
Ultrastructure of mature spermatozoa of Estellarca olivacea was studied by transmission electron

microscopy and its phylogenetic implications are discussed for the first time in this paper. The mature

spermatozoon is composed of a head which contains a cone-shaped acrosome, a round nucleus and a tail

region. The subacrosomal space is less electron dense which contains a homogenous material. No axial

rod and a basal plate were observed in subacrosomal space. No anterior invagination exists in the nucle-

us, but an inverted shallow V-shaped posterior invagination is visible. Nuclear lacunae could be seen

clearly although the nucleus is highly condensed. Within the mid-piece of the spermatozoon there exist

five spherical mitochondria while the long whip-like end portion is composed of an axoneme with the

typical 9 + 2 structure. The spermatozoon of Estellarca olivacea is a product of the evolution of the repro-

ductive system of the family Arcidae. Whether the particular acrosome, subacrosomal space, or the high-

ly condensed nucleus might be adaptations of high fertilization rate in the particular environment of this

species is discussed.
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INTRODUCTION

The olive-like clam Estellarca olivacea is an abounding bivalve species along the

Southeast China Sea. It belongs to the superfamily Arcacea, family Arcidae. The

evolutionary status, phylogenetic relationships, and biogeography of gastropods as

well as bivalves have broadly been investigated [1, 5, 9, ??, 12, 18, 20, 22], howev-

er, the ultrastructural morphology of spermatozoon still remains in the focus of inves-

tigation in the Bivalvia. In gastropods and bivalves, sperm heads of different species
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have their own characteristic shape, which are adapted to fertilize eggs. The evolu-

tionary pathways of particular organisms can be pursued by morphological analysis

of various structures, including that of the spermatozoa. The analysis of sperm at the

ultrastructural level complements the phylogenetic pursuit. Compared to the wealth

of information on gastropod spermatozoon structures, there are relatively few stud-

ies on bivalve sperm [3, 4, 7, 16, 19, 21]. In the family Arcidae, although we have

investigated the spermatozoan ultrastructure of the congeneric species E. subcrenata
[25] and Tegillarca granosa [26], to our knowledge, information on spermatozoan

structure of the olive-like clam Estellarca olivacea is not yet available.

This paper aims to describe morphological features of the mature spermatozoon of

E. olivacea, it also aims to use this information for a comparison with previous stud-

ies within our laboratory as well as that available in the literature to determine the

relationships of different species within this family.

MATERIALS AND METHODS

Sexually mature E. olivacea specimens were collected from the local farmer market

at Zhoushan archipelago, Zhejiang Province, China in May and August of 2005. The

testes were removed from the organisms, placed in vials containing cold (4 °C) 2.5%

glutaraldehyde in filtered sea water and subsequently minced into pieces approxi-

mately one cubic millimeter. Fixation lasted for 2 hours at 4 °C, then the testes were

washed with filtered sea water, and post-fixed for 1 hour with 1.0% osmium tetrox-

ide/filtered sea water. After post-fixation, the testes were dehydrated by incubations

in a series of increasing ethanol solutions infiltrated with mixtures of propylene oxide

and Epon 812 (1 : 1, 1 : 3 for 1–2 h each) before being transferred to pure Epon

overnight at room temperature. The tissue samples were incubated in fresh pure Epon

for one hour and were subsequently embedded for 48 h at 60 °C. Ultrathin sections

(600–900Å, golden/gray interference color), generated on a LKB2088 microtome,

were counter-stained with uranyl acetate and lead citrate, and examined with a JEM-

100CX II electron microscope (75 kV).

RESULTS

The mature spermatozoon of E. olivacea is a relatively simple stout cell, with a round

head, short mid-piece, and a long tail (Figs 1–5). The head is composed of a small

apical acrosome and a big round nucleus, between which there is a subacrosomal

space containing homogeneous material inside. No axial rod and basal plate were

observed. The distal centriole extended as a basal body which is surrounded by a ring

of mitochondria (Figs 4, 5).



Acrosome and subacrosomal space

In longitudinal section (Figs 1, 2), the acrosome shows a nipple-like in shape. The tip

of the acrosome is thin while other places along the structure are thicker (Figs 1, 2).

The inner acrosomal membrane abuts homogenous material in the subacrosomal

space. The acrosome exhibits a ring profile in cross section (Fig. 3).

Unlike in Scapharca broughton, no axial rod and basal plate in subacrosomal

space of E. olivacea spermatozoa (unpublished data) (Figs 1–3).

Nucleus

The nucleus is relatively round and solid, which tends to flatten out at its anterior and

caudal poles (Figs 1, 2, 4). The nucleus does not contact acrosome directly, which is

separated by the subacrosomal space. Condensed chromatin has been observed in all

spermatozoa by TEM. The basal portion of the nucleus shows a deep V-shaped

nuclear fossa in which an electron-dense centriolar complex and the initial portion of

the axoneme are accomodated (Figs 4, 5). Dense material from this complex is found

between the central tubules and the nine doublets of the axoneme (Fig. 9).

The body of the nucleus is almost uniform in its electron density with the excep-

tion of a few nuclei containing lacunae, no resolvable substructure is visible (Figs 1,

5). A small amount of cytoplasm but no organelles were found between the plasma

membrane and the nuclear envelope.

The mid-piece

The distal centriole extends as a basal body, which is surrounded by five mitochon-

dria (Figs 7, 8). The base of the distal centriole is joined to the plasma membrane.

The plasma and mitochondrial membranes form a double layer externally, but only

the mitochondrial membranes ensheath the axoneme (Figs 4, 5, 7, 8). In longitudinal

sections, only two of the mitochondria which indent the nucleus are apparent, while

in cross section, all four of five mitochondria are observed clearly (Figs 6–8). Similar

to the arcid species S. subcrenata [25] and Tegillarca granosa [25], mitochondria are

bigger than those found in spermatocytes. Mitochondria exhibit a highly electron-

dense material with in the matrix.

Axoneme

The slim, whip-like end region of the spermatozoon is composed of the axoneme and

plasma membrane (Fig. 9). The axoneme, originating from the distal centriole, is a

typical 9 + 2 structure (Figs 5, 9). The flagellar rudiment contains two central fila-

ments and nine peripheral pairs. The peripheral filaments appear to be continuous

with the tubules of the distal centriole (Figs 4, 5).
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Figs 1, 2. Longitudinal section through acrosome (AC), the subacrosomal space and nucleus – Fig. 3.

Cross section through acrosome (AC) and subacrosomal space – Figs 4–6. Longitudinal section through

the head and mid-piece, two mitochondria are clearly visible – Fig. 6. Cross section through mid-piece

of the sperm – Figs 7–8. Cross sections through mid-piece, with four to five mitochondria visible –

Fig. 9. Above: longitudinal section through the priciple piece of the tail. Bottom: Cross sections through

principle piece of the tail. “9 + 2” structures are seen. AC, acrosome; M, mitochondria; N, nucleus



DISCUSSION

Our result in this paper are useful in further elucidating the ultrastructural features of

the sperm in Arcidae. E. olivacea spermatozoon and that of the Arcidae in general is

of the flagellar type. Based on the ultrastructure and our previous observation on

other species within the same family Arcidae [25, 26], the spermatozoon of E. oli-
vacea is obviously different from other species. This proves again that taxonomical-

ly useful differences in the morphology and size of the acrosome, nucleus, and mid-

piece occur among bivalve species.

Acrosomal complex

Many bivalve species have inverted V-shaped acrosomes, though the exact size and

morphology of the basal invagination differ between taxa [2, 9, 19, 23]. In some

bivalves, acrosomal vesicles have a relatively electron-dense basal ring zone, which

physically binds with exposed microvillar tufts on the egg surface as a necessary step

in the fertilization process [15]. Healy (1996) found that there are typical plate-like

structures within the acrosomal vesicle of all caenogastropod prosobranchs.

Variations in the acrosomal vesicle contents occur to different degrees in ‘archaeo-

gastropod’ prosobranchs, most notably in the zonation of the contents [22] and in

patellogastropods [14]. This variation in the acrosomal content is also found among

bivalves. In the bivalves Gafrarium tumidum, Circe scripta, Pitar sulfureum and

Gomphina aequilatera, two major components of the acrosome vesicle material can

be distinguished [2, 8]. Also, in the bivalves Chama macerophylla and Spisula
solidissima, the two major components of the acrosome function differently during

fertilization [15]. In Arcidae, we did not find any major variation in the acrosomal

vesicle so far [25, 26].

In E. olivacea the acrosome of the spermatozoon is also of typical inverted V-

shape. Different from other species, its acrosome is much smaller than other species

[25, 26]. We did not observe any apical blebs in the acrosomal vesicle of E. olivacea
nor in the other Arcidae species investigated in our laboratory to date [25, 26].

According to other investigations, apical blebs in the acrosomal vesicle are wide-

spread within the Caenogastropoda, but evidently absent in Cerithioidea, Cyclo-

phoroidea, and Ampullarioidea [10, 22].

Subacrosome

In this present study, we did not find any axial rod or basal plate in E. olivacea,

although these structure are common in bivalves [6, 9]. Why E. olivacea lacks the

axial rod and basal plate are unknown, though it has been speculated that these struc-

tures may facilitate the acrosomal reaction process, thereby helping in the formation

of acrosomal filaments [24]. E. olivacea is similar to the Lucinidae species Loripes
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lucinalis [17], which has no axial rod in the subacrosomal space. We speculate that

when acrosomal reaction occurs in E. olivacea, the acrosomal filament which is

formed by the homogeneous materials and which is rich in actin, will pull sperm into

the ooplasm.

Nucleus

There are two main types of nuclear morphologies in the Caenogastropoda and the

Heterobranchia, i.e., the short solid nucleus which has a shallow basal invagination

for the insertion of the centriole/axoneme complex, and the long, tubular nucleus

which has the centriole/axoneme complex effectively traversing the full length of the

nucleus [22]. Most of the Arcidae species show a short, solid nucleus with deep or

shallow basal invaginations for the insertion of the centriole/axoneme complex [25,

26], though variations may occur in the same genera. In the bivalve Crassostrea
gigas [6], the nucleus is round or conical in shape. Despite similar topology of the

nucleus, it does not diminish the significance of nuclear morphology as a taxonomi-

cally important character.

The size of the nucleus and the ratio of length-to-breadth are important taxonom-

ic features, i.e., the nucleus of the spermatozoon of Sinonovacula constricata is flat

in the anterior and posterior end with L : B > 2 [18]. The difference in the nucleus

between species can be attributed to its basic shape, the occurrence of the anterior

fossa, the posterior fossa and vessicles in the nucleus as well as their shape [26]. The

nucleus of the spermatozoon of Chlamys farreri shows an elongated and columned

shape, similar to the long, tubular nucleus in the Caenogastropoda and the Hetero-

branchia [22]. In our present study, we did not find any anterior fossa in the nucleus.

In the endosymbiont-bearing bivalve Loripes lucinalis (Veneroida: Lucinidae), the

cylindrical nucleus lacks both, an anterior as well as a posterior nuclear invagina-

tion [17].

Mid-piece

In almost all the bivalves examined to date, the mid-piece mitochondria are regular-

ly arranged at the same level [17, 26]. In contrast, the mature spermatozoon of the

bivalve species Scrobicularia plana lacks a distinct mid-piece because the mito-

chondria form the region of the pericentriolar complex along the nucleus anteriorly

for a length of approximately 1.4 microns [23]. In most Rissoidea the mitochondria

at the mid-piece are helical and contain irregularly arranged, tubular cristae [22]. In

the Stenothyridae, the midpiece exhibits helical keels, helical compartments, and lin-

ear ‘paracrystalline’ structures (helical fibrils) between the mitochondria [11].

The mid-piece mitochondria of Arcidae species, such as E. olivacea, contains

electron-dense inner membranous folds and cristae, and no intra-mitochondrial bod-

ies were found in our investigation. In Lithoglyphus naticoides (Hydrobiidae, Litho-



glyphinae), Röpstorf et al. (2002) discovered that there are intra-mitochondrial bod-

ies in the mid-piece mitochondria. These structures were found in Bythinella austri-
aca, which implied that the ultrastructure of the mid-piece differs from species to

species.
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