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Reproductive disorders are amgor problem in wild animas held in captivity and have a Sgnificant impact on many
captive breeding programs. Basic scientificinformation regarding reproduction ismissing or incompletefor most animal
species. Questions regarding sex determination, sexua maturity, cycle length, sperm viability in the femae genita
tract, embryonic devel opment and gestation length remain unanswered for the mgority of zoo maintained animals
and this is especially true for those species under the threat of extinction. As the maintenance of viable
populationsof theseanima speciesin captivity becomesincreasingly important, knowledge of theunique, reproductive
biologica features of a gpecies and information concerning the reproductive satus of the individua members of a
breeding group isessentia for successful captive breeding. The devel opment of endocrine monitoring within the
last yearsisanimportant first step towardincreasing our knowledgeof basi ¢ reproductivephysiology indifferent animal
gpecies. Furthermore, theintroduction of non-invas vetechniquesfor measuring sex hormonesinurineand faeceshasbeen
of considerable practical valuein the reproductive management and treatment of diversezoo speciesby avoiding
the need for capture or restraint conforms with animal pratection efforts®

The potertid of red time ultrasound as an dternative gpproach for non-invasive exploration of reproductive biology and
pathology of zoo and wild animds has not been fully utilised. Despite tremendous progress in the development of
sonography and its incorporation into human medicine during the 1960's and veterinary medicinein agriculturd and

laboratory animds a the end of the 1970's, until now, ultrasound has only played a limited role in wildlife
majl Ci ne-2,3,7,8,9,15,31,33,41,43,44

Thegenerd advantagesof ultrasonography asopposad to other imaging techniquesare: i) itisanon-invasivetechnique,
i) providesred time, visud and reproduci bleinformeation regarding organs i) produces cross-sectiond imagesof tissues
and organ sructures, aswl as organsin motion which isdifficult or not feasible with other techniques, iv) enables
morphometric measurements of examined objects to be obtained, v) facilitates documentation and preservation of
primary data on storable cassettes, vi) can be easily integrated with other examination methods.

The use of ultrasound imeaging in reproductive biology provides a better underdanding of early embryonic
development and contributes essential, new knowledge regarding the function of the uterus and ovaries Asanor-
invasveimaging technique, ultrasound ddivers new information concerning reproductive biology, which hasnot been
accessbleto the researcher usng dassicd methodsof experimental embryology and endocrinology. However gpplication
of ultrasonography to zoo and wild animas does have anumber of specific difficultieswhich do not exi4, or at leest
arelessproblematic, inhumanor dassc veterinary medicine. Furthermore, knowledge obtai ned in humansor domestic
animals, dthough useful, isusudly not directly transferableto wild or zoo animds. In Table 1, the principle types of
difficultiesin gpplying ultrasound technology to zoo animas and wildife are shown together with Some gpedific examples
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Table 1. Problemsin gpplying ultrasound technique in zoo and wild animals

Example

Problem

No.

1 Physcd or chemicd redraint of sugject Most species; somebirdsmay be held by thewingsand
legsindorsa recumbency; investigation of cold-blooded
animdsa 0" C; tranquilization necessary for camivores

2a  Acoudic coupling of the Shells, plates, feathers, fur

ultrasound probe on the kin

2b  orinaufficient penetration of ultrasound Avian air sacs, thick skin, large subcutaneous fat pads,

wavesthrough the tissue investigated long distancesin megavertebrates

3 Maodification of ultrasound sygem Portable system, accumulator pack, cable extension

components for zoo and wild animas for probes, specificaly designed scan heads

4 A minimum of reference detaon Gonads and kidneysin birds, ovaries of ephants, eic.

ultrasonographic appearance of different
organs

About 5,000 mammalian species
5  Limited experience of invedtigator inalarge
number of species

6  Highcogt of ultrasound equipment Approximatdy $55,000

In order to find some solutions to these problems in gpplying ultrasound to zoo and wild animals, the ultrasound
research group of the Ingtitute for Zoo Biology and Wildlife Research (IZW) has, during the last three years,
performed gpproximatdy 1,100 individud ultrasound exams in over 100 anima species including amphibians,
reptiles, birds and mammas. As pat of this effort, ultrasound technology has been integrated into our sudies on
reproductive disturbancesin zoo and wild animasto address the following issues

1. Sex deter mination of monomor phic pecies
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For many animal species, it is not possible for an animal keeper to make appropriate management decisons
regarding breeding dueto thefact that monomorphic soeciesshow no, or only dight, phenotypic differenceswhich canbe
usad to diginguish between the sexes. In addition, differencesin behaviour based on gender are frequently not evident in
captivity. Thereare many spedies of monomorphic birdsand, until now, sex determination has mainly been achieved with
invadve techniques such as laparascopy or by chromasomd evauaion, which requires capture of the bird to obtain a
blood sample. Ultrasonography isanon-invasive and accurate technique which can be used to detect gonadal or
intragenital structures a various topogrgphica locations The unigue anatomica characterigics of birds, however, may
initidly pose problems for successul sex determination using ultrasonography. The ar sacs and the compact intestind
convolution prevent tranamission of the ultrasound waves. In our studies, these difficulties have been overcome by
the devel opment of spedidisad probesdlowingtransintestind or trans-doacd examination. Thegonadscanbevisualized
by inserting aminiaturised probe with afrequency of 7.5to 15.0 MHz and definitive sex determinations can be
made based on the appearance of the structures seen, 31923242

Sonographic sex determination can dso be gpplied to severd mammaian species such asthe beaver, doth and spotted
hyena. Sex determinationinthetwo-toed d oth (Choloepusdidactylus, Chologpus hoffmanni) and inthespotted hyena
(Crocuta crocuta) have been successful using trans-rectal ultrasound.

2. Determination of sexual cydein females

Detalled informeation regarding the femde sexud cyde of most animals is limited. Repested examinations performed
throughout the cycle are necessary to make statements regarding the length of the sexud cycle and its component
phases. Proceduresin zoo animads are accomplished in mogt cases by physcd or chemicd restraint, dthough methods
for urinary or faecd hormoneandyssprovideaussful norHinvasvedterndive Invasvemanipulaionsarenot without risk
and can cause sresswhich may harmtheindividua animd or interferewithitsreproduction. We repeatedly examined
chemically immobilised lowland anoa (Bubal usdepressicornis)™ and were ableto determinefor thefirgt timethat the
length of the estrus cycleis 22 days. In some species, it is preferable to perform an ultrasound examination without
physicd or chemicd redraint. For example, we have paformed transrectal ultrasound examinations in trained
elephants at the Hagenbeck Animal Park in Hamburg, Germany without any means of chemicd redtraint. It is
possible to visudize gructures on the ovaries with a high-frequency probe and a specidly designed ultrasound
configuration sysem.? A single examination of the femae genitdl tract does not offer any indication of cydelength, but
may provideinformeation on the phase of the cyd e®* sncein many speciesit ispossibleto distinguish corporaluteafrom
the variousfallicular agesusing a high frequency ultrasound probe.

3. Monitoring of gestation with possble prediction of day of parturition or laying term

For along time, biologists, zoo keepersand veterinarians have relied on observations of sexud behaviour, mating and
birth to determine the average gestation length for different anima species. With these methods, the day of ddivery
can be estimated and management and feeding of the gravid anima can be adjusted accordingly. Theintroduction of
sonogragphy to veterinary medicine alows monitoring of the early stages of gedtation and fetd development.
Measurement of fetal Structures and comparison of these findings with reference data®®**2* dlow the stage of
gedtation to be estimated and, therefore, prediction of approximate date of ddivery. Indirect methods of pregnancy
determination, such as progesterone and/or oestrogen metabolitesin faeces or urine can be highly informative but are
often species-specific dueto differencesin hormone metabolism and physiology. Pregnancy diagnosisispossblein
alarge number of wild and zoo anima's (amphibians, reptiles and mamma sincluding dephant and rhinoceras) with
aonetimetrans-intestind or trans-cutaneous ultrasound examination. Another possbleoptionisfeta sex determination
by ultrasonography.® Sexing reguires adefinite age, position of thefetd and sufficient amniatic fluid. Therfore, there

316 1995 PROCEEDINGS JOINT CONFERENCE AAZV/WDA/AAWV



are only few opportunitiesto perform foetus sex determination successfully. With thismethod, statementsregarding
number, vitdity and developmentd stage of the embryo may aso be possble. Trans-cloacd and trans-intesting
sonography 22* can be employed to image the yolk and ovary in birds or reptiles and based on the extent of
cddification, aprediction regarding thelayingtermispossible. Since ultrasoundisanon-invasive, direct method which
alowsimaging of embryonic/fetd morphologic structures, it hastherefore many advantagesasamethod for pregnancy
diagnossin zoo animas

4. | dentification of pathdogical alterationstotheinner genital tract

K nowledge concerning the appearance of hedlthy genital Structuresisnecessary for dear recognition of pathol ogical
aterations. Given the wide variability of genital tract structures within mammals, it is understandabl e that
thisis not aways possible.

Somepathologica changesarerd atively easy toidentify such ascystsor tumors 3101222363741 For example, cystic
degeneration of the ovaries and endometrium in old carnivora®™ and especialy in great cats is frequently
reported.*>* Alterations in the testes, such as cddification or intra-parenchyma cysts, enables hedthy and
pathologica dructuresto be reatively eadly digtinguished. It is more difficult to distinguish between physiologic
uterine fluid and a pathologicd condition. For example, purulent endometritis in the monkey is not easly
distinguished from the monthly menstruation.*®

Assessment of the reproductive capacity of the individua is based on the hedth of the internd genitd tract. It is
therefore important to detect pathologicd dterations of the inner genita tract and to determine the meaning or
influence it may have on reproductive performance before forming breeding groups.

5. Identification of pathological disordersof embryo geness

I nformation regarding the viability of the early embryoisrdatively quickly obtained with trans-cutaneous or trans-
intestinal sonographic examination. In some species, thetime frame in which pathological changes are detected is
mainly inthefirst trimester of gestationin mammals, although thismay extend until the end of the second trimester.
In most cases, it is not possible to obtain detailed diagnostic images with a high-frequency ultrasound probe late in
gedtation due to the formation of fetal fur and increased ca cification of the skeleton.

However, itispossibleto assessheart activity, volume of embryonic fluid and condition of the placentaduring mid-
to-late pregnancy. In addition, some abnormalities such as schistosoma reflexa can be detected by the
appearanceof coilsof intestinefloatingintheembryonic fluid. Growth disorders(e.g., severeretardation) are
also apparent with sonography during this stage of gestation.

Most pathologic disorders of embryogeness occur during the time of implantation. Early embryonic death isa
frequent occurrence which can be retrospectively detected with ultrasound, and structura changes within the
endometrium of thedightly enlarged uterus can be visuaized. Changesindicating early embryonic death include
the detection of an approximately 1 mmlarge undifferentiated echogenic forminthe uterinelumen and acorpus
luteum on at least one ovary. Embryonic membranes and fluid are frequently still present in the uterus.

In some cases, identification of fetal maformations can be problematic. With ultrasound, we detected an
abnormality in a Przewaski horse fetus” Only after examination of theisolated uterus could we clearly seethat
it wasasymmetrical malformation of the fetus. Maformeations causing accumulation of fluid such asastites, cystic
kidneys, hydrocephdus, etc. are dearly imaged with ultrasonography. As previoudy indicated in section 4, knowledge
regarding the norma gppearance of the different gestationa stagesis absolutely necessary to detect pathol ogical
changes.
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6. | dentification of maternal pathological processeswith patential effectson sructureand function of genital organsor
embryo geness

Sonographic examination of the mgjor abdomina organs, such asliver, spleen, kidney, adrenal and pancreas
may provide useful criteriato appraisethefitnessor breeding potential of an animal. Detection of subclinical
changes in these organs indicates that a clinically apparent metabolic disorder may occur under the
physiological burden of pregnancy which could have possibleletha consequencesfor the mother and/or fetus.
Pathological changes of the liver are most frequently found in the form of cysts or nodes (e.g., lowland anoa,
dhole). Tumors in the kidney, spleen, intestine and greater omentum have aso been discovered (generaised
sarcoma in great cats). Excessive intra-abdomina accumulation of fluid was detected in two eephants by
sonographic investigation of the genitd tract, which proved to be secondary to a subclinicd cardiac irregularity.
Findingsregarding the generd hedth of the animal and those specific to the genitd tract should be consderedin order
to make gppropriate decisons regarding which animasto breed.

7. Support of diagnostic procedures, therapy or assisted reproduction

Ultrasound asanon-invasveimeging techniguein red-timemode can provide visudization of diversediagnodtic procedures
and trestments. Direct visudisation provided by ultrasound aidstheinvestigetor in performing insartion or manipulation of
instruments in patients, such as flushing of the urinary bladder and uterus, collection of sdivary fluid 2 or obtaining
diagnodtic biopsy spedmens™®* Ultrasonography can dso beof assstance by providing intra-operaive orientation for the
cadiration of dephant bulls. Sonogrgphic ass sted follow-up eva uationsmakeit eas er to monitor therecovery of petients
or to optimize ongoing trestment. Ultrasonographic supported embryo collectionin Macacafasdcularis® isanon-surgical
way to collect blagtocystsfromtheuterusby trans-cervicd insertion of atwo-way catheter. Equivaent methodsareuseful
for intrauterine artificia insemination ** or non-surgica embryo trandfer in small Szed mammds

8. Contral of hedlth gatus of reproductively inactiveindividuals

A dable hierarchy isthe basisfor establishing asuccessful breeding group in animaswith ahighly developed socid
gructure. Especidly in specieslike dephantsor great gpes, old individual s not employed in reproduction take up
aspecia socia position within the group. These animasfulfil gpecid tasksintheraising of infants. They play an
essentid rolein passing on socia behaviour. Theloss of high ranking animasleadsto astressful reorgani sation of
the social structure of the whole breeding group. In these phases of social ingtahility, reproduction decreases or
tapers off. Therefore, we bdieve that it is essentia to integrate individuals not employed in reproduction in to the
ultrasound supported hedth control program aong with the fertile members of the group. Pathologica dterationsin
organs can immediately be detected and adequiately trested when sonographic examination series are established.

Immary

Ultrasonogrgphy isan dternative gpproach for non-invasveexpl oration of reproduction and reproductive pathol ogy of zoo
and wild animas which is gill under-utilized in wildlife medicne It is a non-invasive technique, which provides
reproducible red time imeges, crosssectiond imaging of tissues, organ sructures and motions, morphometric
measurements, documentation and preservation of deta. The advantages of thistechniquefavour itsmoreintensveuse
Ultrasound imaging in reproductive bidlogy ddivers new information regarding embryonic development, function of the
uterus and ovarieswhere experimenta embryology and endocrinology fail. In order to solve the problems which occur
with the gpplication of ultrasonogrgphly in zoo and wild animals, we performed 1100 individud examinationsin over 100
species. Our interest wasfocused on :
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1. Sex determination of monomorphic speciesto make gppropriate breeding management decisonsandtoavoid invasve
saxing techniques. We parformed successful examinationsin reptiles, birds and in mammals such as beaver, doth and
spotted hyena.

2. Ultrasonography isan dternative or supportive method to urinary or faecd andysisin the determination of sexud cyde
infemaes Wedetermined the cydelengthinlowland anca (22 d) and performed trans-recta examinationson trained
elephants without sedation to determine the phase of the reproductive cycdle.

3. Pregnancy diagnogisispassiblein many spedesusing ultrasound. Monitoring early Sagesof gestation, fetd devel opment
and degree of maturation of the placentadlow aprediction of the date of ddlivery. Estimation of laying termispossible
in reptiles and birds through trans-cloacdl and trans-intestind ultrasound as well.

4. Undergtanding pathol ogicd dterationswithintheinner genitd tract and their influence on reproductive performance
isimportant in order to consder reproductive capacity of theindividud.

5. Of interegt in embryogenesisisthe detection of heart activity, volume of embryonic fluid and condition of the placenta.
Pethologicd disordersin embryogenesis such as growth disorders, maformations and early embryonic degth can
be visudized.

6. Another criteriafor appraisal of the fitness or breeding potentia of an animd isthe investigation of the mgor
abdominal organs. Pathological dterations sonographicaly detected such as cysts, nodes, tumors or intra-abdoming
fluid can be a secondary causefor infertility.

7. Sonography can be used as a supportive techniquefor theinsartion or manipulation of ingrumentsin the patient, as
an additive hdpfor orientationinthe operating areaor inthefid d of asssted reproduction likeartificia inseminationand
embryo collection. Thergpies can be optimised by sonographica follow-ups.

8. Thecontrol of the hedlth status of socidly high-ranking individualsnot employedin reproductionisof significance
in successful breeding. Non-reproductive animds play arespongblerolein the soadisaion of infants. Early diagnoss
of diseases by ultrasound can, therefore, prevent socia ingtability or stressin reproduction.

Application of ultrasound to the systematic examination of selected anima groups as opposed to case-related
investigations is necessary in the frame of zoo and wild anima research to offer new solutions to manage
reproductive problems. Improvements in ultrasound technology, as wdl as the development of new types of
goplication techniques for wild animaswill support this process.

ACKNOWLEDGMENTS

Theauthorsthank Richard J Montdi for his support.

1995 JOINT CONFERENCE AAZV/WDA/AAWV 319



LITERATURE CITED

1. Abbott, D. H. 1988. Natrud suppresson of fertility. Zoo. Symp. 60: 7-27.
2.Adams, G. P, E.D.Platka C. S. Asa, and O. J. Ginther. 1991. Feasibility of characterizing reproductive eventsinlarge nondomestic species
by trangrectd ultrasonic imaging. J. Zoo Bial. 10: 247-259.

3. Bartmann, C. P., W. Bartmann, and E. Klug. 1994. Einsatz der Sonographiein der gynakol ogischen Diagnostik bei Tapiren (Tapiridee).
Verhandlungshericht Erkrankungen der Zoctiere 36: 99-105.
4.Bossart, G. D., and G. Hubbdll. 1983. Ovarian papillary cystadenocarcinomain aJaguar (Pantheraonca). J. Zoo Anim. Med. 14: 73-76.
5.Bush, M, R. J. Montdi, Y. L. N. Nedy, C. W. Gray, and A. W. James. 1974. Pyometriawith peritonitisin alioness. J. Zoo Anim. Med
521-:23
6. Curran, S. 1992. Fetd sex determiantion in cattle and horses by ultrasonography. Theriogenology 37: 17-21.
7. duBoulay, G. H., and O. L. Wilson. 1988. Diagnosis and disease by ultrasound in exatic species. Z0o. Symp. 60: 135-150.
8. Enders F., M.-E. Krautwad-Junhanns, and M. Schultz. 1994. Sonographische Untersuchungen der inneren Organe des Vogds.
Verhandlungsbericht Erkrankungen der Zodtiere 36: 139-147.
9. Gilbert, D. E., N. M. Loskutoff, C. G. Dorn, L. A. Nemec, P. P. Cdle, D. C. Kraemer, W. R. Thrdfdl, and B. L. Raphagl. 1988.
Hormona manipulation and ultrasonographic monitoring of ovarian activity in the giraffe. Theriogenology 29: 248.
10. Goritz, F., Th. Hildebrandt, and J. Thidebein. 1994. Transrektale Ultraschal luntersuchung beim Faulltier. Bildgebung Imeging 61: Spd2
BVIZ
11. Goritz, F.,, Th. Hildebrandt, G. Notzold, K. Eulenberger, J. Gottschak, S. Frank, and H. Correia 1994a. Untersuchungen zum
reproduktiven Status und Zyklusgeschehen beim Anoa (Bubalus depressicornis) mittels transrektaler Ultrasonographie.
Verhandlungsbericht Erkrankungen der Zootiere 36: 107-119.
12. Goritz, F, Th. Hildebrandt, R. R. Hofmann, and C. Fitra 1994b: Comparative Sdivary Studies using a new technique yidding
uncontaminated salivafrom CS, IM and GR ruminant species. Proc.SocNutr.Physial. 3: 319.
13. Goritz, F, Th. Hildebrandt, C. Pitra, H. Bosch, and B. Seidd. (In press): Sonographische Geschlechtsbestimmung bel
Esalspinguinen (Pygoscelis papua). Verhandlungsbericht Erkrankungen Zootiere 37:
14. Gould, K. G., H. Warner, and D. E. Martin. 1985. Improved method for artificial insemination in the great apes. Amer. J.
Primatol. 861-67.
15. Griffin, P. G., and O. J. Ginther. 1992. Research gpplications of ultrasonic imaging in reproductive biology. J. Anim. Sai. 70: 953-971.
16. Hager, D. A., T. G. Nyland, and P. Fisher. 1985. Ultrasound-guided biopsy of canineliver, kidney and prostate. Vet. Radiol. 26: 82-88.
17. Heigermann, M., S. Tari, and J. K. Hodges 1993. Measurement of faecd steroidsfor monitoring ovarianfunctionin New World primates,
Cdllitrichidae. J. Reprod. Pert. 99: 243-251.
18. Hildebrandt, T. 1993. DieUltraschd ldiagnogtik - einwichtigesElement be der Erkennung und Behandlung von Reprodukti onsstorungen
weliblicher Javamakaken (Macaca fascicularis). Zeitschr. f. Saugetierkunde 58: Suppl.l: 29-30.
19. Hildebrandt, T., F. Goritz, and C. Fitra. 1993. Rapid identification of sex in birds by ultrasound. Europ. J. Ultras. 1, Suppl. 1: 187.
20. Hildebrandt, T, C. Fitra, and A. Reinsch. 1993a Ultraschall gestutzte Embryonengewi nnung und Trachtigkeitsuntersuchungenbel Macaca
fascicularis Tierarztl.Praxis, Suppl.l: 66-67.
21. Hildebrandt, T., F. Goritz, B. Seidd, and R. Ippen. 1993b. Fetde Mifibildung beim Przewdskipferd (Equus przewalskii).
Verhandlungsbericht Erkrankungen Zootiere 35: 321-324.
22. Hildebrandt, T., and F. Goritz. 1994. Einsatz der transrektalen Sonographie zur Beurteilung des Genitaltraktes weiblicher
Elefanten. Bildgebung Imaging 61, Suppl.2: 98, V1.2.
23. Hildebrandt, T., F. Goritz, C. Fitra, J Thidebein, H. Lucker, H-E. Schneider, and B. Sadd. 1994. Trandntedtinde
Ultraschd luntersuchung bei Wildvogeln. Verh. ber. Erkrg. Zootiere 36: 127-139.
24. Hildebrandt, T., C. Pitra, and J. Thidebein. 19%4a Trandntestinde Ultrascha luntersuchung bei Nutzgeflugd . Mh.Vet.Med. 49: 337-343.
25. Hildebrandt, T., and F. Goritz. (In press). Sonographischer Nachweis von Leiomyomen bel weiblichen Elefanten. Verhandlungsbericht
Erkrankungen Zootiere 37:
26. Hildebrandt, T., C. Fitra, P. Sommer, and M. Finkowski. (In press). Sexidentificationin birdsof prey by ultrasonography. J. Zoo adWildife
Med
27. Hodges, JK. (In press). Determining and manipulating female reproductive parameters. In: Kleimann, D. G. and H. Harris (eds) Wild
memmesincpivity.
28. Ippen, R., and H.-D. Schroder. 1974. Auswertung der postmortalen Untersuchungsergebnisse bel in Gefangenschaft |ebenden
Landraubtieren. Verhandlungshericht Erkrankungen der Zoctiere 16: 29-37.
29. Jawgenow, K., S. Blottner, F. Goritz, T. Hildebrandt, O. Hingst, T. Lengwinat, H. Lucker, and H.-E. Schneider. 1994. The application
of assgted reproduction in puma (Flis concolor). Verhandlungsbericht Erkrankungen der Zoctiere 36 59-67.

30. Kahn, W. 1989. Sonographic fetometry in the bovine. Theriogenology 31: 1105-1121.

31. Kahn, W. 1992. Ultrasonography asatool in female animal reproduction. Anim. Reprod. Sci. 28: 1-10.

32. Kahn, W., and W. Leidl. 1987. Die Ultraschdl-Biometrie von Pferdefeten in utero und die sonographische Dargtdllung ihrer Organe.
Disch.tierarztl Wschr. 94: 509-515.

33. Kuchling, G., and S. D. Bradshaw. 1993. Ovarid cyde and egg production of the Western Swamp Tortoise Pseudemydura umbrina
(Tegtudines: Chdlida) in the wild and in captivity. J. Zool. Lond. 229: 405-419.

34. Ling, G.V, T. G. Nyland, P. C. Kennedy, D. A. Hager, and D. L. Johnson. 1990. Comparison of two sample collection methods for
quantitative bacteriologic culture of canine progtatic fluid. J. Am. Vet. Med. Assoc. 196: 1479-1482.

35. Linnehan, R.N., and J. L. Edwards 1991. Endometrid adenocarcinomain Bengd Tiger (Panthera tigris bengalensis) implanted with
melengestrol acetate. J. Zoo Wildl. Med. 22: 130-134.

36. Montdi, R.J. 1980. An overview of tumorsin zoo animds. In: Montdi, R. J,, and G. Migaki (eds): The comparative pathology of
zoo animals. Smithsonian Indtitution Press, Washington, D.C. Pp. 531-542.

37. Montdi, R. J, P. C. Mann, L. A. Jones, G. R. Griner, E. N. Kuen, and M. Bush. 1982. Leiomyomasin the genita tract of large
zoo mammals. Verhandlungshericht Erkrankungen der Zootiere 24: 117-122.

320 1995 PROCEEDINGS JOINT CONFERENCE AAZV/WDA/AAWV



38. Morgan, P. M., R. J. Hutz, E. M. Kraus, J. A. Cormie, and B. D. Bavider. 1987. Evauation of Ultrasonography for monitoring
falicular growth in rhesus monkeys. Theriogenology 27: 769-780.

39. Phar,JW.,J E. Rowel, and P. F. Hood. 1994. Fetd growth in muskoxen determined by transabdomina Ultrasonography.
Can.JVet.Res 58: 167-172.

40. Pitra, C., M. Schwerin, T, Hildebrandt, and F. Goritz. 1995. Molekulargenetische und ultrasonographische Untersuchungen an der
Tupfelhyane (Crocuta crocuta), Reprod. Dom. Anim. 29: Suppl3: 116.

41, Scheffer, N. E., Z. Zaind-Zahai, M. S. M. Suri, M. R. Jainudeen, and R. S. Jeyendran. 1994. Ultrasonography of the reproductive
anatomy in the sumeatran rhinoceros (Dicerorhinus sumatrensis). J. Zoo Wildl. Med. 25; 337-348.

42. Sadd, B., Th. Hildebrandt, and F. Goritz. 1994. Einsatz bildgebender Verfahren in der Diagnostik von Erkrankungen aodominaer
Organe. Verhandlungsbericht Erkrankungen der Zootiere 36: 93-99.

43. Stone, L.R. 1990. Diagnodtic ultrasound in marine mammals. In: Dierauf, LA. (ed.). CRC Handbook of Marine Medicine Hedth,
Disease, and Rehahilitation. CRC Press, Boca Raton, Florida. Pp. 235-264.

44. Walzer, C., and K. Hittmair. 1994. Ultrasonographic diagnosis of so-called splenic myelolipomasin the cheetah: A rdlevant
diagnogtic ad? Verhandlungsbericht Erkrankungen der Zootiere 36: 123-127.

1995 JOINT CONFERENCE AAZV/WDA/AAWV 321



