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Testes of salamanders or urodeles are paired elongated
organs that are attached to the dorsal wall of the body by a
mesorchium. The testes are composed of one or several lobes.
Each lobe is morphologically and functionally a similar
testicular unit. The lobes of the testis are joined by cords
covered by a single peritoneal epithelium and subjacent
connective tissue. The cords contain spermatogonia.
Spermatogonia associate with Sertoli cells to form
spermatocysts or cysts. The spermatogenic cells in a cyst
undergo their development through spermatogenesis
synchronously. The distribution of cysts displays the cephalo-
caudal gradient in respect to the stage of spermatogenesis.
The formation of cysts at cephalic end of the testis causes their
migration along the lobules to the caudal end. Consequently,
the disposition in cephalo-caudal regions of spermatogenesis
can be observed in longitudinal sections of the testis. The
germ cells are spermatogonia, diploid cells with mitotic activity;
primary and second spermatocytes characterized by meiotic
divisions that develop haploid spermatids; during
spermiogenesis the spermatids differentiate to spermatozoa.
During spermiation the cysts open and spermatozoa leave the
testicular lobules. After spermiation occurs the development of
Leydig cells into glandular tissue. This glandular tissue
regressed at the end of the reproductive cycle.

Introduction

The basic progression of sperm development in urodeles pro-
ceeds similarly to the rest of vertebrates. Spermatogenesis occurs
in the testes and is maintained by a stem cell population, the
spermatogonia, which permit constant supplies of abundant
male gametes. Spermatogonial stem cells divide through mitosis
to produce generations of spermatogonia which enter the sper-
matogenic cycle. Spermatogonia develop into spermatocytes that
undergo meiosis through primary and secondary spermatocytes
to produce haploid cells, the spermatids. Spermatids differentiate
into mature sperm through morphological and functional
changes during spermiogenesis, which results in the mature
spermatozoa.

Testicular Structure

The testes are paired and elongated organs, attached to the dorsal
side of the body cavity by the mesorchium. The testes are aligned in
parallel position to the long axis of the body, and consequently, they
are parallel to the mesonephros,Wolffian or mesonephric ducts, and
rudimentaryM€ullerian or paramesonephric ducts.1-10

The testes of urodeles are composed of one or several lobes.
Each lobe is morphologically and functionally a similar testicular
unit. In some species, sexually immature males have a testis con-
taining only one lobe, whereas mature males have a testis contain-
ing multiple lobes.11 The number of testicular lobes depends on
the age of the animal.3,12 Testis with multiple lobes were described
in various species: Desmognathus fuscus, Diemyctylus viridescens,
Diemyctylus torosus, and Salamandra atra11; Triturus viridescens1;
Taricha granulosa2; Trituroides hongkongenesis13; Triturus crista-
tus14; Diemyctylus viridescens, Cynops pyrrhogaster4; Triturus mar-
moratus15; Salamandra salamandra3,16,12,17, Bolitoglossa occidentalis,
B. rostrata, Dendrotriton bromeliacia, Pseudoeurycea goebeli18, Pleu-
rodeles waltl.19 Other species have simple testes, formed by one
lobe, regardless of their age, as Eurycea quadridigitata,20 Salaman-
drina terdigitata5 and Lissotriton italicus.21

The lobes of the testis are joined by narrow interlobar cords
covered by a single peritoneal epithelium and subjacent vascular-
ized connective tissue. These cords contain spermatogonia among
the connective tissue.4,11,12,22 The lobes and interlobar cords are
illustrated in Taricha granulosa (Fig. 1A).

Several authors have described the structure of testicular lobes
in urodeles.4,7-10,14,23-26,27-30, The testicular lobes are surrounded
by fibrous connective tissue which forms the tunica albuginea.
The internal structure of the testicular lobes consists of abundant
longitudinal lobules, separated by trabeculae of thin and vascular-
ized connective tissue, that is a continuation of the tunica albugi-
nea. Among the trabeculae of connective tissue and near the
capillaries there are Leydig cells. Each lobule contains several
cysts with spermatogenic cells in different stages of development.
The spermatogenic cells in a cyst undergo their development
through spermatogenesis synchronously.

The distribution of cysts displays the cephalo-caudal gradient in
respect to the stage of spermatogenesis (Figs. 1A, 2A,B). This type
of spermatogenesis process has been termed the spermatogenesis
wave.31 The cephalic edge of the testis contains spermatogonia,
either as individual cells or in small groups as hollow chambers
lined by the spermatogonia. Progressively, there are lobules within
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which primary and secondary spermatocytes, spermatids, and sper-
matozoa are formed.19,20,29,30,32,33 The continuous formation of
cysts at cephalic end of the testis causes their migration along the
lobules to the caudal end. Consequently, the disposition in ceph-
alo-caudal regions of spermatogenesis can be observed in longitu-
dinal sections of the testis (Fig. 2A), meanwhile, in transversal
sections, all cysts are approximately at the same stage, resulting in
a spatial and temporal segregation of differentiating germ cells.

During the reproductive cycle the type of spermatogenic cells and
the number of cysts differ.2,4,12,34,35 For instance, the endemic uro-
deles of Mexico, Ambystoma dumerilii from Patzcuaro Lake, and A.
mexicanum from Xochimilco Lake, have a spring breeding season.
In this annual cycle sperm mature in summer and autumn and
occupy the most of testicular lobe and only a small area, at the
cephalic end of the lobe, contains spermatogonia and some cysts
with spermatocytes and spermatids. Spermatozoa are stored during
several months in the testis and in the ducts system. When females
spawn in the next spring, then, the males release spermatozoa and
the fertilization occurs. In contrast to this cycle, Cryptobranchus alle-
ganiensis and Necturus maculosus, spermatozoa are produced only
shortly before spawning by a very rapid phase of spermiogenesis.3,4

We illustrate the testis and spermatogenesis in urodeles here with the
species Ambystoma dumerilii and A. mexicanum.

A cyst is formed when a primary spermatogonium becomes sur-
rounded by a Sertoli cell (Figs. 2C,D). Thus, the Sertoli cell forms
the wall of the cyst.3,12,15,36,37,38 The synchronous development of
spermatogenic cells inside a cyst, during spermatogenesis is a result
of persistent intercellular cytoplasmic bridges between germ cells,
and these bridges are due to incomplete cytokinesis during the
mitotic divisions of germ cells. The Sertoli cells have complex and

essential functional relationships with the
spermatogenic cells. Sertoli cells maintain a
permeability barrier to spermatogenic cells
during spermatogenesis, determine the
endocrine activity that controls spermato-
genesis, phagocytose degenerating sper-
matogenic cells and residual bodies during
the spermiogenesis, and form specific anti-
gens.25,31,37,39,40 During spermiation,
when the cysts open and spermatozoa leave
the testis, Sertoli cells (Fig. 2D) remain
inside the lobule (Fig. 2D) and undergo
morphological changes (Figs. 3C,D) con-
sistent with the acquisition of steroid secret-
ing behavior. Sertoli cells then degenerate
and disappear. According to the cell cycle
of Sertoli cells, they are not a permanent
cell type in the testis; consequently, their
cyclic supply is of great importance for the
development of cysts andmaintaining sper-
matogenesis in the males.38

The Leydig cells are in the testicular
interstitial tissue, between the lobules.
These cells present cyclic morpho-physio-
logical changes according to the stage of
spermatogenesis. The Leydig cells are

small and irregular in shape during spermatogenesis, but initiate
proliferation, hypertrophy and maturation, developing a glandu-
lar tissue around the lobules, during and after spermia-
tion.39,41,42-44 The cephalo-caudal disposition of
spermatogenesis in the testis defines the spermiation at the caudal
region; consequently, the development of Leydig cells at this
region involves a complex interaction that demonstrates local reg-
ulatory control of testicular function.10 Leydig cells attain 35–
55 mm in diameter7,9 and contain lipids, becoming sites of
androgen synthesis (testosterone and 5a-dihydrotestosterone).
During the regression period, Leydig cells suffer rapid involu-
tion.28 The morpho-physiological changes of Leydig cells are
described in several species: Ambystoma tigrinum26,28; Trituroides
hongkongensis13; Cynops pyrrhogaster pyrrhogaster45; A. mexica-
num32,39; and Necturus maculosus31,43; Triturus marmoratus.36,44

Spermatogenesis

In most urodeles, spermatogenesis has cyclic changes under
the control of the neuroendocrine system and is influenced by
environmental factors, such as temperature, rainy season and
photoperiod.27,28,29,46,47 Spermatogenesis is regulated by follicle-
stimulated hormone (FSH) released by the adenohypophysis.
Sertoli cells express FSH receptors from early spermatogenesis
through the spermatid stage. FSH, through its actions on Sertoli
cells, is involved in the mitotic activity of the spermatogonia, the
meiotic divisions of primary and secondary spermatocytes during
the formation of spermatids and spermiogenesis throughout the
development of the spermatozoa.32,38 Luteinizing hormone (LH)

Figure 1. A. Testicular lobes of Taricha granulosa. The testicular lobes (TL) are joined by an interlobar
cord (IC). The cephalic region of the lobe contains spermatogonia (1) and spermatocytes (2) and the
caudal region contain spermatozoa (3). Hematoxylin-eosin. Bar D 200 mm. Courtesy of Dr. Harry J.
Grier.
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plays a role in spermiation and testosterone secretion.28,31 Addi-
tionally, spermatogonia and spermatocytes of Triturus marmora-
tus marmoratus showed a positive reaction to androgen, estrogen
a, and estrogen b receptors during the annual reproductive cycle,
suggesting that there is an androgen-estrogen regulation of the
function and development of the newt testis.48

As discussed previously, during the cyclic changes a longitudi-
nal wave of spermatogenesis occurs along the length of the tes-
tis.11,31 Spermatozoa are formed by mitotic multiplication of
spermatogonia followed by meiosis in spermatocytes and spermio-
genesis in spermatids. According to these observations, the testicu-
lar cycle of urodeles advances from a period of spermatogenesis to
a period of maturation, spermiation and regression.

During spermiation, spermatozoa are progressively released
from the testes to the efferent ducts.13,28,39,34,49,44 The urodele
testicular cycle is synthesized in several phases: proliferative
phase, characterized by mitotic divisions, when proliferation of
spermatogonia forms new cysts where spermatocytes advance in
spermatogenesis; meiotic phase, characterized by meiotic divi-
sions, when primary and second spermatocytes are formed and
develop spermatids; spermiogenesis phase when spermatids dif-
ferentiate to spermatozoa; and, spermiation when cysts of sper-
matozoa open and spermatozoa leave the testicular lobules. After
spermiation occurs the development of Leydig cells into glandu-
lar tissue. This glandular tissue regressed at the end of the repro-
ductive cycle.10

Figure 2. Cephalo-caudal disposition of the spermatogenic stages in longitudinal sections of the testes of Ambystoma dumerilii. (A,B). Three testicular
regions of spermatogenesis advance progressively along the cephalo-caudal axis. (1) Starting at the cephalic region, the testis contains numerous lobules
with early stages of spermatogenesis, which include spermatogonia, primary and secondary spermatocytes. (2) Subsequently, middle stages of sper-
matogenesis with spermatids. (3) Followed by late stages of spermatogenesis with spermatozoa. The testicular lobules enclose several cysts (cy) with ger-
minal cells in synchronous stages of spermatogenesis. Alcian blue. Bar D 200 mm. Bar D 50 mm. (C,D). Sections of the peripheral cephalic region of the
testis with cysts of proliferating spermatogonia. Primary spermatogonia (1Sg) and secondary spermatogonia (Sg2) are seen. The secondary spermatogo-
nia form clusters surrounding a central lumen (L), structures that originate the testicular lobules. The clusters of secondary spermatogonia are delimited
by loose connective tissue (ct). One secondary spermatogonium shows mitotic activity (*). Alcian blue. Bar D 20 mm.
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Morphology of germ cells during spermatogenesis
The stages of spermatogenic cell maturation, in a variety

of species of urodeles, was described by several authors: in
Desmognathus fusca23; in Necturus maculosus24,31; in Ambys-
toma tigrinum25,26,28; in Pleurodeles waltlii50; in Tritutoides

hongkongensis13; in A. mexicanum27,49; in Salamandrina terdi-
gitata5; in Triturus marmoratus44,47; in Salamandra salaman-
dra12,16,17; in A. dumerilii29; in Batrachuperus pinchonii51;
Uribe in A. mexicanum and A. dumerilii8,9; in Lissotriton ita-
licus.21 A cinematographic study of meiosis in salamander

Figure 3. Cephalic region of the testis of Ambystoma dumerilii with primary and secondary spermatogonia. (A). A primary spermatogonium (1Sg) and
several secondary spermatogonia (Sg2) surrounded by Sertoli cells (Se). Sertoli cells have elongated nuclei with granular chromatin and bordered by con-
nective tissue (ct). Alcian blue. BarD 10 mm. (B,C,D). The proliferation of spermatogonia is evident by chromosomes during mitotic phases, as metaphase
(*) in Figs. B and C and anaphase (*) in Fig. D. The fibers of the spindle are observed in mitotic phases in Figs. C and D. The clusters of secondary sper-
matogonia (2Sg) have a central lumen (L). The spermatogonia are surrounded by Sertoli cells (Se). The connective tissue contains blood vessels (v).
Hematoxylin-eosin. Bar D 20 mm. Alcian blue. Bar D 10 mm.
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spermatocytes in vivo was done.52 This study put in relevance
the movements of bivalents homologous chromosomes during
the first meiotic division.

Primary and secondary spermatogonia
The primary spermatogonia are situated in the cephalic region

of the testis as individual cells surrounded by connective tissue
(Fig. 3A), and in multilobular testis, also between lobes, in the
interlobar cords among the connective tissue (Fig. 1A). Some
spermatogonia are also observed between the connective tissue
that surrounds lobules in other regions of the testis, not only in
the cephalic region but in the direction of the middle part of the
testis. The spermatogonia are the biggest germinal cells (40–
55 mm in diameter). Primary spermatogonia are spherical cells
with light granular cytoplasm and spherical or irregular nuclei
containing diploid granular chromatin and one or 2 nucleoli
(Figs. 3A,B). Primary spermatogonia proliferate mitotically
(Figs. 3B–D), thereby renewing the pool of germ cells and giving
rise to secondary spermatogonia.

Secondary spermatogonia attain 35–45 mm in diameter
and the nucleus is similar to those of the primary spermato-
gonia (Figs. 3A–D). They form clusters during several

mitosis. Clusters are interconnected by cytoplasmic bridges.
Sertoli cells, progressively, surround the secondary spermato-
gonia (Figs. 3A–D); in consequence, secondary spermatogo-
nia become enclosed within a cyst. During the development
of a cyst, the number of both spermatogonia and Sertoli cells
increases dividing mitotically several times before the initia-
tion of meiosis. A central lumen appears in the center of the
clusters of secondary spermatogonia (Figs. 3B–D). Into the
cyst, secondary spermatogonia enter meiosis and transform
into primary spermatocytes.

Primary and secondary spermatocytes
Primary spermatocytes are spherical cells, similar in size to sec-

ondary spermatogonia (35–45 mm in diameter). Primary sper-
matocytes contain duplicated chromosomes that present a
gradual thickening along with prophase I of meiosis. different
stages of prophase I can be easily observed within primary sper-
matocytes: leptonema (fine reticular chromatin with irregular dis-
tribution of deep-stained granules of varying size), zygonema
(fine fibrillar pattern of duplicated homologous chromosomes in
synapsis) (Fig. 4A), pachynema (duplicated chromosomes in
crossing-over) (Figs. 4A,B, 5A–C), diplonema (separation of

Figure 4. Spermatogenesis in the testis of Ambystoma dumerilii with cysts of primary and secondary spermatocytes. (A,B). Primary spermatocytes in sev-
eral stages of the prophase I of meiosis are seen, as: zygotene (z1Sc) with fibrillar chromosomes; pachytene (p1Sc) also with fibrillar chromosomes and
the cell diameter increses; diplotene (d1Sc), the chromosomes have characteristic chiasmata; first meiotic division (*1Sc) with dense chromosomes in the
spindle. Secondary spermatocytes (*2Sc) in the second meiotic division also contain dense chromosomes in the spindle. Compare the different size
diameter of the primary and secondary spermatocytes in division, being smaller the secondary spermatocytes. Cysts with spermatids (St), near the sec-
ondary spermatocytes. Elongated nuclei of Sertoli cells (Se) surround the different cysts. Hematoxylin-eosin. Bar D 20 mm.
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homologous duplicated
chromosomes, that remain
attached in some regions
which form chiasmata)
(Figs. 4A, 5B) and diakine-
sis (preparation for cell
division). The cells during
these meiotic stages of pro-
phase I are named as lepto-
tene, zygotene, pachytene
and diplotene spermato-
cytes. The primary sperma-
tocytes at pachynema stage
are relatively abundant,
whereas those in lepto-
nema, zygonema, and espe-
cially in diplonema are
rarely seen. This reflects the
duration of meiotic stages,
among which pachynema is
the longest, leptonema and
zygonema are shorter, and
diplonema is the shortest
stage.53 The primary sper-
matocytes enter the first
division of meiosis
(Figs. 4B, 5B,C) through
metaphase I, anaphase I,
and telophase I. Two sec-
ondary spermatocytes are
the result of the first
meiotic.

Secondary spermato-
cytes are spherical cells and
have an average diameter of
18–20 mm. Their nuclei
contain haploid chromo-
somes, but duplicated.
Their chromosomes have
fibrillar shape due to their
immediately entrance to
the second division of mei-
osis (Figs. 4B, 5C). They
are seen less frequent, as
they enter the second mei-
otic division (Figs. 4A,B)
after a short interphase,
rapidly giving rise to 2 sper-
matids. Therefore, second-
ary spermatocytes are often
observed in the same lobule
along with dividing pri-
mary spermatocytes
(Fig. 5C).

Figure 5. Spermatogenesis in Ambystoma dumerilii with morphological details of primary spermatocytes and sper-
matids. (A). Primary spermatocytes during pachytene (p1Sc). The nuclei contain dense paired chromosomes. Sertoli
cell nucleus (Se) and the interstitial tissue (it) are seen. (B). Primary spermatocytes during diplotene (d1Sc). The sepa-
ration of the paired chromosomes is evident, remaining united in the chiasmata. Other spermatocyte is in meta-
phase of the first meiotic division (*1Sc). A Sertoli cell nucleus (Se) is seen. (C). Primary spermatocytes during
metaphase of the first meiotic division (*1Sc). The division of the primary spermatocytes originates the secondary
spermatocytes (2Sc). The secondary spermatocytes contain filamentous chromosomes previous to the second divi-
sion of meiosis. Compare the smaller size of the secondary spermatocytes with the primary spermatocytes. A primary
spermatocyte during pachytene (p1Sc) and the limit of the lobule with interstitial tissue (it) are also seen. (D). Early
spermatids (eSt) with round nucleus, and middle spermatids (mSt) with elongation of the nucleus are evident. Sertoli
cell nuclei (Se) and interstitial tissue (it). (A-D): Hematoxylin-eosin. Bar D 10 mm.
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Spermatids and spermatozoa
The result of meiosis is 4 haploid spermatids. Early spermatids

are spherical in shape, and attain a diameter of 14–17 mm
(Figs. 6A,B). Their nuclei stain denser than the nuclei of second-
ary spermatocytes. The spermatids transform into spermatozoa
through spermiogenesis and become progressively elongated cells
(Figs. 6A–D). As spermiogenesis proceeds, the nuclei of sperma-
tids become very long and the chromatin shows increasing degree
of condensation (Figs. 6D, 7A–D), defining the head and a large
flagellum (Figs. 7B,D).

The morphology of spermatozoa is relatively uniform. A
detailed review of the structure of mature spermatozoa of
urodeles was done.54 The spermatozoa consist of an elongated
large head, a neck and a flagellum (Figs. 7B,D, 8A,B). The
head of the spermatozoa contains the acrosome and nucleus.
The nucleus has an elongated shape, with narrower cephalic
part. The proximal centriole lies close to the nucleus, and the
distal one is a part of the basal body of the axonema.

Throughout the long middle piece of the spermatozoa, mito-
chondria, that provide the energy for locomotion, are closely
applied. The basal body is formed by a dense ring around
the distal centriole.29,30,55 The spermatozoa of salamanders
posses undulating membrane.51,54,55,56,57,58,

Spermatozoa have a swirl arrangement inside the cyst, with
their heads oriented in the same direction as observed in Lis-
sotriton italicus21 and Ambystoma dumerilii illustrated here
(Figs. 8A,B). The total length of spermatozoa of urodeles is
usually longer than those of other amphibians, and other ver-
tebrates (for review see54). The shortest spermatozoa were
reported for Hynobius nebulosus with a length of 156 mm,
whereas the longest with about a length of 1mm was
observed in Necturus maculosus.59 The lengths of spermatozoa
were also measured in several species: Lissotriton italicus
(360 mm),21 Ambystoma mexicanum (444 mm), A. dumerilii
(451 mm),58 E. bislineata (459 mm), E. lucifuga (523 mm),
Desmognathus wrighti (504 mm), D. aeneus (388 mm),

Figure 6. Caudal region of the testis of Ambystoma dumerilii (A,C,D) and A. mexicanum (B) with details of morphological changes of the spermatids dur-
ing spermiogenesis. (A,B,C,D). Lobules with cysts that contain early spermatids (eSt) with round nucleus, and middle spermatids (mSt) with different lev-
els of elongation of the nucleus and late spermatids (lSt) with evident and progressive elongation. Sertoli cell nuclei (Se) surround the cysts, interstitial
tissue (it). (A): Masson’s trichrome. Bar D 10 mm. (B): Hematoxylin-eosin. Bar D 10 mm. (C,D): Masson’s trichrome. Bar D 10 mm.
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Plethodon cinereus (507 mm), P. dorsalis (535 mm), and P.
dunni (626 mm).54 The biological significance of differences
in the lengths of spermatozoa is unknown.

After completion of spermiogenesis, the cysts open and
spermatozoa are released from Sertoli cell in a process termed

spermiation. In several
cysts remain some abnor-
mally sized and shaped
spermatozoa (Fig. 8C).
These spermatozoa eventu-
ally are phagocytized by
Sertoli cells.17 The Sertoli
cells remain in the lobules,
gradually degenerate and
are absorbed.31 Among the
Sertoli cells some sper-
matogonia may be seen.
Around the lobules, Leydig
cells hypertrophy, attaining
columnar or polyhedral
shape (Figs. 9A,B). At the
end of spermiation, this
tissue regresses constantly
and consists of small and
irregular cells with pyc-
notic nuclei and amor-
phous and lightly stained
cytoplasm.9,31,36

Reproductive ducts
Down stream of the

intratesticular ducts, the
spermatozoa continue to a
ducts system which pro-
vides secretions that form a
favorable condition for the
spermatozoa and transport
the spermatozoa to the clo-
aca.6,8,34, Sperm transport
from the testicular lobules
to the Wolffian ducts
occurs through the neph-
rons of the genital kidney,
which form transversal
ducts. Analysis of the geni-
tal kidney of the salaman-
ders Ambystoma
maculatum60 and Notoph-
thalmus viridescens61

described that these neph-
rons have reduced reab-
sorptive capacity and aid
in the transportation of
sperm. The transversal
ducts run to the anterior
region of the kidney (Figs.,

10A,B). They have a cuboidal epithelium with long stereoci-
lia at the apical end, surrounded by connective tissue, thin
smooth muscle and squamous peritoneal epithelium
(Figs. 10C,D). Wolffian ducts have a wide lumen that may
contain abundant spermatozoa after spermiation. The

Figure 7. Caudal region of the testis of Ambystoma dumerilii with details of morphological changes of the late sper-
matids during spermiogenesis. (A,B,C,D). Lobules with cysts that contain late spermatids (lSt) with final elongation
of the nucleus on the head (h) and development of a thin and large flagella (f). Nuclei of Sertoli cells (Se) and inter-
stitial tissue (it) are seen. Masson’s trichrome. (A,B,D): Bar D 10 mm. (C): Bar D 50 mm.
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epithelium has irregular cuboidal or low columnar cells, with
adjacent connective tissue which may have some melanocytes,
and surrounding, there are some smooth muscle fibers and a
squamous peritoneal epithelium (Figs. 10C,D).

Spermatophores
The spermatophore is a characteristic structure of most

male urodeles which have internal fertilization, more than
90%, with the exception of species belonging to the families

Figure 8. Caudal region of the testis of Ambystoma mexicanum with spermatozoa. (A). Lobules containing abundant cysts with spermatozoa (z). Intersti-
tial tissue (it) surrounds the lobules. Hematoxylin-eosin. Bar D 50 mm. (B). Detail of cysts with spermatozoa (z) formed by the head (h) and flagellum (f).
At the end of spermiogenesis the spermatozoa are swirled into the cysts. Masson’s trichrome. BarD 10 mm. (C). During spermiation, abnormal spermato-
zoa (az), showing irregular morphology, may remain into the cysts. Nuclei of Sertoli cells (Se) are seen. Alcian blue. Bar D 10 mm.

Figure 9. Caudal region of the testis of Ambystoma mexicanum during spermiation. (A). There are lobules with spermatozoa (Sz) and, more caudally,
there are lobules after spermiation without spermatozoa. Leydig cells (Le) hypertrophy around the lobules. Hematoxylin-eosin. Bar D 50 mm. (B). Detail
of the Fig. 9A. During hypertrophy, Leydig cells (Le) become cuboidal, columnar or polyhedral in shape. The Leydig cells surround the lobules, where
residual Sertoli cells (Se) and some spermatogonia (Sg) may be seen. Hematoxylin-eosin. Bar D 10 mm.
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Hynobiidae and Cryptobran-chidae, which have external fer-
tilization.3 Spermatophores are formed by the cloacal glands
and consist of a gelatinous base and a stalk surmounted by a
sperm-containing gelatinous cap. Spermatophores contain a
package of spermatozoa released from the Wolffian duct and
the gelatinous capsule formed by secretions of the cloacal
gland complex. Sever described and compared the anatomy
and evolution of the cloacal glands in several species.46,62-64

The cloacal region exhibits a glandular complex structure.
The types of cloacal glands are dorsal, pelvic, ventral and
Kingsbury glands.46,62-64,65 The spermatophores may present
differences in size and shape.66 The spermatophores are
formed during courtship, deposited by a male in the exterior
and picked up by cloacal labia of the female.3 The structure
and histochemistry of spermatophores of several species
of the families Ambystomatidae, Salamandridae, and

Plethodontidae are described.66,67 In Necturus, the spermato-
phores are deposited by a male to a female directly by cloacal
apposition and the stalk may be absent in these species.3
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Figure 10. Efferent ducts of Ambystoma dumerilii after spermiation. (A,B). Panoramic view of sections with 2 types of efferent ducts: transversal ducts (Td)
and Wolffian ducts (Wd). The lumen of the Wolffian ducts contains abundant spermatozoa (z). Near the ducts, the periphery of both testes (T) is seen.
Hematoxylin-eosin. Bar D 50 mm. Bar D 40 mm. (C,D). Details of the efferent ducts of Ambystoma dumerilii. Both types of ducts, transversal ducts (Td)
and Wolffian ducts (Wd) have columnar epithelium (E). The epithelium of the transversal ducts presents long stereocilia (*) in the apical end. Wolffian
ducts contain abundant spermatozoa (z). Connective tissue (ct) surrounds the ducts. Masson’s trichrome. Bar D 20 mm. Bar D 10 mm.
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