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Abstract

Indo-Pacific bottlenose dolphin (Tursiops aduncus) is a marine mammal that lives in relatively small populations.
The geographic ranges of this species are susceptible to the effects of human activities, thereby necessitating
conservation efforts to prevent extinction. Therefore, this study aimed to evaluate the daily quality of dolphin sperm
after several days of refrigeration. The sperm of two male dolphins were stored at 4°C for 4 days, and the quality
was observed daily to determine the motility, viability, membrane integrity, and sperm abnormalities. Sperm
samples were divided into four groups, consisting of two centrifuged followed by the removal of seminal plasma,
and two groups without centrifugation, containing 100x108 and 200x10¢ sperm/ml each. After liquid storage, the
motility of sperm was 63-75% with no significant reduction in the first 3 days. Sperm viability following storage was
65-75% and the percentage with abnormal morphology ranged from 2-6%. Furthermore, there was no significant
increase in abnormal morphology of sperm on any day of storage for 3 days. Sperm membrane integrity was 36-
49%, with no significant reduction in the membrane integrity in the first 2 days. There was no significant difference
in sperm quality, although centrifugation and removal of seminal plasm had a slight effect. The results of this study
showed that Indo-Pacific bottlenose dolphin sperm could be stored for a short period as liquid storage while
maintaining a quality that allows for future use.
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Introduction

Indo-Pacific bottlenose dolphin (Tursiops
aduncus) is a marine mammal (cetacean), which is
one of the biological resources in marine waters of
Indonesia. This marine mammal plays an important
role in the ecosystems (Valls et al., 2015) by
significantly maintaining stability and integrity of the
holocoenosis (Bowen and Role, 1997). Dolphin is a
species of bottlenose dolphin with a smaller body size
and a longer snout than Tursiops truncates and
Tursiops australis. This species are distributed in
warm and tropical waters in Indo-Pacific, specifically
in coastal areas and shallow estuaries as well as
shallow reef complexes (Jefferson et al., 2015).
Dolphin lives in relatively small populations or herds
with geographic range that is vulnerable to impacts
from human activities (Gray et al., 2018), such as
fishing, maritime traffic, pollution, and degradation of
coastal ecosystems (Lopez, 2012). These human

activities continuously affect the habitat (Reynolds, et
al., 2009) as well as the health and population of the
species (Pace et al., 2015). According to the IUCN
(International Union for Conservation of Nature) Red
List of Threatened Species, dolphin was classified as
“Near Threatened” or “At Risk of Extinction” (Braulik
et al., 2019) when no sustainable conservation
measures were taken. Therefore, efforts to protect
this marine mammal have received great attention.

Conservation measures aimed to protect a
species in the natural habitat (in situ) and also
maintain a sufficient captive population (ex situ) for
the purpose of reintroduction. To achieve this
objective, conservation and captive breeding
programs needs to be implemented. Breeding
programs for endangered animals, including marine
mammals, can be optimized through the use of
artificial insemination (Al) technology. However, the
use of Al requires the availability of sperm cells that
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can be used at any time (sperm bank). In livestock or
other animals, methods were developed for storing
sperm in liquid form (preservation) at a temperature
of 4°C (Citraesti et al.,, 2021; Khye et al., 2021;
Siregar et al., 2023) or in frozen form
(cryopreservation) (Karja et al., 2016; Baharun et al.,
2023; Putri, et al., 2023). A fundamental and
comprehensive understanding of sperm
characteristics and the interspecies variations is
important for the success of sperm preservation,
particularly information on spermatogenesis and
sperm biology of species-specific reproductive data
(Van der Horst et al., 2018).

Preserving sperm through low-temperature
storage offers a potential solution for ex-situ dolphin
breeding programs in protected areas, particularly
where access to frozen sperm is restricted or
unavailable. This method can help facilitate the
conservation and management of dolphin
populations. Lowering the storage temperature below
body temperature is a common strategy to reduce cell
metabolism (Rauen and Groot, 2002) and extend
storage time. However, hypothermic conditions can
have other detrimental effects on sperm, particularly
on sodium homeostasis (Murphy et al., 2015). For
example, the Na+/K+ pump reduces the activity at
5°C by increasing intracellular Na+ levels (Murphy et
al., 2015; Vishwanath and Shannon, 2000). Similarly,
during the cryopreservation process, various types of
damage are experienced by all aspects of cells, the
tissue anatomy, and physiology, resulting in a
reduction in cell or tissue function (Parks and
Graham, 1992). Sperm cryopreservation causes
various physical, biochemical, and oxidative damages
to sperm membranes, leading to reduced viability and
fertilizing capacity, as well as loss of motility, plasma
membrane function, and sperm acrosome integrity
(Watson, 2000). There is no standard protocol for the
preservation and cryopreservation of dolphin sperm
with satisfactory results. The information about the
daily quality of dolphin ejaculate in terms of motility,
viability, membrane integrity and abnormality after
preservation is very limited. Therefore, this study
aimed to evaluate the daily quality of dolphin sperm
after several days of refrigeration. The information
from this study may provide stored sperm with a
simple method to maintain the availability of dolphin
sperm in field laboratories, specifically for artificial
insemination of female bottlenose dolphin.

Materials and Methods

Animal

Two adult male dolphins were used for this
study, aged 11 and 18 years old, with a body weight
of approximately of 110 kg and 105 kg, respectively.

Both males were kept in captivity at the Wersut
Seguni Indonesia Animal Park, with the same
environmental, nutritional, and reproductive
management. Dolphins live in outdoor pools with
seawater at a temperature of 24-32°C. This study was
approved by the Animal Ethics Committee of the
School of Veterinary Medicine and Biomedical
Sciences of IPB University (092/KEH/SKE/VIIl/
2023).

Sperm collection and processing

Sperm samples of trained male dolphins were
collected according to the procedures described by
Ruiz-Diaz et al. (2020) with minor modifications. The
dolphin swims voluntarily with belly above the water
level of the pool and were made to stick out the penis
by hand signals. After complete extrusion, manual
stimulation was applied to trigger ejaculation. The
ejaculated sperm was then collected directly in a
bottle and immediately taken to the laboratory. Only
sperm samples with sperm motility of more than 80%
were used for the experiment.

The collected sperm sample was divided into
four groups, and TEST-yolk-buffered extender was
added until to a final concentration of 100 x 106.ml-*
and 200 x 108.mI1 (NC-100 and NC-200 groups). In
other groups, sperm was centrifuged at 3000 rpm for
15 min and extender was added until the
concentration was 100 x 106.ml1 and 200 x 106.ml*
(C-100 and C-200 groups) after the seminal plasma
was removed. The medium used in this study was
TEST-yolk-buffered extender (cat. 90129, FUJIFILM
Irvine Scientific, Inc), containing 176 mM TES, 80 mM
tris, 9 mM dextrose, 10 pg.mlt gentamicin sulfate,
and 20% (v/v) Heat-inactivated egg yolk. All samples
were stored in the refrigerator at 4°C for 4 d. Sperm
quality during storage was assessed daily for sperm
motility, viability, and plasma membrane integrity up
to day four (D-4).

Evaluation of sperm motility

The progressive motility of sperm was
examined subjectively. For evaluation, 10 ul of sperm
was dropped onto a microscope slide and covered
with a glass coverslip. The samples were then placed
on the microscope stage and assessed from five
fields of view.

Evaluation of sperm viability

Sperm viability was assessed after the
samples were stained with Eosin-Nigrosin dye. A total
of 10 pl of sperm sample and 40 pl of Eosin-Nigrosin
were mixed on a microscope slide. The samples were
prepared by smearing on the microscope slide and
drying on a small fire of Bunsen burner. Observations
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under a microscope with 400x magnification showed
that live sperm do not absorb color, while dead sperm
absorb color. In this study, the total number of sperm
counted was 200.

Evaluation of sperm membrane integrity

The integrity of sperm membrane was
examined using hypoosmotic swelling test (HOS). A
20 ul sperm sample was diluted with 80 pyl HOS
solution and stored at 37°C for 30 min. Furthermore,
a 10 ul sperm sample was dropped into a microscope
slide covered with a coverslip, and analyzed under a
microscope at 400x magnification. Two hundred
sperm were counted to determine those with circular
(plasma membrane intact) and straight tails (plasma
membrane not intact).

Evaluation of sperm abnormality

The abnormality of sperm morphology was
assessed by Eosin-Nigrosin staining. Microscopic
observation of abnormalities was performed on
sperm that had abnormal shapes. The samples were
observed under a microscope with  400x
maghnification in five different fields of view, with at
least 200 sperm.

Data analysis

Data were presented as percentage =+
standard deviation (SD) and semen characteristics
were obtained from a minimum of three replicates.
Sperm trait data were statistically analyzed by two-
way ANOVA (Analysis of Variance) using SAS 9.4.
Duncan's Multiple Range Test (DMRT) was performed
for treatments with significant differences.

Result and Discussion

Sperm motility

Motility of Indo-pacific bottlenose dolphin
sperm after preservation/cooling at 4°C is shown in
Figure 1. Daily observation of sperm motility after 4
days of storage ranged from 65-70% and 63-75% for
Male-1 and Male-2, respectively. A significant
decrease in sperm motility occurred on the 4th day of
storage in all groups, both Malel- and Male-2. The
only exception was the NC-200 group in Male-1, in
which sperm motility had already decreased on the
3rd day of storage. There were also no significant
differences in sperm motility in Male-1 between the
groups on any day of storage. However, the motility of
sperm from Male-2 was better in the group stored
without centrifugation (P<0.05). In this study, two
groups of sperm concentrations, namely 100x106
and 200x106 were used to assess the effect of

concentration on sperm motility. The results showed
that the motility of sperm stored at 4°C did not
experience a significant decrease until the 3 day of
storage. However, sperm motility in all storage groups
continued to decrease until the 4th day (P<0.05).

Sperm viability

In Male-1, sperm viability after 4 days of
storage ranged from 65-73%, as shown in Figure 2. A
decrease in sperm viability occurred on the 34 and 4th
day in NC-100 and NC-200 groups, respectively, as
evidenced by P<0.05. In the centrifuged groups (C-
100 and C-200), viability was significantly decreased
on the 4t day. No significant difference in sperm
viability was observed between the treatment groups
(P>0.05) except on the 1st day when sperm viability
from NC-100 was higher (P<0.05). Sperm viability
was still maintained above 65% in all treatment
groups until the 4t day of storage. In Male-2, sperm
viability after 4 days of refrigeration was between 71-
79%. A decrease in sperm viability occurred on the 31
and 4th day (P<0.05) in NC-100 and C-100 groups,
respectively. NC-200 and C-200 groups did not differ
until the 4t day (P>0.05) of storage. No significant
difference was found between treatment groups on
any of the 1st day (P>0.05). On the 2nd day, sperm
viability in the groups stored without centrifugation
was higher, as evidenced by P<0.05. On the 3 day,
differences in sperm viability were observed between
NC-200, C-100, and C-200 groups (P<0.05). Sperm
viability was higher till the 4t day in NC-100 group
than in C-200 (P<0.05). Sperm viability was still
maintained above 65% in all treatment groups until
the 4th day of storage.

Sperm membrane integrity

Sperm membrane integrity at 4 days of storage
ranged from 36-47% and 42-49% for Male-1 and
Male-2, respectively (Figure 3.). In Male-1, a decrease
in sperm membrane integrity occurred on the 34, 4th)
and 2 day (P<0.05) in the groups without
centrifugation (NC-100 and NC-200), C-100, and C-
200 (P<0.05), respectively. Significant differences
were found in membrane integrity of Male-1 in NC-
200 and C-100 (P<0.05) on the 1st day. On the 2
and 3rd days, there were no significant differences in
membrane integrity between groups. However, on the
4th day, membrane integrity was lower in the non-
centrifugation group, as evidenced by P<0.05. In
Male-2, this study observed a decrease in sperm
membrane integrity in the centrifuged groups on the
4t day of storage. There was no significant difference
in sperm membrane integrity between treatment
groups on the 1st and 2nd days of storage (P>0.05).
However, on the 3 day, the lowest membrane
integrity was found in NC-200 (P<0.05). On the 4t
day, sperm membrane integrity in C-100 was higher,
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Figure 1. Motility of Indo-Pacific Bottlenose dolphin sperm (Tursiops aduncus) in Test-Yolk-buffered extender after storage at 4°C
for several days. Semen was stored without centrifugation with concentrations of 100 x 106 (NC-100) and 200 x 106
(NC-200) or centrifuged with concentrations of 100 x 108 (C-100) and 200 x 108 (C-200). In each end point, bars with
different letters (a-b, e-g, m-n, and x-y) are significantly different for NC-100, NC-200, C-100, and C-200, respectively
(P< 0.05). In groups, bars with different letters (A-B) are significantly different for NC-100, NC-200, C-100, and C-200,

respectively (P< 0.05).

as evidenced by P<0.05. This result showed the
possible effect of centrifugation or removal of seminal
plasm on sperm membrane integrity.

Sperm abnormality

Abnormal sperm morphology during 4 days of
storage was 2-6%, as shown in Figure 4. In Male-1, a
slight increase in abnormal sperm morphology was
found on the 31 day of storage in all groups, except
in C-100 group which occurred on the 4t day

(P<0.05). There was no significant difference in
abnormal sperm morphology between the treatment
groups (P>0.05) except on the 1st day of storage (NC-
200 vs. C-100 groups). In Male-2, no differences in
abnormal morphology were observed in NC-100 and
C-100 groups (P>0.05) until the 4t day of storage. A
slight increase in abnormal sperm morphology was
observed on the 4t day in NC-200 and C-200 groups
(P<0.05). Meanwhile, there was no significant
difference in abnormal sperm morphology between
the treatment groups during 3 days of storage (P>0.05)
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Figure 2. Viability of Indo-Pacific Bottlenose dolphin sperm (Tursiops aduncus) in Test-Yolk-buffered extender after storage at 4°C
for several days. Semen was stored without centrifugation with concentrations of 100 x 106 (NC-100) and 200 x 106
(NC-200) or centrifuged with concentrations of 100 x 108 (C-100) and 200 x 108 (C-200). In each end point, bars with
different letters (a-c, e-g, m-n, and x-y) are significantly different for NC-100, NC-200, C-100, and C-200, respectively (P
< 0.05). In groups, bars with different letters (A-B) are significantly different for NC-100, NC-200, C-100, and C-200,
respectively (P< 0.05).

and an increase in abnormality was found on the 4t metabolism. Motility is one of the most important
day (P<0.05). parameters in fertilization because sperm must cross
the uterus to reach the site of fertilization during
This study is the first to report the effect of natural mating (Bearden et al., 2004). Sperm motility
liguid storage of Indo-Pacific bottlenose dolphin after storage could be affected by sperm
sperm on daily quality after 4°C storage in a concentration during storage (O'Hara et al., 2010;
refrigerator for 4 days. The results showed that the Ruiz-Diaz et al., 2020), where high sperm
quality of dolphin sperm generally decreased with concentration caused low motility due to high collision
increasing storage time. A decline in sperm quality activity. The higher the concentration in sperm
during storage can occur due to several factors, storage, the greater the opportunity for collisions
including the availability of energy required for sperm between sperm (Van der Horst et al., 2018).
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Figure 3. Membrane integrity of Indo-Pacific Bottlenose dolphin sperm (Tursiops aduncus) in Test-Yolk-buffered extender after
storage at 4°C for several days. Semen was stored without centrifugation with concentrations of 100 x 106 (NC-100)
and 200 x 106 (NC-200) or centrifuged with concentrations of 100 x 106 (C-100 group) and 200 x 1086 (C-200). In each
end point, bars with different letters (a-c, e-f, m-n, and x-z) are significantly different for NC-100, NC-200, C-100, and C-
200 treatments, respectively (P< 0.05). In groups, bars with different letters (A-B) are significantly different for NC-100,
NC-200, C-100, and C-200, respectively (P< 0.05).

The decline of sperm motility in this study is sperm storage (Kasimanickam et al., 2006;
consistent with a previous report in bottlenose Gundogan et al., 2010). High metabolic output also
dolphins (Robeck and O'Brien, 2004), who reported causes the decrease in pH, as it has been reported
that cryopreserved sperm had reduced motility after that decreasing pH during storage for several days
thawing when stored at a concentration of 200 x 108 could also reduce sperm motility (Liu et al., 2016;
sperm compared to 100 x 108. Moreover, high sperm Kumar et al., 2024). However, the hypothermic

concentration may result in high metabolic output,
which related to oxidative stress (Agarwal et al.,
2014), and the formation of endogenous free
radicals/ROS is the main cause of reduced maotility in

condition during storage decreased the metabolic
rate, which may contribute to the prolonged survival
of spermatozoa (Vishwanath and Shannon, 2000).
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Figure 4. Abnormality of Indo-Pacific Bottlenose dolphin sperm (Tursiops aduncus) in Test-Yolk-buffered extender after storage
at 4°C for several days. Semen was stored without centrifugation with concentrations of 100 x 106 (NC-100) and 200
x 106 (NC-200) or centrifuged with concentrations of 100 x 1086 (C-100) and 200 x 108 (C-200). In each end point, bars
with different letters (a-b, e-f, m-n, and x-z) are significantly different for NC-100, NC-200, C-100, and C-200, respectively
(P< 0.05). In groups, bars with different letters (A-B) are significantly different for NC-100, NC-200, C-100, and C-200,

respectively (P< 0.05).

Seminal plasma is a complex buffer fluid that
contains a wide variety of proteins essential for sperm
transport, protection, and maturation. In
spermatozoa, most proteins bind to the sperm
surface via exosomes (epididymosomes and
prostosomes), which can modulate sperm function
(Samanta et al., 2018; (Fuentes-Albero et al., 2021),
and acts as a buffer as well as a medium for sperm
motility (Agarwal et al., 2014). The presence of
seminal plasma has been reported to affect sperm
quality during storage (Takenaka et al., 2013; Héfner

et al., 2000). Although seminal plasma was
important in preventing spontaneous capacitation,
studies showed that sperm resuspended in an
extender after removal of seminal plasma could
improve sperm performance (Cheng et al., 2022).
However, the use of extenders as a complete
replacement for seminal plasma during fluid storage
is still controversial (Hofner et al., 2000), as shown in
this study, the removal of seminal plasma prior sperm
storage gave varied sperm quaity among dolphins.
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The ability of sperm to survive is also another
important factors in determining sperm quality.
Sperm viability is strongly influenced by plasma
membrane integrity as the role of protecting the
organelles of sperm and electrolyte transport for
metabolism. In this study, the viability and membrane
integrity of sperm were gradual decreased during
storage. In general, plasma membrane undergoes a
phase transition at about 4-10°C, leading to fragility
and loss of integrity (Sieme et al., 2015). This
structural change makes sperm more susceptible to
free radicals when in contact with oxygen (Sankai et
al., 2001; Kadirvel, et al., 2009). Damage to the
plasma membrane affects the physiological function
and metabolism of sperm, resulting in mortality. As
shown in Figure 2. sperm viability gradually
decreased during storage for 4 days, although there
was no significant difference in the daily percentage
of viability in all groups

The integrity of dolphin sperm membrane
steadily decreased during storage and was significant
on the 31 day (Figure 3.). This decrease occurred
more rapidly in the group that was centrifuged and
had the seminal plasma removed The effect of
centrifugation or seminal plasma reduction has been
reported to affect the quality of sperm stored in the
liguid state (Hofner et al.,, 2000) and in dolphins
(Takenaka et al.,, 2013). In addition to phase
transition effects (Sieme et al.,, 2015), plasma
membrane damage during sperm storage may also
be associated with oxidative stress (Peris-Frau et al.,
2020). The integrity of sperm membrane
phospholipids during temperature changes alters the
lipid-protein, lipid-carbohydrate, and protein-
carbohydrate interactions required for membrane
activity. These changes caused a reduction in
disulfide bonds between membrane proteins,
peroxidation of phospholipids, and modification of
sperm glycocalyx, resulting in impaired sperm
function. As a result, the sperm membrane becomes
fragile and loses semipermeability..

Abnormal sperm morphology, such as a
broken or severely coiled tail may be related to sperm
quality in general, such as viability and motility. Loss
or abnormalities in the tail cause the inability to move
progressively to reach the fertilization site.
Abnormality of Indo-Pacific bottlenose after storage
for 4 days was up to 6%, which still below the
acceptable threshold for artificial insemination in
livestock. Suhardi et al. (2019) reported that bull
sperm was able to maintain an abnormal level at <
25% for 3 days of storage. According to Da Costa et
al. (2016), sperm abnormalities that reached 25% did
not affect fertility. In this study, a difference in the
degree of sperm abnormality was observed on day 1
in Male-1 (Figure 4.). However, the abnormal increase
in sperm count in Male-2 occurred only on the 4th day

in the centrifuged group. Centrifugation and removal
of seminal plasma tend to cause an increase in
dolphin sperm abnormalities but do not cause a
significant reduction in sperm quality in terms of
motility, viability, and membrane integrity. Both males
have different sensitivities but the result showed that
dolphin sperm can be stored in liquid with a fairly high
percentage of normal sperm whereas abnormal
increase is below 25%. Based on sperm motility,
viability, and membran integrity this study concluded
that dolphin sperm abnormalities did not increase
significantly during 4 days of storage at 4°C.

Short-term storage of bottlenose dolphin
sperm in the form of liquid sperm is important in
providing sperm pools for artificial insemination,
specifically in areas that have limited facilities for
storing frozen sperm. This is also important as there
are no institutions that provide frozen dolphin sperm,
even for conservation purposes. The study of dolphin
sperm motility, sperm viability, abnormal morphology,
and membrane integrity provides an opportunity for
storing sperm ejaculate for several days without
showing a significant decrease in quality.

Conclusion

In conclusion, this study was the first to
investigate the effect of liquid storage of Indo-Pacific
bottlenose dolphin sperm on daily quality after 4 days
stored at 4°C in a refrigerator. The results showed
that Indo-Pacific bottlenose dolphin sperm could be
stored for a short period while maintaining a quality
allowing for artificial insemination programs in the
future.

Acknowledgment

The authors are grateful to Wersut Seguni
Indonesia (WSI) Animal Park for giving the permission
to use dolphins. The authors are also grateful to
dolphin trainers and veterinarians of WSI Animal Park
for providing assistance and guidance with semen
collection. The study was supported by IPB
fundamental research (RI-FUND: 433/IT3.D10/PT.
01.03/P/B/2023).

References

Agarwal, A., Sharma, R.K., Sharma, R., Assidi, M.,
Abuzenadah, A.M., Alshahrani, S,
Durairajanayagam, D. & Sabanegh, E. 2014.
Characterizing semen parameters and their
association with reactive oxygen species in
infertile men. Reprod. Biol. Endocrinol., 12: p.33.
https://doi.org/10.1186/1477-7827-12-33.

Siregar, A.F., Fahrudin, M., Karja, N.W.K. &
Prasetyaningtyas, W.E. 2023. Quality of Chilled

Indo-Pacific Bottlenose Dolphin (M. Fahrudin et al.)

463



ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):456-466

Ram Semen in Tris Egg Yolk Extender Added with
Different Concentrations of Glutamine. J. Riset
Veteriner Indonesia, 7(2): 15-26.

Baharun, A., Rahmi, A., Kardaya, D., Said, S,
Fahrudin, M., Arifiantini, R.A. & Karja, N.W.K.
2023. Profiling of seminal plasma proteins to
identify the fertility of Simmental bull with low
semen quality. J. Adv. Vet. Anim. Res. 10(3): 370-
377. https://doi.org/10.5455/javar.2023.j689.

Bearden, H.J., Fuquy, JW. & Willard, S.T. 2004.
Applied Animal Reproduction. 6t ed. New Jersey
(US): Pearson Prentice Hall.

Bowen, W. Role of marine mammals in aquatic
ecosystems. 1997. Mar. Ecol. Prog. Ser.,
7(158): 267-274.

Braulik, G., Natoli, A., Kiszka, J., Parra, G., Plon, S. &
Smith, B.D. 2019. Tursiops aduncus. The IUCN
Red List of Threatened Species 2019:
e.T41714A50381127. http://doi.org/10.2305/
IUCN.UK.2019-3.RLTS.T41714A50381127.en

Cheng, Q., Li, L., Jiang, M., Liu, B., Xian, Y., Liu, S., Liu,
X., Zhao, W. & Li, F., 2022. Extend the Survival
of Human Sperm In Vitro in Non-Freezing
Conditions: Damage Mechanisms, Preservation
Technologies, and Clinical Applications. Cells.
11: p.2845. https://doi.org/10.3390/cells1
1182845.

Citraesti, D., Prasetyaningtyas, W.E., Karja, N.W.K.
20109. Effectiveness of Low Density Lipoprotein
(LDL) from Chicken Egg Yolk on Sheep Liquid
Semen Quality. J. Sain Veteriner, 9:292-301.
https://doi.org/10.22146/jsv.63395. (in Indonesian)

Da Costa, N., Susilawati, T., Isnaini, N. & lhsan, M.N.
2016. The difference of artificial insemination
successful rate of ongole filial cattle using cold
semen with different storage time with tris
aminomethane egg yolk dilution agent. IOSR J.
Pharm, 6(6): 13-19.

Fuentes-Albero, M.-C., Gonzalez-Brusi, L., Cots, P.,
Luongo, C., Abril-Sanchez, S., Ros-Santaella, J.L.,
Pintus, E., Ruiz-Diaz, S., Barros-Garcia, C.,
Sanchez-Calabuig, M.-)., Garcia-Parraga, D.,
Avilés, M., lzquierdo Rico, M.. & Garcia-
Vazquez, F.A.,, 2021. Protein Identification of
Spermatozoa and Seminal Plasma in Bottlenose
Dolphin (Tursiops truncatus). Front. Cell Dev.
Biol., 9: p.673961. https://doi.org/10.3389/
fcell.2021.673961

Gray, H.W.I., Nishida, S., Welch, A.J., Moura, A.E.,
Tanabe, S., Kiani, M.S., Culloch, R., Mdller, L.,
Natoli, A., Ponnampalam, L.S. & Minton, G.

2018. Cryptic lineage differentiation among
Indo-Pacific bottlenose dolphins (Tursiops
aduncus) in the northwest Indian Ocean. Mol.
Phylogenetics Evol. 122: 1-14. https://doi.org/
10.1016/j.ympev.2017.12.027

Gundogan, M., Yeni, D., Avdatek, F. & Fidan, A.F.
2010. Influence of sperm concentration on the
motility, morphology, membrane and DNA
integrity along with oxidative stress parameters
of ram sperm during liquid storage. Anim.
Reprod. Sci. 122: 200-207. https://doi.org/
10.1016/j.anireprosci.2010.08.012

Hofner, L., Luther, A.M. & Waberski, D. 2020. The role
of seminal plasma in the liquid storage of
spermatozoa. Anim. Reprod. Sci. 220: 106290.
https://doi.org/10.1016/j.anireprosci.2020.10
6290

Jefferson, T.A., Webber, M.A. & Pitman, R.L. 2015.
Marine mammals of the world: a comprehensive
guide to their identification. 2nd ed. San Diego.

Kurniani Karja, N.W., Fahrudin, M., Agus Setiadi, M.,
Tumbelaka, L.l.,, Sudarwati, R., Hastuti, Y.T.,
Mulia, B.H., Widianti, A., Sultan, K., Terazono, T.
& Namula, Z. 2016. Characteristics and fertility
of sumatran tiger spermatozoa cryopreserved
with different sugars. Cryo Letters. 37(4):264-71

Kasimanickam, R., Pelzer, K.D., Kasimanickam, V.,
Swecker, W.S. & Thatcher, C.D. 2006.
Association of classical semen parameters,
sperm  DNA fragmentation index, lipid
peroxidation and antioxidant enzymatic activity
of semen in ram-lambs. Theriogenology. 65(7):
1407-1421. https://doi.org/10.1016/jtherio-
genology.2005.05.056

Khye, K.M., Yusuf, T.L., Satrio, F.A. & Karja, N.W.K.
2021. Quality of chilled canine semen in tris egg
yolk extender supplemented with sericin. J.
Kedokteran Hewan. 15: 15-20. https://doi.org/
10.21157/j.ked. hewan.v15i1.17641

Kumar, M., Ranjan, R. & Bhardwaj, A. 2024. Effects
of liquid storage of buck semen at refrigeration
temperatures on sperm viability and fertility to
develop ready to use goat semen diluent. J. App.
Biol. Biotech., 12(5): 114-118. https://doi.org/
10.7324/JABB.2024.171758

Kadirvel, G., Kumar, S. & Kumaresan, A., 2009. Lipid
peroxidation, mitochondrial membrane potential
and DNA integrity of spermatozoa in relation to
intracellular reactive oxygen species in liquid
and frozen-thawed buffalo semen. Anim.
Reprod. Sci., 114:125-34. https://doi.org/10.
1016/j.anireprosci.2008.10.002

464

Indo-Pacific Bottlenose Dolphin (M. Fahrudin et al.)


https://doi.org/10.5455/javar.2023.j68
http://doi.org/10.2305/
https://doi.org/10.3390/cells1
https://doi.org/10.3389/
https://doi.org/%2010.1016/j.anireprosci.2010.08
https://doi.org/%2010.1016/j.anireprosci.2010.08
https://doi.org/10.1016/
https://doi.org/%2010.21157/j.ked.%20hewan.v15i1.17641
https://doi.org/%2010.21157/j.ked.%20hewan.v15i1.17641
https://doi.org/
https://doi.org/

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):456-466

Liu, C.-H., Dong, H.B., Ma, D.L., Li, Y.W., Han, D., Luo,
M.J., Chang, Z.L. & Tan, J.H., 20186. Effects of pH
during liquid storage of goat semen on sperm
viability and fertilizing potential. Anim. Reprod.
Sci., 164: 47-56. https://doi.org/10.1016/
j.anireprosci.2015. 11.011

Lépez, B.D. 2012. Bottlenose dolphins and
aquaculture: Interaction and site fidelity on the
north-eastern coast of Sardinia (Italy). Mar. Biol.,
159(10): 2161-2172. https://doi.org/10.100
7/s00227-012-2002-x

Murphy, C., Holden, S.A., Murphy, E.M., Cromie, A.R.,
Lonergan, P. & Fair, S. 2015. The impact of
storage temperature and sperm number on the
fertility of liquid-stored bull semen. Repro. Fertil.
Dev., 28(9): 1349-1359. https://doi.org/10.10
71/ RD14369

O’Hara, L., Harahan, J.P., Richardson, L., Donovan, A.,
Fair, S., Evans, A.C.0. & Lonergan, P. 2010.
Effect of storage duration, storage temperature,
and diluents on the viability and fertility of fresh
ram sperm. Theriogenology, 73: 541-549.
https://doi.org/10.1016/j.theriogenology.2009
.10.009

Pace, D., Tizzi, R. & Mussi, B. 2015. Cetaceans Value
and Conservation in the Mediterranean Sea. J.
Biodiv. Endanger. Species, S1: p.004.
https://doi.org/10.4172/2332-2543.51-004

Parks, J.E., Graham, J.K. 1992. Effects of
cryopreservation procedures on  sperm
membranes. Theriogenology, 38: 209-222.
https://doi.org/10.1016/0093-691X(92)90231-F

Peris-Frau, P., Soler, A.J., Iniesta-Cuerda, M., Martin-
Maestro, A., Sanchez-Ajofrin, |., Medina-Chavez,
D.A., Fernandez-Santos, M.R., Garcia-Alvarez, O.,
Maroto-Morales, A., Montoro, V. & Garde, J.J.
2020. Sperm Cryodamage in Ruminants:
Understanding the Molecular Changes Induced
by the Cryopreservation Process to Optimize
Sperm Quality. Int. J. Mol. Sci., 21: p.2781.
https://doi.org/10.3390/ijms21082781

Putri, F., Karja, N.W.K., Setiadi, M.A. & Kaiin, E.M.
2023. Influence of sperm number and
antioxidant melatonin addition in extender on
the quality of post-thawing sheep sperm.
Indonesian J. Animal Veterinary Sci., 28: 1-10.
http//dx.doi.org/10.14334 /jitv.v28.i1.3069.

Rauen, U. & de Groot, H. 2002. Mammalian cell injury
induced by hypothermia the emerging role for
reactive oxygen species. Biol. Chem., 383: 477-
488. https://doi.org/10.1515/BC.2002.0 50.

Reynolds, J.E., Marsh. H. & Ragen, T.J. 2009. Marine
mammal conservation. Endanger. Spec. Res., 7:
23-28. https://doi.org/10.3354/esr00179

Robeck, T.R. & O’Brien, J.K. 2004. Effect of
Cryopreservation Methods and Precryopreservation
Storage on Bottlenose Dolphin (Tursiops
truncatus) Spermatozoa. Biol. Reprod., 70:
1340-1348. https://doi.org/10.1095/biolrep
rod.103. 025304

Ruiz-Diaz, S., Luongo, C., Fuentes-Albero, M.C., Abril-
Sanchez, S., Sanchez-Calabuig, M.J)., Barros-
Garcia, C., De la Fe, C., Garcia-Galan, A., Ros-
Santaella, J.L., Pintus, E., Garcia-Parraga, D. &
Garcia-Vazquez, F.A. 2020. Effect of
temperature and cell concentration on dolphin
(Tursiops truncatus) sperm quality evaluated at
different days of refrigeration. Anim. Reprod.
Sci., 212: p.106248. https://doi.org/10.1016/
j.anireprosci.2019.106248

Samanta, L., Parida, R., Dias, T.R. & Agarwal, A. 2018.
The enigmatic seminal plasma: a proteomics
insight from ejaculation to fertilization. Reprod.
Biol. Endocrinol., 16: p.41. https://doi.org/
10.1186/s12958-018-0358-6

Sankai, T., Tsuchiya, H. & Ogonuki, N. 2001. Short-
term nonfrozen storage of mouse epididymal
spermatozoa. Theriogenology. 55: 1759-68.
https://doi.org/10.1016/S0093-691X(01)005
18-0

Sieme, H., Oldenhof., H. & Wolkers, W., 2015. Sperm
Membrane Behaviour during Cooling and
Cryopreservation. Reprod. Domest. Anim., 50:
20-26. https://doi.org/10.1111/rda.12594

Suhardi, R., Megawati, N., Ardhani F, Summpunn, P &
Wuthisuthimethavee, S. 2020. Motility, Viability,
and Abnormality of the Spermatozoa of Bali Bull
with Andromed® and Egg Yolk-Tris Diluents
Stored at 4°C. Iran. J. Appl. Anim. Sci., 10(2):
249-256

Takenaka, A., Kashiwagij, N., Maezono, Y., Nakao, T.,
Wano, Y., Kakizoe, Y., Kinoshita, K., Kusunoki, H.
& Hoshi, N. 2013. Study on the ejaculate
characteristics and liquid storage of semen in
the common bottlenose dolphin (Tursiops
truncatus). Japanese J. Zoo Wildl. Med., 18:
107-114. https://doi.org/10.5686/jjzwm.18.
107

Valls, A., Coll, M., Christensen, V. & Ellison, A.M. 2015.
Keystone species: toward an operational
concept for marine biodiversity conservation.
Ecol. Monogr., 85(1): 29-47.

Indo-Pacific Bottlenose Dolphin (M. Fahrudin et al.)

465


https://doi.org/10.1016/%20j.anireprosci.2015
https://doi.org/10.1016/%20j.anireprosci.2015
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1095/
https://doi.org/10.1016/%20j.anireprosci.2019.106248
https://doi.org/10.1016/%20j.anireprosci.2019.106248
https://doi.org/10.1016/S0093-691X(01)00
https://doi.org/10.5686/jjzwm

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):456-466

Van der Horst, G., Medger, K., Steckler, D., Luther, .

& Bartels, P. 2018. Bottlenose dolphin (Tursiops
truncatus) sperm revisited: Motility, morphology,
and ultrastructure of fresh sperm of consecutive
ejaculates. Anim. Reprod. Sci., 195: 309-320.
https://doi.org/10.1016/j.anireprosci.2018.06
.009.

Vishwanath, R. & Shannon, P. 2000. Storage of
bovine semen in liquid and frozen state. Anim.
Reprod. Sci., 62: 23-53. https://doi.org/10.
1016/S0378-4320(00)00153-6.

Watson, P.F. 2000. The causes of reduced fertility
with cryopreserved semen. Anim. Reprod. Sci.,
60: 481-492. https://doi.org/10.1016/S0378-
4320(00)00099-3

466

Indo-Pacific Bottlenose Dolphin (M. Fahrudin et al.)


https://doi.org/10.%201016/S0378-4320(00)
https://doi.org/10.%201016/S0378-4320(00)

