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Ultrastructural study of spermatogenesis
in the Pacific oyster Crassostrea gigas (Bivalvia:
Ostreidae) from the Sea of Japan
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ABSTRACT: Spermatogenesis in the Pacific oyster Crassostrea gigas from the Sea of
Japan, was studied with transmission and scanning electron microscopes. Spermatogonia
are characterized by two kinds of nuage-like material (large germinal body-like structure
and/or cluster of small globules), cisternae of endoplasmic reticulum and prominent Golgi
body that gives rise to occasional proacrosomal vesicles. Spermatocytes contain numerous
proacrosomal vesicles, while both kinds of nuage-like material are rarely observed at this
stage. A large single acrosomal vesicle is formed by fusion of proacrosomal vesicles in the
basal part of each spermatid. After migration to the apical position of the acrosomal vesicle
becomes cup-shaped; the round nucleus assumes barrel-like outlines. Part of spermatocytes
and spermatids develop with flagellum while some spermatogenic cells are characterized
by intracellular axoneme. Spermatozoa have an electron-lucent knob situated on top of the
acrosome. This type of knob has never been described earlier in the C. gigas and other
ostreids. The pattern of C. gigas spermatogenesis which includes many ultrastructural
features may be used in future comparative studies of sperm development in Ostreidae and
other mollusks.
KEY WORDS: Crassostrea gigas, Ostreidae, sperm cells, ultrastructure.
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ÐÅÇÞÌÅ: Ìåòîäàìè ñêàíèðóþùåé è òðàíñìèññèîííîé ýëåêòðîííîé ìèêðîñêîïèè
èññëåäîâàí ñïåðìàòîãåíåç òèõîîêåàíñêîé óñòðèöû Crassostrea gigas èç ßïîíñêîãî
ìîðÿ. Ñïåðìàòîãîíèè ñîäåðæàò äâà òèïà ìàòåðèàëà «íóàæ» (ãåðìèíàëüíîå òåëüöå è/
èëè ñêîïëåíèå ìåëêèõ ãðàíóë), öèñòåðíû ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà è äèêòèîñîìû êîìïëåêñà Ãîëüäæè, ôîðìèðóþùèå ïðîàêðîñîìíûå âåçèêóëû. Â ñïåðìàòîöèòàõ îòìå÷åíû ìíîãî÷èñëåííûå ïðîàêðîñîìíûå âåçèêóëû, ìàòåðèàë «íóàæ» ïðèñóòñòâóåò çíà÷èòåëüíî ðåæå. Â áàçàëüíîé ÷àñòè ñïåðìàòèä ïóòåì ñëèÿíèÿ ïðîàêðîñîìíûõ âåçèêóë ôîðìèðóåòñÿ îäíà êðóïíàÿ àêðîñîìíàÿ ãðàíóëà. Ïîñëå òîãî, êàê àêðîñîìíàÿ ãðàíóëà çàíèìàåò àïèêàëüíîå ïîëîæåíèå, îíà ñòàíîâèòñÿ ÷àøåâèäíîé, à ÿäðî
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ñïåðìàòèäû - áî÷îíêîâèäíûì. ×àñòü ñïåðìàòîöèòîâ è ñïåðìàòèä ðàçâèâàþòñÿ ñî
æãóòèêîì, ÷àñòü êëåòîê âìåñòî æãóòèêà èìåþò òîëüêî âíóòðèêëåòî÷íóþ àêñîíåìó. Â
ñïåðìàòèäàõ ïîÿâëÿåòñÿ ýëåêòðîííî-ïðîçðà÷íûé ïóçûðåê, ðàñïîëîæåííûé íà âåðøèíå àêðîñîìíîé ãðàíóëû. Ýòîò ïóçûðåê îñòàåòñÿ õàðàêòåðíîé äåòàëüþ ñòðîåíèÿ
ñïåðìàòîçîèäà, ðàíåå íåîïèñàííîé íè ó C. gigas, íè ó äðóãèõ âèäîâ îñòðåèä. Ïàòòåðí
ñïåðìàòîãåíåçà C. gigas, êîòîðûé âêëþ÷àåò â ñåáÿ áîëüøîå êîëè÷åñòâî óëüòðàñòðóêòóðíûõ ïðèçíàêîâ, ìîæåò áûòü èñïîëüçîâàí äëÿ áóäóùèõ ñðàâíèòåëüíûõ èññëåäîâàíèé ðàçâèòèÿ ñïåðìàòîãåííûõ êëåòîê ó Ostreidae è äðóãèõ ìîëëþñêîâ.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Crassostrea gigas, Ostreidae, ñïåðìàòîãåííûå êëåòêè, óëüòðàñòðóêòóðà.

Introduction
It is known that the general principle of
comparative spermatology has developed from
the view of Kolliker who wrote that the animal
sperm varies within narrow limits (Afzelius,
1984) to the statement of Retzius who assumed
the infinite structural diversity of metazoan sperm
and suggested impossibility of the existence of
even two species with similar sperm morphology (Retzius, 1904; Franzen, 1956). Thus, Retzius established a principle of species specificity of spermatozoa and showed that sperm morphology is a very reliable taxonomic feature.
Since no coincidence in the morphology of
spermatozoa in various species of metazoan
animals has been found, the Retzius conclusion
has not been refuted until now.
However, data obtained by different researchers during the last forty years allow suspecting sperm uniformity in some species of the
family Ostreidae. Indeed, it was reported that
mature spermatozoa are similar in various ostreids in having a cup-shaped acrosome, subacrosomal material with an axial rod, a barrel-shaped
nucleus, and four spherical mitochondria
(Daniels et al., 1971; Brandriff et al., 1978;
Osanai, Kyozuka, 1982; O Foighil, 1989; Healy,
Lester, 1991; Bozzo et al., 1993; Sousa, Oliveira, 1994a; Li et al., 2000; Dong et al., 2005;
Drozdov et al., 2009). Comparing the sperm
morphology in different oyster species Gwo and
co-authors (1996) suggested that the size and
shape of a nucleus, an acrosome and mitochondria are specific in ostreid spermatozoa and can

be used to differentiate species. However, they
did not present reliable statistic data and it
remains uncertain whether the reported differences were caused by uncertainty of measurements or they reflect real morphological differences among the species.
The ultrastructural features of spermatogenesis have been studied for several ostreid species. It has been shown that Ostrea edulis Linnaeus, 1758, Crassostrea angulata Lamarck,
1819, and Crassostrea virginica Gmelin, 1791
have basically similar spermatogenesis: spermatogonia and primary spermatocytes contain
characteristic so-called nuage-like material, the
formation of an acrosome begins with the synthesis of proacrosomal vesicles by the Golgi
complex prior to spermiogenesis, the proacrosomal vesicles are fused in the presumptive basal
part of the spermatid and the formed acrosomal
vesicle migrates from this area to the apex of the
cell where it forms the acrosome (Sousa, Oliveira, 1994a; Eckelbarger, Davis, 1996). It seems
that spermatogenic cells as well as spermatozoa
do not have any differences between oyster
species.
The purpose of the present paper is to form
a pattern of sperm development in the Pacific
oyster Crassostrea gigas Thunberg, 1793, the
species, which has been introduced worldwide
for commercial cultivation (Ruesink et al., 2005)
and widely used in monitoring assays. The early
spermatogenesis of C. gigas from the Atlantic
Ocean (France) was recently described by Franco and co-authors (2008). They gave a detailed
description of the size characteristics and chro-
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matin state in spermatogonia and spermatocytes
but other features of early spermatogenic cells
and spermiogenesis remain poorly known. In
our opinion, a study should be done through the
finding of some crucial signs of oyster spermatogenesis and comparison of those among
the various species of Ostreidae.

Materials and methods
Mature oysters C. gigas were collected by
SCUBA divers in the estuary situated in the
inner part of Vostok Bay (42°53¢37.08²N,
132°44¢02.45²E), Peter the Great Bay of the
Sea of Japan, in early June, 2005.

Transmission electron microscopy

Gonads of five males were fixed in 2.5%
glutaraldehyde (Sigma) in 0.1 M cacodylate
buffer (pH 7.5), with 21 mg/ml NaCl added, for
2 h at 4°C. Specimens were then rinsed in buffer
(changed several times), post-fixed for 2 h with
2% osmium tetroxide prepared in the same
buffer and then washed in buffer before dehydration. After dehydration in a graded ethanol
series and acetone, specimens were embedded
in Spurr resin (Spurr, EMS). Semi- and ultrathin sections were made using a Leica UC6
ultramicrotome. Semi-thin sections were stained
with methylene-blue and examined with a Leica
DM4500 B light microscope. Images were taken by a Leica DFC300 FX digital camera. Ultrathin sections were stained with 2% alcoholic
uranyl acetate and aqueous lead citrate, and
viewed with JEOL JEM 100S and Zeiss Libra
120 transmission electron microscopes.

Scanning electron microscopy

Suspension of sperm cells from dissected
gonads was dissolved 1:100 with filtered sea
water and placed on nucleapore filters coated
with poly-l-lysine hydrobromide (MP Biomedicals Inc). Spermatozoa on the filters were fixed
and dehydrated as described above in the TEM
procedure, and then critical point dried in carbon dioxide, coated with gold and viewed with
a Zeiss LEO 430 scanning electron microscope.
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Results
The sperm cells in the testes of mature males
were orderly arranged in acini in such a way that
spermatogonia were situated near the inner wall
of each acinus, mature spermatozoa occupied
the center of the acinus lumen, and spermatocytes and spermatids were situated in between
them (Fig 1A).
The spermatogonia contained single oval
nuclei about 3.9×4.3 µm along short and long
axes, respectively (see below in the nucleus descriptions), and patches of electron-dense chromatin scattered in the nucleoplasm and nucleolus
(Fig. 1B). Two major kinds of electron-dense
non-membranous material or nuage were distinguished in the cytoplasm at this stage (Fig. 1C).
One kind was present as variations of a large
germinal body-like structure (Fig. 1 D, E) and
another as a cluster of small globules (Fig. 1F).
The cisternae of the rough endoplasmic reticulum were frequently seen in spermatogonial cytoplasm (Fig. 1F). Besides, the Golgi body forming electron-dense vesicles was also present (Fig.
1G, H). The spermatogonia were connected by
both intercellular bridges (Fig. 1H) and desmosome-like junctions (Fig. 1I).
The primary spermatocytes with round to slightly oval nuclei about 3.6×4.1 µm in size had characteristic synaptonemal complexes at the pachytene
stage (Fig. 2A). The spermatocytes were connected by intercellular bridges and had a number of
electron-dense vesicles distributed in the cytoplasm (Fig. 2B). The nuage appeared mainly a
cluster of small globules was noticed in the cytoplasm rarely (Fig. 2C and inset). The secondary
spermatocytes were similar in the set of organelles
to the primary spermatocytes but had smaller
nuclei, about 2.7×3.3 µm in size. Additionally,
these spermatocytes usually had not any nuage
material. Both the primary and secondary spermatocytes were flagellate cells (Fig. 2D). The basal
body of the flagellum comprised two centrioles
situated perpendicular to each other near the cell
membrane (Fig. 2E). Apart from spermatocytes
with flagellum (Fig. 2D), the spermatocytes with
intracellular axoneme were found (Fig. 2F).
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The early spermatids had nuclei with size
about 2.5×3.1 µm and more condensed chromatin than in the nuclei of spermatocytes.
Proacrosomal vesicles were concentrated in the
basal area of each cell together with mitochondria (Fig. 3A). After the fusion of proacrosomal
vesicles, the formed acrosomal vesicle was located among mitochondria (Fig. 3B) but then
moved to the lateral part of the spermatid (Fig.
3C). An electron-lucent knob (0.10.15 µm in
diameter) appeared on top of the acrosomal
vesicle, beneath the cell membrane (Fig. 3D, E).
As the cross section shows, a mitochondrial
collar, consisting of five to six mitochondria,
formed around the centrioles (Fig. 3F). The late
spermatids had nuclei about 2.2×2.7 µm in size
and contained electron-dense chromatin with
small electron-lucent areas (Fig. 3G). At this
stage the acrosomal vesicle was situated in the
apical part of the cell (Fig. 3G). In the course of
spermiogenesis the basal part of the acrosomal
vesicle became concave and formed invagination filled with flaked material (Fig. 3H). Progressive invagination of both the acrosomal vesicle and the nucleus resulted in the formation of
a subacrosomal space. An axial rod appeared in
the subacrosomal space (Fig. 3I). At the final
stage of the spermatid maturation, small amounts
of flaked material were scattered in the nucleus at
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various distances from the subacrosomal space
(Fig. 3JM). Spermatids with flagellum were
typical (Fig. 3C) but cells with an intracellular
axoneme were also present in the acini (Fig. 3G).
Each spermatozoon had a barrel-shaped head
(Fig. 4A) about 2.5 µm long and 2.1 µm wide,
composed of a cup-like acrosome and electrondense nucleus (Fig. 4B). An electron-lucent
knob was situated on top of the acrosome (Fig.
4A, B) and they were about 0.7 µm long together. The nucleus was 1.2 µm long and 1.9 µm
wide and had an anterior fossa extending through
the middle part and filled with flaked material
(Fig. 4B). An axial rod extended from the basal
part of the acrosome to the posterior part of the
nuclear fossa (Fig. 4B). The midpiece consisted
of four spherical mitochondria (Fig. 4C) and the
basal body of the flagellum composed of the
proximal and distal centrioles (Fig. 4B). The
distal centriole had nine radially arranged satellite fibers (Fig. 4D). The flagellum had typical
9+2 pattern of microtubules.

Discussion
Our data and those previously obtained by
Franco and co-authors (2008) enable us to form
a pattern of spermatogenesis in C. gigas and
compare it with other oysters. The characteristic

Fig. 1. Spermatogonia in the Pacific oyster Crassostrea gigas.

A  fragment of acinus showing developing spermatogenic cells (light microscopy); BI  spermatogonia (TEM):
B  outer part of acinus with spermatogonia and spermatocytes; C  spermatogonium with two kinds of nuage
(arrowheads); D, E  two variations of nuage presented as large germinal body-like structures (arrowheads); F 
spermatogonium containing cisternae of the RER (arrows) and nuage presented as a cluster of small globules; G 
dictiosomes of the Golgi body with electron dense substance morphologically similar to proacrosomal vesicle content;
H  proacrosomal vesicles in the cytoplasm (arrowheads point at intercellular bridge); I  spermatogonia joined by
desmosome-like junction (arrow). Abbreviations: G  Golgi body, m  mitochondrion, n  nucleus, pv 
proacrosomal vesicle, sc  spermatocyte, sd  spermatid, sg  spermatogonium, sz  spermatozoon. Scale bars:
A  10 µm; B, C, H, I  2 µm; DF  1 µm; G  0.5 µm.

Ðèñ. 1. Ñïåðìàòîãîíèè òèõîîêåàíñêîé óñòðèöû Crassostrea gigas.

A  ôðàãìåíò àöèíóñà ñ ðàçâèâàþùèìèñÿ ñïåðìàòîãåííûìè êëåòêàìè (ñâåòîâàÿ ìèêðîñêîïèÿ); BI  ñïåðìàòîãîíèè (ÒÝÌ): B  âíåøíèé ó÷àñòîê àöèíóñà ñî ñïåðìàòîãîíèÿìè è ñïåðìàòîöèòàìè; Ñ  ñïåðìàòîãîíèé
ñîäåðæàùèé íóàæ äâóõ òèïîâ (êîðîòêèå ñòðåëêè); D, E  äâà âàðèàíòà îðãàíèçàöèè íóàæ, ïðåäñòàâëåííîãî
êðóïíûì ãåðìèíàëüíûì «òåëüöåì» (êîðîòêèå ñòðåëêè); F  öèñòåðíû ØÝÐ (äëèííûå ñòðåëêè) è íóàæ â âèäå
ñêîïëåíèÿ ìåëêèõ ãðàíóë; G  äèêòèîñîìû êîìïëåêñà Ãîëüäæè, ñîäåðæàùèå ýëåêòðîíîïëîòíûé ìàòåðèàë,
ìîðôîëîãè÷åñêè ñõîæèé ñ ñîäåðæèìûì ïðîàêðîñîìíûõ ãðàíóë; H  ïðîàêðîñîìíûå ãðàíóëû â öèòîïëàçìå.
Êîðîòêèå ñòðåëêè óêàçûâàþò íà ìåæêëåòî÷íûé ìîñòèê; I  ñïåðìàòîãîíèè, ñîåäèíåííûå äåñìîñîìîïîäîáíûì
êîíòàêòîì (äëèííàÿ ñòðåëêà). Îáîçíà÷åíèÿ: G  äèêòèîñîìû êîìïëåêñà Ãîëüäæè, m  ìèòîõîíäðèÿ, n  ÿäðî,
pv  ïðîàêðîñîìíûå ãðàíóëû, sc  ñïåðìàòîöèò, sd  ñïåðìàòèäà, sg  ñïåðìàòîãîíèé, sz  ñïåðìàòîçîèä.
Ìàñøòàáû: A  10 ìêì, B, C, H, I  2 ìêì, DF  1 ìêì, G  0,5 ìêì.
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Fig. 2.Spermatocytes in the Pacific oyster Crassostrea gigas (TEM).

A  primary spermatocyte; B  cytoplasmic components of primary spermatocytes (the intercellular bridge is indicated
by arrows); C  spermatocyte with nuage (arrowhead); inset  higher magnification of nuage; D  flagellate
spermatocytes; E  two centrioles perpendicular to each other located near the cell membrane; F  dividing
spermatocyte with inner axoneme (arrowheads), chromatin is surrounded by proacrosomal vesicles. Abbreviations: c 
centriole, chr  chromatin, dc  distal centriole, f  flagellum, G  Golgi body, m  mitochondrion, n  nucleus,
pv  proacrosomal vesicle, pc  proximal centriole, snc  synaptonemal complex. Scale bars: AD  1.5 µm, E,
F  0.5 µm, inset  0.3 µm.

Ðèñ. 2. Ñïåðìàòîöèòû òèõîîêåàíñêîé óñòðèöû Crassostrea gigas (ÒÝÌ).

À  ïåðâè÷íûé ñïåðìàòîöèò; Â  ñîäåðæèìîå öèòîïëàçìû ïåðâè÷íûõ ñïåðìàòîöèòîâ. Äëèííûå ñòðåëêè
óêàçûâàþò íà ìåæêëåòî÷íûé ìîñòèê; Ñ  ñïåðìàòîöèò ñ ìàòåðèàëîì íóàæ (êîðîòêàÿ ñòðåëêà); âðåçêà  íóàæ
óâåëè÷åíî; D  æãóòèêîâûå ñïåðìàòîöèòû; E  äâå ïåðïåíäèêóëÿðíûå äðóã äðóãó öåíòðèîëè, ðàñïîëîæåííûå
âáëèçè ïëàçìàòè÷åñêîé ìåìáðàíû; F  äåëÿùèéñÿ ñïåðìàòîöèò ñ âíóòðåííåé àêñîíåìîé (êîðîòêèå ñòðåëêè).
Ïðîàêðîñîìíûå âåçèêóëû ðàñïîëîæåíû âîêðóã õðîìàòèíà. Îáîçíà÷åíèÿ: ñ  öåíòðèîëü, chr  õðîìàòèí, dc 
äèñòàëüíàÿ öåíòðèîëü, f  æãóòèê, G  äèêòèîñîìû êîìïëåêñà Ãîëüäæè, m  ìèòîõîíäðèÿ, n  ÿäðî, pv 
ïðîàêðîñîìíûå ãðàíóëû, pc  ïðîêñèìàëüíàÿ öåíòðèîëü, snc  ñèíàïòîíåìàëüíûé êîìïëåêñ. Ìàñøòàáû: A
D  1,5 ìêì, E, F  0,5 ìêì, inset  0,3 ìêì.
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feature of spermatogonia in C. gigas (Fig. 5A)
is the presence of nuage which seems to be a
distinct marker of the metazoan germ cell lineage (Eddy, 1975; Ikenishi, 1998; Extavour,
Akam, 2003). This structure has been described
or merely illustrated in various mollusks. In
some species only one kind of nuage was noticed (Sousa et al., 1989; Sousa, Oliveira, 1994a,
b; Erkan, Sousa, 2002), whereas in some mollusks two patterns of nuage material were found
(Hodgson et al., 1990; Erkan, Sousa, 2001,
2002).
Two kinds of nuage such as the fragmented
smaller bodies and homogeneous body were
also described in the spermatogonia of the Atlantic population of C. gigas (Franco et al.,
2008). Similar structures that we define as the
large germinal body-like structure (n1) and
the cluster of small globules (n2) were observed in the Pacific population of the species
(Fig. 5A). Though only one kind of nuage reported in C. angulata and Ostrea edulis (Sousa,
Oliveira, 1994a) and has not been described in
C. virginica (Eckelbarger, Davis, 1996), the
dual pattern of nuage is likely to be found in
these species.
Another phenomenon is the presence of
proacrosomal vesicles in spermatogonia and
spermatocytes (Fig. 5A, B). Early appearance
of proacrosomal vesicles in spermatogonia has
been described for some invertebrates, including bivalves (Hodgson, Bernard, 1986; Reunov,
Drozdov, 1987; Eckelbarger et al., 1990; Reunov, Hodgson, 1994). In the Pacific population of C. gigas, the first proacrosomal vesicles
were found at spermatogonial stage, while in the
Atlantic population of C. gigas the proacrosomal vesicles were described from the secondary
spermatocytal stage (Franco et al., 2008). Taking into account the early development of the
proacrosomal vesicles in spermatogonia of C.
angulata and O. edulis (Sousa, Oliveira, 1994a)
we suggest that presence of proacrosomal vesicles in spermatogonia might be found in other
oyster species with intensive study and this
phenomenon may be common for the oysters.
In the Pacific C. gigas the primary spermatocytes were flagellate cells (Fig. 5B). The same
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phenomenon was recorded for C. angulata
(Sousa, Oliveira, 1994a), while in C. virginica
and the Atlantic C. gigas (according to illustrations presented by authors (Eckelbarger, Davis,
1996; Franco et al., 2008) the flagellum appears
only at spermatid stage. Certain conclusion concerning these alternative versions can be made
only after careful examination of the flagellum
appearance in spermatogenic cells in different
oyster species.
It was shown in the present work that in an
acinus of the Pacific C. gigas the spermatocytes
and spermatids were represented by cells with
flagellum (Fig. 5C, D, E) as well as cells with
intracellular axoneme (Fig. 5C, D, E). The
intracellular axoneme was noticed in the spermatids of the Atlantic C. gigas oysters (Franco
et al., 2008) but was not mentioned for other
oyster species. However, among mollusks the
inner axoneme was reported in the spermatogenic cells of the cockle Anadara granosa (Suwanjarat, 1999), and the green-lipped mussel
Perna viridis (Reunov et al., 1999). Besides, they
are known for four species of sea urchins (Eckelbarger et al., 1989; Au et al., 1998, 1999). For the
sea urchin Anthocidaris crassispina the origin of
inner axoneme was suggested by Au and coauthors (1998) as a result of different flagellum
differentiation. During cell division, the maternal
pair of centrioles remains associated with the tail,
while the daughter centrioles migrate to the opposite pole of the cell and give rise to an intracellular axoneme. The same reason is conceivable
for mollusks including oysters and further research is needed to clarify whether inner axoneme is typical for Ostreidae species.
Spermiogenesis is the most demonstrative
process with dynamic transformation of nucleus and all cytoplasmic organelles. Among available reports concerning spermatogenic cell
ultrastructure in C. gigas (Bozzo et al., 1993;
Franco et al., 2008), the description of spermatid stage/stages is sketchy; furthermore, early
spermatids of C. gigas have never been characterized. However, spermiogenesis shows characteristic features of cell morphogenesis and
may be used for interspecies comparison. As
we have shown for Pacific C. gigas, at early
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spermatid stage the cytoplasmic organelles
demonstrate obviously ordered distribution
defining future basal and apical parts of the cell
(Fig. 5D, D). In middle spermatids, the
proacrosomal vesicles fuse into a large acrosomal vesicle (5E, E) which afterwards migrates
to the apical area of the cell. As soon as the
acrosomal vesicle is in this area, its shape
gradually transforms from rounded to cupshaped (Fig. 5F, G). The acrosomal vesicle
formation is accompanied by the development
of a small terminal electron-lucent knob situated on the top of it (Fig. 5E, EH).
The development and morphology of the
acrosome in C. gigas, as described in the present
study, appears similar to previous reports (Bozzo et al., 1993; Gwo et al., 1996; Dong et al.,
2005; Drozdov et al., 2009) but differs from
them in the presence of the terminal electronlucent knob. The consistent distal position of
this knob on the acrosomal vesicle and common
movement of both structures to the apical area

63

of spermatozoa, as observed in a series of cells
in the present study, exclude interpretation of
this structure as an artifact. The function of this
knob is unknown, but its overacrosomal position suggests its involvement in the process of
fertilization. This structure is likely to have been
overlooked in previous investigations of C. gigas and other oysters due to possible absence of
strict anterior-posterior section and the data
obtained with scanning electron microscope. At
the same time, if the electron-lucent knob is
really absent in the sperm of C. gigas from the
Atlantic population and other oyster species, it
may actually be a specific feature of the Pacific
population of C. gigas.
The studies of the oyster spermiogenesis
show that the presence of subacrosomal material located between the acrosomal vesicle and
nucleus is the common feature of late spermatids and spermatozoa of all studied Ostreidae
(Bozzo et al., 1993; Sousa, Oliveira, 1994a;
Eckelbarger, Davis, 1996). However, the ways

Fig. 3. Spermatids in the Pacific oyster Crassostrea gigas (TEM).

A  early spermatid with proacrosomal vesicles and mitochondria on one pole of the cell; B  middle spermatid with
formed acrosomal vesicle; C  flagellated middle spermatid with acrosomal vesicle in the basal position; D  middle
spermatid with acrosomal vesicle associated with electron-lucent knob (arrowhead) in the midway position; E 
electron-lucent knob (higher magnification) (arrowhead); F  late spermatid containing single rounded mitochondria
(asterisks) and fusing mitochondria (arrow) in the basal part of the cell; G  late spermatid with an inner axoneme
(arrows) and a spherical acrosomal vesicle in the apical position; H  late spermatid with invaginations on basal part
of acrosomal vesicle and on apical part of the nucleus (subacrosomal space pointed by arrow, intercellular bridge is
indicated by the arrowhead); I  late spermatid with barrel-shaped nucleus and cup-like acrosome (axial rod inside the
subacrosomal space is indicated by the arrow); JM  nuclei containing small amount of flaked substance (arrows).
Abbreviations: a  acrosome, av  acrosomal vesicle, dc  distal centriole, G  Golgi body, m  mitochondrion,
n  nucleus, pc  proximal centriole, pv  proacrosomal vesicle. Scale bars: A  2 µm, BG, FI  1 µm, JM 
0.5 µm, E  0.2 µm.

Ðèñ. 3. Ñïåðìàòèäû òèõîîêåàíñêîé óñòðèöû Crassostrea gigas (TÝM).

A  ðàííÿÿ ñïåðìàòèäà, ñîäåðæàùàÿ ïðîàêðîñîìíûå âåçèêóëû è ìèòîõîíäðèè íà îäíîì ïîëþñå; B  ñðåäíÿÿ
ñïåðìàòèäà ñî ñôîðìèðîâàííîé àêðîñîìíîé ãðàíóëîé; C  ñðåäíÿÿ ñïåðìàòèäà ñ àêðîñîìíîé ãðàíóëîé â
áàçàëüíîì ïîëîæåíèè è æãóòèêîì; D  ñðåäíÿÿ ñïåðìàòèäà ñ àêðîñîìíîé ãðàíóëîé è ýëåêòðîíîïðîçðà÷íûì
ïóçûðüêîì (êîðîòêàÿ ñòðåëêà) â ïîëîæåíèè ìåæäó áàçàëüíûì è àïèêàëüíûì ïîëþñàìè êëåòêè; E  ýëåêòðîíîïðîçðà÷íûé ïóçûðåê (áîëüøåå óâåëè÷åíèå) (êîðîòêàÿ ñòðåëêà); F  áàçàëüíàÿ ÷àñòü ïîçäíåé ñïåðìàòèäû,
ñîäåðæàùàÿ îäèíî÷íûå îêðóãëûå (çâåçäî÷êè) è ñëèâàþùèåñÿ (äëèííàÿ ñòðåëêà) ìèòîõîíäðèè; G  ïîçäíÿÿ
ñïåðìàòèäà ñ âíóòðåííåé àêñîíåìîé (äëèííûå ñòðåëêè) è ñôåðè÷åñêîé àêðîñîìíîé âåçèêóëîé â àïèêàëüíîì
ïîëîæåíèè; H  ïîçäíÿÿ ñïåðìàòèäà ñ èíâàãèíàöèÿìè áàçàëüíîé ÷àñòè àêðîñîìíîé ãðàíóëû è àïèêàëüíîé ÷àñòè
ÿäðà. Äëèííàÿ ñòðåëêà óêàçûâàåò íà ñóáàêðîñîìíîå ïðîñòðàíñòâî, êîðîòêèå ñòðåëêè óêàçûâàþò íà ìåæêëåòî÷íûé ìîñòèê; I  ïîçäíÿÿ ñïåðìàòèäà ñ áî÷îíêîâèäíûì ÿäðîì è ÷àøåïîäîáíîé àêðîñîìîé (îñåâîé ñòåðæåíü
âíóòðè ñóáàêðîñîìíîãî ïðîñòðàíñòâà îòìå÷åí äëèííîé ñòðåëêîé); JM  ÿäðà, ñîäåðæàùèå íåáîëüøîå
êîëè÷åñòâî õëîïüåâèäíîãî âåùåñòâà (äëèííûå ñòðåëêè). Îáîçíà÷åíèÿ: a  àêðîñîìà, av  àêðîñîìíàÿ ãðàíóëà,
dc  äèñòàëüíàÿ öåíòðèîëü, G  äèêòèîñîìû êîìïëåêñà Ãîëüäæè, m  ìèòîõîíäðèÿ, n  ÿäðî, pc 
ïðîêñèìàëüíàÿ öåíòðèîëü, pv  ïðîàêðîñîìíàÿ âåçèêóëà. Ìàñøòàáû: A  2 ìêì, BG, FI  1 ìêì, JM  0,5
ìêì, E  0,2 ìêì.
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Fig. 4. Spermatozoa in the Pacific oyster Crassostrea gigas by SEM (A) and TEM (BD).

A  overview of mature spermatozoon; B  mature sperm (terminal electron-lucent knob is indicated by the arrow);
C  midpiece of the spermatozoon showing distal centriole surrounded by four mitochondria (asterisk); D  distal
centriole with nine satellite fibers. Abbreviations: a  acrosome, ar  axial rod, dc  distal centriole, f  flagellum,
h  sperm head, m  mitochondrion, mp  midpiece, n  nucleus, pc  proximal centriole. Scale bars: A, B 
1 µm, C  0.5 µm, D  0.2 µm.

Ðèñ. 4. Ñïåðìàòîçîèäû òèõîîêåàíñêîé óñòðèöû Crassostrea gigas ïî äàííûì ÑÝÌ (A) è ÒÝÌ (BD).

A  îáùèé âèä çðåëîãî ñïåðìàòîçîèäà (ÑÝÌ); B  çðåëûé ñïåðìàòîçîèä (òåðìèíàëüíûé ýëåêòðîíîïðîçðà÷íûé
ïóçûðåê îáîçíà÷åí äëèííîé ñòðåëêîé); C  ñðåäíÿÿ ÷àñòü ñïåðìàòîçîèäà  äèñòàëüíàÿ öåíòðèîëü, îêðóæåííàÿ
÷åòûðüìÿ ìèòîõîíäðèÿìè (çâåçäî÷êà); D  äèñòàëüíàÿ öåíòðèîëü ñ äåâÿòüþ âñïîìîãàòåëüíûìè íèòÿìè.
Îáîçíà÷åíèÿ: a  àêðîñîìà, ar  îñåâîé ñòåðæåíü, dc  äèñòàëüíàÿ öåíòðèîëü, f  æãóòèê, h  ãîëîâêà
ñïåðìàòîçîèäà, m  ìèòîõîíäðèÿ, mp  ñðåäíÿÿ ÷àñòü, n  ÿäðî, pc  ïðîêñèìàëüíàÿ öåíòðèîëü. Ìàñøòàáû:
A, B  1 ìêì, C  0,5 ìêì, D  0,2 ìêì.

Fig. 5. Scheme of spermatogenesis in the Pacific oyster Crassostrea gigas.

A  spermatogonium; B  primary spermatocyte; C  secondary spermatocyte with flagellum; C  secondary
spermatocyte with inner axoneme; D  early spermatid with flagellum; D  early spermatid with inner axoneme;
E  middle spermatid with flagellum; E  middle spermatid with inner axoneme; F  late spermatid; G  late
spermatid; H  spermatozoon. Abbreviations: a  acrosome, ar  axial rod, av  acrosomal vesicle, dc  distal
centriole, f  flagellum, G  Golgi body, iax  intracellular axoneme, k  knob, m  mitochondrion, n  nucleus;
n1  nuage presented as large germinal body-like structure, n2  nuage presented as cluster of small globules, nl 
nuclear lacunae, pc  proximal centriole, pv  proacrosomal vesicle, rer  rough endoplasmic reticulum, sas 
subacrosomal substance, snc  synaptonemal complexes.

Ðèñ. 5. Ñõåìà ñïåðìàòîãåíåçà òèõîîêåàíñêîé óñòðèöû Crassostrea gigas.

A  ñïåðìàòîãîíèé; B  ïåðâè÷íûé ñïåðìàòîöèò; C  âòîðè÷íûé ñïåðìàòîöèò ñî æãóòèêîì; C  âòîðè÷íûé
ñïåðìàòîöèò ñ âíóòðåííåé àêñîíåìîé; D  ðàííÿÿ ñïåðìàòèäà ñî æãóòèêîì; D  ðàííÿÿ ñïåðìàòèäà ñ
âíóòðåííåé àêñîíåìîé; E  ñðåäíÿÿ ñïåðìàòèäà ñî æãóòèêîì; E  ñðåäíÿÿ ñïåðìàòèäà ñ âíóòðåííåé
àêñîíåìîé; F  ïîçäíÿÿ ñïåðìàòèäà; G  ïîçäíÿÿ ñïåðìàòèäà; H  ñïåðìàòîçîèä. Îáîçíà÷åíèÿ: a  àêðîñîìà,
ar  îñåâîé ñòåðæåíü, av  àêðîñîìíàÿ ãðàíóëà, dc  äèñòàëüíàÿ öåíòðèîëü, f  æãóòèê, G  äèêòèîñîìû
êîìïëåêñà Ãîëüäæè, iax  âíóòðèêëåòî÷íàÿ àêñîíåìà, k  ïóçûðåê, m  ìèòîõîíäðèÿ, n  ÿäðî, n1  íóàæ,
ïðåäñòàâëåííûé êðóïíûì ãåðìèíàëüíûì «òåëüöåì», n2  íóàæ, ïðåäñòàâëåííûé ñêîïëåíèåì ìåëêèõ ãðàíóë, nl
 óãëóáëåíèÿ â ÿäðå, pc  ïðîêñèìàëüíàÿ öåíòðèîëü, pv  ïðîàêðîñîìíàÿ ãðàíóëà, rer  øåðîõîâàòûé
ýíäîïëàçìàòè÷åñêèé ðåòèêóëóì, sas  ñóáàêðîñîìíûé ìàòåðèàë, snc  ñèíàïòîíåìàëüíûé êîìïëåêñ.
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of subacrosomal substance formation have never been discussed. Based on the present data we
suggest that the formation of subacrosomal
material in C. gigas is connected with the appearance of intranuclear lacunae (Fig. 5G). In
the course of spermiogenesis these lacunae were
often found to release their content into subacrosomal space and this mechanism seems to
relate to subacrosomal material formation. The
electron-lucent intranuclear lacunae were noticed in Saccostrea commercialis (Healy, Lester, 1991), Tectura testudinalis (Buckland-Nicks,
Howley, 1997) and Tridacna maxima (Keys,
Healy, 1999) but authors did not discuss their
origin. It seems rather possible that the performance of electron-lucent nuclear lacunae is related to a poorly known mechanism of subacrosomal material formation, which should be
better studied not only in Ostreidae but in other
invertebrates as well.
We observed numerous mitochondria concentrated in the centriolar region starting from
the stage of early spermatid, thus forming a
sperm midpiece. There were five to six mitochondria in the middle and late spermatids, but
in the spermatozoa only four mitochondria were
always present around the basal part of the tail.
The reduction of mitochondria in spermatids
occurs probably due to their fusion, as in other
mollusks studied (Hodgson, Bernard, 1986;
Hodgson et al., 1987). The number of mitochondria in the spermatozoa seems to be characteristic for mollusks at a family or even superfamily level (Healy, 1995). Oyster species typically have four mitochondria in spermatozoa
(Bozzo et al., 1993; Sousa, Oliveira, 1994a;
Eckelbarger, Davis, 1996; Gwo et al., 1996;
Drozdov et al., 2009), but Dong and co-authors
(2005) reported different patterns of midpiece
organization in diploid and tetraploid individuals of C. gigas. In diploid oysters, only four
mitochondria were present in mature spermatozoa, while in tetraploid oysters, four mitochondria were present in 44%, five mitochondria in
53%, and six mitochondria were present in 3%
of sperm. Five mitochondria were also observed
in the midpiece of some spermatozoa of C.
virginica (Eckelbarger, Davis, 1996) but taking

into account large amount of cytoplasm seen on
the figure, those cells might be premature and
mitochondria may later fuse and thus decrease
in number. Anyway, whether this number of
mitochondria was a local deviation from normal
condition remains unknown.
Dimensional data of spermatogenic cells of
oysters are very scanty. We have found only
sizes of spermatogonia and spermatocytes as
whole cells for C. virginica (Eckelbarger, Davis,
1996) and sizes of just spermatogonial and
spermatocytal nuclei for Atlantic C. gigas (Franco et al., 2008). An oval form of spermatogonial
and spermatocytal nuclei (especially in primary
spermatocytes) makes measuring difficult; that
is why for detailed description it would be better
to give two sizes: along short and long axes. The
sizes of spermatogonia and spermatocytes of
Atlantic and the Pacific C. gigas are likely to be
similar, but we think that this feature is not
enough informative because it may depend on
the peculiarities of measure techniques and fixation procedures.
Ultrastructural studies of sperm morphology in C. gigas from different geographical regions reported different sizes of sperm parts
(Table 1). But whether sperm size differences in
various populations of the C. gigas are caused
by approximate measurements or they reflect
real differences in sperm size remains unclear.
Additionally, males of many species can simultaneously produce two or more sperm types
(sperm heteromorphism). Besides, spermatozoa could have identical shape but differ from
each other by their lengths only (short or long)
(Snook, 1998). Moreover, as it was shown for
the sea urchin Strongylocentrotus droebachiensis the spermatozoa may have different sizes in
remote populations of the same species (Marks
et al., 2008). We think that focused study of
various ostreids sperm collected by similar
methods are required to make a final conclusion
concerned sperm uniformity existence or absence in Ostreidae.
Thus, the developing spermatogenic cells of
the Pacific population of C. gigas have some
characteristic features such as two kinds of
nuage-like material in the spermatogonia, intra-
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Table 1. Dimensions of spermatozoa of the Pacific oyster Crassostrea gigas as reported from different
regions of the Oceans.
Òàáëèöà 1. Ðàçìåðíûå õàðàêòåðèñòèêè ñïåðìàòîçîèäîâ òèõîîêåàíñêîé óñòðèöû Crassostrea gigas
èç ðàçëè÷íûõ ðåãèîíîâ Ìèðîâîãî îêåàíà.
Region
Taiwan
Pacific coast of the USA
Atlantic Spain
Pacific coast of Honshu
Island, Japan
North-western part of
the Sea of Japan, Russia
North-western part of
the Sea of Japan, Russia

Head length,
µm
~ 1.93*
2.61**


Head width,
µm
~ 1.55
2.32**
~2

2.46 ± 0.06

Length/width

Reference

~ 1.25*
1.12**


Gwo et al., 1996
Dong et al., 2005
Bozzo et al., 1993

2.29 ± 0.04

1.07

Komaru et al., 1994

2.80*

2.50

1.12

Drozdov et al., 2009

2.51

2.12

1.18

Present study

* sperm head length is calculated by us as a sum of the acrosome, nucleus and mitochondrion dimensions (according
to Dong et al., 2005);
** only for fixed spermatozoa of diploid oysters;
 no data.
* äëèíà ãîëîâêè ïîäñ÷èòàíà íàìè, êàê ñóììà ðàçìåðîâ àêðîñîìû, ÿäðà è ìèòîõîíäðèé (ïî Dong et al.,, 2005);
** òîëüêî äëÿ ôèêñèðîâàííûõ ñïåðìàòîçîèäîâ äèïëîèäíûõ óñòðèö;
 íåò äàííûõ.

cellular axonemes, and the apical knob of acrosomal vesicle which is typical for spermatids and
sperm. The presence of these characters emphasizes speciality of the C. gigas spermatogenesis
(Fig. 5AH) in comparison with other oyster
species studied. Since some of these characters
have not been described in the Atlantic population of the C. gigas and in the other oyster
species, it is rather possible that they have not
attracted the authors attention and probably
might be found by reinvestigation. The pattern
of C. gigas spermatogenesis which includes
many ultrastructural features may be used in
future comparative studies of sperm development in Ostreidae and other mollusks.
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