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a b s t r a c t

The development of safe and consistent semen collection protocols should be ensured to understand
basic sperm parameters of a species. Electroejaculation has been hypothesized and tested to be a safe
method to evaluate male reproductive potential in wild animals. However, little is known about semen
collection protocols in lizards. Adjusting stimulation to species and body mass is important for efficient
semen collection as well as for animal welfare. Tropidurus spinulosus is a good model to adapt electro-
stimulation; it is a medium-sized lizard species, males have semen during a long period and operative
sex ratio is male-biased. We aimed to provide a thorough and safe method for collecting semen samples
from this animal model by means of electrostimulation and characterize basic sperm parameters. Mature
males of T. spinulosus were captured and their testicular volume was evaluated via portable ultrasound
scanning. The lizards were electrostimulated by performing standardized series of stimuli. Semen was
obtained successfully in 94% of the males. Samples were contamination-free. Mean sperm number of
ejaculates was 2.1± 1.8� 106 spermatozoids. The percentage of motile spermatozoa was 78% and sperm
dynamic parameters were: VSL 37.26 ± 7.72 m/s and VCL 84.26 ± 16.27 m/s. We observed high variability
in testicular volume among males; however, almost all the individuals had sperm. Electrostimulation
using protocols adjusted to a medium-sized lizard was an effective semen collection method that
allowed us to obtain semen samples with high motility (percentage of motile spermatozoa and sperm
velocity).

© 2018 Published by Elsevier Inc.
1. Introduction

Gamete collection is an important laboratory procedure in
conservation programs [1,2] and ecological studies [3,4]; however,
few studies have evaluated efficiency of semen collection methods.
The development of safe and consistent semen collection protocols
should be ensured for the development of reproductive assistance
programs, since frequent repetition of sampling and viability of the
gametes are fundamental factors. An adequate semen collection
procedure may contribute to the increase of genetic diversity and
reproductive competence of endangered wildlife species [5].
Moreover, understanding gamete biology and basic sperm param-
eters of a speciesmay help conservation programmers to succeed in
fertilization techniques [6]. Likewise, to address ecological ques-
tions, such as how environmental factors modulate the
ez Juri).
performance of gametes [3], or evolutionary questions related to
postcopula sexual selection [7,8], morphological and functional
sperm comparisons are usually necessary; these comparisons
require adjusted and effective techniques to obtain trustworthy
semen samples. However, little is known about detailed semen
collection protocols for reptiles, and particularly for lizards [5].

Semen collection can be performed in euthanized animals; this
procedure has been used to collect semen from the extratesticular
storage ducts where spermatozoa undergo maturation in lizards
[4,9,10]. However, semen changes over time cannot be tested in
longitudinal designs using this technique. Furthermore, even
though animal euthanization could be applied in invasive species
[10], the sacrifice of animals is usually not desirable [11], and in
protected species non-lethal sampling methods instead of lethal
collecting are recommended [12]. Semen collection can be alter-
natively performed in live animals by surgical procedure, massage,
or electrostimulation. Although individuals commonly survive the
surgical procedure, they undergo the risk of semi-sterilization. The
massage technique proposed by Mengden et al. [13] has been
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frequently used with modifications in snakes and geckos [14,15].
Semen collection using massage is a non-invasive technique and
may be repeated frequently, with few negative effects on the ani-
mal; however, it is not a highly successful technique because often
no samples are obtained, samples may be contaminated or small
volumes may be collected [16,17].

Electrostimulation has been hypothesized and tested to be a safe
method for collection of semen samples to evaluate male repro-
ductive potential and for sperm banking [18e24]. Although some
studies have indicated that a small sample volume is obtained by
electrostimulation, the technique is effective because semen sam-
ples have viable motile spermatozoa and are contamination-free
[5]. Moreover, an advantage of this technique is the standardiza-
tion of the amount and magnitude of the stimulus. To date, elec-
troejaculation has been applied to various reptilian models,
including green iguanas (Iguana iguana) [5] and snakes [25], as well
as to the saltwater crocodile (Crocodylus porosus) [16] and chelo-
nians [26e29]. However, the electrostimulation technique has still
not been adjusted to medium-sized lizards; this adaptation would
require detailed protocols to adjust the equipment and parameters
of electrical stimulation to body mass. These are important con-
siderations not only for efficient semen collection but also for an-
imal welfare.

Tropidurus spinulosus is a good model to adapt electro-
stimulation not only because it is a medium-size lizard (mean
snout-vent length SVL¼ 117mm), but also because males have
semen in the ductus deferens during a long period (similarly to
Tropidurus torquatus, see Ref. [30]), operative sex ratio is highly
biased towards males and since it is a gregarious species, groups of
many males are available during the reproductive period. There-
fore, we aimed to provide a thorough and safemethod for collecting
semen samples of this medium-sized lizard by means of electro-
stimulation and to characterize basic sperm parameters.

2. Materials and methods

2.1. Male collection and handling

Males of T. spinulosus were captured (n¼ 17) in Tanti, C�ordoba
province, Argentina (31�23033��W, 64�35048��S), located in the
phytogeographic region of Chaco mountain forest [31], during the
reproductive period [32,33] in October 2016. The capture site was
recorded with GPS. The specimens were released at the capture site
after semen collection. The government environmental agencies
authorized us for scientific capture. This research was approved by
the Ethical Committee of the Instituto de Diversidad y Ecología
Animal CONICET-UNC (protocol number: 2/2017).

The individuals were acclimated in the laboratory during one
week to ensure that epididymides contained sperm before semen
collection. The males were kept in individual boxes at 25 �C and
under a normal photoperiod (12 h light/12 h dark) with UVB light.
The lizards had access to water and were fed ad libitum with live
food (crickets and mealworms) dusted with calcium.

2.2. Testicular volume diagnosis

Testicular volume was evaluated by measuring testicle width
and length via portable ultrasound scanning (Sonosite 180 Plus,
transducer 5e10MHz). To obtain testis width, the ultrasound
scanner was located ventrally 2 cm above the cloaca and transverse
scans were performed; testes were identified as a circular paired
structure with a well-defined hyperechoic membrane and a ho-
mogeneous hyperechoic echographic consistency in the interior
[34,35]. To obtain testicle length, the ultrasound scanner was
located ventrally parallel to the spine and longitudinal scans were
performed; a testis was identified as an oval structure with the
same echogenic characteristics mentioned previously. Testicular
volume was calculated using the equation for the volume of an
ellipsoid, according to [36] (Fig. 1).

2.3. Electrostimulation and semen collection

The electrostimulation equipment consists of an output signal of
monophasic type modulated in amplitude (adapted from Ref. [37]).
Themetal cloacal probe is 3.5mm in diameter and 14mm in length,
and longitudinal electrodes are separated by 2mm (Fig. 2). The
lizards were electrostimulated by performing three series, each one
consisting of five stimuli and each stimulus lasting 5 s (in the first
second the stimulus ramps up from 0 to 1 V and in the other 4 s the
stimulus is stable at 1 V). A period of a minimum of 5 s was allowed
between each stimulus and between each series during the elec-
trostimulation procedure to allow muscles to relax and sperm to
flow. All the semen expelled in this three series was collected.

Before beginning semen collection and to reduce semen
contamination, the cloaca was rinsed with sterile saline solution
(0.9% NaCl) to eliminate any pasty urates and feces [38,39]. Initially,
a ventro-lateral strokingwas performed to achieve relaxation of the
musculature of the animal and later the anal plate was massaged to
produce distention of the cloacal musculature [13]. After that, the
base of the hemipenes was rubbed with a metal probe (which was
inserted 1 cm into the cloacal aperture) by performing circular
movements, occasionally leading to the eversion of the hemipenes.
Using this procedure, the semen was expelled from the ductus
deferens and emptied into the cloacal ampulla, where semen
samples were obtained (Fig. 2).

Since semen of Tropidurus spinulosus was usually too viscous to
be aspired, collection was facilitated by putting 10 ml of the saline
solution on the semen drops expelled from the ductus deferens;
immediatly the semen was aspired with a micropipette and
introduced into an Eppendorf tube that contained 10 ml of saline
solution, where the micropipette was rinsed off. The semen was
expelled in small aliquots (less than 1 ml), so this procedure was
repeated several times over the three electrostimulation series. All
samples were completed to a fixed volume of 20 ml of semen so-
lution (semen þ saline solution) in the Eppendorf tube. It was not
possible to determine the exact volume of the extracted semen, but
the described procedure was standardized for all males and the
constant volume of 20 ml semen solution was considered as “an
ejaculate”.

To estimate the total sperm number (see Ref. [40]), an aliquot of
5 ml of semen solution was fixed and diluted in 0.1% formaldehyde.
Sperm concentration was estimated by counting cells using a
Neubauer chamber in phase contrast optics at 40� magnification.
Total sperm number was calculated as follows: sperm concentra-
tion x dilution factor x volume of the semen solution (20 ml).

Anesthesia was not used because the applied procedures were
considered non-traumatizing for the specimens and because
whether anesthesia may affect semen quantity or quality in reptiles
is unknown [39]. The specimens were restrained by manual
immobilization of the head and cloacal region in order to avoid any
reaction to manipulation. After semen collection, all sampled liz-
ards were observed during one week and appeared to be in good
health, with no known ill-effects or complications from the elec-
trostimulation procedure or any perceptible alterations in behav-
iour after handling. Lizards were daily checked for normal
behaviour, not only natural behaviours, but also their appropriate
range and context, such as normal/relaxed alertness, calm smell or
taste of objects or air, subtle changes in body posture and orien-
tation, unhurried body movements and locomotion, relaxed
drinking and feeding and relaxed breathing [41].



Fig. 1. Ultrasound scanning images of testes. a) Testicular width b) Testicular length.
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2.4. Sperm dynamic traits

Immediately after collection, spermatozoa were motile but
movement was not translational. Therefore, the spermatozoa were
incubated using Ham's F-10 culture medium (Ham's F-10. Gibco,
New York, USA) [5,42e44], supplemented with 1% bovine serum
albumin. 45 ml of the culture medium were put in an Eppendorf
tube and 5 ml of the semen solution were added. Samples were
Fig. 2. Electrostimulation and semen collection in Tropidurus spinulosus. A and B: Ventro-late
Electrostimulation and semen expelled. E: Electrostimulation equipment with a metal cloa
incubated in the thermal bath at 25 �C for 10min (Thermo Scien-
tific™ Precision™).

Dynamic parameters were measured at room temperature
(25 �C) using a video microscopy system composed of a phase
contrast microscope (Eclipse 50i; Nikon Microscope, Tokyo, Japan)
equipped with a video camera (Nikon Digital Sight DS-Fi2). Digital
videos were captured using NIS-Elements D 4.00.03 software. The
samples were recorded at 40� magnification for 3min with a
ral stroking to achieve relaxation of the musculature and hemipenes eversion. C and D:
cal probe.



G. L�opez Juri et al. / Theriogenology 118 (2018) 40e45 43
random change of the microscope field every 3 s. Subsequently,
individual sperm tracks were followed for 3 s in 45 cells/sample
and transformed to a matrix of Cartesian coordinates using ImageJ
version 1.43u (NIH) and its plug-in MtrackJ v. 1.1.0 (Eric Meijering).
The following sperm dynamic parameters were calculated from
this matrix using Spermtrack v. 4.2 (Universidad Nacional de
Cordoba, Argentina): straight line velocity (VSL; mm/sec), curvi-
linear velocity (VCL; mm/sec), and linearity (LIN; LIN¼ VSL/VCL) [8].

2.5. Statistical analyses

The mean± sd and range of SVL and of testicular volume were
calculated for each individual. The percentage of males inwhich the
technique was successful was calculated. Measurements of semen
samples included mean± sd of sperm number and of sperm ve-
locity variables, and percentage of motile spermatozoa. All statis-
tical analyses were performed using the software INFOSTAT, 2015
version (Universidad Nacional de C�ordoba) [45]. The significance
level was set at 0.05.

3. Results

Mean SVL of the study males was 117.85± 8.58mm (Range:
98.69mme131.93mm). Mean testicular volume was
0.31± 0.09mm3 (Range: 0.18mm3e0.49mm3). Although therewas
a relationship between testicular volume and SVL (R2¼ 0.47;
p¼ 0.0025), a high variability in testicular volume was observed
(Fig. 3).

Semen was obtained successfully in 94% of the males. Mean
sperm number of ejaculates was 2.1± 1.8� 106 (Range: 4.8� 104 to
5.9� 106) spermatozoa. Percentage of motile spermatozoa was
78.25± 9.26% (Range: 61%e95.7%). Sperm dynamic parameters
were: VSL 37.26± 7.72 m/s, VCL 84.26± 16.27 m/s and LIN
0.45± 0.06.

4. Discussion

Electrostimulation is an effective and safe method for semen
collection in wild animals. However, to obtain reliable semen
samples it is necessary to establish specific procedures. This study
evidenced that electrostimulation was an effective semen collec-
tion method using protocols adjusted to a medium-sized lizard. In
97 103 109
0.16

0.22

0.28

0.33

0.39

0.45

0.51

Te
st

ic
ul

ar
Vo

lu
m

e
(m

m
3)

Fig. 3. Relationship between testicular volume and snout vent length (SVL) in Tropidurus
ellipsoid (TV¼ 4/3 p (a2b), TV¼ testicular volume, a¼ 1/2 smaller testicular diameter and b
obtained through ultrasound scanning.
squamates, spermatozoa generally complete their maturity in the
vas deferens [46]. This condition highlights the importance of
ejaculation as a method for semen collection to obtain semen
samples without morphological abnormalities due to spermatozoa
immaturity [38].

According to our results, the electrostimulation technique was
highly effective (94% of the individuals). The semen samples were
of good quality, contamination-free, and were obtained rapidly.
Additionally, since the anal glands are not subjected to pressure, as
in the massage stimulation method, the contamination of the
ejaculate is reduced [38]. The semen samples showed high sperm
number, presence of live spermatozoa, and a high percentage of
viable motile spermatozoa with translational movement. In one
individual it was not possible to obtain viable semen sample
because although spermatozoa were present in the sample, they
were immobile even after the addition of HAM's F-10. Another
important advantage of this method is that it also allowed stan-
dardization of the stimulus, i.e., all males were stimulated by per-
forming three series, each series consisting of five stimuli and each
stimulus lasting 5 s. The results of this study will contribute to the
optimization of protocols for semen collection and the establish-
ment of basic parameter values, which would be useful to evaluate
the reproductive potential of the individuals. Such protocols might
be applied to answer questions about sexual selection, sperm
competition, sperm storage, reproductive cycles, mating systems
and fertilization. Moreover, from a biological conservation
perspective, although Tropidurus spinulosus is categorized as�least
concern' by the IUCN [12] it will be a good model in species con-
servation programs, since the methods and the results obtained
might be useful for other endangered species, mainly for many
closely related ones [12,47e49].

The rubbing with a metal cloacal probe by performing circular
movements at the base of the hemipenes occasionally led to the
eversion of the hemipenes for a short time. However, semen was
collected without hemipenis eversion, i.e. the ejaculation of semen
did not require eversion of a hemipenes. Moreover, sometimes
semen was obtained without further electrical stimulation; how-
ever, the amount was so small that it was necessary to apply
electrical stimulation. This observation is important because
although hemipenis eversion takes a long time or rarely occurs,
semen is collected successfully.

When we obtained the semen sample, the first step was to
115 121 127 134
SVL (mm)

spinulosus. Testicular volume was calculated using the equation for the volume of an
¼ 1/2 greater testicular diameter) [33], for which width and length of the testes were
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characterize the quality of the sample bymacroscopic examination.
Although we did not perform statistics, visual color assessment of
semen samples was helpful for characterizing macroscopically
sample quality, since semen samples that had a white milky
appearance were found to have a high spermatozoa number. More
concentrated semen would have a whiter appearance than less
concentrated semen because of the increased number of sperm
cells [50]. In this study the semen sample volume obtained was
generally small but enough to perform all the analyses of sperm
dynamic parameters. Accordingly, Zimmerman et al. [5] suggested
that the volume of a semen sample may not be predictive of quality,
since semen sample volume would not be correlated with sper-
matozoa concentrations.

Regard less of macroscopic traits, semen samples should be
evaluated microscopically (morphology and performance) to
determine semen quality. We did not observe morphological ab-
normalities in spermatozoa of T. spinulosus. Particularly, the
absence of cytoplasmic droplets might indicate that electro-
stimulation is a suitable technique because it allows us to obtain
spermatozoa that have completed their maturity in the ductus
deferens [16]. However, this interpretation is limited because no
comparisons to other techniquewere made and because absence of
abnormalities was tested only by phase contrast microscopy and
not by other methods such as ultrastructure or physiological
evaluations.

Previous studies indicate that the number of motile spermato-
zoa and their movement speed is directly correlated with fertil-
ization success [42,51,52]. As these variables characterize cell
viability, they indirectly determine seminal quality, providing
invaluable information for the study of sperm physiology and
semen conservation [53]. The mean percentage of motile sperma-
tozoa at the time of semen sample collection was high (78%) and
similar to that obtained for green iguanas in semen samples
collected also by electrostimulation [5]. Furthermore, the sperm
velocity obtained for T. spinulosuswas higher than that obtained for
Salvator merianae and S.rufescens in semen samples collected from
the terminal portion of the epididymides [4]. Sperm velocity is
positively correlated to competitive fertilization success in several
species [52,54,55]. Our results suggest that electroestimulation is
an effective method for collection of semen samples with high
motility (percentage of motile spermatozoa and sperm velocity).

Effective semen collectionmethods allow the evaluation of male
reproductive potential, since the presence of semen indicates that
the male has the real potential to fertilize eggs. Especially in lizards
that have seasonal reproduction, it is important to determine the
period when sperm is present in ductus deferens to disentangle
reproductive cycles and variability of reproductive strategies
amongmales. Accordingly, high variability in testicular volumewas
observed among males in T. spinulosus; however, nearly all the in-
dividuals presented sperm, suggesting different reproductive stra-
tegies. This result suggests that males may have sperm regardless
variability in testicular volume.

5. Conclusion

In conclusion, the results of the present study suggest that
electrostimulation is an effective and safe method for semen
collection in Tropidurus spinulosus and probably for lizards of
similar size, as well for other endangered species. The sample had
viable motile spermatozoa and was contamination-free, which
makes it useful for evaluating male reproductive potential.
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