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ABSTRACT

The morphology and taxonomic values of the sperm in male Chlamys (Swiftopecten) swiftii were investigated by
transmission electron microscope observations. The morphologies and ultrastructures of the sperm nucleus and
the acrosome of this species are the vase type and long cone shape, respectively. Spermatozoa are approximately
45-50 um long including a sperm nucleus (approximately 2.60 um long), an acrosome (about 0.63 um long), and a
tail flagellum (approximately 44-47 um in long). The axoneme of the sperm tail shows a 9+2 structure. In this study,
the right and left basal rings in the acrosomal vesicle of this species show electron opaque part (region), and also
the anterior apex part of the acrosomal vesicle shows electron opaque part (region). These characteristics of the
acrosomal vesicle were found in Pectinidae and other several families in subclass Pteriomorphia. The number of
mitochondria in the midpiece of the sperm of this species are four, as one of common characteristics appear in
most species in Pectinidae in subclass Pteriomorphia. In addition, the satellite fibres are found near the distal
centriole of this species, as have been reported in other species of Pectinidae in subclass Pteriomorphia.
Accordingly, structutral characteristics which are found in the acrosomal vesicle, four mitochondria in the sperm
midpiece and the appearance of the satellite fibers near the distal centriole of C. (S.) swiftii in Pectinidae (subclass
Pteriomorphia), can be employed for phylogenetic and taxonomic analyses as taxonomic key or a significant tool.

Key words: Chlamys (Swiftopecten) swiftii, sperm morphology

INTRODUCTION

In Korea, 26 species in Pectinidae in subclass
Pteriomorphia have been reported (Min et al., 2004).
In general, scallops in Pectinidae comprise one of the
more taxonomically perplexing groups of bivalve

molluscs, in particular, at the species level (Healy and
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Lester, 1991). Aside from their natural resource
significance, the scallops in family Pectinidae comprise
one of the more taxonomically important group of
bivalve molluscs. Recently, spermatogenesis and
mature sperm morphology have been documented in
many species of bivalve molluscs using electron
microscopy (Eckelbarger et al., 1990; Eckelbarger and
Davis, 1996; Gaulejac et al., 1995; Chung and Ryou,
2000; Chung et al., 2007, 2010). It is well-known that
the ultrastructure of the spermatozoon in the bivalves
might be related to the systematics of bivalves
(Popham et al., 1974). For that reason, sperm
ultrastructure has long been viewed as a tool in

assessing phylogenetic relationships in the metazoa
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through the wuse of spermiocladistic
(Jamiesen, 1987, 1991; Franzén, 1970).
Previously, of Chlamys sp in Pectinidae, regarding

analysis

C. farreri, farreri there have been several studies on
aspects, of reproduction, including the reproductive
cycle (Lioa et al., 1983; Yakovlev and Afeichuk, 1995;
Chung, 2008), ultrastructural study of oogenesis
(Chung, 2008), comparative spermatozoon morphology
and bivalve phylogeny (Popham, 1979; Kim, 2001),
growth and spawning (Na et al., 1995; Kang and
Zhang, 2000), spermatogenesis and sexual maturation
(Chung et al., 2005), reproductive ecology and seed
production (Lim et al., 1995; Na et al., 1995; Park,
2002), triploid induction (Yang et al., 1999a), on
ecological aspects, including distribution, habitat and
classification (Whang and Kim, 1973; Yoo, 1976; Kwon
et al., 1993; Min et al., 2004), larval growth (Kuang et
al., 1997; Yang et al., 1999b), aquaculture experiment
(Lim et al., 1995; Sun et al., 1996, 1997). However,
regarding C. (S.) swiftii, there have been a few
studies on reproduction, including comparative
spermatogenesis and comparative ultrastructure of
spermatozoa (Kim, 2001) and the reproductive cycle
(Kim, 2001), and on aspect of ecology, including
distribution, habitat and classification (Yoo, 1976;
Kwon et al., 1993; Min et al.. 2004).

Although a few studies on reproduction and ecology
and classification of C. (S.) swiftii have been carried
out already, there are still gaps in our knowledge on
reproductive biology. Little information is available on
ultrastructural  characteristics of germ  cell

development during spermatogenesis and its
taxonomic values of mature sperm morphology of this
species. In particular, the ultrastructural study on
spermatogenesis and mature sperm morpholgy of this
species have some diferences beetween genera in
Pectinidae. Of sperm ultrastructures, the acrosome of
the sperm shows morphological diversity in the
bivalve sperm, and hence it may be the most useful
structure in assessing phylogenetic relations (Franzén,
1956). Regarding the acrosomal morphology, Healy
(1989) reported that different subclasses of bivalves
each have unique acrosomal morphologies. Therefore,

the acrosomal morphology of the sperm in C. (S.)

swiftii should be compared with the species of
Pectinidae in subclass Pteriomorphia. In addition, the
number of mitochondria in the sperm midpiece tend
to be stable within any given family or superfamily
(Healy, 1989, 1995). Therefore, the number of
mitochondria in sperm midpiece of this species should
be investigated and compared with the same Genus
species in Pectinidae. Beside ultrastructures of germ
cells during spermatogenesis, mature
should be studied to

ultrastructural characteristic in detail. The aim of the

sperm
morphology clarify
present study is the first to describe some taxonomic
values of mature sperm morphology of C. (S.) swiftii.
Therefore, the purpose of the present study is to
clarify mature sperm ultrastructural differences
between genera species in Pectinidae by taxonomic

analyses of C. (S.) swiftii.
MATERIALS AND METHODS
1. Sampling

(Swiftopecten)
(Bernardi, 1858) were collected monthly in the

Specimens of Chlamys swiftii
subtidal zone of Oryukdo, Busan, Korea, for one year
from January to December, 2007. A total of 132 male
individuals were used for transmission electron

microscope observations.

2. Transmission electron microscope observation

For transmission electron microscope observations,
excised pieces of the gonads were cut into small pieces
and fixed immediately in 2.5% paraformaldehyde-
glutaraldehyde in 0.1 M phosphate buffer solution
(pH 7.4) for 2 hours at 4°C. After prefixation, the
specimens were washed several times in the buffer
solution and then postfixed in a 1% osmium tetroxide
solution in 0.2 M phosphate buffer (pH 7.4) for lhour
at 4°C. Specimens then were dehydrated in increasing
concentrations of ethanol, cleared in propylene oxide
and embedded in an Epon-Araldite mixture. Ultrathin
sections of Epon-embedded specimens were cut with
glass knives on a Sorvall MT-2 microtome and LKB
ultramicrotome at a thickness of about 80-100 nm.

Tissue sections were mounted on collodion-coated
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copper grids, doubly stained with uranyl acetate
followed by lead citrate, and observed with a JEM 100
CX-1I (80-KV) electron microscope.

RESULTS

1. Morphology and the Ultrastructures of the
Spermatozoon

After spermiogenesis of the spermatid, it becomes a
completed sperm. According to transmission electron
microscope observations of the spermatozoa in the
acinus in the testis, in general, morphology of the
spermatozoon is composed of three parts, as have
seen in other bivalve spermatozoa: 1) the head part,
and 3) the tail part.

Morphological and wultrastrucural characteristics of

2) the midpiece part,

three parts of the spermatozoon are as follows.

1) Head part of the spermatozoon

The head part of the spermatozoon is composed of
an acrosome and a long nucleus. An acrosome lying
on the nucleus is composed of acrosomal vesicles (0.63
um long) and subacrosomal materials existing in a
coasely granular matrix in the subacrosomal space
between the invasinated nucleus and the acrosome
(Figs. la, b, ¢). The shape of the acrosomal vesicle is
long cone in shape, and the acrosome is composed of
high electron dense opaque parts (material) from the
base to the tip.: the base part of the invasinated
nucleus (Fig. 1c¢), the right and left lateral basal rings
(Fig. 1b) and the apex part (Fig. la) show high
electron dense opaque parts (regions), as have been
reported in other species in subclass Pteriomorphia.
In particular, in case of this species, the subacrosomal
materials are filled from the base part of the
invasinated nucleus to the half part of the acrosomal
vesicle, as have been reported in Chlamys spp. In
particular, the cross sectioned the acrosomal vesicle
and subacrosomal granular materials are shown in
Figs. 1b, c.
showed low

Particularly, subacrosomal materials

electron dense granules in the
subacrosomal space between the anterior nuclear
fossa (the invaginated part) of the nucleus and the
midle part of acrosome. There are some gaps between

the nucleus and acrosome.
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The type of sperm nucleus of this species is the
vase in shape (2.60 £m long and 1.41 ¢m width). At
this stage, anteriorly the nucleus 1is deeply
invaginated (Fig. 1lc), and the subacrosomal space is
occupied by subacrosomal material. Posteriorly, the
invaginated posterior nuclear fossa of the sperm
nucleus appear near the centrioles. The nuclear
electron density is highly electron dense. Electron
lucent lacunae are visible in the sperm nucleus in
some sections. Therefore, particularly, the vase type
and long cone in shape are morphological
characteristics of the invasinated nucleus type and

the acrosome shape of this species. .

2) Midpiece part of the spermatozoon

Posterior to the nucleus is the sperm midpiece, this

region consists of four spherical mitochondria
surrounding a pair of triplet substructure centrioles.
The cristae of each mitochondrion were randomly
arranged, in the cross sectioned distal centriole and
sperm midpiece (Fig. le). At the sperm midpiece
part, the proximal centriole lied at 90° to the sperm
longitudinal axis or the distal centriole near the
posterior nuclear fossa (basal invagination) of the
nucleus. The distal centriole lied parallel to the sperm
longitudinal axis and forms the point of origin of
flagellar axoneme (Fig. le). In particular, in the cross
sectioned acrosomal vesicle, the axial rod is not
present in the subacrosomal material. However, in
particular, the distal centriole of this species appears
to possess two lateral satellite fibers because satellite
fibers are linked the distal centriole, as have seen in

all species of Pectinidae (Fig. 1F).

3) Tail part of the spermatozoon

The sperm tail part of this species is composed of a
long flagellum, unlike biflafella have been reported in
the natural
freshwater bivalves.

triploid Corbicullidae species in
A flagellum is composed of a 942 substructure
axoneme (that is, nine peripheral microtubules
surrounding a central doublets) enclosed by the
membrane (Fig. 1G) and

plasma ensures

approximately 43-47 ym long.

- 167 -



Morphology and Taxonomic Values of the Sperm in Male Chlamys (Swiftopecten) swiftii

Longitudinal section Cross section

Figs. 1a~1g. Electron micographs showing morphologies and ultrastructures of the spermatozoon in male Chlamys
(Swiftopecten) swiftii.

Fig. 1a. Cross sectioned apex part (arrow mark) of the acrosomal vesicle (AV) in the acrosome (A). Note the apex part of the
acrosomal vesicle (AV) being composed of an electron high dense opaque part (region) (EOP),

Fig. 1b. Cross sectioned right and left lateral basal rings (arrow mark) of the acrosomal vesicle (AV) of the sperm. Note the
lateral basal rings of the acrosomal vesicle (AV) showing a high electron dense opaque part (region) (EOP) and
subacrosomal materials (SM),

Fig. 1c. Cross sectioned base part (arrow mark) of the acrosomal vesicle (AV) and invaginated nucleus (anterior nuclear
fossa, ANF) of the sperm. Note the acrosomal vesicle (AV) showing a high electron dense opaque part (region) (EOP)
and subacrosomal materials (SM) in the invaginated nucleus ,

Fig. 1d. Cross sectioned nucleus (N) (arrow mark) of the sperm. Note the nucleus showing a high electron dense opaque
part (region)(EOP) and the lacunae (LA).

Fig. 1e. Cross sectioned sperm midpiece region . Note sperm midpiece consisting of four spherical mitochondria (M)
surrounding a pair of triplet substructure centrioles (C) and the cross sectioned proximal centriole (PC) and distal
centriole (DC) in the sperm midpiece.

Fig. 1f, The satellite fibers (SF) in the sperm midpiece. Note. two lateral satellite fibers (SF) near the distal centriole in the
sperm midpiece.

Fig. 1g. Cross sectioned sperm tail part (arrow mark). Note a flagellum being composed of nine peripheral microtubules (PM)
surrounding a central doublets (CD) showing a 9+2 substructure axoneme.

- 168 -



DISCUSSION

1. General morphologies and ultrastructures of the
spermatozoa

The morphologies and ultrastructures of the matue
sperm after spermiogenesis in Chlamys (S.) swiftii are
very similar to those of other bivalves that undergo
external fertilization (Chung and Ryou, 2000; Kim,
2001; Chung, 2007, 2010; Jun et al., 2009; Kim et al.,
2010a,b,c; Kang et al., 2012). However, fine structural
differences in molluscan bivalve sperm structures,
which were associated with the evolution of th
species, are sometimes wused as criteria for
classification (Popham, 1979). Franzen (1970) divided
molluscan sperm morphology into two types: 1) the
primitive type found in external fertilization species
and 2) the
fertilization species.

modified type found in internal
However, Verdonk et al. (1983) reported that sperm
morphology can be divided into four types: 1)
modified, 3) and 4)

aflagellate types. In addition to the primitive type and

primitive, 2) biflagellate,
partially modified type of molluscan sperm, a
biflagellate type is seen in the triploid Corbicula
fluminea and C. leana in mnatural populations
(Komaru and Konishi, 1996; Komaru et al., 1997). An
aflagellate type was also found in a few crustacean
(Kim, 2001). C. (S.) swiftii undergoes external
fertilization and possesses the primitive type of the
spermatozoon, unlike the modified type found in most
internal fertilization gastropods. The acrosome
morphology of the sperm head differs markedly
among the species (Popham, 1979).

As shown in Table 1, comparisons of sperm
morphologies and structures of four species in
Pectinidae in subclass Pteriomorphia are as follows:
total lengths of spermatozoa of four species in
Pectinidae are almost same (approximately 47-50 um
long), and the nuclear types and acrosomal shapes of
four species in Pectinidae are the vase type and cone
in shape, respectively, except for the nuclear type (jar
in type) and acrosomal shape (cone shape) of
Argopecten irradians.

However, although total lengths and morphologies

Korean J. Malacol. 28(2): 165-174, 2012

of spermatozoa of four species in Pectinidae were
almost same, sizes of the sperm head part (including
nucleus length and acrosome length) showed some
differences by the species: Of sizes of sperm heads of
four species, that of A. irradians was a minimum
(2.27 um long) because nuclear length and acrosomal
length were the minimum size, however that of C.
(S.) swiftii showed a maximum (3.81 um long)
because the length of the nucleus was relatively lager
than , that of A. irradians and acrosomal length was
the maximum.

In particular, the axial rod or axial filament, which
are existed in the acrosomes or the nucleus, were not
found in four species in Pectinidae (subclass
Pteriomorphia), unlike the species in other Ostreidae

and Mytilidae in subclass Pteriomorphia.

2, Taxonomic value of sperm morphology and ul-
trastructure

In particular, the morphology of spermatozoa
appears to be a feature necessary for assessing
phylogenetic relationships. Ultrastructures of the
spermatozoa in 5 subclasses of the bivalves have some
differences in the morphologies and positions of the
acrosomes of the sperms (Popham, 1979; Gaulejac et
al., 1995).

acrosomal morphologies of bivalves is considered a

Recently, sperm ultrastructures and
valuable tool in assessing taxonomic and phylogenetic
problems within the bivalves (Franzen, 1970, 1983;
Popham, 1979; Eckelbarger et al., 1990), and it is now
widely used in taxonomic analyses by acrosomal
morphology and the number of mitochondria in the
sperm midpiece (Healy, 1995; Popham, 1979). In
general, however, the sizes of sperm nuclei could not
be used in taxonomic analyses because morphological
characteristics of sperm nuclei were irregular and
varied with the species in the same family (Healy,
1995).

To date, the morphologies of acrosomes in many
subclasses

families in two Pteriormorphia and

Heterodonta have been investigated. We have
confirmed that acrosomes can be distinguisable those
of genera and families by morphologies and positions

of acrosomes. In general, subclass Pteriomorphia in
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the bivalves have a common structural characteristics
of the acrosomal vesicles showing the cone-like in
shape, being composed of electron high dense opaque
material (part) from the base to the tip (the apex part
and the right and left lateral basal rings) (Hodgson
and Bernard, 1986). Taxonomically, Pectinidae belongs
In this study, the

ultrastructure and morphology of the acrosomal

to subclass Pteriomorphia.
vesicle of C. (S.) swiftii are of long cone shape and it
is composed of electron high dense opaque part
(material) from the base to the tip, as have been
reported by Hodgson and Bernard (1986). Therefore,
the same common characteristics mentioned above
were confirmed in this species of Pectinidae in
sbuclass Pteriomorphia.

However, Hodgson and Bernard (1986) reported
that all species in subclass Heterodonta in the
bivalves have a common structural characteristics of
the acrosomal vesicles showing the modified cone-like
in shape, being composed of high electron dense
opaque part (or materials), in the base and lateral
parts of the basal rings. However, the apex part of the
acrosomal vesicle is composed of electron lucent part
(materials) at the apex part. Therefore, in case of
subclass Heterodonta in the bivalves, structural
characteristics of the acrosomal vesicles are composed
of high electron dense opaque part (materials) and
electron lucent part (materials) at the apex part, as
have been reported by some authors (Kim, 2001;
Chung et al., 2011). Thus, the acrosomal vesicle of C.
(S.) swiftii (belongings to the Pectinidae in subclass
Pteriomorphia) have some different characteristics,
unlike the species of other families in subclass
Heterodonta.

Kim (2001) reported that the shapes of sperm
nuclei are cylindrical in Septifer virgatus and some
Mactra spp. and Pernidia venulosa, global in Spisula
sachalinesis and Tersus keenae, the ovoid shape in the
Ostreidae, Pinctata fucata martensii and Atrina
pinnata japonica, the vase shape in Solen grandis,
and arrow shape in Corbicula japonica. Accordingly,
the sperm nucleus types vary with the species in
families in the subclasses Pteriomorphia and
Heterodonta (Chung et al., 2010, 2011).

To distinguish some differences in acrosomal
structures by the species, and to clarify the processes
of the acrosome formations in the species of
Pectinidae, above all, it is needed to investigate the
of the
formation by the species because some differences in

innitial processes proacrosomal vesicle
proacrosome formations by the species in Pectinidae
were found. With reference to the process of the
proacrosomal vesicle formation of Pectinidae species,
P yessoensis and A. irrdians have oval proacrosomal
vesicles which are filled with relatively coarsed

granules surrounded with the outer membrane, and

Figs. 2A~2c. Schematic diagrams showing two kinds of the
processes of acrosomal vesicle formations in the
species of Pectinidae in subclass Pteriomorphia.

Figs. 2A, B, C: No.1 process of acrosomal vesicle formation
which are found in Patinopecten yessoensis and
Argopecten irradians. Note the inner cavity formed
between the granular proacrosomal vesicle and the
outer membrane. Figs. 2a, b, c: No. 2 process of the
acrosome formation which are found in Chlamys farreri
farreri and C. (S.) swiftii. Note lack of the inner cavity
between granular proacrosomal vesicle and outer
membrane. Abbreviations: A, acrosome; AV, acrosomal
vesicle; CV, cavity; LA, lacunae; MB, membrane; N,
nucleus; PAV, proacrosomal vesicle.
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Table 1. Comparisons of sperm morphologies and structures of four species in Pectinidae (Kim, 2001)

Head part
Size of Morbh-ol A Middle Axial rod
Species sperm Orlf) t}(: °8Y  Nucleus Nucleus crosome piece or Satell-ite
P head 0 e length width no. of axial fibers
sperm . . . . i
(im) nucleus (um) (ym) Shape Le(zf)th VZL‘:];}I mitoch-ondria filame-nt
Patinopecten
Vessoensis 3.48 vase 2.90 1.48 cone 0.60 0.12 4 absent prese-nt
A];‘i;gf;;i” 2.27 jar 1.44 1.38 cone 0.33 0.12 5 absent prese-nt
Chlamys
farreri 3.68 vase 2.75 1.13 cone 0.50 0.14 4 absent prese-nt
farreri
Chlamys
swifti 3.81 vase 2.60 1.41 long 0.63 0.12 4 absent prese-nt
(Present cone
study)

then a part of the proacrosomal vesicle is uplifted
from back to forward.

As shown in Fig. 2, particularly, in the early stage
of a large proacrosomal vesicle formation from several
there different
processes as follows: In Figs. 2A, B, C, No. 1 process

proacrosomal granules, are two
of acrosome formation are found in Patinopecten

yessoensis and Argopecten irradians. During the
formation of the proacrosomal vesicle, the appearance
of the inner cavity appears between the proacrosomal
vesicle and the outer membrane. However, in Figs. 2a,
b, ¢, No. 2 process of the proacrosomal vesicle
formation are commonly found in Chlamys farreri

and C. (S) In this
particularly, the inner cavity is not formed between

farreri swiftii.. process,
proacrosomal vesicle and outer membrane during the
proacrosomal vesicle formation. Thus, although the
process of proacrosomal vesicle formation in C. (S.)
swiftii is similar to C. farreri farreri (Figs. 2a, b, ¢),
those of Chlamys species are very different from those
of P yessoensis and A. irradians (Figs. 2A, B, C).
Therefore, we can conform that the processes of
proacrosomal vesicle formation vary with the species
in genera.

Kim (2001) reported that the acrosome shape can
be classified into four types: cone, cap, elongate
modified cone, and modified cap types. Moreover, the
sperm nucleus type vary with molluscan species. In
the present study, the morphologies of the sperm
nucleus type and acrosome shape of C. farreri farreri
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and other Pectinidae scallops (except for A. irradians
irradians showing jar shaped) are the vase type and
cone type, respectively.

Healy (1995) reported that of sperm ultrastructures
of bivalves, the number of mitochondria in the sperm
midpiece are now widely used in taxonomic analyses.
That is the reason that the number of mitochondria
in the sperm midpiece tends to be stable within any
1989, 1995).
Recently, some authors (Chung and Ryou, 2000; Kim,
2001; Kim et al., 2010b; Chung et al., 2007, 2010)
described that the number of mitochondria at the

given family or superfamily (Healy,

midpiece of the spermatozoon of bivalve species in

many families in subclasses Pteriomorphia and
Heterodonta.

Regarding the number of the mitochondria, Kim
(2001) described that the number of the mitochondria
in the middle piece of the spermatozoon are four in
the

Solenidae and Corbiculidae, while five in the Arcidae,

families Ostreidae, Veneridae, Mactridae,
Mytilidae, Pinnidae and Veneridae. The number of the
mitochondria in the middle piece of the spermatozoon
of P yessoensis, C. farreri farreri, and C. (S.) swiftii
are four. However, A. irradians irradians has five
mitochondria in the middle piece of the sperm. In
particular, the number of the mitochondria in the
mid-piece of the sperm of C. farreri farreri is four.
Accordingly, we can confirm that the number of
mitochondria in the sperm midpiece tends to be stable

within any given family or superfamily (Healy, 1989,
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1995). Therefore, we agree with the opinion suggested
by Healy (1989, 1995). However, exceptionally, even
though they are the same species and same family, we
assume that the number of the mitochondria shows
slight differences in number.

In this study, C. (S.) swiftii in Pectinidae such as P
yessoensis, C. farreri farreri, and A. irradians
irradians has the satellite fibers near the distal
centriole in the sperm midpiece. In general, the
satellite fibers were found in many species of other
families, such as have reported in many species of
Arcidae, Mytilidae in
Pteriomorphia, However, to date, the satellite fibers

Ostreidae, subclass
were not found in most species of all families in
subclass Heterodonta. Therefore, it is assumed that
the appearances of the satellite fibers are a common
characteristics of the species in  subclass
Pteriomorphia.

However, in all species in Pectinidae, the axial rod
or axial filament are not found, unlike Ostreidae and
Mytilidae
containing the axial rod.

species in  subclass Pteriomorphia

Finally, three kinds of structutral characteristics,
which are found in the acrosomal vesicle, four
and the

appearance of the satellite fibers near the distal

mitochondria in the sperm midpiece
centriole of C. (S.) swiftii in Pectinidae (subclass
Pteriomorphia), can be employed for phylogenetic and
taxonomic analyses as taxonomic key or a significant

tool.
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