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Spermatogenesis, Spermiogenesis and Sperm Transfer in
Two Freshwater Leeches from Assiut, Egypt
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Abstract Spermatogenesis and spermiogenesis, in two freshwater leeches; Helobdella stagnalis and Salifa delicata, were
studied by light and electron microscopy. Within the testisacs large polygonal spermatogonia, measuring 6.25 x 5.25 um,
divided mitotically to form isogenic groups and, finally, primary spermatocytes. The cells were all clustered in groups,
evolved gradually and synchronically, remaining connected by cytoplasmic bridges to a central cytoplasmic mass called the
cytophore. The last meiotic division gave rise to spermatids. By means of a complex spermiogenic process of cellular
differentiation, each cell became a filiform and corkscrew spermatozoon. The morphogenetic sequence ofthe various regions
of the spermatozoon could be appeared externally by SEM as four different regions. These regions were mentioned, as the
same order of their formation, as following: 1) Smooth straight flagellum elongation; 2) Smooth straight mitochondrial
elongation region; 3) Right-handed, closely coiled, double helix nuclear spiralization and elongation; and finally, 4)
spiralization and elongation, first of the posterior acrosome and after ofthe less coiled anterior acrosome. Sperm transfer in
Salifa delicata occurred through copulation and insertion into a vaginal sac of the partner, while in Helobdella stagnalis, by

way of packaged spermatophores implanted indiscriminately through the cuticle of a recipient mate.
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1. Introduction

Leeches are hermaphrodite euclitellates. The ova are
fertilized in the female genital system by spermatozoa
transferred during copulation, as in some Arhychobdellida,
or injected through the body wall as in Rhynchobdellida[1].

Spermatogenesis in leeches begins with the release of
epithelial cells from the walls of specialized coelomic sacs;
testisacs. The testisacs are found on either side
intersegmentally. The released spermatogonia float freely in
the lumen of the coelomic sacs wherein they undergo mitotic
divisions followed by meiosis without cytokinesis and the
haploid nuclei eventually are found arranged around the
periphery of an anucleate cytophore to which the gametes
remain connected. In spermatogenesis all cells develop into
spermatozoa, as opposed to oogenesis where one of the cells
matures at the expense of the remaining trophocytes. The
spermatocytes develop into mature spermatozoa, detach
from the cytophore and remain in bundles held together by
glandular secretions[2]. When spermiogenesis is completed
the mature spermato zoa are released from the cytophores and
pass to the deferent ducts, hence the atria and the male
genital pores[3].
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Information about leeches' spermatozoa is poor and is
based on relatively few papers[4-6]. On the other hand, the
spermatozoa of leeches are by far the most complex
euclitellate spermatozoa and are an interesting field of study
to test the mutual interactions of systematic position and
physiology of fertilization in determining sperm morphology.
This study concerns the spermatogenesis, spermiogenesis
and sperm transfer in two different species; Helobdella
stagnalis (Rhynchobdellida) and Salifa delicata (Arhyncho
bdellida).

2. Materials and Methods

Mature leeches; Helobdella stagnalis and Salifa delicata

were collected from Al-Sont canal (27 11'N/31'11'E).

Maturity and the anatomy of male genital system in both
studied leeches could be obtained as shown in[7,8].

Light and electron microscopy

Six mature leeches were relaxed from each studied species;
two were dissected to demonstrate the testisacs and male
ducts, fixed in 70 % ethanol and sent to the scanning electron
microscope (SEM) unit to examine the different
developmental stages and vasa differentia. The SEM
specimens were stuck onto a holder in suitable directions
using a suitable glue then examined and photomicrographed
with Jeol SM (JSM-5400 LV scanning electron microscope),
at the EM Unit. The remaining four specimens were cut
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longitudinally into two halves at the second third ofthe body.
These tissues of both studied leeches were fixed in formol
saline (1 g calcium chloride + 100 ml neutral formalin) for 48
hrs. Two specimens were used for paraffin sections. Paraffin
tissues were processed routinely for light microscopy.
Tissues were sectioned at 6 um and stained in haemato xylin
—eosin, Masson's trichrome and periodic acid-Schiff (PAS) -
haematoxylin. For trans mission electron microscopy, the last
two specimens were placed in 2.5% glutaraldehyde in 0.1 M
phosphate buffer at pH 7.2 for 3 hrs. at room temperature.
The specimens were post fixed in 1% buffered osmium
tetroxide at pH 7.2 for 3 hours at 4°C. They were then
dehydrated and embedded in Epon. Semi-thin sections of 1.0
um were cut and stained with toluidine blue for examination
under light microscope. Ultra-thin sections fromthe selected
areas of the trimmed blocks were made and collected in
copper grids. The ultra-thin sections were contrasted in
uranyl acetate for 10 minutes, lead citrate for 5 minutes and
examined under transmission electron microscope JEM, 100
Cx11TEM, at Assiut University.

3. Results and Discussion

3.1. Sper matogenesis

Scanning electron microscopy (Figs. la, 2a,3a) and
serial paraffin sections in testisacs of H. stagnalis (Figs. 1b,c)
and S. delicata (Fig. 2b) revealed sequence of spermatogenic
stages within the testisacs. Spermatogonia appeared in
transmission electron microscopy (Fig. 1d) as large and
polygonal cells measuring 6.25 x 5.25 um (mean), with large
nucleus occupying most of the cell volume and numerous
mitochondria (Fig. 1d). Spermatogonia divided into two (Fig.
le) hence four isogenic groups of cells, in these stages, the
cytophore was invisible (Fig. 1c). An anucleate cytophore
appeared and was very small in the stage of eight isogenic
cells stage (Figs. Ic,f). These cells were attached to the
cytophore (Figs. 2c-f, 3b-e, 4d) by narrow cytoplasmic
bridges ("collars" in[9]; "bridges" in[10]; "zonulae collaris"
in[11]). Spermatogenetic stages were formed by cell division
of spermatogonia without cytokinesis. As the development
proceeded, the isogenic cells (16,32, 64, 128 and finally 256
cells; the spermatides) became smaller and smaller in size
gradually and conversely for the cytophore which became
larger and larger. Number of spermatids was different in
various taxa: 64 in the branchiobdellid Branchiobdella
pentodonta[12,13], 128 in most of oligochaete species[14],
but 256 in some lumbriculids; acanthobdellid Acanthobdella
peledina; the leech Hirudo medicinalis,[12], similar to the
same number of spermatids reported here in both studied H.
stagnalis and S. delicata. In the phreodrilid Astacopsidrilus
spermatids were more than 400[15], but 512 cells in the
leech Dina lineata[16]. Though the precise number was
unknown for most taxa. The present TEM revealed the fine
structure of the cytophore and the cytoplasmic bridges (Figs.

2c-g, 3b-f). Numerous mitochondria, web — shaped

endoplasmic reticulum and U — shaped cisternae of Golgi
complex (Figs. 2f,g, 3f). The cytophore was formed by a
progressive accumulation of cytoplasm and organells during
the first spermatogonial divisions.[17] summarized the
functions ofthe cytophore as the following: 1) synchronizat
ion of germ cell development; 2) production of energy
through the large number of mitochondria present; 3)
selective intake of material and organells discharged during
spermiogenesis; 4) synthesis of materials connected to the
sperm morphogenesis. The current study showed that
spermatogenesis in both Helobdella stagnalis and Salifa
delicata began and completed in testis-sacs. Spermatogen
esis in earthworms began in the testes but completed either in
seminal vesicle, as in some megascolecid or in testis-sacs, or
in both types of receptacle as in Amynthas[18]. Stage of 256
isogenic cells or the spermatids, which attached to, the
cytophore, these cells decreased in size and elongated
gradually when developed into the spermatozoa; a process
termed "spermiogenesis".

3.2. Sper miogenesis

Electron microscopy showed the sperm in both studied
Helobdella stagnalis and Salifa delicata seemed as filiform
with helicoid anterior half and smooth posterior part. Among
leeches there is considerable consistency in the shape and
maturation of the spermatozoon[2,16,19]. Morphological
and histological examination revealed four distinguished
regions; mentioned here (assuming the same order of
formation) as the following: Flagellar, mitochondrial,
nuclear and acrosomal regions (Figs. 3c, 4e, 5a-c, 6a-f).
Flgellar region seemed by SEM and TEM as a long, smooth
and flexible filament (Figs. 3d, 4a, 5b) which was formed at
first. Flagellum in both current leeches appeared with 9+2
appearance as other euclitellates. The flagellum formed
outstanding and peculiar solid central sheath with highly
electron-dense structure (Figs. 5a,b) similar to the finding
0f[20]. SEM and TEM showed that the end piece of
flagellum looked thinner than the anterior part (Fig. 6g).
Mitochondrial region is located next to the flagellar region.
Its external morphology was a simple helix (Fig. 3b). As it
extended toward the nuclear region the helix became simply
appeared and the current data revealed that the single spiral
elongated mitochondrion of the coming spermatozoon was
formed by the fusion and combination of mitochondria of the
spermatid (Fig. 4b). The final number of mitochondria was
reached through the migration of the extra mitochondria
towards the cytophore in the, oligochaete Microchaetus
pentheri,[21], or their fusion as in the oligochaete
Homogaster redii[22] and Acanthobdella peledina[23],
while the in leech Piscicola geometra occurred by the
combination of both processes[24]. Numbers of
mitochondria in the mature sperms were different within
euclitellates; seven to four mitochondria were reported in
Acanthobdella peledina, Branchiodebllidans whereas only
one in leeches and Ancanthodbella[16,25]. TEM revealed
the electron dense sheath surrounding the cristae of the



Research in Zoology 2013, 3(2): 45-55 47

mitochondrion (Figs. 4g, 5b). Nuclear region was made up
by two fibers giving the helicoid appearance, in which the
double helix was very compressed (Figs. 3c, 4c, 6d, h).
Nuclear region seemed with a uniform appearance for most
of its length. Transverse sections in TEM revealed trilobed
twisted nucleus in both H. stagnalis (Fig. 5d) and S. delicata
(Fig. 6g), agreed to the finding of[ 19] in the piscicolid leech
Piscicola geometra. Nuclear region in Glossiphonia
complanata appeared as a highly twisted thread of variable
thickness[25], or a highly complex twisted column in
Batracobdella paludosa[26], Haementeria depressa[5];
Haemiclepsis marginata[25]. The acrosome; the most
complicated structure in the spermatozoon appeared as long
corkscrew— shaped. Externally, SEM revealed both anterior

& ¢ _/. F = v x 3 = _
Figures 1. Mature Helobdella stagnalis; (a) SEM of isogenic groups of 32, 64 of germ cells, spermatids (sp), spermatozoa (s) within the testisac (t),
fenestrae opening onto the surface (arrows) of cytophore (c); (b) semithin section through the testisac (t), isogenic groups of 16, 32, 64 of germ cells,
spermatids (sp), spermatozoa (s), cytophore (c); (c) paraffin section through thetestisac, isogenic groups of 4, 8, 16 of germ cells (notethe size of cytophore),
spermatozoa (s); (d-f) TEM of one, two, 8 spermatogonia respectively, large nucleus (n), numerous mitochondria (m), Golgi complex (g). (b) stained with
toluidine blue, (c) Masson's trichrome, scale bar (a)=10 um, (b,c) =25 um, (d-f) =2 un

and posterior regions constituted a double helix of two
elements with different thickness; a thin fiber around another
thick. The thin fiber coils appeared spaced anteriorly, but
convergent posteriorly till reaching the nuclear region (Figs.
6e,f). TEM detected an anterior extension of the tube; the
anterior thin pointed acrosome and a wide acrosome rod; the
posterior acrosome (Figs. 4f, 5a, 6e-1) with same diameter
along its length. Here the acrosome tube appeared corkscre
w—shaped as other hirudineans[19,25], while straight in
oligochaetes[27] and absent in polychaetes[28]. After
spermiogenesis the produced sperms were collected together
in bundles by secretions from the vasa differentia, passed to
the atrium and gonopore to fertilize the recipient partner.
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Figures 2. Mature Barbronia assiuti; (a) SEM of isogenic groups of 32, 64, 128 of germ cells, spermatids (sp) within the testisac (t); (b) paraffin section
through thetestisac, isogenic groups of 16,32, 64 of germ cells (notethe size of cytophore), spermatids (sp), spermatozoa (s); (c-d) TEM of isogenic groups
of 32 germ cells, cytophore (c), fenestrae opening onto the surface (asterisks), cytoplasmic bridges (arrows); (e-g) TEM of cytophore (¢) and cytoplasmic
bridges (arrows) between cytophore and germ cells(gc), numerous mitochondria (m), Golgi complex (g), web like structure ofendoplasmicreticulum (r). (b)
stained with Haematoxylin and eosin, (c) Masson's trichrome scale bar (a) =10 um, (b) =25 um, (¢, d) =2 um, (e-g) =500 nm
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Figures 3. Helobdella stagnalis spermatids (sp) attached to the cytophore (c) through cytoplasmic bridges (arrows), note fenestrae opening onto the
surface (asterisks) and successive regions of spermatozoon as the same order of formation; flagellar (f), mitochondrial (m), nuclear (n) and acrosomal
regions (ac); (a-c) SEM of spermiogenesis; (d-f) TEM of spermiogenesis, golgi complex (g) situated around the fenestrae (asterisks), scale bar (a-c)=1 um,
(d) =2 um, (e, f) =500 nm
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Figures 4. Barbronia assiuti spermiogenesis showing four distinguished regions appeared asthe same order of formation; (a) SEM of spermatids (sp)
attached to the cytophore (c), flagellar region (f); (b) TEM of mitochondrial region appeared with the combination of mitochondria (m) to form a single
elongated spiral mitochondrion; (¢) SEM of spermatids (sp) with tightly coiled nuclear (n); (d) TEM of spermatids (sp), cytoplasmic bridges (arrows),
fenestrae (asterisks), rearrangement of Golgi complex (g) to form the coming acrosome; (¢) SEM of bundles of newly formed spermatozoon with the
distinguished regions: flagellar (f), mitochondrial (m), nuclear (n) and acrosomal regions (ac); (f) TEM of the anterior acrosome appeared with double helix
of two elements with different thickness; athin outer fiber (black asterisks) around outer thick fiber (white asterisks), small mitochondria appeared (m); (g)
TEM oftheposterior acrosome appeared with the acrosome rod inthe center (arrow heads) anddouble helix oftwo elements with different thickness; athin
outer fiber (black asterisks) around outer thick fiber (white asterisks), the two fibers appeared closely coiled together, mitochondrian region (m) and the
cristae were surrounded by deep electron dense sheath (arrows). Scale bar (a,c) =1 um, (b,d,f,g) =500 nm, () =5 um

3.3. Sper m Transfer
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Figures 5. Helobdella stagnalis; TEM of spermatozoa (a,b) in longitudinal sections and (c,d) in transverse sections showing the successive regions;
flagellar (f), (arrows) mitochondrial (m), nuclear (n) and anterior (ac) and posterior acrosomal region (pa). Note the central sheath with highly electron-dense
structure (asterisks) in (a,b), the electron dense sheath (arrows) surrounding the cristae in (b), the acrosome tube (arrowheads), end piece of flagellum (ef)
andthe spermatophores (spr) enclosing bundles of sperms. Scale bar (a, ¢) =5 um, (b,d) =500 nm

Light and electron microscopy showed the structure of the vasa differentia in both studied H. stagnalis and S. delicata. The
epithelial lining of the ducts were surrounded by 3-5 layers of muscles. The epithelial lining revealed holocrine type of cells
which burst, then cell content and its secretion passed towards the duct lumen where the sperms passed (Figs. 7a,b, 8a-¢).
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Examination showed new cells formed below the burst ones. Three types of secretions; transparent, fine and coarse granules
could be detected by light microscopy (Figs. 7a, 8c,d). TEM revealed these secretions as: electron lucent, fine and electron
dense secretory granules (Figs. 7b, 8¢). Spermatozoa ofthe present glossiphoniid Helobdella stagnalis, by way of packaged
spermatophores implanted through the cuticle of a recipient mate. Figure (5a-b, 7c,d) showed numerous spermatophores
enclosed in the atrium of H. stagnalis. While in the salifid leech; Salifa delicata sperms were transferred through copulation
and insertion into the vaginal sac of the partner (Figs. 8f,g).[5] reported that Arthynchobdellida (Hitudinidae, Haemopidae and
Haemadipidae) comprised species with direct insemination or copulation, similar to the same style of the present S. delicata.
Rhynchobdellida (Glossiphoniidae, Ozobranchidae and Piscicolidae) and Erpobdelliformes showed the most common form
of sex in leeches in which insemination by way of packaged spermatophores implanted through the cuticle of the recipient
mate. This style of spermtransfer was described by[29] as the plesiomorphic mode of fertilization in Hirudinea. Presumably
hydrostatic changes induce the spermaotphore to empty its contents whereupon the spermatozoa cork-screw their way
through the parenchyma and the coelomic spaces ultimately fertilizing oocytes in the ovisacs. Among piscicolids,
spermatophore imp lantation is often site-specific to the ventral region of the clitellum where conducting (or "vector") tissues
guide the sperm directly to the ovisacs.

Figures 6. Barbronia assiuti; ultrasructure of spermatozoa, (a-f) SEM showing groups of sperms in (a) and the successive regions of the isolated
spermatozoon; end piece of flagellum (ef), flagellar (f), mitochondrial (m), nuclear (n) and anterior (ac); (g, h) TEM oftranseverse and longitudinal sections
of spermatozoa respectively; the acrosome tube (arrow heads); (i) TEM ofposterior acrosomal region (pa) with the central rod (asterisk). Scale bar (a-f) =1
um, (g =2 um, (h) =5 um, (i)=3 um
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Figures 7. Helobdella stagnalis;

, old secretory cells

=5un

2 um, (d)

25 um, (b)

, scale bar (a,c)

sperms (s). (a, ¢) stained with toluidine blue

s

(a, b) semi- and ultra-structure of vas deferens (vd), muscles (m), new secretory (white asterisk).

(black asterisk), three types of secretions: transparent (1), fine (2), and coarse secretory granules (3); (c, d) semi- and ultra-structure of atrium (at), muscles

(m), packages of spermatophores (spr)

s
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Figures 8. Barbronia assiuti; (a-e) semi- and ultra-structure of vas deferens (vd), muscles (m), new secretory (white asterisk), old secretory cells (black
asterisk), three types of secretions: transparent (1), fine (2), and coarse secretory granules (3); (f; g) semi- and ultra-structure of atrium (at), muscles (m),
sperms (s). (¢, d) stained with toluidine blue, (f) stained with haematoxylin and eosin, scale bar (a,b) =10 um, (c, d, f) =25 um, (e)=2 um, (g) =1 un

4. Conclusions distinguished regions; a complicated corkscrew- shaped
acrosome, a complex helical nucleus, asingle mitochondrion

Spermatogenesis in both H. stagnalis and S. delicata surrounded by dense material and the flagellum which
began and completed in testissacs. Spermatozoa of both formed outstanding and peculiar solid central sheath with
studied leeches appeared as filiform, elongated with four highly electron-dense structure. In S. delicata spermtransfer
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occurred by direct insemination, through copulation, butin H.
stagnalis by dermal impregnation through the cuticle of the
recipient mate.

REFERENCES

(1]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

Jamieson, B. G. 1986. Onychophoran-Euclitellate
relationship: evidence from spermatozoal ultrastructure.
Zoologica Scripta, 15: 141-155.

Sawyer, R. T. 1986. Leech Biology and Behavior. Vol. II.,
Feeding Biology, Ecology and Systematics. Clarendon Press,
Oxford: 536-544, 711-787.

Ferraguti, M. 1983. Clitellata in Reproductive Biology of
Invertebrates, Vol. II, Spermatogenesis and Sperm Function
(Eds. K.G. Adiyodi and R. G. Adiyodi), John Wily and Sons,
Chichester, pp. 343-376.

Bonet, S., Molinas, M. and Garcia-Mas, 1. 1988. Testicular
spermatozoa and male germ cells evolution in Dina lineata
(Hirudinea, Erpobdellidae) studied by scanning electron
microscopy. Buttleti —Institucio Catalana d'Historia Natural,
55:17-25.

Fernandez, J., Tellez, V. and Olea, N. 1991. Hirudinea in

Microscopic Anatomy of Invertebrates, Vol. 7, Annelida (Eds.
F.W. Harrison and S.L. Gardiner), Wily-Liss, New York, pp.

323-394.

Ferraguti, M. and Erséus, C. 1999. Sperm types andtheir use
for a phylogenetic analysis of aquatic clitellates.
Hydrobiologia, 402: 225-237.

Gouda, H. A. and El Shimy, N. A. 2004. Detailed description
of the freshwater leech, Helobdella stagnalis (Linnaeus, 1758)

(Hirudinea: Glossiphoniidae) from Assiut. Egypt. J. Aquat.
Biol. & Fish., 8(4): 145-162.

El-Shimy, N. A., Hussein, M. A. and Gouda, H. A. 1991. The
life cycle and ecological obsevationson Salifa delicata
(Moore, 1939) (Hirudinea: Salifidae) a leech new to the
Egyptian fauna. Bull. Fac. Sci., Assiut Univ., 20(1-E): 63-70.

Ferraguti, M. and Lanzavecchia, G. 1977. Comparative
electron microscopic studies of muscle and sperm cells in
Branchiobdella pentodonta Whitman and Bythonomus
lemani Grube (Annelida: Clitellata). Zoomorphologie, 88:
19-36.

Martinucci, G.B. and Felluga, B.1977. Early development of

cytophorus in premeiotic male gonial cells of Eisenia foetida
(Sav.). Bollettino di Zoologia, 42: 271-273.

Jamieson, B.G.M. 1978. A comparison of spermiogenesis
spermatozoal ultrastructure in megascolid and lumbricid
earthworms (Oligochaeta: Annelida). Australian Journal of
Zoology, 26: 225-240.

Bungion, E. 1906. La signification des faisceaux
spermatiquees. Biblio graphie Anatomique, 16: 5-25.

Bondi, C. and Farnesi, RM. 1976. Electron microscope
studies of spermatogenesis in Branchiobdella pentodonta
Whitman (Annelida: Oligochaeta). Journal of M orphology,
148: 65-88.

(14]

(18]

[29]

55

Jamieson, B.G.M. 1981. The Ultrastructure of the
Oligochaeta. Academic Press, New York, Toronto, Sydney,
San Francisco, pp. 356-377.

Jamieson, B.G.M. 1981. Ultrastructure of Spermiogenesis in
Phreodrilus (Phreodrilidae, Oligochaeta, Annelida). Journal
of Zoology, London, 194: 393-408.

Bonet, S. and Molinas, M. 1988. Ulrastructure of the sperm

and spermatogenesis and spermiogenesis of Dina lineata
(Hirudinea, Erpobdellidae). Gamete Research, 19: 177- 190.

Marttinucci, G.B., Felluga, B. and Carli, S. 1977.
Development and degradation of cytophorus during
spermiogenesis in FEisenia foetida (Sav.). Bollettino di
Zoologia, 44 : 383-398.

Jamieson, B.G.M.. 1987. A biological classification of sperm
types, with special reference to annelids and molluscs and an
example of spermiocladistics. New Horizons in Sperm Cell
Reaearch (Ed. H. Mohri), Japan Scientific Society Press,
Gordon and Breach Scientific Publications, New York. Pp.
311-332.

Malécha, J. 1975. Etude ultrastructurale de la sp ermio genese
de Piscicola geometra (Hirudinée, Rhynchobdelle). J.
Ultrastruct. Res. 51: 188-203.

Garavaglia, C., Lora Lamia Donin, C. and Lanzavecchia, G.
1974. Ultrastructural morphology of spermatozoa of
Hirudinea. Journal of Submicroscopic Cytology, 6: 229-244.

Hodgson, A. and Jamieson, B.G.M. 1992. Spermatogenesis in
the earthworm Micrichaetus pentheri (Oligochaeta:
Microchaetidae). Zoomorphology, 112: 57-66.

Ferraguti, M. and Jamieson, B.G.M. 1984. Spermiogenesis
and spermatozoal ultrastructure in  Hormogaster
(Hormogastridae, Oligochaecta, Annelida). Journal of
Submicroscopic Cytology, (16): 307-316.

Franzén, A. 1991. Spermiogenesis and sperm ultrastructure in
Acanthobdella peledina (Hirudinea) with some phylogenetic
considerations. Invert. Reprod. Dev., 19: 245-256.

Malécha, J. 1979. Contribution a l'étude de la biologie de
I'hirudin ée rhynchobdelle Piscicola geometra L., Ph. D. thesis,
Université des Sciences et Techniques de Lille, France.

Wissocq, J.C.L. and Malécha, J. 1975. Ftude des
spermatozoides d'hirudinées a l'aide de la technique de
coloration negative. J. Ultrastruct. Res., 53: 340-361

Arcidiacono, G. 1979. "Differentiation of the Batracobdella
paludosa sperm cell" Acta Embryologiae et Momphologiae
Experimentalis, 2: 209-228.

Lanzavecchia, G. and Lora Lamia Donin, C. 1972.
M orphogenetic effects of microtubules. II. Spermio genesis in
Lumbricus terrestris. Journal of Submicroscopic Cytology, 4:
247-260.

Cotelli, F. and Lora Lamia Donin, C. 1975. Ultrastructural
analysis of mature spermatozoa of Hyalinoecia tubicola (O.F.
Mllijer) (Annelida: Polychaeta). Monit. Zool. Ital. (N.S.), 9:
51-66.

Siddall, M. E. and Burreson, E. M., 1995. Phylogeny of the
Euhirudinea: Independent evolution of blood feeding by
leeches? Can. J. Zool. 73, 1048 — 1064.



	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions

