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monitoring in zoo and wildlife species

F. SCHWARZENBERGER
Department of Natural Sciences, Institute of Biochemistry, University of Veterinary Medicine,
Vienna, Austria
E-mail: Franz.Schwarzenberger@vu-wien.ac.at

During the past two decades, techniques for faecal steroid
analysis have been developed and have been used for
research with mammalian, bird and, to a lesser extent,
reptile, amphibian and fish species. Various techniques
for the analysis of reproductive (oestrogen, androgen,
progestagen) and adrenocortical (glucocorticoids) steroid
hormones have been established and have been applied to
a wide range of research questions studying captive and
free-ranging wildlife, as well as domestic and laboratory
species. Because of species-specific differences in steroid
metabolism in even closely related species, careful
validation of assay methods is necessary in order to
generate meaningful and accurate results. For future
research and management of free-ranging and captive
wildlife, the great potential of non-invasive endocrine
monitoring will be utilized more than ever. In light of
this, captive wildlife species are ideal research subjects,
as longitudinal sample collection is possible and studies
connecting physiology, endocrinology, reproduction and
stress with various social and/or environmental factors
can be carried out and can be analysed to determine how
they impact animal health.

Key-words: adrenal steroid hormones; assay validation;
biodiversity conservation; excreted steroids; faecal
steroid analysis; non-invasive; reproductive steroid
hormones; steroid metabolism.

INTRODUCTION

During the past two decades, techniques for
faecal steroid analysis (oestrogen, androgen,
progestagen and glucocorticoid metabolites)
have been developed and have been used for
research with mammals (for references, see
Table 1), birds (i.e. Baltic et al., 2005;
Goymann, 2005; Möstl et al., 2005; Palme
et al., 2005; Wasser & Hunt, 2005; Szoke
et al., 2006) and, to a lesser extent, reptile (i.e.
Atkins et al., 2002; Rittenhouse et al., 2005),
amphibian (Szymanski et al., 2006) and fish
(i.e. Turner et al., 2003; Ellis et al., 2004;

Wysocki et al., 2006) species. Techniques
have been applied to a wide range of research
questions studying captive and free-ranging
wildlife, as well as domestic and laboratory
species. These techniques are now widely
accepted and several reviews focusing on
steroid metabolism and on the validation of
faecal steroid assays have been published
recently (Schwarzenberger et al., 1996,
1997; Whitten et al., 1998; Möstl & Palme,
2002; von der Ohe & Servheen, 2002; Mon-
fort, 2003; Wielebnowski, 2003; Buchanan &
Goldsmith, 2004; Graham, 2004; Millspaugh
& Washburn, 2004; Möstl et al., 2005;
Palme, 2005; Palme et al., 2005; Touma &
Palme, 2005; Ziegler & Wittwer, 2005; Keay
et al., 2006; Lane, 2006). In addition, reviews
emphasizing the importance of faecal steroid
analysis for the elucidation of endocrine
physiology in certain taxa (carnivores:
Young, K. M. et al., 2004; Brown, 2006;
primates: Shimizu, 2005; rhinoceros: Roth,
2006), and as an important tool for the
management and conservation of wildlife
(Pukazhenthi & Wildt, 2004; Cockrem,
2005; Andrabi & Maxwell, 2007), or as
reliable indicators of stress (Wasser et al.,
2000; Möstl & Palme, 2002; Millspaugh &
Washburn, 2004; Queyras & Carosi, 2004;
Touma & Palme, 2005; Keay et al., 2006;
Lane, 2006) have been published.

The aim of this review is briefly to sum-
marize studies using faecal steroid analysis in
captive and free-ranging mammalian wild-
life species. The focus is on recently pub-
lished literature summarizing reproductive
(oestrogens, androgens and progestagens)
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and adrenal (glucocorticoid) steroid metabo-
lites. Additional references on glucocorti-
coids not included in this review can be
found in the reviews by Möstl & Palme
(2002), Palme et al. (2005), Touma & Palme
(2005) and Keay et al.(2006).

METHODOLOGICAL ISSUES IN
APPLYING FAECAL STEROID
ASSAYS

In comparison with the more traditional ana-
lysis of steroid hormones in blood, faecal
steroid analysis has several advantages. The
most obvious is that the technique is non-
invasive to the investigated subjects and thus
does not introduce variables that may alter the
results. Consequently, in many studies in
which either blood sampling on a regular
basis was difficult or not possible, such as in
research on wildlife, very stress-prone spe-
cies or animals of small size, faecal samples
have become a substitute for analysing hor-
mones in the serum or plasma. Faecal steroid
analysis has been applied on species of all
sizes, ranging from animals as small as mice
to elephants or whales (for references, see
Table 1 and Touma & Palme, 2005). Faecal
steroid analysis can be applied in longitudinal
studies and in conjunction with other para-
meters, such as behaviour or reproduction,
can give an accurate insight into the endo-
crine physiology of a species. Animals in
captivity are ideal research subjects because
regular sample collection is possible and,
thus, techniques can be validated easily. Once
established, non-invasive endocrine analysis
can be used as a tool to assist in the husbandry
of animals in captivity and to investigate
social and ecological effects of animals in
the wild (Schwarzenberger et al., 1996, 1997;
Whitten et al., 1998; Möstl & Palme, 2002;
von der Ohe & Servheen, 2002; Monfort,
2003; Graham, 2004; Millspaugh & Wash-
burn, 2004; Möstl et al., 2005; Touma &
Palme, 2005; Ziegler & Wittwer, 2005; Keay
et al., 2006; Lane, 2006).

Studies in free-ranging species are often
confronted with difficulties in locating sam-

ples, usually involving observation of known
individuals and collecting samples upon de-
fecation. However, non-invasive faecal ster-
oid analysis also offers the opportunity to
study free-ranging animals for which direct
observation of defecation is difficult or im-
possible. Difficulties with locating samples in
some studies have been recently overcome by
training dogs for scat detection (Wasser et al.,
2004), and this has even been used in open
water for detecting samples from free-ranging
North Atlantic right whales Eubalaena
glacialis (Rolland et al., 2005; Hunt et al.,
2006). An even more sophisticated approach
would be the combination of faecal steroid
analysis with molecular genetic techniques
for identifying individual animals from faecal
deoxyribonucleic acid (DNA). However, the
technical difficulties inherent in the analysis
of low quantities of DNA and considerable
variability in the results generally tend to
limit the efficiency of this approach (Broquet
et al., 2007). Therefore, the combination of
non-invasive faecal DNA and steroid analysis
in not yet common practice. Nonetheless, the
potential of this auspicious approach has been
demonstrated recently; for example, in a
study on seasonal faecal glucocorticoid ex-
cretion in Red deer Cervus elaphus (Huber
et al., 2003) and in a study on the population
structure of European otters Lutra lutra (Kalz
et al., 2006).

Like all laboratory-based methods, assay
validation is most important for obtaining
useful and accurate results. However, the
particularity with faecal steroid analysis is
that the parent hormones progesterone, tes-
tosterone, cortisol or corticosterone are not
(or only barely if at all) present in the faeces.
Consequently, it is inaccurate to speak of
faecal-progesterone or faecal-cortisol analy-
sis, although this designation is common
practice in a considerable proportion of the
published literature.

Proper faecal steroid assay validation is all
related to steroid metabolism (Palme et al.,
1996, 2005; Schwarzenberger et al., 1996,
1997; Möstl et al., 2005; Palme, 2005).
Steroids are metabolized by the liver
before excretion via urine or bile into the
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faeces. During the intestinal passage, steroid
metabolites can be re-absorbed into the
enterohepatic circulation. The intestinal
passage causes a lag-time between the circu-
lation of steroids in plasma and their appea-
rance in the faeces; this delay correlates with
the time for the intestinal passage of bile to
the rectum (Palme et al., 1996, 2005; Schwar-
zenberger et al., 1996, 1997; Möstl et al.,
2005; Palme, 2005). Owing to the intestinal
passage, steroid metabolites in the faeces
represent pooled endocrine activity over the
previous several hours. Thus, faecal steroid
analysis presents a more dampened hormone
profile over time with less interference from
daily rhythm and acute stress (Schwarzenber-
ger et al., 1996, 1997; Whitten et al., 1998;
Möstl & Palme, 2002; von der Ohe & Servh-
een, 2002; Monfort, 2003; Graham, 2004;
Millspaugh & Washburn, 2004; Möstl et al.,
2005; Palme, 2005; Palme et al., 2005;
Touma & Palme, 2005; Ziegler & Wittwer,
2005; Keay et al., 2006; Lane, 2006).

A particular disadvantage of faecal steroid
analysis is the presence of a vast number
of different faecal metabolites existing in
even closely related species. For the de-
velopment of techniques for faecal steroid
analysis, experiments on the metabolism
of radioactively labelled steroids have pro-
vided a valuable insight into the metabolism
and the excretion of hormone metabolites
via faeces and urine. The route of excre-
tion varies considerably among species, and
between steroids within the same species.
Radiometabolism studies affirmed that
oestrogens in the form of oestradiol and/or
oestrone are present in faecal samples and
as such can easily be determined by using
specific assay or a total oestrogen assay.
In contrast, testosterone, progesterone
and, especially, cortisol/corticosterone are
heavily metabolized and the original hor-
mone is barely present in the faeces. There-
fore, specific assays (i.e. those typically used
for the analysis of hormones in blood sam-
ples) are often of limited value (Palme et al.,
1996; Schwarzenberger et al., 1996, 1997;
Graham et al., 2001; Möstl et al., 2005;
Palme, 2005).

For the development of species-specific
assays, the determination of the major faecal
hormone metabolites via the analysis of in-
fused radioactively labelled steroids (Palme
et al., 1996, 2005; Schwarzenberger et al.,
1997; Möstl et al., 2005; Palme, 2005) or the
identification of faecal steroid metabolites via
gas chromatography/mass spectrometry
(Lance et al., 2001) would be analytical
possibilities. However, these valuable
approaches cannot be applied to all wild-
life species and in fact, owing to possible
health hazards related to the use of radio-
actively labelled steroids, radiometabolism
studies have mainly been carried out with
animals in research facilities (Palme, 2005),
rather than animals in zoos. Therefore, the
best alternative approach is to test several
assays with high cross-reactions against a
certain group of steroids; that is, group-
specific assays (Palme et al., 1996; Schwar-
zenberger et al., 1996, 1997; Möstl et al.,
2005; Palme, 2005). Because of species-
specific differences in hormone meta-
bolite excretion, validation and testing of
several such assays should be carried out
separately for even closely related species
(Palme et al., 1996; Schwarzenberger et al.,
1996, 1997; Graham et al., 2001; Young, K.
M. et al., 2004; Möstl et al., 2005; Palme,
2005; Berger et al., 2006; Heistermann et al.,
2006).

An example of how different the reproduc-
tive and endocrine physiology of even closely
related species can be, is demonstrated by
endocrine studies in the family Rhinoceroti-
dae. Through the use of faecal steroid analy-
sis (additional hormones in urine and saliva
have been investigated), endocrine profiles of
four of the five extant species have been
analysed. None of the four rhinoceros species
(White rhinoceros Ceratotherium simum,
Black rhinoceros Diceros bicornis, Indian or
Greater one-horned rhinoceros Rhinoceros
unicornis and Sumatran rhinoceros Diceror-
hinus sumatrensis) exhibit reproductive cy-
cles of similar length. Furthermore, faecal
steroid metabolites excreted in these species
vary considerably, underlining the necessity
to develop endocrine tests for each species
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separately (for references, see Table 1, and
Roth, 2006).

Assays that have cross-reactivities with a
broad range of pregnanediones and hydroxy-
lated pregnanes have been used successfully
to quantify progesterone metabolites in the
faeces of a wide range of species including
a variety of carnivores (Brown, 2006) and
artiodactyl species (Schwarzenberger et al.,
1996, 1997; Graham et al., 2001). In contrast.
the metabolism of glucocorticoids is more
complex and a larger number of assays is
used for the analysis of faecal glucocorticoid
metabolites (Wasser et al., 2000; Möstl &
Palme, 2002; Young, K. M. et al., 2004;
Möstl et al., 2005; Palme, 2005; Heistermann
et al., 2006; Keay et al., 2006). Currently, as
researchers worldwide are applying different
techniques, results between studies are only
comparable in their physiologic outcome,
but usually not in absolute metabolite con-
centrations.

Although it is strongly suggested that anti-
bodies with known high cross-reactivities for
steroid metabolites be used, even commer-
cially available antibodies advertised as hor-
mone specific have been used with success
for faecal steroid analysis in several studies.
The reason is that these antibodies obviously
recognize and bind metabolites, although
these cross-reactivities are unknown, because
testing is typically carried out only for the
better-known hormones and in some in-
stances a few metabolites found in blood.
Therefore, biological validation, such as
day(s) of mating or parturition, or comparison
of stressed versus non-stressed animals, in
relation to sustained changes in faecal steroid
concentration is of utmost importance. How-
ever, while it may not be as critical that the
exact steroid metabolites are identified, as-
says developed for use with faecal steroid
analysis usually show a stronger differentia-
tion between pregnant and non-pregnant
(Schwarzenberger et al., 1996, 1997), or
stressed versus non-stressed animals (Heis-
termann et al., 2006).

In addition to metabolism, and hence the
use of an appropriate immunoassay with
adequate cross-reactivities, other concerns in

faecal steroid analysis are extraction
techniques, storage and stability of faecal
metabolites, determination of faecal immu-
no-reactive steroid metabolites by high-
performance liquid chromatography, gut tran-
sit time, diurnal and seasonal variations, as
well as gender and diet (Schwarzenberger
et al., 1996, 1997; Khan et al., 2002; Möstl
& Palme, 2002; von der Ohe & Servheen,
2002; Millspaugh & Washburn, 2004; Möstl
et al., 2005; Palme, 2005; Palme et al., 2005;
Touma & Palme, 2005; Ziegler & Wittwer,
2005; Keay et al., 2006; Lane, 2006). A
general recipe from these studies is to attempt
to collect samples at the same time of the day
and to freeze samples immediately upon
collection. If freezing is not possible, storage
in ethanol in order to prevent microbial
degradation is the method of choice.

Seasonal variation in faecal steroid analy-
sis is of concern, especially when studying
free-ranging wildlife living in a highly seaso-
nal habitat. Of particular importance seems to
be the question as to whether food availabil-
ity, which determines the amount of faeces
produced and which is lower during severe
winter or drought, would result in higher
faecal steroid concentrations. However, ex-
periments on the faecal output of progester-
one metabolites in ovariectomized domestic
cows supplemented with progesterone-releas-
ing intravaginal devices and with different
levels of feed intake (Rabiee et al., 2001)
did not demonstrate such a relationship.
Although feed intake did influence plasma
progesterone concentrations, faecal proges-
terone metabolites were not affected by the
level of feed intake or faecal output, but the
daily excretion rate of faecal metabolites was
associated with the volume of faeces. Com-
parable results have been found in an Elk
(C. elaphus, Cook et al., 2002) on a restricted
diet. Derived from this experiment, it is likely
that seasonal variation in faecal cortisol me-
tabolites, as described in, for example, Red
deer C. elaphus (Huber et al., 2003), Chacma
baboons Papio hamadryas (Weingrill et al.,
2004) and Chamois Rupicapra rupicapra
(Hoby et al., 2006), is influenced by an
endogenous rhythm.
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APPLICATION OF FAECAL STEROID
ANALYSIS FOR STUDYINGWILDLIFE
SPECIES

Validation in reproductive studies is rather
straightforward as steroid metabolites fluctu-
ate with reproductive events; for example, the
oestrous cycle, pregnancy, puberty or season-
ality. In recent years, a great many studies
using faecal steroid analysis have been con-
ducted on , and < reproductive physiology.
Wildlife taxa that are most extensively stu-
died are primates, carnivores, rhinoceros and
artiodactyla (Table 1). Traditionally, more
focus has been placed on the study of repro-
ductive hormones in ,,, but studies on the
reproductive physiology in the < are increas-
ing. Studies on the reproductive physiology
include, for example, characterization of oes-
trous-cycle length, spontaneous versus in-
duced ovulation, pregnancy, lactational
anovulation, age at the onset of puberty and
seasonal patterns of reproduction. Faecal
steroid analysis has been used as a tool to
enhance the management of wildlife species,
both in captivity and in the wild. Important
issues are the diagnosis of pregnancy, asses-
sing the presence or absence of ovarian
cyclicity, control for treatment of infertility
and the assessment of various fertility-control
techniques; for example, ultrasonographic
monitoring of ovarian events and foetal ges-
tational parameters, contraceptive treatments,
oestrous synchronization and endocrine
responses to ovulation-induction protocols
(Table 1).

The validation of techniques in studying
stress responses is more difficult and usually
involves questions such as is an animal
stressed or non-stressed and does this present
as acute or chronic stress, positive or negative
stress (distress) (Whitten et al., 1998; Möstl
& Palme, 2002; von der Ohe & Servheen,
2002; Wielebnowski, 2003; Millspaugh &
Washburn, 2004; Touma & Palme, 2005;
Keay et al., 2006; Lane, 2006). Conse-
quently, as compared with reproductive stu-
dies interpreting results from glucocorticoid
studies is more difficult and more focus
should be placed on proper validation of

faecal steroid assays. Besides using known
stressors (such as transport or confinement)
for physiological validation, several studies
(especially in wildlife species kept in captiv-
ity) included pharmacological validation
experiments. Possibilities include the deter-
mination of the excretory fate of radioactively
labelled steroids and the application of
adrenocorticotropic hormone challenge and
dexamethasone suppression tests (Möstl &
Palme, 2002; Palme et al., 2005; Touma &
Palme, 2005). In conjunction with proper
validation, the analysis of glucocorticoid
metabolites is a good indicator of adrenal
activity and it has been used to quantify
certain stress responses. Results were ana-
lysed in relation to behaviour, social status,
dominance rank, territoriality, reproduction,
environmental factors, population density,
disturbance, as an indicator of well-being
and welfare, pain, the presence of predators,
parasites and as a predictor of mortality
(Table 1).

In conclusion, faecal steroid analysis of
reproductive and adrenocortical steroid hor-
mones has become an established and widely
accepted technique for the analysis of captive
and free-ranging wildlife species. Because of
species-specific differences in steroid meta-
bolism in even closely related species, careful
validation of assay methods is necessary in
order to generate meaningful and accurate
results. In light of this, captive wildlife spe-
cies are ideal research subjects, as longitudi-
nal sample collection is possible and studies
connecting physiology, endocrinology, repro-
duction and stress with various social and/or
environmental factors can be carried out and
used to determine how they impact animal
health. For the future management of wildlife
populations, these techniques will be impor-
tant research tools and their importance for
studying free-ranging animals within their
natural habitat will increase further.
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PATTON, M. L., SILINSKI, S., ANDERSON, M. J., REID, C. E.,
WIBBELT, G., TOMASOVA, K. & SCHWARZENBERGER, F.
(2006): The effect of long non-reproductive periods on
the genital health in captive female white rhinoceroses
(Ceratotherium simum simum, C. s. cottoni). Theriogen-
ology 65: 1492–1515.
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