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Studies were condweced to determine: L) iF fecal hormone metabolie concenira-
fions comelaied with serum esrogen anl progesierone concenirstions, follicular
ectivity and reproductive belavior in the black rhinoceros (Diceros Aicarnin
nnd 2y if threshold vahses of meapective fecal metabolite concentrations corre-
tated with pregnancy. Blood and fecal samples were collected, bt conjunction
with tramsrectal ulerasound and behavior observations, for an |8-month period
from one black rhinoceros female. Subsequently, scrial fecal samples were col-
lected from 13 females in 10 zoos. Cuantitative analysis of serum progesterone
(P and estradiod (E) was ormed by radicimmuncassay (RIAY analysis of
fecal cstrogen metabolites (E} and fecal progesterone metabolites (P) were per-
formed by enzyme immimoassay (ETAL Serom P, concentrations identified pao
hurteal phase parterns and two nadits which comesponded with behavioral sirus.
Focal E parterns indicated u sharp peak which comespondid with breeding. Con-
centrations of fecal P illustrated identifiable nadirs and several peaks which cor-
reaponded o serum Py nadirs and luteal phases. Seriom Py concentrotions were
o different begwesn the lutcal phase and pregmancy, Fecal P ooncencrations
starved 1o rise above luteal phase comcentratons approximately 150 days
poattrecding and remained elevated until immediately before partorition. Serum
Ejand fecal E concentrations rose and subssquantly deckined after parturition. In
the fecal samples from seven prepnant fomsles, fiecal P concentrafions were simi-
lasly elevated companed o six nonpregnant females, Results indicated that fecal
steroul metabolites nccurntely reflected seram stervosd hormone concentrations
and that the mensurement of P and E concentrations permitied the characteriza-
tion of the estrous cycle, the diapnosis of pregaancy, and the onser of parmurition.
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INTRODUCTION

Maintaining viahle populations of endangered species is imporant io zoolog-
cal instilutions, While knowledge of population dynamics is necessary for wildlife
management, detailed assessments of reproductive function are required for long:
term propagation of o captive species [Lasley et al,, 1904). One specics in need of
additionn] knowledge about reproductive endocrine patterns 15 the black rhinocenos
{Dicerps bicornis). Reproductive behuviors have been studied [Goddard, 1966;
Hiichins and Anderson, 1983], but the intractable nature of this species had made
acquisition of information about reproductive physiology difficult. Behavioral obser-
witions have provided conflicting dara shout age ol sexual matunty il interesirous
impervais [Hitchins and Anderson, 1983], necessitating the need for comelative phvysi-
ologic data. Noninvasive methods, such as measurement of fecal steroid concednirs-
tions, can provide information regerding onset of sexwal maturity, ocoumence of
ovulation and pregnancy, fetal loss rates, onset of parturition, and even occarmencs of
neonatal loss [Kirkpatrick and Lasiey, 1991].

Steroid analysis of excreta has been applied to different species of rhinoceroses
[Hodges and Green, 19891, inchuding the black [Czekala, 1996: Famsay ot al, 1987,
1904: Hindle et al.. 1990, 1992; Schwarzenberger et al,, 1993, 1996], white
(Ceratotherium simum) [Hodges and Hindle, 1988 Hindle and Hodges, 1990,
Schwarzenberger ef al, 1994; Walzer and Schwarzenberger, 1995] and Indian {Rfi-
woceras snicoris) [Kassam and Lasley, 1981; Kasman eg al., 1986]. In none of thess
sindics, however, were fecal or urinary endocrine panems validsted with serum hor-
mone valoes or plirasound characterization of ovarian events. Thersfore, the hypoth-
eses in this study were that (1) feeal reproductive steroids or their mesabalites reflect
serum reproductive steroids during the estrous cycle and pregnancy, (2} fecal ste-
roids or their metabolites which reflect estrus eoincide with bresding behaviors, (3)
changes in serum estradiol and progesterons during the estrous cycle and pregnancy
are consistent with plirnsound evaluation of ovarian follickes and felal develnpment,
and (4) fecal sieroid analysis using the P ELA accurately diagneses pregnancy in the
hlack rhimoceros.

METHODS
Study 1

Study animals, A 29 year-old multiparous black rhinoceros female st the
Sedpwick County Zoo in Wichita, K5, was used for this study. She was howsed
alone in a pachyderm boilding with two edjoining indoor stalls that led 1o an outside

A restraming chute for blood collection and use of ulmasound consisted of
collapsible aluminum gates set in the transfer passages of the building, Fecal and
serum samples were collected from March 31, 1992 (day -64) to Sepiember 1, 1993
(day 446), with day 0 = day of mating. The femule had calved successfully twice
(her last calfl was bom in 1976), but the ast 3 pregnoncies ended N SpOALANGONS
abortions (at 9 months of gestation in October 1989, at 10 memths in April 1991, and
at 3 months in December 1991}, The reasons for thess abortions weres unknown, but
miay have inchaded poor body condition of luteal/placental progesterone insufficiency.
Given this background, onoc pregnancy was confirmed by transrectal ultrasound,
cerlain precautions were taken,
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These precautions inclided: 1) mulching her daily diet of hay in erder 1o make
it eagser for her to chew, and 2) 20 mis of 3 synihetic progesterone, Regumate (2.2
mg alirenogest/ml oil suspension, Hoechst-Russel, Inc.) was added to her daily diet
after pregnancy was confirmed until before panurition {days 144 o 454 of preg-
mancy). The mabe was 9 years old ot the onset of the study. He was the sire of the last
three pregmancics that aborted. Initial attempis 10 introduce the male 1o the femals in
the outside enclosure were unsuccessful due 1o aggression by the female until eleven
days before breeding occurmed.

Serum collection and analysis. Blood samples were collected via venipune-
tore in aliemating forelegs approximately twice per week. The serum was recovered
and seored af ~20°C until analysis. Quuntitative analysis of serum estrogens (E,) and
progesterone (P} were performed using commencial radivimmunoassay kits (Cont-
a-Uount, Diagnostic Products Corporation, Los Angeles, CA), sccording fo the kit
instructions,. While the primary estropen cruss-reacting with the estrogen antibody was
17p-eswadiol. the results are assumed 1o represent total immunoreactive estrogens, Simi-
larly for the progesierone RIA, the resuits are reported as Py, but may include other
Mvnmmm.ﬁmmmﬁqﬁﬂmmy kits for
use in the chinocerna, serially diluted (121, 1:2, etc.) sérum samples (n = 4} were assayed
aiud compared to the standard curve for evidence of parallelism,

Ultrasonography. Transrectal ultrasound for monitoring ovarian activity was
performed using an Aloks S00V (Corometrics, Widlingford. CT) with a § MHz lincar-
array of 3.5 convex transducer [Schalfer and Beehber, 1990]. Ultrasound examinations
were pesformied al three days before breeding and at 13, 55, and 121 days postbreeding.

Behavioral observations, Behavioral data were collected for a minimum of
one hourfday from March to July 1992 (days —63 to 48 of sample collection) for a
total of 121 hours. Fourieen behaviors were measured, using a “one-zero” sampling
method ut 15 second intervals (Tabde 1). All behaviors were tabulated as frequency
of observed behavior per 101l number of observation intervals [Bernstein, 1991],
Regression analysis and Pearson’s correlation cocfficient were used 10 determine if
quantitative changes in observed behavior frequencies were related to chanpes in
serum and/or fecal hormone concentrations.

TABLE L Defnitions of behaviors used in Btmdy i

Llrine spraying al short duration, bursts of wrine spray, not ofimingtive urinstion.

Flehnaen faad paised, anderside: of upper lip curbed ug, usually ocvurs after arine
invesligation

Rudbbing ayains ohjsor rubbing agains: obdect with ham

Fodlom g travels behind, withan 1.5 body lengha of othier andmals, or parallel,

withim | hody benpth of other amimal
Aropendlal @vestigaion smffs amogenital pogion of another andmal

Yulvar winking rapid conarsctlons of volva, afien ssociated with urire spraving

Firis scTaping rapid shuifle of hind degs oo ground, while animal remains sagionary,
often associated with defecaricn

Hiead resting male resting head on femafe's bk or hindguarters

Mpanting misle weight on bind begs, hend over famale’s back or hindguaners

Rousting lateral movement of head contacting otber thing on head or hom

Hind-leg dragphng amimnad wiilks with bind beps st and straight behind

Paring repetilive kobomotion within i specific area

Urine mvestigaian focel maimal sniffing urine of Another amimal

Head sweening hesil 5 g the ground, moved lat=rmlly, whils rooting air with bom
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Fecal collection and sample preparation. Fresh fecal samples (5 g) were col-
lected daily, placed into a phastic bag and frozen until analysis. After thawing, 0.5 g
was weighed and placed in a pre-welghed spintillation vial contmining 4 m| of ague-
ous extraction buffer [20% methanol, Shideler et al.. 1993]. Samples were then placed
on & shaker for 18 hr at room iemperature. The resulting thick liquid was decanted
into @ test tube and centrifuged. Afier centrifugaiion, approximately | ml of the su-
pernatant was decanied into prelabeled microcentrifuge vials and stored frozen ntil
mse. The pellet was retumed 1o the scintillation vial and the conients of the scintilla-
tion vial were dried under air and weighed in order to determine the dry weight of
the feces, The supernatunt was joaded directly on the E1As. If the results were above
the highest standard, the extracts were diluted with assay buffier and re-assayed. All
harmone concentrations are expressed as nanograms per gram dry feces (ngfg df).
Estimuted hormone recovery from the fecal sumples was determined by adding known
quantities of "H-estradiol (n = 3) and *H-progesierone (n = 5} to the wet fecal samples
and extracting the samples as described abave. The amount of radiolabeled hormone
recovered from these samples was compared to an extracted sample with radiola-
beled hormone added after the exiraction procedure (n = | for each hormone).

Enzyme immunosssays. Two cnzyme IMmunoassays {ElAs) were used: estro-
gen metabolites (E) and progesierone metabolites {P). The lowest standard for cach
assay was considered o be the limit of sensitivity for that assay (6.15 pg/well for the
E assay and 15.6 pgiwell for the P assay. All sample resulis that were below that
value were recorded as zers. Bstrogen metabolite immunoreactivity (Ab ELC 583} in
the fecal exracts was measured using an assay described by Stabenfeldt et al. [1991].
Briefly, the immunogen wis estrone- 3-glucuronide bovine serum albumin, the majpor
cross-reactivities include estrone sulphate {(100%), estrone glucuronide (T0%). e3-
wrone (269%), and estradiol-173 (9.8%). The intra- and inter-assay coefficienx of
variation were 10.2% (n = #) and 11.1% (o = ), respectively. Fecal extracis were
assayed for P (Ab Po 4861) using an assay described by Munro and Stabenfeldt
[1984]. Briefly, the inmuNOgen was 3 Progosieron: I | -hemisuccinyl-bovine SemEm
albumin, the major cross-reactivities include: 11a-hydroxyprogesterone (21.4%), Sa-
pregnan-3,20 dione (29.5%), and 20f-hydroxyprogesterone {2.38%). The intra- and
inter-assay coefficients of variation were 16.4% (n = 8) and §.9% (n = 6), respec-
tively. Paralflelism to the standard curve was performed for fecal E and P and serum
Eumdhbymymgmmuhzhﬂﬁngdl}uﬂmnfadmedfmﬂmdgmmmlﬁ
{n = 4 samples for each 1es1). These values were graphed against the standand curve
of cach assay to determine pamilelism. Regression analysis and Pearson’s comela-
fion coefficiens were used to determine if 2 Ing relaionship existed between the cir-
culating serum estradiol and progesierone concentrations and their respective
concentrations in the feces {Smview T, Abacus Concepts, Inc., Berkeley, A, Sl T,
The days of feces collection were normalized 1o day of serum collection (o = 4T,
The days examined were: 0 (day of serum collection), +1, +2, +3, +4, 45, +6. Mean
values for hormaone concenmmtions are reported + standard error of the mean.

Study 2

Based on the results of Study 1, accoracy of fecal steroid analysis for the de-
tection of pregnancy was tested wsing 13 sexually mature females housed al 10 zoos.
Beginning at least 150 days after the last observed mating, 5 daily fecal samples
were collected from each female over the course of a week. The stage al which
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sampling occurred during pregnancy was determined retrospectively from the time
of parwrition for each female. except for the one that aborted. The samples wers
analyzed for fecal P concentrations as described ahove, A Mann-Whitney U test was
performed to determine statistical differences between pregnant and non-prezmant
hormone concentrations.

RESULTS
Study 1

The extraction recovery efficiencics for fecal E and fecal Pwere 59.2% and 35 8%,
respéctively. The measurement of E, and Py in serially diluted serum samples and of E
:l_nd P in fecal extraces all showed parallelism o the respective standard corves, Correla-
tians between scrum E; and fecal E were the highest by days +2 and +3 afier measure-
ment of scrum B, (day —2: R = 00569, p = (.0001:; day +3: R = (0737, p = 0.0001, d.f. =
45), and declined thereafier. Correlations besween serum P, and fecal P peaked on day
+4 (R =0.576, p = 0.0001, d.f. = 45) followmg measurement of senmm P,

Albthough mounting and subsequent breeding occurred near the time of peaks in
serum By and fecal E concentrations, no significant statistical correlations were found
between the observed behaviors and the hormone profiles during the three-month chser
vation period (Table 1) Analysis of serum E; revealed two ovulations, with E; peaks
followed by extended elevations of circulating P, (Fig. [). The length of the complese
estrous cycle, from E; peak to E; peak, was 26 days. The first E; peak (day —23) ocourmed
whenthe fermale wis separated from the male, and without ohserved changes in the female’s
behavior. The male was given access 1o the femule’s enclosure pn day =16, However,
Elll'.tl:rkg:yﬁﬁun by the female, he did not go into the enclosure until day —11, when a
slight increase in serum E; (20 pgiml} was detected. Ulirasonographic evidence sup-
ported endocrine and behavioral data for the cooumrence of ovulation and pregnancy.,
Ultrasonogreaphy of the ovary revealed an image of a large (30 mm) diameter
follicle on the left ovary and an 18 mm corpus luteom on the right ovary on day

JApeg - @

& g
ERiTi

fap ol Codlectias

Fig. I. Serum cstradiol (Ey) and fecal eamrogen metabalite (E) concentrazians in a blsck riinnesmas
female during the estrous cycle and early preguancy (doy 0 = day of mating).
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—3, three days before breeding (day 0}, Serum E, peaked on days | and 3, followed
by a luteal phase P, elevation. Following this presumed ovolation, there was o rise in
fecal P. signaling a luieal phase (Fig. 2), This was confirmed by ultrasound when, on
day 10, a 22 % 35 mm corpus luteum was obzerved on the left ovary. On days 32 and
33. the female allowed the male to stand in close proximity 10 her and perform the
head resting behavior, but not mounting was observed. A serum E; clevation was
detected on day 34, followed by a rapld rise in fecal P concentrations. This elevation
in fecal P, by day 133, was substantially greater than concentrations observed during
the presutned luteal phases, and signaled the earfiest point that pregnancy could be
detected by distinguishing fecal P values from luteal phase P values (Fig, 3). The
fetus was undetected by ulrasonography at either days 55 or 121 of pregnancy, al-
though the embryonic sac. fetal membranes, and umbilicus were observed. Approw-
mately two weeks prior to parturition, fecal P concentrations decreased to at lutcal
phase levels, or below. A live calf was born 468 days after mating.

Throughout the collection period both serum E. and fecal E concentrations were
low. Fecal E was less than 75 ng/g df with five exceptions. The second peak on day
2 {250 ng/g df) occurred two days after copulation, and comesponded with an in-
cremse in serom E; concentrations (Fig. 1). A third increase occurred concurrent with
a peak of serum E, (day 34), and this incresse coincided with behavioral changes in
the female. including increased accepiance of the male, standing for the male. and
head-resting. The fourth period occurred during days 407414 of sample collection,
or about two months prior to panurition (Fig. 4% The fifih period of elevated E
excretion occurred on the day before parturition and peaked at 1714 ngfg df on the day
of parturition (day 468). The final E elevation occurmed 12-14 days after parturition.

Study 2

OF the 13 females wested for pregnancy by means of fecal P concentratians, 6
produced calves (Table 2). One of the calves was stillborn, and a seventh fermnale had
an apparent abortion. The mean fecal P concentration for the six confirmed pregnan-

Bla I3

F nglg =
Bl jaguad

Py ol Sndiii Liwi

Fig. . Scrum progesterane (Py) and fecsl progestagen metabolie (P concamratioms n o black fha-
neceros female during the estrous cycle and early pregnancy (day 0 = day of matiag).
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TABLE 2. Fecal progestagen metabolite conceniration (£} In black rhinoceroses producing
{bynbifare ) and nat prodo cing calves (mormal Lypa)

Sdboak Na, P nplp dry feces” Apgroximse Days hefore Calving
00 18652 [+ 393,23} L
35 MIES [+ 7590 (7
53 FBELLL (£ 142.4) (113
418 IEIT.4 (+200.%) n
5 263E.3 (1 427.3) 30
151 0.4 (1 14.8) 210
364 716 (1122.9) NiA"
paL! TEE{+ 1T ¥
37 5.6 L£ 6.2 4
2 1076 (£ &.5) -
06 A4 % [k 655 =
155 A% (& R =
53 [ AT -

“Mlenn concentrations reponted (3 amndand ermor)
*This female was diagosed pregnant by rmanwecesl olrazound 140 days before fecal ssmple collecrion

and subsegoenily sbored

trous cycle and pregnancy. Serum E; and P, concentrations were markedly lower
than in another published report [Kock et al., 1991] and may reflect sntibody detec-
tion. differences, The ultrasonography findings are consistent with other swdies in
thinoceroses [Adams et al., 1991; Schaffer et al, 1990]. Further, fecal P concentra-
thons signaled the exisience of a pregnancy and distinguished pregnancy from luteal
phase fecal P concentrations by day 150 of pregnancy.

The value of fecal P analysis for the detection of pregnancy is apparent by the
different profiles in serum P; and fecal P concentrations over the course of both the
estrous cycle and pregnancy in Study |. Serum Py concentrations remaingd similar
during the tuteal phase and pregnancy, while fecal P concentrations during preg-
nancy exhibited a 4- to 10-fold increase over luwieal phase levels. This increase in
fecal P concentration is similar 1o that measured by Schwarzenberger ot al. [1993],
probably due to differences in pregnant vs. nonpregnant production 2nd/or metabe-
lism of steroid hormones. However, caution must be used when comparing the ac-
tugl values because of differences in antibodies and assuys, Other factors that may
affect the results inclodes individual animal variaion, genotypic differences, and dif-
lerent diel composition.

The administration of the synthetic progesicrone Regumate 1o the female may
have been a possible confounding [actor in Swdy 1. This progestin may have been
responsible for e elevated fecal P concentrations. However, three factors suggest
that the Regumate did oot sipmificantly alier the fecal P panern during prognancy.
First, fecal P concentrations continued (0 increase, despite a constant dose {abont
half the dosage recommended for horses) of Regumate during treatment. Second,
fecal P concentrations for the Regumate treated female in Study | were within the
same range &5 the nonRegumate treated pregoam females studled in Study 2. Third,
it has been reported previously that the administration of a synthetic progestin did
not affect fecal progestagen EIA messarements i a white rhinoceros [Walzer and
Schrwarzenbereer, 1995).
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The inubility to accurately detect pregnancy by means of fecal E in the black
rhinoceros is in contrast to the ability (o wse thiz same estrogen metabolite 10 detect
pregrancy in other members of the Penssodactyla, This difference reflects the im-
portance of phylogenetic variability with repard to the measurement of reproductive
steroid metabolites. Fecal E has been osed 1o successfully diagnose pregnancy in
horses and apirs [Bamberg et ol 1984, 1991; Chapeau & al.. 1993; Kirkpatrick et
al., 1991; Schwarzenherger et al., [991]. The episodic E excretion during days 407=
414 iz unexplained and requires further investigation. The pre-panum E elevation is
simiilar to other species such as the cow and the sheep [Catchpole, 1969], Kock et al.
[1991] reported that serum estradiol concentrations were higher in black rhinoceros
femabes later in pregnancy than in carly pregnant or nonpregniant animils,

Most interesting is the poatpartum fecal E increase 12 1o 14 days afiér parturi-
oo, This particular elevaion suggests the maturation of o new group of follicles
and resembles the “fonl hear™ seen in Borses. Although Schwarzenberger et al, [ 1993]
did not measure fecal estrogens. it was nored that fecal progestagens rose to luteal
phase concentrations in two onimals ot 7-14 days and 22-36 days postpartum, re-
spectively, Field observations of 40 female Namibian black rhinoceroses indicated
that three had Intercalf intervals of 16, 18, and 1% months [Toel Berger, pers, comm.]
which are supporive of a possible postpartum estrus. The ability 10 detect a postpar-
tum esirus may be important for anificial insemination attempis in order (o decrease
imter-hirth intervals in captive managemant BilLAGONE.

The inability o determine a statistically significamt correlation berween the be-
havioral dara and the hormaone concentrations is unfortunaie bt is most likely due o
the sampling frequency. Caplive conditions may be another factor: small enclosure
size andfor masking of olfactory cues by freqoent cleaning may not provide oprimal
conditions for normal behaviors,

The results of Stady 2 confirm that it is possible o distinguish berween preg-
nant and non-pregmant black females on the basis of fecal P concentralions. support-
ing the results of Schwarzenberger et al. [1993], Based on keeper records and the
limited sampling collection. it was not possible to distinguish between regularly cy-
cling animals and snimals with ermatc or mregular cycling intervals. Irregular cy-
cling mtervals hove been observed in other black rhinoceroses {Berkeley, 1994), and
white rhinoceroses [Schwarzenberger et al., 1994]. It is apparent that serial samples
need 1o be collected during early gestation 10 determine if fecal progesterone con-
centrations are actually increasing. Later pregnancy detéction is possible with one or
two fecal samples due to the great increase in excreted P in the feces.

In Study 2, EIA analysis of fecal P concentrations was ¥2% accurate {(12/13)
for predicting pregnancy approximately 150 days postconception. One pregnant fe-
male (siudbook #351) had P concentrations in the nonpregnant range. While fecul
steroid studies have not reporied this phenomenon in the horse mare, mansient ow
serum P, concentrutions have been repored [Perkins et al., 1993; Schwab et al.
199 Shideler ei al., 19821, In the study by Perkins [1993], wide diumal variations
of circulating P, concentrations were reported within individual mares, thoagh con-
sistently low circulating P, concentrations have been associated with an increased
frequency of pregnancy loss [Schwab et al., 1990; Shideler et al., 1982]. To increass
accuracy for pregnancy detection in the black rhinoceros, it is suggesied that fecal
samples be analyzed for P oontent at repeated monthly intervals.

In the course of this stdy, the ability to determine pregnancy in an animal with
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& history of chromic pregnancy failure bed to therapeutic reament designed 1o sup-
port the pregnancy. The ability 1o disgnose pregnancy and ovulation using nonstresstul,
noninvasive methods increases the potential to develop assisted reproduction tech-
niques such as artificial insemination. These noninvasive methods [or evulation and
pregnancy detection can also provide a wealth of information sbout reproductive
success in free-ranging rhinoceroses. and possibly shed light on the environmental
cues which regulaie thay success,

CONCLUSIONS

|, Fecal P and E are accurale reflections of circulating Py ond E, during the
estrous cyvele of the black rhinoceros,

2. OFf the behaviars examined. only mounting was associated with physiologic
dnd endocrine mdicators of estrus.

1. Physiological changes in the reproductive biology of the black rhinoceros,
including estrus and ovulation, are detectable with fecal ' and E concentrations.

4. Pregnancy, alter day 150 of gestation, can be detected and distinguished
from the luteal phase in the hlack rhinoceros by means of fecal P concentrations.
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