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Abstract Sceloporus bicanthalis inhabits the Nevado de
Toluca, México, and the males exhibit continuous sper-
matogenesis with mature sperm available year round.
Females were collected monthly to evaluate the morphol-
ogy of the oviducts and the presence of sperm storage.
Histological examination revealed that the oviductal
structure in this lizard is similar to that described for other
lacertilian species: anterior infundibulum, glandular uterus,
and a posterior non-glandular uterus. The oviduct wall
consists of a superficial visceral pleuroperitoneum, a mid-
dle layer of smooth muscle with outer longitudinal and
inner circular fibers, and a deep mucosa or lamina propria
deeply lined by an epithelium containing ciliated and non-
ciliated secretory cells. Spermatozoa are stored at the base
of the mucosal folds, in crypts and in sperm storage tubules
at the transition between the glandular uterus and non-
glandular uterus, as well as in the anterior non-glandular
uterus of previtellogenic, vitellogenic, pregnant, and
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postpartum females. The sperm in the oviductal cavity or in
retention sites is in contact with secretory products derived
from non-ciliated epithelial cells. Spermatozoa usually
assume an orderly distribution with their heads aligned and
oriented toward the base of the folds or crypts. This study
shows that females of S. bicanthalis exhibit prolonged
sperm storage that corresponds with the continuous
reproductive strategy employed by males.

Keywords Reproduction - Oviduct - Sperm storage -
Sperm storage tubules - Sceloporus

Introduction

In reptiles, oviducts are paired structures that are suspended
by mesentery in the posterior pleuroperitoneal coelom,
dorsally situated on each side of the body (Girling 2002).
Generally in lizards, the oviduct is divided into three
regions which differ in structure and function: anterior
infundibulum, middle uterus, and posterior vagina (Cuellar
1966; Fox 1963, 1977; Blackburn 1998). These complex
structures serve multiple functions such as fertilization, egg
transport, albumin production, shell membrane formation,
egg and/or embryo upkeep until hatching or birth, pla-
centation in viviparous species, and sperm retention
(Cuellar 1966; Blackburn 1998; Girling 2002).

Siegel et al. (2015) offered a recent review that incor-
porates much of Blackburn (1998) and Girling (2002)
recent work in lizards. In this review Siegel et al. (2015)
employed terminology provided by Siegel et al. (2011) in
snakes in order to maintain consistency among lepidosaurs.
This terminology includes the infundibulum at the cranial-
most portion of the oviduct, glandular uterus for the middle
region, and non-glandular uterus at the caudal-most region.
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Histologically, three distinct tissue layers are observed in
the oviduct: (1) an outer pleuroperitoneal cover composed
of a thin serosa membrane, (2) a middle myometrial layer
composed of outer longitudinal and inner circular smooth
muscle, and (3) an internal endometrial layer or mucosa
which consists of the lamina propria and a luminal
epithelium with ciliated and non-ciliated cells (Cuellar
1966; Guillette and Jones 1985; Blackburn 1998; Girling
2002).

Oviductal sperm storage is a common phenomenon
known in females from all reptile taxa except Amphis-
baenia (see Blackburn 1998; Girling 2002; Sever and
Hamlett 2002). It is a mechanism that allows females the
temporal separation of mating from fertilization, therefore
optimizing the reproductive cycles of males and females to
ensure fertile eggs regardless of the time ovulation, mating,
and/or spermatogenic developmental strategy. This strat-
egy is advantageous because it extends the available
reproductive period of females, promotes fertilization
in situations where males are few or less active, and con-
tributes to sperm competition and/or multiple paternity
(Girling 2002; Olsson and Madsen 1998).

Within reptiles, sperm storage duration is variable,
depending on the species. Spermatozoa can be stored a few
months (3 months in lizards, Cuellar 1966; Villagran-Santa
Cruz et al. 1992; Girling 2002; Siegel et al. 2015) or years
(four years in turtles or seven in snakes; Sever and Hamlett
2002; Girling 2002). The specific location where sperm
storage occurs is also variable within given taxa. In cro-
codiles two regions can contain sperm: one is the transition
between glandular uterus and non-glandular uterus, and the
other is the posterior infundibulum (Gist et al. 2008;
Bagwill et al. 2009). In turtles, sperm storage is localized in
specialized tubules located in the region of the posterior
infundibulum and the glandular uterus (see Sever and
Hamlett 2002). In squamates (lizards and snakes) it occurs
in the posterior region of the infundibulum, and specifically
in iguanids it is located at the transition between glandular
uterus and non-glandular uterus (Cuellar 1966; Blackburn
1998; Girling 2002; Sever and Hamlett 2002; Siegel et al.
2015).

Sceloporus bicanthalis is a viviparous lizard (Guillette
1981) that is nested within the scalaris group (Leache
2010) in the family Phrynosomatidae. This species has
been heavily studied in regard to reproductive biology.
Studies on S. bicanthalis include investigations on the
breeding strategies and breeding cycles by Guillette (1981),
Guillette and Jones (1985), Manriquez-Moran (1995),
Hernandez-Gallegos (1995), Hernandez-Gallegos et al.
(2002), Mendoza-Cruz and Villagran-Santa Cruz (2007).
Recently, demography studies in a high-mountain popula-
tion have been carried out by Rodriguez-Romero et al.
(2011), and finally Gribbins et al. (2011) and Rheubert
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et al. (2012) have focused on the study of continuous
spermatogenesis and  spermiogenic  development,
respectively.

Sceloporus bicanthalis females reach reproductive
maturity at 42 mm in SVL. They present a continuous
reproductive cycle at the population level, which is char-
acterized by long periods at the different gonadal activity
stages (Ambriz-Rosales 2010), and by the birth of offspring
throughout the year (Rodriguez-Romero et al. 2011). In S.
bicanthalis, sperm storage has been reported in populations
from high elevations (Guillette 1981; Guillette and Jones
1985), but its length along the reproductive cycle is
unknown Therefore, the aim of this research was to
determine in which region of the oviduct and in which
breeding condition throughout the reproductive cycle
sperm storage occurs in an interesting population from high
elevation where the males shows continuous spermatoge-
nesis (Gribbins et al. 2011; Rheubert et al. 2012).

Materials and methods

During the months of September 1994 to August 1995 and
March to August 2001, 39 adult females (=42 mm SVL) of
S. bicanthalis were collected, under the scientific collector
permit SEMARNAT-FAUT 0074, in The Nevado de
Toluca location, Estado de México (19°07'30"N,
49°46'15"W) at an elevation of 4200 m. The study met the
relevant legal regulations as well as institutional proce-
dures for research of the Universidad Nacional Auténoma
de México, and Ley de proteccion a los animales del
Distrito Federal. The collected specimens were killed with
an overdose of sodium pentobarbital given intraperitoneal,
dissected, and their ovaries and oviducts removed and fixed
in 10 % neutral-buffered formalin. Depending on their
reproductive characteristics, based on the condition of the
ovary (follicular development) and presence of developing
embryos in utero, the females were divided into five cat-
egories: (1) previtellogenic—females with small follicles
less than 2 mm without yolk; (2) vitellogenic—females
with vitellogenic follicles larger than 2 mm; (3) early
pregnancy—females with large corpora lutea and embryos
in utero with early embryonic development (developmental
stages 1-30); (4) late pregnancy—females with reduced
corpora lutea and embryos in utero with late embryonic
development (developmental stages 31-40); and (5) post-
partum—{females without developing embryos, but with
distended and edematous oviducts. Also, monthly the
percentage of females in each category was calculated.
Developing embryos from the left oviduct were used for
their categorization based on the development table pro-
posed by Duffaure and Hubbert (1961). The right oviducts
of the five reproductive groups of females were processed
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for histological analysis, for which they were dehydrated
using a graded ethanol series (30—100 %), cleared with
xylene, and embedded in Paraplast. Serial sections (7 um
thick) were obtained, and the tissues were stained alter-
nately with different staining techniques including: hema-
toxylin—eosin, Mallory’s tricrome, alcian blue—nuclear
fast red, and alcian blue—PAS (Estrada et al. 1982; Kier-
nan 1981). Tissue samples were analyzed using a light
microscope Olympus CX31. Photographs were taken using
an Olympus C-5050 digital camera adapted to the micro-
scope, and the plates were prepared using the Adobe
Photoshop CS3 software.

Results

The oviduct in S. bicanthalis is differentiated into three
regions: infundibulum, glandular uterus, and non-glandular
uterus. The more cranial region, the infundibulum, termi-
nates at the ostium and opens into the coelom; the mucosa
is limited by a cuboidal epithelium with ciliated and non-
ciliated epithelial cells (Fig. 1A). The thin lamina propria
is composed of fibers of connective tissue in which blood
vessels are observed, and superficially the muscular is very
much reduced to a point that determining the layers
becomes difficult; only are evident some fibers, surrounded
by the visceral pleuroperitoneum (Fig. 1A). In S. bican-
thalis the caudal region of infundibulum shows differences
with the cranial region. The mucosa of posterior
infundibulum is thicker and presents small and uniform
folds (Fig. 1B) and a columnar epithelium with ciliated and
non-ciliated secretory cells, the latter of which stain posi-
tively with alcian blue (Fig. 1B), indicating the presence of
acid glycosaminoglycans. The lamina propria is thin, with
the typical elements of connective tissue and blood vessels,
and some glands are observed in the most posterior region
(Fig. 1B), and the muscular layer is thin (Fig. 1B). Sub-
sequently, the glandular uterus is located caudal to the
infundibulum and is the longest region of the oviduct. The
glandular uterus is characterized by the presence of glands
in the lamina propria (Fig. 1C) and a limiting cuboidal
epithelium presenting ciliated and non-ciliated secretory
cells, whose secretion is positive for alcian blue staining.
Externally, both smooth muscle layers are defined and
structured by deep circular and superficial longitudinal
fibers (Fig. 1C). The most posterior region of the oviduct is
the non-glandular uterus, which opens into the cloaca. The
non-glandular uterus presents a folded mucosa (Fig. 1D)
whose folds increase in size toward the near region as they
approach the cloaca; the luminal epithelium is low
columnar with ciliated and non-ciliated secretory cells
(Fig. 1D) which stained positive for acid glycosaminogly-
cans; the muscle layer is thick, and the internal circular and

external longitudinal muscle fiber layers are evident
(Fig. 1D).

Oviductal sperm storage was recorded in previtel-
logenic, vitellogenic, pregnant (early and late females), and
postpartum females throughout the year (Fig. 2). The
sperm storage sites were observed only in the transition
between glandular uterus and non-glandular uterus and in
the anterior non-glandular uterus (Fig. 3A); besides being
evident in these regions sperm were also noted in the
lumina of previtellogenic (Fig. 3A) and vitellogenic
(Fig. 3B) females. The spermatozoa are retained between
the mucosa folds (Fig. 3B), in deep crypts between the
folds, which are irregular invaginations of the epithelium
(Fig. 3A-C), and in the sperm storage tubules, which are
formed by the closure of the base of the crypts between the
folds and by the invagination of the oviduct wall toward the
lamina propria (Fig. 3A-D). Spermatozoa between the
folds, in the crypts, and in the sperm storage tubules are
arranged with their heads toward the limiting epithelium of
the crypt, and with their tails extending parallel toward the
lumen. Within some tubules, the sperm have no defined
arrangement and form a mass in contact with the luminal
secretion (Fig. 3D).

In previtellogenic females, a large quantity of sperma-
tozoa is observed in the troughs of the folds in the mucosa
and in the lumen of the transition between glandular and
non-glandular uterus. Simple tubular glands are a typical
feature of the posterior uterus (Fig. 3A). The epithelium
that limits the mucosa of this zone of transition was
cuboidal with ciliated and non-ciliated secretion cells
positive for alcian blue staining. The orientation of the
spermatozoa in the lumen was disorganized (Fig. 3A), and
in areas of sperm storage, the spermatozoa were arranged
with their heads facing the epithelium (Fig. 4A, B).

The anterior non-glandular uterus of females in the
vitellogenic stage presented a thick mucosa with an
increase in the number and height of the wall folds. The
spermatozoa were found in the lumen, between the
depressions of the folds of the uterine mucosa, in the
crypts, and in the sperm storage tubules (Figs. 3B, 4C, D).
The large amount of spermatozoa in the lumen was mixed
with secretion forming an irregular mass, which occupied a
large volume, but in the folds and crypts their heads usually
appeared aligned and oriented toward the epithelium
(Fig. 4C, D). The limiting mucosal epithelium was low
columnar, where ciliated cells were more prevalent and
possessed long cilia. It is important to note that during
vitellogenesis a greater secretory activity was seen in non-
ciliated epithelial cells, a secretion that stained positively
for acid glycosaminoglycans, which was evident by its
affinity to alcian blue (Fig. 4D).

In pregnant females in early gestation the characteristics
of sperm retention areas were similar to those described for
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Fig. 1 Photomicrographs of
longitudinal sections through
the oviduct of Sceloporus
bicanthalis. A Infundibulum
showing the characteristic thin
wall and cubic simple
epithelium (e) limiting toward
the lumen (1) with ciliated cells
(*) and non-ciliated cells, fibers
of connective tissue and blood
vessels (bv), some muscular
fibers and superficially visceral
pleuroperitoneum (p) are
evident. B Posterior
infundibulum with thicker
mucosa with small and uniform
folds (f) limited by a columnar
simple epithelium with ciliated
cells (*) and non-ciliated
secretory cells (stained
positively for alcian blue),
posterior glands (g) and thin
muscle layers were outer
longitudinal (ml) and inner
circular fibers (mc) are evident.
C Glandular uterus showing the
cubic simple epithelium (e),
glands (g) and blood vessels
(bv) in the lamina propria (Ip), a
thick musculature of outer
longitudinal (ml) and inner
circular (mc) smooth muscle
and visceral pleuroperitoneum
(p) superficially. D Non-
glandular uterus with the
mucosa arranged with
longitudinal folds (f) that
extended toward the lumen (1),
note sperm (sp) aggregations
within them lumen and between
the folds; externally the outer
longitudinal (ml) and inner
circular (mc) smooth muscle
layers are evident. A,

C Hematoxylin—eosin stain,

B Alcian blue—nuclear fast red
stain, and D Alcian blue—PAS
stain. Bar 25 pm

the previous breeding conditions; the mucosa was folded
and limited by a columnar epithelium with ciliated and
non-ciliated cells, which secrete acid glycosaminoglycans
(Fig. 3C). The disposition of the spermatozoa matched the
previous description of previtellogenic and vitellogenic
females. In pregnant females, it was observed that the
sperm were oriented with their heads toward the epithelium
in contact with the secretion (Figs. 3C, 4E, F).

The wall of the anterior non-glandular region in post-
partum females was thick with large folds (Fig. 3D) with a
low columnar ciliated and non-ciliated secretory
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epithelium. The lamina propria presented a great quantity
of blood vessels and the muscular layer was thick. There
were no free spermatozoa in the lumen of the transition
between glandular uterus and non-glandular uterus zone,
and the spermatozoa were only evident in the crypts and in
the sperm storage tubules from the anterior non-glandular
uterus, which were located between the mucosa and the
muscular wall (Figs. 3D, 4G, H). Some females had sperm
retention sites only within depressions formed by folds in
the mucosa where the spermatozoa were oriented with their
heads toward the epithelium (Fig. 4H).
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Fig. 2 Reproductive condition 100%
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Discussion

The morphology and regionalization in the oviduct of S.
bicanthalis are similar to those described in other lacertilian
species (Cuellar 1966; Fox 1963, 1977; Blackburn 1998;
Girling 2002; Siegel et al. 2015). The examined oviducts
showed an activity pattern, which reflected the reproductive
condition of the females: previtellogenic, vitellogenic, preg-
nant, and postpartum; i.e., the oviducts showed morphological
changes associated with the reproductive condition. These
changes most likely correspond to seasonal hormonal changes
during the reproductive cycle (Blackburn 1998; Girling 2002).
In S. bicanthalis, the changes in hypertrophy of the oviduct,
increase in the number and size of folds, changes in the
endometrial layer, uterine gland synthesis and secretion, and
increase in the number of ciliated and not ciliated cells, were
more evident during vitellogenesis. These data suggest simi-
larities among other lizards have been studied (Blackburn
1998; Girling 2002) and potentially a retained ancestral state.
The region that we denominated as posterior infundibulum in
S. bicanthalis shows differences with the anterior infundibu-
lum and glandular uterus especially in vitellogenic females:
the mucosa is thicker, with small and uniform folds, and non-
ciliated cells stained positively with alcian blue indicating the
presence of acid glycosaminoglycans. This zone has been
described as tuba, tube, or uterine tube (Blackburn 1998;
Girling 2002; Sever and Hopkins 2004), and in some species
of snakes and scleroglossid lizards has the important function
of sperm storage, a characteristic that has been proposed as the
ancestral condition (see Sever and Hamlett 2002). In S.
bicanthalis sperm storage does not occur in this zone.

The uterine wall showed an increase in the myometrial
and endometrial layers and in the endometrial layer
hypertrophic simple alveolar glands, and the connective
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tissue is vascularized. The synthesis and gland recrudes-
cence occur during ovarian vitellogenesis, and the glands
secrete the collagen fibers of the eggshell membrane during
the early gestational stage (Blackburn 1998; Mendoza-
Cruz 2006). The increase in the number and size of folds in
the vaginal mucosa depends on regionalization toward the
posterior region and also on reproductive condition, which
is consistent with observations obtained in other lizards,
such as Sceloporus tristichus (Cuellar 1966), S. grammicus
(Villagran-Santa Cruz et al. 1992), S. woodi (Palmer et al.
1993), S. mucronatus (Villagran-Santa Cruz et al. 2009),
and Hemidactylus mabouia (Nogueira et al. 2011). The
changes in the non-glandular uterus that are correlated with
the reproductive cycle include an increase in musculature,
in mucosa fold height, in epithelial and cilia height, and in
epithelial secretory activity (Blackburn 1998).

Sperm storage in S. bicanthalis from the study site
occurs all year long and in all reproductive conditions. The
sperm storage area is the transition between glandular and
non-glandular uterus and the anterior non-glandular uterus,
which is consistent with the observations obtained by
Guillette and Jones (1985), who investigated a different
population and found abundant sperm storage during the
fall and winter, at the bottom of folds formed by the
endometrium. In the present study we have also observed
spermatozoa storage in the crypts and in sperm storage
tubules. The deep crypts between the folds are practically a
continuation of the oviduct layer and are commonly seen in
other lizards (Cuellar 1966; Bou-Resli et al. 1981). The
sperm storage tubules are the more common structures seen
in sperm storage (Sever and Hamlett 2002), and in some
species such as Anolis sagrei they are alveolar tubular
glands in the transition between glandular and non-glan-
dular area (Sever and Hopkins 2004). In the case of some
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Fig. 3 Photomicrographs of
locations of sperm retention in
Sceloporus bicanthalis. A,

B Longitudinal section through
the transition between glandular
uterus and non-glandular uterus
of previtellogenic (A) and
vitellogenic (B) female,
respectively, both probably had
a recent copulation as evident
by large masses sperm (sp)
occupying the lumen (1),
between the folds (f), crypts

(c) and sperm storage tubules
(sst). Note in A the presence of
uterine glands (g) at the margin
of the glandular uterus.

C Transverse folds (f) and
crypts (c) with sperm (sp) in the
anterior non-glandular uterus of
an early pregnancy female.

D Longitudinal section through
non-glandular uterus of a
postpartum female with sperm
(sp) in the sperm storage tubules
(sst) formed by invaginations of
the epithelium or by fusion of
folds (f). A Alcian blue—PAS
stain, B Mallory’s trichrome
stain, C Alcian blue—nuclear
fast red stain, and

D Hematoxylin—eosin stain. Bar
125 pm

vitellogenic S. bicanthalis females, a great mass of sper-
matozoa mixed with secretion and cellular debris in the
lumen of the transition zone was evident. This highlights
two possibilities: these females mated recently, and/or this
sperm mass mixed with secretions, desquamated epithelial
cells and membranous structures, called “carrier matrix,”
promotes the mobilization of sperm to the anterior oviduct
in vitellogenic females that are close to ovulation (Sever
and Ryan 1999; Sever and Hamlett 2002). In the specific
storage areas in S. bicanthalis, spermatozoa are bundled in
packages with their heads oriented toward the crypt or

@ Springer

folded epithelium as observed in other lizards (Cuellar
1966; Sever and Hopkins 2004).

Sperm storage has been observed in other species of
viviparous sceloporines (Sceloporus jarrovi—Goldberg
1970, S. grammicus microlepidotus—Guillette and Casas-
Andrew 1981 and, Villagran-Santa Cruz et al. 1992;
Sceloporus mucronatus—Ortega-Leén et al. 2009 and
Villagran-Santa Cruz et al. 2009); as well as in other
iguanids (see Cuellar 1966; Blackburn 1998; Girling 2002;
Sever and Hamlett 2002). In viviparous populations, sperm
storage appears to be necessary to ensure fertilization



Zoomorphology (2017) 136:85-93

91

Fig. 4 Photomicrographs of
sections of the anterior non-
glandular uterus showing sperm
retention of females in different
reproductive conditions. A,

B Previtellogenic. Transverse
folds (f) and sperm storage
tubules (sst) having stored
sperm (sp), some containing
dark staining sperm bundles. C,
D Vitellogenic. The
spermatozoa (sp) generally
assume an orderly distribution
with the heads oriented toward
the base of the crypts (c) also
sperm storage tubules are
evident. E, F Early and late
pregnancy. Sperm (sp) oriented
in crypts (c), and transverse
folds (f) of a female having
many stored sperm,
respectively. G, H Postpartum.
Sperm (sp) aggregations
residing in the sperm storage
tubules (sst) or are visible in the
crypt (c) with heads oriented
toward epithelium. In B, D, and
E note the secretion (*) of the
non-ciliated cells stained
positively for alcian blue
showing the presence of acid
glycosaminoglycans. A Alcian
blue—PAS stain, B, C,

F Mallory’s trichrome stain, G,
H Hematoxylin—eosin stain, and
D, E Alcian blue—nuclear fast
red stain. Bar 25 pm

(Guillette and Jones 1985). Sperm storage is essential in
some species due to asynchronous reproductive cycles of
males and females (Murphy et al. 2006; Ortega-Leon et al.
2009). Likewise, sperm retention allows the independence
of copulation from fertilization processes (Girling 2002),
which may explain the ability of females to have fertile
eggs throughout the year (Vitt 1986; Anjos and Rocha
2008; Nogueira 2008), or the reproduction of females when
males are absent (Cuellar 1966; Villagran-Santa Cruz et al.
1992; Blackburn 1998).
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The storage of sperm even after fertilization requires
further investigation. It is possible that the sperm found in
the sperm storage sites following fertilization in this
semelparous species are due to left over sperm from future
mating events. These sperm may be undergoing phagocy-
tosis which has been noted in other species (Sever and
Ryan 1999), and future ultrastructural analyses may help
elucidate this. Furthermore, the retained sperm may be
from subsequent matings as males constantly produce
sperm in this population. This continuous mating may
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result in sperm selection, sperm competition, and/or mul-
tiple paternity (Olsson and Madsen 1998; Schuett 1992;
Birkhead and Moller 1993; Gist and Fischer 1993). Future
studies investigating female mating patterns and multiple
paternity may help to elucidate these hypotheses.

In S. bicanthalis during the different reproductive con-
ditions, the non-ciliated epithelial cells of the anterior non-
glandular stain positively for alcian blue, indicating a
secretory function as observed in other lacertilian species
(Girling 2002). In some species this secretion has been
associated with the transport and upkeep of sperm (see
Girling 2002), or the protection and lubrication of the
epithelial surface, which facilitates the passage of oocytes
and eggs through the oviduct (Botte 1973; Girling 2002;
Sever et al. 2000). Furthermore, it has been suggested that
sperm storage sites provide protection to mechanical
damage and that secretions have a nutritive function for the
spermatozoa (Cuellar 1966; Saint-Girons 1973; Bou-Resli
et al. 1981); also, the mucous secretion of the epithelium
ensures prolonged survival (Saint-Girons 1962).

Sperm storage is an important aspect of the reproductive
biology of S. bicanthalis as indicated by its presence
throughout the reproductive cycle in different reproductive
conditions. On the other hand, S. bicanthalis demographics
from Nevado de Toluca study site (cold high-elevation
mountains) give the population a semelparous life cycle,
which gives an early sexual maturity and an 8-month sur-
vival rate (Rodriguez-Romero et al. 2011). Due to the fact
that this population dissociates ovulation from breeding
(Ambriz-Rosales 2010) and that males present continuous
spermatogenesis (Gribbins et al. 2011), it is likely that
sperm storage allows the independence of copulation from
the fertilization processes, which is one of the advantages
of sperm storage as denoted by Girling (2002).

We believe that sperm retention is an adaptive strategy
to the life cycle of S. bicanthalis. This strategy allows
females to ensure fertilization during their short lifetime as
sperm are always present in their reproductive tracts. As in
males, this strategy could suggest that there may be a
sexual selection pressure to so that sperm is always avail-
able for females that are ready to breed (Gribbins et al.
2011). Sperm storage within the female reproductive tract
is a prerequisite for sperm competition (Friesen et al.
2014), and this suggest that there may be selection on
sperm, and females might gain substantial benefits by using
only sperm from the most competitive male (Ortega-Ledn
et al. 2009). S bicanthalis from our study site is ideal model
for the study of the origin of sperm retention and post-
copulatory selection mechanism.
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