An ultrastructural study of early germ cells
in Mugil (Liza) auratus Risso, 1810 (Teleostei

: Mugilidae)

Solange BRUSLÉ, J. BRUSLÉ
Laboratoire de

Biologie Marine,

Université de

Perpignan 66025, France.

Summary. Using morphological and cytological criteria, 5 types of early germ cells,
i. e. primordial germ cells, spermatogonia and primary spermatocytes and oogonia
and primary oocytes, were recognized in mullet by electron microscopy. These have been
compared with other fish and vertebrates and the gonial potentialities evaluated.

Introduction.

out

M.

Grey mullet are heterosexual fish. A cytological analysis of germ cells was carried
using light microscopy in Mugil cephalus by Stenger (1959) and in M. auratus,
labrosus and M. ramada by Leray (1968), Thong (1969) and Cassifour (1975).

However, cellular characteristics were not sufficiently well defined at this level, and
these data did not describe primordial germ cells or make any distinction between
oogonia and spermatogonia.
Early germ cells were studied by electron microscopy chiefly on freshwater species
such as Oryzias (Hogan, 1973 ; Satoh, 1974 ; Grier, 1976), Poecilia (Grier, 1975), Carassius (Kanobdee, 1975 ; Remacle et al., 1977), Brachydanio (Baumeister, 1976), Salmo
(Upadhyay, 1977). Investigations on marine species are rather scarce (Squalus :
Holstein, 1969 ; Spicara : Carrillo and Zanuy, 1977 ; Scyliorhinus : Dobson and Dodd,
1977) and provide neither information concerning primordial germ cells nor comparison between oogonia and spermatogonia.
It thus seemed of interest to use electron microscopy to define the cytological characteristics of early germ cells in the juvenile and the yound golden-grey mullet Mugil
’

(Liza)

auratus..

Material and methods.
Juvenile and young golden-grey mullet Mugil (Liza) auratus of 10 to 30 cm in body
length were caught by electric fishing in the brackish waters of the Leucate, a mediterranean lagoon at the Font Estramar Station (coastal springs 18 O
C).
The gonads were fixed by immersion in 2 p. 100 glutaraldehyde fixative for 3 hrs
at4
C, buffered to pH 7.3 with 0.12 M cacodylate buffer ; CaCI
°
2 was added as suggest-

ed by Busson-Mabillot (1971). After washing in buffer overnight, the samples were postfixed in 2 p. 100 osmium tetroxide for 2 hrs, dehydrated in a graded ethanol series and
finally embedded in epon. Ultrathin sections were stained with uranyl acetate solutions
and lead citrate (Reynolds, 1963) and examined under a Hitachi-12A electron

microscope.
Results.
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plate 1).

1) Undi ff’erentioted gonads are observed inn juvenile fish of 10 to 16.5 cm total body leng h ;
they consist of connective tissue containing scattered germ cells and bordered by an
epithelium. Germ cells are scarce, or even absent in specimens 10 to 12 cm long ; these
cells become more numerous as body length increases.
2)

Ovarian

differentiation

may be divided into three stages :

juvenile females (body length:14 to 17 cm) : connective tissue colonized chiefly
by oogonia with scattered previtellogenetic oocytes ;
young females (body length : 16.5 to 19 cm) : gonadal organization characterized by developing parallel ovarian lamellae including many oogonia and some previtellogenetic oocytes ;
- later (body length : 17.5 cm) : oogonia less numerous, being replaced chiefly
by previtellogenetic oocytes and some meiotic oocytes.
3) Testicular differentiation : fish must have 19 to 20 cm body length before the testes can
be distinguished. Between 14 and 19 cm body length, gonads which are not female
cannot be differentiated by light microscopy.
-

-
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juvenile males
located in the stroma ;
-

noted :
20 to 23 cm) : spermatogonia packed in nests
spermatocytesI in the beginning of meiotic process are

(body length :
a

few

observed ;
young males (body length : 23 to 27 cm) : gonadal organisation characterized
many cysts includes spermatogonia and more numerous spermatocytesI than in the
-

by

previous stage.
Fine structure of germ cells
Five cell types, i. e. primordial germ cells (PGC), spermatogonia (SPG), primary
spermatocytes (SPC), oogonia (OG) and primary oocytes (OOC) were recognized
using topographical, morphological and cytological criteria (Brusl6 and Brusle,19776,

plate II).
1)

Primordial germ cells

(PGC) (plate I).

a) Morphology : The cells are oval-shaped, being 13.5 ! 1.8 >m in length and
9.5 ±1.7 N
m in width ; they are characterized by heavy electron cytoplasm density
and have a very irregular outline.

b) Cytology Nuclear characteristics : The nucleus is voluminous (Nucleus/Cytoplasm 0 38 ! 0 07) and eccentrically located The outline of the nuclear envelope is
irregular and the nucleoplasm contains a finely granular and widely dispersed chromatin. The single nucleolus situated eccentrically consists of a small fibrillar center
and a large, coarse, segregated granular cortex (fig 1).
Cytoplasmic characteristics : Many ribosomes are freely dispersed throughout
the cytoplasm making it very electron-dense. The rather extensive granular-type endoplasmic reticulum is chiefly developed in the peripheral area ; its membranes are
concentrically organized (fig. 1) and occasionally form a whorl around the mitochondria (fig. 2). Golgi complexes are usually situated close to the nuclear envelope.
Most of the mitochondria are round-shaped, 0.5 to 1 >m in diameter, and randomly
distributed throughout the cytoplasm. Masses of electron opaque substance are obser-

=

-

ved outside the nuclear membrane either in contact with

or

at

a

short distance from it.

These aggregates, generally characterizing germ cells, are of two types according to
their distribution (figs. 1, 3) : independent and so called « nuage » aggregates, or those
joining mitochondria and called « ciment» (cement) (Cl6rot, 1968, 1976). The latter
mitochondria which occur in clusters around and close to the cement material and are
highly compacted with it, constitute « groupements mitochondriaux (mitochondrial
aggregates) according to André (1962) and C16rot (1968, 1976). No further inclusions
(lipid, glycogen) were found in the cytoplasm and no special relationships between the
PGC and the neighbouring somatic cells were observed.

2) Spermatogonia (plate II, figs. 4, 5).
a) Morphology :The cells are oval-shaped and of slightly irregular outline, having
length of 14.2 ! 3.3 >m and a mean width of 10.5 ± 2.5 !.m.
b) Cytology Nuclear characteristics (fig. 4) : The nucleus is still extensive
(Nucleus/Cytoplasm 0.40 ± 0.06), oval-shaped and eccentric with a slightly irregular envelope. The chromatin appears rather granular and dispersed, but small
dense clumps are found associated with the nucleolus and are also more densely packed
on the perimeter close to the nuclear membrane. The nucleolus, approximately 2 >m
in diameter and eccentrically located, consists of a larger fibrillar center and a denser,
thinner granular cortex than observed in PGC.
Cytoplasmic characteristics (figs. 4, 5) : Free ribosomes are less numerous than
in PGC and the electron density of spermatogonia is consequently lower than that
of neighbouring somatic cells. The granular endoplasmic reticulum is roughly concentric with the nucleus and the plasma membrane and shows occasional whorls. A few
juxtanuclear dictyosomes are gathered close to the nucleus. The mitochondria are
generally round-shaped and 0.5 to 1 !tm in diameter (average : 0.66 [4
m) with a rather
a mean

-
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dense matrix. Because of the eccentric nuclear position, mitochondria show a crescentshaped distribution with no true polarity. The electron-dense material is not different
from that of PGC (isolated « nuage and cement material interspersed with mitochondrial aggregates) (fig. 5). Neither intercellular bridges nor desmosomes are

present.

3) Primary spermatocytes (plate 11, figs. 6, 7, 8).
The cells are oval-shaped with an almost regular outline ; they
smaller in size than spermatogonia (11.5 * 2 >m in length and 7 ! 1.6 pm in
width) and present no evidence of growth (auxocytosis, Clerof, 1976).

a) Morphology :

are

b) Cytology Nuclear characteristics (fig. 6) : The nucleus is eccentrically located,
oval-shaped or even nearly round, with a rather regular outline. As meiosis proceeds.
the nucleus, already voluminous at the onset of prophase, increases (Nucleus/Cytoplasm 0.54 ! 0.08), and the surrounding cytoplasm is reduced to a narrow strand
sparsely populated in organelles. The single nucleolus, 1.5 >m in diameter, situated
eccentrically close to the regular nuclear envelope during leptotene-zygotene stages,
disappears when synaptonemal complexes (fig. 7) become evident (pachytene-diplotene stages).
-

=

characterisfics : Free ribosomes are distributed as in the previous
is much less abundant than in younger cells.
A few dictyosomes are observed preferentially located in the vicinity of cytoplasmic
bridges (fig. 8). The round or elongated mitochondria are generally smaller in diameter (0.3 to 0.5 !tm), although some are the same (0.66 !.m) as those of the spermatogonial stages ; there are generally few, exhibiting a rather dense matrix associated
with dense material (cement) while « nuage» material is more scarce (fig. 6). These
mltochondrial aggregates are packed with dictyosomes close to the intercellular
bridges and give the primary spermatocyte a conspicuous polarity.
In conclusion, it is of interest to note the following distinctive changes from spermatogonia to spermatocytes : decreasing size, increasing nuclear-cytoplasmic ratio,
disappearance of the nucleolus when synaptonemal complexes organize, reduction in
the number of mitochondria, dictyosomes, mitochondrial aggregates and chiefly in the
amount of endoplasmic reticulum ; these organelles are polarized close to cellular
bridges connecting two adjacent cells.
-

Cytoplasmic

stage. The rough endoplasmic reticulum

4) Oogonia (plate III, figs. 9, 10).

a) Morphology : The cells are oval or round-shaped and of almost regular outline,
having a mean length of 14.3 4- 2.2 pm and a mean width of 11.34 ! 3.3 !,m.
b) Cytology Nuclear characteristics (fig. 9) : The large ovoid or roughly spherical
nucleus (Nucleus/cytoplasm
0.41 ! 0.08) is situated almost centrally and has a
regular outline. The chromatin is circumnuclearly distributed. The prominent, single
nucleolus, larger than in spermatogonia (> i
2 t in diameter), is roughly spherical
m
with a concentric distribution of the fibrillar center and the granular cortex.
Cytoplasmic characteristics : The cytoplasm exhibits free ribosomes which are
fewer in number than in PGC and consequently have lower electron density. The endoplasmic reticulum, irregularly positioned, is not extensive ; it is dispersed and occasionally organized in whorls (fig. 9). Some Golgi complexes are confined to the perinuclear area. Mitochondria are generally round and 0.6 to 1 >m in diameter. The
« nuage » material (figs. 9, 10) is of two types, dense and less dense, and occurs adjacent to the nuclear envelope, close to the nuclear pores ; the cement material (fig.10) is
surrounded by mitochondrial aggregates as in spermatogonia. There is no evidence of
inclusion, intercellular bridges or desmosomes ; folliculogenesis was not initiated.
Oogonia are thus distinguished from spermatogonia by the following main features : more regular cell outline, less extensive endoplasmic reticulum, spherical
nucleus with regular envelope almost centrally located and a larger nucleolus.
-

=

-

5) Early oocytes (meiotic prophase) (plate III, figs. 11, 12).
a) Morphology : The cells are ovoid, having a mean length

of 11.8 ! 2 !m and
width of 7.5 ! 1.3 m.
fL
b) Cytology Nuclear characteristics : The oval-shaped and slightly eccentrically
located nucleus is well developed (Nucleus/Cytoplasm
0.55 ! 0.07) and occupies
the greater part of the cell. The single nucleolus begins to disappear concomitantly
a mean

-

=

with

synaptonemal organization

at the

pachytene stage (fig. 11).

Cytoplasmic characteristics : The cytoplasm is reduced to a thin peripheral
layer,
envelope often being tangent and close to the plasma membrane ;
it is poor in organelles (fig. 11). Free ribosomes appear as dense as in the oogonial
stage. Endoplasmic reticulum is scarce, dispersed and irregularly positioned. Golgi
complexes are few in number and located close to intercellular bridges (fig. 12) which
connect adjacent primary oocytes. Mitochondria are generally round and small (0.2
to 0.66 !.m in diameter) and their configuration is the same as primary spermatocytes.
These few mitochondria are chiefly aggregated adjacent to the cement material, while
that of the « nuage » becomes more scarce. The most consistent feature is the polarity
due to the mitochondrial aggregates distributed between the nuclear envelope and the
cytoplasmic bridges (fig. 12). The striking changes observed in the morphology of
oocytes as compared to that of oogonia are similar to those shown in male differen-

the nuclear

tiation.

Discussion and conclusion.

Chronology of’sex diff’erentiation. The gonadal tissue being undifferentiated in the
smallest fish, sex cannot be recognized in juvenile grey mullet. Males and females are
distinguished at a rather late period in Mugil auratus, i. e. during the second year of life
(Thong, 1969, Birttany, over 18 cm fork length ; Chervinski, 1976, Israel).
Our data reveal that the colonization of somatic tissues by PGC is late. No germ
cell is evident in the gonad until a total body length of 9 to 10 cm is reached when the
-

fish

are about 8 months old.
As shown in other fish, the onset of sex differentiation in females is earlier than in
males ; the ovary organizes from 13 to 14 cm body length, while the testis organizes
from 19 to 20 cm total body length. This onset of sex differentiation occurs at the end of
the first year for the females and at the beginning of the second year for the males,
and therefore earlier than observed by Ezzat (1965), Cassifour (1975) and Chervinski

(1976)

in

Mugil

auratus.

Using electron microscopy, we were able to identify the sex ofunditferentiated»
gonads from some males and females having 13 to 16 cm body length and from some
males measuring 16 to 19 cm body length.
The chronology of sex differentiation is probably labile and related to growth and
sexual maturation which vary greatly, depending on ecological factors and food supply.

Thus, golden-grey mullet
or

fourth year

or even

are

later

known to first enter sexual maturation during their third
(Nikolskii, 1961 ; Ezzat, 1965 ; Abraham et al., 1966;

Thong, 1969).
Fine structure of germ cells.
Early germ cells are quite evident in electron
and
are
from
somatic cells by the presence of characteristic
microscopy
distinguishable
and prominent « dense bodies» in the cytoplasm. Much attention was focused on this
dense material, more or less closely associated with mitochondrial aggregates, because
it is considered as a « marker of germ cells » (Hogan, 1973). In different species of fish it
has been termed : « germinal dense bodies « (Satoh and Egami, 1973 and Satoh, 1974
in Oryzias), « granular bodies (Azevedo, 1976, in Xiphophorus), « chromatoid bodies »
(Schjeide et al., 1972, in Pimephales), « nuclear-like material » (Kanobdee, 1975, in
Carassius), « granular masses » (Hogan, 1973, in Oryzias). We adopt the terminology
used by Andre (1962) and by Clérot (1968,1976) : « nuage » for isolated, peri nuclear or
juxtanuclear material and « ciment » (cement) or « ciment intermitochondrial » (intermitochondrial cement material) when the mitochondria occur in a cluster packed close
around the dense substance to constitute a « groupement mitochondrial » (mitochondrial aggregate). In our data, the« nuage » and cement material and the mitochondrial
aggregates occur in PGC and gonia and decrease in further development.
-

The most

conspicuous characteristics of PGC

in

golden-grey

mullet

are :

- very irregular cell outline, probably indicating ameboid movements during migration, as previously suggested in fish by Hogan (1973) and as known in other vertebrates
(Hubert,1974,1976 ;Cuminge and Dubois, 1974 ;Fujimoto et al., 1975, 1976 ;Spiegelman and Bennett, 1973 ; Zamboni and Merchant, 1973 ; Clark and Eddy, 1975) ;
many free ribosomes inducing heavy electron density ; this does not confirm prefindings in fish (Hogan, 1973 ; Satoh, 1974) but agrees with observations on other
vertebrates (Reed and Stanley, 1972 ; Ruby and Webster, 1972 ; Eddy, 1974) ;

-

vious

endoplasmic reticulum present, although the classical view is that embryonic cells
generally devoid of typical endoplasmic reticulum (it is shown to be absent in PGC
of Oryzias, Satoh, 1974) ;
-

are

nucleolar structure with a small fibrillar center ; no comparative information is
available in fish, but nucleolar evolution can be observed in reptilia (Hubert, 1974).

-

It appears probable that
of the germ cell line,

history

significant changes occur in the PGC during the early life
as shown in mammals (Clark and Eddy, 1975). Besides,
PGC to gonia might be identified as these cells continue to

transitional stages from
become more specialized with time.
It is of interest to point out that cytological differences between gonia and PGC
chiefly involve : more regular outline of the plasma membrane of gonia (mainly oogonia), reduction in the number free ribosomes and consequently a decrease in electron
density, and finally change of nucleolus structure with a larger fibrillar center.
Spermatogonia and oogonia of golden-grey mullet are rather richly endowed with
organelles ; this contrasts with other studies on other fish in which the scarcity of organelles is clear during spermatogonial and oogonial stages (Satoh and Egami, 1973,
in Oryzias ; Remacle et al., 1977, in Carassius ; Russo and Pisano, 1973, in Platypoecilus).
The endoplasmic reticulum appears rather extensive in spermatogonia and less in

oogonia, while

it is shown to be absent in other fish (Acipenser : Raikova,1970 ;Syngnathus and Hippocampus : Anderson, 1967 ; Fundulus : Anderson, 1968).
Our observations reveal some characteristics of male and female gonia and allow
us to distinguish them. The spermatogonia exhibit a nucleus more eccentrically located
than that of oogonia with denser chromatin frequently associated with the nucleolus
and closely packed around the nuclear envelope. This euchromatic nucleus appears
clearer and has a more regular outline in oogonia than in spermatogonia. However,
earlier reports had suggested that no morphological or cytological differences were
evident between oogonia and spermatogonia (Remacle et al., 1977). Other findings
reveal that intercellular bridges occur between adjacent spermatogonia (Poecilia :
Billard and F16chon, 1969 ; Grier, 1975 ; Gardonus : C16rot, 1971 ; Platypoecilus : Russo
and Pisano,1973 ;0ryzias : Grier, 1976). Our observations fail to reveal similar bridges
in golden-grey mullet.
At the onset of meiosis, striking changes occur in the morphology of germ cells as
gametogenesis proceeds. As compared to spermatogonia and oogonia, the primary
spermatocytes and oocytes are characterized by a decrease in the number of organelles
and by a reduction in size which remains stable in further male development, while the
oocytes start to grow intensely during auxocytosis and vitellogenesis. In meiotic spermatocytes and oocytes, the cement material is still present, but the « nuage» material
becomes scarce. A similar situation was found in Oryzias by Hogan (1973), but this dense
material disappears in the course of oocyte (Satoh, 1974) and spermatocyte (Grier,
1975) differentiation.

Gonial

Similarity

potentialities.

-

Our

findings provide an

indication of gonial

in the ultrastructural features of male and female PGC

potentialities.

suggests that these

undifferentiated cells are bipotential.
PGC are present in undifferentiated gonads and in small numbers in young, and
even submature, ovaries and testes.. They constitute a permanent stock in both sexes.
Gonia may arise from these latent PGC at any time, usually according to genetic sex,
but exceptionally when testicular intersexuality is found in different species of grey
mullet (Orlandi,1902 ; Stenger, 1959 ; Moe, 1966 ; Thong, 1969 ; Gandolfi et al.,1969 ;
Bruslé and Bruslé, 1975, 1977a). PGC are probably responsible for this sexual lability.
Ruby and McMillan (1975) have discussed the problem of the origin of germ cells
and the various conflicting opinions of different workers, but it is not studied here.
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Résumé. Une étude des gonades juvéniles du muge doré, effectuée en microscopie électronique, a permis d’identifier à l’aide de critères morphologiques et cytologiques cinq catégories de cellules germinales précoces : cellules germinales primordiales ou CGP, spermatogonies et spermatocytes 1, ovogonies et ovocytes I. Ces résultats ont été comparés à ceux
obtenus chez d’autres Poissons et chez les Vertébrés. Les potentialités goniales ont été
estimées.
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