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Sumatran rhino is the most endangered rhino species. Its population is estimated less than 300 individuals remaining 
in the wild with highly declining rate to 50% in the last 15 years. The number of male rhinoceroses in the captivity are 
very few, therefore the assessment of its fertility is very important in order to support the breeding success since the 
captive breeding success is very poor. The objectives of this study were (i) to determine the male reproductive status, (ii) 
to establish a reliable semen collection method, and ( i i i )  to assess semen parameters of the fresh collected sample. Three 
methods of semen collection were examined to determine its fertilizing potential, i.e. (i) stimulated combination of 
artificial vagina (AV), penile massage (PM) and accessory gland massage (AGM); (ii) AV and PM; and (iii) only with PM. 
The first method gave the best result with an ejaculation success of 85.71% (617, n = 7). The second and third methods 
obtained an ejaculation success rate of 50% (214, n = 4)) and 25% (114, n = 4). respectively. The collected ejaculates had a 
volume of 1.2-12.4 ml with whitish to cream turbid colour and pH 6.90-6.99. Sperm concentration was (143-333) x 10'spermIml. 
The quality ofthe sperm was low with only approximately 1% of them moved forward slowly. Approximately 80% of the 
spermatozoa were immature (prox. cytoplasmic droplet) with head (macro-, microceplmlic) and tail abnormalities (broken 
tail). Semen quality increased after several collections and the amount of immature sperm decreased up to 5%. 
Electroejaculation procedure could produce 34 ml semen, but no sperm was found in the ejaculate. Hence, the combination of 
AV, PM, and AGM could get higher volume of ejaculate compared to other methods, but sperm concentration was better 
obtained using AV and PM only. Repeated semen collection increased semen quality, although the male has low 
fertilizing capacity due to low sperm concentration (oligozoospermin) and small volume of the ejaculate (oligospermia). 
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INTRODUCTION 

The Sumatran rhinoceros is the most critically endangered 
rhinoceros species. With fewer than 300 animals lefi worldwide 
and an extremely high rate of decline (50% of wild population 
lost over the last 15 years), the species is listed on Appendix 
I of CITES and in the red list ofIUCN (http://www.redlist.or9/ 
search/search.php?). Very few Sumatran rhinos are to date 
kept in captivity (about 9 animals distributed worldwide). 
Moreover, although the species has been kept since the early 
19" century (year 1,800 until now, total 96 animals), no animal 
bred successtilly until one offspring was born in 2001 in 
Cincinnati Zoo, USA. There are a number of reasons for this 
failure in captive breeding, such as a lack of understanding of 
its reproductive biology, limited number of male rhinos and a 
lack of knowledge on breeding management and information 
on the fertility status of the rhinos in captivity. 

Despite many successful mating taken place since 2002, 
no pregnancy sccurred in the female housed in the Sumatran 
Rhino Sanctuary (SRS) Way Kambas. Since the female shows 
a regular pattern of ovarian cycle, indicated by hormone 
analysis and ultrasound examinations, the fertility ofthe male 
Sumatran rhinoceros in this facility (named Torgamba) has 
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been questioned, and was thought to be a major factor 
contributing to the failure of the breeding program in SRS. 
Clinical examination of reproductive organs and assessment 
of semen quality have historically been used to predict 
potential fertilizing capability of stallion (Colenbrander et al. 
1992, 2003). Application of this approach may also provide 
important information on male fertility status in the Sumatran 
rhinoceros. 

In order to analyze semen quality of the male Torgamba, 
the development of a reliable semen collection method is 
required, since to date no such methods are available for the 
Sumatran rhinoceros. Semen collection has, however, become 
a standard practice for fertility assessment and assisted 
reproduction procedures in many domestic animal breeding 
programs (Penny 2005). 

Therefore,  this  research was conducted with the 
objectives: (i) to establish a reliable semen collection method 
for the Sumatran rhinoceros, (ii) to assess semen parameters 
of the fresh ejaculates, and (iii) to determine Torgamba's 
reproductive potency. 

MATERIALS AND METHODS 

Animal and Housing Conditions. Forthe study, only one 
male Sumatran rhino, Torgamba, a-22 year old animal kept at 
the SRS, Way Kambas National Park, Indonesia, was available. 
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semen collection methods in the Sumatran rhinoceros. More 
importantly, it provided the first comparative information on 
the value of different stimulation protocols for collecting 
semen in this species. Single stimulation using rectal massage 

Figure 
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procedure to collect semen in the Sumatran rhinoceros. 
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Figure 5. Sumatran rhinoceros sperm: (a) sperm with a proximal 

cytoplasmic droplet, (b) sperm with bent tail (from native 
smear) (40 x 10). 

vagina. 
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(accessory glands massage, AGM) only was not used in the 
present study because Schaffer el a/. (1990) reported thit 
although this procedure could produce seminal emission, the 
stimulation was not sufficient to cause ejaculation in the lndian 
rhino. In line with this, for the beefbull, Palmer et al. (2004, 
2005) reported that the rectal massage enabled to stimulate 
erection and contributed to poor semen sample quality. 
Although, it appears that AGM alone is not an effective 
method for stimulating ejaculation, many researchers used it 
as a prime procedure in combination with other stimulation 
techniques in wild animals, e.g. penile massage in Ceylon 
elephant (Jainudeen et a/. 1971), or AV in Asiatic elephant 
(Heath et al. 1983). 

In the present study, three "non-invasive" semen 
collection methods differed in stimulation (penile massage, 
PM; PM in combination with an artificial vagina, AV; and PM 
in combination with accessory gland massage, AGM and AV) 
and the invasive procedure of electroejaculation were tested 
for their usefulness in obtaining ejaculates in the Sumatran 
rhinoceros. The results indicated that the success rate in terms 
of obtaining an ejaculate progressively increased with the 
intensity of the stimulation, with the highest success rate 
(86%) being found when all three stimulation procedures 
(AGM, PM, AV) were combined. The combination ofAGM, 
PM, and AV resulted also in generally higher ejaculate volumes. 
The combination of these techniques was also reported to 
work well in terms of obtaining proper ejaculates in elephant 
(Heath et a/. 1983), and domestic animals (Hafez & Hafez 2000; 
Palmer el a/. 2005). In contrast, Schaffer et a/. (1990) reported 
that the AV procedure was not able to provide a proper 
ejaculate, in the lndian rhinoceros since sperm concentrations 
in the samples using AV were low. Similarly to this, sperm 
concentration was also generally lower in ejaculates obtained 
in the present study using AGM compared to when only PM 
in combination with AV was used. Since the proportion of 
abnormal sperm was lower in ejaculates obtained without 
AGM, these preliminary data may suggest that although 
success rate and ejaculate volumes are lower using PM and 
AV only, the ejaculates obtained by this procedure might be 
of better quality. In line with this result, Palmer etal. (2005) 
reported that the semen collected by AGM in beef bull may 
have contained more residual (dead) sperm and contributed 
to poor semen sample quality. The combination ofAGM, PM, 
and AV produced better results in terms of success rate of the 
ejaculation and the ejaculate volume, suggesting that the use 
of AV presumably increased stimulation of the animal to 
produce an ejaculate. More trials with other male Sumatran 
rhinoceros are, however, needed to investigate this further. 

Electroejaculation is the most commonly used method for 
collecting semen from domestic species (Roth el a / .  2005). 
However, Schaffer et a/. (1 990) reported that the method does 
not produce proper ejaculates in the rhinoceros that can be 
used for cryobanking or assisted reproduction. Nevertheless, 
in a recent report, Hermes el a / .  (2005) indicated that use o fa  
specially designed rectal probe during electroejaculation can 
improve the effectiveness of semen collection in the African 
white rhinoceros species and this was confirmed by a study 

of Roth etal. (2005) in the African black, African white and 
lndian rhinoceros. In particular, the electroejaculator stimulates 
an optimal erection and ejaculation process, and, due to high 
stimulation of semen plasma secretion (Hafez& Hafez 2000) 
the technique usually results in the production of higher 
ejaculate volumes compared to other techniques. Despite a 3- 
20 fold higher ejaculate volume found in the present study, 
no single sperm was observed in the sample obtained by 
electroejaculation. In comparison to studies in other rhinos, 
it thus appears that the procedure of electroejaculation is of 
only limited value for collecting semen in the Sumatran 
rhinoceros. Since the present data are extremely limited and 
therefore more studies are required to clarify whether this is 
really the case. 

The results showed that the male Sumatran rhinoceros at 
SRS produced very low ejaculate volumes (1.5-34 ml semen/ 
ejaculate) and very low sperm concenhations (133-333 x lo3 
spermatozoa!ml ejaculate). In contrast, in the other rhinoceros 
species ejaculate volumes of 20 to 200 ml, and sperm 
concentrations o f  about 1.8-75.8 x lo6 spermatozoa/ml 
ejaculate have been reported using different collection 
methods (Schaffer et al. 1990; Hermes el a/. 2005; Roth et a/. 
2005). On other male Sumatran rhinoceros housed in Cincinnati 
Zoo, an ejaculate recovered post-coitus was shown to be as 
large as 104 ml and contained a sperm concentration of 25 X 
l O%permatozoa/ml (O'Brien & Roth 2000). Ejaculate volume 
and sperm concentration of Torgamba were also much lower 
compared to horse, which can produce ejaculate volumes of 
about 20-100 ml and sperm concentrations of 120-300 x lo6 
spermatozoa'ml ejaculate (Janett et a/ .  2003a,b; Turner & 
McDonnell 2003). It thus appears, that the male Sumatran 
rhinoceros at the SRS suffers presumably from an abnormality 
in semen production,  s o  called oligospermia and 
oligozoospermia(Hafez& Hafez2000). 

Moreover, analysis of sperm motility and morphology 
indicated that the male appeared to produce a high proportion 
of less motile sperm and dead sperm as well as with primary 
abnormalities (a cytoplasmic droplet and abnormal head), and 
small numbers with secondary abnormalities (detached tail). 
Interestingly, the abnormality of sperm decreased from 80% 
at the beginning of the study to 5% after one year. This may 
indicate that with time and repeated application of procedures, 
a noticeable improvement in sperm quality (reduced degree 
of abnormality) in the Sumatran rhino might be achieved, a 
finding also reported by Schaffer el a / .  (1990) for the lndian 
rhinoceros. Most of the abnormal sperm had a proximal 
cytoplasmic droplet, indicating that the sperm that was 
ejaculated, was immature (Hafez & Hafez 2000; Pesch & 
Bergmann 2006). The presence of high amounts of immature 
sperm has also been described in other rhino species (Schaffer 
et a/. 1990; O'Brien & Roth 2000). Cytoplasmic droplets, are 
the most common defect at the neck region, but they can also 
be found at the midpiece and the principal piece of the tail. 
They represent a failure of maturation, because normally the 
residual cytoplasm is released down the tail during 
spermiogenesis. Proximal droplets are thought to have a great 
impact on fertility and therefore are classified as major defects 
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