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Abstract The Wrst morphological and ultrastructural
description of testis, WolYan duct, spermatophore, and
spermatozoon of Lissotriton italicus is provided. The male
reproductive system of this species consists of a pair of
monolobed testes, fat bodies, eVerent ductules, paired
WolYan duct, and the cloaca. The WolYan duct is pseudostratiWed, consisting of an epithelium composed of an
alternation of ciliated cells and non-ciliated secretory cells,
with scattered basal cells. Melanocytes are found in the
basal lamina of the WolYan duct. Spermiogenesis is of the
discontinuous type. In the early spermatid nuclear elongation, Xagellar extrusion and development of a large acrosomal vesicle occur. Soon the perforatorium develops and the
Xagellum elongates. In the late spermatid gradual chromatin condensation and nuclear elongation is noticeable. At
the end of spermiogenesis the Xagellum develops marginal
Wlament and undulating membrane. The mature sperm of
L. italicus consists of a distinct head (acrosome, perforatorium, nucleus and nuclear ridge, plus the apical acrosomal
barb) and a tail with axoneme, undulating membrane, and
axial Wber. Nuclear ridge and apical acrosomal barb are two
autapomorphic characters found in the Urodela. Several
apomorphic characters for Salamandroidea are also present:
elongation of the connecting piece, an apically modiWed
acrosome vesicle, trifoliate axial Wber within the principal
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piece, elongate annulus, elongate midpiece, and the gentle
merging of the axial Wber/principal piece into the endpiece.
The spermatophore of L. italicus is formed by a cap consisting of randomly distributed spermatozoa surmounting a
short pedicel. A membranelike structure involving the spermatophore is absent.
Keywords Spermiogenesis · Sperm morphology ·
WolYan duct · Spermatophore · Amphibia

Introduction
Knowledge of testes, eVerent ducts, spermiogenesis and
spermatozoal morphology and ultrastructure is indispensable for the study of reproductive biology and is of value
for reconstruction of phylogenetic relationships in many
animal taxa (Purschke and Jördens 2007; Longo and Trovato 2008; Tavares-Bastos et al. 2008; Tourmente et al.
2008) and in particular for all amphibians taxa (Baker
1965; Wake 1968, 1970; Williams et al. 1984; Zalisko et al.
1984; Brizzi et al. 1992; Lee and Jamieson 1993; Selmi
et al. 1997, 1999; Scheltinga and Jamieson 2003a, b, 2006).
In this paper, we present the Wrst morphological and
ultrastructural observations on the reproductive system,
spermiogenesis, and spermatophores in males of Lissotriton
italicus (Peracca 1898) to obtain information for a comparative analysis with other species and to reach a conclusion
on the phylogenetic relationship of the taxon. This species
is endemic in central-southern Italy (Giacoma et al. 1988;
Scillitani et al. 2004; Sperone and Tripepi 2005; Brunelli
et al. 2007). As is typical of the Salamandroidea, sperm
transfer in L. italicus takes place by means of spermatophores; they are laid by males and picked up by females.
Breeding season occurs in water, from November to May in
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Calabria (Sperone and Tripepi 2005). Embrionic development of L. italicus is typical of warm-adapted species that
reach metamorphosis in a short time (Tripepi et al. 1998): it
is due to the fact that breeding habitats of this species are
temporary and dry in late spring.
The purpose of this study is threefold. First, we provide
morphological and ultrastructural observations on the male
reproductive system, spermiogenesis, spermatozoon, and
spermatophore of this species, utilizing techniques of light
microscopy (LM), scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). Second, we
provide further information about reproductive biology of
the species. Third, we compare our data with those on morphological and ultrastructural characteristics of sperm and
reproductive ducts in other Salamandridae and in urodeles
in general.

Materials and methods
Two adult male L. italicus were collected monthly in San
Vincenzo La Costa (Calabria, Italy) from September 2003
to November 2004. Animals generally were killed and preserved within 24 h of collection. Spermatophores were collected at the end of courtship displays, after their deposition
in water from the male cloaca.
Light microscopy (LM)
Tissues prepared for LM were Wxed in Bouin’s Xuid, rinsed
in water, dehydrated with ethanol solutions (75, 85, 95,
100%), cleared with xylene, and embedded in paraYn.
They were serially sectioned at every 5 m and stained with
H&E. Tissues were examined and photographed with a
Leitz Dialux EB20 light microscope.
Scanning electron microscopy (SEM)
Spermatophores, testes, and WolYan ducts were preWxed for
2 h in cold 3% glutaraldehyde and washed in phosphate
buVer (0.05 M, pH 7.5). They were postWxed for 2 h in 1%
osmium tetroxide in the same buVer, dehydrated with ethanol
solutions (30, 50, 70, 90, 100%), immersed in hexamethyldisilazane, and coated with gold. They were observed and photographed with a Stereoscan DMS 940 Zeiss microscope.
Trasmission electron microscopy (TEM)
Small pieces of testis and vas deferens were preWxed for 2 h
in cold 3% glutaraldehyde and washed in phosphate buVer
(0.05 M, pH 7.5). Then they were postWxed for 2 h in 1%
osmium tetroxide in the same buVer, dehydrated with ethanol solutions (30, 50, 70, 90, 100%) soaked in propylene
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oxide, and then embedded in Epon-Araldite. Samples were
sectioned at 600–900 Å with LKB Ultratome III ultramicrotome. Ultrathin sections were stained with uranyl acetate
in ethanol and lead citrate, coated in an Edwards EM 400
and examined, and photographed with a Zeiss EM 900
electron microscope. Some semithin sections (1–2 m)
were stained with toluidine blue-malachite green-acid fuchsin and observed by light microscopy.

Results
Male reproductive system
The male reproductive system of L. italicus consists of a
pair of testes, fat bodies, eVerent ductules, WolYan duct
and unpaired cloaca. The eVerent ductules are arranged as a
net connecting each testis, via the upper part of the kidney,
to the WolYan duct.
Each elongated testis is composed of one lobe in which
lobules of variable size, here termed loculi, are distinguishable. In the loculi, mature spermatozoa are arranged in
characteristic half-moon shaped bundles, the sperm cysts or
spermatocysts (Fig. 1a, b). A thin tunica surrounds the testis.
Sertoli cells are in contact with the basement lamella and
are easily recognizable for the elongated nucleus with a dark
cytoplasm (Figs. 1b, 2c). The testicular loculi communicate
with a system of intratesticular ducts passing through connective tissue. EVerent ductules connect each testis with the
corresponding WolYan duct. Only during the breeding
period, the WolYan duct contains sperm randomly distributed throughout the length of the lumen (Fig. 1c, d). Coinciding with the testicular seasonal cycle, the vas deferens shows
morphological changes: its diameter is greatest during
spermiation when spermatozoa are abundant, whereas a
regression is observed at the end of spermiation. Each
WolYan duct is formed by a sequence of concamerations
(Fig. 1c). TEM observations also reveal that WolYan duct is
pseudostratiWed (Fig. 2a), consisting of an epithelium composed of an alternation of ciliated cells and not ciliated secretory cells (containing the large secretory granules), and basal
cells which do not extend to the lumen (Figs. 1d, 2a, b). The
connective tissue, subadjacent to the duct epithelium, contains Wbroblasts, melanocytes, circular smooth muscle, and
blood vessels (Fig. 2a). Sperms removed directly from the
duct do not undulate, but are immotile and inactive.
Spermiogenesis
Spermiogenesis occurs from late August to September and
it is of the discontinuous type as in other amphibians. This process involves nuclear elongation, chromatin condensation,
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Fig. 1 a Scanning electron micrograph (SEM) of a sperm bundle
(cyst). b Light microscopy (LM). Cyst of spermatozoa in the testis.
c LM of a section of the WolYan duct containing spermatozoa. d SEM

of lumen of the WolYan duct, showing spermatozoa and ciliated cells.
B sperm bundle, CC ciliated cell, S spermatozoa, SE Sertoli cell

acrosome formation, and development of the Xagellum with
its accessory structures.
During spermiogenesis germ cells form groups of cells,
at the same stage of diVerentiation, and constitute a spermatocyst (Fig. 2c). Sertoli cell encloses each germinal cyst.
Spermatids remain anchored to the numerous cytoplasmic
processes of the Sertoli cells during all stages of spermiogenesis (Fig. 3f, g).
In the early spermatid, nuclear elongation and a Wrst
Xagellar extrusion (Fig. 2e) occur. The Xagellum originates
near the posterior region of the nucleus; its proximal region
is ensheathed by the developing ring, in which two distinct
portions can be observed: a granular proximal ring and a
distal lamellar ring (Figs. 2e, 3b). The distal ring, which
consists of a series of concentric double bands with associated dense particles, contains the distal centriole. Proximal
centriole is located in the basal nuclear fossa.

At the same time a large and approximately spheroidal
acrosomal vesicle containing small quantities of a Xocculent material develops at the anterior end of the nucleus
(Fig. 2d, f, h). The nucleus develops a depression at the
point of contact between the acrosomal vesicle and the
nuclear envelope, where a narrow electron-dense plate
intervenes (Figs. 2d–f).
Subsequently, the perforatorium develops and has a
cylindrical structure composed of two distinct, homogeneous, concentric layers with diVerent electron-density
(Figs. 2f, g, 4f). Anteriorly, the perforatorium is connected
to the acrosomal plate but it does not come into contact
with acrosome (Fig. 2d).
The Xagellum originates from the distal centriole in the
posterior vicinity of the nucleus and shows the principal
components, marginal Wber, and axial Wber, that at an anterior level are close together, separated by the axoneme
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䉳 Fig. 2 Trasmission electron micrographs (TEM) of WolYan duct
(a–b) and testis (c–h). a Sagittal section of part of the WolYan duct.
b Ciliated cells adn granulocytes of the WolYan duct. c Spermatocysts, groups of Sertoli cells surrounding spermatids. d Longitudinal
section of an isodiametric spermatid showing developing acrosome.
e Longitudinal section of spermatid at commencement of elongation.
f Longitudinal section of anterior region of elongating spermatid,
showing developing acrosome, and perforatorium deeply penetrating
the nucleus. g Transverse section of spermatid at the same stage as F.
h Longitudinal section of anterior region of elongating spermatid to
one side of the perforatorium. a acrosome vesicle, BC basal cell, C
connective tissue, CC ciliated cell, G granulocyte, m mitochondria,
MC melanocyte, mt microtubules, n nucleus, p perforatorium, PC
pavement cell, r ring or annulus, SE Sertoli cell, SP Spermatids

(Fig. 3a, b). The axoneme has the usual 9 + 2 arrangement:
two central microtubules (singlets) and nine peripheral
pairs (doublets) provided with dynein arms (Fig. 3e, h).
In the late spermatid, gradual chromatin condensation
occurs (Fig. 3c, f, g). Simultaneously with this condensation, nuclear and cellular elongation is completed. The
spermatid is characterized by the presence of perinuclear
microtubules and microtubules of the Sertoli cells, the
former being arranged circularly around the nucleus and the
latter arranged parallel to the long axis of the spermatids
(Fig. 3f, g).
Only at the end of spermiogenesis does the acrosome
vesicle come into contact with the perforatorium and both
structures elongate (Fig. 3d). The Xagellum consists of its
accessory structures, including the undulating membrane
that connects the axoneme, Xanked by the marginal Wlament with the axial rod. The marginal Wlament is also
known as the juxta-axonemal Wber at 8, as lies opposite
doublet 8 of the axoneme. Distally, the axial Wber becomes
clover-shaped (trifoliate) (Fig. 3e). The endpiece of each
spermatid Xagellum is constituted by the axoneme and a
reduced marginal Wlament only (Fig. 3h).
Mature spermatozoa
Mature spermatozoa average 360.8 § 6.1 m in total
length, (n = 25, from Wve diVerent males) with the head
occupying a third of the length. SEM and TEM reveal the
presence of a nuclear ridge (Fig. 4i) and the acrosomal barb
(Fig. 4b, g). The barb, subapical on the head, extends posterolaterally with a length of 2.2 m. With the acrosomal
vesicle it constitutes the acrosome proper, which with the
perforatorium makes up the acrosomal complex (Fig. 4g).
The perforatorium is a cylindrical structure beginning from
the base of acrosomal barb (Fig. 4e–g) and extends into the
anterior end of the nucleus, within the endonuclear canal
(Fig. 4h). The perforatorium retains two distinct homogeneous concentric layers with diVerent electron-density
(Fig. 4f); it is also enveloped for its entire length by the
conical acrosomal vesicle. TEM shows that the head is
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made of an acrosome and of a nucleus. SEM shows a tail
composed of an axial rod with an undulating membrane
coiled around it (Fig. 4a, c).
The nucleus is composed of homogeneously electrondense chromatin and has two terminal cavities or fossae: an
anterior one (Fig. 4f, i) constituting the endonuclear canal
and containing the posterior region of the perforatorium,
and a posterior one (Figs. 4j, 5a, b), the basal nuclear fossa,
which contains the connecting piece. The proximal and distal centrioles lie at the caudal end of the nuclear fossa,
embedded in a granular matrix (Fig. 5a, proximal centriole). The proximal centriole, from which the axoneme originates, is obliquely oriented with respect to the longitudinal
nuclear axis. At the level of the nuclear fossa the chromatin
is arranged in a peripheral layer of small particles. The
region between connecting piece and tail constitutes the
so-called neck (Figs. 4d, 5a). On the nucleus, the nuclear
ridge is composed of densely packed parallel microtubules
which lie under the nuclear membrane, in contact with the
chromatin; in transverse section it has a semicircular
appearance (Fig. 4i).
The tail has the components described for the late spermatid: the axoneme, with its marginal Wlament, connected
by the undulating membrane to the axial Wber. In the anterior region of the tail mitochondria accompany the axial
Wber, as a halfmoon-shaped border, deWning the midpiece.
The midpiece thus consists of Wve components: mitochondria, axial Wber, undulating membrane, axoneme together
with a considerable amount of cytoplasm, and the marginal
Wlament (Fig. 5c–e). The axial Wber, in transverse section,
is horseshoe-shaped near the head (Fig. 5c). In a distal
direction, its thickness decreases and it becomes at Wrst
approximately crescentic or halfmoon-shaped (Fig. 5d),
then clover-shaped (trifoliate) (Fig. 5f). The tail terminates
with a short endpiece. This commences where the axial rod
merges with the undulating membrane; it consists only of
the axoneme together with the marginal Wlament, the crescentic shape of which has here become oblong-ovoid. There
is a considerable zone of cytoplasm between the doublets
and the plasma membrane in the endpiece as also seen in
the vicinity of the axial Wber (Fig. 5g).
In the WolYan duct, sperm preserve all the features
described including the acrosomal barb, axial rod and undulating membrane.
Spermatophore
In L. italicus fertilization of the eggs occurs in the cloaca of
the female. At the end of a complex courtship display,
which involves three main phases (orientation display,
static display, and retreat display), the male deposits his
sperm in a single package, the spermatophore. The female
is manipulated in a way that ensures that the spermatophore
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䉳 Fig. 3 TEM sections through spermatids. a Transverse section
through the annulus, axial Wber and axoneme. b Longitudinal section
through the nuclear fossa (containing the connecting piece) annulus
and axial Wber. c Transverse section through uncondensed nuclei.
Spermatids are not connected by intercellular bridges. d Longitudinal
section through acrosome vesicle and perforatorium, the latter
penetrating the nucleus and the acrosome. e Transverse sections
through marginal Wlament (juxta-axonemal Wber) and large axial Wber.
f Transverse section near the tip of the nucleus, showing the
perforatorium. Microtubules fringe the nucleus. g Transverse sections
of nuclei, microtubules and mitochondria. h Transverse sections of
developing sperm tails in the posterior region where the axial Wber is
absent and the marginal Wlament (juxta-axonemal Wber) is much
reduced. a acrosome vesicle, af axial Wber, arrowhead Sertoli cell
microtubules, dlr distal lamellar ring, m mitochondria, mf marginal
Wlament (juxta-axonemal Wber), mt microtubules, n nucleus, nf nuclear
fossa, p perforatorium, pgr proximal granular ring

is taken up into her cloaca and sperm migrate to spermathecae in the roof of the cloaca. The spermatophore of
L. italicus is characterized by a cap and a short base or pedicel (Fig. 5h). A membranelike structure involving the spermatophore is absent. The central area of the cap consists of
free cytoplasmic droplets and Wbrous material. Sperms are
neither in groups nor aligned, but randomly distributed
throughout the periphery of the cap. However, they are less
abundant in the center of the cap. Sperms do not undulate at
the periphery of the cap on freshly deposited spermatophores, but they are inactive and immotile.

Discussion
Reproductive system
The male reproductive system of L. italicus appears to be
dissimilar to that of anurans (Bhaduri 1953; Bhaduri and
Basu 1957) and urodeles exempliWed by Salamandra (Lofts
1974; Bergmann 1994) in which the testes are connected to
the WolYan duct by the eVerent ductules only via the upper
part of the kidney.
The testis of L. italicus is externally monolobed and is
formed by characteristic internal lobules, here termed
loculi, in which mature spermatozoa form half-moonshaped bundles (spermatocysts). The presence of internal
lobules and sperm half-moon shaped bundles is similar to
those described by numerous authors for other urodeles
(e.g. Pudney et al. 1983; Schindelmeiser et al. 1985;
Bergmann 1994; Uribe et al. 1994; Uribe 2003).
As observed in other amphibians (Lofts 1974; Bergmann
et al. 1983; Uribe 2003), in the testis of L. italicus each Sertoli cell is in contact with a single germ cell throughout
spermiogenesis. The synchronous development of a cyst
suggests possible interactions between germinal and Sertoli
cells: the latter may provide structural and functional support. In particular, microtubules of Sertoli cells seem to
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supply structural support for germ cell diVerentiation (Reed
and Stanley 1972; Rastogi et al. 1988; Bào et al. 1991). In
addition, Sertoli cells control the position of sperm cells
and synchrony of spermatogenetic events during spermiogenesis (Flickinger and Fawcett 1967; Vogl and Soucy
1985).
Few data exist on cell types in urodeles WolYan ducts:
most accounts describe only a mono-layer cubical to prismatic (Lofts 1974; Bergmann et al. 1983), but Uribe (2003)
recognized columnar, cuboidal and spherical or ovoid cells.
In L. italicus our observations allowed us to assert for
the Wrst time that the WolYan duct has a pseudostratiWed
structure with ciliated and non-ciliated secretory cells. The
WolYan duct is not only involved in sperm storage, conservation and maturation, but also in fertilization biology: the
secretory activity of non-ciliated cells may provide favorable conditions for sperm storage until breeding and facilitate the transport of spermatozoa. In mammals these cells
produce in particular glycoproteins and carbohydrates
(Hermo et al. 1991, 1994; Jones 1999). The ciliated cells
are probably involved in sperm transport from the testes to
the cloaca; according to our observations, in this stage,
spermatozoa are non-motile. Similar ciliated cells were
described in birds (Baldan et al. 2003) and mammals (Kennedy and Heidger 1979) where sperm immotility in the vas
deferens is presumed. Also muscle contractions were possibly involved to the transport of sperm cell towards the
proximal regions.
Spermatozoa are present in the WolYan duct even after
complete sperm evacuation from the testes. This suggests
that the WolYan duct may function as a potential sperm
supplier for later breeding sessions.
Spermiogenesis
Spermiogenesis of L. italicus is of the discontinuous type
as observed for most other amphibians (Bào et al. 1991,
2001). It involves nuclear elongation, chromatin condensation, acrosomal formation, and Xagellar development.
The Wrst two processes induce the conversion of a spherical nucleus with scattered chromatin into a cylindrical
nucleus with greatly condensed chromatin (Myles and
Hepler 1982). The way in which these events are carried
out has been described in many animal taxa (e.g. Fawcett
1958; Bào et al. 1991; Soley 1997; Amaral et al. 1999):
in accordance with these works, we observed in
L. italicus that Wne chromatin in the nucleus of the early
spermatid is gradually replaced by larger granules to
form the typical condensed chromatin observed in the
mature sperm.
Unlike anuran sperm (Burgos and Fawcett 1956; Reed
and Stanley 1972; Rastogi et al. 1988) but as observed in
other Salamandridae (Barker and Biesel 1967), the
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䉳 Fig. 4 SEM of mature spermatozoa. a Entire spermatozoon. The
undulating membrane occupies much of its length. b Anterior region
with subapical barb typical of salamandroids. c Detail of the undulating
membrane. d Emergence of the axial Wber and the undulating membrane from the centriolar region. TEM of mature spermatozoa. e Transverse section of acrosomal barb and perforatorium. f Transverse
sections of several spermatozoa in the region of the acrosome vesicle,
nuclear rostrum and contained perforatorium with, top right, a section
through the barb. g longitudinal section of the acrosome complex. h
Transverse sections of many nuclei in or shortly behind the perforatorial region. i Transverse section of the nucleus, contained perforatorium and microtubules of the external nuclear ridge. j Transverse
sections of strongly condensed nuclei and, on the right, a section
through the connecting piece within the nuclear fossa. a acrosome vesicle, ab acrosomal barb, af axial Wber, mf marginal Wlament, n nucleus,
nf nuclear fossa, nr nuclear ridge, p perforatorium

acrosome is developed even in the early spermatid: in this
phase it is roundish and is constituted of moderately
electron-dense material. However, an acrosome vesicle is
illustrated for the isodiametric spermatid of the anuran
Discoglossus by Sandoz (1970).
Soon the perforatorium associates with acrosome. A perforatorium in spermatids has been observed in many
amphibians (Burgos and Fawcett 1956; Baker 1962; Barker
and Biesel 1967; Scheltinga and Jamieson 2003a, b, 2006).
This structure is formed by actin Wlaments and plays an
important role during the acrosomal reaction and egg penetration (Baccetti et al. 1980).
During spermiogenesis a dense ring of material forms
around the distal centriole in early spermatids, as shown for
L. italicus. Two distinct portion of the ring can be observed.
It has been shown that these have distinct fates during late
spermiogenesis, forming a granular proximal ring and a distal lamellar ring. It is the distal ring that elongates and
forms the annulus (references in Scheltinga and Jamieson
2003a).
An electron-dense annulus in the form of an elongate
ring is present in ambystomatid, amphiumid, plethodontid,
rhyacotritonid, and salamandrid spermatozoon, beginning
within the neck region and extending posteriorly along the
axial Wber for the length of the midpiece.
The annulus is located along the margins of the longitudinal groove of the axial Wber in amphiumids, plethodontids, rhyacotritonids, and salamandrids. The elongate form
of the annulus in salamanders is an apomorphic character as
supported by presence of a plesiomorphically small circular
annulus in hynobiid sperm (Scheltinga and Jamieson
2003a).
The Xagellum also originates in the early spermatid, but
it concludes its development only at the end of spermiogenesis when the undulating membrane is formed and the axoneme and axial rod are separated. During the early phases
of development, the Xagellum is accompanied by a mitochondrial multilayer.
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Spermatozoon
In this paper, we provided for the Wrst time the description
of sperm ultrastructure of L. italicus. Data collected on
sperm morphology conWrm the description outlined for the
urodele spermatozoa (Baker 1962, 1966; Barker and Biesel
1967; Picheral 1967, 1979; Barker and Baker 1970;
Wortham et al. 1977, 1982; Selmi et al. 1999).
L. italicus diVers from other studied newts in that the
nuclear ridge in transverse section is semicircular, whereas
in T. carnifex, M. alpestris, L. vulgaris (Selmi et al. 1997),
T. cristatus (Nicander 1970) and T. helveticus (palmatus)
(Picheral 1979) it is circular.
The general morphology of Urodela spermatozoa, with
the exception of those of Sirenidae, is uniform relative to
the great diversity seen in Anura and, to a lesser extent, in
caecilians. Urodele sperms are elongate and composed of a
distinct head (acrosome and nucleus) and a tail with axoneme, undulating membrane, and axial Wber. Those of the
Sirenidae (excluded from the Urodela sensu stricto) are distinctive in having two axonemes and undulating membranes running the length of the spermatozoon (references
in Scheltinga and Jamieson 2003a).
Of the six species a time belonging to the Triturus genus
and for which sperm length has been recorded, that of
L. italicus is closest to M. Alpestris and L. vulgaris.
Recorded lengths, in m, are: M. alpestris, 305–370 (Selmi
et al. 1997); T. carnifex, 190 (Furieri 1962) or 250–300
(Selmi et al. 1997); T. cristatus, »600 (Falakali et al.
1994); T. helveticus, 650 (Picheral 1979): L. vulgaris,
»600 (Falakali et al. 1994) or 350–400 (Selmi et al. 1997),
and L. italicus, 360.8 § 6.1 (present study). No length data
are available for the seventh species, T. marmoratus, examined by Fraile et al. (1992). A discussion on some interesting features of the sperm of L. italicus follows.
The general structure of the acrosomal complex in
L. italicus is similar as observed in other urodeles. A barb is
absent from the sperm of anurans and caecilians. It is present in salamandroids: ambystomatids, plethodontids, rhyacotritonids, and salamandrids (with the exception of
Taricha granulosa) and typically consists of a subapically
postero-lateral process, as in L. italicus. A deWnite barb is
plesiomorphically absent in urodeles, as it does not occur in
amphiumids, cryptobranchids and hynobiids, or dicamptodontids. The functional signiWcance of the barb has
remained unknown, but it is here suggested that it may
function to anchor the sperm at the apex of the testicular
sperm cysts or possibly in the cap of the spermatophore,
though a role in fertilization cannot be excluded.
A barb of the type seen in L. italicus was illustrated by
Retzius (1906) for M. alpestris, and T. cristatus and has
been shown to be present is T. carnifex by Selmi et al.
(1997), using SEM. Recorded lengths, respectively, for the
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䉳 Fig. 5 Sections of mature and almost mature spermatozoa. a Longitudinal section of the neck region of an almost mature spermatozoon,
showing the connecting piece in the nuclear fossa, proximal centriole,
annulus and anterior Xagellum. b Transverse section of the nuclear
fossa. The nucleus forms a sheath around the connecting piece.
c Transverse section of the Xagellum. The axial Wber is bordered by
mitochondria and connects via the undulating membrane with the
axoneme and its marginal Wlament (juxta-axonemal Wber). d Same but
posterior to the mitochondrial region. e Longitudinal section of the
axial Wber and fringing mitochondria. f Transverse sections of sperm
Xagella behind the mitochondrial region, with trifoliate axial Wbers.
g Transverse sections of posterior regions of two Xagella. The axial
Wber is absent and the marginal Wlament is reduced, in the absence of
an undulating membrane. h SEM of the ‘cap’ of a spermatophore with
a small portion of the stalk seen at bottom right. af axial Wber, m
mitochondria, mf marginal Wlament, n nucleus, nf nuclear fossa, pc
proximal centriole, r ring or annulus, um undulating membrane

acrosome vesicle and barb of some Salamandridae, in m,
are M. alpestris, 10.5, 2.5; T. carnifex, 4.6, 2; L. vulgaris,
11.5, 2.5 (all Selmi et al. 1997) and L. italicus, 10.0, 2.3
(present study).
In L. italicus as in other salamanders, the mature sperm
nucleus is a very long cylinder narrowing anteriorly. It is
circular in transverse section, composed of strongly condensed chromatin. Enclosed within the nuclear membrane,
though a non-chromatin structure, is the elongate ‘nuclear
ridge’. It is composed of closely adpressed and regularly
arranged microtubules orientated parallel to the long axis of
the nucleus. The ridge begins at the level of the nuclear
shoulders and extends posteriorly along the nucleus. Variation in the circumferential and longitudinal extent of the
nuclear ridge or ridges (in hynobiids Wve separate ridges) is
discussed in detail by Scheltinga and Jamieson (2003a). In
L. iltalicus the ridge occupies only the anterior fourth.
The presence of a nuclear ridge, though unknown in cryptobranchids, appears to be an autapomorphy of the Urodela
as suggested by Selmi et al. (1997) and Jamieson (1999) as it
is not seen in the spermatozoa of any other. The role of
nuclear ridge is not clear (Scheltinga and Jamieson 2003a).
In L. italicus, as in most urodeles, the tail is composed of
three regions: midpiece, principal piece, and endpiece.
Either midpiece or principal piece may be absent in some
salamanders (see Scheltinga and Jamieson 2003a). As in
L. italicus, the midpiece occurs along the anterior portion
of the tail and contains the marginal (juxta-axonemal) Wber
associated with doublet 8, axoneme, undulating membrane,
axial Wber, and mitochondria. The principal piece occurs
posterior to the midpiece, containing the same structures
with the exception of mitochondria. A relatively short endpiece consisting of only the juxta-axonemal Wber and axoneme occurs at the free end of the tail. The structure of the
spermatozoon tail is highly distinctive of amphibians, the
unilateral location of the undulating membrane and its axial
Wber being synapomorphic conditions for the Lissamphibia
relative to the bilateral condition in dipnoan Wsh (Jamieson
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et al. 1993; Jamieson 1995, 1999; Scheltinga and Jamieson
2003a).
The axial Wber in L. italicus, as in other urodele sperm
lies on the same side of the axoneme as doublets 2, 3, and 4.
It extends from the base of the connecting piece or nuclear
fossa to the beginning of the endpiece, progressively changing in shape, nature, and size posteriorly. It is absent from
all but the most anterior portion of the endpiece.
Running the length of the axoneme, and closely associated with doublets 7, 8, and 9, in L. italicus as in other salamanders, is a longitudinal Wber, the juxta-axonemal Wber at
8. Posteriorly, the juxta-axonemal Wber decreases in size;
however, it is often enlarged again within the endpiece,
though not in L. italicus.
For most of the length of the L. italicus sperm tail a well
developed undulating membrane (cytoplasmic sheath)
occurs between the axoneme (near doublets 2, 3, and 4) and
the axial Wber. The lateral extent (distance between axoneme and axial Wber) varies between 0.25 and 4.2 m. The
maximum recorded width (lateral extent) of the undulating
membrane of Triturus spermatozoa is as follows: M. alpestris,
T. carnifex, and L. vulgaris, 3.0 m (Selmi et al. 1997);
L. italicus 1.9 m (present study). The posterior end of the
undulating membrane deWnes the beginning of the endpiece
(Scheltinga and Jamieson 2003a).
In conclusion, spermatozoa of L. italicus shows two
autapomorphic characters for the Urodela: (1) the presence
of the nuclear ridge (unknown in cryptobranchids) and; (2)
the unilateral modiWcation of the anterior acrosome vesicle;
e.g., as a barb, as well as having several internal unique
characters.
The spermatozoa of salamandrids including L. italicus
and other Salamandroidea (ambystomatids, amphiumids,
dicamptodontids, plethodontids, proteids, rhyacotritonids)
possesses several apomorphic characters for Salamandroidea, including: elongation of the connecting piece, an apically or subapically modiWed (hooked, knobbed, or barbed)
acrosome vesicle (unknown in proteids), trifoliate axial
Wber within the principal piece (absent in rhyacotritonids),
elongate annulus (secondarily lost in dicamptodontids and
unknown in proteids), elongate midpiece (secondarily lost
in dicamptodontids), and the gentle merging of the axial
Wber/principal piece into the endpiece.
Spermatophore
Among urodele spermatophores, three diVerent microstructures are known: (1) in Ambistomatidae the central area of
the cap is surrounded by a membranelike structure, distorted
near the top of the stalk; sperm are concentrated in groups at
the cap surface with heads directed outwards and tail inward
(Russel et al. 1981); (2) in Notophthalmus viridescens,
L. vulgaris and Cynops pyrrhogaster the membranelike

123

194

structure is rounded; in N. viridescens sperm are concentrated
on the periphery in coiled groups with heads and tails in
register, and heads directed inward (Zalisko et al. 1984); in
L. vulgaris and C. pyrrhogaster sperm are randomly distributed throughout the periphery of the cap and they are less
abundant in the center of the cap (Zalisko et al. 1984); (3) in
Pleurodeles waltl the membranelike structure is absent and
spermatozoa are distribuited randomly throughout the
periphery of the cap (Zalisko et al. 1984). The spermatophore
of L. italicus has a simple structure in which sperm are
randomly distributed throughout the periphery of the cap.
Probably, as suggested for L. vulgaris (Zalisko et al. 1984), a
proteinaceous matrix, formed by mucoproteins and glycoproteins, holds together spermatozoa.
The structure of the spermatophore of L. italicus is similar to that described for P. waltl for the absence of the
membranelike structure and to that described for P. waltl,
L. vulgaris, and C. pyrrhogaster for the random distribution
of sperm throughout the periphery of the cap. It diVers
greatly from the spermatophores of Ambystoma texanum,
A. tigrinum, and N. viridescens.
Taxonomic variations in sperm distribution in the spermatophore cap suggests that each arrangement enhances
eYciency of sperm transfer to the female and is related to
courtship behavior, to diVerences in site of spermatophore
deposition, and to amount of the cap retained in the
female’s cloaca during courtship. In L. italicus, as in other
salamandrids and ambystomatids that court under water,
females squat over the spermatophore, inserting the cap
into the cloaca, rise and move away, usually leaving the
base and a part of the cap attached to the substratum. The
random distribution of sperm throughout the periphery of
the cap enhances a rapid removal of suYcient number of
spermatozoa. After spermatophore is taken up into the cloaca of the female, sperm become motile and migrate to
spermathecae in the roof of the cloaca.
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