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he aim of this study was to validate a method for
easuring glucocorticoids noninvasively in feces of spot-

ed hyenas (Crocuta crocuta). Three established enzyme
mmunoassays (EIA) for cortisol, corticosterone, and
1-oxoetiocholanolone were tested, but proved unsatis-
actory. A new EIA using another corticosterone antibody
as established and was used for all subsequent analy-

es; this EIA was validated by demonstrating parallelism
etween serial dilutions of spotted hyena fecal extracts
nd dilutions of standard corticosterone and by the
ecovery of corticosterone added to fecal extracts. High-
erformance liquid chromatography (HPLC) fractions
nalyzed by EIA showed various immunoreactive sub-
tances with polarities of unconjugated steroids. The
hysiological relevance of fecal glucocorticoid metabo-
ites was further validated by demonstrating that (1)
njection of exogenous ACTH to four males and two
emales led to a significant increase in fecal glucocorti-
oid metabolites within 24–50 h, (2) the translocation of
male spotted hyena to a new enclosure resulted in a fivefold

ncrease compared to baseline concentrations, and (3) agonis-
ic social interactions and physical conflict resulted in large
ncreases of fecal glucocorticoid metabolites in both protago-
ists. Fecal steroid assessment is therefore of use in monitor-
ng adrenal activity in spotted hyenas. r 1999 Academic Press

Key Words: feces; cortisol; corticosterone; stress; non-
nvasive method; enzyme immunoassay; ACTH chal-
enge; translocation; aggression
I

340
Although there is no standard definition and no
ingle physiological measure of ‘‘stress’’ (see Hofer
nd East, 1998), adverse stimuli are known to activate
he hypothalamus–pituitary–adrenocortical axis (HPA
xis), which results in the release of glucocorticoids.
lasma glucocorticoid levels are considered good indi-
es of stress in many vertebrates (fish: Bonga, 1997;
eptiles: Greenberg and Crews, 1990; Knapp and Moore,
997; birds: Wingfield et al., 1995; Silverin, 1997; mam-
als: Bradley et al., 1980; Sapolsky, 1985; Alexander

nd Irvine, 1998) and can have opposing consequences
pon health. They can improve fitness, for instance, by
obilizing energy (e.g., Lee and Cockburn, 1985) or by

riggering physiological and behavioral changes dur-
ng the ‘‘emergency life history stage’’ (Wingfield et al.,
998), and chronically high levels may decrease fitness,
or instance, by causing immunosuppression and atro-
hy of tissues (Munck et al., 1984; Lee and Cockburn,
985; Sapolsky, 1987). Because of these potential effects
n physiological status, the measurement of glucocor-
icoids can be valuable in studies of evolutionary
cology, conservation biology, and animal welfare.

Spotted hyenas (Crocuta crocuta) live in large, highly
tructured, female-dominated groups (or clans) with
eparate male and female dominance hierarchies
Kruuk, 1972; Frank, 1986; Hofer and East, 1993). Social
tress within a clan may be sufficient to decrease the
eproductive success or survival of certain individuals.

t would thus be useful to examine whether individual

0016-6480/99 $30.00
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Fecal Glucocorticoid Metabolites in Spotted Hyenas 341
ife-history parameters, such as rank and reproductive
uccess, are associated with particular glucocorticoid
rofiles. Holekamp and Smale (1998) showed that
lasma cortisol concentrations in immigrant male spot-

ed hyenas depend on social rank and clan tenure.
ecause spotted hyenas may become increasingly de-
endent on conservation efforts (Hofer and Mills,
998), monitoring stress hormones may also become a
seful tool for identifying situations likely to cause
tress. This information would be of value both for the
onservation management of wild spotted hyena popu-
ations and for the welfare of animals in captivity.

Traditionally, glucocorticoids have been measured
n blood plasma; however, capture and blood sam-
ling procedures are usually stressful (Sapolsky, 1982;
ingfield et al., 1992). Furthermore, as plasma glucocor-

icoids can vary circadianly and have pulsatile secre-
ory patterns (e.g., Fulkerson and Tang, 1979; Thun et
l., 1981; Monfort et al., 1993), a blood sample repre-
ents plasma glucocorticoid levels within a narrow
ime frame. Thus, noninvasive methods, such as mea-
uring glucocorticoids in feces, are desirable because
nimals need not be captured, several samples can be
btained from individuals, and fecal glucocorticoid
etabolites represent pooled fractions of plasma gluco-

orticoids, providing an integrated measure of adrenal
tatus. Although Sousa and Ziegler (1998) found diur-
al fluctuations in fecal glucocorticoid levels in com-
on marmosets, it is likely that fluctuations due to

ecretory patterns are attenuated in feces.
Despite these advantages, immunoassays to mea-

ure fecal glucocorticoid metabolites are currently
escribed for only a very limited number of mammals

Miller et al., 1991: bighorn sheep; Graham and Brown,
996, 1997: several felids; Palme and Möstl, 1997:
omestic sheep; Whitten et al., 1997: chimpanzee; Jurke
t al., 1998: cheetah; Monfort et al., 1998: African wild
og; Sousa and Ziegler, 1998: common marmoset). The
resent study is part of a larger project examining
ormones of free-ranging spotted hyenas in the Seren-
eti ecosystem. A noninvasive approach to measuring
tress in those spotted hyenas is desirable and the
bjectives of this study were (1) to validate an enzyme

mmunoassay (EIA) to quantify glucocorticoid metabo-
ites in spotted hyena feces and (2) to assess the
otential of this technique to monitor changes in

drenal activity of this species. c
ETHODS

For the biological validation, the response in terms
f the elevation of glucocorticoid metabolites in feces,
n adrenocorticotrophic hormone (ACTH) challenge
as conducted. Then, two situations that were likely

o result in increased stress and glucocorticoid release
ere examined. In the first situation, an animal was

ranslocated from one zoo to another. The second
ituation involved social tension between a male and a
emale spotted hyena.

nimals

Fecal samples were collected from four adult male
nd two adult female spotted hyenas living in enclo-
ures at four different zoos in Germany and the Czech
epublic. Two sibling male–female pairs were housed

ogether; the other two males were kept on their own.
hen two animals were housed together, rye grains
ere added to the daily meat rations of one of the

nimals. As hyenas do not digest rye grains, feces with
rains were allied to the individual fed with grains,
hereas feces containing no grains were allied to the

ther individual.

CTH-Challenge Experiment

Three males and one female were each dart-injected
m with 50 IU of a synthetic ACTH preparation
Synacthen Depot 0.5 mg, Ciba-Geigy, Wehr, Ger-

any); one male and one female were each dart-
njected im with 200 IU of another ACTH preparation
Acthar Gel, Rhone-Poulence Rorer Pharmaceuticals,
ollegeville, PA). All injections were done between
845 and 1100 h.
Fecal samples were collected 2–3 days preceding
CTH administration and for 5–7 days after the

reatment. Enclosures were checked for feces every 1–2
between 0700 h in the morning and 2000 h in the

vening.

ranslocation

In summer 1997, a spotted hyena from Münster Zoo
as translocated to Munich Zoo. Fecal samples were
ollected 3 days prior to and for 10 days after trans-

Copyright r 1999 by Academic Press
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ort. Feces from this animal were collected once or
wice per day by the animal keepers.

ocial Tension

Three days after the start of fecal sampling of a male
nd female pair that were housed together, the female
egan to utter low calls (Mills, 1990). These sounds are
roduced during aggressive interactions (Mills, 1990).
he male gave the female a wide berth and stopped

eeding. The female continued low calling throughout
ay 3. On the morning of day 4, the sand in the
nclosure was pawed and both animals were excited.
he male was interested in the urine of the female and
howed flehmen behavior. The female repeatedly
hased the male. Both animals repeatedly uttered low
alls, pawed the ground, and finally fought with each
ther for 1.5 h, until they were separated by animal
eepers. The ears, forelegs, and flanks of both animals
ere scratched and bitten. After separation on day 4,

oth animals were restless but on day 5 they spent
ost of their time resting in the sun. According to

nformation from the animal keepers these two ani-
als had not previously fought with each other.
All fecal samples were collected 3 days preceding

he onset of aggressions, and sampling continued until
days after aggressions had ended. Enclosures were

hecked for feces every 1–2 h between 0700 h in the
orning and 2000 h in the evening.

rocessing of Fecal Samples

Immediately after collection, feces were chopped up
nd mixed thoroughly, and 15–20 g were taken and
tored at 210 to 220° in the respective zoo (for up to 12
ays), transported at 210 to 220°, and stored at 270°
fter transfer to the laboratory. A subsample of 5.33 6

.34 g was freeze-dried (72–96 h) with a Christ Alpha
-5 lyophilisator and pulverized with a mortar. A
roportion of the resulting powder (0.500 6 0.001 g)
as weighed with a Sartorius Research R 160 P balance

nd extracted with 4 ml methanol and 0.5 ml double-
istilled water (ddH2O). After vortexing for 30 min,

he sample was centrifuged (2500g, 10 min) and the
upernatant transferred to a new tube. This methanol
xtract was used in three enzyme immunoassays (EIA)

or cortisol, corticosterone, and 11-oxoetiocholanolone C

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
described below). Recovery of added 3H-labeled corti-
osterone was 83.6 6 1.0% (mean 6 SEM, n 5 12).

Serial dilutions of methanol-extracted samples did
ot show parallelism to hormone standards in the
CN-corticosterone EIA (described below), indicating

atrix interferences. Thus, a further extraction step
as included to remove substances interfering with

he antibody reaction; 5 ml diethyl ether (DEE) and 500
l NaHCO3 were added to 1 ml of the methanol
xtract, vortexed, and a further 4 ml ddH2O was
dded. Then the vial was plugged, turned round four
imes, and freeze-decanted into a new vial. Finally, the
EE was evaporated at 40° under a stream of nitrogen

nd the sample resuspended in assay buffer. Mean
ecovery of 3H-radiolabeled corticosterone was 62.1 6

.0% (mean 6 SEM, n 5 22). Extracted samples were
tored at 240° until assayed.

nzyme Immunoassays

To compare the efficiency of four different assays for
etecting changes in glucocorticoid excretion in re-
ponse to an ACTH challenge, samples from one
emale spotted hyena were analyzed using each anti-
ody. Methanol-extracted samples were analyzed with
hree EIA systems (cortisol, corticosterone, and 11-
xoetiocholanolone; for assay and antibody character-

stics, see Palme and Möstl, 1997). An assay for 11-
xoeticholanolone might be unusual to measure
drenocortical activity, but this assay has been shown
o provide powerful results in ungulates (Palme and

östl, 1997). Briefly, 50 µl of each sample was pipetted
nto microtiter plate wells (coated with sheep-anti-
abbit IgG) and 100 µl antibody and enzyme solution
as added. After overnight incubation in the cold

oom (4°), plates were washed four times with ddH2O/
ween 20 (1:500000), and 250 µl enzyme solution
streptavidin-POD conjugated, 500 U, 1:30000; Boeh-
inger, Mannheim, Germany) was pipetted into each
ell and incubated for 45 min at 4°. Then plates were
ashed again and 250 µl tetramethylbenzidine/H2O2

ubstrate solution was added. After incubation (45
in, 4°), the reaction was stopped with 50 µl H2SO4 (3
) and absorbance measured at 450 nm/630 nm, using
DIAS reader (Dynatech, Guernsey, Great Britain).

tandard curves and sample concentrations were calcu-
ated with Immunofit 3.0 (Beckman Inc., Fullerton,

A).
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Fecal Glucocorticoid Metabolites in Spotted Hyenas 343
To allow further comparisons, DEE-extracted samples
ere also analyzed in the corticosterone assay. An EIA
sing another corticosterone antibody purchased from

CN Biomedicals (Costa Mesa, CA) was also set up. As
erial dilutions of methanol-extracted samples did not
how parallelism to standard corticosterone (see extrac-
ion procedures), DEE-extracted samples were used in
his assay. To avoid confusion with the other corticoste-
one antibody tested, this antibody is referred to as
CN-corticosterone antibody. It is reported to cross-
eact with corticosterone (100%), desoxycorticosterone
0.34%), testosterone (0.10%), cortisol (0.05%), aldoste-
one (0.03%), progesterone (0.02%), and less than
.01% for 12 other steroids tested. A previously de-
cribed EIA system (Möstl et al., 1987; Palme and

östl, (1987) was modified to allow use of the ICN-
orticosterone antibody. Fifty microliters of DEE-
xtracted samples and an antibody dilution of 1:21000
ere used. Biocytinilated corticosterone, serving as

abel (dilution 1:512000), was synthesized (Palme and
östl, 1993), using biocytin instead of biotinyl-

iaminodioxooctan for coupling. Assay procedures
ere the same as described for the other assays.
Serial dilutions (1:5 up to 1:80) of spotted hyena fecal
EE extracts yielded displacement curves parallel to

tandard corticosterone. ICN-corticosterone assay accu-
acy was 97.6 6 4.5% (mean 6 SEM, n 5 32) and
ensitivity was 120 pg/ml. Intra- and interassay coeffi-
ients of variation were 7.7 and 8.3% for a high pool
nd 5.3 and 12.5% for a low pool (n 5 8). Samples were
ssayed in duplicate and concentrations are expressed
s nanograms/gram of fecal dry matter.

igh-Performance Liquid Chromatography

The number and relative proportions of immunore-
ctive glucocorticoid metabolites in hyena fecal ex-
racts were determined via HPLC. Methanol-extracted
amples (1 ml) of one male and one female were
iluted with ddH2O (10 ml) and passed through C-18
atrix columns (Waters, Milford, MA). Columns were

hen washed with ddH2O (2 3 5 ml) and eluted with
ethanol (4 ml). The methanol was evaporated to

ryness under a stream of nitrogen, and the sample
as resuspended in 50% methanol and separated on a
ovapak C-18 column using a linear gradient of

0–75% methanol (flow rate 1 ml/min; run time 40

in). Ninety-five 330-µl fractions were collected, dried r
nder a stream of nitrogen, and reconstituted in assay
uffer, and immunoreactive glucocorticoid metabolites
ere quantified with the ICN-corticosterone EIA as
reviously described. Elution of [3H] corticosterone
as measured by liquid scintillation counting and

lution profiles of 17a,20a-dihydroxyprogesterone, 20a-
ihydroxyprogesterone, and cortisol were determined
y measuring absorbance at 254 nm.

tatistics

The Friedman test with the post hoc multiple com-
arisons was calculated according to Conover (1980).
ll P values are two-tailed. Increases in glucocorticoid
etabolite excretion after translocation and social

ension were considered significant if they exceeded
ean baseline concentration plus three standard devia-

ions.

ESULTS

omparison of Different Antibodies

The assays for cortisol, corticosterone and ICN-
orticosterone measured differing baselines with low
uctuations of fecal glucocorticoid metabolites and
howed a clear response to an ACTH-induced increase
n adrenal activity (Figs. 1a,1c,1d). In contrast, baseline
ata of the 11-oxoetiocholanolone assay fluctuated
nd the assay indicated the weakest response to the
CTH challenge (Fig. 1b). Although the cortisol assay

Fig. 1a) showed a clear response to the ACTH chal-
enge, baseline values of this assay were close to or
elow the detection limit. The corticosterone assay
howed a clear response to ACTH, also when extracted
ith DEE for a direct comparison with the ICN-

orticosterone assay (Fig. 1c, open circles). The ICN-
orticosterone assay revealed the highest response to
CTH. It thus appeared to be the most promising for

urther investigations and was used for all subsequent
nalyses.

PLC Analysis

HPLC fractions analyzed with the ICN-corticoste-

one antibody showed various immunoreactive sub-

Copyright r 1999 by Academic Press
All rights of reproduction in any form reserved.
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C
A

tances with the polarity of unconjugated steroids, in
oth a male and a female spotted hyena (Fig. 2). These
ubstances showed a chromatographic mobility of
nconjugated steroids, mainly between cortisol and
7a,20a-dihydroxyprogesterone. The first immunore-
ctive peak (fraction 5) had the polarity of conjugated
teroids. Cortisol itself was below the detection limit
nd corticosterone comprised only a minor fraction of
otal immunoreactivity.

CTH Challenge

Administration of ACTH stimulated the production
f glucocorticoids, which resulted in an increase of
ecal glucocorticoid metabolites (Fig. 3). The ACTH-

IG. 1. Change in fecal glucocorticoid metabolites during an
CTH challenge experiment (50 IU ACTH) in female spotted hyena

, measured with four different antibodies against (a) cortisol, (b)
1-oxoetiocholanolone, (c) corticosterone, and (d) ICN-corticoste-
one. Arrows indicate time of ACTH injection. Closed circles repre-
ent methanol-extracted samples, open circles represent DEE-extracted
mamples. (Note different y axis scale for 11-oxoetiocholanolone.)

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
nduced peak in fecal glucocorticoid metabolites oc-
urred 26 6 5 h after the ACTH injection (Fig. 3 and
able 1). Mean fecal glucocorticoid concentrations in
ix spotted hyenas differed significantly between the
hree periods before (days 21 and 0), during (days 1
nd 2), and after (days 3 and 4) the ACTH challenge
Friedman test, x2 5 6.333, n 5 6, df 5 2, P 5 0.0421,
able 1). Mean levels on peak excretion days 1 and 2
ere significantly higher than those of the control

eriods before (days 21 and 0, post hoc multiple compari-
ons: P , 0.05, Table 1) and after the treatment (days 3 and
, post hoc multiple comparisons: P , 0.01, Table 1).

ranslocation

Fecal glucocorticoid levels increased after transloca-
ion of a male spotted hyena to a new enclosure. Three
ays after transport (day 7) levels reached their maxi-
um and were significantly higher than initial base-

ine levels (Fig. 4). By day 9, fecal glucocorticoid

IG. 2. HPLC profiles of ICN-corticosterone immunoreactive sub-
tances in feces of a male (no. 4) and female (no. 6) spotted hyena.
rrows indicate elution of cortisol (C), radiolabeled corticosterone

Cc*), 17a,20a-dihydroxyprogesterone (17a,20a-P4), and 20a-dihy-
roxyprogesterone (20a-P4).
etabolites had returned to the baseline.
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Fecal Glucocorticoid Metabolites in Spotted Hyenas 345
ocial Tension

Social tension and fighting between a male and
emale spotted hyena led to a significant increase in
ecal glucocorticoid metabolites in both animals (Fig.
). The increase occurred within 24 h after onset of the

IG. 3. Fecal glucocorticoid metabolites during an ACTH chal-
enge experiment with 200 IU ACTH in (a) male 4 and (b) female 6.

ABLE 1

ean Fecal Glucocorticoid (GC) Levels before (Days 21\0), during (
CTH-Induced GC Peak Concentrations

o. Sex
ACTH

(IU)

Mean (6SEM) glucoc

Days 21\0 Day

1a m 50 4.2 6 0.9 (11) 10.5 6
2 m 50 14.9 6 1.7 (9) 12.8 6
3 m 50 64.8 6 11.3 (5) 81.2 6
4 m 200 25.1 6 3.3 (6) 213.8 6
5 f 50 9.0 6 0.6 (8) 39.8 6
6 f 200 17.3 6 2.3 (8) 216.7 6

P , 0.05

Note. Numbers in parentheses refer to number of fecal samples on
a
 Data are means combined from two ACTH-challenge tests conducted on
ocial tension. The patterns of glucocorticoid clearance
ere quite different, but levels of both animals re-

urned to baseline after day 6, the second day after
ggressions had ceased.

ISCUSSION

Methods of measuring fecal glucocorticoid metabo-
ites have only recently become available (feces: Miller
t al., 1991; Graham and Brown, 1996, 1997; Palme and

östl, 1997; Whitten et al., 1997; Jurke et al., 1998;
onfort et al., 1998; Sousa and Ziegler, 1998; bird

\2), and after (Days 3\4) an ACTH Challenge, as Well as

d concn (ng/g)
GC peak

conc. (ng/g)
GC peak delay

(h 6 range)Days 3\4

1.9 6 0.3 (6) 32.1 24 6 9
) 7.6 6 1.0 (7) 29.5 16 6 5
) 80.7 6 10.5 (3) 164.1 50 6 0
2) 51.1 6 16.3 (2) 321.7 16 6 6
2) 5.9 6 0.4 (8) 337.2 16 6 5
6) 35.4 6 6.5 (3) 783.7 32 6 1

P , 0.01

the calculation of means is based.

IG. 4. Fecal glucocorticoid metabolites of male no. 1 before,
uring, and after translocation (data represent either single samples
r daily means; error bars indicate daily concentration range level

abeled with * exceeds mean 1 3 SD).
Days 1

orticoi

s 1\2

6.5 (7)
2.3 (11
28.3 (4
107.9 (
27.3 (1
105.0 (

which

this individual.
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roppings: Wasser et al., 1997) and few researchers
ave applied these noninvasive techniques to free-
anging species (feces: Creel et al., 1997; bird drop-
ings: Kotrschal et al., 1998; Wasser et al., 1997). Before
uch methods are applied to a particular species, the
ssays used to measure fecal glucocorticoid metabo-
ites must be validated. Antibodies against plasma
lucocorticoids do not necessarily bind to fecal metabo-

ites of these steroids in all species. The 11-oxoetichola-
olone assay gives good results in cattle, horse, okapi
Okapia johnstoni), roe deer (Capreolus capreolus), and
heep (Palme and Möstl, 1997; Dehnhard et al., 1998;
alme et al., 1998; Schwarzenberger et al., 1998), but not

n spotted hyenas (this study). As both male and

IG. 5. Fecal glucocorticoid profiles before, during, and after social
ension (shaded areas) in male 4 and female 6 (levels labeled with *
xceed mean 1 3 SD).
emale spotted hyenas are known to have similar s

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
lasma-androgen concentrations (Licht et al., 1992) and
he 11-oxoaetiocholanolone assay cross reacts with
b-androstanes, it might be that the response to ACTH
as superimposed by fecal androgen metabolites,
easured with this assay. Also, antibodies differ in

heir ability to detect a species hormonal response to
n ACTH challenge. The comparison of four antibod-
es in the current study demonstrated that the ICN-
orticosterone antibody was the most appropriate
ntibody to measure the hormonal response to ACTH
n spotted hyenas, as all values were far above the
etection limit and the antibody had the highest level
f resolution regarding the ACTH challenge. In con-
rast, although showing a clear response to ACTH,

any values measured by the cortisol antibody were
lose to or even below detection limit. The resolution
f the other corticosterone antibody was far less than
he ICN-corticosterone antibody, even when using
EE-extracted samples, to allow a direct comparison
ith the ICN-corticosterone antibody. The 11-oxoetio-

holanolone antibody, on the other hand, measured most
n terms of absolute concentrations, but had the lowest
evel of resolution compared with all other antibodies.

The aim of this study was to investigate whether
easurement of fecal glucocorticoid metabolites is a

uitable tool to monitor adrenocortical activity in
potted hyenas. HPLC analysis confirmed that the
CN-corticosterone EIA used in this study detected one
mmunoreactive metabolite with the polarity of conju-
ated steroids and several immunoreactive metabo-

ites with the polarity of unconjugated steroids. The
EE-extraction procedure excluded conjugated ste-

oids and thus only the unconjugated steroids contrib-
ted to the values measured with the enzyme immuno-
ssay. Although the exact identity of these metabolites
emains unknown, several lines of evidence suggest
hat they were relevant indicators of adrenal activity:
1) administration of exogenous ACTH led to a signifi-
ant increase in these fecal metabolites in six different
ndividuals, (2) fecal glucocorticoid levels rose after
ranslocation of a male spotted hyena, and (3) a
ocially stressful situation, where two spotted hyenas
ought each other, led to a substantial increase in fecal
lucocorticoid metabolites in both animals. Both trans-

ocation and fighting are known to enhance glucocorti-
oid secretion in mammals (translocation: e.g., Carl-

tead et al., 1993; fighting: e.g., Alberts et al., 1992;
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Fecal Glucocorticoid Metabolites in Spotted Hyenas 347
achser et al., 1994) and thus add additional evidence
o the ACTH-challenge experiment.

Fecal glucocorticoid metabolites in spotted hyenas
ncreased within 24–50 h after injection of ACTH and
he onset of a socially stressful situation. Palme et al.
1996) suggested that the delay of fecal glucocorticoid
xcretion in sheep, ponies, and pigs roughly corre-
ponds with the food transit time from duodenum to
ectum in these animals. In spotted hyenas, the fecal
emains of rye grains and carrots were found approxi-

ately 24 h after consumption (personal observation).
hus, taking gut passage time as an approximate
easure of food passage time between duodenum and

ectum, the time lag of glucocorticoid excretion in feces
ppears to correspond with food transit time in spot-
ed hyenas as well.

Because fecal glucocorticoid metabolites increased
ithin 50 h after ACTH challenge, it is puzzling that

he peak in fecal glucocorticoid metabolites occurred
nly on the third day after the translocation (see Fig. 4,
ay 8). As feces were collected only once per day after

he arrival in the new zoo, it might be that feces
ollected on day 8 were actually ‘‘deposited’’ on day 7.
f so, the fecal increase in glucocorticoids would be in
he expected time range after the transport.

The ICN-corticosterone antibody used in this study
ad been previously applied to measure fecal glucocor-

icoid metabolites in domestic cats (Felis catus, Graham
nd Brown, 1996), and African wild dogs (Lycaon
ictus, Monfort et al., 1998). In African wild dogs, the
ntibody binds to a single metabolite of intermediate
olarity between cortisol and corticosterone, whereas

n domestic cats it binds to several highly polar
etabolites, which are probably conjugated steroids.
dditionally, the present study showed that the corti-

osterone antibody reacted with one conjugated and
everal unconjugated metabolites in spotted hyena
eces. Thus, although the identity and proportion of
lucocorticoid metabolites differ in these three carni-
ore species, the antibody proved useful to measure
hanges in adrenocortical activity in all three carni-
ores. Because domestic cats, African wild dogs, and
potted hyenas belong to three different families of
arnivores, the results of the present study support
arlier suggestions that this particular antibody may
e useful for measuring fecal metabolites of glucocorti-

oids in other carnivore species as well (Monfort et al.,
998). Having shown that fecal monitoring of glucocor-
icoids is a useful tool for measuring adrenal activity in
potted hyenas, our future focus will be on finding
ndocrine correlates of social and environmental stress-
rs in free-ranging Serengeti spotted hyenas.
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(1981). Twenty-four-hour secretory pattern of cortisol in the bull:
Evidence of episodic and circadian rhythm. Endocrinology 109,
2208–2212.
asser, S. K., Bevis, K., King, G., and Hanson, E. (1997). Noninvasive
physiological measures of disturbance in the northern spotted
owl. Cons. Biol. 11, 1019–1022.
hitten, P. L., Stavisky, R., Aureli, F., and Russell, E. (1997).
Response of fecal cortisol to stress in captive chimpanzees (Pan
troglodytes). Am. J. Primatol. 44, 57–69.
ingfield, J. C., Maney, D. L., Breuner, C. W., Jacobs, J. D., Lynn, S.,
Ramenofsky, M., and Richardson, R. D. (1998). Ecological bases of
hormone–behavior interactions: The ‘‘emergency life history stage.’’
Am. Zool. 38, 191–206.
ingfield, J. C., O’Reilly, K. M., and Astheimer, L. B. (1995).
Modulation of the adrenocortical responses to acute stress in arctic
birds: A possible ecological basis. Am. Zool. 35, 285–294.
ingfield, J. C., Vleck, C. M., and Moore, M. C. (1992). Seasonal
changes of the adrenocortical response to stress in birds of the

Sonoran desert. J. Exp. Zool. 264, 419–428.


	METHODS
	RESULTS
	FIG. 1.
	FIG. 2.
	FIG. 3.
	TABLE 1
	FIG. 4.
	FIG. 5.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

