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Monitoring Female Reproductive Function by 
Measurement of Fecal Estrogen and Progesterone 
Metabolites in the White-Faced Saki (Pithecia pithecia) 

S.E. SHIDELER', A. SAVAGE', A.M. ORTUN03, E.A. MOORMAN', AND B.L. LASLEY' 
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Research Center, University of California, Davis; 'Roger Williams Park Zoo, Research 
Department, Providence, R hode Island; 3Uniuersidad Nacional, Escuela de Medicina 
Veterinaria, Heredia, Costa Rica 

A simple method for extracting and measuring ovarian steroids in feces is 
applied to the ovarian cycle, pregnancy, parturition, and period of lacta- 
tional amenorrhea in Pithecia pithecia. Small amounts of wet, unmixed 
feces were combined with a modified phosphate buffer, shaken, centri- 
fuged, and decanted, and the supernatant was directly measured for es- 
trogen and progesterone metabolites by enzyme immunoassays. Urinary 
estrogen and progesterone metabolite measurements were compared to 
paired fecal measurements to determine the degree to which fecal hor- 
mone levels detected the same ovarian events as urinary measurements. 
The correlation coefficients for the relationship between urinary and fecal 
hormones for individual animals studied (n = 5 )  were found to be statis- 
tically significant in every case except one sexually immature animal. The 
application of the method presented here demonstrates that simple solu- 
bilization and non-radiometric measurement of ovarian steroids excreted 
in feces reliably reflect reproductive events in Pithecia pithecia. 
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INTRODUCTION 
There has been an increasing interest in the development of laboratory meth- 

ods to  measure steroid hormones in the excreta of free-ranging animals. In recent 
years, many researchers have developed various technologies that permit the mon- 
itoring of aspects of female reproductive status through measurement of fecal 
hormones [Bamberg et al., 1991; Desaulneirs et al., 1989; Kirkpatrick et al., 1990, 
1991; Lasley & Kirkpatrick, 1991; Messier et al., 1992; Royal Rotterdam Zoological 
and Botanical Gardens, 19921. In primatology, Wasser and his associates have 
pioneered the quantification of steroid hormones in primate feces [Wasser et al., 
1986, 1988, 1991, 1992a,b; Risler et al., 19871. 
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The present report describes the application of a simple, non-radiometric tech- 
nique of monitoring fecal ovarian hormone metabolites that has been demon- 
strated to accurately assess the reproductive cycles of Macaca spp. [Shideler et al., 
19931. Recently a colony of P. pithecia has been made available for studies of their 
reproductive biology and behavior in order to enhance propagation and manage- 
ment in captivity, to develop techniques of hormonal analysis that can be applied 
to field studies, and to compare the reproductive biology and behavior of sakis in 
the wild to that of those observed in captivity. This report demonstrates the fea- 
sibility of obtaining similar physiological information from the collection of fecal 
as compared to urine samples so that fecal samples may be used as an alternative 
to urine collection in the field. The urinary and fecal ovarian steroid dynamics of 
sexual maturation, the estrous cycle, pregnancy, parturition, and lactational 
amenorrhea in captive white-faced sakis are compared. 

MATERIALS AND METHODS 
Animals 

Five female Pitheciapithecia females, aged 18-120 months (18,18,47, and 65, 
and one wild-caught female estimated to  be 120 months), were housed in cages 
between 7.5 m x 2.5 m x 4.0 m and 2.4 m x 3.0 m x 3.0 m. Animals were 
maintained on a 12L:12D light regimen at 78"F, and relative humidity was 65%. 
Animals had ad libitum access to water and were fed twice a day. The morning diet 
consisted of New World Primate Chow 5040 (Purina Mills, Inc., St. Louis, MO), 
ZuPreem primate diet (Hill's Pet Products, Topeka, KS) and vitamin and calcium 
supplements. The afternoon diet consisted of New World Primate Chow 5040, fresh 
fruits, vegetables, nuts, eggs, mealworms, and vitamin supplements. Adult fe- 
males lived with adult males and their offspring born during the study. Pre- 
adolescent and adolescent females were caged alone. 

Sample Collection and Preparation 
Urine and fecal samples were collected each morning for a maximum of 1 year 

and 10 months, from 1990 to 1992, labeled, and frozen without preservatives at 
-20°C until assayed. Using a technique similar to Ziegler et al. [1987], first morn- 
ing void urine and feces were collected daily from each female without restraint, 
isolation, or handling. Animals were habituated to the presence of humans enter- 
ing their cages. At 0800 h, colony lights were turned on and a sample collector 
entered the cage and fed the female 10-15 sunflower seeds. First morning void 
urine was collected directly in a polyproplyene container hand-held under the 
female subject. A second container was held under the female to collect fecal 
material. Females urinated and defecated within 5-20 min. Following sample 
collection, females were rewarded for their cooperation with more sunflower seeds. 

To assay, frozen urine samples were allowed to thaw and were diluted 150  in 
distilled water. Forty microliters (0.040 ml) of diluted urine were measured di- 
rectly by the estrone conjugate enzyme immunoassay (EIC EIA) and 0.020 ml were 
measured directly by the pregnanediol-3-glucuronide enzyme immunoassay (PdG 
EIA). For the solubilization of fecal samples, a predetermined mass (0.25 g) of 
untreated, freshly frozen, wet fecal samples were placed into test tubes and 2.5 ml 
of modified phosphate buffer added (0.1 M, pH 7.0,0.1% BSA, with .05% Tween 20 
and 20% HPLC grade methanol). Samples were shaken for 24 h, then centrifuged 
( O O C )  at 600-8OOg force for 10 min. The supernatant from the methanol solubili- 
zation was decanted into clean test tubes and the residual pellets were discarded. 
Twenty microliters (0.020 ml) and .040 ml of undiluted supernatant were directly 
measured by PdG and EIC EIAs, respectively. Using 0.25 g feces in 2.5 ml solu- 



Fecal Steroids in the White-Faced Saki I 97 

bilizer, recoveries for E,C were 40.54% (SD 2 5.04, n = 12) and for PdG were 
32.20% (SD 2 2.38, n = 12). 

To determine the proportion of conjugated and unconjugated steroids in feces 
detected by present assay systems used, the following experiment was performed. 
Aliquots of the supernatants from the methanol-buffer solubilization of daily fecal 
samples from the follicular/luteal phase (n = 5 samples, from consecutive days 
from animal 11, early pregnancy (n = 5 samples, from consecutive days, animal 1, 
approximately 30 days pregnant), and adolescence (n = 5, from consecutive days, 
animal 5 )  were extracted with 5 volumes of ethyl ether, vortexed for 1 min, frozen 
in a bath of methanol poured over dry ice, decanted, air-dried, and reconstituted in 
assay buffer (estrone conjugate radioimmunoassay: tris buffer, 0.1 M, pH 8.4; preg- 
nanediol-3-glucuronide radioimmunoassay: phosphate buffer, 0.1 M, pH 7.0, 0.1% 
BSA) or 40% acetonitrile:60% distilled water. Both the buffer reconstituted ether 
extracts (unconjugated steroids) and the aqueous residuals (conjugated steroids) of 
these samples were measured by radioimmunoassay for estrone conjugate (EIC) 
and pregnanediol-3-glucuronide (PdG) concentrations as  previously described 
[Mitchell e t  al., 1983; Shideler et al., 1983; Monfort et al., 19871. Sample values for 
ether extracts and residuals were combined for an estimated total daily measure- 
ment for the cycle, early pregnancy, and adolescent samples. The ether extract and 
residual values were also averaged to determine the percent of the total measure- 
ment that was obtained by either measurement and to estimate differences in 
excretion routes (or conjugation) between cycles, early pregnancy, and adolescent 
sampling intervals. 

High Performance Liquid Chromatography (HPLC) 
To evaluate the presences of fecal estrone conjugates measurable by the E,C 

EIA and the conjugates measured by the PdG EIA, co-chromatography was per- 
formed in the following manner. Tritiated estradiol, estrone, and progesterone 
were added to extracted fecal samples (n = 4, from two adult females, each con- 
tributing one approximately 30 days pregnant and one cycling sample) that had 
been filtered (0.45 pm syringe filters: Acrodisc, Gelman Sciences, Ann Arbor, MI), 
dried down under a nitrogen stream, and reconstituted in 40% acetonitrile:60% 
distilled water. Samples were injected (100 pl) on to a Vydac gradient HPLC 
column previously described [Shideler et al., 1993, in press]. An aliquot of the 
eluates was taken for counting the tritium control peaks: the remaining eluates 
were reduced to dryness, reconstituted in EIA buffer, and assayed by EIAs de- 
scribed below. 

Assays 
Estrone conjugates were measured in urine and feces by an EIC EIA previ- 

ously characterized [Shideler et al., 1990; Munro et  al., 19911. Pregnanediol-3- 
glucuronide was measured in urine and feces employing a PdG EIA also charac- 
terized previously [Munro et al., 19911. Urine samples were indexed by creatinine 
to compensate for variations in individual urine sample concentration, using 
Taussky’s method [Taussky, 19541. 

The inter-assay coefficient of variation for the EIC EIA was 9.72% and 11.55% 
at 24% (n = 237) and 48% (n = 225) binding, respectively, and the 50% binding of 
the standard curve (n = 62) averaged 48 pg/well. The intra-assay coefficient of 
variation ranged from 2.81%-5.94% when four replicates per assay were analyzed 
(n = 10 assays). E,C EIA of serial dilutions of urine and fecal samples exhibited 
a response parallel to the E,C standard curve. For the PdG EIA, the inter-assay 
coefficient of variation was 19.14% at 64% binding (n = 91) and 16.67% at 38% 
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binding (n = 82). The intra-assay coefficient of variation ranged from 0.35-4.32% 
when four replicates per assay were analyzed (n = 12 assays). The 50% binding of 
the PdG EIA standard curve averaged 0.39 ng/well (n = 57). PdG EIA of serial 
dilutions of urine and fecal samples showed a dose-response parallel to the PdG 
standard curve. 

To estimate the proportion of conjugated to free steroid in samples from dif- 
ferent reproductive states, one radioimmunoassay each for EIC and PdG were 
employed in this study. The control values for those assays were consistent with 
the values obtained for interassay coefficients of variation previously reported 
[Lasley et al., 19851. The historic interassay coefficients of variation for these 
assays in this laboratory have been 22.2% and 16.4% at  85% and 44% binding, 
respectively, for the PdG RIA, and 9.9% and 8.1% at 32% and 16% binding for the 
EIC RIA. 

Statistics 
Standard descriptive and sampling statistics were used to summarize results. 

Pearson product-moment correlation coefficients for the relationships between uri- 
nary and fecal hormone values were calculated for samples from both the urine and 
fecal compartments and were aligned by calendar day on which samples were 
collected. The highest significance level given is P < . O 1  although several tests 
gave much lower P values. 

RESULTS 
After HPLC separation [Shideler et al., in press], saki fecal sample eluates 

were assayed using the E,C and PdG enzyme immunoassays. The results obtained 
for cycling and early pregnancy samples produced similar chromatograms with 
differences only in the magnitude of the peaks. The early pregnancy sample chro- 
matogram depicted in Figure 1 shows the PdG EIA immunoreactivity and revealed 
one large peak with a declining, more polar shoulder (fractions 42-53) that par- 
tially overlapped the tritiated progesterone peak (fraction 46). An immunoreactive 
peak (fractions 19-23) also was observed when eluates were assayed by the E,C 
EIA (Fig. 2). Tritiated estradiol eluted at fraction 18 and tritiated estrone eluted at 
fraction 20. 

The percent unconjugated estrone measured by radioimmunoassay in fecal 
extracts after ether extraction was 78.77% for cycle samples, 84.71% for pregnancy 
samples, and 81.12% for adolescent samples. Percentages obtained from radioim- 
munoassay values for unconjugated progesterone metabolites were 27.72% for the 
cycle samples, 61.67% for pregnancy samples, and 28.55% for adolescence. 

The average r values for paired comparisons of urinary and fecal PdG metab- 
olite levels were 0.55 (SD = 0.30). For individual animals, all correlations were 
statistically significant at P < .01 with the exception of animal 3 (animal 1: r = 
0.79, n = 467, df = 465; animal 2: r = 0.77, n = 203, df = 201; animal 3: r = 0.04, 
n = 206, df = 204; animal 4: r = 0.58, n = 122, df = 120; animal 5: r = 0.55, n 
= 67, df = 65). The average r values for paired comparisons of urinary E,C levels 
to fecal EIC levels were 0.58 (SD = 0.31) For individual animals, all correlations 
were statistically significant at P < .01 with the exception of animal 3 (animal 1: 
r = 0.64, n = 467, df = 465; animal 2: r = 0.50, n = 203, df = 201; animal 3: r 
= 0.08, n = 206, df = 204; animal 4: r = 0.76, n = 122, df = 120; animal 5: r = 
0.90, n = 67, df = 65). 

Figures 3 and 4 illustrate the estrogen and progesterone metabolite excretion 
profile measured in urine and in feces in one female white-faced saki (animal 1) 
from one pregnancy and birth of a live female offspring (approximately days 
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Fig. 1. Co-chromatography on a Pithecia pithecia fecal sample with high progesterone content as measured by 
PdG EIA (> 5.0 pgimg Cr). Tritiated estradiol, estrone, and progesterone (3H E,, 3H El, and 3H Po) are depicted 
by closed circles, and their units of measurement are on the right ordinate as countsiminute (CPM). Immuno- 
reactive pregnanediol-3-glucuronide is represented by open circles, and the units of measurement are in nano- 
gramsiwell (ngiwell) on the left ordinate. The abscissa represents fractions collected on a 35% acetonitrile:65% 
dH,O gradient column at  a 1.0 mlimin flow rate and 0.5 ml fractions [Shideler et al., 1993, in press]. 

1-150), through lactational amenorrhea, the resumption of cycling (approximately 
days 345-450), conception, pregnancy, and live birth of a male offspring (approx- 
imately days 450-610), spanning 632 days of sample collection. These profiles are 
representative of the ovarian cycles and pregnancies of the three adult females 
studied. Figure 3 depicts the pattern obtained from measurements of urinary E,C 
and PdG metabolites aligned by sample collection date. Figure 4 portrays the 
profile for the same sampling interval obtained from measurements of fecal steroid 
metabolites, similarly aligned. 

Figures 5 and 6 represent an expanded window of a segment of the graphics 
depicted in Figures 3 and 4 that illustrates consecutive ovarian cycles in the same 
female prior to her second pregnancy obtained from urinary and fecal hormone 
measurements of steroids and their metabolites. Urinary (Fig. 5) and fecal (Fig. 6) 
estrogen and progesterone rise and fall almost concurrently at 14-16 day inter- 
vals, with progesterone metabolites leading estrogen metabolites in urine. 

The urinary metabolites of the pre-adolescent female (animal 3) exhibited a 
flat profile (not shown) with estrone conjugate levels ranging between 10 and 30 
ng/mg Cr and pregnanediol-3-glucuronide levels between < 0.01 and 0.02 pg/mg 
Cr. The fecal profile (not shown) for this animal was similar: estrone conjugate 
levels varied between 1.0 and 8.0 nglg and 100 and 300 nglg for pregnanediol-3- 
glucuronide. 

The adolescent female (animal 5) exhibited a urinary profile (not shown) with 
a similar estrone conjugate baseline (10-40 nglmg Cr) compared to the pre-ado- 
lescent female and a slightly more elevated PdG baseline (0.13-0.38 pg/mg Cr). In 
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Fig. 2. Co-chromatography on a Pithecia pithecia fecal sample with high estrogen content as measured by E,C 
EIA (> 10 pgimg Cr). Tritiated estradiol, estrone, and progesterone (3H E,, 3H El, and 3H Po) are depicted by 
closed circles, and their units of measurement are on the right ordinate as countsiminute (CPM). Immunore- 
active estrone conjugates are represented by open circles, and the units of measurement are in picogramsiwell 
(pgiwell) on the left ordinate. The abscissa represents fractions collected on a 35% acetonitrile:65% dH,O 
gradient column at a 1.0 mlimin flow rate and 0.5 ml fractions [Shideler e t  al., 1993, in press]. 

addition, the adolescent female exhibited a first cycle attempt two-thirds of the 
way through the present study interval, during which E,C levels reached 525 
nglmg Cr, and PdG levels 0.75 pglmg Cr, before they returned to baseline values 
where they remained for the rest of the study. Pre-adolescent baseline fecal estro- 
gen and progesterone metabolite levels ranged between 1 and 8 nglg for E,C and 
100 and 300 nglg while adolescent E,C levels ranged between 5 and 15 nglg and 
PdG levels between 200 and 500 ng/g. First adolescent cycle peaks of 70 nglg E,C 
and 5,000 nglg PdG were observed. 

DISCUSSION 
The high performance liquid chromatography separations and co-chromatog- 

raphy of saki fecal sample eluates yielded a broad immunoreactive progesterone 
metabolite peak that was both more polar than the tritiated progesterone peak and 
which overlapped it. The initial polarity of this peak and its overlap with the 

Fig. 3. The urinary estrogen and progesterone metabolite excretion pattern of one Pithecia pztheem female 
spanning 632 days, aligned by sample collection date. The scale on the left ordinate IS estrone conjugate levels 
in microgramsimilligram creatinine (pgimg Creatinine; open circles); the right ordinate is pregnanediol-3- 
glucuronide levels in microgramsimilligram creatinine (pgimg Creatinine; closed circles). The abscissa scale 
represents consecutive sample collection days. The first 140-160 days reflect pregnancy and parturition (female 
live birth) and the next 130-150 days, lactational amenorrhea. This is followed by approximately 100 days of 
repetitive ovarian cycles and 150-170 days representing conception, pregnancy, and parturition (male live 
birth). 
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Fig, 5. An expanded window of a segment of the urinary estrogen and progesterone metabolite pattern depicted 
in Figure 3, representing repetitive ovarian cycles, aligned by sample collection date. The scale on the left 
ordinate is estrone conjugate levels in microgramsimilligram creatinine (pgimg Creatinine; open circles); the 
right ordinate is pregnanediol-3-glucuronide levels in microgramsimilligram creatinine (pgimg Creatinine; 
closed circles). The abscissa scale represents consecutive sample collection days. 

tritiated progesterone peak was consistent with the elution pattern of PdG when 
using the same system in this laboratory. The observed immunoreactive estrogen 
peak was coincident with tritiated estrone. 

Unconjugated estrone occurred in larger proportion than conjugated estrone in 
Pithecia pithecia fecal samples in adolescent, cycling, and pregnant phases of the 
reproductive cycle. The capacity of the estrone conjugate EIA antibody to detect 
both conjugated and unconjugated estrone was highly advantageous in assessing 
saki ovarian activity. The relative specificity of the polyclonal pregnanediol-3- 
glucuronide EIA antibody, on the other hand, was advantageous when applied to 
cycling and adolescent Pithecia pithecia since the largest proportion of progester- 
one metabolites measured by the PdG radioimmunoassay was conjugated, indicat- 
ing that  this antibody was a valid choice to apply to the measurement of proges- 
terone metabolites in white-faced saki feces. While a greater proportion of 
unconjugated progesterone metabolites was present in pregnancy than conjugated, 
the ability to detect the pregnancy event was not diminished since the absolute 
increase in Po metabolites was so great. I t  is possible that this shift from predom- 

____ 

Fig, 4. The fecal estrogen and progesterone metabolite excretion pattern of the same Pithecia pithecia female 
for the same sampling interval depicted in Fig. 3. The scale on the left ordinate is estrone conjugate levels in 
nanogramsigram wet weight feces (ng/g; open circles); the right ordinate is pregnanediol-3-glucuronide levels in 
milligramsigram wet weight feces (mg/g; closed circles). See legend of Fig. 3 for more details. 
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Fig. 6. An expanded window of a segment of the fecal estrogen and progesterone metabolite pattern depicted 
in Fig. 4, representing repetitive ovarian cycles, aligned by sample collection date, for comparison to Fig. 5. The 
scale on the left ordinate is estrone conjugate levels in nanogramsigram wet fecal weight (ngig; open circles); the 
right ordinate, pregnanediol-3-glucuronide in milligramsigram wet fecal wet (mgig; closed circles). The abscissa 
scale represents consecutive sample collection dates. 

inantly conjugated to unconjugated progesterone metabolites reflected the inabil- 
ity of metabolism to maintain conjugation when circulating concentrations were 
elevated. 

The relationship between serum secretion and urinary excretion of steroid 
hormones has been documented in human and non-human primates [Monfort et 
al., 1987; Shideler et al., 1989, 1990; Lasley et al., 19911. Urinary measurements 
have been found to reflect the same ovarian events as serum measurements. Fur- 
thermore, in addition to data from Risler et al. [19871 and Wasser et al. [1988, 
1992al on the relationship between blood and feces in Macaca nemestrina and 
Papio cynocephalus cynocephalus, respectively, Shideler et al. [19931 have pre- 
sented a comprehensive evaluation of this relationship with daily serum, urinary, 
and fecal measurements for captive Macaca fascicularis. These studies agree that 
the changes in hormone concentrations observed in blood, urine, and feces reflect 
the same ovarian events. A lag time between hormone levels in excreta and serum 
has been reported to be approximately 1-2 days [Wasser et al., 1992a,b; Shideler 
et al., 1993, in press]. Similar descriptions of the relationship between fecal hor- 
mones and serum and urinary hormone metabolites have been reported by several 
researchers on many mammalian species: goats [Holtz, 19921, black-footed ferrets, 
Asian small-clawed otters, North American river otters, cheetah, maned wolves, 
tigers [Gross, 19921, marmosets, tamarins [Hodges & Heistermann, 19921, selected 
clawed neotropical primates [Pryce & Dobeli, 19921, and Asian elephants [Hoppen 
et al., 19921-all of which found statistically significant relationships between 
serum and fecal hormone values. 
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Animals in the present study were not available for even opportunistic veni- 
puncture; hence, the measurement of ovarian hormones in the urine and feces of 
Pithecia pithecia was undertaken on the assumption that urinary profiles reflected 
serum profiles based on previously demonstrated relationships between serum 
hormone concentrations and urinary hormone excretion. The correlation coeffi- 
cients between urinary and fecal evaluation of estrogen and progesterone metab- 
olites in Pithecia pithecia by the same assay systems were highly statistically 
significant in all cases but one animal (animal 3) which represented an immature, 
non-cycling female. Interestingly, another animal (animal 5) was also adolescent 
and reached menarche during the study. The correlations between the latter ani- 
mal’s fecal and urinary measurements were statistically significant while the 
former’s were not. 

Using a small amount of feces (0.25 g) for solubilization in 2.5 ml liquid pro- 
duced relatively low recoveries. While recoveries can nearly be doubled by dou- 
bling both fecal mass and solubilizer volume and using larger extraction tubes, as 
determined by initial extraction studies in this laboratory, the larger proportions 
required different handling (i.e., were more labor intensive). Since we lost nothing 
in this species’ profiles of interest to us by using the less cumbersome extraction 
method with lower efficiencies, we proceeded to use the easier laboratory method 
in the present study. 

Like the findings of Wasser et al. [1992al, the expression of fecal steroid me- 
tabolites on a mass per (wet weight) feces basis was suficient to provide strong and 
consistent fecal profiles in all mature individuals studied. The degree to which the 
relationship between hormone concentration and wet weight fecal mass is found to 
be constant for other captive species or for free-ranging animals with more varied 
diets and water intake remains to  be determined. Wasser et al. [1992a,b] have 
already assessed the effects of fourfold increases of dietary fiber on excreted fecal 
steroids and demonstrated that drying feces was sufficient to control for most 
dietary effects and that cholestanone showed promise as an indexer of fecal excre- 
tion rate. 

While other steroids or steroid metabolites like estradiol and progesterone are 
likely present in Pithecia excreta, the present initial study focused only on estrone 
and pregnanediol because these are known to  be primary or major metabolites in 
other South American primates [Czekala et al., 1981; Hodges et al., 1979, 1981, 
1983; Hodges & Eastman, 1984; Ziegler et al., 1989,19901 and the enzyme immu- 
noassays for these metabolites were immediately available. Furthermore, the com- 
parison of fecal to urinary excretion required the use of assays that can detect the 
steroid metabolites common to both fecal and urinary compartments. Future in- 
vestigations may demonstrate that other ovarian or placental steroid metabolites 
are more informative. 

In this study, the amounts of steroid excreted in feces were comparable to that 
excreted in urine in terms of reflecting daily reproductive events in mature preg- 
nant and nonpregnant females. The lack of a clear hormonal pattern in the young, 
immature animal and in post-partum females represented an equally reliable in- 
dicator of the absence of ovarian activity. Thus, the approach presented here has 
promise for monitoring all major reproductive events throughout the reproductive 
life of Pithecia pithecia and closely related species. Preliminary results from the 
application of this approach to non-primate mammalian species, such as elk, bison, 
and feral horses, indicate that this technique will work in these species as well 
[Kirkpatrick et al., 1992; Kirkpatrick, personal communicationl. The application 
of the method presented here, or of any other method, however, should be tested to 
assess the validity of their use on an individual species basis. 
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CONCLUSIONS 

1. The method presented in this report for extracting and measuring ovarian 
steroids in the feces of captive Pithecia pithecia is able to characterize major re- 
productive events in the reproductive life of females of this species. 

2. The relationships between urine and fecal steroid excretion profiles for 
individual animals were found to be statistically significant in all but one imma- 
ture animal, implying that fecal hormone excretion reflects circulating hormones, 
assuming a direct relationship between serum and urinary hormone profiles exits. 

3. Progesterone metabolism and excretion (but not estrogen) were found to 
vary within animals in different reproductive conditions. This variation was ob- 
served during pregnancy but did not impact the ability of the PdG EIA to detect the 
pregnancy event. 
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