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Abstract

About 142 fish specimens of Scomber japonicus (Houttuyn, 1782) were collected between the coast of Tripoli
(east) and Zuwara (west), from May 2018 to April 2019, to study the stages of oogenetic and spermatogenetic
development, by analyzing their histological sections. The results showed that the developmental status of these
gonads is Asynchronous development type; It was found that both the ovaries and testes mature gradually so that
these fish can lay eggs and sperm in the form of batches during the breeding season (June - October).
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1. Introduction

Chub mackerels, Scomber japonicus (Houttuyn, 1782) are geographically distributed in
moderate and warm waters of the Indian, Pacific, and Atlantic oceans, and in the Mediterranean
as well (Whitehead et al., 1986; and Sabour, 2018). These middle-sized fish (25-32 cm) (Golani
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et al., 2006). EI-Mor, (2002) mentioned that Sardinella aurita is the main prey of Mackerels in
the east and south of the Mediterranean.

This species has become an increasingly important commercial species in the Libyan
waters. However, the fishing efforts applied inversely to this species then influenced their
stocks. Therefore, it is essential to understand the reproductive biology and spawning period of
chub mackerel, to estimate their population dynamics comprehensively (Rinchard and
Kestenmont, 2003). Furthermore, Sabour, (2018) stated that indicators of reproductive status
(the size at the first maturity and spawning season) are required basically to proper assessment
and management of stocks of this species.

The gonads' maturation and spawning processes of S. japonicas are divided by Farrago
et al. (2022) four maturity stages of the reproductive cycle into four stages. Whereas Sabour,
(2018) recorded the development stages of gonad maturation were regarded histologically into
six steps. These processes are affected by the change of some limitation factors, as Soriano et
al. (2009) mentioned; such as temperature, salinity, oxygen, and food abundance. The
geographical distribution is another factor that affects the spawning season of S. japonicus.

Bony fish, in general, have widely-varied patterns of spawning. Take some of them
(Ungaro, 2008): i) Semelparous (Monocyclic) species: which lay eggs once during their lives,
and then die; ii) Total (Isochronal) Spawned: that lay their eggs once in the whole breeding
season, in less than a week; iii) Hermaphroditic species: Where one individual can produce eggs
and sperm at the same time, or in exchange times. Back to the Chub Mackerels: Their females
lay eggs in batches at close intervals at the beginning of the season; and Partially as iv)
(Heterochronal) spawners, which extend in spawning for a prolonged period that may reach a
few months. Histologically, the tissue segments of gonads in this pattern are distinguished by
different maturity stages in their egg cells and sperm.

Genten et al. (2009) stated that the histological examination of ovarian tissue commonly
reveals eggs at all stages of development and degeneration. Recent researchers take histological
techniques seriously as one of the modern methods to understand reproduction in fish (West,
1990; Tyler & Sumpter, 1996; and Blazer, 2002). Farrag et al. (2022) confirmed the spawning
time of Chub Mackerel via yolky stages with a partial mode of asynchronous oocytes. The
reproduction data, such as estimates of fecundity and spawning, are important topics for
understanding fish biology and their population dynamics (Shalloof and Salama, 2008;
Costache et al., 2011, Farrag et al., 2019; and Farrag et al., 2022).

Even though Libya has long coast over the Mediterranean, Sasi et al. (2016) and Berfad
et al. (2018) on this species. The major aim of this work is to update the reproductive knowledge
on the Chub mackerel, S. japonicus on the western Libyan coast, with more detailed data
regarding the G.S.1. and using the histological structure and reproduction pattern of males and
females during the breeding season.
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2. Materials and Methods

1.2. Sampling

142 different-sized specimens of S. japonicus were collected from the coast of Tripoli (east) to
Zuwara (west), a monthly, from May 2018 to April 2019. The standard length, from the
forehead to the last vertebrae of the column for each specimen, was recorded. They were
annotated and their sex was determined outwardly.

2.2. Laboratory preparation for tissues

According to Zawistowski (1986); the gonad samples were prepared for the tissue sections. A
sharp scalpel was used for cutting in the middle. Then fixing in 10% buffered formaldehyde
solution; A dehydration process was carried out in an ascending concentration of ethyl alcohol
(70; 80; 90 and 100%); and then cleared in xylol, before embedding in the paraffin-wax molds.
The microtome was used to cut, in thickness ranging between 5-7 um for each section, before
loading on glassy slides and staining; using Hematoxilin and Eosin Stains. Finally, Canada
balsam was applied on, and covered by slides.

2.3. Tissue microscopy

To identify the development of the gonads, the slides were placed under a binocular light
microscope (10X - 40X); where four stages of development of oocytes for females, were
recorded as indicated by Murua & Saborido-Rey (2003), and four stages of development of
spermatogonia in male testicles, as Ungaro (2008) mentioned.

3. Results and Discussion

In this work, the standard length (SL) in males and females of S. japonicus ranged between
15.5-30 and 15-24.5 cm respectively. Based on the analysis of histological sections of the
ovaries and testicles of S. japonicus, it was found that they are Asynchronous Development,
thus, they mature in inconsistent periods from the beginning of the breeding season (Fig. 1).
The same happens to the most of Scombrids, this indicates to the long spawning period; with
laying eggs frequently (Chellappa et al., 2010). Farrag et al. (2022) divided the reproductive
cycle for males and females of S. japonicas into four maturity stages: i) immature; ii) maturing;
iii) ripe and spawning; and iv) spent stage.

Microscopically; these analyzed histological sections showed that ovaries were found
filled randomly by eggs of all sizes and developmental stages, in the spawning season between
June and October, as it will be detailed below. These results differ from what was reported by
Carvalho et al. (2002) on S. japonicus in the Atlantic Ocean, where these fishes go through one
reproductive cycle annually, between March and July.

3.1. Microscopic characteristics of ovaries

Murua & Saborido-Rey (2003) elaborated on the stages of ogenetic development of oocytes,
based on morphological changes in these cells as follows:

3.1.1. Primary Stage:

In this phase, the ovary consists of clusters of Oogonia cells, which act as a stock that produces
the embryonic cells to the ovary, and appear as small granules distributed in the cytoplasm, and
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the nucleus appears in the center of the cell and grows to form a perinuclear oocyte (Figure 2).
The females of S. japonicas, with many other bony fish species, are similar in the point that
they have these oocytes (Selman et al., 1993; and Grier, 2000). In females of this study; it was
found that they get this stage during November, and they are ranged between fishes that lay
eggs for the first time or others that repeat the spawning cycle, depending on the fish size.

Figure 1. Different stages of oocyte development: Figure 2. A cross-section of a female ovary in the
Oogonia (O), where the oocytes appear in the primary stage; showing PNO cells (perinucleolar
initial stage, that called “Cortical Alveoli stage oocytes). The nucleus appears in the middle and
(CA)”, when large cells filled with fat (10X the nuclear membrane is thick (20X
magnification). magnification).

3.1.2. Cortical Alveoli Stage:

It is characterized by an increase in the size of the ovaries due to the filling of the oocytes with
fatty droplets, which accumulate in the cytoplasm of the cells (Figure 3). These oocyte cells
appear in December and till the end of the spawning period. Soriano et al. (2009) attributed that
to the fact that this type of fish lays eggs in batches during the season.

3.1.3. Vitellogenic (Yolk) Stage:

When the ovarian cells are in different stages of the formation of the yolk, and the size of their
fatty droplets increases and unite together; to form a “liquefaction”, to fill all the space of the
cytoplasm. As a result, the nucleus begins to migrate to the animal pole, and thus the egg
becomes ready for the hormonal stimulation. In this work; it was found that females pass
through this stage in May (Figure 4 a & b). Wiegand (1996) mentioned that this is recognized
in females of the pelagic fishes because these eggs are filled with fatty droplets that help them
to float in the water column.
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Figure 3. A cross section of a female ovary in
the Cortical Alveoli Stage (CA); (EYO) Early
Yolk Oocyte, where the nucleus is
intermediate and the cytoplasm is filled with
fatty granules and they increase in size until
they reach (CA) (magnification power 20X).

Figure 4. A cross-section of a female ovary in the Vitellogenic (Yolk) stage;
a) (N) the nucleus loses its circular shape and begins to migrate to the periphery;
b) () Liquefaction process occurs in the yolk, covering all the cytoplasm and the nucleus
disappearing (magnification 40X).

3.1.4. Maturation Stage:

It is recognized by swollen cells because of being filled with yolk, and absorbing amounts of
water of “Hydration” by water saturation. This is resulting in the “Ripe Oocyte”, this stage is
preparing before laying eggs directly, which is recorded in this work in June and till late July.
At the end of the maturity stage, these cells lose their circular shape, become irregular, and turn
into “empty follicles”, to indicate to emptying of all their contents from the mature eggs outside
the ovary (outside the body), and the empty cells are reabsorbed by the body (Figure. 5 a & b).
Later; the cells appear in the weakness stage of “Spent” in August and September.
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Figure 5. A cross-section of a female ovary in the Maturation Stage
a) (RO) Ripe Oocyte, which are oocytes filled with sphincters and reach their maximum size during
the breeding season; b) Cells lose their circular shape and (EF) Empty Follicles become irregular in

shape (20X magnification power).

3.2. Microscopic characteristics of Testicles

Where Ungaro (2008) named four stages for the development of spermatogonia, based on the
shape-shifting in male cells as follows:

3.2.1. Spermatogonia Stage:

An initial stage of male cell development. Histologically; it appears as small fatty lumps, with
no nucleus are distinguished. In this work; this stage was recognized in immature fish in
December and continued even during the first months of breeding season (Figure 6).

g > eana g

Figure 6. A cross-section of a male testis in the
Spermatogonia stage: Spermatogonia (SPG) cells
appear as small fatty masses (20X magnification).

3.2.2. Stage Spermatocytes:

When the cells are shaped as small dots under the microscope, these dots are aggregations of
sperm cells, formed in April, as illustrated in Figure (7).
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Figure 7. A cross-section of a male testicle in the
Spermatocytes stage: Spermatocytes (SC) appear
as clusters of spermatocytes.

3.2.3. Spermatids Stage:

The sperms begin to differentiate and develop, inside sacs surrounded by a fatty membrane.
Figuratively; the cells are more regular and increasingly sized in this work in May (Figure 8).

Figure 8. A cross-section of a male testicle in the
Spermatids stage: the shape of the cells in this
stage is more differentiated and larger in size.

T

3.2.4. Spermatozoa Stage:

The mature sperm at the beginning of this stage appears as an animal with a head and a long
tail (Figure 9.a). In this work; they appeared in males of S. japonicus in early June: This
indicates that the males have begun to reproduce and spend out sperm. Ending by empty lobes
appear in the testicles after most of the spermatozoa have been developed. In Figure (9.b); this
spend-out stage appeared at July beginning, till throughout of September, when it could be
recognized by the change in the shape of the diminished cells and the lack of sperm.
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Figure 9 (a-b): A cross-section of a male testicle in the Spermatozoa stage: a) At the beginning of
this stage, the spermatogonia (SPZ) appears clearly and consists of a head and a long tail
(magnification power 20X); b) At the end of the Spermatozoa stage, empty lobes are formed after
they have emptied their contents of sperm (10X magnification).

4. Conclusion

Histological techniques are considered as one of the modern methods to study the reproduction
of various fish species, in order to recognize the season and patterns of their reproduction, then
to provide the necessary information to improve the management of their stocks. In this work,
looking at the histological sections of the male and female gonads of Scomper japonicus, it was
found that both of them develop slowly; the activity begins in the breeding season in the summer
months (June, July, and August), laying eggs and sperm in batches.
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