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Abstract Macroscopic and microscopic examination of
the female reproductive tract of Philodryas patagoniensis
was conducted in order to observe sperm storage structures
and determine morphological changes throughout the
reproductive cycle. The oviduct of P. patagoniensis is
composed of the infundibulum (anterior and posterior),
uterus, utero-vaginal junction, and vagina. The uterine
epithelium showed constant secretory activity throughout
the reproductive cycle, although increased production of
secretory granules was observed in secondary vitellogenic
females. Sperm storage occurs in the posterior infundibu-
lum and utero-vaginal junction in pregnant, primary
(postpartum), and secondary vitellogenic females. These
data suggest that P. patagoniensis may be able to produce
several clutches from a single mating. Sperm storage in the
posterior infundibulum occurs in sperm receptacles, while
in the utero-vaginal junction sperm is stored in crypts.
Histochemical tests by periodic acid—Schiff revealed that
both sperm storage sites increase the production of neutral
carbohydrate-rich granules in the presence of sperm, sim-
ilar to snakes from temperate regions. This is the first
report of sperm storage in the posterior infundibulum of a
neotropical snake.
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Introduction

The anatomical terminology for oviductal regions and their
functions are controversial issues in reptiles’ anatomy. In
general, the oviduct is divided into five different regions:
infundibulum, uterine tube, isthmus, uterus, and Giaco-
mini’s diverticulum or vagina (Girling 2002). Various
descriptions of the oviduct divide the infundibulum and the
uterus into anterior and posterior portions in squamates
(snakes, lizards, and amphisbaenians) (Aldridge 1992;
Blackburn 1998; Almeida-Santos and Orsi 2002).
Recently, Siegel and Sever (2008a, b) proposed the divi-
sion of the uterus into nonglandular and glandular portions
for snakes. The nonglandular portion has already been
named anterior vagina and vagina (Fox 1956; Blackburn
1998). Others terms (pouch and vaginal pouch) were also
proposed for the vagina (Ludwig and Rahn 1943; Gabe and
Saint-Girons 1965; Blackburn 1998; Siegel et al. 2011).
However, the terminology of oviductal portions should be
revised considering the function of each part and the origin
of the word to avoid misunderstandings and provide an
easier recognition of each region.

The reptilian oviduct has diverse reproductive functions
(see Girling 2002) including sperm storage, which is
undoubtedly the most intriguing. Among squamates, the
location of sperm storage structures in the oviducts is
similar in snakes and lizards: they can be found in the
posterior infundibulum, posterior uterus, and vagina (Fox
1956, 1963; Saint-Girons 1962; Halpert et al. 1982; Sever
and Hamlett 2002; Barros et al. 2012, 2014a, b). Sperm
storage in the posterior uterus and vagina may occur in
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glands (Sever and Ryan 1999; Sever and Hamlett 2002) or
in deep furrows (crypts), as described for the rattlesnake
Crotalus durissus and some bothropoid species (Almeida-
Santos and Salomao 1997, 2002; Barros et al. 2012,
2014a). In the posterior infundibulum, sperm storage
occurs in structures constituted by glands (simple or
compound tubular and branched alveolar) that communi-
cate with sperm receptacles (SR) (Fox 1956; Siegel et al.
2011).

Phenomena occurring while sperm is stored in different
oviductal sites are a polemic question. Although some
authors argue that oviductal regions function only as a
physical refuge (Sever and Ryan 1999; Sever and Hamlett
2002), others present evidence that oviductal secretion
provides a chemical refuge and nourishment site for stored
sperm (Fox 1956; Hoffman and Wimsatt 1972; Halpert
et al. 1982; Marinho et al. 2009). Presently, most of the
knowledge on oviductal morphophysiology and reproduc-
tive tactics of snakes comes from studies on species of
temperate regions (Aldridge and Duvall 2002; Aldridge
et al. 2009), with the exception of some research conducted
in South America, mainly with pit vipers (Almeida-Santos
and Salomao 1997, 2002; Barros et al. 2012, 2014a, b).
However, all these studies in the neotropics did not con-
sider or fail to find infundibular sperm storage in these
species. Considering that recent findings show that squa-
mates display interspecific and intraspecific variation in
reproductive tactics (Mesquita and Colli 2003; Carretero
2006; Ribeiro et al. 2010; Garda et al. 2012; Barros et al.
2012, 2014a, b) and that environmental conditions are
highly different between temperate and tropical regions,
would sperm storage patterns also differ among species
from the temperate and tropical regions? Would the pattern
and function of oviductal secretions show differences
among different lineages of snakes? Data on sperm storage
of several species are necessary to establish a compre-
hensive pattern for snakes and thus answer these questions.
Here, we provide a contribution to this theme, focusing on
the study of the female reproductive tract of Philodryas
patagoniensis (Girard, 1858), a neotropical oviparous
snake species that would probably show sperm storage due
to the dissociation between timing of mating in winter
(Travaglia-Cardoso et al., unpublish. data) and ovulation in
spring (Fowler et al. 1998). This snake belongs to Dipsa-
didae and is widely distributed in South America
throughout Argentina, Brazil, Paraguay, eastern Bolivia,
and Uruguay (Thomas 1976; Giraudo and Scrocchi 2002).
Populations from southeastern Brazil show seasonal
reproductive cycle with ovulation restricted to spring,
oviposition, and hatching of newborns in summer (Fowler
et al. 1998). The aims of this study are to address the
existence of sperm storage structures in different oviductal
portions of P. patagoniensis and investigate the nature of
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the secretion produced throughout the reproductive cycle
and while sperm storage occurs. We also compare the
anatomy of the female reproductive tract of P. patago-
niensis and propose an adjustment in the nomenclature for
oviductal portions of snakes including the use of the term
utero-vaginal junction (UVJ). This term has already been
used for lizards (Sever and Hamlett 2002), birds (Bakst
1987), and turtles (Gist and Congdon 1998).

Materials and methods
Specimens

We examined a total of 20 specimens of P. patagoniensis
from the southeastern region of Brazil. Individuals origi-
nated from the states of Sdo Paulo (23°09-23°27'S;
46°31'47°03'W) and Minas Gerais (18°55-19°07'S;
44°19'48°16'W). Seven of these snakes were held in a
zoological collection in Minas Gerais (Funda¢do Ezequiel
Diaz—FUNED), and thirteen specimens were received and
euthanized at Instituto Butantan (S&o Paulo City) from
2009 to 2012. Individuals were euthanized by an intra-
coelomic injection of thionembutal (30 mg/Kg), followed
by a 0.2-ml intracardiac injection of potassium chloride
(KC1) (Rojas et al. 2013). The left side of the reproductive
tract was removed and fixed in 4 % paraformaldehyde
solution, for no less than 48 h, for light microscopy. The
right oviduct was removed and fixed in 2.5 % glutaralde-
hyde, for no less than 48 h, for examination with scanning
electron microscopy (SEM). Tissue samples of animals
from FUNED were used only for analysis for light
microscopy. This work is in agreement with the Ethical
Principles in Animal Research, adopted by the Brazilian
College of Animal Experimentation, and it was approved
by the Ethical Committee for Animal Research of Butantan
Institute (protocol number 668/09).

Light microscopy methods

Samples were processed by historesin (Glycol methacry-
late—Leica) and paraffin (Petrobras) methods (Junqueira
et al. 1979; Junqueira 1995). Sections 2 and 5 um thick
were cut for historesin and paraffin, respectively. Histo-
logical staining methods used were hematoxylin and eosin
(H&E) in paraffin (Junqueira et al. 1979) and toluidine
blue-fuchsin (T&F) for sections in historesin (Junqueira
1995). To determine possible variations in the secretory
activity of the oviducts during different phases of the
reproductive cycle, including the sperm storage process,
the sections were submitted to the following histochemical
reactions in both the methacrylate (historesin) and paraffin:
bromophenol blue (BB) for protein identification, periodic
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acid-Schiff (PAS) for identification of neutral carbohy-
drates, and alcian blue (AB) pH 2.5 for carboxylated gly-
cosaminoglycans. Slides were viewed using an Olympus
BX51 microscope, and images were obtained via Image—
Pro Express Olympus Program.

Scanning electron microscopy methods

The tissues were fixed in 2.5 % glutaraldehyde, rinsed in
0.1 M sodium phosphate buffer (pH 7.2), and then post-
fixed 90 min in 1 % osmium tetroxide. After a rinse in
0.1 M sodium phosphate buffer (pH 7.2) and distilled
water, the tissues were incubated in 1 % tannin for 1 h and
dehydrated with a graded series of ethanol (50, 70, 90, and
100 % for 10 min each). Lastly, the dehydrated tissues
were coated with gold and examined with a Zeiss LEO 435
VP scanning electron microscope (Leo Electron Micro-
scopy Ltd Corporation Zeiss Leica, Cambridge, England),
operating between 15 and 25 kV.

Results
Gross morphology

The reproductive tract of P. patagoniensis consists of two
paired ovaries and oviducts, with the right side of the
reproductive system situated more cranial than the left. The
oviduct has four different regions (Fig. 1). The most cra-
nial region of the female reproductive tract is the folded
and translucent infundibulum. The infundibulum is divided
into anterior and posterior portions. The anterior portion of
the infundibulum is funnel-shaped and more translucent
than the posterior infundibulum (Fig. 1, region 1). After the
posterior infundibulum, there is a flaccid structure
responsible for egg incubation during pregnancy: the
uterus, which is the longest region of the oviducts (Fig. 1,
region 2). Subsequent to the uterus, we observe the UVJ, a
region characterized by its thinner tissue, smaller diameter,
and the easy identification in pregnant females (Fig. 1,
region 3). The UVJ connects to the vagina, which is
merged into the cloaca, and thus cannot be seen with the
naked eye (Fig. 1, region 4).

Microscopy morphology and oviductal secretory
activity

Microscopic analysis of the oviduct showed clearer the
divisions between different regions in comparison with
gross morphology. The infundibulum is a folded structure
with simple columnar to cuboidal epithelium constituted by
ciliated cells and secretory cells with microvilli (Fig. 2a,
b). The division of the anterior and posterior regions of the

Fig. 1 Gross morphology of the female reproductive tract of P.
patagoniensis. 1 Infundibulum, 2 uterus, 3 UVJ, 4 cloaca. Al anterior
infundibulum, Ca caudal, Cr cranial, E () eggs into the uterus,
K kidney, L left, Ov ovaries, PI posterior infundibulum, R right

infundibulum is marked by the appearance of compound
tubular ciliated glands (Fig. 2c). This kind of gland is
abundant in the posterior infundibulum, and its terminal
portion functions as a sperm receptacle (SR) (Fig. 2c, d).
The initial portion of these glands may also house sperm
for a short period of time, and the sperm receptacles are
surrounded by myoid cells (Fig. 2d). Females collected
during summer and spring (including pregnant females)
showed sperm stored in the SR (Fig. 2c—e). Groups of
stored spermatozoa exhibited parallel alignment, and their
heads come in contact with the epithelium of the SR
(Fig. 2d, e). The epithelium of receptacles is cuboidal
although its height may vary according to sperm density.
Histochemical tests (PAS) revealed that sperm receptacles
increase the production of neutral carbohydrate-rich gran-
ules in the presence of sperm (Fig. 2e). Histochemical
reaction to AB and BB was weak, indicating low activity
for carboxylated glycosaminoglycans (acids) and proteins,
respectively.

The uterus, where pregnancy occurs, is a folded struc-
ture that presents a thicker lamina propria and muscular
layer than the posterior infundibulum (Fig. 2f). This
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Fig. 2 Photomicrograph of the infundibulum and uterus of P.
patagoniensis. a SEM of infundibular luminal epithelium character-
ized as a folded structure. Inset Ciliated and secretory cells with
microvilli (small black arrows). b Cross section of anterior
infundibulum (stained H&E). Inset Higher magnification of luminal
epithelium (stained T&F). ¢ Transverse section of posterior
infundibulum with presence of numerous SR. d Higher magnification
of SR (T&F). e SR with positive reaction for PAS. f Cross section of
uterus in primary vitellogenic female with tubular uterine glands

portion of the oviduct is constituted mainly by tubular
uterine glands with basal nuclei and eosinophilic cyto-
plasmic granules (Fig. 2f inset). During secondary vitel-
logenesis (August—December), the size of uterine glands
increases and fills the lamina propria of the mucosa (for a
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(H&E). Inset Increase in uterine glands in secondary vitellogenic
female. Cc ciliated cells, ctg compound tubular ciliated glands, Ep
luminal epithelium, F folds, he spermatozoa head, L lumen, Lp lamina
propria, m muscular layer, mc myoid cells, n nuclei, S spermatozoa,
Sc secretory cells, SR sperm receptacle, PAS+ positive reaction to
periodic acid-Schiff, ¢ spermatozoa tail, Ug (vI) uterine glands in
primary vitellogenesis, and Ug (v2) uterine glands in secondary
vitellogenesis

comparison to females in primary vitellogenesis, see
Fig. 2f inset). The uterine luminal epithelium is composed
of ciliated and secretory cells (Fig. 3a). Positive histo-
chemical reactions for AB and PAS occurred in the apical
portion of the cells throughout the year (Fig. 3b). However,
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Fig. 3 Cross section of the uterus, UVJ, and vagina in P. patago-
niensis. a SEM of the uterine luminal epithelium. b Transverse
section of the uterus with positive histochemical reactions for AB (pH
2.5) in the luminal epithelium. Inset Positive reaction for PAS in the
presence of sperm. ¢ Sagittal section showing crypts of the UVJ with
presence of sperm from a female collected in summer (stained T&F).
Inset Higher magnification of the luminal epithelium. d SEM of the
UVI. Inset The epithelium lining the lumen shows ciliated cell.

we detected an increase in the secretion of neutral carbo-
hydrates occurring simultaneously to follicular develop-
ment and the presence of sperm (Fig. 3b inset). Uterine
tubular glands reacted negatively to AB, BB and PAS. The
uterine epithelium also exhibited a negative reaction to BB.

e Positivity to PAS in the UVJ with production of secretory granules.
f Transverse section revealing histology of the vagina (stained T&F).
Inset Mastocyte cells. AB+ positive reaction to alcian blue, bm
basement membrane, Cc ciliated cells, Ci cilia, Cm circular muscle,
cy crypts, F' folds, L lumen, Lm longitudinal muscle, Lp lamina
propria, ma mastocyte cells, PAS+ positive reaction to periodic acid—
Schiff, S spermatozoa, Sc secretory cells, Ue uterine epithelium, and
Ug(v2) uterine glands in secondary vitellogenesis

Caudal to the uterus, there is the UVJ characterized by
long folds, deep crypts, and a well-developed muscular
layer (Fig. 3c, d). We observed two types of smooth
musculature: an internal circular layer and an external
longitudinal layer (Fig. 3c). The UVIJ does not have glands
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in the tunica mucosa, and pregnancy does not occur in this
region, which suggests a different function from the uterus.
The epithelium is pseudostratified with abundant ciliated
cells and some secretory cells (Fig. 3c, d inset). A pregnant
female and a female that had oviposited recently in
spring/summer showed stored sperm in the UV]J (Fig. 3c).
Similar to the posterior infundibulum, the epithelium of the
UVJ showed a PAS positivity reaction during sperm stor-
age (Fig. 3e). The division between the UVJ and the vagina
is observed mainly by histological analysis because the
vagina and cloaca are fused.

The vagina has a thick lamina propria with folds and a
well-developed muscular layer (Figs. 3f, 4a). One of the
main characteristics for the microscopic identification of
the vagina is the presence of abundant mastocyte cells
spread through the lamina propria (Fig. 3f inset). The
epithelium is pseudostratified columnar with sparse ciliated
cells and secretory cells with basophilic granules in the
apical portion (Fig. 4b). The production of granules by the
secretory cells is constant throughout the year (Fig. 4b).
Histochemical analysis of the vagina exhibited positive
reactions to neutral carbohydrates and carboxylated

Fig. 4 Transverse section of the vagina in P. patagoniensis. a SEM
of the vagina. b Light micrograph of vaginal epithelium (stained
H&E). ¢ Positive reaction for AB (pH 2.5) in pregnant female.
d Sagittal section of the cloaca (stained T&F). AB+ positive reaction
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glycosaminoglycans in every snake sampled. However, the
reaction for AB (pH 2.5) was more intense in pregnant
females (Fig. 4c). The presence of sperm in the vagina,
which is an indicative of recent mating activity, was not
observed in any individual sampled. The cloaca is differ-
entiated from the vagina by its stratified pavimentous
epithelium (Fig. 4d).

Discussion
Morphology and oviductal activity

Grossly, the oviduct of P. patagoniensis showed an
asymmetrical pattern like most snake species (Blackburn
1998; Girling 2002; Siegel et al. 2011). This characteristic
provides an optimal arrangement of the space in the coe-
lomic cavity during pregnancy (Perkins and Palmer 1996).
The different oviductal regions described herein are also
similar to other snakes regarding structure and function
(Saint-Girons 1957; Bauman and Metter 1977; Mead et al.
1981; Sever et al. 2000; Siegel and Sever 2008a; Barros

30 um

to alcian blue, Cc ciliated cells, Ep luminal epithelium, F folds,
L lumen, Lp lamina propria, m muscular layer, bm basement
membrane, Sc secretory cells, and spe stratified pavimentous
epithelium



Zoomorphology (2015) 134:577-586

583

et al. 2014b; De Resende and Nascimento 2015). The
epithelial cells secrete neutral carbohydrates and carboxy-
lated glycosaminoglycans throughout the reproductive
cycle (Gabe and Saint-Girons 1965; Uribe et al. 1998;
Sanchez-Martinez et al. 2007; De Resende and Nascimento
2015). This constant secretory activity indicates that they
act in the protection against invasive microorganisms,
lubrification, and humidity maintenance avoiding the loss
of water (Junqueira and Carneiro 2008). However, the
intense reaction to AB in the vagina of pregnant females of
P. patagoniensis probably occurs due to the presence of
glycosaminoglycans. This type of material is present in
tissues with high malleability, and it may suggest that these
females will oviposit soon (Perkins and Palmer 1996;
Heulin et al. 2005).

The increase in the epithelial secretion in secondary
vitellogenic females of P. patagoniensis during winter and
spring may be under the influence of hormones. Several
experimental studies reported that the administration of
estrogen to females increases the size of uterine glands and
oviductal epithelial height (Panigel 1956; Callard et al.
1972; Mead et al. 1981). However, the increase in neutral
carbohydrate secretion in certain portions of the oviduct
may be linked to sperm storage, as this reproductive tactic
occurs in P. patagoniensis. This secretory activity has
already been described for several snake species (Fox
1956; Saint-Girons 1975; Bauman and Metter 1977; Per-
kins and Palmer 1996; Sever et al. 2000).

The infundibulum has little morphological differences
between the anterior and posterior portions. The anterior
infundibulum enfolds the developing oocyte and acts as an
entrance door for it (Girling 2002). It is composed mainly
by ciliated cells that act in the positioning of the oocyte
around the infundibular ostium (Girling 2002). There are
also few secretory cells (Girling 2002), which function
would be to initiate the formation of the shell membrane
(Hoffman 1970). In P. patagoniensis, these secretory cells
do not have this function because sperm receptacles are
located caudal to the anterior infundibulum (i.e., in the
posterior infundibulum). Thus, the deposition of secretory
material around the oocyte would be a physical barrier at
the timing of fertilization. According to Blackburn (1998),
sperm is not able to penetrate the shell membrane; thus,
fertilization would occur before the deposition of this
material, as observed in chelonians (Gist and Jones 1989)
and birds (Bakst and Bahr 1993). The posterior
infundibulum is the site for fertilization of the follicles and
also the most specialized region of the oviduct in P.
patagoniensis. It is composed of sperm receptacles that are
compound ramified tubular glands (discussed herein in the
section about sperm storage).

The uterus has an important role in the development of
eggs in oviparous snakes, mainly in formation of the shell

membranes (Giacomini 1893; Perkins and Palmer 1996;
Girling 2002). Uterine glands of P. patagoniensis are
similar to those observed in Cerastes cerates, Coniophanes
fissidens, Crotalus viridis, Natrix natrix, and Vipera aspis
(Siegel et al. 2011). The increase in uterine glands
observed in secondary vitellogenic females (compared to
primary vitellogenic females) has already been described
for other squamates (Heulin et al. 2005). Negative histo-
chemical reactions to PAS, AB, and BB for uterine glands
in P. patagoniensis is different from results described for
A. piscivorus (PAS+ and BB+) and 7. sirtalis (BB+)
(Hoffman 1970; Siegel and Sever 2008b). The high posi-
tivity for PAS and AB in the uterine epithelium indicates
that epithelial secretory granules play a role in the pro-
duction of the shell membrane, as observed previously
(Hoffman 1970; Corso et al. 1988).

Histological and cytological characterization of the UVJ
is similar to previous descriptions for other snake species
(Blackburn 1998; Girling 2002; Saint-Girons 1957; Perkins
and Palmer 1996; Uribe et al. 1998; Siegel and Sever
2008a; Siegel et al. 2011). Nevertheless, the terms vagina
and uterus (posterior or nonglandular) are not adequate to
designate the UVJ because they are not consistent with the
etymology of the word. The term vagina (Latin) means
sheath (in general) or sword sheath (Ernout and Meillet
1979; Fernandez 1999). Its function would be to store the
gladius (little Roman sword). Considering that gladius was
a common name for the penis, vagina became a word used
to characterize the female genitalia in analogy to the
joining of the penis and vagina during copulation (Ernout
and Meillet 1979; Fernandez 1999). The hemipenis does
not enter the UV] in P. patagoniensis; thus, the term vagina
does not apply. Although the etymology of the word uterus
is uncertain, it is known that the primitive form would be
the Indo-European term udero, which meaning is associ-
ated with the mother’s venter and the origin of life (Ernout
and Meillet 1979). Later, this term evolved to hystéra in
Greek, and wuterus in Latin. Other hypothesis is that the
term uterus derives from uter, a recipient made of animal
skin, used to transport liquids. This designation was used
due to its similarity to a pregnant uterus (Fernandez 1999).
Therefore, we termed this region as utero-vaginal junction
because it does not house the eggs during pregnancy, but it
does function as a duct or canal and as a sperm storage site.
This is the first purpose for using this term in snakes.

Grossly, the vagina is easily differentiated in some
snakes (Siegel and Sever 2008a, b; Siegel et al. 2011).
However, in P. patagoniensis, the vagina is fused to the
cloaca and it is not visible to the naked eye. The shape of
the vagina may be linked to the shape of the male hemi-
penis in snakes of some lineages (Boidae, Erycidae, Phy-
tonidae, and Scolecophidae) (Cope 1898; Pope 1941).
Nevertheless, a recent analysis showed the opposite (Siegel
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et al. 2012). Moreover, the shape of the vagina is highly
polymorphic within different species of a lineage (Siegel
et al. 2012). The use of a correct nomenclature is based
solely on the histological study of the whole oviduct aim-
ing to differentiate its regions (Blackburn 1998). Thus, the
use of equivalent terms based solely on a visual compar-
ison of macroscopical regions may be considered with
caution (Blackburn 1998). Anatomically, the oviduct of P.
patagoniensis showed similar characteristics to other Dip-
sadidae species (De Resende and Nascimento 2015).
However, the scarcity of morphofunctional studies on the
female reproductive tract, mainly considering neotropical
species, makes difficult to compare and understand the
appearance and evolution of structures within this lineage.

Sperm storage

There are two major sites for sperm storage in female
snakes: the posterior infundibulum and UVJ (Fox 1956;
Hoffman and Wimsatt 1972; Halpert et al. 1982; Aldridge
1992; Perkins and Palmer 1996; Almeida-Santos and
Salomio 1997; Sever and Ryan 1999; Siegel and Sever
2006; Barros et al. 2014a). After mating, sperm recepta-
cles are quickly filled with spermatozoa in most snake
species (Fox 1956; Hoffman and Wimsatt 1972).
According to Fox (1956), the cilia of infundibular tubular
glands would be responsible for a counterflow, creating a
current to the oviduct lumen. Sperm would move against
this current, ascending the oviduct in the direction of
receptacles (Fox 1956). Another hypothesis is that the
production of granules rich in neutral carbohydrates would
attract sperm to receptacles (Siegel et al. 2011). The last
hypothesis seems to apply to P. patagoniensis because
histochemical reactions for PAS in SR were highly posi-
tive in the presence of spermatozoa. Some snakes—T.
sirtalis (Hoffman and Wimsatt 1972), T. coronata
(Aldridge 1992), D. punctactus (Perkins and Palmer
1996), S. pygaeae (Sever and Ryan 1999), and A. pis-
civorus (Siegel and Sever 2008a)—showed high positivity
to PAS in the SR.

In general, stored sperm inside the SR show a parallel
alignment with spermatozoa heads oriented to the epithe-
lium of the receptacle (Siegel et al. 2011). During sperm
storage in P. patagoniensis, we described a close contact of
spermatozoa nuclei with the terminal portion of SR. This
pattern has already been described in snakes of several
lineages, such as Viperidae, Natricidae, and Colubridae
(Fox 1956; Hoffman and Wimsatt 1972; Aldridge 1992;
Sever and Ryan 1999; Siegel and Sever 2008a). Also, there
are descriptions of groups of spermatozoa penetrating the
secretory cells of SR in A. piscivorus (Siegel and Sever
2008a), and a possible reabsorption of sperm in T. sirtalis
(Hoffman and Wimsatt 1972).
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The expulsion of the gametes from SR to fertilize the
oocytes during ovulation is still a controversial theme. The
most popular hypothesis is that the mechanical force of
compression caused by the passage of the oocyte would
release the spermatozoa for fertilization. The presence of
myoepithelial cells around SR of P. patagoniensis evokes
different questions about its function. These cells are
influenced by endocrine stimuli (hormonal), mechanical
stress, and seasonal variation in morphology, like observed
in the testes of some vertebrates (Unsicker and Burnstock
1975; Maekawa et al. 1996). Myoepithelial cells may
contract and induce expulsion of spermatozoa from SR, but
they may also act in the prevention of an excessive dis-
tension of the SR caused by an increase in luminal pres-
sure. The presence of sperm in SR of pregnant and recently
oviposited females suggests that the expulsion of gametes
may be partial. More studies are needed to determine
whether spermatozoa are released from SR endocrine or
mechanical (or both).

This is the first report of sperm storage in the
infundibulum of a neotropical snake. Barros et al. (2014b)
and De Resende and Nascimento (2015) observed some
glands, which they hypothesized to be sperm storage
tubules (SST) in the posterior infundibulum of Bothrops
erythromelas and Atractus pantostictus. However, sperm
was not found in these glands, and thus, sperm storage was
not confirmed at that site for these species. Results
obtained for P. patagoniensis confirm that stored sperm
may be used in more than one reproductive season, con-
ferring a great reproductive advantage for females. Sperm
disappears within the SR soon after ovulation (or after
2 months) in D. punctactus, C. cerastes, and V. aspis
(Saint-Girons 1975; Perkins and Palmer 1996). Neverthe-
less, sperm remains stored for several months after ovula-
tion in A. piscivorus and T. coronata (including postpartum
females in A. piscivorus), but it disappears before the next
mating season begins (Aldridge 1992; Siegel and Sever
2008a).

Sperm storage in the crypts of the UVJ in P. patago-
niensis was also observed in other snakes for different
periods of time, varying from a couple of weeks to a couple
of months (e.g., throughout hibernation or during winter),
before a subsequent migration to the infundibulum (Fox
1956; Saint-Girons 1975; Halpert et al. 1982; Aldridge
1992; Perkins and Palmer 1996). Neotropical pit vipers
store sperm in the UVJ from mating in autumn through
winter, until ovulation occurs in spring (Almeida-Santos
and Salomio 1997, 2002; Barros et al. 2012, 2014a). It has
been suggested that sperm would not remain in the crypts
of the UVJ after ovulation; thus, spermatozoa would be
eliminated or reabsorbed (Siegel and Sever 2008a; Siegel
et al. 2011). However, the presence of stored sperm in the
UVIJ of pregnant females of P. patagoniensis (and females
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that had recently oviposited) suggests the opposite.
Thereby, P. patagoniensis does not eliminate the sperm
after ovulation and may be able to produce several clutches
from a single mating by utilizing the remaining stored
sperm within the UVJ.

Sperm storage in the crypts of the UVJ and infundibular
receptacles shows that the oviduct of P. patagoniensis is
highly specialized. Evolution of sperm storage in reptiles is
a very controversial theme. Only two studies with similar
results have focused on this question so far (Sever and
Hamlett 2002; Eckstut et al. 2009). Sperm storage in the
infundibular region was considered the ancestral condition
for snakes in both studies. However, these analyses con-
sidered only data on sperm receptacles, ignoring data on
sperm storage in the UVJ (Siegel et al. 2011). Future
research on sperm storage in neotropical squamates may
help to elucidate several questions related to sperm storage
and reproductive cycles in squamates.
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