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the hemiuroid trematode Lecithocladium excisum 
(rudolphi, 1819) is the type-species of the genus and it 
is characterized, between other aspects, by the plications 
of the body surface, well-developed ecsoma, long sinus-
sac and the presence of seven long and tubular vitelline 
lobes. the genus Lecithocladium lühe, 1901 includes 
parasites of the stomach of marine teleost fishes (see 
gibson 2002a). it is one of the four genera belonging to 
the subfamily Elytrophallinae skrjabin et guschanskaja, 
1954. Within the Hemiuroidea looss, 1899, the family 
Hemiuridae looss, 1899 was erected from the subfamily 
Hemiurinae looss, 1899 and, now, this family includes 
the Elytrophallinae and other 11 subfamilies (see gibson 
2002a,b).

amount of data on the ultrastructure of spermatozoa 
of flatworms (Platyhelminthes) has accumulated consid-
erably during last decades (for a review see Justine 2001, 
levron et al. 2010). in the case of tapeworms, particularly 
the eucestodes, several authors have postulated different 
patterns of spermiogenesis and recently different types of 
spermatozoa (Świderski 1986, Bâ and Marchand 1995, 

levron et al. 2010). the ultrastructural characters of the 
spermatozoon are known to be useful when interpreting 
relationships among Platyhelminthes, especially those 
among cestodes (Hoberg et al. 1997, 2001, Justine 1998, 
2001, olson et al. 2001, levron et al. 2010). in fact, de-
spite the numerous studies on digenean spermatozoon ul-
trastructure, to date the application of these characters for 
phylogenetic studies is much scarcer in digeneans than 
in tapeworms. Nevertheless, during the last years, several 
authors worked in this direction and in the near future 
the ultrastructural characters of the spermatozoon may 
become very useful for the interpretation of relationships 
between the Digenea (see Miquel et al. 2006, Quilichini 
et al. 2010a,b, 2011, Bakhoum et al. 2011a,b, in press, 
Ndiaye et al. 2012).

to date, there are no data on the spermatozoon ul-
trastructure in the family Hemiuridae. the present study 
on L. excisum is the first approach to the ultrastructural 
organization of the mature spermatozoon in this family. 
our results are particularly compared with the available 
spermatological data of hemiuroideans.
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Abstract: the present study describes the ultrastructure of the mature spermatozoon of Lecithocladium excisum (rudolphi, 1819) 
(Digenea: Hemiuroidea: Hemiuridae) from the stomach of the marine teleost Scomber japonicus Houttuyn (scombridae) captured 
in the atlantic ocean, off Dakar (senegal). the ultrastructural organization of the spermatozoon of L. excisum follows the general 
model described in most digeneans. it presents two axonemes of the 9+‘1’ pattern of the trepaxonemata, nucleus, mitochondrion and 
parallel cortical microtubules, among other characters. However, some particularities of the spermatozoon of L. excisum are (i) the 
presence of a membranous ornamentation not associated with cortical microtubules in its anterior extremity, (ii) the presence of 
a very reduced number of cortical microtubules located only in the ventral side of the spermatozoon and (iii) the absence of several 
structures described in most digeneans such as spine-like bodies and cytoplasmic expansions. 
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MAteRIAlS AND MetHoDS
live adult specimens of Lecithocladium excisum were col-

lected during april 2011 from the stomach of two marine tel-
eosts, the chub mackerel Scomber japonicus Houttuyn, 1782 
(scombridae) and the false scad Caranx rhonchus geoffroy 
saint-Hilaire, 1817 (carangidae), both captured in the atlan-
tic ocean, off Dakar (senegal). Voucher specimens as whole 
mounts stained with semichon’s acetic carmine and mounted 
in canada balsam are deposited in the parasitological collection 
of the Muséum National d’Histoire Naturelle (Paris) (MNHN): 
one slide of L. excisum ex S. japonicus (no. 11042606) off 
ouakam (Dakar, senegal), 26 april 2011 – accession number 
MNHN HEl253; one slide of L. excisum ex C. rhonchus (no. 
11042608) off soumbédioune (Dakar, senegal), 26 april 2011 – 
accession number MNHN HEl254.

For the present tEM study, several worms collected from 
S. japonicus were rinsed with a 0.9% NaCl solution and fixed in 
cold (4 °c) 2.5% glutaraldehyde in a 0.1 M sodium cacodylate 
buffer at pH 7.4, rinsed in 0.1 M sodium cacodylate buffer at 
pH 7.4, post-fixed in cold (4 °C) 1% osmium tetroxide with 
K4Fecn6 in the same buffer for 1 h, rinsed in a 0.1 M sodium 
cacodylate buffer at pH 7.4, dehydrated in an ethanol series and 
propylene oxide, embedded in spurr’s resin and polymerized at 
60 °c for 72 h.

Ultrathin sections (60–90 nm thick) of seminal ducts and 
seminal vesicle were obtained using a reichert-Jung Ultracut 
E ultramicrotome using a diamond knife. sections were placed 
on copper and gold grids. sections placed on copper grids were 
double-stained with uranyl acetate and lead citrate according to 
the reynolds (1963) procedure. sections placed on gold grids 
were treated according to the thiéry (1967) test to reveal the 
presence of glycogen. thus, they were treated in periodic acid 
(Pa), thiocarbohydrazide (tcH) and silver proteinate (sP) as 
follows: 30 min in 10% Pa, rinsed in milliQ water, 24 h in tcH, 
rinsed in acetic solutions and milliQ water, 30 min in 1% sP in 
the dark, and rinsed in milliQ water.

the grids were examined in a JEol 1010 transmission elec-
tron microscope operated at 80 kV, in the “Centres Científics 
i tecnològics de la Universitat de Barcelona (ccitUB)”. 

ReSUltS
the observation of a great number of sections of ma-

ture spermatozoa of Lecithocladium excisum enabled us 
to reconstitute its ultrastructural organization and to dis-
tinguish three different regions (i–iii). 

Region I (Figs. 1a–f, 2i) corresponds to the anterior 
part or premitochondrial area of the spermatozoon. the 
anterior spermatozoon extremity exhibits only an exter-
nal ornamentation of the plasma membrane and a few 
singlets of the first axoneme (Fig. 1a). Soon, the first 
axoneme appears immediately followed by the second 
axoneme (Fig. 1b,c). at this level, the external orna-
mentation of the plasma membrane surrounds only one 

of the axonemes (Fig. 1c). areas of region i presenting 
both axonemes exhibit four attachment zones (Fig. 1c–e). 
the posterior areas of region i are characterized by an en-
larged section (Fig. 1e), the appearance of a small number 
of cortical microtubules (four elements) located only in 
one side (Fig. 1e) and a scarce amount of granules of gly-
cogen (Fig. 1f).

Region II (Figs. 1g–i, 2ii) is the middle region or mi-
tochondrial area of the spermatozoon. in addition to the 
structures observed in the posterior part of region i, this 
region presents a mitochondrion and a higher number 
of cortical microtubules, up to eight elements coincid-
ing with the greatest size of the mitochondrion (Fig. 1h). 
then, the number of cortical microtubules decreases pro-
gressively until reaching four elements in the transitional 
area to region iii where the nucleus appears (Fig. 1i).

Region III (Figs. 1j–p, 2iii) corresponds to the poste-
rior part or nuclear area of the mature spermatozoon. it is 
characterized by the disappearance of the mitochondrion, 
the presence of the nucleus, and the progressive decrease 
of the number of cortical microtubules (Fig. 1j–m). in this 
region, the disorganization of the first axoneme occurs 
(Fig. 1l) as well as the disappearance of the nucleus (Fig. 
1m,n). the posterior extremity of this region exhibits only 
the second axoneme (Fig. 1n) that disorganizes into dou-
blets and singlets (Fig. 1o,p). 

DIScUSSIoN
the mature spermatozoon of Lecithocladium excisum 

shows the basic ultrastructural features described in most 
digeneans so far: two axonemes of the 9+‘1’ pattern of 
trepaxonematans (Ehlers 1984), nucleus, mitochondrion 
and parallel cortical microtubules (Burton 1972, Jamie-
son and Daddow 1982, Daddow and Jamieson 1983, 
iomini and Justine 1997, tang et al. 1998, Miquel et al. 
2000, levron et al. 2004a, seck et al. 2008, Bakhoum et al. 
2012, Ndiaye et al. 2012). However, the mature spermato-
zoon of L. excisum differs from those of other digeneans 
studied until today in several ultrastructural features, such 
as (i) the presence of a single field of parallel cortical mi-
crotubules, (ii) the lack of cortical microtubules in much 
of the anterior spermatozoon region, (iii) the presence of 
external ornamentations of the plasma membrane located 
in the anterior spermatozoon extremity, and (iv) the ab-
sence of both spine-like bodies and cytoplasmic expan-
sions.

in the Hemiuroidea, ultrastructural studies on the sper-
matozoon of members of only three families have been 
carried out, namely the Didymozoidae Monticelli, 1888 
(see Justine and Mattei 1982a, 1983, 1984, Pamplona-

Fig. 1. consecutive cross-sections of the mature spermatozoon of Lecithocladium excisum from anterior to posterior extremities. 
a–c – cross-sections of the anterior extremity of the spermatozoon showing the ornamented area; d–f – cross-sections of the posterior 
part of the region i showing a progressive increase in the number of cortical microtubules placed in only one side; note the scarce 
amount of granules of glycogen stained by the method of thiéry (in f); g–i – sections in the region ii or mitochondrial area of the 
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spermatozoon; j–p – cross-sections of the region iii or posterior part of the spermatozoon from an area containing two axonemes, 
nucleus and cortical microtubules to the posterior tip exhibiting only singlets of the second axoneme. Abbreviations: cM – cortical 
microtubules; D – doublets; Eo – external ornamentation of the plasma membrane; g – granules of glycogen; M – mitochondrion; 
N – nucleus; s – singlets. arrowheads indicate attachment zones. scale bars: a–p = 0.3 µm.

Ndiaye et al.: spermatozoon of Lecithocladium excisum 
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Basilio et al. 2001), sclerodistomidae odhner, 1927 (see 
Justine 1995) and lecithasteridae odhner, 1905 (see 
Quilichini et al. 2010a). With the present study we add 
data on a fourth family (Hemiuridae). Furthermore, ex-
tensive data on the ultrastructure of the spermatozoon are 
available only for the didymozoid Gonapodasmius sp., 
the lecithasterid Aponurus laguncula looss, 1907 and the 
hemiurid L. excisum (Justine and Mattei 1982a, Quilichi-
ni et al. 2010a, present study).

an external ornamentation of the plasma membrane en-
tirely covering the anterior extremity of the spermatozoon 
as described in L. excisum was previously reported only 
in two species, namely Gonapodasmius sp. and A. lagun-
cula (Justine and Mattei 1982a, Quilichini et al. 2010a). 
However, a particularity that exists in the case of both 
L. excisum and A. laguncula is the absence of cortical 
microtubules associated with this external ornamentation. 
this organization has only been observed in Pronoprymna 
ventricosa (rudolphi, 1819) (see Quilichini et al. 2007).

Two fields of parallel cortical microtubules are usually 
described in the spermatozoon of digeneans (Jamieson 
and Daddow 1982, Justine and Mattei 1982b, robinson 
and Halton 1982, Daddow and Jamieson 1983, cifrian 
et al. 1993, iomini and Justine 1997, Miquel et al. 2000, 
Baptista-Farias et al. 2001, Ndiaye et al. 2002, 2011, 
Foata et al. 2007, seck et al. 2008, Bakhoum et al. 2012). 
Nevertheless, in the case of the hemiuroideans Gonapo-
dasmius sp., A. laguncula and L. excisum, a few cortical 
microtubules are located only in one side (ventral side) of 
the spermatozoon (Justine and Mattei 1982a, Quilichini et 
al. 2010a, present study). 

Moreover, there is a particularity in the case of L. excis-
um and A. laguncula; both species lack cortical microtu-
bules in much of the anterior region of the spermatozoon 
(Quilichini et al. 2010a, present study). in these species 
the maximum number of cortical microtubules is present 
in the mitochondrial region of the spermatozoon: there 
are ten and eight cortical microtubules in A. laguncula 
and L. excisum (Quilichini et al. 2010a, present study), 
respectively. 

With respect to Gonapodasmius sp., Justine and Mat-
tei (1982a) described a layer of cortical microtubules as-
sociated with the external ornamentation of the plasma 
membrane in the anterior part of the spermatozoon and 
a bundle of 20 to 25 cortical microtubules in the middle 
region. However, in Didymozoon sp. and Didymocystis 
wedli ariola, 1902 spermatozoa lacking cortical microtu-
bules were observed (Justine and Mattei 1983, Pamplona-
Basilio et al. 2001). 

Finally, the presence of a single field of cortical mi-
crotubules in the microphalloidean P. ventricosa should 
be mentioned (Quilichini et al. 2007). considering the 
reported variability of this character, more studies on the 
superfamily Hemiuroidea and particularly on the unex-
plored families are necessary in order to elucidate the im-
portance of this character.

other structures described in most digeneans such as 
spine-like bodies and cytoplasmic expansions are not 
present in L. excisum (Miquel et al. 2000, Ndiaye et al. 
2002, 2003, 2012, levron et al. 2004b, agostini et al. 
2005, seck et al. 2008, Kacem et al. 2010, Bakhoum et 
al. 2012). it is remarkable that they are also absent from 
the remaining species of the Hemiuroidea studied to date 
(Justine and Mattei 1982a, Pamplona-Basilio et al. 2001, 
Quilichini et al. 2010a).
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Fig. 2 (I–III). schematic reconstruction of the mature spermato-
zoon of Lecithocladium excisum. Abbreviations: asE – anterior 
spermatozoon extremity; Ax1 – first axoneme; Ax2 – second ax-
oneme; cc – central core; cM – cortical microtubules; D – dou-
blets; Eo – external ornamentation of the plasma membrane; 
g – granules of glycogen; M – mitochondrion; N – nucleus; 
PM – plasma membrane; PsE – posterior spermatozoon extrem-
ity; s – singlets.
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the fundamental difference between the spermato-
zoon of A. laguncula and that of L. excisum is the type 
of the posterior extremity. in A. laguncula, Quilichini et 
al. (2010a) described a well-developed mitochondrion 
spread through a large part of the posterior end of the 
spermatozoon and the persistence of both axonemes. in 
addition, some microtubules from axoneme reach the 
posterior region of the spermatozoon and disappear just 
before the posterior tip. thus, this type of the posterior 
extremity of the spermatozoon is different than that de-
scribed in our study of L. excisum (without a mitochon-
drion and presenting only the second axoneme). 
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