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Abstract In this study, the cellular organization of the
gill that harbors symbiotic bacteria is described in the
thyasirid Thyasira falklandica collected from South Shet-
lands in Antarctic. Sections of the gills revealed that 7. falk-
landica belongs to the gill type 3, as described by Dufour
(Biol Bull, 208:200-212, 2005), with an elongated lateral
zone along the frontal-abfrontal axis of the gill filaments.
The ciliated and intermediary zones looked similar to those
described in symbionts-bearing bivalves. The lateral zone is
more complex in T. falklandica than in other Thyasiridae
already described. Such a zone is composed of four differ-
ent cell types. Bacteriocytes are abundant in the frontal and
abfrontal positions, while the middle part of the lateral zone
is occupied mostly by numerous granule cells devoid of
bacteria. All along the lateral zone, TEM and SEM obser-
vations show some ciliated cells, which are regularly inter-
spersed between bacteriocytes and/or granule cells. Such
cells, according to the long double ciliary roots of their
cilia, should have a sensory function. Intercalary cells,
which have never been observed between bacteriocytes, are
restricted to the middle part of the lateral zone where their
expansions overlap the adjacent granule cells. Bacterial
symbionts occur only extracellularly among long microvilli
differentiated by the bacteriocytes. They are abundant,
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usually spherical in shape (around 0.7 pm length), and cov-
ered by the glycocalix from bacteriocyte microvilli.
According to TEM views, the empty vesicles located in the
periplasmic space should be sulfur storage, as known for
other sulfur-oxidizing symbionts.

Keywords
TEM - SEM

Bivalvia - Thyasiridae - Symbiosis -

Introduction

Thyasiridae comprises 11 genera of usually small bivalves,
which have a wide range of distribution from shallow water
to hadal depths (more than 7,000 m), from low sulphide to
high-reduced sediments, and even in cold seeps (Southward
1986; Fujiwara et al. 2001; Fujiwara and Uematsu 2002;
Imhoff et al. 2003). These bivalves have been described
with reduced palps, rudimentary gut, and with an elongated
burrowing foot (Allen 1958; Dufour and Felbeck 2003),
and are known to establish symbiotic relationships with sul-
fur-oxidizing bacteria as described in several marine inver-
tebrates since the last 25 years (Cavanaugh etal. 1981;
Felbeck etal. 1981; Fischer 1990). The particularity of
these symbiotic relationships in the thyasirids possessing
symbionts, when compared to the other bivalve taxa known
to harbor bacterial symbionts, is that in most of the observ-
able cases bacteria occur extracellularly between a thin
cuticle and the apical pole of the bacteriocytes (Southward
1986; Dufour 2005). In a few species, these bacteria are
endosymbionts as in 7. sarsi (Southward 1986) or T. equ-
alis (Dufour 2005).

This bivalve family, based on morphological characters,
belongs to the taxon Lucinoidea that contains the Ungulini-
dae, the Thyasiridae, and the Lucinidae (Allen 1958) and
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three other families as the Fimbriidae, the Mactromyidae
which is an entirely fossil group, and the Cyrenoididae
(Williams et al. 2003). The position of these families
against symbiosis is not equal. To date, no ungulinids have
been reported with symbionts, but they are probably the
less studied. All the lucinids described to date possess gill-
endosymbiotic bacteria (for review see Taylor and Glover
2000; Gros et al. 2003; Glover et al. 2004), while the thya-
sirids present an intermediary position. Some genera of the
later taxon, e.g. Axinopsida, Genaxinus, and Mendicula,
never possess bacteria (Dufour 2005). On the other hand,
species of Conchocele, Thyasira, and Maorithyas have
been reported harboring bacterial symbionts (Fujiwara
et al. 2001; Imhoff et al. 2003; Dufour 2005). Nevertheless,
in the genus Thyasira, some species harbor symbionts
while some other ones could be asymbiotic such as T. eum-
yaria [Sars, 1870], T. ferruginea [Winckworth, 1932], T.
granulose [Monterosato, 1874] (Dando and Southward
1986; Southward 1986; Dufour 2005). This is why Fischer
(1990) has suggested that sulfur-oxidizing symbiosis in
thyasirids might represent a more primitive association
between bacteria and bivalves when compared to the inte-
grated system for gill-endosymbionts found in the Lucini-
dae.

Recently, the monophyly of these host bivalves believed
to belong to the Lucinoidea was not supported by 18S- and
28S-rDNA gene sequence analyses (Williams et al. 2003).
Thus, Ungulinidae and Thyasiridae are unrelated to the
Lucinidae. Consequently, these authors conclude that
Thyasiridae could represent an independent evolutionary
pathway of bacterial chemosymbiosis along with the other
bivalve groups. So, could these molecular data be con-
firmed by morphological and ultrastructural differences
compared to Lucinidae strengthening a different and inde-
pendent acquisition of bacterial symbiosis in this bivalve
family?

Few data are available concerning the prokaryotes
involved in such interactions. Dando et al. (1985) have sug-
gested that thyasirid symbionts could be thioautotrophic
due to the presence of elemental sulfur in their gills, while
no sulfur could be detected for the foot. Such hypothesis
was then confirmed by the study of the *C/'*C ratio (Spiro
et al. 1986; Dando and Spiro 1993). Phylogenetic studies of
such bacterial symbionts have been found in different clus-
ters of thioautotrophic bacteria, but do not seem to form a
common coherent group (Imhoff et al. 2003). However,
they belong to the gamma subdivision of the Proteobacteria
as all sulfur-oxidizing symbionts described to date in
marine invertebrates (Distel et al. 1994).

According to Dell (1990), the geographical distribution
of Thyasira falklandica can be summarized as follows: it
extends from the Magellanic region through the islands of
the Scotia Arc, and possibly to the Antarctic Peninsula.
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Narchi etal. (2002) gave detailed descriptions of their
shells but without data concerning symbiosis or gill ultra-
structure. The present work presents a well-detailed micro-
scopic analysis (combining TEM and SEM views) of the
gills of a thyasirid harbouring bacterial symbionts in order
to check if an independent evolution of bacterial chemo-
symbiosis can be supported by structural differences in
Thyasiridae compared to other bivalve species harbouring
gill-symbionts.

Materials and methods
Specimens’ collection

Living specimens of Thyasira falklandica (Smith 1885)
(Thyasiridae, Bivalvia) with an average shell-length of
1.5 cm were obtained from bottom samples collected by a
Van Veen grab during the January—April/2001 period from
depths of 10-30 m in an area adjacent to the Brazilian Ant-
arctic Station “Comandante Ferraz” (EACF) at the Martel
Inlet, Admiralty Bay (58°21'W, 62°04’S). The samples
were sieved through a 0.5 mm mesh, and the trapped speci-
mens were kept in aquaria with natural sediment and circu-
lating seawater (33%o) at 0 & 1°C.

Histological preparations

Histological methods were performed according to Gabe
(1968). Specimens were fixed in Bouin’s fluid for 24 h, and
then stocked in 70°C alcohol before examination. Back to
the laboratory, samples were dehydrated through alcohol
100°C before embedding in paraplast. Sections (7 pm
thick) were usually stained by a Goldner’s trichrome stain-
ing. Alcian blue staining (pH 0.5 or 3) and periodic acid
Schiff (PAS) reaction allowed identification of various
mucosubstances.

Electron microscopic preparations
Scanning electron microscopy

Living specimens were dissected in the EACF by the
removal of one valve with the aim of improving the infiltra-
tion of the anaesthetic and fixative solutions into the ani-
mals’ tissues. Specimens were kept for 12 h in each of two
anaesthetic solutions, the first with 16 mg and the second
with 80 mg of 3-aminobenzoic acid ethyl ester diluted in 1 1
of filtered (70 um mesh) seawater. Individuals were pre-
fixed in a solution of 2% paraformaldehyde, 2.5% glutaral-
dehyde, 2.5 mM calcium chloride, and 0.58 M sucrose, and
buffered with 0.1 M sodium cacodylate, pH = 7.4 adjusted
with a 0.2 N HCI solution. Immersed in excess of this
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fixative solution, the samples were transported to Brazil
where they were washed in three changes of cacodylate
buffer solution and post-fixed in a buffered 1% osmium
tetroxide solution for 45 min. After a short (15 min) bath in
a solution of 1% tannic acid diluted in the same buffer, they
were washed in distilled water, dehydrated in an acetone
series, and critical point dried. Finally, the specimens were
mounted with silver paint on aluminium stubs, gold coated,
and viewed with a DSM 940 Zeiss Scanning Electron
Microscope at the Instituto de Biociéncias, Universidade de
Sao Paulo (IBUSP).

Transmission electron microscopy

Small pieces of gills were prefixed for a minimum of one
hour at 4°C following the same procedure as for SEM,
then fixed for 45 min at room temperature in 1% osmium
tetroxide in the same buffer before being rinsed in dis-
tilled water, and post-fixed with 2% aqueous uranyl ace-
tate for one more hour. After a rinse in distilled water,
each sample was dehydrated through a graded ethanol
series, and embedded in Epon-Araldite according to Mol-
lenhauer (in Glauert 1975). Sections were cut using an
UltracutE Leica ultramicrotome; thin sections (70 nm
thick) were contrasted 30 min in 2% aqueous uranyl ace-
tate and 10 min in 0.1% lead citrate before examination
in a TEM Hitachi H-8000 at 100 kV in Guadeloupe
(French West Indies).

Results
General morphology

The organs of the mantle cavity of 7. falklandica are shown
in Fig. 1; they are similar to those already described for
other Lucinoidea. The anterior adductor muscle is charac-
teristically elongated and the foot is long and slender. The
reduced labial palps have only 4-5 inconspicuous folds.
The deep-red, homorhabdic gills consist of outer and inner
demibranchs, which cover lateral pouches of the visceral
mass containing portions of the digestive diverticula and
gonads (Figs. 1, 2). A faint groove is present along the ven-
tral free margin of the inner demibranch (not shown). Both
demibranchs are thick due to the length of the lateral zone
of the filaments, and a transverse section through the whole
animal shows that the space between the two lamellae com-
posing of a demibranch contains a material strongly stained
by alcian blue (Fig.2). Moreover, semi-thin sections
(Fig. 3) strongly suggest that each gill filament is composed
of a frontal ciliated zone, and a large lateral zone character-
ized in its middle part by numerous large cells containing
granules.

Fig. 1 Thyasira falklandica—Organs of the mantle cavity viewed
from the left side after removal of the left shell valve and mantle lobe.
The dashed line indicates the high of the ascending lamella of the inner
demibranch. aam anterior adductor muscle; arm anterior pedal retrac-
tor muscle; ca ctenidial axis; ea exhalant aperture; fo foot; id inner
demibranch; ilp inner labial palp; Ip lateral pouches of the visceral
mass containing portions of the digestive diverticula and gonads; od
outer demibranch; olp outer labial palp; omf outer mantle fold lined by
the periostracum; pam posterior adductor muscle; prm posterior pedal
retractor muscle

Gill filament ultrastructure

The ciliated and intermediary zones looked similar to those
described in symbiont-bearing bivalves (Figs. 3, 4). The
ciliated zone is short with differentiated cell types as
described following the terminology defined by Owen and
McCrae (1976). Frontal cells bear short cilia without a pre-
cise orientation, while narrow prolaterofrontal cells bear
two rows of long orientated cilia (Figs. 4, 5). Prolateral
cells are devoid of cilia and have long regular microvilli
(Fig. 5). The eulateral cells, which bear up to 30 rows of
long independent cilia, constitute a functional group com-
posed of three cell types (Figs.4, 5, 6). The first one,
located near the prolateral cells (Fig.5), possesses cilia
only on a small part of its apical area. The second one con-
sists of two cells (EL2 and EL3) that exhibit cilia all along
their apical surface, and the cytoplasm is occupied by many
mitochondria (Figs. 4, 5, 6). The third cell type (EL4) is
much like the first one but, being larger, is even more con-
spicuous, with clear cytoplasm, an apical or lateral nucleus,
and several rows of cilia on a narrow apical pole compared
to the second type (Figs.4, 6). The intermediary zone
appears quite long with non-ciliated cells differentiating
long microvilli; such cells being located between the cili-
ated zone and the lateral zone characterized by the first cells
bearing bacteria (Fig. 6).

The lateral zone constitutes the main part of the filament
and accounts for the thickness and color of the gill (Figs. 3,
7). It is composed of four cell types. The most prevalent
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Figs. 2-6 General organization of the gills of T. falklandica. 2, 3.
Fig. 2. Light micrograph. Cross section through the whole animal. In-
ner and outer demibranchs cover quite entirely the visceral mass on
both sides. Compounds positively stained by alcian blue (asterisks) are
present all along the space between the two lamellae of each demi-
branch. Fig. 3. Semi-thin transverse section of outer demibranch near
its free ventral margin. Interlamellar junctions link ascending and
descending portions of filaments. Each gill filament consists of a sim-
ple epithelium in which the lateral zone (LZ) is in contact with a blood
lacuna (arrows) and is separated from the short ciliated zone (CZ) by a
large intermediary zone (stars). Adjacent filaments are linked by tissu-
lar bridges (asterisk). Note zone devoid of bacteriocytes in the middle
of the lateral zone rich in granule cells (GC). Seawater circulates
through the inter-gill filament spaces. Fig. 4. TEM view of the ciliated
zone (CZ), the intermediary zone (/Z), both devoid of bacteria, and the
beginning of the lateral zone (LZ) which is characterized by numerous
bacteriocytes (BC). Frontal (F), laterofrontal (LF), and eulateral (EL)
ciliated cells are main cell types of ciliated zone (CZ) organized along
a collagen axis (CA). Large non ciliated clear cells (NCC) make up the
main part of the intermediary zone (/Z) and are in contact with bacte-
riocytes (BC) of lateral zone (LZ). Fig. 5. TEM. Prolatero-frontal cells
(PLF) bear two rows of long orientated cilia while prolateral cells (PL)
lack cilia. These prolateral cells are located between prolatero-frontal
cells and the first ciliated eulateral cell (EL1). The second eulateral cell
(EL2) bearing several rows of long independent cilia is characterized
by numerous mitochondria (m) inside its cytoplasm. Eulateral cells
constitute a functional group similar to those already described in biv-
alves (Owen and McCrae 1976). Arrows indicate junction complexes.
Fig. 6. TEM of the intermediary zone. Large cell (EL4) possesses six
rows of cilia and belongs to third functional group of eulateral ciliated
cell. Few non-ciliated cells (NCC) are interspersed between this cili-
ated cell and first bacteriocyte (BC) from lateral zone. Arrows indicate
junction complexes. CA collagen axis; DD lobes of the digestive gland;
F fibroblast-like cell; Fo foot; G gills; I digestive tract; K kidney; M
mantle; N nucleus

one is represented by cells which exhibit bacteria on their
apical surface. Such proximity with bacteria leads us to
define them as bacteriocytes similar to the cells harboring
intracellular bacteria in other bivalve taxa (Reid 1990).
Such bacteriocytes, which have a basal nucleus of a stan-
dard length of 5-10 um (Fig. 7), are usually much wider
than high. Their apical surface differentiates long microvilli
linked by a fibrous glycocalyx in which bacteria are located
(Figs. 7, 8, 9). The bacteriocytes organelles are represented
by mitochondria, typical lysosome-like structures, and
microbodies with whorls of membranes as large as the
nucleus (Fig. 8). Occasionally, a few bacteria can be
observed inside the cytoplasm (Fig. 9) suggesting a possi-
ble endocytosis phenomenon of these extracellular bacteria
that could 4furthermore be destroyed by lysosomal
enzymes.

Bacterial symbionts are usually small (around 0.7 um in
length), with the typical double-membrane of Gram nega-
tive bacteria (Fig. 9). They are located between the long
microvilli of the bacteriocytes in quite direct contact with
environmental seawater (Figs.7, 9). The bacterial cyto-
plasm contains some periplasmic membrane-bound vesi-

cles (Fig.9) that may storage sulfur globules as usually
observed in other thioautotrophic bacterial symbionts.

Bacteriocytes are abundant in the frontal (Fig.4) and
abfrontal positions (Fig. 7), while the middle part of the lat-
eral zone is occupied mostly by two other cell types devoid
of bacteria (Figs. 3, 11). The first type corresponds to a
secretory cell type characterized by a cytoplasmic volume
filled with large membrane-bound inclusions (Figs. 3, 10,
11, 12, 13, 14) similar to the granule cells already described
in various lucinid species. The second type consists of
inconspicuous intercalary cells, which are interspersed
between these granule cells (Figs. 11, 12). They are charac-
terized by a trumpet shape with a narrow basis, an apical
nucleus, and an enlarged apical area covered by microvilli
(Fig. 12). Such cells encroach upon the apical area of adja-
cent granule cells restricting their contact with the pallial
seawater (Fig. 12). The distribution of these intercalary
cells is restricted to the middle part of the lateral zone in
contact with granule cells (Fig. 11). No intercalary cells
were observed interspersed between bacteriocytes (Fig. 7),
as usually described in gill-endosymbiosis bivalves. Unusu-
ally in symbiont-bearing bivalve gills, no mucocytes were
observed in the lateral zone of the gill filament either from
histological sections or from TEM sections. The material
present inside the space delimiting the two lamellae of each
demibranch (Fig. 2) does not correspond to proteoglycan
products secreted by mucuous cells but probably to secre-
tory contents of granule cells.

All along the lateral zone, there are some ciliated cells
that are regularly interspersed between bacteriocytes (Fig. 7)
and/or granule cells (Fig. 11). According to TEM views,
their cilia possess a ciliary axonemal structure with long
double ciliary roots characterized by transversal striations
(Fig. 14). Such roots sink up to the nucleus. SEM views con-
firm the fact that such cells differentiate on their apical part
long cilia that give them a tuffty aspect (Figs. 10, 13).

Discussion

Thyasira falklandica possesses red gills as previously
reported in other bivalves known to harbor gill-endos-
ymbionts (Dando et al. 1985; Southward 1986; Frenkiel
et al. 1996). In the Thyasiridae, Thyasira ferruginea and T.
gouldi [Philippi, 1845] have been reported by Southward
(1986) to possess gill’s color from red to dark brown. Read
(1962) believed that such color was due to a large supply of
hemoglobin inside yellow-brownish dense inclusions. More
recently, Frenkiel et al. (1996) have shown that in Lucina
pectinata [Gmelin, 1791], the hemoglobin was located in
dark areas of the bacteriocyte’s cytoplasm. However, such
patchy aspect of the cytoplasm was probably an artefact of
the chemical fixation used because this patchy aspect is not
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Figs. 7-9 TEM details of the lateral zone containing the bacterio-
cytes. Fig. 7. Lateral zone of T. falklandica gill filament. Bacteriocytes
(BC) bordering blood lacuna (BL) contain lysosomes (Ly) at various
degrees of maturity in their cytoplasm while the bacterial symbionts
(large arrows) are located outside cell between microvilli. Few tufty
cells (TC), devoid of bacterial ectosymbionts, can be observed with
their long non-oriented cilia (thin arrows) between adjacent bacterio-
cytes. Fig. 8. Higher magnification of microbody (MB) filled with

observed in cryofixed samples (Lechaire et al. 2006). Con-
versely to L. pectinata and/or Calyptogena magnifica (Boss
and Turner 1980) (Fiala-Médioni and Métivier 1986), bac-
teriocytes of T. falklandica do not present a patchy aspect

@ Springer

whorls of membranes probably corresponding to lysosome-like struc-
ture or to SOB described in some lucinids. Fig. 9. Host cells can en-
close bacteria in phagocytic vacuoles (b) at their apical pole, while
most of the bacterial symbionts (arrows) stay outside between the
microvilli (mv) linked by a thin glycocalyx. b bacterial symbionts;
HC Hemocyte. m mitochondria inside the bacteriocyte cytoplasm;
my microvilli; N nucleus

with dark areas. Anyway, it is difficult to conclude about
the presence of cytoplasmic hemoglobin in this thyasirid
only from TEM views. Further experiments are needed to
perform cytochemical analyses using EDX on bacteriocyte
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sections as done before in L. pectinata (Frenkiel et al.
1996) or by cryo-EFTEM as done recently by Lechaire
et al. (2006).

The symbiotic bacteria described in 7. falklandica are
extracellular remaining in close contact with the apical pole
of the bacteriocytes. The lateral zone of the gill filament is
constituted by a thin simple epithelium suggesting that
some exchanges occurred between the bacteriocytes and
the environment. Moreover, bacteriocytes develop microv-
illi all along their apical pole probably to: (1) improve the
area of cellular membrane representing an important site of
uptake of dissolved organic compounds present in the
water, and (2) offer the largest surface to harbor ectosymbi-
otic bacteria. Because of their particular location, such bac-
teria, which are probably sulfur-oxidizing bacteria, could
protect host cells taking up the reduced sulfur compounds
from the environment. These ectosymbionts are probably
regularly endocytosed by bacteriocytes and digestion may
occur inside lysosomal structures, giving the host cells an
input of organic compounds.

Ultrastructural studies have revealed that in 7. falklan-
dica, bacteriocytes contain lysosome-like inclusions as
large as nucleus, which have been previously reported in
symbiotic bivalves (for review see Frenkiel et al. 1996) and
in T. equalis [Verril & Bush, 1898] (Dufour 2005) with var-
ious interpretations. They usually are considered as lyso-
somes involved in the digestion of a limited portion of
bacterial endosymbionts (Giere 1985; Distel and Felbeck
1987; Le Pennec et al. 1988; Frenkiel et al. 1996). Their
presence here should rule out this hypothesis in 7. falklan-
dica due to the fact that the bacteria are located outside the
bacteriocytes. They could be involved in a recycling
process of the cytoplasmic hemoglobin as described in
L. pectinata (Frenkiel et al. 1996; Liberge et al. 2001).

The presence of numerous “granule cells” in the middle
part of the lateral zone could be involved in some detoxifi-
cation processes. This cell type has been observed in the
thyasirid Mendicula ferruginea [Forbes, 1844] (Dufour
2005) and also in some lucinids (Giere 1985; Southward
1986; Frenkiel and Mouéza 1995). Frenkiel and Mouéza
(1995) have strongly suggested that the abundant “granule
cells” observed in C. orbicularis represent a cell type dis-
tinct from the other cells commonly found in the lateral
zone such as bacteriocytes, mucocytes, and intercalary
cells. Observations performed on aposymbiotic juveniles of
C. orbicularis (from 250 pm to 2.5 mm long) obtained in
laboratory culture (Gros et al. 1997) have definitively con-
firmed that “granule cells” represent a distinct cell type,
probably involved in detoxification processes, appearing
before the establishment of the bacterial symbiosis which
occurs in all adults and/or juveniles in the wild (Gros et al.
1997, 1998). The “granule cells” observed in T. falklandica
could also be involved in detoxification process.

According to Dufour (2005), there are three gills types
recognized in Thyasiridae species, two of them harboring
symbionts. The gill type 2 concerns filibranch gill-filaments
with a relatively short lateral zone harboring ecto-
symbionts. The gill type 3 is characterized by elongated gill
filaments with the whole cells below the ciliated zone har-
boring extracellular bacterial symbionts. T. falklandica
undoubtedly belong to this gill type 3, confirming the
observations of Dufour (2005). However, bacteriocytes are
located only in the frontal and abfrontal parts of the lateral
zone, the middle part lacking symbiont-bearing cells.
Moreover, the presence of “sensory” ciliary cells has not
been reported before in thyasirids. 7. falklandica could rep-
resent a new subdivision inside the gill type 3 due to the
particular organization of the lateral zone of its gill fila-
ments. This ultrastructural study of the gill filaments of
Thyasira falklandica allows the emphasis of a more diversi-
fied cellular structure of the lateral zone than described in
other thyasirid species to date.

In Bivalvia, most of the taxa known to possess sulfur-
oxidizing bacteria belong to Filibranchia and Eulamelli-
branchia. In the Protobranchia, only the Vesicomyidae is
known to possess such bacterial gill-symbionts. The most
common location for these thiotrophic symbionts in the
bivalve species belonging to these three orders is intracellu-
lar. Thus, most of the Mytilacea (filibranch) harbor gill
endosymbionts, which are either sulfur-oxidizing or met-
hanotrophic bacteria, while in some cases a dual symbiosis
has been reported with a mixed population composed of
both bacteria inhabiting the same tissue (for review see
Duperron et al. 2005). However, McKiness et al. (2005)
have described extracellular bacterial symbionts in one
bathymiodoline mussel collected at 2,200 m depth at the
Juan de Fuca hydrothermal vents.

In Eulamellibranchia, gill-symbionts are intracellular
excepted for some members of the Thyasiridae in which
most of the symbionts are extracellular (Dufour 2005).
Because endosymbiosis represents a more integrated state
between two partners than ectosymbiosis, thioautotrophic
symbiosis relationships occurring in Thyasyridae are prob-
ably more recent than those described in the other Eulamel-
libranchia species. This could indicate an independent
evolutionary acquisition of the symbionts compared to
other taxa known to harbor sulfur-oxidizing gill-symbionts.
Moreover, in the Thyasiridae, there are structural modifica-
tions that improve the accommodation of ectosymbionts
such as elongation of gills and presence of elongated
microvilli of epithelial cells to retain bacteria. As reported
by Dufour (2005), some non-symbiotic thyasirids present
also such morphological adaptations suggesting that these
species are not incompatible with thioautotrophic symbio-
sis. So, in the Thyasiridae, such morphological adaptation
could be a precondition to symbiosis. Consequently,
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Figs. 10-14 Other cell types composing the lateral zone of T. falklan-
dica. Fig. 10. SEM view of a fractured granule cells (GC). Note that
granules (asterisks) inside the cytoplasm are not endocellular bacteria.
stars: cilia from tufty ciliated cells. Fig. 11. TEM. Middle part of the
lateral zone. Granule cells (GC) and tufty ciliated cells (7C) lack bac-
terial symbionts conversely to bacteriocytes (BC). Intercalary cells
(IC) can be observed between these two kinds of cells while never ob-
served between bacteriocytes. Fig. 12. TEM. Granule cells (GC) char-
acterized by their numerous large membrane-bound inclusions at
various degrees of maturity according to their density. Intercalary cells
(IC) are usually characterized by a trumpet shape with a narrow basis,
an apical nucleus (N), and an enlarged apical area covered by microv-
illi without ectosymbionts. Fig. 13. SEM view of tufty ciliated cells
(stars) throughout the lateral zone. Fig. 14. TEM view of the double
ciliary roots characterized by transversal striations of cilia from tufty
ciliated cells. m mitochondria; mv microvilli; Ng nucleus of granule
cells

symbiosis does not occur randomly in bivalve taxa but
require specific gill modifications before establishment of
such relationships that could vary depending on the groups.
In conclusion, morphological and ultrastructural differences
reported in Thyasiridae strengthen the fact that this taxon
represents an independent acquisition of chemosymbiosis
as proposed by Williams et al. (2003) according to molecu-
lar data.
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