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Abstract

Spermatogenesis and taxonomic value of sperm ultrastructure in Coecella chinensis (Mesodesmatidae)
were investigated by transmission and scanning electron microscopy, and sperm ultrastructural differences
were compared between Mesodesmatidae and Mactridae species(Bivalvia, Heterodonta). Ultrastructure of the
acrosomal vesicles and nuclei of Mesodesmatidae and Mactridae species are very similar. In C. chinensis,
the basal rings of the acrosomal vesicle of spermatozoa are composed of an electron-dense opaque part at
the lower portion and an electron-dense lucent part at the upper portion. In Mactridae species, acrosomal
vesicles of spermatozoa are similar. However, two different heights of acrosomal vesicle basal rings were
observed in spermatozoa between the two families in subclass Heterodonta. In the case of Mesodesmatidae
(C. chinensis), basal ring height is high toward the upper direction, whereas those of Mactridae species is
low toward outer directions. Thus, height basal rings of the acrosomal vesicles of spermatozoa can be used
as a key characteristic for identification of Mesodesmatidae and Mactridae species. There are four or five
mitochondria in the sperm midpiece of the observed Mesodesmatidae species, whereas there are only four
in previously analyzed Mactridae species. Consequently, number of mitochondria may be useful for
taxonomic analysis at the family or superfamily levels.
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[ . Introduction bivalve spermatozoa ultrastructure might be related

to bivalve systematics(Popham, 1974, 1979); sperm

Aside from their morphological and ecological  yjragtructure has long been viewed as a tool for

significance, ~ Mesodesmatidae ~ and  Mactridae  jqqeqsing  phylogenetic relationships in  metazoans

(subclass Heterodonta) are taxonomically important through spermiocladistic analysis(Jamieson, 1991).

groups of bivalve molluscs. It is well known that 1, 4ate comprehensive  studies on  bivalve
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spermatogenesis in Korea have been restricted to
several species in Mactridae(Longo and Anderson,
1969; Chung and Ryou, 2000; Lee et al., 2008),
Veneridae (Kim, 2001; Chung et al., 2001; Kim et
al.,, 2010; Kim and Kim, 2011), Hiatellidae (Kim,
2001), Solenidae(Chung and Park, 1998,
2001), and Myidae(Kim, 2001), Corbiculidae (Jun et
al., 2009) in subclass Heterodonta, and Mytilidae
(Longo and Dornfeld, 1967; Kim, 2001; Kim et al.,
2010b), Pectinidae(Kim, 2001), and Ostreidae (Kim
2010a; 2014) in

Pteriomorphia.

Kim,

et al., Son et al, subclass

Sperm morphology has been successfully used in
phylogenetic examination, and knowledge of bivalve
could be wuseful for
taxonomic purposes(Franzen, 1977, 1983; Popham,
1979).

regarding reproduction cycle(Kim et al,

spermatozoa ultrastructure

studies
2013),

there have been no studies on the ultrastructure of

Although there have been some

spermiogenesis and mature sperm morphology of
Coecella chinensis (Mesodesmatidae). In particular,
taxonomic value of mature sperm morphology of C.
chinensis has not been reported.

Sperm acrosome ultrastructure revealed
morphological diversity in bivalves; thus, acrosomes
useful  for

relationships(Franzén, 1956). Special substructures in

may be assessing  phylogenetic
sperm acrosomal vesicles were used to organize the
families into subclasses(Popham, 1979), and Healy
(1989) reported that different bivalve subclasses

have unique acrosomal morphologies. Therefore,
sperm acrosomal morphology in C. chinensis can
be compared with

Mactridae

that of previously analyzed
species, which are closely related to
subclass

Mesodesmatidae  and also belong to

Heterodonta. In  addition, the number of
mitochondria in the sperm midpiece tends to be

stable within families or superfamilies(Healy, 1989,

1995). Therefore, the number of mitochondria in
of this

phylogenetically informative and should therefore be

the sperm midpiece species may be
compared with those of family Mactridae.

In addition to ultrastructure of germ cells during
spermatogenesis, mature sperm morphology should
be studied to elucidate ultrastructural characteristics.
To date, this is the first study to describe
taxonomic value of mature sperm morphology and
ultrastructural  differences  of

Mactridae

compare  sperm

Mesodesmatidae  and species.  In
particular, sperm ultrastructure revealed some special
features of the acrosomal vesicles of mature sperm
ultrastructure and the number of mitochondria in
the sperm midpiece for phylogenetic and taxonomic
analyses of Mesodesmatidae and Mactridae species.
Therefore, the primary purpose of the present study
was to describe some ultrastructural characteristics
of the acrosomal vesicle and the other parts of
spermatozoa during spermatogenesis, and to confirm
the possibility of the use of acrosomal vesicle
ultrastructural characteristics and the number of

mitochondria in  the sperm  midpiece for

phylogenetical  classification of C.  chinensis

(Mesodesmatidae) in subclass Heterodonta. In
addition, the secondary purpose of this study was
to compare and clarify differences in
between

(Heterodonta) for

sperm
ultrastructure Mesodesmatidae and

Mactridae species could yield

taxonomic value.

II . Materials and methods

1. Sampling and transmission electron

micrographs

30 samples of C. chinensis (Mesodesmatidae)

were collected monthly in the intertidal zone of
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Changsondo, =~ Namhae-gun, Gyeongsangnam-do,

Korea, from January to December 2010. 50 male
collected

C. chinensis individuals of a total

specimens from April to June were used for

transmission electron microscope(TEM) and
scanning electron microscope(SEM) observations.
For Mactridae species (Mactra veneriformis and

M. chinensis), data from a previously published

paper(Kim and Yoo, 2002) were used for
phylogenetical classification analyses of sperm
ultrastructure.

2. TEM observations

For TEM observations, ultrathin sections of
Epon-embedded

knives on a Sorvall MT-2 microtome and LKB

specimens were cut with glass
ultramicrotome at a thickness of approximately 80—
100  nm.
collodion-coated copper grids, doubly stained with
uranyl followed by lead
observed with a JEM 100 CX-II(80-KV) electron

microscope.

Tissue sections were mounted on

acetate citrate, and

3. SEM observations

A drop of sperm suspension was placed on a
cover glass, prefixed with 2.5% glutaraldehyde and
2.5% paraformaldehyde in 0.1 M cacodylate buffer
(pH 7.5) at 4°C for 15 min, postfixed with 1%
OsO4 for 10 min, and then rinsed with cacodylate
buffer. The specimens were dehydrated in a graded
ethanol series, critical point dried, coated with gold,
and observed under an SEM (ISI-SS4D).

III. Results

1. Germ cell differentiation during spermatogenesis

Spermatogenesis in this species occurs in
numerous acini of the testis, similar to those of
other bivalve species(Kim, 2001). permatogenesis in
the acini of the testis can be divided into four
follows: (1)

spermatocytes, (3) spermatids, and (4) spermatozoa.

stages  as spermatogonia,  (2)
Spermatogonia: As observed in other bivalves,
spermatogonia are located along the internal wall of
the acini. The sizes of spermatogonia are 6.4-7.4
pm in diameter, each with a spherical nucleus that
is approximately 3.6 pm in diameter. The nucleus
contains small clumps of electron-dense chromatin,
and several small mitochondria and rough
endoplasmic reticulum are present in the cytoplasm.
The spermatogonia have a large nucleus with a
more granular electron-dense nucleoplasm, whereas
their cytoplasm 1is largely devoid of organelles
except for scattered mitochondria[Fig. 1A].
Spermatocytes: The spermatogonium develops
into primary spermatocytes by mitotic division. At
this stage, primary and secondary spermatocytes are
present in the acinus wall. Primary spermatocytes
are slightly smaller cells (approximately 6.0-6.2 um
in diameter) that are distinguished by nuclei
(approximately 3.4 pm in diameter) with more
abundant and slightly dark-staining heterochromatin.
The nucleus of the primary spermatocyte is similar
in shape and size to that of the spermatogonium;
but the nucleolus is no longer prominent, and the
chromatin is distributed in the nucleus at this stage,

and their cytoplasm is largely devoid of organelles

except for the Golgi complex and several
mitochondria[Fig. 1B].
In the first meiotic, primary spermatocytes

prophase are distinguished within the germinal layer
of the testis, and zygotene/pachytene spermatocytes
contain nuclei with higher condensed chromatin and

synaptonemal complexes.
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[Fig. 1] Transmission electron micrographs of spermatogenesis in male Coecella chinensis (Mesodesmatidae).
A. A spermatogonium, with chromatin in the nucleus and mitochondria, and endoplasmic reticulum
and vacuoles in the cytoplasm. B. Primary spermatocytes, with a large nucleus, Golgi complex,
and several mitochondria in the cytoplasm. C. Primary spermatocytes in the first meiotic prophase
stage (zygotene/pachytene stage), with several synaptonemal complexes in the nucleus and several
mitochondria in the cytoplasm. D. Secondary spermatocytes, with several heterochromatin materials
in the nucleus and several mitochondria in the cytoplasm; E, F. Spermatids after secondary meiotic
division, with heterochromatin material in the nucleus and several proacrosomal granules in the
cytoplasm. Abbreviations: G, Golgi complex; HCR, heterochromatin; M, mitochondrion; N, nucleus;
PAG, proacrosomal granule; PSC, primary spermatocyte; SG, spermatogonium; SN, synaptonemal

complex; ST, spermatid.

The synaptonemal complexes in the nucleus
appear in the prophase during the first maturation
division. Cellular outlines are oval shape, and
several chromatin materials appear in the nucleus
[Fig. 1C]. Primary spermatocytes differentiate into
secondary spermatocytes by meiotic division of
primary spermatocytes. Secondary spermatocytes are
hardly observed because of the rapid first meiotic
division of primary spermatocytes at this stage.
Secondary spermatocytes are irregular in shape and
range from approximately 4.4-5.5 xm in diameter.

Spherical nuclei (approximately 3.2 pum in diameter)

possess scattered chromatin that form a network.
Secondary spermatocytes were frequently observed
undergoing meiotic division, and the sizes of
secondary spermatocytes become smaller than those
of the primary

electron-dense heterochromatin appears in the nuclei

spermatocytes. At this time,
of secondary spermatocytes[Fig. 1D].

Spermatids:  During  testicular  development,
secondary spermatocytes develop into spermatids by
the secondary meiotic division. For convenience,
spermiogenesis can be divided into early and late

stages. In the early spermatid stage, spermatids
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(approximately 3.5-4.0 g£m in diameter) are oval
in shape, and the nucleus is typically spherical or
oval in shape and in the center of the cell. At this
stage, spermatid nuclei (approximately 2.4-2.6 pm
in diameter) contain electron-dense heterochromatin
nucleus, and the contains

in the cytoplasm

mitochondria and several small proacrosomal
granules[Fig. 1E].

In the late spermatid stage during spermiogenesis,
the spermatid nucleus morphology gradually changes
during spermatid differentiation, and the spermatid
nuclei become slightly narrowed (approximately 2.0
pm in diameter). At this time, small proacrosomal
granules, which are formed by the Golgi complex
in the cytoplasm, migrate to the anterior end of the
spermatid nucleus, while mitochondria move to just
behind the nucleus[Fig. 1F].

Several small proacrosomal granules mix with
ecach other and become a larger proacrosomal
vesicle, which is located on the anterior nuclear
fossa of the spermatid nucleus[Fig. 2A]. Thereafter,
a full-grown proacrosomal vesicle is present on the
anterior nuclear fossa of the nucleus, while several
mitochondria move near the posterior nuclear fossa
of the spermatid nucleus[Fig. 2B].

Then, a proacrosomal vesicle forms an acrosomal
vesicle. At the beginning of acrosomal formation,
acrosomal vesicle formation is very complex: a
single acrosomal vesicle, which is located at the
presumptive anterior pole of the spermatids, is
initially oval shaped. The right and left basal rings
of the acrosomal vesicle appear at the lower part
of the acrosomal vesicle. The acrosomal vesicle
begins to invaginate on the nuclear surface, forming
the characteristic hollow subacrosomal space. At
this time, the acrosomal vesicle (approximately 0.85
#m long) is occupied by subacrosomal material,

which is embedded in a coarsely granular matrix,

and forms a membrane that is bound near the
anterior nuclear fossa[Fig. 2C]. Thereafter, the right
and left basal rings of the acrosomal vesicle are
composed of electron-dense opaque material at the
lower part. However, the upper part (about 50%) of
vesicle is  composed  of

Finally, the

the acrosomal

electron-lucent materials. acrosomal
vesicle morphology becomes modified cap-shaped.
At the same time, the axial filament, which is
present at the center of the acrosomal vesicle on
an anterior nuclear fossa, is easily observed. In
particular, irregular electron-lucent lacunae are
present in the nucleus, several small mitochondria
fuse to form large spherical mitochondria under the
posterior nuclear fossa, and a flagellum is located
under several spherical mitochondria. The midpiece
of a maturing spermatozoon contains the distal
centriole and an adjacent proximal centriole under
the posterior nuclear envelope at a 90° angle[Fig.
2D, 2E].
During the late stage of the spermatid, the
nucleus becomes smaller (approximately 1.29 um
long), the nuclear contents continue to condense,
continued loss

and there is of cytoplasm by

sloughing. At the same time, the number of

mitochondria become reduced, but the size is
increased in the midpiece of spermatid, and the
larger mitochondria form a close association with
the nucleus. The mitochondria come to occupy the
end of the cell opposite to the acrosome, hereafter
further

development occurs. Simultaneously, the tail appears

forming the sperm midpiece under
and develops from the distal centriole; the proximal
centriole appears between the nucleus and the distal
centriole. However, satellite fibers, which are found
in several families in subclass Pteriomorphia, are
distal which is

not found near the centriole,

common in subclass Heterodonta[Fig. 2E].

- 1653 -



Jin Hee KIM - Ki-Young LEE

[Fig. 2] Transmission and scanning electron micrographs showing spermatogenesis in male Coecella
chinensis (Mesodesmatidae). A. Several spermatids and proacrosomal vesicle formation, with
heterochromatin material in the nucleus and a proacrosomal vesicle on the nucleus. B. Early
stage of the spermatid during acrosome formation, with a proacrosomal vesicle on the anterior
nuclear fossa and several mitochondria under the posterior nuclear fossa. C. The right and left
basal rings of the acrosomal vesicle on the anterior nuclear fossa, with subacrosomal materials
(SM) in the space between the acrosomal vesicle of the acrosome and anterior nuclear fossa in
the nucleus. D. Acrosome formation of the acrosomal vesicle and axial filament on the anterior
nuclear fossa of the nucleus, with an acrosomal vesicle composed of electron-dense opaque
material (the right and left basal rings of the acrosomal vesicle showed stretching toward the
upper direction; however, the upper part of the acrosomal vesicle showed electron-dense lucent
material). In addition, several lacunae and mitochondria appear near the posterior nuclear fossa.
E. The midpiece of a maturing spermatozoon, with a proximal centriole and a distal centriole
between two spherical mitochondria under the posterior nuclear fossa of the nucleus, and the
appearance of a flagellum. F. A complete spermatozoon and cross-section of the axial filament
in the acrosomal vesicle of the sperm, with the acrosomal vesicle composed of electron-dense
opaque and electron-dense lucent parts, subacrosomal materials, a proximal centriole, and a distal
centriole near the nucleus, mitochondria, and a flagellum; these traits were observed in other
species of subclass Heterodonta. G, H. Cross-sections of midpieces of mature sperm, with four
or five mitochondria surrounding centrioles in the sperm midpiece. I Cross-sectioned
spermatozoa flagella, with axonemes showing 9+2 structure, which means there are nine pairs of
peripheral microtubules and a pair of central doublets. J. A scanning electron micrograph of a
complete spermatozoon, with the sperm head (an acrosome and the nucleus), midpiece
(mitochondria and centrioles), and tail (a flagellum). Abbreviations: AF, axial filament; ANF,
anterior nuclear fossa; AV, acrosomal vesicle; BR, basal ring; CD, central doublet; DC, distal
centriole; ELP, electron-dense lucent part; EOP, electron-dense opaque part; F, flagellum; HCR,
heterochromatin; LC, lacunae; M, mitochondrion; N, nucleus; PAV, proacrosomal vesicle; PC,
proximal centriole; PM, peripheral microtubule; PNF, posterior nuclear fossa; ST, spermatid; SM,
subacrosomal material.
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Spermatozoa: Mature spermatozoa of this species

are approximately 47-50 um long, and sperm

acrosomes contain  an acrosomal  vesicle
(approximately 0.85 pm long). The central hollow
of an acrosome contains granular subacrosomal
materials, which exist in a coarsely granular matrix.
In addition, there is a pair of centrioles surrounded
by four or five spherical mitochondria. In
particular, during this stage, the acrosomal vesicle
is formed by two kinds of electron-dense materials:
the lower part of the right and left basal rings of
of high

electron-dense opaque materials. Additionally, the

the acrosomal vesicle is composed
right and left basal rings stretch toward the upper
direction [Fig. 2D, 2E]. However, the upper part of
the acrosomal vesicle contains electron-dense lucent
material, which was observed in other species in
subclass Heterodonta. Finally, the morphology of
the acrosomal vesicle shows a modified cap-shape.
The anterior part of the sperm nucleus of this
species is somewhat deeply invaginated, in which
differs from that of previously analyzed sperm
nuclei of Mactridae species.

The shape of the nucleus (approximately 1.29
pm long) is jar-shaped. Additionally, a short,
shallow basal invagination appears in the posterior
nuclear fossa.

The sperm midpiece includes four or five
spherical mitochondria with well-developed cristae
[Fig. 2F, 2G, 2H], and the proximal and distal
centrioles are found beneath the posterior nuclear
fossa in the nucleus: the proximal centriole lies at
90° to the distal centriole and sperm longitudinal
axis. The distal centriole is attached to the plasma
membrane of the flagellum [Fig. 2E, 2F]. The
flagellum is about 45-48 pum long, and exhibits a
classic 9+2 microtubular substructure axoneme (that
microtubules  surrounding a

is, nine peripheral

central doublet). The flagellum, which originates
from the distal centriole, is surrounded at its base
After

spermatozoon differentiation is complete.

by plasma membrane. spermiogenesis,

Mature sperm morphology of C. chinensis, which
was observed by SEM, is primitive, as found in
most bivalve species that undergo external
fertilization. Mature sperm are approximately 48-51
pm long, and the acrosome (modified cap-shape) is
positioned at the top of a jar-shaped nucleus. The
size of the sperm head is approximately 2.30 pum
long and includes a highly electron-dense nucleus
(approximately 1.29 pm long), with a posterior
nuclear fossa, and an acrosome (approximately 0.85
pm long). The morphology of the sperm nucleus
and acrosome of this species are jar- and modified
cap-shaped, respectively. There is also a pair of
centrioles

surrounded by four or five spherical

mitochondria in  the sperm  midpiece, the
cross-sectioned axoneme of spermatozoa showed
9+2 structure (nine pairs of peripheral microtubules
and a pair of central doublets) [Fig. 2I], and a

flagellum is present in the sperm tail[Fig. 27J].

2. Spermatozoa ultrastructural characteristic
comparisons  between Mesodesmatidae
and Mactridae species

Coecella chinensis (Mesodesmatidae): Total sperm
size of C. chinensis is approximately 45-50 um
long. The size of the sperm head of C. chinensis
is smaller than those of known Mactridae species
(M. veneriformis and M. chinensis). Additionally,
the acrosomal vesicle of C. chinensis is composed
of the right and left basal rings of the acrosomal
vesicle. In particular, an axial filament is located in
the center of the acrosomal vesicle. In case of C.

chinensis (Mesodesmatidae), the right and left basal
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rings of the acrosomal vesicle of the spermatozoa
are composed of electron-dense opaque materials,
whereas the upper part of the acrosomal vesicle is
material. In

composed of electron-dense lucent

particular, in the case of the Mesodesmatidae
species (C. chinensis), the right and left basal rings
of the acrosomal vesicle of the spermatozoa stretch
toward the upper direction [Fig. 3A]. However,
those of Mactridae species stretch toward right and
left directions [Fig. 3B, 3C]. The C.

is jar-shaped, whereas that

chinensis
of known

Mactridae species are modified cylinder or cylinder

nucleus

in shape. In particular, there are four or five
of C.

chinensis. No satellite fibers (located near the distal

mitochondria in the sperm midpiece

centriole) were detected, which is common of
subclass Heterodonta, and there is one flagellum

per spermatozoon.

Mactra  veneriformis  and M.  chinensis
(Mactridae): Total sperm sizes (uxm) of two species
(M. veneriformis and M.
and 50-52 um

sperm head of Mactridae

chinensis)  are
approximately 50 pm long,
respectively. In the
species, the acrosomes are composed of the right
and left basal rings that stretch toward the right
and left directions[Fig. 3B, 3C]. Additionally, the
axial filaments appear in the center of the
acrosomes. The M. veneriformis nucleus is modified
cylinder in shape, whereas that of M. chinensis is
cylinder in shape. Additionally, in the sperm
midpiece, both species have four mitochondria in
the sperm midpiece, which was also seen in other
Mactra species. However, there are four or five
mitochondria in the sperm midpiece of C. chinensis
(Mesodesmatidae). The satellite fibers, located near
the distal

centriole and mitochondria, are not

detected, which is common in subclass Heterodonta.

Additionally, these two Mactridae species have one

flagellum per spermatozoon.

[Fig. 3] A schematic diagram of the acrosomes,
nuclei, and  midpieces of  three
spermatozoa in two families of subclass
Heterodonta (A-C). A. Mesodesmatidae
(Coecella chinensis): the right and left
basal rings of the acrosomal vesicle of

this family stretch toward the upper
direction. B. Mactridae (Mactra
veneriformis): the right and left basal

rings of the acrosomal vesicle of this
family stretch toward the right and left
directions. C. Mactridae (M. chinensis):
the right and left basal rings of the
acrosomal vesicle of this family stretch
toward the right and left directions. The
basal rings of the acrosomal vesicles of
two  families are  composed  of
electron-dense opaque parts, whereas the
upper part of the
composed of electron-dense lucent parts.
Abbreviations: A, AF, axial
filament; ANF, anterior nuclear fossa;
AV, acrosomal vesicle;, DC, distal
centriole; ELP, electron-dense lucent part;
EOP, clectron-dense opaque part; F,
flagellum; N, nucleus; M, mitochondrion;
PC, proximal centriole; PNF, posterior
nuclear fossa.

acrosomes are

acrosome;
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IV. Discussion

1. Spermatogenesis

Spermatogenesis and associated ultrastructure of
spermatozoa in C. chinensis were similar to those
of another family in subclass Heterodonta(Hodgson
1986; Eckelbarger et al, 1990;
Eckelbarger and Davis, 1996; Kim et al., 2010). In
this study, we determined that the morphology of

and Bernard,

C. chinensis sperm nuclei is jar-shaped. Compared

with Mactridae species, Mesodesmatidae sperm
nuclei are very similar(Kim, 2001). However, sperm
nucleus morphology varies by genus in Mactridae
(Kim, 2001). Therefore, the sizes of sperm nuclei
could not be used in taxonomic analyses, because
the morphological characteristics of sperm nuclei
are irregular(Healy, 1995). In this study, during
spermatogenesis of germ cells, the synaptonemal
complexes in the nuclei of primary spermatocytes
characterized the pachytene

stage of prophase

during the first meiotic division. Sousa et al
(1989) suggested that the Golgi complexes may
in a manner

form a single acrosomal vesicle

similar to that in other molluscs. As seen in
spermatids of Perna perna (Bernard and Hodgson,
1985)

proacrosomal

and Pinctada martensii(Kim, 2011), the
Golgi
synthetic activity during the early

granule appeared near the
complex in
developmental stage of spermatids. Several small
electron-dense granules are also observed in the
vicinity of proacrosomal granules at this time[Fig.
1E, 1F]. It is probable that the small granules,
which are produced by the Golgi complex, fuse to
form a single proacrosomal vesicle, as seen in
externally fertilizing bivalves (Bernard and Hodgson,
1985; Hodgson and Bernard, 1986).

Numerous studies have shown that all bivalves

have primitive spermatozoa(Franzén, 1983), which is
typical of animals that release their gametes into
1995).

Spermatogenesis in C. chinensis was observed to be

the surrounding water(Gaulejac et al.,

similar to that in other bivalves(Eckelbarger et al.,
1990; Eckelbarger and Davis, 1996; Chung and
Ryou, 2000; Kim, 2001; Chung et al., 2007, 2010;
Kim et al., 2010a, b). In this study, a substructure
with a thick trident shape in the acrosomal vesicle
of C. chinensis(Mesodesmatidac) and two Mactridae
species was present in spermatid nuclei. In general,
the acrosomal morphologies of spermatozoa in
subclasses Heterodonta and Pteriomorphia can be
classified into five shapes:

cone, long cone,

modified cone, cap, and modified cap. In this
study, the acrosomal morphology of C. chinensis
spermatozoa was modified cap-shape. However, in
case of Veneridae species (Heterodonta) and
Phacosoma japonicus have the cone shape, whereas
Meretrix

have the

Saxidomus  japonicus, lusoria, and

Notochione jedoensis cap-shape(Kim,
2001). In the late stage of spermiogenesis, sperm
ultrastructural characteristics of acrosomal vesicles
were clear in C. chinensis (Mesodesmatidae) and

Mactridae spermatozoa.

2. Taxonomic value of sperm morphology
and ultrastructure

Generally, the size of bivalve sperm nuclei is

not useful in taxonomic analysis, because the

morphological characteristics of sperm nuclei are
irregular and vary among the species within
1995). However, with

sperm ultrastructure

families(Healy, regard to

of bivalves in particular,
acrosome morphology and number of mitochondria
in the midpiece of the sperm are broadly useful for

taxonomic analyses(Healy, 1995; Popham, 1979).
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To date, acrosome ultrastructure and morphology
in many families of the two subclasses, Heterodonta
and Pteriomorphia, have been investigated by
researchers. For

reported  that

several
Bernard(1986)
morphology and ultrastructure can be wused for

example, Hodgson and

mature sperm
classification and differentiation of genera and
families based on acrosomal vesicle morphology
and position of species in the subclasses
Heterodonta and Pteriomorphia. To classify species
based on sperm morphology, we examined some
structural and morphological differences in the
acrosomal vesicle to determine if this is a valuable
tool or classification of C. chinensis.

To date, sperm ultrastructural differences of
many species in the subclasses Pteriomorphia and
Heterodonta have been compared. Regarding the
phylogenetic classifications of the bivalve subclass
Pteriomorphia, Hodgson and Bernard(1986) reported
that, in general, members of this bivalve subclass
have common acrosomal vesicular structural
characteristics: they are cone-like in shape and are
composed of electron-dense opaque material from
the base to the tip.

Additionally, Bernard(1986)

reported that, in general, members of Heterodonta

Hodgson  and

have right and left parts of basal rings that are

composed of electron-dense opaque materials,

of the

composed of electron-dense lucent materials.

whereas the upper part acrosome  is

Regarding the acrosomal vesicle composition, the
differing electron opacity of materials probably
reflect the differing functions of the acrosome
during fertilization (Hodgson and Bernard, 1986). In
addition, it is assumed that the axial filament is
closely related to the acrosomal reaction during
fertilization between the acrosomal structure of the

sperm and the egg envelope.

- Ki-Young LEE

Sperm  ultrastructural ~ differences comparisons

between Mesodesmatidae and Mactridae species
(Heterodonta) were studied. Ultrastructure of the
acrosomal vesicles and nuclei of Mesodesmatidae
In C

chinensis, the right and left basal rings of the

and Mactridae species are very similar.

acrosomal vesicle of the spermatozoon are

composed of electron-dense opaque materials,
whereas the upper part of the acrosomal vesicle is
composed of electron-dense lucent materials. For
the known Mactridae species, the same results were
observed in the acrosomal vesicles. However, two
different of the

Mesodesmatidae  and

stretching ~ directions acrosomal

vesicles were found in
Mactridae species: in the Mesodesmatidae species
(C. chinensis), the right and left basal rings of an
acrosomal vesicle of the spermatozoa stretch toward
the upper direction, whereas those of the Mactridae
species stretch toward the right and left directions.
Thus, stretching direction of the right and left basal
rings of the acrosomal vesicle of the spermatozoa
can be wused as a key characteristic for
identification of Mesodesmatidae and Mactridae
species.

In general, an axial filament, which is present
and unique in the center of the acrosome, is

located in acrosomes associated with fertilization. In

particular, an axial filament is detected in the
acrosome of Mesodesmatidae(C. chinensis) and
Mactridae ~ species (M.  veneriformis and M.

chinensis). Therefore, it is possible that the axial
filament is closely related to the acrosomal reaction
between the

that  occurs fertilization

structure of the

during
acrosomal sperm and the egg
envelope.

In this in C

showed a modified

study, the acrosomal vesicle

chinensis  (Mesodesmatidae)

cap-shape during spermatogenesis. Consequently, we
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inferred that the presence of a special acrosomal
vesicle during spermatogenesis can be used as a
key characteristic for species identification. In
particular, if some species have similar acrosomal
vesicle characteristics, they may belong to subclass

Heterodonta.

3. Number of mitochondria in the sperm
midpiece

Healy(1995)

ultrastructure  characteristics,

reported that, in bivalve sperm
such as number of
mitochondria in the sperm midpiece, could be
widely used in taxonomic analyses. That is the
reason that the number of mitochondria in the
sperm midpiece tends to be stable within any given
family or superfamily(Healy, 1989, 1995).

Recently, researchers(Chung and Ryou,
2000; Kim, 2001, 2007, 2010)

described that, in subclass Pteriomorphia, there were

some

Chung et al,

five mitochondria in the spermatozoon midpiece in
Pinnidae, Arcidae, Mytilidae, and Pteriidae and four
Ostreidae, subclass

mitochondria  in and, in

Heterodonta, five mitochondria were observed in

most species of Veneridae, Solenidae, and
Corbiculidae(Kim, 2001; Chung et al., 2007, 2010).
However, the number of mitochondria in the sperm
midpiece may differ by species within families.
Additionally, within C. chinensis, the number of
mitochondria in the sperm midpiece showed slight
differences in number. In this study, we found that
there are four or five mitochondria in the sperm
midpiece of C.  chinensis

Therefore, the

(Mesodesmatidae,
Heterodonta). number of
mitochondria in the sperm midpiece was not found
to be associated with subclasses, but it may
potentially be associated with family or superfamily

(Healy, 1995). Therefore, our results on the number

of mitochondria are consistent with the findings of
Healy(1995).
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