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Abstract. We have studied the European hake (Merluccius merluccius, Linnaeus, 1758) in Oran bay,
obtained from fishermen coming to sell their catch at the local markets, in order to characterize the
reproduction of this fish and to estimate the impact of local fishing on its population. Males are
predominant in catches throughout most of the year, and, on average, males are smaller than females.
Merluccius merluccius spawns in a partial manner, with asynchronous oocyte maturation, and breeds
throughout the year. Determination of length at first sexual maturity (smaller for males) demonstrates
earlier puberty in males compared to females. An essential item of information for achieving sustainable
fishing is the demonstration that a large part (46%) of caught European hakes has a length below the
length at first sexual maturity: they are juveniles. These juveniles are Killed before being able to breed,
which represents a danger for future fish stocks.
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Introduction

European hake (Merluccius merluccius. L) is a species widely present and exploited
both in the Atlantic and Mediterranean (Aldebert and Carri¢s, 1988; Martin, 1991;
Oliver and Massuti, 1995). It has been the subject of studies about ecology (Abella et
al., 1995; Bouaziz et al., 1998; Murua, 2010; Mellon-Duval et al., 2017; Carrozzi et al.,
2019), biology (Pauly, 1980; Aldebert and Recansens, 1995; Murua, 2010; Dominguez,
2007; El Habouz, 2011; Khoufi et al., 2014a; Soykan et al., 2015; Kahraman et al.,
2017; Candelma et al., 2018; Uzer et al., 2019; Giil et al., 2019; Carbonara et al., 2019;
Girgin et al., 2020), economic interest (Perez-Agundez, 2002) and fishing activity
(Gaynilo and Pauly, 1997; Yalgin and Gurbet, 2016; Demirel et al., 2017; Deniz et al.,
2020). Its economic value makes it the target of a complex fishing activity composed of
several fleets using the most diverse fishing gear (Recasens et al., 1998; Lloret et al.,
2001; Lloret and Lleonart, 2002). This represents about 150,000 tonnes of fishes caught
by year (FAO, 2007). In Algeria, fishing has been developed in more than 30 ports, with
the support of the Algerian government, and the fisheries and fish resources sector have
significant potential to contribute to the country’s food security, job creation and
economic consolidation. The fishing ports of Oran have produced, for example, about
66.5 tonnes of hake in 2010 (Direction des Péches et des Ressources Halieutiques,
personal communication). Hake fishing in Algeria is mainly directed towards the white

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):947-965.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_947965
© 2022, ALOKI K ft., Budapest, Hungary



Belhoucine et al.: Characterization of the reproduction of European hake (Merluccius merluccius, Linnaeus, 1758) in Oran Bay
- 948 -

hake (Merluccius merluccius), and its minimum market size has been set at 20 cm for
Algerian waters according to the Ministry of Fisheries and Fishery Resources of the
Republic of Algeria (M.P.R.H, 2016).

Understanding the life cycles of fishes is necessary to achieve sustainable fishing. In
order to allow the replenishment of stocks, it is necessary not to catch too many fishes
before they have been able to breed. For example, according to Bouaziz et al. (1998),
the analysis of hake supplies in Bou-Ismail bay has shown that more than 70% of
individuals were less than 30 cm in size, with a length at first sexual maturity for
females of 30.6 cm. This is alarming because this means that a large quantity of these
hakes are young fish caught before they are able to reproduce. To our knowledge, the
data on the reproduction of hake in Algeria are limited to those of Bouaziz et al.
(Bouaziz, 1992; Bouaziz et al., 1998). Today, our knowledge of the biology of
Merluccius merluccius (growth and reproduction) is not a sufficient basis for a proper
assessment of fish stocks (Morales-Nin et al., 2005), even though studies on the
characterization of its reproduction have been carried out in several Atlantic or
Mediterranean areas, for example by Bouaziz (1992) or Lahaye (1972). Nevertheless, it
is well known that this species is gonochoric and that mature males and females eject
gametes in the environmental water where fecundation takes place (Belloc, 1929). Hake
has oocytes that do not develop simultaneously (Pérez and Pereiro, 1985; Sarano, 1986;
Murua et al., 1998; Murua and Saborido-Rey, 2003; Murua and Motos, 2006), and its
spawning activity continues until the death of the fish (Bouhlal, 1973). Note that, as an
exception, we have characterized in a previous study a case of hermaphrodism
(Belhoucine et al., 2012). Finally, depending on previous studies, this species has been
shown to have a spawning period either all year round or discontinuous, and the length
at first sexual maturity for females and males greatly varied between studies (as it will
be covered in the discussion of the present paper). Hence, in the present study, we have
studied the European hake (Merluccius merluccius, Linnaeus, 1758), collected from
fishermen who came to sell their catch at the local markets of Oran, in order to estimate
the impact of local fishing on the European hake population.

Usually, reproduction is characterized by at least two of the following parameters.
One of these parameters is the sex ratio which may or may not be close to optimum.
Another possibility is to evaluate the physical condition of the animals by classical
indexes: hepatosomatic index (useful to estimate whether lipids are accumulated in the
liver before being used for gamete production), gonadosomatic index (as it is well
known that progression of the weight of gonads during the year allowed assessment of
the reproduction period for a given species: gonad weight is at a minimum during
biological rest periods, increases during gamete maturation, then decreases for
spawning), and the Fulton condition factor (K factor, determined from the relationship
between weight and length, which reflects the general state of a fish in function of its
physiological activities, is an indicator of fitness). Finally, spawning frequency and
fecundity parameters, such as the quantity of mature oocytes in ovaries, age or length at
sexual maturity, may be studied.

The present paper presents the estimation of the sex ratio of the European hake
caught in Oran bay and the physical condition of these fish. We also focus on results of
the characterization of their sexual maturity, by macroscopic and microscopic
observations, allowing assessment of length at sexual maturity. For the purposes of
environmental management, to achieve sustainable fishing, length at sexual maturity
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should inform on the minimum length for fish catches necessary to avoid a negative
impact on fish stocks.

Material and methods

European hake from the Mediterranean Sea were collected monthly for a full year
(2017-2018), in Oran bay. Hake fishing is mainly carried out by trawlers, but also by
small trades (set nets and bottom longlines) (FAO, 2007), in coastal zones, zones with
maximal depth of 500 m. Each month, random sampling was carried out for fish of sizes
ranging from 13.6 to 56 cm, when fishermen came to sell their catch at the local
markets. A total of 831 specimens were sampled.

Overall measurements

Samples were treated very soon after being caught. All organs were removed by
evisceration of the fish. Sex was determined. For each fish, we measured the following
parameters:

e Total length (Lt), from the tip of the upper jawbone, adjusted to the lower 1 cm
Total weight (Wt) and weight of eviscerated fish (We), adjusted to 0.01 g
Liver weight (WI, when fresh), adjusted to 0.01 g
Gonads weight (Wg, when fresh), adjusted to 0.01 g
Sex determination, observing gonads
Control of macroscopic stage of sexual maturity and gonad description.

Sex ratio

We have separated the European hake into three categories: immature/undefined
sex (immature European hake have gonads similar to thin cords; when mature, gonad
volume increases and represents half of the abdominal part), male, or female. Males
and females were identified by macroscopic gonad observation in our fish population.
Then we have directly calculated the sex ratio as the number of males divided by the
number of females. We studied the sex distribution in parallel with the length of each
fish. Then the sex ratio was calculated each month of the year from caught fish, in
order to follow the dynamic of sex ratio. Significance was statistically assessed with
Statistica software (StatSoft Inc 2007), by chi-two, X2, test of heterogeneity
(p < 0.05).

Comparison of mean sizes for males or females

To compare these means, we have used Wilcoxon test with R software (R-3.6.1-win,
RStudio-1.2.1335).

Hepatosomatic index

In the present paper, for the hepatosomatic and gonadosomatic indexes, we have
chosen weight of eviscerated fish as reference to avoid bias due to either the large
quantity of fat in the abdominal cavity during some annual periods or gonads/liver
weight variations or more or less full digestive tract. Hepatosomatic index was
calculated as: weight of liver (g) divided by weight of eviscerated fish (g), multiplied by
100. Then, for each sex, a mean was calculated for each month.
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Gonadosomatic index

This index was calculated as: weight of gonads (g) divided by weight of eviscerated
fish (g), multiplied by 100. It was determined separately for males and for females.
Then a mean for each month was calculated for each group.

Fulton condition factor (K)

This corresponds to the weight of eviscerated fish (g) divided by the total length (cm)
to the power 3, multiplied by 100.

Microscopic observations

Each month, a random sample of females (immature, or mature and at different
stages of maturity) was treated for microscopy. Pieces of 50 gonads were fixed in
alcoholic Bouin solution just after dissection. Histological sections were done as
previously described by Martoja and Martoja-Pierson (1967), with the following
protocol:

e Fixation in alcoholic Bouin solution for 4 to 6 days

e Dehydration by alcoholic solutions (ethanol, butanol)

e Inclusion in paraffin wax

e Cutting of 5 micrometer blocks, on a microtome, before displaying on
microscopy glass slides (3 per block)
Staining by green light and hematoxylin
e Observation with a photonic microscope with camera (Leica DM 2000 Wild M

20 and Olympus BH 2, Germany).

Interpretation of these observations was done using the scale of maturity established
by Holden and Raitt (1974), maturation starting from stage Ill for males and females
(Table 1).

Table 1. Maturation stages for partial breeders (Holden and Raitt, 1974)

Stage State Description
Ovaries volume is about 1/3 of length of abdominal cavity.
I Immature Ovaries are pinkish and translucent. Eggs are not visible to the
naked eye

Ovaries volume is about 1/2 of length of abdominal cavity.
Ovaries are pinkish and translucent. Eggs are not visible to the
naked eye

Virgin during maturation and
recovery

Ovaries volume is about 2/3 of length of abdominal cavity.
Il Becoming mature Ovaries are yellow-pinkish and look rough. Neither transparent
nor translucent eggs are visible

Ovaries volume is about 2/3 of length to total length of abdominal
v Mature cavity. Ovaries are pinkish orange, with superficial blood vessels
visible. Mature and transparent eggs are present

Ovaries retract to about 1/2 of length of abdominal cavity. Walls
VvV After spawning are loose. Ovaries may contain remaining eggs which are mature,
opaque, disintegrating
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Macroscopic study of sexual maturity

With regard to sexual maturity, determination of stages of maturity was done by
macroscopic observations of a large number of male or female gonads. Observed
changing characteristics during maturation were color, firmness, quantity of
vascularization, volume of gonads in the abdominal cavity, thickness and transparency
of the gonad wall. This study was difficult for males, and they were only separated into
immature and mature animals. For females, we determined, each month, percentages of
stages of maturity. Combined with microscopic observations, there are 5 maturation
stages for females.

Length at first sexual maturity

The definition retained for our work was the length at which 50% of the population is
mature (Batts, 1972; Conand, 1977; Shung, 1973).

Results

As stated above, we sampled 831 fish (between 12 and 80 fish per month), but 175
were considered as of undefined sex and discarded (21.06%). Among the 656 remaining
European hake, 391 were identified as males and 265 as females. Details of the fish
catches each month are presented in Table 2.

Table 2. Number of European hake (Merluccius merluccius L., 1758) considered in the
present study, and numbers of females or males, caught each month in Oran bay

Month Number of considered fish i._e. Number of females | Number of males
females + males (total = 656 fish) (total = 265) (total = 391)

January 67 24 43
February 92 37 55
March 68 39 29
April 68 29 39
May 39 11 28
June 43 19 24
July 37 15 22
August 40 22 18
September 33 10 23
October 31 12 19
November 48 14 34
December 90 33 57

The monthly distribution of caught females or males of European hake shows that
the number of females were lower almost all the time (except in March and August),
during the year of the study.

The calculated ratio of total number of males divided by total number of females was
about 1.47. So, the overall sex ratio compared to the balanced sex ratio of 1 (1 male for
1 female) was significantly different (chi-two test, threshold 95%), with more males
than females.
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The overall sex ratio is not precise enough to determine sex distribution in the
studied population. It has to be completed by study of sex ratio variations in parallel
with animal length.

In order to highlight potential variations of sex ratio as a function of fish length, we
grouped our 656 European hake together in 2 cm length classes. Maximum length for
females was 56 cm and maximum for males was 48.5 cm, thus females were bigger.
Percentages of females or males are displayed by length classes in Figure 1.

—— % females

- 8--"% males

% of females or males

L= o - A e L B e e B B B e 1
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=43

Centers of categories of length {cm)

Figure 1. Percentages of females or males as a function of European hake length, for Oran
coasts

We can see in Figure 1 that males were more frequent than females for the smallest
lengths, from < 16 cm to 30-32 cm. For the largest lengths, from 38-40 cm to maximum
size, females were more frequent than males. For length > 49 cm, only females were
found in catches.

For our samples, we determined mean size + SE (standard error) for females of
European hake as 28.55 + 0.55 cm (number of fish = n = 265). Mean size for males was
equal to 23.85+0.27 cm (n =391). Statistical comparison of female and male mean
sizes with Wilcoxon test gave a highly significant result (p-value = 3.296 e*1). In other
words, females were on average bigger than males along the coasts of Oran.

Mean values of hepatosomatic index (HI) for females or males are presented as a
function of month in Figure 2. No clear tendency appeared along the year, except that
values for females seemed higher than those for males.

—&— Monthly hepatosomatic
15 4 index for females

- <@ - Monthly hepatosomatic
index for males

Monthly hepatosomaticindex

Months

Figure 2. Monthly progression of hepatosomatic index for female or male European hake, for
Oran coasts
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Mean values of gonadosomatic index (Gl) for females or males are presented as a
function of month in Figure 3. No clear tendency appeared along the year.
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Figure 3. Monthly progression of gonadosomatic index for female or male European hake, for
Oran coasts

Mean values of Fulton condition factor (K) for females or males are presented as a
function of month in Table 3. No clear change appeared along the year.

Table 3. Monthly progression of Fulton condition factor for female or male European hake,
for Oran coasts

Month Monthly K for females Monthly K for males
January 0.65 0.66
February 0.69 0.68
March 0.68 0.69
April 0.68 0.67
May 0.69 0.69
June 0.68 0.69
July 0.66 0.67
August 0.67 0.69
September 0.63 0.66

October 0.71 0.68
November 0.74 0.69
December 0.70 0.69

Ovarian dynamics were studied during the sexual cycle of female European hake.
The ovary was constituted of conjunctive tissue and follicles. It contained oogonies
spread between follicular cells, oocytes in previtellogenesis and oocytes at various
stages of vitellogenesis. So, oocyte growth occurred in two phases: the first was
previtellogenesis, consisting in organizing the metabolic processes needed for
development of germinal cells; the second was vitellogenesis, needed for vitellus
accumulation. Each observed ovary contained a set of gametes at different maturation
stages. In Figure 4, we present photographs of microscopic ovary transverse cross-
sections.
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Figure 4. Histological cross-sections of ovaries of European hake females from the coasts of
Oran, for determining the different stages of reproduction. (A) Immature stage | (x0.5); (B)
Immature stage I; (C) Beginning of vitellogenesis during stage II; (D) Maturation during stage
I11; (E) Before spawning period, stage IV; (F) Spawning, stage V; (G) After spawning, stage V.
Stage |: ovarian strips (0s), interlamellary spaces (is), oogony (Og), nucleus (N), cytoplasm (C),
oocyte in previtellogenesis | (Ol). Stage I1: oocyte 1l (Oll), nucleus (N), cytoplasm (C), cortical
alveolus (ca). Stage I11I: ootide (Ot), cytoplasmic membrane (cm), bladder of vitellus (bv). Stage
IV: corpuscles (Cs). Stage V: ootide almost totally hydrated (Oh), vitellus liquefaction (vl),
empty follicles (ef)
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Observations of these microscopic ovary cross-sections, matching the 5 previously
described maturation stages, provide a basis for description of these stages as follows:

e Stage I: in Figure 4A, we observed piles of spread cells between conjunctive
tissues and well-implanted in the epithelium of ovarian strips, separated by
interlamellary spaces. Sexual cells were either oogonies (small cells due to
mitosis of germ cells) or oogonies developed in oocytes I (in previtellogenesis,
of larger size). Magnification of part of this cross-section in Figure 4B showed
that oogonies have homogeneous, little abundant cytoplasm, oocytes | have
large central nucleus and homogeneous and highly stained cytoplasm.

e Stage II: oocytes were starting vitellogenesis, increasing volume and becoming
oocytes Il (Fig. 4C). Cytoplasm became heterogeneous, with traces of lipids in
cortical alveolus all around the border.

e Stage IlI: vitellogenesis continued and oocytes Il became higher ootides
(Fig. 4D). Cytoplasmic membrane was easy to see and cytoplasm was full of
small bladders of vitellus. Oogonies, oocytes | and oocytes during
vitellogenesis were present.

e Stage IV: ovary was in pre-spawning period (Fig. 4E). Bladders of vitellus
merged to form corpuscles, starting in the center of the cell. Nucleus was ready
for border migration.

e Stage V: Figure 4F showed the last maturation stage for gametes, the
spawning. Merging of corpuscles full of vitellus went with high hydration,
corresponding to vitellus liquefaction just before ovulation, in ootides which
became hydrated mature ootides, also called ovums. Overall the gamete grows
more than ten times. After ovulation, follicles appeared empty. After spawning,
empty follicles degenerated, but we still observed oocytes during the
maturation process (Fig. 4G).

Results of the macroscopic study completed by microscopic observations, according
to the five previously defined maturation stages, are presented in Figure 5.
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Figure 5. Progression of sexual maturity stages during the year for female European hake, for
Oran coasts
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Fish of at least four of the five defined maturation stages were present throughout the
year, with varying percentages. Note that during July-September and October-December,
no females were at stage V. Total (stage Il + stage 1V) represented females capable of
reproduction. We can notice that this total was higher during July-September (42.58%),
lower during January-March (31.05%) and April-June (30.5%), and the lowest during
October-December (22.44%). So, values are not zero for any time of the year.

Then, the length at first sexual maturity has been estimated by determining
percentages of mature fish for each category of animal length, first for females (Fig. 6)
and secondly for males (Fig. 7).

100 +
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o -

—@=—"% of mature females

% of mature females

17 22 27 32 37 42 47 52 57
Categories of length (cm)

Figure 6. Determination of length at first sexual maturity for females of European hake, for
Oran coasts
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Figure 7. Determination of length at first sexual maturity for males of European hake, for Oran
coasts

Note that percentages of maturity for females started from 27 cm to reach maximum
value at more than 37 cm, and that they increased from 18.5 cm to maximum at more
than 33.5 cm for males. Length at first sexual maturity was higher for females, i.e.
33.5 cm, than for males, i.e. 20.5 cm. This 13 cm gap between the two genders revealed
the earliness of puberty for males compared to females.
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The most important information provided by determining length at first sexual
maturity was that a large part of fish caught along the coasts of Oran were below these
length values. Indeed, during this work, we have calculated the number of females,
males, or females and males together, having a length below the length at first sexual
maturity (Table 4).

Table 4. Numbers of fish of each sex, numbers and percentages of fish smaller than length at
first sexual maturity for each sex, for European hake from Oran coasts

Females Males Total

Number of fish 265 391 656

Number of fish with length < length at first sexual maturity 191 112 303
Percent of fish with length < length at first sexual maturity (%) 72.08 28.64 46.19

Taken altogether, fish smaller than length at first sexual maturity represented about
46%. This value was dramatically higher dealing only with females (about 72%) and
was not negligible dealing only with males (about 29%).

Discussion

In the present study, we have characterized the reproduction of the European hake
(Merluccius merluccius, Linnaeus, 1758) in Oran bay, from fish collected by fishermen
over the course of a year. This was done by assessing the sex ratio, by calculating
parameters such as the hepatosomatic and gonadosomatic indexes and Fulton condition
factor, by means of macroscopic and microscopic studies of sexual maturity for
females, and by measuring length at first sexual maturity.

First of all, sex-ratio is not optimum as it shows that males are predominant
throughout most of the year in fishermen’s catches. Sex ratio as a function of fish length
reveals a majority of males up to 30-32 cm, a majority of females at 38-40 cm or more,
and only females are found at lengths > 49 cm. Similar results were obtained by other
authors in the Mediterranean Sea, north coast of Tunisia (Khoufi et al., 2012), in the
Atlantic, central Morocco (El Habouz et al., 2011), in the Iberian Atlantic (Pifeiro and
Sainza, 2003).

Classical indexes have been calculated to estimate fishes’ physical state. The
hepatosomatic index was calculated because all the energy necessary to obtain gonad
maturity and gamete production is thought to come from lipids from hepatic stocks.
Authors have previously demonstrated that, for some female fishes, the liver is also
responsible for vitellogenine (main protein in oocyte vitellus) synthesis (Nunez-
Rogriguez, 1985). Hence, during ovaries development, maturation and when vitellus is
accumulated, the HI decreases rapidly (Billard, 1979; Encina and Granado-Lorencio,
1997; Lahaye, 1972). As progression of the weight of gonads during the year allows
assessment of the reproduction period for a given species, the gonadosomatic index was
calculated. Indeed, it is well known that gonad weight is at a minimum during
biological rest periods, increases during gamete maturation and decreases for spawning
(Lahaye, 1972). Finally, Fulton condition factor was determined as an indicator of
fitness (Bolger and Connolly, 1989). In fact, it is postulated that the heavier an animal
is, for a given length, the better is its physical condition. In the present study, as a
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function of the months of the year, no clear change appears for hepatosomatic and
gonadosomatic indexes or Fulton condition factor. Hence these indexes and factor do
not suggest a specific reproductive period. We assume that some females may lay their
eggs not all at the same time. Perhaps their ovaries do not rest after spawning and
continue vitellogenesis for a later spawning. For males, storage in the liver may not take
place during spermatozoon maturation. Finally, fishes’ physical condition seems not to
vary in an important way, even during gamete formation or ejection, a result similar to
that of Morgan who did not find any relationship between Fulton condition factor and
male maturation for codfish (Morgan, 2004).

To investigate more precisely European hake reproduction, microscopic and
macroscopic studies of sexual maturity were made. Microscopic study for females
showed that each ovary contained a set of gametes at different maturation stages. In
fish, two models of spawning have been observed. In the first model, total spawning
consists in all oocytes maturing at the same time, see salmon and eel (West, 1990), or
groups of oocytes developing in a simultaneous way, see herring, plaice and sole
(Horwood, 1990; Le Duff, 1997), and spawned at the same time. In the second
model, spawning is realized by series, oocyte maturation being asynchronous, see
sardine, Brazilian menhaden, anchovy (Hunter and Goldberg, 1980; Macchi and
Acha, 2000; Matsuura, 1998). Our microscopic observations led us to conclude that
Merluccius merluccius spawns in a partial manner in Oran bay (spawning realized by
series), oocyte maturation being asynchronous. This asynchronous oocyte maturation
matches observations of other authors for the Mediterranean Sea (Biagi et al., 1995;
Nannini et al., 2001; Carbonara et al., 2019) or the Atlantic Ocean (Murua et al.,
1998; Murua and Motos, 2006; Murua and Saborido-Rey, 2003; Sarano, 1986). Our
macroscopic study for females demonstrated that fish of at least four of the five
defined maturation stages were present throughout the year. During July to December
no females were at stage V, corresponding to sexual recovery after spawning, and
during January to June, only a small percentage at stage V was observed. This might
be explained by the fact that, after spawning, almost all female adults return to deep
waters and were not caught by fishermen. We highlighted that females capable of
reproduction (stages Il and 1V) were always present. Taken together, the
microscopic and macroscopic observations allow us to conclude that females of
Merluccius merluccius breed throughout the year on the coasts of Oran. Unlike our
present results, some studies lead to the conclusion that there is a discontinuous
reproductive period, less for the Mediterranean Sea and mainly for the Atlantic
Ocean (see references in Table 5). But, like us, other authors have concluded that
spawning occurs during the whole year (with or without one, two or three more
intensive phases), as described mainly for the Mediterranean Sea and less for the
Atlantic Ocean (see references in Table 5). Table 5 summarizes data for Merluccius
merluccius spawning period in various areas.

Finally, length at first sexual maturity provides information on the part of the fish
stock able to reproduce and consequently on the replenishment potential of the species.
In the present study, it is higher for females (33.5 cm) than for males (20.5 cm). This
13-cm gap between the two genders reveals the earliness of male puberty compared to
females. Our observation of length at first sexual maturity lower for males than for
females fits well with results from other authors (see Table 6), either in Mediterranean
Sea or in Atlantic Ocean. Data about length at first sexual maturity for Merluccius
merluccius in various areas are summarized in Table 6.
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In the present work, the most important information provided by determining the
length at first sexual maturity is that a large part of fish caught along the coasts of Oran
are under the values of length at first sexual maturity. So these individuals are juveniles,
responsible for stock sustainability, caught before being able to breed.

Table 5. Spawning period for Merluccius merluccius in various areas (white: no spawning;
grey: spread spawning; black: maximal spawning)

Sea/Ocean Area References Month
JIFIM|AM|J|J|A|S|O|N|D
Algeria (Oran) Present study
Algeria (Bou-Ismail) Bouaziz, 1998 .‘
Tunisia Heldt, 1952
Tunisia Bouhlal, 1973
Tunisia Khoufi et al., 2014b
Western Mediterranean Oliver, 1991
Sea
Western Mediterranean Morales-Nin and
Sea Moranta, 2004
France (Gulf of Lion) Recasens et al., 1998
Mediterranean|  !taly (Adriatic Sea) Zupanovic, 1968
Sea Italy (Adriatic Sea) Zupanovilc;ggd Jardas,
Italy (Adriatic Sea) Arne:\ilﬁ]rjdzcl\)/cl)%rales—
Italy (Sardinia) Carbonara et al., 2019

Italy (Tyrrhenian Sea,
Adriatic Sea, lonian Sea) Carbonara et al., 2013

Greece Tsimenidis and
Papaconstantinou, 1985
Greece Muytilineou and
Vassilopoulou, 1988
Turkey Soykan et al., 2015 .
Morocco Maurin, 1954
Morocco El Habouz et al., 2011 ..
Spain Alcazar et al., 1983
Spain Perez and Pereiro, 1985
Spain Pifieiro and Sainza,
_ P 2003
Atlantic Ocean
France Belloc, 1923
France (Bay of Biscay) Sarano, 1986
France (Bay of Biscay) | Alvarez etal., 2004
. Murua and Motos,
France (Bay of Biscay) 2006
Celtic Sea Fives et al., 2001
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Table 6. Length at first sexual maturity for Merluccius merluccius in various areas

Length at first

Length at first

Sea/Ocean Area References sexual maturity |sexual maturity
for females (cm) | for males (cm)
Algeria (Oran) Present study 335 20.5
Algeria (Bou-Ismail) Bouaziz et al., 1998 30.6 21.5
Tunisia Khoufi et al., 2014b 29 -
Eastern Mediterranean Sea Alheit igg;'mher’ 29.5 26.5
Western Mediterranean Sea Oliver, 1991 36.3 27.6
Western Mediterranean Sea Alheit and Pitcher, 345 27
1995
Spain (Catalonia) Recaszeongget al. 35.8 -
Mediterranean : .
Sea Italy (Tyrrhenian Sea) Biagi et al., 1995 42.5 27
. Recasens et al.,
Italy (Tyrrhenian Sea) 2008 35.1 -
Italy (Adriatic Sea) Zupanovic, 1968 26 24
. Zupanovic and
Italy (Adriatic Sea) Jardas, 1986 28 24
Italy (Sardinia, Tyrrhenian Carbonara et al., 32 i
Sea, Adriatic Sea, lonian Sea) 2019
. Recasens et al.,
France (Gulf of Lion) 1998 38 28.8
Turkey Soykan et al., 2015 215 25.6
Morocco Maurin, 1954 40 40
El Habouz et al.,
Morocco 2011 33.8 28.6
Spain Larrafieta, 1970 32.2 24.3
Spain Alcazar et al., 1983 54 42
. Perez and Pereiro,
Atlantic Ocean Spain 1985 525 38
. Pifieiro and Sainza,
Spain 2003 454 32.8
. Dominguez-Petit et
Spain al.. 2008 46 -
. Dominguez-Petit et
North Atlantic al. 2008 41 -

Conclusion

To conclude, in Oran bay, our results, from the fishermen’s catches studied, show
that Merluccius merluccius spawns in a partial manner (with asynchronous oocyte
maturation) and breeds throughout the year. Determination of length at first sexual
maturity (smaller for males) demonstrates the earliness of puberty in males compared to
females. During this work, we have also estimated that 46% of caught European hake
have a length below the length at first sexual maturity, and thus are juveniles. This
information is of crucial importance. It represents a danger for future fish stocks to
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continue to catch such a large quantity of fish killed before being able to breed. If
sustainable fishing is to be achieved, appropriate laws will have to be enacted and
observed. We suggest that the minimum market size of 20 cm for Algerian waters
according to the Ministry of Fisheries and Fishery Resources of the Republic of Algeria
(M.P.R.H, 2016) will have to be reconsidered. Furthermore, reducing fishing effort and
increasing mesh sizes in the region is recommended for sustainable exploitation of this
fishery resource.
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