition indices
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CHAPTERII

MATERIALS AND METHODS

A. Sampling
Based on the literature available on different species in the Mediterranean,
samples were collected around their estimated reproductive peBadwpling was
carried out on the coast of Lebanon during two intervals: Februange 2020 (N= 215
individuals) and JanuaryJune 2021 (N= 405 individuals). Major sampling sites were
fishing ports situated in Tripoli, Dora, Beirut, Damour and Tyre (Fdbr
Frestly caughtfish were purchased directly from the fiskeand transported to the

laboratory on crushed ic&hey werepreservedfterwards at22°C.

0 25 km
iTrpoh

MEDITERRANEAN

SEA

LEBANON
Dora

Zahle
(Y , L)
Beirut
Damour

.Sldon

.Nabanye
et Tahta
Tyre )

Damascus
*

SYRIA

Figure6 Sampling sites along the Lebanese coa2020 and 2021

48



B. Processing and General Biological Data

Species were identified following the keys in Whiteheaid al. (1986).
Additionally, information about the location and time of capture (day/month/yess)
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 epkbet
example, th&" individual of Boops boopss given the code d@bo5, 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 (FHyuren dips are then taken
from the right side (pectoral and pelvic fins) of each specimen and preserved in 96%

ethanol.
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Figure7 BBo5 code consisting of the first letter of the GeBospsand the first two
letters of the epithdioops given to the fiftrBoops boopsdividual in the sample

Basic $andard biometric measunens werealso taken for each fish before
dissection. The total length congngj of the length from the tip of the snout to tip of
upper caudal lob@ 1), and standard length which is the distance from the tip of the snout
to the hypural platéls), aremeasured to the nearest mm (Anderson & Neumann, 1996)
(Figure 8) The total fish weight (W), is recorded to the nearest 0.01 g. The isstien
dissectedthe gonads and internal organs remowed,d onl y t he HfAempti ec

flesh is left for the measure tife gutted weight (\8), recorded to the neare&01g.
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Figure8 Boops boopspecimen photograph showing the gut andlagb

P ammm---- - -

Figure9 Total length (kr) and Standard length §]

Gonadsare weighed to the nearest 0.01 g JWsexedwhen the individual is
mature enoughand photographed next to their corresponding code for documentation
and analysisSomefishesdisplayedsmallimmature gonads that cannot be differentiated
macroscopicallyThese immature young fishes were left unsexed.

The maturity stages are visually identified, immature individuals have small and
deflated gonads. As the fish matynés 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 immatearand 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 TaBlasdEigure 10
Subsequently, gads and the rest of the internal organspreservedseparatelyn 4%
buffered formaldehyde.

Table2 Macroscopic description of the maturation stages of female gonads

Maturity stage Gonad characteristics

Stage 1 Immature ovaries very small, elongate
paired with smooth edges and pale pinl
color.

Stage 2 Ovaries bigger and oval in shape. So
are covered with blood vessels.

Stage 3 Mature granulated gonads. Orange yell

eggs are visible, ovaries covered
blood vessels.
Stage 4 Ripe and running ovaries, eggs extrug
with slight pressure on the abdomg
Blood vessels still prominent.

Stage 5 Spent gonad, empty deflated sacs. Bl
vessels not prominent. Ovary is shrunk
in size.

Table3 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 roug
edges. Considerably laagthan stage 1.

Stage 3 Ripe testes, milky in color. With pressy
on the abdomen, milt flows out.

Stage 4 Spent testes, pale white and shrunkel
size.
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Stage 5
Figure10 Different maturity stages of female and male gonaddooips boops

C. Population Structure

Weightlength relationships, lengtinequency analyses, and seatios serve to
analyze the population structure of the sampled populatidres.weightlength $\-L)
relationships of the two sampled populatiars analyzed by regression analydes
samples where the total sample is greater than two individu#isa hypothesized power
function of the formWs =a Lt®. W represents the gutted weight dngdthe total length,
aandb beingregression parametekd-L regression analyseseperformed for the sexes
separatelhyduring the two years of the study amat the pooled population including the
unsexedndividuals, with the same power function hypothesiZgte Analysis of the?r
values indicate the significance of the regression. Studeetssstare used to compare
the slopes and intercepts of the deriveldtionships between the sexes. (Zar, 2009).
Lengthfrequency histograms are constructed for the sexed individuals within the pooled
population. The length groups are divided into 2 cm intervhlsn-parametric
Kolmogorov+Smirnoff test (Zar, 2009) servid test the normality of the sampled
populations.

The sex ratios are analyzed usimgyoodnessof-fit testswith a hypothesized

ratio of
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1:1 (females: males). Sex ratios are calculated for the whole duration of the sampling
during each month in ordeo 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 developmdnestimatesthe gonad mass as a
proportion of the total body madsikolsky, 1963) It is calculated for eacbex separately
in thesampled population using the formula GSI = 100¢¢ W¢ (King, 1995).The GSI
is one of the most important parameters for fish biokigge 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 spawningerdh releaselhe determination
of the stage of sexual maturation of dividuals by calculating the G$ 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 earasithe histology of the internal gonadal
structure (Ganiast al, 2007; Flore®t al, 2020.

Similarly, the Hepatosomatic index (HIS), is calculated using the formula HIS =
100 x WL / We. The hepatosomatic index (HIS) is related to the GSI becauvskeitts
the liver participatiorto 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 caus@Esges 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 fewsrsentative differences
during thereproductive phasg@ovedeep2020).The monthly GSand H51 averagesire
also calculatedand plottedto determine the seasonalar i abi | ity of t h
reproductive conditions.

Monthly condition factors are used to analyze the generalbheelly and health
of fishes over the year. Differences can result from environmental conditions and
physiological differences like feeding abundance and reproductive gtamgs 1995)
F ul $ eomdilion indexassumes an increase in weight as function of fish length that
tends to be higher in resting season and lower during the spawning $eias@iculated
according tahe formula K = 100,000 x (W / Lt3) (Anderson & Neumann, 1996) for
each specimen, and then monthly averagesalculated and graphéddllowed by K for
the sexes separatety determine thenonthlyp at t er ns of variabil it
somatic condition

Rickerds index consi der s tdngth thetgleaer mor e
will be its condition factorlt is calculated using the formula Kr = 100,000 x{W\L°),
b refering to the slope of the power function derived from thé_\\¢lationships (Bolger
& Connolly, 1989). Kris calculated for the sexes, ugithe slopesd of the power
functions derived from the W relationships of the sexes.
And finally, the relative weight compardset mean weight of fish in a sample with the
standard weight of fish from a generalized length weight relationkhip.calaulated
usingthe formula Wr = 100 x (\&/ Ws) where Ws is the leng8pecific standard weight
calculatedfrom the power function obtained from the-Mrelationships (Anderson &

Neumann, 1996). Wsc al cul at ed f or t he Nevertleess,shemi | ar
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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 sl denotes the length at which 50 % of the
population has reached pr@ductive maturity.lt is an essential parameter for the
sustainable management of fish stocks within an ecosystem to avoid fishing individuals
that have not reached maturity yiétis calculated for th@ooled populationkish within
the spawning seasavereassigned into two categories, either mature or immalased
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 immatire (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. Alogistic equation of the form
P =1/{1+e {r (Lt- Lso)]} expresssthe proportion of sexually mature fish in terms of
the total length and thes¢(King, 1995).Using nonlinear regression on SPg8grans,

Lsois calculated for eacspeciedor the pooled years and sexes.
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CHAPTERIII

RESULTS

A. The BogueBoops boops
1. Population structure

The total number of acquired specimen8oboopsvas 100 individuals. They

ranged from 100 to 290 mhy and 11 to 234 §Vc (Table4).

Table4 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Boops boopgrocessed in the current studly2021. 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. Weightlength relationshis

Figure 11 represents various weiglgngth relationships for th8. 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 noashow
significant difference (P > 0.05) (Figuré,1a, b). The data were then pooled and

common regression coefficients calculated (Figurec). Figurell, d shows the W
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relationship for all collected specimens, including the ones that were left unseixed an

its regression was also significant.
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Figurell Weightlength relationships faall Boops boopsdividuals(pooled2026-21)
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considered in this study (N=100). f@males(N=45), (b) males(N=23), (c)females
and malegN=68),and(d) all individuals including unsexed

3. Length frequency

Figurel2 shows the lengtfrequency distributions d8. boopssamples. The

400

400

ShapireWilk test for normality showed that all sexed samples collected between the

years202021 were not normally distributed (P < 0.05).
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Boops boops
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Figurel2 Lengthfrequency distributions faall Boops boopgPooled2020-21)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for th202021 B. boopssamples wa$:0.51females to

males (Figurd3) and showed significant deviations from the 1:1 hypothesized ratio (P

<0.05).
Boops boops

100%

X 75%
=
(=]
=
@
=

T 50%
=

25%

0%

Jan Feb Mar Apr May Jun Jul
Month

Figure13 Monthly variations of sex ratios fail Boops boop$Pooled2020-21)
considerd in this studyFemales (light grey) and males (dark grey)
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5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figurel4, a showthe 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.
Figurell4, b shows the monthly variations of the HSI for botkesan 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.

,\
&

Boops boops (b) Boops boops
5.0 2.5

45 09
4.0
3.5

o N ®
o o o
-
[}
o
[=]
—
-
w

b
o

305
> L]
259

i3
3 202

Female GSI
-~
[=]
-
I
N
=
-
Female HSI
-
%]
(%]
o
u_l-b
w
w
(= =]
[ ]
le HSI

w
o

-
o

—d
<]
=
M

™~
=}

1.0

i

o
=
wn
o
)

05 0.1

0.0 0.0 0.0
Jan Feb Mar Apr May Jun Jul Jan Feb Mar Apr May Jun Jul
Month Month

=]
o

Figurel4 Monthly variations in the (a) Gonadosomadied (b) Hepatosomatic index
(HSI) for females (mean + S.D.; light grey line) and males (meau.; dark grey line)
in 202021 sampling periods fdoops boopaNumbers of specimens (N) are inserted
on the graph

6. Condition factors

Rickerds condition index (Kr), Fultonds
(Wr)
Figurel5 represents the monthly variations in the condition factors used for the

two years sampling perioF(u | t on 6 s I fand RBlatiwe kveightdNg All the
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indices follonedthe samérend across the months of study. The mean female and male

condition factors displayed their lowest values in March and increased in May.
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Figure1l5 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s K

S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Boops boopsFemals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

All the maturity stages were detected Boboopsfemales and males (Figure
16).
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Stage 5
o+ S

Figure16 Macroscopic staging of gonad maturity for fensgke and mals (b) Boops
boops

8. Size at first méurity

The logistic function obtained for th& boopgooled specimens 202021

wasP = 1/ {1+e [0017(LT-123505% The [5oestimate was 123.5 mm.

Boops boops

ors

Proportion

Total length (mm)

Figurel7 Curve of proportions of matu&oops boopspecimens 202021 obtained
through a binary logistic functiohse shown in red
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B. The Common dentexDentex dentex

1. Population structure

The total number of acquired specimen®otlentexwvas3 individuals. They

ranged fronB07to 544mm Lt and427.6to 13521 g We (Table5).

Table5 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Dentex dentegprocessed in the current study 2820 Unsexed individuals are fish
that displayed immature gonads that cannatifierentiated 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. Weightlength relationshis

Figure B represents various weiglgngth relationships for the. 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
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sample between the two variables and was found to be insignificant.

Dentex dentex
1400 —
y = 0.3656x-25%
1200 RZ=0.4175
G
— 1000
=
@ 800
2
z _
2 600
£
9 400 -
200
0
200 250 300 350 400 450 500 550 600

Total length (mm)

Figure18 Weightlength relationships faall Dentex dentemdividuals(202021)
considered in this study (N=3)

3. Length frequeny

Figurel9 shows the lengtfrequency distributions db. dentexsamples. The
ShapireWilk test for normality showed that all sexed samples were not normally

distributed (P < 0.05).
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Figure19 Lengthfrequency distributions faall Dentex dentex individuals (20:21)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for th202021 D. dentexsamples wa4:0.5females to males
(Figure20) and showed no significant deviations from the 1:1 hypotkdgiatio (P >

0.05).

Dentex dentex
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Figure20 Monthly variations of sex ratios fail Dentex dentef2020-21) considered in
this study.Females (light grey) and males (dark grey)
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5. Reproductive indices
Gonadosomatic index GSI and hepatosomatiindex HSI
Figure21, a showgthe 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.
Figure21, b shovs 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.

(a) Dentex dentex (b) Dentex dentex
% i‘; ZDE %3.0 ’ gjé
Jan Feb Mar Mﬁ\cﬁwrth May Jun Jul . Jan Feb Mar Mﬁ:?wrth May Jun Jul ‘
Figure21 Monthly variations in the (a) Gonadosomdt&Sl) and (bHepatosomatic
index (HSI) for females (meanS.D;; light grey line) and males (mearS.D; dark
grey line) in 2@0-21 sampling periods fddentex denteXNumbers of specimens (N)
are inserted on the graph
6. Condition factors
Rickerds cond,i tHwlnt amddse xc o Kdi)ti on i ndex (K

(Wr)
Figure22 represents the variations in the condition factec®rded in May for
females andh March for males durinthe two years samplingperioB 0| t onds Kf ,

Ri c kK, rara Relative weight WrKr and Wr were not calculated for males because

it cannot be done when only having one individual.
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(a) Dentex dentex (b) Dentex dentex
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Figure22 Monthly variations in the condition indices inZB2 1 . ) , KR{medoner 0 s
S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Dentex denteXremals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

Only stages two and three of maturity were observed in febhalentex

(Figure23, a) and stage 2 in male dentex(Figure 6, b).

() stage1 Stage 4 Stage 5
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(b) Stage 1 Stage 2 Stage 3 Stage 4
T—

Figure23 Macroscopic staging of gonad maturity for fem@eand male (bDentex
dentex

8. Size at first maturity

Size at first maturity was calculated using the binary logistic function. The
logistic function obtained for thB. dentexpooled specimens in 2020 wasP = 1/

{14 [0-003(LT-474.196)} The |soestimate was 474.2 mm.
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Figure24 Curve of proportions of matui@entex dentegpecimens in 20201 obtained
through a binary logistic functiothso shown in red
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C. The Pink dentexDentex gibbosus

1. Population structure

Only one unsexeD. gibbosusndividual was sampled. It was 257 mmand

217.4 g W (Table 6).

Table6 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Dentex gibbosuprocessed in the current study 26820 Unsexed individuals are
fish that displayed immatugonads 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 stage

The immature stage one was detected on the saplEtbosusndividual

(Figure25).

Stage 2

Stage 3

Stage 4 Stage 5

Figure25 Macroscopic staging of gonad maturity fbe Dentex gibbosumdividual

3. Size at first maturity

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

individual.
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D. The large eye denteX@entex macrophtalmus
1. Population structure
The toal number of acquired specimendbfmacrophtalmusvas46
individuals. They ranged froit22to 237mm TL and27.9to 191.1g Wg (Table7).

Table7 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Dentex macrophtalmysrocessed in the current stu2y2021. 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. Weightlength relationshis

Figure26 represents various weighgngth relationships for the.
macrophtalmugonsidered in the current study. Regression analysis was significant
between the two variables in all the cases. The coefficients and elevatapes(and
intercepts) of the L curves for males and females during the two years of sampling
did not show a significant difference (P > 0.05) (FigBea, b). The data were then
pooled and common regression coefficients calculated (F&f®. Figue 26, d
shows the WL 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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Figure26 Weightlength relationships faall Dentex macrophtalmusdividuals
(pooled202021) considered in this study (N=46). f@malegN=24), (b) males
(N=13), (c)females and malg®=37),and(d) all individuals including unsexed

3. Length frequency

Figure27 shows the lengtfrequency distributions db. macrophtalmus
samples. The Shapuwilk test for normality showed that all sexed samples collected

between the yea¥)20-21 were not normally distributed (P < 0.05).
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Figure27 Lengthfrequency distributions faall Dentex macrophtalmus (Pool2826
21) considered in this studfN) are inserted on the graph

4. Sex ratio

The total sex ratio for the02021 D. macrophtalmusamples wa$:0.45
females to males (Figu@8) and showed no significant deviations from ihe

hypothesized ratio (P > 0.05).
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Figure28 Monthly variations of sex ratios fail Dentex macrophtalmuy$ooled2020
21) considered in this studiyemales (light grey) and malédark grey)
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5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figure29, 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
againin May. The male mean GSI increased from February to March and then declined
in May.

Figure29, b shove 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.
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Figure 29 Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (me&a8.D;; light grey line) and males (mean
+ S.D; dark grey line) irR02021 sampling periods fddentex macrophtahus.
Numbers of specimens (N) are inserted on the graph

6. Condition factors

Rickerds condition index (Kr), Fultonds
(Wr)
Figure30represents the variations in the condition factordemales and

males duringhe two years samplingperioB 0 | t o n 6 s K fand RBlatiek e r

o
2}
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weight W1). 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 Marcfor females and males and stayed constant for females in May but

increased again for males in May.

(a) Dentex macrophtalmus (b) Dentex macrophtalmus
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Figure30 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s Kr

S.D; a),Fulto n 6 {melnt S.D; b) and Relative weight Wr (meanS.D; c) for
Dentex macrophtalmugemals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

Stages one to four of maturity were observed in fealmacrophtalmus

(Figure31, a) and stages one to three in nialenacrophtalmugFigure31, b).
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Stage

Stage 4

Figure31 Macroscopic staging of gonad maturity for fem@gand male (bpentex
macrophtalmus

8. Size at first maturity

Due to the scarcity of immature individuals in the sample, ainear regression

could not be obtained f@. macrophtalmusind thus the 4ocould not be estimated.
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E. The Morocco dentexDentex maroccanus
1. Population structure
The total number of acquired specimen®ofmaroccanusvas5 individuals.
They ranged from33to 183mm Lt and52.2t0 95.1g W (Table8).

Table8 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Dentex maroccanysrocessed in the current study 2820 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. Weightlength relationshis

Figure32 represents various weighgngth relationships for the. 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.
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Figure32 Weightlength relationships faall Dentex marocanusindividuals(2020-21)
considered in this study (N=5). (a) males (N=4) analldhdividuals

3. Lengthfrequency

Figure33 shows the lengtfrequency distributions db. maroccanusamples.
The ShapireWilk test for normality showed that all sexed samples collected were not
normally distributed
(P < 0.05).
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Figure33 Lengthfrequency distributions foall Dentex maroccanu020-21)
considered in this study. (N) are inserted on the graph
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4. Sex ratio

The total sex ratio for the 202X D. maroccanusamples wag:4 females to
males (Figure &) and showed significant deviation®ifin the 1:1 hypothesized ratio (P

< 0.05).
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Figure34 Monthly variations of sex ratios fail Dentex maroccanu020-21)
considered in this studffemales (light grey) and males (dark grey)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figure35, aand bshow the GSand HSIfor both sexes in March.

(a) Dentex maroccanus (b) Dentex maroccanus
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Figure35 Monthly variations in the (a) Gonadosomatic ind&sl) and (b)

Hepatosomatic index (HSI) for females (mean + S.D.; light grey line) and males (mean
+ S.D.; dark grey line) in 202P1 sampling periods fddentex maroccanusNumbers

of specimens (N) are
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6. Condition factors

Rickerds conditowds i odredi ({ Konp,i Fdéx (Kf) &
(Wr)

Figure36 represents the condition facteesorded in March for females and
males(Ful t on ds WK, fand RBlative kveightdNs Kr and Wr were not
calculated for females because it cannot be ddrewnly having one individual.

(a) Dentex maroccanus ( b) Dentex maroccanus

(C) Dentex maroccanus

Figure36 Monthly variations in the condition indices inZB2 1 . ) , Ri cker 6s Kr

S.D;a),Ful t o méaxt SKD, b) and Relative weight Wr (meanS.D; c) for
Dentex maroccanu$-emals: light grey lines, Males: dark grey lire
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7. Gonads maturity stages

Only stage 2 of maturity was detected for female (Figare) and mal®.

maroccanugFigure37, b).

(a) Stage 1 Stage 3 Stage 4 Stage 5

Stage 1 Stage 3 Stage 4

(b)

Figure37 Macroscopic staging of gonad maturity for fem@gand male (bpentex
marocanus

8. Size at first maturity

Due to the absence of immature individuals in the sample,-fmear
regression could not be obtained Bormaroccanusand thus ko could not be

calculated.
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F. The Axillary seabreamPagellus acarne
1. Population structure
The total number of acquired specimen®oécarnewas4 individuals. They
ranged from B5to 184mm Lt and46.9to 75.21g W¢ (Table9).

Table9 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Pagellus acarng@rocessed in the current study 2620 Unsexed individuals are
fish that displayed immature gonads that canedlifferentiated 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. Weightlength relationship

Figure38represents the weightngth relationship for thB. acarneconsidered
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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Figure38 Weightlength relationships faall Pagellus acarnéndividuals considered in
this study, including unsexed (N=4)

3. Length frequency

Figure39 shows the lengtfrequency distributions d?. acarnesamples.
The Shapirewilk test for normality showed that all sexed samples collected

between the years 2021 were not normally distributed (P < 0.05).
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Figure39 Lengthfrequency distributions faall Pagellus acarne (202Q1) considered
in this study(N) are inserted on the graph
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4. Sexratio
The total sex ratio for the 202ZZL P. acarnesamples wag:1 females to males

(Figure40) and showed no significant deviations from the 1:1 hypothesized ratio (P

0.05).
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Figure40 Monthly variations of sex ratios fail Pagellus acarn¢202021) considered
in this studyFemales (light grey) and males (dark grey)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figure 4. a and bshow the GSI and the HSI for both sexes in the sampling

period in May.
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Figure41 Monthly variations in the (a) Gonadosomdti&Sl) and (b) Hepatosomatic
index (HSI) for females (meanS.D;; light grey line) and males (mearS.D, dark
grey line) in 2@0-21 sampling periods fdPagellus acarneNumbers of specimens (N)
are inserted on the graph

6. Condition factors

Ri ckerds condition index (Kr), Fult onds cc
(Wr)

Figured42represent& u | t o n 0 sP. acarrerecrrdetl io May.
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Figure42 Monthly variations in thé& u | t o fméast SKDj for Pagellus acarne
Female: light grey lines, Males: dark grey lire

7. Gonads maturitystages

Only stage 2 of maturity was detected Raracarnein females (Figurd3, a)

and males (Figuré3, b).
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(b) Stage 1
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Stage 3 Stage 4

Figure43 Macroscopic staging of gonad maturity for fem@eand male (bPagellus
acarne

8. Sizeat first maturity

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

obtained forP. acarneand thus ko could not be calculated.

G. The Common pandoraPagellus erythrinus

1. Population structure

The total number of acquired specimen®oérythrinusvas4 individuals.

They ranged from838to 312mm Lt and52.3to 393.4g W (Table D).

Table10 Descriptive statistics for the total length (LT, mm) and gutted weight @YG,
for Pagellus erythrinugprocessed in the current study 2820 Unsexed individuals are
fish that displayed immature gonads that cannot be differentiated macroscopically
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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. Weightlength relationshis

Figure 44 represents the weigangth relationship for thE. erythrinus

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

f emal

esoO

and

ma |

esoO

popul ations

S

nce

t hey

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

regression was found to be significant.
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Figure44 Weightlength relationships faall Pagellus erythrinusndividuals(2020-21)
considered in this study (N=4)
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3. Length frequency

Figure45 shows the lengtfrequency distributions d®. erythrinussamples.

The Shapirewilk test for normality showed that all sexed samples collected between

the years 202@1 were not normally distributed (P < 0.05).
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Figure45 Lengthfrequency distributions faall Pagellus erythrinus (202@1)

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

4. Sex ratio

The total sex ratio for the 202ZZL P. erythrinussamples wag:1 females to

males (Figure&l6) and showed no significant deviations from the 1:1 hypothesized ratio

(P <0.05).
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Pagellus erythrinus
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Figure46 Monthly variations of sex ratios fadl Pagellus erythrinug2020-21)
considered in this studffemales (light grey) and males (darkyjre

5. Reproductive indices
Gonadosomatic index GSI and hepatosomatic indeASI

Figure 4, a showg 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
GSIl decreased betwedpril and June.
Figure 4, b shows the monthly variations of the HSI for both sexes in the sampling

period. The mean femaHIS decreasedetween May andune
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Figure47 Monthly variations in the (a) GonadosomdtizSl) and (b) Hepatosomatic
index (HSI) for females (meanS.D;; light grey line) and males (mearS.D; dark
grey line) in 2@0-21 sampling periods fdPagellus erythrinusNumbers of specimens
(N) are inserted on the graph
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6. Condition factors

Rickeoddi ti on index (Kr), Fultonds condi
(Wr)

Figure48represents the monthly variations in the condition factors used for the
two years sampling periof(u | t on 6 s I fand RBlative kveightdNsyKr and
Wr followedthe samdrend 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 Junéor females and April and June for males.
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Figure48 Monthly variations in the condition indices inZ®2 1 . ) , Ri ck®er 6s

S.D;a),Ful t o méaxt SKD, b) and Relative weight Wr (meanS.D; c) for
Pagellus erythrinusFemale: light grey lines, Males: dark grey line

7. Gonads maturity stages

Stages two and three were detectedPfoerythrinusfemales (Figurd9, a) and

males (Figuret9, b).
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€)) Stage 1 Stage 4 Stage 5

(b) Stage 1

Staged

Figure49 Macroscopic staging of gonad maturity for fem@gand male (bPagellus
erythrinus

8. Size at first maturity

Due to the absence of immature individuals in the sample,-fimear regression

could not be obtained f&. erythrinusand thus ko could rot be calculated.
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H. The Bluespotted seabrean®Pagrus caeruleostictus

1. Population structure

The total number of acquired specimen®otaeruleostictusvas 4
individuals. They ranged fro@48to 472mm Lt and231.7to 1527.4g We (Table 1).
Tablel1 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, Q)

for Pagrus caeruleostictusrocessed in the current stu2§2021. Unsexed individuals
are fish that displayed immature gonads that cannot be diisezhmacroscopically

‘ n ‘ Mean ‘ S.D. Range
Minimum ‘ Maximum

Total length
Females 7 3714 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. Weightlength relationshifs

Figure50 represents various weiglgngth relationships for thie.
caeruleostictugonsidered 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 \AL curves for males and females during the two years of sampling

did not showa significant difference (P > 0.05) (Figus®, a, b). The data were then
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pooled and common regression coefficients calculated (FefLii®, the regression was

found to be significant.
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Figure50 Weightlength relationships faall Pagrus caeruleostictusdividuals(pooled
202021) considered in this study (N=14). f@maleg(N=7), (b) males(N=7) and (c)
females and males

3. Length frequency

Figure51 shows the lengtfrequency distributions d®. caeruleostictus
samples. The Shapiwilk test for normality showed that all sexed samples collected

between the yea¥2021 were not normally distributed (P < 0.05).
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Figure51 Lengthfrequency distributions faall Pagrus caeruleostictus (Pool2®26
21) considered in this studfN) are inserted on the graph

4. Sex ratio

The total sex ratio fahe202021 P. caeruleostictusamples wag:1 females to
males (Figuré2) and showed no significant deviations from the 1:1 hypothesized ratio

(P < 0.05).
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Figure52 Monthly variations of sex ratios fall Pagrus caeruleostiat (Pooled2020
21) considered in this studiyemales (light grey) and males (dark grey)
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5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI
Figure53, a shovs 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.

Figure53, b shows the monthly variations of the HSI for betties 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.
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Figure53 Monthly variations in the (a) Gonadosomatic ind&8SI) and (b)
Hepatosomatic index (HSI) for females (m&a8.D,; light grey line) and males (mean
+ S.D; dark grey line) i2026:21 sampling periods fdPagrus caeruleostictus.
Numbers of specimens (N) areserted on the graph
6. Condition factors
Rickerds condition index (Kr), Fultonds

(Wr)
Figure 3l represents the monthly variations in the condition factors used for the

two years sampling periof(u | t o n 6 & r K& fand RBYatiwe kveight WrAll the

indices follonedthe sameérend across the months of study. The mean female and male
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condition factors displayed their lowest values in March and February respectively and

increased in June.

(a) Pagrus caeruleostictus (b) Pagrus caeruleostictus
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Figure54 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s K

S.D;a),Ful t o méaxt SKX, b) and Relative weight Wr (meanS.D; c) for
Pagrus caeruleostictusemals: light grey lines, Males:dark grey lins

7. Gonads maturity stages

Stages one, two and three of maturity were detected for the fBmale
caeruleostictugFigure55, a). Stages one and two were detected from the male

individuals (Figureb5, b).

(a) Stage 2 Stage 4 Stage 5
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(b)

Stage 3 Stage 4

Figure55 Macroscopic staging of gonad maturity for fem@gand male (bPagrus
caeruleostictus

8. Size at first maturity

Size at first maturity was calculated using the binary logistic function. The
logistic function obtained for thie. caeruleostictupooled specimens 202621 wasP

= 1/ {1+e0008(LT-304715} The |spestimate was 304.7 mm.

Pagrus caeruleostictus

ors

s —

Proportion

Total length (mm)

Figure56 Curve of proportions of matuiRagrus caeruleostictuspecimens 202021
obtained through a binatogistic function.Lso shown in red
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l. The Red porgyPagrus pagrus

1. Population structure
The total number of acquired specimen®gbagruswas 30individuals. They
ranged from %1to 454mm Lt and48to 1328.4g W (Table D).

Table12 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, Q)
for Pagrus pagruprocessed in the current study 2820 Unsexed individuals are fish
that displayed immature gonads that cannot be differentiaéedoscopically

‘ 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. Weightlength relationshifs

Figure57 represents various weiglgngth relationships for thie. 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 coefficientdculated (Figur&7, c), theregression was

(a) Pagrus pagrus (b) Pagrus pagrus
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Figure57 Weightlength relationships faall Pagrus pagrusndividuals(2020-21)
considered in this study (N=3@n) femaleg(N=3) and (b)all individuals including
unsexed

3. Length frequency

Figure 58 shows the lengtfrequency distributions d?. pagrussamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years 2021 were not normally distributed (P < 0.05).
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Figure58 Length-frequency distributions faaill Pagrus pagrus (202@1) considered in
this study(N) are inserted on the graph
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4. Sex ratio

The total sex ratio for the 202 P. pagrussamples wa$:0.6 females to males
(Figure59) and showed significant deviations from the 1:1 hypothesized ratio (P <

0.05).

Pagrus pagrus
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Figure59 Monthly variations of sex ratios fal Pagrus pagrug202021) considered
in this studyFemales (light grey) and males (dark grey)
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5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI
Figure60, a shovs 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 GSllua was recorded in February for males.
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Figure60, b shows the monthly variations of tH&I for both sexes in the sampling

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

(a) Pagrus pagrus (b) Pagrus pagrus
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Figure60 Monthly variations in the (a) Gonadosomatic indg&sl) and (b)
Hepatosomatic index (HSI) for females (m&a8.D.; light grey line) and males (mean
+ S.D; dark grey line) in 2P0-21 sampling periods fd?Pagrus pagrusNumbers of
specimens (N) are insed on the graph.

6. Condition factors
Rickerdéds condition index (Kr), Fultonos
(Wr)
Figure61represents the monthly variations in the condition factors used for the
samplingperiodf ul t on 6 s K fand RBlatiee kveightdNgr 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.
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(a) Pagrus pagrus (b) Pagrus pagrus

26 12 153 14
26 . 152 14
151
26 14
0.8 1.50
26 o
2 w E 149 1-4%
25 063
é = F148 142
25
1.47
04 14
25 1.46
0.2
25 1.45 14
25 0.0 144 14
Jan Feb Mar Apr May Jun Jul Jan Feb Mar Apr May Jun Jul
Month Month
(C) Pagrus pagrus
87.0 12
86.5
86.0 10
855 08
©85.0
2 Z
845 068
5 s
“-84.0
83.5 04
83.0 02
825
820 00
Jan Feb Mar Apr May Jun Jul
Month

Figure61 Monthly variations in the condition indices in202 1 . ) , Ri cker 6s K
S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Pagrus pagrusFemals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

Stages onand two of maturity were observed on the females (Fig2yra)éand

males (Figure B, b) P. pagrus
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Stage 3 Stage 4 Stage 5

(b)

Stage 3 Stage 4

Figure62 Macroscopic staging of gonad maturity for fem@gand male (bPagrus
pagrus

8. Size at firstmaturity

Due to the scarcity of mature individuals in the sample, alinear regression

could not be obtained fét. pagrusand thus ko could not be calculated.
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J. The SalemaSarpa salpa

1. Population structure

The total number of acquired specimen$o$alpavas3 individuals. They
ranged fron236to 367 mm Lt and B3.7to 642.7g Ws (Table B).
Table13 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)

for Sarpa salpgrocessed in the current study 2620 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 2 263 374 236 289
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. Weightlength relationshis

Figure63 represents the weighength relationship for th8. 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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Sarpa salpa
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Figure63 Weightlength relationships faall Sarpa salpandividuals(2020-21)
considered in this study, including unsexed (N=3)

3. Length frequency

Figure64 shows the lengtfrequency distributions d. salpasamples. The
ShapireWilk test for normality showedat all sexed samples collected between the

years 2021 were not normally distributed (P < 0.05).
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Figure64 Lengthfrequency distributions faall Sarpa salpa (202@1) considered in
this study(N) are inserted on the graph

320-339
340-359
380-399
400-419

10t



4. Sex ratio

The total sex ratio for the 2021 S. salpasamples wag:0 females to males

(Figure65) and showed no significant deviations from the 1:1 hypothesized ratio (P >

0.05).

100%

75%

50%

Frequency (%)

25%

0%
lan Feb

Sarpa salpa

Mar

Apr
Month

May

Jun

Jul

Figure65 Monthly variations of sex ratios fail Sarpa salpg202021) considered in

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

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figure66, aand bshow the GSand HSlof the female individual collected in
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Figure66 Monthly variations in the (a) Gonadosomatic indg&sl) and (b)
Hepatosomatic index (HSI) for females (mea8.D,; light grey line) and males (mean
+ S.D; dark grey line) in 2B0-21 sampling periods fdarpa salpaNumbers of
specimens (N) are inserted on the graph

6. Condition factors

Rickerds condition index (Kr), Fultonds cc
(Wr)
Figure67representt he Ful tondés Kf index calcul at
in May.
Sarpa salpa
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Figure67 Monthly variations in thé u | t o fméastt SKDf; b) for Sarpasalpa
Female: light grey lines, Males: dark grey line

7. Gonads maturity stages

Stages one and two of maturity were recorded for fel@akalpaFigure @).



Stage 3 Stage 4 Stage 5

Figure68 Macroscopic staging of gonad maturity for fem&@berpa salpa

8. Size at first maturity

Size at first maturity was calculated using the binary logistic function.
The logistic function obtained for ti& salpgpooled specimens in 2020 was

P =1/ {1+e[0-953(LT-334652} The |goestimate was 334.6 mm.
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Figure69 Curve of proportions of matuiarpa salpapecimens in 202Q1 obtained
through a binary logistic functiohso shown in red
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K. The Picarel Spicara smaris

1. Population structure

The total number of acquired specimenS$o$marisvas33individuals.They
ranged from 1Rto 132mm Lt and 111to 21.4g Wg (Table 4).
Table14 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, Q)

for Spicara smariprocessed in the current stualy2021. Unsexedndividuals 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 1215 7.7 102 132
Gutted weight
Females 11 14.0 1.9 11.1 16.2
Males 7 20.1 1.8 16.0 214
Unsexed 15 18.01 1.2 16.09 19.63
Pooled 33 17.1 2.8 11.1 214

2. Weightlength relationshifs

Figure70represents various weiglgngth relationships for th®. smaris

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



variables in the female and pool@acluding unsexed) population.

(a) Spicara smaris (b) Spicara smaris
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Figure70Weightlength relationships fall Spicara smarisndividuals(pooled202G
21) considered in this study (N=33n) females(N=11), (b) males(N=7) and (c)
Females and males (N= 18) and (d) all individuals, including unsexed

3. Length frequency

Figure71shows the lengtfrequency distributions d8. smarisamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years202021 were not normally distributed (P < 0.05).
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Figure71 Lengthfrequency distributions faall Spicara smaris (Poole?02021)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for the02021 S. smarisamples wa4:0.63females to
males (Figur&2) and showed no significant deviations from the 1:1 hypothesized ratio

(P > 0.05).
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Figure72 Monthly variations of sex ratios fail Spicara smarigPooled2020-21)
considered in this studffemales (light grey) and males (darky
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5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indgxSI
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Figure73, a shovs 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.

Figure73, b shows the monthly variations of tH&I for both sexes in the two sampling
pgadds. The mean female HSI increased from Febfbipry to March, whereas the female

mean HSI was only calculated in March.
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Figure73 Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (m&a8.D,; light grey line) and males (mean
+ S.D; dark grey line) ir020-21 sampling periods fd@picara smarisNumbers of
specimens (N) are insed on the graph

6. Condition factors

Rickerds condition index (Kr), Fultonds cc
(Wr)
Figure74represents the monthly variations in the condition factors used for the
two years sampling periof(u | t on 6 s IKrfand RBlatice kveightoigrAll the
indices follonedthe samerend 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.
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( a) Spicara smaris (b) Spicara smaris
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Figure74 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s K

S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Spicara smarisFemals: light grey lines, Males: dark grejines

7. Gonads maturity stages

Stages one, two and three were detected for the female population {Fga)ye

and stages one and two for the male population (Figyre) inS. smaris

Stage 4 Stage 5

Stage 4

Figure75 Macroscopicstaging of gonad maturity for female) and male (bBpicara
smaris
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8. Size at first maturity
Due to the scarcity of mature individuals in the sample, alinear regression

could not be obtained f@&. smarisand thus ko could not be calculated.

L. The European pilchard Sardina pilchardus
1. Population structure
The total number of acquired specimen$opilchardusvas 4 individuals.

They ranged fronl86to 112mm Lt and4.8to 11 g Wg (Table B).

Table15 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Sardina pilchardugprocessed in the current study 2820 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. Weightlength relationship
Figure 1 represents the weigbnhgth relationship for th8. pilchardus
considered in the current study. Regression analysis was significant between the two

variables in the unsexed specimens.
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Figure76 Weightlength relationships faall Sardina pilchardusndividuals(202G21)
considered in this study (N=14)

3. Gonads maturity stages
Only stage one of maturity was recordedirpilchardugFigure 6).

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure77 Macroscopicstaging of gonad maturity f@&ardina pilchardus

4. Size at first maturity

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

exclusively immature individuals.
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M. The Round sardinellaSardinella aurita
1. Population structure
The total number of acquired specimen$oéuritawas66 individuals. They
ranged froml52to 255mm Lt and26.1to 130.3g W¢ (Table B).
Table16 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)

for Sardinella auritaprocessed in the current stugly2021. 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. Weightlength relationshis

Figure78represents various weiglgngth relationships for th®. 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) (Figur8, a, b). The data were then pooled and

common regression coefficients calculated (Figi8ec) and wereignificant.
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Figure78 Weightlength relationships fall Sardinella auritaindividuals(pooled
202021) considered in this study (N=66). f@maleg(N=26), (b) males(N=40) and (c)
females and males

3. Length frequency

Figure79 shows the lengtfrequency distributions d. auritasamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years202021 were not normally distributed (P < 0.05).
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Figure79 Lengthfrequency distributions foall Sardinella aurita (Poole@02021)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for the02021 S. auritasamples wag:1.54females to
males (Figureé30) and showed no significant detions from the 1:1 hypothesized ratio

(P > 0.05).
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Figure80 Monthly variations of sex ratios fadl Sardinella aurita(Pooled2020-21)
considered in this studifemales (light grey) and males (dark grey)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeiSI
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Figure81, a shovs 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.

Figure81, b shows the monthly variations of the H&1 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.
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Figure81 Monthly variations in the (a) Gonadosomatic ind&8SI) and (b)
Hepatosomatic index (HSI) for females (m&a8.D,; light grey line) and males (mean
+ S.D; dark grey line) irR02021 sampling periods fd@ardinella aurita Numbers of
specimens (N) are inserted thre graph

6. Condition factors
Rickerds condition index (Kr), Fultonds
(Wr)
Figure82 represents the monthly variations in the condition factors used for the
two years sampling perioF(u | t on 6 s I fandRdkative Wedght 8Ve All the
indices follonedthe samérend across the months of study. The mean female and male

condition factors increased from May to June.
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Figure82 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s K

S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Sardinella aurita Femals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

All the maturity stages except stage 4 were detected for fednalerita(Figure

83, a) and all the stages were detected for males (F&p. 8.

Stage 3 Stage 4

(a) Stage 1

(b) |

Figure83 Macroscopic staging of gonad maturity for fem@gand male (b)Sardinella
aurita
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N. The Madeiran sardinella Sardinella maderensis
1. Population structure

The total number of acquired specimenSomaderensiwas26 individuals.
They ranged from148to 306 mm Lt and29.3to 222g W¢ (Table T7).
Tablel7 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)

for Sardinella maderensigrocessed in the current stu@ly2021. Unsexed individuals
are fish that displayed immature gonads that canndifteeentiated 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. Weightlength relationshis

Figure84 represents various weighgngth relationships for th®. 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 notashow
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significant difference (P > 0.05) (Figugd, a, b). The data were then pooled and

common regression coefficients calculated (Fig4#ec) and wereignificant.

(a) Sardinella maderensis Sardinella maderensis
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Figure84 Weightlength relationships fall Sardinella maderensisdividuals(pooled
202021) considered in this study (N=2x) femaleg(N=10), (b) males(N=16) and (c)
females and males

3. Length frequency

Figure85 shows the lengtfrequency distributions d&. maderensisamples.
The Shapirewilk test for normality showed that all sexed samples collected between

the year2020-21 were not normally distributed (P < 0.05).
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Figure85 Lengthfrequency distributions faall Sardinella maderensi@®oded 2026
21) considered in this study. (N) are inserted on the graph

4. Sex ratio

The total sex ratio for th202021 S. maderensisamples wag:1.6females to
males (Figure&36) and showed no significant deviations from the 1:1 hypothesized ratio

(P > 0.05.

Sardinella maderensis

100%

75%

50%

25%

0%
lan Feb Mar Apr May Jun Jul

Month

Frequency (%)

Figure86 Monthly variations of sex ratios fail Sardinella maderensigooled2020
21) considered in this studiyemales (light grey) and males (dark grey)
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5. Reproductive indices
Gonadosomatic index GSI and hepatosomatic indeASI
Figure87, a showg 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 Febryaingn increased in March to decrease again

in June.

Figure87, 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 idune. The mean male HSI was recorded in March and June.

(a) Saridnella maderensis (b) Sardinella maderensis
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Figure87 Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (me&a8.D;; light grey line) and males (mean
+ S.D; dark grey line) i02621 sampling periods f@ardinella maderensis.
Numbers of specimens (N) are inserted on the graph

6. Condition factors
Rickerds condition index (Kr), Fultonds
(Wr)
Figure88represents thmonthly variations in the condition factors used for the
two years sampling periof(u | t on 6 s I fand RBlative kveightdNg All the

indices follonedthe samerend across the months of study. The mean female HIS
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decreased from February to Mad then increased in May. The mean male HIS was

calculated in March and June.

(a) Sardinella maderensis (b) Sardinella aurita
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Figure88 Monthly variations in the condition indices20202 1 . ) , Ri cker 6s K

S.D;a),Ful t o méaxt SKX, b) and Relative weight Wr (meanS.D; c) for
Sardinella maderensisemals: light grey lines, Males: dark grey line

7. Gonads maturity stages
All the maturity stages except stage 5 were detected for fé@nab@derensis
(Figure89, a). All the stagesxcept stage 4 were detected the male population (Figure

89, b).

Ste

Stage 1
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(b)

Stage 4

Figure89 Macroscopic staging of gonad maturity for fem@eand male (pSardinella
maderensis
8. Size at first maturity

Due to the absence of immature individuals in the sample,-fmear

regression could not be obtained rmaderensigind thus ko could not be calculated.

O. The White grouper Epinephelus aeneus
1. Population structure
The total number of acquired specimen&oéeneusvas3 individuals. They
ranged fromB12to 551 mm L+t and347.6t0 1882.7g W (Table B).

Table18 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)
for Epinephelus aeneysocessed in the current study 2620 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
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2. Weightlength relationshifs
Figure90 represents the weighgngth relationship for thE. aeneugonsidered
in the current study. Regression analysis was significant between the two variables for

the collected specimens.

Epinephelus aeneus
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Figure90 Weightlength relationships faall Epinephelus aeneusdividuals(202021)
considered in this studffemales and malgN=3)

3. Length frequency
Figure91 shows the lengtfrequency distributions d&. aeneusamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years 2021 were not nonally distributed (P < 0.05).
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Figure91 Lengthfrequency distributions faall Epinephelus aeneus (202Q)

considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for the 202ZZL E. aeneusamplesvasl:2 females to males

(Figure92) and showed no significant deviations from the 1:1 hypothesized ratio (P >

0.05).
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Figure92 Monthly variations of sex ratios fail Epinephelus aenef2020-21)

considered in this studfzemales (light grey) and males (dark grey)
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5. Reproductive indices
Gonadosomatic index GSI and hepatosomatic indeASI
Figure93, a showgthe GSI for both sexes in the sampling period. The female
GSl was calculated in May and the male GSI calculated in April.
Figure93, b shovs the HSI for both sexes in the sampling period. The mean female HSI

was recorded in May and the mean male HSI egdculated in April.
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Figure93 Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (me&a8.D;; light grey line) and males (mean
+ S.D; dark grey line) in 2B09-21 sampling peads forEpinephelus aeneuslumbers
of specimens (N) are inserted on the graph

6. Condition factors
Rickerds condition index (Kr), Fultonds
(Wr)
Figure94 represents the monthly variations in the condition factors used for the
two years sampling periof(u | t on 6 s I fand RBlative kveightdNg All the

indiceswere recorded in April and only Wr was calculated in May.



(a) Epinephelus aeneus (b) Epinephelus aeneus
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Figure94 Monthly variations in the condition indices inZB2 1 . ) , Ri cker 6s K

S.D;a),Ful t o fméat SKOF;, b) and Relative weight Wr (meanS.D; c) for
Epinephelus aeneuBemals: light grey lines, Males: darlgrey lines

7. Gonads maturity stages

Only stage two of maturity was detected in the ferBalaeneugFigure95, a)

and stage one of maturity in the male population (Fi§6ré).
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(a) Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

(b)

Stage 2 Stage 3 Stage 4

Figure95 Macroscopic staging afonad maturity for femal@) and male (b)
Epinephelus aeneus

P. The Goldblotch grouper Epinephelus costae
1. Population structure

The total number of acquired specimen&otostaevas4 individuals. They
ranged fron295to0 451 mm Lt and299.7to 1106.7g We (Table D).
Table19 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)

for Epinephelus costgarocessed in the current stu2ly2021. Unsexed individuals are
fish that displayed immature gonads thatreat 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
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2. Weightlength relationshifs

Figure96 represents various weiglgngth relationships for the. costae

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

variables in all the cases.

Epinephelus costae Epinephelus costae
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Figure96 Weightlength relationships faall Epinephelus costaeadividuals(pooled
202021) considered in this study (N=4). @malegN=3) and (bfemales and males

3. Length frequency

Figure97 shows the lengtfrequency distributions dE. costaesamples. The

ShapireWilk test for normality showed that all sexed samples collected between the

years202021 were not normally distributed (P < 0.05).
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Figure97 Lengthfrequency distributions faall Epinephelus costa@ooled202021)
considered in this study. (N) are inserted on the graph
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4. Sex ratio

The total sex ratio for the02021 E. costaesamples wa:0 females to males
(Figure98) and showed significant deviations from the 1:1 hypothesized ratio (P <

0.05).
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Figure98 Monthly variations of sex ratios fail Epinephelus costa@o0oled202021)
considered in this studfzemales (light grey) and males (dark grey)
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(@)

(b)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI

Figure99, a showgthe 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.
Figure99, b shows the monthly variationstbie HSIfor both sexes in the two sampling

periods. The mean female HSI was calculated in April and then increased i©Mady.y

one mmMelaal ue was calcul ated in April
(a) Epinephelus costae (b) Epinephelus costae
1.2 2 0.3 14 2 16
L]
L] 1.2 14
10 02
1.0 12
_ 08 _
2 027 2 08 105
] @ v 1 =
w 06 @ © 082
© T
E 012 EO‘G 062
04 .
0.1 o o4
0.2 0.2 02
0.0 0.0 0.0 0.0
Jan Feb Mar Apr May Jun Jul Jan Feb Mar Apr May Jun Jul
Month Month

Figure99 Monthly variations in the (a) Gmdosomatic inde¢GSI) and (b)
Hepatosomatic index (HSI) for females (me&a8.D;; light grey line) and males (mean
+ S.D; dark grey line) irr02621 sampling periods fdgpinephelus costadlumbers of
specimens (N) are inserted on the graph

6. Gonadsmaturity stages

Stages one and three were detected in the female population (Fogueg and

stage one in the male populationtofcostagFigure100, b).

Stage 1 Stage 2 Stege 3 Stage 4 Stage 5

D~
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Stage 1 Stage 2 Stage 3 Stage 4
T

Figure100Macroscopic staging of gonad maturity 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 thie. costagpooled specimens 202021 wasP = 1/

{1+ [0-01F(LT-285386) The | gpestimate was 123.5 mm.
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Figure101Curve of proportions of matuiEpinephelusostaespecimensn 202021
obtained through a binary logistic functidso shown in red
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Q. The Dusky grouperEpinephelusmarginatus

1. Population structure

The total number of acquired specimen&omarginatusvas8 individuals.

They ranged fron324to 893mm Lt and506.2to 14968.99 W (Table20).

Table20 Descriptive statistics for the total lendtil, mm) and gutted weight (WG, g)
for Epinephelus marginatysrocessed in the current stu2y20-21. 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
Hermaphroditeqg 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
Hermaphroditeg 1 506.20 506.20 506.20
Pooled 8 2647.5 4984.7 506.2 14968.9

2. Weightlength relationshifs

Figure102represents various weiglgngth relationships for thé. 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 notashow

significant difference (P > 0.05) (Figur@2 a, b). The data were then pooled and

common regression coefficients calculated (Fig@2 &). Figure 02, d shows the W
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L relationship for all collected specimens,

regression was also significant.

(a) Epinephelus marginatus
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(b) Epinephelus marginatus
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Figure102Weightlength relationships faall Epinephelus marginatuadividuals
(pooled202021) considered in this study (N=8). (@males(N=4), (b) males(N=3),
(c) females and malgdN=7), and(d) allindividuals including hermaphrodites

3. Length frequency

Figure103shows the lengtfrequency distributions dE. marginatusamples.

The Shapirewilk test for normality showed that all sexed samples ctdl between

the year2020-21 were not normally distributed (P < 0.05).
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Figure103Lengthfrequency distributions faall Epinephelus marginatus (Pooled
202021) considered in this studfN) are inserted on the graph

4. Sex rato

The total sex ratio for th202021 E. marginatusamples wag:0.75females to
males (Figure.04) and showed no significant deviations from the 1:1 hypothesized

ratio (P > 0.05).
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Figure104 Monthly variations of sex ratio®f all Epinephelus marginatu$ooled
202021) considered in this studiyemales (light grey) and males (dark grey)
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5. Reproductive indices
Gonadosomatic index GSI and hepatosomatic indeASI
Figurel05, 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.
Figurel05, b shows the monthly variations of the H&l both s&es in the two
sampling periods. The mean male HSI decreased between April and May and the mean

female HSIdecreased between March and June.

(a) Epinephelus marginatus (b) Epinephelus marginatus
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Figure105Monthly variations in the (a) Gonadosomatidex (GSI) and (b)
Hepatosomaticndex (HSI) for females (meanS.D; light grey line) and males (mean
+ S.D; dark grey line) irR02021 sampling periods fdgpinephelus marginatus.
Numbers of specimens (N) are inserted on the graph.

6. Gonads maturity stages

Stages one and two were detected for female (Fid§ea) and mal&.

marginatus(Figure106, b).



(a) Stage 1

(b) Stage 1

Figure106 Macroscopic staging of gonad maturity for fem@gand male (b

Epinephelus marginatus

7. Size affirst maturity

Stage 2

Stage 3

Stage 3

Stage 4

Stage 5

Stage 4

Due to the scarcity of immature individuals in the sample, dinear regression

could not be obtained f&. marginatusand thus ko could not be calculated.

R. The Comber Serranus cabrilla

1. Population structure

The total number of acquired specimen$§otabrillawas5 hermaphrodite

individuals. They ranged frort54to 172mm Lt and47.6t0 68.6g W (Table21).

Table21 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, Q)
for Serranus cabrillgprocessed in the current study 220 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
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Males 0
Hermaphrodites 54.2 8.2 47.6 68.6
Pooled 5 54.2 8.2 47.6 68.6

ol

2. Weightlength relationshifs

Figure D7 represents the weighength relationship for th8. cabrilla

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

variables.
Serranus cabrilla
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Figure107 Weightlength relationships faall Serranus cabrillandividuals(202621)
considered in this study. Hermaphrodites (N=5)

3. Gonads maturity stages

Stage two was detected on the sam@edabrillahermaphroditéndividuals

(Figure108).
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Figurel08 Macroscopic staging of gonad maturity feerranus cabrilla

S. The Painted comberSerranus scriba

1. Population structure

The total number of acquired specimen§o$cribawas? individuals. They

ranged from 49to 189mm Lt and48to 99 g We (Table22).

Table22 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, Q)
for Serranus scribprocessed in the current stu2§20-21. Unsexed individuals are
fish that displayed immatargonads 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 79.3 182 48.0 99.0
Males 0
Unsexed 0
Pooled 7 79.3 18.2 48.0 99.0

2. Weightlength relationshigs

Figure D9represents the weighength relationship for th8. scribaconsidered

in the current study. Regression analysis was significant between the two variables.
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Figure109Weightlength relationships faall Serranus scribandividuals(pooled
202021) considered in this studffemalegN=7)

3. Length frequency

Figurel10shows the lengtfrequency distributions db. scribasamples. The
ShapireWilk test for normality showed that all the female samples collected between

the year202021 were not normally distributed (P < 0.05).
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Figure110Lengthfrequency distributions faall Serranus scriba (Poole202021)
considered in this stud{N) are inserted on the graph
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4. Sex ratio

(Figure111) and showed significant deviations from the 1:1 hypothesized ratio (P <

0.05).

Figurelll1lMonthly variations of sex ratios fail Serranus scrib@Pooled2020-21)
considered in this studffemales (light grey) and males (dgriey)

The total sex ratio for the02021 S. scribasamples wa$:0 females to males
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+ S.D; dark grey line) irR02021 sampling periods fderranus scribaNumbers of
specimens (N) are inserted on the graph

6. Condition factors
Ri ckerds condition index (Kr), Fultonds cc
(Wr)
Figurel13represents the monthly variations in the condition factors used for
the two years samplingperioB 0 | t on 6 s I fand RBlative kveightdNg All

the indiceswvere calculated in February for the female population.
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Figure113Monthly variations in the condition indices20202 1 . ) , Rickerds K

+S.D;a),Ful t ofméasxt SKDf; b) and Redtive weight Wr (mean S.D; c) for
Serranus scribaFemals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

Stage two of maturity was detected for fenfalescriba(Figure114).
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figurell4 Macroscopic stagingf gonad maturity for femal@) and male (bBerranus
scriba
8. Size at first maturity

Due to the absence of immature individuals in the sample,-timear regression

could not be obtained f@&. scribaand thus ko could not be calculated.

T. The European anchovyEngraulis encrasicolus
1. Population structure
The total number of acquired specimen&oéncrasicolusvas20 individuals.
They ranged fron85to 118 mm Lt and4.5t0 10.5g W (Table23).
Table23 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, g)

for Engraulis encrasicoluprocessed in the current study 2620 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
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2. Weightlength relationshifs

Figure 115 represents various weighgngth relationships for the. encrasicolus

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

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

W-L curves for males and females during the two years of sampling did notashow

significant difference (P > 0.05) (Figuré&3, a, b). The data were then pooled and

common regression coefficients calculated (Figurg &). Figure 15, d shows the W

L relationship for all collected specimens, including the ones that werenkdked.

The regression was also significant.
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Figure115Weightlength relationships faall Engraulis encrasicolusdividuals
(20206-21) considered in this study (N=2n) femalegN=14), (b) males(N=3), (c)
females and malgdN=16),and(d) all individuals including unsexed



3. Length frequency

Figurell6shows the lengtfrequency distributions dE. encrasicolusamples.
The Shapirewilk test for normality showed that all sexed samples colldotteen

the years 202@1 were not normally distributed (P < 0.05).
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Figurell6 Lengthfrequency distributions faall Engraulis encrasicolus (20221)
considered in this stud{N) are inserted on the graph

4. Sex ratio

The totd sex ratio for the 202Q@1 E. encrasicolusamples wag:0.2females to
males (Figurel17) and showed significant deviations from the 1:1 hypothesized ratio (P

< 0.05).
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Figure117Monthly variations of sex ratios fall Engraulis encrasicolug02021)
considered in this studffemales (light grey) and males (dark grey)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indeASI
Figurell8 a showthe GSI for both sexes in the sampling period. The GSI
value was recorded for both males and females in March.

Figurell8 b shows the monthly variations of the H& both sexes in the sampling

period. The mean female and male HSI were recorded March.
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6. Condition factors

Rickerds condition index (Kr), Fultonds ¢
(Wr)

Figurel19represents the monthly variations in the condition factors used for
the two years sampling period 0 | t o n 6 & r &, Eand RBYative kveight WrAll

the indicesvere recorded in March and the female mean was higher than the male

mean.
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Figure119Monthly variations in the condition indices inZB2 1 ) , Ri cker 6s Kr

+S.D;a),Ful t o (méast SKD;, b) and Relative weight Wr (meanS.D, c) for
Engraulis encrasicolus=emals: light grey lines, Males: dark grey lire

7. Gonads maturity stages

In the female population, all the stages of matwere detected except for
stage four (Figur@20 a). In the male population, stages onél four were detected in

E. encrasicolugFigure120, b).
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Stage 4 Stage 5

Stage 4

Figurel20Macroscopic staging of gonad maturity female(a) and male (b)
Engraulis encrasicolus

8. Size at first maturity

Due to the scarcity of immature individuals in the sample, ainear regression

could not be obtained f&. encrasicolusand thus kg could not be calculated.

u. The Blackbelly rosefishHelicolenus dactylopterus
1. Population structure

The total number of acquired specimengiofiactylopterusvas5s individuals.
They ranged fron234to 275 mm Lt and B9.3to 359.5g Wg (Table24).

Table24 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)
for Helicolenus dactylopterysrocessed in the current stu2§20-20. 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
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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. Weightlength relationshifs

Figure R1represents the weighength relationship for thel. dactylopterus

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

variables.
Helicolenus dactylopterus
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Figure121Weightlength relationships faall Helicolenus dactylopterusdividuals
(202G-20) considered in this study. afles(N=5)

3. Length frequency

Figure122 shows the lengtfrequency distributions dfi. dactylopterus
samples. The Shaphwilk test for normality showed that all sexed samples collected

between the yea¥2020 were not normally distributed (P < 0.05).
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Figure122Lengthfrequency distributions faall Helicolenus dactylopterug020-20)
considered in this studyN) are inserted on the graph
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4. Sex ratio

The total sex ratio for th2020-20 H. dactylopterusamples wag:0 females to
males (Figurd 23) and showed significant deviations from the 1:1 hypothesized ratio (P

<0.05).
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Figure123Monthly variations of sex ratios fail Helicolenus dactylopterug?ooled
202021) considered in this studyemales (light grey) and males (dark grey)

5. Reproductive indices

Gonadosomatic index GSI and hepatosomatic indexSI
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Figure124, aand bshow the GSand HSIfor the maleH. dactylopterus

calculated in May.
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Figurel24 Monthly variations in the (a) Gonadosomatic ind&&l) and(b)
Hepatosomatic index (HSI) for females (me&a8.D.; light grey line) and males (mean
+ S.D; dark grey line) irR02021 sampling periods fddelicolenus dactylopterus.
Numbers of specimens (N) are inserted on the graph

6. Condition factors

Ricker@s onomechidex (Kr), Fultonds conditi

(Wr)
Figurel25 represents the condition factors used for the two years sampling
period Ful t ofpn 6 Ri &ik and Rektive weighivr). All the indiceswere

calculated in May for thenaleH. dactylopterus.
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(a) Helicolenus dactylopterus (b) Helicolenus dactylopterus
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(C) Helicolenus dactylopterus
Figure125Monthly variations in the condition indices20202 1 . ) , Rickerods K

+S.D;a),Ful t o (méast SKDf;, b) and Relative weight Wr (meanS.D; c) for
HelicolenusdactylopterusFemals: light grey lines, Males: dark grey line

7. Gonads maturity stages
Stage two of maturity was detected Fordactylopterusnales (Figurel 26).

Stage 1 Stage 2 Stage 3 Stage 4

Figurel26 Macroscopic staging of gonad maturity féelicolenus dactylopterus

8. Size at first maturity

Due to the absence of immature individuals in the sample,-fnmear regression

could not be obtained fd#. dactylopterusand thus ko could not be calculated.
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V. The Brown meagreSciaena umbra
1. Population structure

The total number of acquired specimenSotimbravas? individuals.
They ranged fron220to 402mm Lt and 28.6t0 892g W (Table25).
Table25 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)

for Sciaena umbrarocessed in the current stugly2021. 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. Weightlength relationshis

Figure 27 represents the various weigbhgth relationships for th®. umbra
considered in the current study. Regression analysis was significant between the two

variables in the females and pooled population.
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(a) Sciaena umbra (b) Sciaena umbra
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Figure127Weightlength relationships faall Sciaena umbrandividuals(pooled2020
21) considered in this study. &les(N=5)

3. Length frequency
Figure128 shows the lengtfrequency distributions d. umbrasamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years202021 were nbnormally distributed (P < 0.05).
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Figurel28Lengthfrequency distributions faall Sciaena umbra (PoolezD2021)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for the02021 S. umbrasamples wag:0.4females to males
(Figure129) and showed no significant deviations from the 1:1 hypothesized ratio (P >

0.05).
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Figure129 Monthly variations of sex ratios fail Sciaena umbréPooled202021)
considered in this studffemales (light grey) and males (dark grey)
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5. Reproductive indices
Gonadosomatic index GSI and hepatosomatic indeASI
Figurel130, 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.
Figurel30, b shows the monthly variations of tH&I 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 ntd®d value was only calculated in May.
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Figure130Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (me&a8.D;; light grey line) and males (mean
+ S.D; dark grey line) irR020621 sampling periods fa@ciaena umbraNumbers of
specimens (N) are insed®n the graph

6. Condition factors

Rickerds condition index (Kr), Fultonds
(Wr)

Figurel3lrepresents the condition factors used for the two years sampling
period Ful t ofn 6 Ri &ik and Rekative weighivr). 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.
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(a) Sciaena umbra (b) Merluccius merluccius
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Figure131Monthly variations in the condition indices20202 1 . ) , Rickerods K
+S.D;a),Ful t o (méast SKDf;, b) and Relative weight Wr (meanS.D; c) for
Helicolenus dactylopterus-emals: light grey lines, Males: dark grey line

7. Gonads maturitystages

Stages one, two and four were detected for the ferBales\bra(Figure132 a)

and only stage one for the males (FigLi8e, b)
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Stage 4 Stage 5

Stage 2 Stage 3 Stage 4

Figure132Macroscopic staging of gonad maturity for fem@gand male (bBciaena
umbra

8. Size at first maturity

Size at first maturity was calculated using the binary logistic function. The
logistic function obtained for th®. umbrgpooled specimens 202021 wasP = 1/

{1+ [0-01F(LT-306.153} The |gpestimate was 306.1 mm.
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Figure133Curve of proportions of matu®ciaena umbrapecimens 202021
obtained through a binary logistic functidsoshown in red
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W. The Shi drum Umbrina cirrosa

1. Population structure

The total number of acquired specimensgJotirrosawas4 individuals. They

ranged fronB92to 574mm Lt and583.1to 1660.2g We (Table26).

Table26 Descriptive statistics for the total length (LT, mm) and gutted weight (WG, @)
for Umbrina cirrosaprocessed in the curresiudy 202621. 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. Weightlength relationshis

Figure B4 represents the weighgngth relationship for the. cirrosa

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

variables.
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Figure134Weightlength relationships faall Umbrina cirrosaindividuals(2020-21)
considered in this study. Females (N=4)

3. Length frequency
Figure135shows the lengtfrequency distributions dfl. cirrosasamples. The
ShapireWilk test for normality showed that all sexed samples collected between the

years 2021 were not normally distributed (P < 0.05).
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Figure135Lengthfrequency distributions faall Umbrina cirrosa(202021)
considered in this study. (N) are inserted on the graph
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4. Sex ratio

The total sex ratio for the 202ZZL U. cirrosasamples wa4:0 females to males
(Figure136) and showedignificant deviations from the 1:1 hypothesized ratio (P <

0.05).
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Figure136 Monthly variations of sex ratios fal Umbrina cirrosa(202021)
considered in this studffemales (light grey) and males (dark grey)

5. Reproductivandices

Gonadosomatic index GSI and hepatosomatic indeASI

Figurel37, a show the monthly variations of the GSI for the female
U. cirrosa. The mean GSI value increased between the months of March and April
Figure137, b shows the monthly variations thie HSIfor the female

U. cirrosa. The mean female HSlecreased between March and April.
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Figurel137Monthly variations in the (a) Gonadosomatic ind&sl) and (b)
Hepatosomatic index (HSI) for females (mea®.D.; light grey line) and males (mean
+ S.D; dark grey line) in 2B0-21 sampling periods fddmbrina cirrosa.Numbers of
specimens (N) are inserted on the graph

6. Condition factors
Rickerds conditi on i n dhdex (Kfjaad Relativdweight o n 6 s ¢ «
(Wr)
Figure138represents the monthly variations in the condition factors used for
the two years samplingperioB 0 | t on 6 s I fand RBlative kveightdNg Kr
and Wrfollowedthe samdrend across the months of @uand decreased between
March and April. Kf increased between Marand April
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Figure138Monthly variations in the condition indices inZB2 1 . ) , Ri cker 6s
+S.D;a),Ful t o (méast SKDf;, b) and Relative weight Wr (meanS.D, c) for
Umbrina cirrosa Female: light grey lines, Males: dark grey lire

7. Gonads maturity stages

Stage two of maturity was detected tbrcirrosafemales (Figurd39).

Stage 1 Stage2 Stage 3 Stage 4 Stage 5

Figure139Macroscopic staging of gonad maturity fdmbrina cirrosa

8. Size at first maturity

Due to the absence of immature individuals in the sample,-fimear regression

could not be obtained fdy. cirrosa,and thus ko could not be calculated.

X. The Grey triggerfish Balistes capriscus
1. Population structure
The total number of acquired specimen8otapriscusvas? individuals. They
ranged from243to 586 mm Lt and219.9to 17559 We (Table27).

Table27 Descriptive statistics fahe total length (LT, mm) and gutted weight (WG, Q)
for Balistes capriscuprocessed in the current stu2ly2021. 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
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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. Weightlength relationshifs

Figure M0represents various weiglangth relationships for thg.

capriscusconsidered in the current study. Regression analysis was significant

between the female population and the pooled population.
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Figure140Weightlength relationships faall Balistes capriscusdividuals(pooled
202021) considered in this study (N=7). (@malesN=5), (b) males(N=2) and (c)
females and males

3. Length frequency

Figurel41shows the lengtfrequency distributions d8. capriscusamples.

The Shapirewilk test for normality showed that all sexed samples collected between

the year202021 were not normally distributed (P < 0.05).



Figurel4lLengthfrequency distributions faall Balistes capriscus (Poal2020-21)
considered in this studyN) are inserted on the graph

4. Sex ratio

The total sex ratio for the020-21 B. capriscusamples wag:0.4females to
males (Figurel42) and showed no significant deviations from the 1:1 hypothesized

ratio (P > 0.05).

Figurel42Monthly variations of sex ratios fail Balistes capriscug”ooled202021)
considered in this studffemales (light grey) and males (dark grey)
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