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ULTRASONOGRAPHY OF THE REPRODUCTIVE ANATOMY 
IN THE SUMATRAN RHINOCEROS 

(DICERORHINUS SUMATRENSIS) 

N. E. Schaffer, D.V.M., Z. Zainal-Zahari, D.V.M., M. S. M. Suri, 

M. R. Jainudeen, D.V.M., Ph.D., and R. S. Jeyendran, D.V.M., Ph.D. 

Abstract: Information on the reproductive status of the Sumatran rhinoceros (Dicerorhinus su 

matrensis) can improve the captive management of this critically endangered species. Ultrasonog 
raphy is an effective tool for gathering such information. This report details the successful application 
of ultrasonography to describe the reproductive anatomy of one male and four female Sumatran 
rhinoceroses at the Sungai Dusun Reserve in Selangor, Malaysia. These regularly handled and 

manageable animals were adequately controlled for reproductive ultrasonography by a cage facility 
at the reserve. In the male, rectal probe ultrasonography revealed the accessory sex glands. Imaging 
of the scrotum revealed fluid dilations of the testicular adnexa of both testicles. In the females, 
rectal probe ultrasonography revealed 1) a cervix containing a complex of luminal folds, 2) the 
uterus, and 3) the ovaries. The presence of several follicles on the ovaries of some females suggested 
normal reproductive activity. Several large cysts and tumors were evident in the uteri of three 
animals. Further analysis would be feasible and is necessary to confirm reproductive events and 
assess reproductive abnormalities. 
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INTRODUCTION 

The Sumatran rhinoceros (Dicerorhinus 

sumatrensis) is a critically endangered spe 
cies that needs intensive management to 

survive.18 With the world population re 

duced to approximately 500 individuals and 

with approximately 30 in captivity,10 it is 

vital to establish the reproductive potential 
of the species and the fertility status of in 

dividuals to expedite and implement man 

agement programs. Reproductive potential 
can be assessed with ultrasonography in wild 

animals that are trained to tolerate restraint. 

With ultrasonography, the accessory sex 

glands and testicles and the uterus and ova 

ries have been examined in domestic ani 
mals and other rhinoceros species. Ultra 

sonography of the female rhinoceros 

reproductive tract has revealed evidence of 
estrous cycles, pregnancy, and abnormal 
ities2'2627 and has aided in confirming repro 

ductive hormone levels by demonstrating 
normal ovarian development and pregnan 
cy in a black rhinoceros.4 Sumatran rhinoc 
eros females trained to stand in chutes have 
tolerated initial ultrasonographic exami 
nation (mentioned in a videotape, "Repro 
ductive Anatomy and Ultrasound Images 
in the Rhinoceros," available from the first 

author).35 Although the feasibility of re 

straining and using ultrasonography with 
these animals is apparent, no previous re 

ports are available. These examinations are 
needed to identify normal anatomy and re 

productive events in this species. 
In this report, we provide details of the 

use of this technique and observations made 
while using it on five Sumatran rhinocer 
oses: a young male that was immature when 

caught in the wild in 1988 and four females 
that were mature when caught in the wild 
between 1984 and 1988. All of the females 
had been sexually receptive (stood for 

mounting by a male) but had not become 
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Figure 1. Chute for Sumatran rhinoceroses at Sungai Dusun Reserve, Selangor, Malaysia. 

pregnant. Their estrous status at the time of 

examination was unknown. A 25-day es 

trous cycle had been observed in one fe 

male, as determined by receptivity to a male. 

The male had a history of phimosis, which 
was treated and resolved in 1989.34 It had 

mounted the females but failed to complete 
intromission. Ultrasonographic examina 

tions were performed in December 1991 and 

October 1992 at the Rhino Breeding Center 
at the Sungai Dusun Reserve in Selangor, 

Malaysia. 

MATERIALS AND METHODS 

A thorough description of this facility and 
the care of these animals at the Reserve has 

been reported.21 Animals were restrained for 

ultrasonography in a rectangular chute con 

sisting of 24 galvanized-iron pipes (10-15 
cm in diameter and 120 cm in height) that 

were imbedded in a cement slab base (120 

x 130 x 252 cm) (Fig. 1). The spacing av 

eraged 20 cm on the sides and 13 cm be 

tween end pipes. The three end pipes were 

removed from holes in the cement and reset 

after each animal was coaxed with fruit into 
the chute. The animals had been previously 
introduced to the chute and trained to tol 
erate medical examination.33 Both the male 

and females were restrained in the chute and 

continually fed fruits and vegetables during 
reproductive examination that occurred ei 

ther in the morning or late afternoon. 
A real-time ultrasound unit (Aloka SSD 

210, DXII, Aloka Co., Tokyo, Japan) with 
a linear array transrectal transducer (5.0 

MHz) was used for ultrasonographic ex 

aminations. The transducer was hand held 

for external scrotal imaging and held by a 

plastic-sleeved, lubricated arm to image the 

reproductive anatomy through the wall of 

the rectum. One male rhinoceros was ex 

amined once in 1992, and dates for exam 
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Table 1. Results of the ultrasonograms of the ovary in four Sumatran rhinoceroses. 

Ovarian size (mm) 

Date of 
Animal evaluation Left Right 

Follicles? 

Left 

Diameter 

(mm) 

Right 
Diameter 

(mm) 

Fl 

F2 

F3 

F4 

Dec 91 
Oct92 
Oct92 

Oct92 

Oct92 

Dec 91 
Oct92 
Oct92 

35 x 38 
12 x 20 

20 x 30 

30 x 40 x 60 

25 x 30 x 50 

22 x 30 x 70 
35 x 45 x 55 
40 x 45 

25 x 50 

10 x 15 x 55 

30 x 45 x 65 

20 x 40 x 65 
35 x 43 x 58 
40 x 50 

3 
3 
3 

2 

2 

3 
12 
9 

5, 13, 28 
8, 13,20 

10, 20, 27 

12,31 

6, 10 

8, 10, 18 
6-15 

6-20 

15 

7-29 

5, 12, 14 
10 
7, 10 

a Follicles > 5 mm in diameter. 

ination of the four female rhinoceroses are 

given in Table 1. 

RESULTS 

The accessory glands of the male were 

identified through the ventral floor of the 

rectum within the pelvic canal. The paired, 
dense bulbourethral glands were irregularly 

shaped, with large blood vessels coursing 

through the body, and lay immediately cra 

nial to the anus under the ventrolateral wall 

of the rectum (Fig. 2). The prostate on lat 

eral-sagittal cross-sectional imaging was an 

angular structure surrounding the neck of 
the bladder (Fig. 3). The paired, long, flat 
tened vesicular glands protruded craniolat 

erally from between the prostate and blad 

der. The cross-sectional images of the glands 
were hypoechogenic with hyperechogenic 
specks (Fig. 4). The testes were in a pen 
dulous scrotum between the hind legs cau 

dal to the penile sheath and could be ex 

amined ultrasonographically through the 

scrotal skin. The long axis of the testes was 

horizontal. The midtesticle cross-sectional 

vertical images of both testicles were cir 

cular (50 mm maximum diameter), and the 

echotexture was homogeneous with small 

(2-4 mm) hyperechogenic central areas 

(mediastium testis). The epididymis could 

be palpated and was hypoechoic in com 

parison to the testicle. A fluctuate bulge (ap 
prox. 4x8 cm) was externally visible dor 

solateral to each testicle. These bulges ap 

peared to be nonechoic fluid accumulations 

of 5-8 mm between the tunica vaginalis and 

tunica albuginea that surrounded the head 

and body of each epididymis (Fig. 5). 
The reproductive tract was palpated and 

imaged with ultrasonography in all four fe 

males. The cervix was located immediately 
over the brim of the pelvis usually dorso 

cranial to the bladder. Its ultrasonographic 

images were 6-8 cm in length and 4-5 cm 

in depth and width. The images consisted 

of alternating hyperechogenic and hypo 

echogenic vertical lines (Fig. 6). 
The bicornuate uterus had a short uterine 

body, and the cornu appeared to be initially 

joined. Midcornual cross-sectional ultra 

sonographic images of the uterus were 20 
? 5 (X ? SD) mm in diameter. Also, folding 
of the endometrium and layers of the my 
ometrium was apparent. In the caudal cornu 

and body of the uterus, one female (Fl) had 

several 2-5-mm cysts and two masses, one 

centrally hypoechogenic mass (15 mm) in 

the myometrium and one hyperechogenic 
mass (20 mm) in the endometrium (Fig. 7). 
A second female (F2) had 115-15-mm cysts 

dispersed throughout the endometrium of 

the uterine cornua, along with at least four 
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Figure 2. Bulbourethral gland of a Sumatran rhinoceros. Left. Lateral sagittal ultrasonographic image. Right. 
Line drawing: BG = bulbourethral gland; V = blood vessel. 

Figure 3. Prostate gland of a Sumatran rhinoceros. Left. Lateral sagittal ultrasonographic image. Right. Line 

drawing: PG = 
prostate gland; BL = bladder. 
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Figure 4. Vesicular gland of a Sumatran rhinoceros. Left. Lateral sagittal ultrasonographic image. Right. Line 

drawing: VG = vesicular gland; BL = bladder. 

circumscribed masses (10-48 mm). The 

largest mass (48 mm) had an irregular non 

echogenic center. A third animal (F3) had 
at least three cysts in the endometrium of 

the caudal uterine cornua that were 3, 5, 
and 6 mm in diameter. 

The uterine cornua could be grasped 

through the rectum and followed craniolat 

erally to the ovaries. The ovoid ovaries were 

located approximately 50-55 cm from the 

vulva. The ovaries were 50-70 mm long, 
15-50 mm wide, and 10-40 mm deep and 

contained circular nonechogenic structures 

of various sizes (Table 1). Although size and 

location of most of these structures sug 

gested that they were follicles, this hypoth 
esis was not confirmed. The first examina 

tion of rhinoceros Fl revealed two large 
follicles (28 and 13 mm) in the middle and 
a small follicle (5 mm) at one pole of the 
left ovary. The right ovary was not identi 

fied. A year later the left ovary had a few 

small follicles (<5 mm), two follicles at the 

posterior pole (8 and 13 mm), and one 20 
mm follicle at the anterior pole. The paren 

chyma of the right ovary was irregular, con 

sisting of two echogenic areas, 15 mm and 

20 mm, and no follicles. F2 had extensive 

evidence of pathology in her uterus and had 
a large irregular follicle (31 mm) on the left 
ovary adjacent to a 12-mm follicle. She ex 

hibited only a few intermediate and small 

follicles on either ovary. The right ovary 
was determined by palpation to be smaller, 
with some superficial firm nodules and an 

approximately 15-mm follicle at the pos 
terior pole. F3 had a large irregular follicle 

(29 mm) on the posterior pole of the right 
ovary and several intermediate and small 

follicles. The left ovary had two interme 

diate (6 and 10 mm) and several small (<5 
mm) follicles. At each examination during 
both years, the fourth female (F4) consis 

tently had numerous follicles of various 

sizes, including several < 5-mm follicles (Fig. 
8). F4 also had a large (23 x 20 mm) hy 
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Figure 5. Epididymides of a Sumatran rhinoceros. Left Bilateral nonechoic cross-sectional ultrasonographic 

images in association with the body of each epididymis. Right. Line drawing: NI = nonechoic image. 

Figure 6. Cervix of a Sumatran rhinoceros. Left. Midsagittal ultrasonographic image of caudal cervix. Right. 
Line drawing: F = luminal fold in cervix. 
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Figure 7. Uterus of a Sumatran rhinoceros, with a mass and several cysts. Left. Longitudinal ultrasonographic 

image. Right. Line drawing: UT = 
uterus; M = 

mass; CY = 
cysts. 

perechogenic mass with a defined border 

(corpus luteum) that flattened ( 15 x 20 mm) 
in 5 days (Fig. 9). 

DISCUSSION 

The chute was effective in restraining these 

Sumatran rhinoceroses for reproductive ex 

aminations, particularly because they had 

become highly manageable through "psy 

chological restraint," which consisted of light 
manual contacts (pushing and guiding) and 

voice commands.33 The chute was slightly 
short in height, but they did not attempt to 
climb out. They would also remain in the 

chute while the heavy pipes were replaced 
into holes in the cement floor. Some exces 

sive length in the chute was corrected by a 

second row of removable pipes located 50 

cm from one end. The animals became in 

creasingly tolerant of procedures and even 

reentered the chute immediately following 
examination. 

The accessory glands and testes of the Su 
matran rhinoceros could be easily evaluated 
with a hand-held rectal probe. The vesicular 

glands were dorsolateral to the bladder and 
were similar to the irregular hypoechogenic 
lobules of the bull.30 The prostate, however, 

was similar to the isthmus-connected bi 
lobed gland of the stallion.19 The appear 
ance of the prostate and the large, irregular 
shape of the bulbourethral gland were com 

parable to those of the African species of 

rhinoceros.26 Because detailed images are 

possible in the Sumatran rhinoceros, ultra 

sonography can be used for examination of 
the accessory glands for evidence of dis 
ease.31 Ultrasonography has also been used 
in domestic animals to evaluate emission 

of semen into the posterior urethra during 

ejaculation,29 a response that has been noted 
in the black rhinoceros during penile mas 

sage (pers. obs.). Because the urethra of this 

Sumatran male rhinoceros was apparent on 

ultrasonography, it is possible that seminal 
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Figure 8. Ovary of a Sumatran rhinoceros, with several follicles. Left. Cross-sectional ultrasonographic image. 

Right. Line drawing: OV = 
ovary with follicles. 

Figure 9. Ovary of a Sumatran rhinoceros, with corpus luteum. Left. Cross-sectional ultrasonographic image. 

Right. Line drawing: OV = 
ovary; CL = 

corpus luteum. 
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emissions resulting from using different col 

lection methods could be evaluated. 

The Sumatran rhinoceros testes are more 

visible than those of other species of rhi 
noceros because the scrotum is pendulous. 
In the African and greater one-horned Asian 

(Rhinoceros unicornis) rhinoceroses, the 

testes are usually hidden in the large penile 

sheath, especially when they are drawn more 

proximally towards the inguinal canal.28 

The echotexture and dimensions of the 

testicles and epididymides in this rhinoc 
eros were similar to normal images of do 

mestic animals.69 As in other species of rhi 

noceros, the stallion, and the boar, the long 
axis of the testicle was horizontal. There 

fore, the probe had to be held vertically to 

image its maximum midsectional diameter. 

Normal testicular dimensions for Sumatran 

rhinoceroses are not known; however, the 

diameter of these testicles (50 mm) was 

smaller than that of the bull or boar (60-80 

mm) but similar to that of the stallion (40 
60 mm). 

The large nonechogenic images surround 

ing the head and body of the epididymides 
that occurred at the location of the bilateral 

swellings appeared to be dilations of the tu 

nica vaginalis cavities. Because only one 

male was observed, the condition could be 

normal. However, although some fluid ac 

cumulation can normally occur in the cav 

ity, in the bull, there is usually <2 mm be 

tween tunicas.23 Genital and abdominal 

pathologies can cause fluid accumulation 

(hydrocele). This dilation may also have 

been due to a peritoneal hernia. In this male 

Sumatran rhinoceros, the dilations may be 

benign secondary occurrences associated 

with the earlier condition that caused phi 

mosis, or they may be abnormalities pos 

sibly associated with its inability to breed. 

Further investigation of the swelling is 

needed. 

The females of this species could be more 

safely and easily examined than the larger 

species of rhinoceroses. Because of their 

small size, the probe could be hand held as 

in other wild and domestic animals.7812 In 

large rhinoceroses and elephants, exten 

sions such as a rubber hose are needed to 

reach the ovaries for imaging.226 Some hors 
es are prone to rectal perforation, and use 
of extensions can increase the risk. How 

ever, rhinoceroses are probably more sim 
ilar to the cow and have a stronger rectal 

integrity; in one study, postmortem rhinoc 
eros rectums could not be perforated even 

under extreme pressure.2 
The ultrasonographic images of the anat 

omy of these female Sumatran rhinoceroses 
were similar to the images of the three large 

species of rhinoceroses226 and distinctly dif 

ferent from those of domestic animals.51324 

As in other species of rhinoceroses, the cer 

vix of the Sumatran rhinoceros was found 

just over the brim of the pelvis and was 

closely associated with the bladder. Unlike 
the simple cervix of the horse, rhinoceroses 
have a convoluted cervix. In the three spe 
cies of rhinoceroses examined, the inter 

locking of numerous folds of the luminal 
surface of the cervix results in closely as 

sociated hypoechogenic and hyperechogen 
ic lines on ultrasonography. These lines were 

also apparent in these Sumatran rhinoceros 

females. The cornua of the uterus of the 

Sumatran rhinoceros course cranially as they 
do in other rhinoceroses, horses, and pigs. 
Ovaries could be palpated as well as imaged 
at a distance of about 55 cm cranially from 

the vulva. Similar to other species of rhi 

noceroses, inactive postmortem ovaries in 
one Sumatran rhinoceros were flat ovoids 

(B. Dresser, pers. comm.). In another female 

Sumatran rhinoceros, postmortem ovaries 
were 5x2x1 cm.11 In this study, the 

ovaries of these females were irregular in 

shape and differed greatly in size because of 

the presence of various large follicles. 

Reproductive cyclicity was suggested by 

large populations of follicles on the ovaries 

of some of the females. Rhinoceros F4 dem 

onstrated both a behavioral estrous cycle 
and a cohort of follicles typical of repro 

ductively active animals. This cohort con 

sisted of a number of follicles that varied in 

size along with a population of small cysts 
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(<5 mm). These small cysts are needed for 

recruiting future developing follicles in re 

productively active animals. The other an 

imals had ovaries with a few large, irregular 
follicles and a minimal number of small 

cysts. The differences between these ani 

mals may be due to individual variation, 

stage of cycle, suppression of cycle, or oc 

currence of abnormalities. 

Some possible abnormalities associated 

with the ovary include ovarian cysts and 

periovarian (bursal) cysts. In ultrasono 

graphic images, these structures are difficult 

to distinguish from ovarian follicles. All of 

these structures have been reported in rhi 

noceroses,27 mares,20 and cows.32 Periovar 

ian cysts can generally be distinguished from 

ovarian cysts by manual manipulation. 
Periovarian cysts do not generally affect re 

production unless they interfere with fal 

lopian tube function. Ovarian cysts have 

pathological significance in domestic ani 

mals. Further examination of these struc 

tures is needed to establish that the cysts in 

these animals were developing follicles. 

Abnormalities of the uterus of these fe 

male Sumatran rhinoceroses could be ex 

amined with ultrasonography. Uterine cysts 
occurred in three of the females (Fig. 7). One 

possible cause of uterine cysts is cystic en 

dometrial hyperplasia which has also oc 

curred in other species of rhinoceroses. Two 

black rhinoceros (Diceros bicornis) females, 
one multiparous and one nulliparous, and 

two nulliparous white rhinoceros (Cerato 
therium simum simum) females that were 

examined on postmortem had cystic en 

dometrial hyperplasia (G. Foley, pers. 

comm.).14 All of these females were >20 yr 
old. The multiparous black rhinoceros also 

had ovarian pathology. Cystic endometrial 

hyperplasia is more common in the cow and 

is associated with ovarian pathology. It has 

also occurred in at least two nulliparous el 

ephants, one African elephant (Loxodonta 

africana) with ovarian pathology (pers. obs.) 
and one Asian elephant (Elephas maximus) 
without.25 Luminal uterine cysts are also 

common in older mares1 but are not asso 

ciated with ovarian pathology. These cysts 
do not generally interfere with pregnancy in 

the mare unless they become numerous.15 

A few of these luminal uterine cysts were 

observed on ultrasonography in a female 

rhinoceros that subsequently conceived 

(pers. obs.). 
Two of the females that had uterine cysts 

also had uterine tumors. Some infectious 

and noninfectious diseases can cause tu 

mors in the uterus; tumors that have been 

reported in the rhinoceros include primarily 

leiomyomas, fibromas, and adenocarcino 
mas 16,17,22,28 Adenocarcinomas occur in the 

uterus of domestic animals, but they are less 

common and more invasive than the other 

tumors.3 Leiomyomas and fibromas are age 
related in cows and have occurred in older 

rhinoceroses. The general physical condi 

tion of F2 suggested that it was an older 

animal. Age may have been a contributing 
factor in the development of the tumors and 

cysts in these animals and possibly in an 

other Sumatran rhinoceros reported with 

uterine pathology.11 The etiology and prog 
nosis of tumors and cysts in these Sumatran 

rhinoceroses needs further investigation be 

cause this pathology may affect fertility, and 

three out of the four females of this popu 
lation were affected. 

CONCLUSION 

The management and facilities at the 

Sungai Dusun Reserve and the small size 

and tractable nature of the Sumatran rhi 
noceros allowed the successful use of ultra 

sonography. This technique was easily ap 

plied and allowed us to obtain preliminary 
information on fertility in these animals. 

Abnormalities were present in both the male 

and the females, but their effect on fertility 
remains unknown. Regular examination of 

these animals would help to clarify these 

pathologies and provide information on 

normal anatomy and reproductive events 

such as estrus and pregnancy. In addition, 
these techniques can be used for confir 

mation of the findings of other reproductive 

procedures, such as hormone analyses. Op 
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timizing the use of ultrasonography in the 

Sumatran rhinoceros would aid in the effi 

cient management of this species. 

Acknowledgments: We thank Mohd. Khan 
Momin Khan, Mohd. Tajuddin Abdullah, Drs. 
Bruce Beehler, Walter Threlfall, George Foley, 

Marilyn Anderson, and Richard Montali, the 
rhino keepers at Sungai Dusun Reserve in Ma 

laysia, and Julie A. Kreiner for their assistance. 
This work was supported by the Milwaukee 

County Zoo. 

LITERATURE CITED 

1. Adams, G. P., J. P. Kastelic, D. R. Bergfelt, and 

O. J. Ginther. 1987. Effect of uterine inflammation 

and ultrasonically detected uterine pathology on fer 

tility in the mare. J. Reprod. F?rtil. 35(Suppl.): 445. 

2. Adams, G. P., E. D. Plotka, C. S. Asa, and O. J. 

Ginther. 1991. Feasibility of characterizing repro 

ductive events in large nondomestic species by trans 

rectal ultrasonic imaging. J. Zoo Biol. 10: 247-259. 

3. Anderson, L. J., and A. T. Sandison. 1969. Tu 

mours of the female genitalia in cattle, sheep and pigs 
found in a British abattoir survey. J. Comp. Pathol. 

79: 53-63. 

4. Berkeley, E. V., and N. E. Schaffer. 1992. Se 

rum, urinary, and fecal steroid correlates of reproduc 
tive behavior in black rhinoceros (Diceros bicornis). 

Proc. Annu. Conf. Am. Assoc. Zoo. Parks Aquaria. P. 

572. 

5. Cartee, R. E., T. A. Powe, Jr., and R. L. Ayer. 
1985. Ultrasonographic detection of pregnancy in sows. 

Mod. Vet. Pract. 66: 23. 

6. Cartee, R. E., T. A. Powe, B. W. Gray, R. S. 

Hudson, and D. L. K?hlers. 1986. Ultrasonographic 
evaluation of normal boar testicles. Am. J. Vet. Res. 

47: 2543-2548. 

7. du Boulay, G. H., and O. L. Wilson. 1988. Di 

agnosis of pregnancy and disease by ultrasound in ex 

otic species. Zoo. Symp. 60: 135-150. 

8. Durrant, B. S., and M. L. Hoge. 1988. Ultra 

sonography in a Przewalski's horse mare, Equus prze 

walskii. Theriogenology 29: 240. 

9. Eilts, D. E., and R. D. Pechman. 1988. B-mode 

ultrasound observations of bull testes during breeding 
soundness examinations. Theriogenology 30: 1169 

1175. 

10. Foose,T.J., andZ. Zahar?. 1993. International 

Studbook for Sumatran Rhinos (Dicerorhinus suma 

trensis). International Rhino Foundation, Columbus, 

Ohio. 

11. Furley,C.W. 1991. The clinical history of the 

adult female Sumatran rhinoceros, called "Subur," in 

captivity in Sumatra and at Port Lympne Zoo, Kent, 
Great Britain. Proc. Intl. Rhino Conf. Pp. 347-366. 

12. Gilbert, D. E., N. M. Loskutoff, C. G. Dorn, L. 

A. Nemec, P. P. Calle, D. C. Kraemer, W. R. Threlfall, 

and B. L. Raphael. 1988. Hormonal manipulation 

and ultrasonographic monitoring of ovarian activity in 

the giraffe. Theriogenology 29: 248. 

13. Ginther, O. J. 1986. Ultrasonic Imaging and 

Reproductive Events in the Mare. Equiservices, Cross 

Plains, Wisconsin. 

14. Godfrey, R. W., C. E. Pope, B. L. Dresser, and 

J. H. Olsen. 1991. Gross anatomy of the reproductive 
tract of female black (Diceros bicornis michali) and 

white rhinoceros (Ceratotherium simum simum). J. Zoo 

Biol. 10: 165-175. 

15. Griffin, P. G., and O. J. Ginther. 1992. Re 

search applications of ultrasonic imaging in reproduc 

tive biology. J. Anim. Sei. 70: 953-971. 

16. Griner,L. A. 1983. Pathology of Zoo Animals. 

Zoological Society of San Diego, San Diego, California. 

P. 487. 

17. Jones, D. M. 1979. The husbandry and vet 

erinary care of captive rhinoceroses. Intl. Zoo Yearb. 

19: 239-252. 

18. Khan,M. 1989. Asian Rhinos: An Action Plan 

for Their Conservation. International Union for the 

Conservation of Nature and Natural Resources, Gland, 

Switzerland. Pp. 12-15. 

19. Little, T. V., and G. L. Woods. 1987. Ultra 

sonography of accessory sex glands in the stallion. J. 

Reprod. F?rtil. 35(Suppl.): 87-94. 

20. McKinnon, A. O., E. L. Squires, and R. K. Shi 

deler. 1988. Diagnostic ultrasonography of the mare's 

reproductive tract. Equine Vet. Sei. 8: 329-333. 

21. Mohd-Tajuddin, A., Z. Zainal-Zahari, and M. 

S. Suri. 1989. A review of the Sumatran rhinoceros 

conservation programme and assessment of manage 
ment alternatives for the future. Proc. Intl. Conf. Nati. 

Parks Protected Areas. Pp. 191-205. 

22. Montali, R. J., and S. B. Citino. 1991. Patho 

logical findings in captive rhinoceroses. Proc. Intl. Rhi 

no Conf. Pp. 346-349. 

23. Pechman,R.D.,andD.E.Eilts. 1987. B-mode 

ultrasonography of the bull testicle. Theriogenology 27: 

431-441. 

24. Pierson, R. A., and O. J. Ginther. 1988. Ul 

trasonic imaging of the ovaries and uterus in cattle. 

Theriogenology 29: 21-37. 

25. Ramsay, E. C, and M. W. Leach. 1989. Post 

mortem reproductive findings in a female Asian ele 

phant. Proc. Annu. Meet. Am. Assoc. Zoo Vet. P. 55. 

26. Schaffer, N., and B. Beehler. 1990. Prelimi 

nary studies on the anatomy and ultrasonic images of 

the reproductive structures of three species of rhinoc 

eroses (Rhinoceros unicornis, Diceros bicornis, Cera 

totherium simum). Proc. Annu. Meet. Am. Assoc. Zoo 

Vet. Pp. 215-220. 

27. Schaffer, N. E., R. S. Jeyendran, and B. Beehler. 

1991. Reproductive procedures and restraint for the 

rhinoceros. Proc. Intl. Rhino Conf. Pp. 153-159. 

28. Wallach, J. D., and W. J. Boever. 1983. Per 

issodactyla, Proboscidae, and Hippotamidae. In: Wal 



348 JOURNAL OF ZOO AND WILDLIFE MEDICINE 

lach, J. D., and W. J. Boever (eds.). Diseases of Exotic 

Animals. W. B. Saunders Co., Philadelphia, Pennsyl 
vania. Pp. 761-829. 

29. Weber, J. A., R. T. Geary, and G. L. Woods. 

1990. Changes in accessory sex glands of stallions after 

sexual preparation and ejaculation. J. Am. Vet. Assoc. 

196: 1084. 
30. Weber, J. A., C.J. Hilt, and G.L.Woods. 1988. 

Ultrasonographic appearance of bull accessory sex 

glands. Theriogenology 29: 1347-1355. 

31. Weber, J. A., and G.L.Woods. 1989. Ultra 

sonographic studies of accessory sex glands in sexually 
rested stallions and bulls, sexually active stallions, and 
a diseased bull. Proc. Annu. Meet. Soc. Theriogenol. 

Pp. 157-165. 

32. Youngquist, R. S. 1986. Cystic follicular de 

generation in the cow. In: Morrow, D. A. (ed.). Current 

Therapy in Theriogenology 2: Diagnosis, Treatment 
and Prevention of Reproductive Disease in Small and 

Large Animals. W. B. Saunders Co., Philadelphia, 
Pennsylvania. Pp. 243-246. 

33. Zainal-Zahari,Z.,andA.Mohd-Tajuddin. 1989. 

Psychological restraint in captive Sumatran rhinoceros 

(Dicerorhinus sumatrensis). J. Wild. Parks 7(October): 
109-111. 

34. Zainal-Zahari, Z., A. Mohd-Tajuddin, and M. 
S. Suri. 1990. The husbandry and veterinary care of 

captive Sumatran rhinoceros at Zoo Melaka, Malaysia. 
Malayan Nat. J. 44: 1-19. 

Received for publication 16 August 1993. 


	Article Contents
	p. 337
	p. 338
	p. 339
	p. 340
	p. 341
	p. 342
	p. 343
	p. 344
	p. 345
	p. 346
	p. 347
	p. 348

	Issue Table of Contents
	Journal of Zoo and Wildlife Medicine, Vol. 25, No. 3 (Sep., 1994), pp. 321-492
	Front Matter
	Review
	Reproductive Biology of the Bottlenose Dolphin (Tursiops truncatus) and the Potential Application of Advanced Reproductive Technologies [pp. 321-336]

	Ultrasonography of the Reproductive Anatomy in the Sumatran Rhinoceros (Dicerorhinus sumatrensis) [pp. 337-348]
	Determination of Reproductive Cyclicity and Pregnancy in Asian Elephants (Elephas maximus) by Rapid Radioimmunoassay of Serum Progesterone [pp. 349-354]
	Surgical Castration of the Elephant (Elephas maximus and Loxodonta africana) [pp. 355-359]
	Spondyloarthropathy in Proboscideans [pp. 360-366]
	Pharmacokinetics of Amikacin in African Elephants (Loxodonta africana) [pp. 367-375]
	Cardiopulmonary Effects of Medetomidine-Ketamine Immobilization with Atipamezole Reversal and Carfentanil-Xylazine Immobilization with Naltrexone Reversal: A Comparative Study in Domestic Sheep (Ovis ovis) [pp. 376-389]
	Experimentally Induced Meningeal Worm (Parelaphostrongylus tenuis) Infection in the Llama (Lama glama): Clinical Evaluation and Implications for Parasite Translocation [pp. 390-402]
	Parasitology and Pathogenesis of Geopetitia aspiculata (Nematoda: Spirurida) in Zebra Finches (Taeniopygia guttata): Experimental Infection and New Host Records [pp. 403-422]
	Hematology, Serum Chemistry, and Morphometric Reference Values for Antillean Manatees (Trichechus manatus manatus) [pp. 423-431]
	Research Notes / Case Reports
	Avian Leucocyte Counting Using the Hemocytometer [pp. 432-437]
	Zinc Toxicosis in Diving Ducks [pp. 438-445]
	Erysipelothrix rhusiopathiae Infection in a Captive Bald Eagle (Haliaeetus leucocephalus) [pp. 446-448]
	Pseudomonas aeruginosa-Associated Corneal Ulcers in Captive Cranes [pp. 449-454]
	Adenocarcinoma of the Mandibular Salivary Gland in a Crested Barbet (Trachyphonus vaillantii) [pp. 455-460]
	Adenovirus-like Infection in Two Rosy Boas (Lichanura trivirgata) [pp. 461-465]
	Surgical Correction of Patellar Luxation in a Cheetah (Acinonyx jubatus) [pp. 466-471]

	Clinical Challenge [pp. 472-475]
	Abstracts of Selected Reports [pp. 476-478]
	Back Matter





