Original Article

Stimulation Patterns for Erection and Ejaculation using

Electroejaculator in Black Marsh Turtles

Sakdichod Kimskulvech Peerasak Suttiyotin*

Abstract

Semen collection by an electroejaculator was studied in black marsh turtles. High responses were recorded
when electrical probe was inserted to the depth of 5.9£0.1 cm from the anus or 5.2+0.2 cm from posterior tip of the
carapace. The depth position was approximately the center of the second carapace from the rear. The intensity of
responses increased with increasing voltage and reached a plateau at 7.0 volts. The depth of the probe inserted to
yield highest responses had higher relationship with carapace length when measured against the anus (r= 0.81, p=
0.0088) than the posterior end of carapace (r= 0.06, p= 0.8825). Stimulation voltages have been applied as pattern 1: 0.0
to 7.0 volts in 20 second, held for 20 second, return to 0.0 and rest 20 sec; pattern 2: 0 to 7.0 volts in 30 sec, held for 30
sec, return to 0.0 and repeat stimulus; pattern 3: 0.0 to 7.0 volts in 15 sec, held for 40 sec, return to 0.0 and rest for 5
sec. Frequencies of penile protrusion and ejaculation were similar among the 3 patterns of stimulation tested.
Frequency of erection, however, was higher in pattern 2 (77.8%) than those in pattern 1 and 3 (38.9 and 50.0 %,
respectively, p< 0.05). Time spent to the occurrence of penile protrusion (36.945.7, 25.3+4.7 and 33.4+5.6 min for
pattern 1, 2 and 3 respectively, p> 0.05), penile erection (42.7+5.2, 31.7+4.5 and 35.0£5.8 min for pattern 1, 2 and 3
respectively, p> 0.05) and ejaculation (35.3+ 6.4, 34.5+5.0 and 28.1+6.0 min for pattern 1, 2 and 3 respectively, p> 0.05)
did not significantly differ. Ejaculations, however, were observed without penile erection. Electrical exposure times
spent to achieve penile protrusion and ejaculation were not different among stimulation patterns studied. Erection, on
the other hand, needed longer exposure time in pattern 3 (20.8+3.1 min) that those in pattern 1 and 2 (15.2+1.9 and
16.0+2.2 min, respectively, p< 0.05). In conclusion, electroejaculator can be used to stimulate penile erection and
ejaculation in black marsh turtles.
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suffering from spinal cord injury can benefit from this
technique (Utida et al., 2005). It has been successfully
used in domestic animals such as cats (Chatdarong et
al., 2006; Zambelli et al., 2010), boars (Martin et al.,

Introduction

Black marsh turtle (Siebenrockiella crassicollis)
is a freshwater, small to medium-sized turtle and is

classified as vulnerable by the International Union for
Conservation of Nature Red List of Threatened
Species (Asian Turtle Trade Working Group, 2000). It
is also listed on the Convention on International
Trade in Endangered Species of Wild Fauna and Flora
Appendix II and is protected from exploitation under
the Wild Animals Reservation and Protection Act B.E.
2535 (CITES, 2012). Despite the risk of being traded
for food and traditional medicine, and being lower in
population, very little reproductive physiology
information is known. Over the last decades,
substantial efforts aiming to wunderstand the
reproductive physiology of turtles have been
presented. Semen collection would be the initial
process of the attempts to fulfill the reproductive
physiology of turtles.

Electroejaculation is an alternative means for
semen collection in both human and animals. Men

1994), rams (Cochran et al., 1985; Marco-Jimenez et al.,
2008), bulls (Palmer et al., 2004) and camels (Tingari et
al., 1986). It has been applied to other species such as
Japanese black bears (Okano et al., 2006), Asiatic black
bears (Chen et al., 2007), Iberian red deer (Martinez et
al., 2008), bongo antelope (Wirtu et al., 2008), coyotes
(Bruss et al., 1983), Spanish ibex (Santiago-Moreno et
al., 2009), agouti (Mollineau et al., 2008), coatis (Barros
et al., 2009), collared peccaries (Souza et al., 2009),
Malayan tapirs (Tipkantha et al., 2011) and armadillos
(Serafima et al., 2010). Although the semen collection
has been documented in sea turtles (Wood et al., 1982;
Sahatrakul et al, 2007; Tanasanti et al., 2007;
Suttiyotin et al., 2012), little is known about semen
collection in black marsh turtles which are much
smaller in size compared to the sea turtles. It is known
that the voltages and the stimulation patterns used for
electroejaculation vary among species. These
influences may be due to anatomical differences and
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voltage resistance among species. The objectives of
the present study were to investigate the possibility of
semen collection by electroejaculation and to evaluate
stimulation patterns in black marsh turtles.

Materials and Methods

Amnimals: Black marsh turtles (n= 9) were retrieved
from Nakhon Pathom province in the central part of
Thailand. They were kept in a standard facility at the
faculty of Veterinary Science, Mahidol University and
were fed commercial diet and vegetables. They were
regularly checked to assure good health by
veterinarian during the time at the facility. Natural
light was provided during daytime from 6 AM to 6
PM.

Anesthesia: The turtles were weighed and withheld
from food 6 hours before anesthesia was used.
General anesthesia was induced with ketamine (40
mg/kg) intramuscular injection at front or rear leg
region (Kimsakulvech and Suttiyotin, 2012). At 15 min
after ketamine injection, the turtles were transferred
and rested on top of a cylinder box approximately 12
cm in diameter and 15 cm in height. Before any
attempt to insert electrical probe or to stimulate with
electric current, the turtles were observed for fully
sedation to avoid mistreatment of conscious animals.
After testing, all turtles were observed for fully
recovery before being returned to their facilities.
Turtles were considered full recover from anesthesia
when they could swim and immediately response to
stimuli.

Experimental design

Experiment 1, Depth of the probe insertion: Depth of
probe insertion in relation to electrical stimulation
effect was investigated in nine black marsh turtles.
General data related to anatomical region at the rear
end of the turtles were recorded (Wyneken, 2001).
These criteria included body weight, carapace width,
carapace length, plastron width, plastron length, body
circumference, tail length and length from tail tip to
anus. After sedation, the turtles were placed on a
cylinder box approximately 12 cm in diameter and 15
cm in height (Fig 1). This allowed them to rest on their
plastron with their legs hanging along the box. The
setting provided free movement of the legs (if any)
and no restraint was required. The turtles were
observed until they were well sedated before the
beginning of stimulation. Electroejaculator used in the
study (Suttiyotin et al., 2012) consists of adjustable
output power connected with a rectal probe (Fig 2). A
small electrode probe was made to suit the size of the
black marsh turtles. The probe measured 0.5 cm in
diameter and 30 cm in length with 2 ring electrodes, 1
cm apart. K-Y jelly was applied to the probe before
gentle insertion into the rectum to reach designed
distances. The depth of insertion started at 1 cm from
the anus with 1 cm increment in each depth. Electrical
stimulation was applied at the voltage of 1.0 volt,
increased by 1.0 volt every 5 sec to the maximum of
10.0 volts. Rear leg retraction was used as an indicator
for response to the stimuli. The depth at which the
turtle expressed highest intensity of muscle

Figure 1 Handling of Black Marsh turtles during
electroejaculation. Note that the penis was
partially protruded from the anus.

Figure 2 Electroejaculator used for semen collection from
black marsh turtles.

contraction was recorded. To compare the depth of
insertion to the distance from the turtle’s rear, the
probe was marked and measured against the
carapace.

Experiment 2, Stimmulation patterns: Two series of 3x3
Latin square were applied for stimulation pattern test.
Nine male black marsh turtles weighing between 0.6
to 1.2 kg were allocated to 3 groups. The stimulatus
was divided into 3 periods (9.00 to 12.00, 12.00 to
15.00 and 15.00 to 18.00). Three patterns of stimulation
were random into 3 groups and repeated with
different pattern at 1 week interval. The turtles were
sedated by intramuscular injection of ketamine (40
mg/kg) and manipulated as described above.
Sedation was induced in all turtles within 15 min and
they were rechecked for unconsciousness prior to
stimulation. Electrical probe was inserted into the
rectum to the depth at which the first electrode was
positioned at the center of the second carapace from
the rear. Pre-measurement from the center of second
carapace to the opening of the anus was made to
ensure correct position. Stimulation was performed in
one of the following patterns:

Pattern 1: The voltage was gradually
increased from 0.0 to 7.5 volts in 20 sec, held at 7.5
volts for 20 sec and immediately returned to 0.0 volt.
The gap between stimuli was allowed for 20 sec. The
pattern was consecutively repeated for 5 times to
complete 1 stimulus cycle. The turtles rested for 5 min
before the next cycle of stimulation started. A total of
5 stimulation cycles was achieved in each turtle.

Pattern 2: The voltage was gradually
increased from 0.0 to 7.5 volts in 30 sec, held at 7.5
volts for 30 sec and immediately returned to 0.0 volt.
The pattern was consecutively repeated for 3 times to
complete 1 stimulus cycle. The turtles rested for 3 min
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before the next cycle of stimulation started. A total of
10 stimulation cycles was performed in each turtle.

Pattern 3: The voltage was gradually
increased from 0.0 to 7.5 volts in 15 sec, held at 7.5
volts for 40 sec and immediately returned to 0.0 volt.
The gap between stimuli was allowed for 5 sec. The
pattern was consecutively repeated for 3 times to
complete 1 stimulus cycle. The turtles rested for 2 min
before the next cycle of stimulation started. A total of
12 stimulation cycles was performed in each turtle.

Spermatozoa were collected from semen
adhered to the probe or erected penis. Semen sample
was smeared on a microscope slide, fixed in absolute
methanol for 1 minute and air dried. Spermatozoa
were stained with Wright-Giemsa stain for 60 sec. The
slide was then examined for spermatozoa under a
light microscope at magnification of 400x.

Statistical analysis: Data were expressed as
mean+SE. Pearson’s correlation coefficients were used
to determine the relationships between body weight
and carapace width, carapace length, plastron width,
plastron length and body circumference. To
determine positions of probe with anatomical
parameters, Pearson’s correlation coefficients were
also used to determine the association between depth
of insertion and body weight, carapace width,
carapace length, plastron width, plastron length and
body circumference. Correlation coefficients were
considered significant at the level of p< 0.05. In
Experiment 2, frequencies and percentages of penile
protrusion, erection and ejaculation, and electrical
exposure times were analysed, with 2 replications, by
one way analysis of variance. The model was Yk =
+ Ti + S + Eji. Where: Yj: dependent variables, p:
populated mean, Ti: effect of treatment, Sj: effect of
square, and E: residual error. All statistical analysis
was performed using SPSS version 17.0. Differences
between means were tested using Duncan’s multiple
range test and were considered significant when
p< 0.05.

Results

Depth of probe insertion: Mean values of body
weight, carapace width, carapace length, plastron
width, plastron length, body circumference, tail
length and length from tail tip to anus are presented
in Table 1. When electrical stimuli were applied at
different position along the rectum, a pattern of
response was observed. The intensity of response
increased with depth of insertion to a certain position,
then decreased until no response was observed. Mean
value of position at which highest intensity of
response observed was 5.9+0.1 cm anterior to anus or
5.240.2 cm from posterior tip of carapace (Table 1).
The turtles started to show responses when the
voltage reach 6.0 volts. The intensity of response did
not increase when higher than 7.0 volts was applied.
When the penis protruded and erected, it measured
2.2+0.2 cm in width and 3.5£0.3 cm in length.

There were positive correlations between
body weight of Black marsh turtles and carapace
width (r=0.91, p= 0.0006), carapace length (r= 0.97, p=

Table 1 Anatomical characteristics of black marsh

turtles.

Parameters n  Meant SE
Body weight (kg) 9 09+01
Carapace width (cm) 9 16.8 £ 0.4
Carapace length (cm) 9 20.2+05
Plastron width (cm) 9 8.0+0.2
Plastron length (cm) 9 141+0.3
Body circumference (cm) 9 32.6+0.6
Tail length (cm) 9 6.4+04
Length from anus to tail tip (cm) 9 25+02
Depth of probe insertion from anus (cm) 9 58+0.1
I?epth of probe insertion from posterior 9 52402
tip of carapace (cm)

Penis width (cm) 8 22+0.2
Penis length (cm) 8 35+03

0.0006), plastron width (r= 0.92, p= 0.0004), plastron
length (r= 0.96, p< 0.0001) and body circumference (r
= 0.88, p = 0.0018). The correlation between the
position of the probe that showed the highest
response gave better result by measuring the distance
from the anus than from the posterior end of
carapace. The results revealed that the depth from
anus to the tip of the probe positively correlated with
body weight (r= 0.77, p= 0.0158), carapace length (r=
0.81, p= 0.0188) and plastron length (= 0.71, p=
0.0331). There were, however, no relationships
between the depth from anus to the tip of the probe
and carapace width (r= 0.53, p= 0.1471), plastron
width (r= 0.54, p= 0.01369) and body circumference
(r=0.38, p= 0.1342). The depth from the posterior end
of carapace to the tip of probe did not correlate with
body weight (r= 0.14, p= 0.7253), carapace width (r=
0.32, p= 0.4048), carapace length (r= 0.06, p= 0.8825),
plastron width (= 0.05, p= 0.9060), plastron length (r=
0.18, p= 0.6509), and body circumference (r= 0.53, p=
0.1463).

Stimulation patterns: The number of penile
protrusions was mnot affected by patterns of
stimulation (Table 2, Fig 3). Out of 18 stimulations,
there was a trend that pattern 2 gave a little higher
frequency of penile protrusion (15 times, 83.3%)
compared to those of pattern 1 (11 times, 61.1%) and
pattern 3 (12 times, 66.7%). The difference was,
however, not significant (Table 2). The erection
responses to stimulation patterns followed the same
trend but with more distinct differences. The
frequency of penile erection of pattern 2 (14 times,
77.8%) was higher than those of pattern 1 (7 times,
38.9%, p < 0.05) and pattern 3 (9 times, 50.0%, p <
0.05). There was, however, no significant effect of
stimulation patterns on frequency of ejaculation
(ranged 8-10 times, 11.4-55.6%, Table 2).

Table 2 Frequencies of penile protrusion, erection and
ejaculation of black marsh turtles after
electroejaculation attempts.

Patterns n Protrusion Erection  Ejaculation
Pattern 1 18 11 70 8
Pattern 2 18 15 142 9
Pattern 3 18 12 9pv 10
Total 54 38 30 27

P value 0.315 <0.05 0.801
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Figure 3 The percentages of penile protrusion, penile
erection and ejaculation resulted from electrical
stimulation in black marsh turtle. »b Significant
difference between patterns within erection
category (p< 0.05).

Tume to effect (minutzs)

Protrsion Erection Ejaculation

Figure 4 Time from stimulation to penile protrusion, penile
erection and ejaculation after stimulation with 3
patterns in black marsh turtles.

Time from stimulation to animal responses
(penile protrusion, penile erection and ejaculation)
did not differ among the 3 stimulation patterns tested
(Fig 4). Penile protrusions were observed in 36.9+5.7,
25.3+4.7 and 33.4£5.6 min in pattern 1, 2 and 3 of
stimulation respectively (p> 0.05). Penile erections
occurred after protrusions and were recorded at
42.745.2, 31.7+4.5 and 35.0+5.8 min after stimulation
with pattern 1, 2 and 3 respectively (p > 0.05).
Ejaculations were observed with or without penile
erection and were measured 35.3+6.4, 34.6+5.0 and
28.1+6.0 min after stimulation with pattern 1, 2 and 3
respectively (p> 0.05).

Electrical exposure time from the beginning
of stimulation to animal responses (resting time
excluded) in each pattern of stimulation was also
considered. There was a trend that electrical exposure
time to achieve penile protrusion in pattern 3
(17.6£3.3 min) was higher than those of pattern 1
(12.8+1.9 min) and pattern 2 (12.0£2.4 min). The
differences, however, were not statistically significant
(p> 0.05, Table 3). To express penile erection, the
turtles exposed to longer time of electrical stimulation
in pattern 3 (20.8 + 3.1 min) than those of pattern 1
and pattern 2 (15.2+1.8 and 15.9+2.2 min respectively,

Table 3 Electrical exposure time (min) to effect in 3
patterns of ejaculation in black marsh turtles.

Patterns n Protrusion  Erection*  Ejaculation

Pattern 1 18 128 +1.9 152 +1.8° 122+2.0
Pattern 2 18 120+24 159+£2.2b 169+2.6

Pattern 3 18 176433 208+3.1a  155+3.3
P value 0.053 <0.05 0.186

*Different superscript differs significantly at p< 0.05.

Figure 5 Spermatozoa harvested form electroejaculation in
black marsh turtles.

p < 0.05). The exposure times of which ejaculation
occurred were 12.2+2.0, 16.9+2.6 and 15.5+3.3 min in
pattern 1, 2 and 3 respectively (p> 0.05).

Spermatozoa retrieved from ejaculation were
composed of head and tail (Fig 5). The sperm head
was narrow, curved and appeared as vermiform in
shape. Dense homologous matrix was observed in the
sperm head. Acrosome, however, could not be
distinguished in these stained slides. The sperm tail
was very long when movement observation was
conducted in wet smear under a light microscope. On
the other hand, the sperm tail looked a lot shorter in
strained smears (Fig 5).

Discussion

Application of electroejaculation to facilitate
semen collection has been achieved in both human
(Brindley, 1981; Heruti et al., 2001; Utida et al., 2005),
domestic (Palmer et al., 2004; Chatdarong et al., 2006)
and exotic animals (Bruss et al.,, 1983; Busso et al.,
2005; Howard et al.,, 1984; Serafima et al., 2010;
Tipkantha et al., 2011). Attempts have been made to
collect semen from sea turtles by electroejaculation
(Wood et al., 1982; Sahatrakul et al., 2007; Tanasanti et
al., 2007; Suttiyotin et al., 2012). To our knowledge,
there has been no report in black marsh turtles. We
successfully stimulated penile erection and ejaculation
in black marsh turtles using a non-commercial
electroejaculator. Electroejaculation induced stress as
indicated by rising of peripheral blood cortisol
concentration immediately after electrical stimulation
at least in cats (Cater et al., 1984). The stress caused by
this technique of semen collection needs attention to
ensure minimal invasive operation to turtles. Patterns
of stimulation in this study would be a basic
knowledge for future applications in turtles.

This study indicated position that black
marsh turtles expressed highest responses. The
distances were measured against the anus of posterior
tip of carapace. Since there were relationships
between the depths of the probe from anus with body
parameters but not between the depths from tip of
carapace and body parameters, it would be more
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precise to use the anus as a landmark. The depth of
insertion, however, would depend on the size of the
turtles. In our observation, the depth was measured
approximately to the center of the second carapace
from the rear. It is, thus, suggested that to maximize
electrical stimulation in black marsh turtles, the probe
should be insert to the center of the second carapace
from the rear. The measurement may be against the
anus or the posterior end of carapace, provided that
the probe is inserted to the position indicated above.

Stimulation with pattern 2 gave better
frequency of penile erection than pattern 1 and 3
while frequencies of penile protrusion and ejaculation
were similar. This indicates that lower rate of voltage
increment in pattern 2 (from 0 to 7.5 volts in 30 sec)
creates more frequency of protrusion than higher
rates (from O to 7.5 volts in 20 and 15 sec in pattern 1
and 3, respectively). Since turtles expressed similar
frequencies of ejaculations in the 3 patterns, any of
these patterns may be used in black marsh turtles. On
the other hand, pattern 3 caused longer exposure time
for turtles to produce penile erection. It would be the
last choice for semen collection in black marsh turtles.
In addition, if harvesting of semen from erected penis
is to be addressed, pattern 2 may be more suitable. In
comparison to sea turtles, patterns of stimulations
vary among reports. Stimulation with 15 stimuli,
increment of voltage from 0 to 4-8 volts in 3-4 sec was
proved to be successful (Wood et al., 1982). Other
reports applied 2-6 volts stimuli in sea turtles and
yield good results (Sahatrakul et al., 2007; Tanasanti et
al, 2007). We recently reported application of
electrical stimuli from 0 to 7.5 volts in 20 sec with 4
ejaculates from 6 turtles stimulated (Suttiyotin et al.,
2012). Although there is a difference in size between
black marsh turtle and sea turtles, it seems that the
voltage of up to 7.5 would be successfully used in
both species.

Because of the small volume of semen
obtained from electrical stimulation, it was difficult to
evaluate semen quality and quantity. When compared
to sea turtles, semen was harvested in bigger volume
that can be evaluated and diluted in extenders to
some extent (Wood et al., 1982; Sahatrakul et al., 2007;
Tanasanti et al., 2007; Sirinarumitr et al., 2010).

In conclusion, semen could be collected from
black marsh turtles with an electroejaculation. Pattern
2 of stimulation (voltage increment from 0.0 to 7.5
volts in 30 sec, held at 7.5 volts for 30 sec and
immediately returned to 0.0 volt) may be
appropriated for black marsh turtles. Further study
may be needed to elucidate deeper details of semen
collection method in black marsh turtles to yield
higher semen volume enough for evaluation and
processing.
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