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　ABSTRACT.　The present study was conducted to examine the ejaculate characteristics and liquid storage of common 
bottlenose dolphin semen. Semen samples were collected from five males, and were evaluated for pH, ejaculate volume, 
sperm concentration, total spermatozoa, motility, viability, and morphological abnormalities. The quality of semen in 
liquid storage was assessed by using Biladyl, EYC, or BF5F, and the semen was monitored daily for sperm motility and 
viability. With the exception of volume, none of the above characteristics were significantly different among the semen 
fractions. However, there was a negative correlation (r=-0.539, p<0.01) between the sperm concentration and the 
viability. Males in full maturity and males with higher fertility frequency (higher social status) at the same institution 
had higher sperm concentrations and lower sperm viability. The sperm characteristics did not show any seasonal 
variations. The sperm motilities in semen diluted by EYC or BF5F were significantly preserved for two days (p<0.05). 
The viabilities were at a high level for seven days in all treated semen samples. In addition, when the seminal plasma 
was eliminated from semen, the motility was significantly decreased from the day of the liquid storage (p<0.05). From 
these results, we concluded that 1) the viability could be influenced by maturity or male fertility frequency (social 
status); 2) the captive bottlenose dolphin's semen can be collected in any season; 3) EYC and BF5F are available as 
extenders for the short-term storage of bottlenose dolphin spermatozoa; and 4) the seminal plasma has a beneficial 
effect on the liquid storage of the semen.
　Key words：common bottlenose dolphin, ejaculate characteristics, liquid storage of spermatozoa
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 　　 Jpn. J. Zoo. Wildl. Med. 18（3）：107-114，2013

INTRODUCTION
　Common bottlenose dolphins (Tursiops truncatus) are among 
the most ubiquitous marine mammals in the world. This is also 
true in captivity: it is estimated that 300 animals are currently 
being maintained in 35 aquariums in Japan［1］. In fact, the 
bottlenose dolphin is the most common cetacean held in 

captivity. However, the species shows very limited reproductive 
success outside its natural habitat. For example, in 2010, 
although 13 of the females in captivity in Japan were pregnant, 
only two calves survived to the end of the year［1］. Because 
the capture of wild marine mammals is strictly regulated, the 
demand for captive breeding dolphins has increased during 
recent years. 
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　Knowledge of the reproductive status of an individual 
animal is important for captive management, particularly when 
breeding practices should be controlled to maximize available 
genetic materials. In bulls and rams, the semen collection is 
routine, and the monitoring of ejaculate characteristics provides 
essential information about reproductive development and 
functional capacity for breeding［2-4］. Controlled unassisted 
breeding and breeding using artificial insemination［5, 6］ have 
been achieved in common bottlenose dolphins. However, the 
research efforts have mostly focused on predicting ovulation

［5, 7］, and there is little information about the reproductive 
physiology of the male dolphin.
　Regarding the semen collection from trained captive dolphins, 
cooperative behavior was established more than 20 years ago

［8］. In 1989, Schroeder and Keller［9］ reported a seasonal 
pattern of sperm concentration in a captive adult common 
bottlenose dolphin and suggested that the semen collection 
would be most efficient during the peak of sperm production. 

In addition, a recent study showed that the common bottlenose 
dolphin forms social groups, and the subordinate males tend to 
produce ejaculate with reduced sperm concentration［10］.
　Methods of sperm preservation can be divided into two large 
groups, cryopreservation and liquid storage. It is considered 
that cryopreservation enables the semipermanent preservation 
of the cell. However, this method has the potential to cause 
serious cellular damage by cooling, and is difficult to perform. 
In contrast, liquid storage has the advantage of a smaller 
change in temperature, and greater simplicity in general［5］. 
Therefore, liquid storage should be considered a convenient 
method for zoos and aquariums to preserve the species, and 
maintain the genetic diversity.
　The overall goals of this study were 1) to characterize the 
ejaculates of common bottlenose dolphins by comparing the 
semen fractions among individuals (e.g., with respect to age and 
social status); and 2) to assess the adequacy of the extenders of 
the liquid storage method.

Table 1　Semen characteristics of the Fr. 1 and the >Fr. 2 in five bottlenose dolphins
Male 1 Male 2 Male 3 Male 4 Male 5

the Fr. 1 (n=13) the >Fr. 2 (n=25) the Fr. 1 (n=9) the >Fr. 2 (n=2) the Fr. 1 (n=4) the >Fr. 2 the Fr. 1(n=5) the >Fr. 2 (n=15) the Fr. 1 (n=3) the >Fr. 2 (n=9)
pH  ７.66 ± 0.101) 7.74 ± 0.061) ７.07 ± 0.091) 7.31) 7.27 ± 0.071) ND  7.70 ± 0.091)  7.56 ± 0.061) 7.77 ± 0.261) 7.56 ± 0.081)

Ejaculate volume ml     8.62 ± 1.792) *   2.93 ± 0.382) * 23.74 ± 3.492) 4.252) 8.60 ± 2.092) ND   20.83 ± 3.591) **     4.97 ± 0.461) ** 1.20 ± 0.661) 3.07 ± 0.931)

Sperm concentration × 106/ml   432.74 ± 163.322)  577.51 ± 143.372) 1452.44 ± 434.182) 456.002) 335.00 ± 66.662) ND 15.80 ± 9.912)   31.89 ± 12.042) 0.00 ± 0.002) 50.44 ± 26.362) 

Total spermatozoa × 106 2399.16 ± 810.472) 1690.76 ± 550.092)   36995.22±14332.232) 1920.502) 3152.40 ± 1496.122) ND   344.41 ± 168.452) 148.87 ± 60.512) 0.00 ± 0.002) 250.20 ± 113.552) 

Motility Motility 
parameter

40.00 ± 2.501) 39.58 ± 4.981) 42.50 ± 9.391) 65.001) 70.00 ± 5.201) ND 47.50 ± 6.611)  70.00 ± 5.611) ND 35.00 ± 11.991)

Viability ％ 81.00 ± 3.502) 85.24 ± 2.922) 68.18 ± 3.652) 79.902) 89.40 ± 2.622) ND 83.02) ND ND 97.00 ± 0.782) 

Morphological 　　　
　abnormalities

％ 43.63 ± 4.622) 48.64 ± 2.942) 45.21 ± 4.352) 48.252) 56.98 ± 5.362) ND 65.82) ND ND 53.10 ± 4.292) 

Flagellum
coiled ％ 42.34 ± 4.992) 44.17 ± 2.592) 34.68 ± 5.142) 41.482) 53.32 ± 4.162) ND 60.202) 40.13 ± 4.662) ND 50.52 ± 4.192) 

bent ％   0.00 ± 0.002)   0.06 ± 0.062)   0.80 ± 0.502) 0.512) 0.13 ± 0.132) ND 0.002)   0.34 ± 0.232) ND   0.00 ± 0.002) 

Midpiece
coiled ％ 0.26 ± 0.152) 0.44 ± 0.202) 0.40 ± 0.112) 0.762) 0.53 ± 0.222) ND 2.042) 1.32 ± 0.322) ND 1.49 ± 0.512) 

bent ％ 0.39 ± 0.132) 0.19 ± 0.092)  1.03 ± 0.292) 1.992) 0.89 ± 0.242) ND 2.552) 0.27 ± 0.212) ND 0.19 ± 0.122) 

degenerate ％ 0.00 ± 0.002) 0.00 ± 0.002) ０.00 ± 0.002) 0.002) 0.00 ± 0.002) ND 0.002) 0.00 ± 0.002) ND 0.00 ± 0.002) 

Head
bicephalic ％ 0.00 ± 0.002) 0.00 ± 0.002) 0.05 ± 0.052) 0.002) 0.13 ± 0.132) ND 0.002) 0.06 ± 0.062) ND 0.00 ± 0.002) 

macrocephalic ％ 0.25 ± 0.252) 0.14 ± 0.142) 0.00 ± 0.002) 0.252) 0.00 ± 0.002) ND 0.002) 0.06 ± 0.062) ND 0.00 ± 0.002) 

microcephalic ％ 0.00 ± 0.002) 0.00 ± 0.002) 0.00 ± 0.002) 0.002) 0.00 ± 0.002) ND 0.512) 0.89 ± 0.832) ND 0.00 ± 0.002) 
missing ％ 0.26 ± 0.152) 0.12 ± 0.082) 0.66 ± 0.382) 0.102) 1.59 ± 1.272) ND 0.512) 0.28 ± 0.152) ND 0.30 ± 0.202) 

The values are the mean ± S.E.
A total of 34 Fr. 1 (Male 1-Male 5: n=13, 9, 4, 5, and 3, respectively) and 51 >Fr. 2 (Male 1, Male 2, Male 4, and Male 5: n=25, 2, 
15, and 9, respectively) samples were collected.

1) The data were analyzed by Student's t-test.
2) The data were analyzed by Mann-Whitney U test.
Asterisks indicate values that were significantly different between the Fr. 1 and the >Fr. 2 within the same semen characteristics 
in each animal (*: p<0.05; **: p<0.01).



Dolphin ejaculate and liquid storage of semen 

　－ －109

MATERIALS AND METHODS
Animals
　We used five adult common bottlenose dolphins (Male 
1-Male 5: aged 19, 20, 20, 13, and 12 years; weighing 263, 
220, 225, 252, and 238 kg, respectively) to collect semen. 
The animals were kept at Facility A (Male 1), Facility B (Male 
2 and Male 3), and Facility C (Male 4 and Male 5). They were 
housed with other dolphins in an outdoor natural salt-water 
enclosure (972, 780, 883, 324, and 324m3, respectively). 
They were sired (5, 4, 1, 2, and 1 times, respectively), and fed 
frozen-thawed chub mackerel (Scomber japonicus), shishamo 
smelt (Spirinchus lanceolatus), Atka mackerel (Pleurogrammus 
azonus), Japanese flying squid (Todarodes pacificus), Pacific 
herring, (Clupea pallasii), Japanese surfsmelt (Hypomesus 
japonicus), Arctic rainbow smelt (Osmerus mordax dentex), 
Japanese jack mackerel (Trachurus japonicus), and flying fish 
(Cypselurus agoo), depending on the institution. 

Semen collection and examination
　The semen collection was carried out once every two weeks 
for a period of nine months (May 2010 to February 2011). The 
animals were trained to participate in semen collection using 
operant conditioning［8, 9］. They received tactile stimulations 
to elicit extrusion of the penis from a genital groove. Once 
a complete erection was obtained, they were conditioned to 
ejaculate in response to manual stimulation of the penis with 
the hand. The semen was sorted into fractions (Fr). The semen 
collections were made from each male one to five times, until 
semen was no longer visible in the ejaculate.
　The semen samples were held at 37℃ , and were examined 
immediately with respect to pH, ejaculate volume, sperm 
concentration, total spermatozoa, sperm motility, sperm 
viability (plasma membrane integrity), and morphological 
abnormalities［7, 11-13］. 
　The sperm motility was converted into a motility parameter 
as follows: 

Table 1　Semen characteristics of the Fr. 1 and the >Fr. 2 in five bottlenose dolphins
Male 1 Male 2 Male 3 Male 4 Male 5

the Fr. 1 (n=13) the >Fr. 2 (n=25) the Fr. 1 (n=9) the >Fr. 2 (n=2) the Fr. 1 (n=4) the >Fr. 2 the Fr. 1(n=5) the >Fr. 2 (n=15) the Fr. 1 (n=3) the >Fr. 2 (n=9)
pH  ７.66 ± 0.101) 7.74 ± 0.061) ７.07 ± 0.091) 7.31) 7.27 ± 0.071) ND  7.70 ± 0.091)  7.56 ± 0.061) 7.77 ± 0.261) 7.56 ± 0.081)

Ejaculate volume ml     8.62 ± 1.792) *   2.93 ± 0.382) * 23.74 ± 3.492) 4.252) 8.60 ± 2.092) ND   20.83 ± 3.591) **     4.97 ± 0.461) ** 1.20 ± 0.661) 3.07 ± 0.931)

Sperm concentration × 106/ml   432.74 ± 163.322)  577.51 ± 143.372) 1452.44 ± 434.182) 456.002) 335.00 ± 66.662) ND 15.80 ± 9.912)   31.89 ± 12.042) 0.00 ± 0.002) 50.44 ± 26.362) 

Total spermatozoa × 106 2399.16 ± 810.472) 1690.76 ± 550.092)   36995.22±14332.232) 1920.502) 3152.40 ± 1496.122) ND   344.41 ± 168.452) 148.87 ± 60.512) 0.00 ± 0.002) 250.20 ± 113.552) 

Motility Motility 
parameter

40.00 ± 2.501) 39.58 ± 4.981) 42.50 ± 9.391) 65.001) 70.00 ± 5.201) ND 47.50 ± 6.611)  70.00 ± 5.611) ND 35.00 ± 11.991)

Viability ％ 81.00 ± 3.502) 85.24 ± 2.922) 68.18 ± 3.652) 79.902) 89.40 ± 2.622) ND 83.02) ND ND 97.00 ± 0.782) 

Morphological 　　　
　abnormalities

％ 43.63 ± 4.622) 48.64 ± 2.942) 45.21 ± 4.352) 48.252) 56.98 ± 5.362) ND 65.82) ND ND 53.10 ± 4.292) 

Flagellum
coiled ％ 42.34 ± 4.992) 44.17 ± 2.592) 34.68 ± 5.142) 41.482) 53.32 ± 4.162) ND 60.202) 40.13 ± 4.662) ND 50.52 ± 4.192) 

bent ％   0.00 ± 0.002)   0.06 ± 0.062)   0.80 ± 0.502) 0.512) 0.13 ± 0.132) ND 0.002)   0.34 ± 0.232) ND   0.00 ± 0.002) 

Midpiece
coiled ％ 0.26 ± 0.152) 0.44 ± 0.202) 0.40 ± 0.112) 0.762) 0.53 ± 0.222) ND 2.042) 1.32 ± 0.322) ND 1.49 ± 0.512) 

bent ％ 0.39 ± 0.132) 0.19 ± 0.092)  1.03 ± 0.292) 1.992) 0.89 ± 0.242) ND 2.552) 0.27 ± 0.212) ND 0.19 ± 0.122) 

degenerate ％ 0.00 ± 0.002) 0.00 ± 0.002) ０.00 ± 0.002) 0.002) 0.00 ± 0.002) ND 0.002) 0.00 ± 0.002) ND 0.00 ± 0.002) 

Head
bicephalic ％ 0.00 ± 0.002) 0.00 ± 0.002) 0.05 ± 0.052) 0.002) 0.13 ± 0.132) ND 0.002) 0.06 ± 0.062) ND 0.00 ± 0.002) 

macrocephalic ％ 0.25 ± 0.252) 0.14 ± 0.142) 0.00 ± 0.002) 0.252) 0.00 ± 0.002) ND 0.002) 0.06 ± 0.062) ND 0.00 ± 0.002) 

microcephalic ％ 0.00 ± 0.002) 0.00 ± 0.002) 0.00 ± 0.002) 0.002) 0.00 ± 0.002) ND 0.512) 0.89 ± 0.832) ND 0.00 ± 0.002) 
missing ％ 0.26 ± 0.152) 0.12 ± 0.082) 0.66 ± 0.382) 0.102) 1.59 ± 1.272) ND 0.512) 0.28 ± 0.152) ND 0.30 ± 0.202) 

The values are the mean ± S.E.
A total of 34 Fr. 1 (Male 1-Male 5: n=13, 9, 4, 5, and 3, respectively) and 51 >Fr. 2 (Male 1, Male 2, Male 4, and Male 5: n=25, 2, 
15, and 9, respectively) samples were collected.

1) The data were analyzed by Student's t-test.
2) The data were analyzed by Mann-Whitney U test.
Asterisks indicate values that were significantly different between the Fr. 1 and the >Fr. 2 within the same semen characteristics 
in each animal (*: p<0.05; **: p<0.01).
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　Motility parameter=［ (+++％×100) ＋ (++％×75) ＋ (+％×
50) ＋ ( ±％× 25) ＋ ( －％× 0) ］/100
　(－, no movement; ±, oscillatory movement; ＋, slow-motion 
and progressive movement; ++, forward progressive movement; 
and +++, rapid and forward progressive movement).
　For the assessment of sperm viability, 20μl of sample was 
mixed with an equivalent amount of a live-dead exclusion stain 
(eosin-nigrosin stain). Spermatozoa were classified as viable (no 
stain uptake) or nonviable (partial or complete stain uptake), 
and were categorized as normal or abnormal by morphological 
characteristics such as cytoplasmic droplets, coiled flagella, 
bent flagella, coiled midpieces, bent midpieces, brachyury, 

missing midpieces, bicephalic heads, macrocephalic heads, 
microcephalic heads, and missing heads.

Processing of semen for liquid storage
　For the liquid storage samples, the semen collected from 
Male 1, Male 2, and Male 3 was used.
　It has been reported that the egg yolk protects the 
spermatozoa during cooling by binding to the sperm 
plasmalemma［14-16］. Based on these studies, we used three 
egg yolk-based extenders: Biladyl (2.42 g of Tris, 1.38 g of citric 
acid, 1.00 g of fructose, and 20％ egg yolk［v/v］ per 100 ml)

［17］, EYC (2.90 g of Na citrate and 20％ egg yolk［v/v］ per 

Table 2　Semen characteristics of total ejaculates in five bottlenose dolphins
Male 1 (n=38) Male 2 (n=11) Male 3 (n=5) Male 4 (n=20) Male 5 (n=13)

19 (y.o.) 20 (y.o.) 20 (y.o.) 13 (y.o.) 12 (y.o.)

pH 7.71 ± 0.051) a        7.11 ± 0.081) a,b,c   7.20 ± 0.081)   7.60 ± 0.051) b 7.67 ± 0.101) c

Ejaculate volume ml  5.22 ± 0.823 ) a 　17.22 ± 2.413) a,b 13.85 ± 5.453) 8.93 ± 1.813) 3.65 ± 1.253) b

Sperm  　　　　　
　　concentration

× 106/ml  721.26 ± 174.433) a  1271.27 ± 371.73) b,c 335.00 ± 66.663) 103.89 ± 41.223) b   64.46 ± 32.663) a,c

Total spermatozoa × 106   3547.25 ± 1001.433) a              30618 ± 12369.523) a,b,c,d     4613.90 ± 1804.213) e,f     725.79 ± 312.663) b,e   192.46 ± 91.463) c,f,g

Motility Motility 
parameter

39.69 ± 3.673) a 46.59 ± 8.333) 71.25 ± 3.893) 65.50 ± 5.183) a 35.00 ± 11.993)

Viability ％   83.97 ± 2.282) a 　 70.30 ± 3.532) b,c,d   90.55 ± 2.182) b    91.14 ± 1.182) c,e      97.00 ± 0.782) a,d,e

Morphological 　　
　abnormalities

％ 47.21 ± 2.471) 45.76 ± 4.041) 56.98 ± 5.361) 46.93 ± 4.311) 53.10 ± 4.291)

Flagellum

coiled ％ 43.56 ± 2.271) 35.91 ± 4.891) 53.32 ± 4.161) 42.36 ± 4.671） 50.52 ± 4.191)

bent ％ 0.04 ± 0.043) a     0.75 ± 0.413) a   0.13 ± 0.133)   0.30 ± 0.213)   0.00 ± 0.003)

Midpiece

coiled ％ 0.38 ± 0.143) 0.46 ± 0.113) 0.53 ± 0.223) 1.40 ± 0.293) 1.49 ± 0.513)

bent ％ 0.26 ± 0.083) 1.21 ± 0.383) 0.89 ± 0.243) 0.52 ± 0.323) 0.19 ± 0.123)

degenerate ％  0.29 ± 0.133) a  1.83 ± 0.393) a 0.51 ± 0.203) 0.35 ± 0.193) 0.60 ± 0.303)

Head

bicephalic ％ 0.00 ± 0.003) 0.04 ± 0.043) 0.13 ± 0.133) 0.05 ± 0.053) 0.00 ± 0.003)

macrocephalic ％ 0.17 ± 0.123) 0.05 ± 0.053) 0.00 ± 0.003) 0.05 ± 0.053) 0.00 ± 0.003)

microcephalic ％ 0.00 ± 0.003) 0.00 ± 0.003) 0.00 ± 0.003) 0.85 ± 0.733) 0.00 ± 0.003)

missing ％ 0.17 ± 0.073) 0.72 ± 0.343) 1.59 ± 1.273) 0.31 ± 0.133) 0.30 ± 0.203)

The values are the mean ± S.E.
A total of 87 ejaculates were collected from five males (Male 1-Male 5: n=38, 11, 5, 20, and 13, respectively).
1) The data were analyzed by Hochberg's GT2 test.
2) The data were analyzed by Dunnet's T3 test.
3) The data were analyzed by Steel-Dwass test.
Values with the same superscript alphabet were significantly different within the same semen characteristics in each column 
(p<0.05).
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100 ml)［18］, and BF5F (1.20 g of TES［N-Tris (hydroxymethyl) 
methyl-2-aminorthanesulfonic acid］, 0.20 g of Tris, 1.89 g of 
fructose, 1.89 g of glucose, and 20％ egg yolk［v/v］ per 100 
ml)［19］.
　Ejaculates were diluted (1:4, semen: diluent) with each 
extender at room temperature. The diluted samples were stored 
at 4℃ until assessment. 
　We examined the effect of liquid storage on seminal plasma. 
Following the semen collection, an aliquot of semen was 
centrifuged at 1,500 rpm for 5 min, and the seminal plasma 
was removed. After that, the semen was diluted (1:4, semen 
unremoved seminal plasma: diluent), and the motility and the 

viability were assessed in the same way as described above.

Statistical analysis
　All data are presented as the mean±S.E. Statistical analyses 
were performed by using the SPSS package, Version 17.0 (SPSS 
Inc., Chicago, IL, USA). 
　Data on the semen characteristics were rejected by 
Smirnov-Grubs test, and analyzed by Student's t -test, 
Hochberg's GT2 test, Dunnet's T3 test, Steel-Dwass test, and 
Mann-Whitney U test to determine treatment differences. 
　In regard to liquid-stored semen, the different semen samples 
were treated with different extenders. To minimize differences 

Table 2　Semen characteristics of total ejaculates in five bottlenose dolphins
Male 1 (n=38) Male 2 (n=11) Male 3 (n=5) Male 4 (n=20) Male 5 (n=13)

19 (y.o.) 20 (y.o.) 20 (y.o.) 13 (y.o.) 12 (y.o.)

pH 7.71 ± 0.051) a        7.11 ± 0.081) a,b,c   7.20 ± 0.081)   7.60 ± 0.051) b 7.67 ± 0.101) c

Ejaculate volume ml  5.22 ± 0.823 ) a 　17.22 ± 2.413) a,b 13.85 ± 5.453) 8.93 ± 1.813) 3.65 ± 1.253) b

Sperm  　　　　　
　　concentration

× 106/ml  721.26 ± 174.433) a  1271.27 ± 371.73) b,c 335.00 ± 66.663) 103.89 ± 41.223) b   64.46 ± 32.663) a,c

Total spermatozoa × 106   3547.25 ± 1001.433) a              30618 ± 12369.523) a,b,c,d     4613.90 ± 1804.213) e,f     725.79 ± 312.663) b,e   192.46 ± 91.463) c,f,g

Motility Motility 
parameter

39.69 ± 3.673) a 46.59 ± 8.333) 71.25 ± 3.893) 65.50 ± 5.183) a 35.00 ± 11.993)

Viability ％   83.97 ± 2.282) a 　 70.30 ± 3.532) b,c,d   90.55 ± 2.182) b    91.14 ± 1.182) c,e      97.00 ± 0.782) a,d,e

Morphological 　　
　abnormalities

％ 47.21 ± 2.471) 45.76 ± 4.041) 56.98 ± 5.361) 46.93 ± 4.311) 53.10 ± 4.291)

Flagellum

coiled ％ 43.56 ± 2.271) 35.91 ± 4.891) 53.32 ± 4.161) 42.36 ± 4.671） 50.52 ± 4.191)

bent ％ 0.04 ± 0.043) a     0.75 ± 0.413) a   0.13 ± 0.133)   0.30 ± 0.213)   0.00 ± 0.003)

Midpiece

coiled ％ 0.38 ± 0.143) 0.46 ± 0.113) 0.53 ± 0.223) 1.40 ± 0.293) 1.49 ± 0.513)

bent ％ 0.26 ± 0.083) 1.21 ± 0.383) 0.89 ± 0.243) 0.52 ± 0.323) 0.19 ± 0.123)

degenerate ％  0.29 ± 0.133) a  1.83 ± 0.393) a 0.51 ± 0.203) 0.35 ± 0.193) 0.60 ± 0.303)

Head

bicephalic ％ 0.00 ± 0.003) 0.04 ± 0.043) 0.13 ± 0.133) 0.05 ± 0.053) 0.00 ± 0.003)

macrocephalic ％ 0.17 ± 0.123) 0.05 ± 0.053) 0.00 ± 0.003) 0.05 ± 0.053) 0.00 ± 0.003)

microcephalic ％ 0.00 ± 0.003) 0.00 ± 0.003) 0.00 ± 0.003) 0.85 ± 0.733) 0.00 ± 0.003)

missing ％ 0.17 ± 0.073) 0.72 ± 0.343) 1.59 ± 1.273) 0.31 ± 0.133) 0.30 ± 0.203)

The values are the mean ± S.E.
A total of 87 ejaculates were collected from five males (Male 1-Male 5: n=38, 11, 5, 20, and 13, respectively).
1) The data were analyzed by Hochberg's GT2 test.
2) The data were analyzed by Dunnet's T3 test.
3) The data were analyzed by Steel-Dwass test.
Values with the same superscript alphabet were significantly different within the same semen characteristics in each column 
(p<0.05).
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among the collected semen samples, the data were normalized 
for each extender, and analyzed by Tukey test. The normalized 
value was calculated as follows: 
　Z=(X－μ)/ σ 
　(X, Data; μ, mean; σ , S.D.)
　Values of p<0.05 were considered to be statistically 
significant.

RESULTS
Ejaculate characteristics
　In all males studied, about half the spermatozoa were 
morpholog ical ly  abnormal  ( Table  1 :  Morpholog ical  
abnormalities). Most of the morphologically abnormal 
spermatozoa had coiled flagella in both the Fr. 1 and the 
>Fr. 2. In Male 1 and Male 4 only, the volumes of the Fr. 1 
were significantly higher than those of the >Fr. 2 (Table 1: 
Ejaculate volume). As for the other characteristics, there were 
no significant differences in the results of the fractions in all 
males. The mean value of sperm concentration was highest in 
Male 2, followed in order by Male 1, Male 3, Male 4, and Male 
5. In contrast, the mean values of sperm viability were lowest 
in Male 2, followed by the same order of individuals as for the 
sperm concentration (Table 2). In all males, the mean values 
of the sperm concentration and the viability were negatively 
correlated (r=－0.539, p<0.01). The total ejaculate volumes 
varied depending on the animal. The highest volume, in Male 2, 
was five times greater than the lowest volume, in Male 5 (Table 

2). To evaluate the difference of sperm characteristics between 
individuals kept at the same institution, four bottlenose 
dolphins (Male 2 and Male 3, and Male 4 and Male 5) located 
at two facilities (Facility B and Facility C) were compared for 
sperm concentration and sperm viability at each institution. 
The results showed that Male 2 and Male 4 had higher sperm 
concentrations and lower sperm viabilities than did Male 3 and 
Male 5, respectively (p<0.01) (Fig. 1). The sperm characteristics 
did not show any seasonal variations.

Liquid-stored semen
　Figure 2 shows the results of liquid storage for seven days. 
Sperm viability was retained at over 90％ except in the sample 
diluted with Biladyl after the seventh day. However, the motility 
of the sperm in the samples diluted with Biladyl, EYC or BF5F 
was significantly lower on the seventh day than on the second 
day, third day, and third day, respectively (p<0.05). Figure 3 
shows the results for liquid-stored semen without seminal 
plasma diluted with BF5F. As can be seen, the motility was 
better than in the semen diluted with the other extenders until 
the second day after semen collection. In regard to the viability, 
the values remained at over 80％ irrespective of whether or not 
the seminal plasma was removed from the semen. However, the 
motility in the semen samples from which the seminal plasma 
had been eliminated was significantly lower than that at the 
first day after liquid storage (p<0.05) (Fig. 3).

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7
Day

V
ia

b
ili

ty

0

20

40

60

80

100

120

M
o
ti
lit

y
(m

o
ti
lit

y 
p
ar

am
e
te

r)

*
* 
*
*

*
*
*

*

**

*

*
*

*

**

Fig. 2　Sperm viability (black marker) and sperm motility 
(white marker) of liquid-stored semen diluted with Biladyl 
(circle: n=4), EYC (square: n=9), and BF5F (triangle: n=7) in five 
bottlenose dolphins
The day of semen collection was defined as day 0.
The sperm viability and sperm motility of day 0 were converted 
to 100.
The values are the mean ± S.E.
An asterisk indicates a value significantly different from that at 
day 0 (p<0.05: Tukey test).

120

100

80

60

40

20

0

120

100

80

60

40

20

0

Vi
ab

ili
ty

M
ot
ili
ty

（
m
ot
ili
ty
 p
ar
am

et
er
）

0 1 2 3 4 5 6 7
Day

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7
Day

V
ia

b
ili

ty

0

20

40

60

80

100

120

M
o
ti
lit

y
(m

o
ti
lit

y 
pa

ra
m

e
te

r)

*
*

*

* *

*
*

* * *

*

*

Fig. 3　Sperm viability (black marker) and sperm motility 
(white marker) of liquid-stored semen containing (continuous 
line: n=7) and not containing (dot line: n=8) the seminal plasma 
in five bottlenose dolphins
The day of semen collection was defined as day 0.
The sperm viability and sperm motility of day 0 were converted 
to 100.
The values are the mean ± S.E.
An asterisk indicates a value significantly different from that at 
day 0 (p<0.05: Tukey test).

120

100

80

60

40

20

0
M
ot
ili
ty

（
m
ot
ili
ty
 p
ar
am

et
er
）

120

100

80

60

40

20

0

Vi
ab

ili
ty

0 1 2 3 4 5 6 7
Day



Dolphin ejaculate and liquid storage of semen 

　－ －113

DISCUSSION
Ejaculate characteristics
　In two previous studies, the ejaculate characteristics differed 
among the seminal fraction collected once a week［20, 21］. In 
the present study, however, the semen was collected once every 
two weeks, and while the ejaculate volume of the Fr. 1 was 
higher than the volume of the>Fr. 2, there were no differences 
in the other characteristics. Therefore, we considered that 
once every two weeks was the optimal frequency of the semen 
collection for the sperm storage.
　In this study, approximately half of sperm showed 
morphological abnormalities. However, a large portion of the 
morphological abnormalities consisted of coiled flagellum with 
mild deformity, and these sperm had fertilizing capacity.
　This study demonstrated that males in full maturity (the 
full-grown males) had higher sperm concentration and lower 
sperm viability, while males in the early stage of maturity (soon 
after sexual maturity) showed lower sperm concentration and 
higher sperm viability. Thus, sexual maturity was involved in the 
sperm concentration and sperm viability. It has been reported 
that reactive oxygen species (ROS) produced by metabolizing 
spermatozoa are damaging for sperm［22］. In addition, it has 
been considered that semen with a high sperm concentration 
tends to contain a high concentration of ROS. In this study, 
the sperm concentration and the viability had a negative 
correlation (r=－0.539, p<0.01). Therefore, we considered that 
the high concentration of ROS had a detrimental impact on the 
viability.
　We also compared the sperm concentration and sperm 
viability among four bottlenose dolphins (Male 2 and Male 
3, and Male 4 and Male 5) kept at two facilities (Facility B 
and Facility C). The results showed that the semen of the 
two males with higher fertility frequency (Male 2 and Male 
4) at each facility had the higher sperm concentration and 
the lower sperm viability. A previous study showed that the 
common bottlenose dolphin forms social groups, and the 
subordinate males tend to produce ejaculate with reduced 
sperm concentration (<100 million spermatozoa/ml). After the 
subordinate males were moved to a different social group, and 
underwent a presumptive change in social rank, their ejaculate 
sperm concentration increased substantially (>500 million 
spermatozoa/ml)［11］. In the present study, Male 2 and Male 
4 had been kept at the facilities longer than Male 3 and Male 
5, respectively. Therefore, we considered that the social status 
of Male 2 and Male 4 was higher than that of Male 3 and Male 
5 at each facility. The social status of males housed in each 
facility may also influence their total sperm production. 
　As mentioned above, we observed no seasonal variations in 
the ejaculate volume, sperm concentration, sperm motility, or 
sperm viability. During the test period, the high temperatures 
in Facility A, Facility B, and Facility C were 35.5℃, 34.0℃, 
and 36.7℃, respectively, and the low temperatures in these 
facilities were －1.6℃, －2.8℃, and －3.2℃, respectively. In 

general, however, differences in water temperature tend to 
be lower than those of atmospheric temperature. Therefore, 
aquatic animals are slightly more unaffected by temperature 
differences (seasonal differences) than land-dwelling animals. 
In addition, it has been reported that the birth season in common 
bottlenose dolphins varies greatly, even at similar latitudes

［23］. Environmental indicators such as water temperature or 
photoperiod do not predict the seasonality of reproduction. It 
is likely that captive common bottlenose dolphins have more 
interaction-related factors which influence reproduction than 
their wild counterparts. 

Liquid-stored semen
　Finally, we examined the effect of extenders and seminal 
plasma on the liquid storage of semen.
　There were no differences in sperm viability among the 
three extenders. Regarding the sperm motility, the ejaculates 
diluted with EYC or BF5F showed no significant difference until 
the second day (p<0.05), although the sperm motility steadily 
declined over the seven days for all extenders. In this species, a 
previous study reported that liquid-stored semen diluted with 
Biladyl was available for artificial insemination until 24 hours 
after collection［5］. The results of the present study suggest 
that semen stored for longer periods might also be available if 
the extenders EYC and BF5F are used for semen dilution.
　With respect to the sperm characteristics examined following 
the liquid storage, the presence of seminal plasma had no 
significant effect on the sperm viability. However, the sperm 
motility steadily declined from the day of the semen collection 
when the seminal plasma was eliminated from the semen. It is 
known that the seminal plasma of stallions has a detrimental 
impact on the ejaculate; however, the seminal plasma of other 
domestic animals (e.g., bulls and boars) has a beneficial effect. 
Although the ejaculate traits of the dolphin most resemble those 
of the stallion［20］, we concluded that the seminal plasma was 
beneficial for common bottlenose dolphin spermatozoa from 
the results of this study.
　The main conclusions of the present study were as follows: 
1) the viability could be influenced by age or male fertility 
frequency (social status); 2) the semen of the captive common 
bottlenose dolphin can be collected in any season; 3) EYC and 
BF5F are available as extenders for the short-term storage of 
common bottlenose dolphin spermatozoa; and 4) the seminal 
plasma has a beneficial effect on the liquid storage of the 
semen.
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要 約
　本論文では，バンドウイルカ精液の一般性状を検査し，液
状保存精液の比較を行った。精液は 5 頭の雄から採取し，pH，
精液量，精子濃度，総精子数，運動性，生存率および形態異常
率を検査した。精液は Biladyl，EYC または BF5F を用いて液状
保存を行い，運動性および生存率を連日検査した。
　新鮮精液一般性状において，精液量を除いて分画差はなかっ
た。しかしながら，精子濃度と生存率との間に負の相関がみら
れた（r=－0.539, p<0.01）。十分に性成熟した雄または同一施
設内で飼育されている高い妊孕歴をもつ雄は，精子濃度が高く，
生存率は低かった。季節差はみられなかった。
　運動性は，EYC および BF5F で希釈した精液において 2 日間
保存された（p<0.05）。生存率は全ての希釈液において 7 日間
を通じて高い値を示した。加えて，精漿除去精子では，運動性
は液状保存後から低下した（p<0.05）。これらの結果から，1）
生存率は年齢または妊孕歴（社会的順位）に影響されること，2）
飼育下バンドウイルカの精液は周年を通じて採取が可能である
こと，3）EYC および BF5F がバンドウイルカ精液の短期保存に
有用であること，4）精漿成分がバンドウイルカ精液の液状保存
に有用であることが示唆された。
　キーワード：バンドウイルカ，精液一般性状，液状保存
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