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As part of its mission to advance the field of wildlife endocrinology, the International Society of Wildlife Endocrinology aims to
develop cost-effective antibodies and enzyme immunoassay kits that support research across a diverse range of species and
sample matrices. To provide additional options for the quantification of faecal glucocorticoid metabolites (fGCMs), an antibody
against 11-oxoetiocholanolone-17-carboxymethyl oxime (CMO) was generated in rabbits, and an enzyme immunoassay
incorporating a horseradish peroxidase-conjugated label and 11-oxoetiocholanolone standard has been developed, designed
for use with anti-rabbit IgG secondary antibody coated plates. This mini-kit was used to quantify glucocorticoid metabolites
with a 58-3a-0l-11-one structure in faecal extracts from 23 species: African and Asian elephants, Alpine chamois, American
bison, Bengal tiger, blue wildebeest, blue-and-yellow macaw, brushtail possum, cape buffalo, fat-tailed dunnart, Florida man-
atee, ghost bat, giraffe, golden langur, Gould’s wattled bat, hippopotamus, Leadbeater’s possum, mandrill, okapi, roan ante-
lope, samango monkey, short-beaked echidna, and western lowland gorilla. Pharmacological (adrenocorticotropic hormone
challenge) and biological (inter-zoo translocation, wild capture, social disruption, illness/injury and veterinary intervention)
challenges resulted in expected increases in fGCM concentrations, and in a subset of species, closely paralleled results from
a previously established immunoassay against 11-oxoetiocholanolone-17-CMO. Two additional species tested, Krefft’s glider,
which showed contradictory results on this assay compared to a previously validated enzyme immunoassay (EIA) and Ankole
cow, where the magnitude increase post-event did not quite reach the 2-fold change criteria, highlight that differences in
excreted faecal metabolites across species mean that no EIA will be suitable for all species. This assay provides a valuable new
option for assessing adrenal activity across taxa using a group-specific antibody. Future studies should put similar emphasis
on validation to determine optimal assay choice for measuring f{GCMs in a variety of species.
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Lay Summary

Glucocorticoid hormones (cortisol, corticosterone) are useful indicators of the stress response, but for many wildlife species,
non-invasive approaches and appropriate tools for measurement of excreted metabolites are required. Here, we report the
development and validation of a group-specific enzyme immunoassay to quantify glucocorticoid metabolites in the faeces of
23 species.
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Introduction

Glucocorticoids (GCs) are widely used to evaluate adrenal
responses to potentially stressful situations, although caution
is warranted, as they also function as metabolic hormones,
involved in diverse homeostatic processes (MacDougal-
I-Shackleton et al., 2019). Traditionally, GCs are measured in
blood samples. However, blood collection itself can be a stres-
sor that induces GC release, potentially confounding results.
Moreover, blood GCs reflect a single point-in-time measure,
often more indicative of acute responses, and may change
quickly (Sheriff et al., 2011). To overcome these limitations,
particularly in field or longitudinal research, techniques have
been developed to measure GCs in alternative, non-invasive
matrices (Sheriff et al., 2011). Faeces offer the advantage that
they can be easily and repeatedly collected and avoid the need
for handling of animals. They also yield more robust measures
as concentrations are pooled over several hours and not
subject to minor dynamic fluctuations (Palme, 2019). Conse-
quently, over the past decades, non-invasive methods for eval-
uating adrenocortical activity have been increasingly adopted
for wildlife studies (Ganswindt et al., 2012a; Palme, 2019).

Today, GCs or their metabolites are generally measured
using enzyme immunoassays (EIAs) because they are easy to
use and eliminate the need for radioactivity (Palme, 2019).
Circulating GCs, such as cortisol and corticosterone, are
metabolized in the liver and further processed in the gut, with
metabolites (fGCMs) subsequently excreted in varying pro-
portions across species via the urine and faeces (Palme et al.,
2005). There are two general types of antibodies used for
measuring fGCMs, referred to as parent-hormone or group-
specific antibodies. Commercial cortisol and corticosterone
EIAs are frequently used for measuring f{GCMs, because they
are readily available. However, these EIAs were designed to
measure native GCs in blood or saliva, and since native
GCs are mostly absent in faeces of many species, assays
rely on antibodies that cross-react with related metabolites.
Thus, for stress/welfare studies, best results are often obtained

using group-specific EIAs that have been designed to measure
specific groups of GC metabolites present in faeces (Palme
and Mostl, 1997; Mostl and Palme, 2002; Mostl et al., 2005).
In many species, these EIAs have demonstrated a higher
biological sensitivity reflected in greater increases in f{GCM
concentrations after acute stressful events (Fanson et al.,
2017; Palme, 2019). Predominant f{GCMs differ across species
and sometimes by sex (Touma et al., 2003), so identifying
optimal EIAs for assessing stress responses (and potentially
differentiating between acute vs. chronic stressors) requires
careful validation. This should include analytical (precision,
sensitivity, specificity and accuracy) validation as well as a
combination of pharmacological and biological validation
(Palme, 2019). Together these ensure that data obtained are
both reliable and importantly, biologically meaningful for the
species and question of interest.

As part of the International Society of Wildlife
Endocrinology (ISWE) mission to advance the field of wildlife
endocrinology, one goal of our society is to develop antibodies
and EIA kits that are cost-effective and facilitate research in a
diverse range of species (Ganswindt et al., 2012a). A specific
need highlighted by our membership was for a greater variety
of assays for the quantification of f{GCMs, especially incor-
porating group-specific antibodies that can have increased
sensitivity for non-invasive assessment of adrenocortical
responses to potential stressors. To address this, we developed
an antibody targeting 5p-androstane-3a-o0l-11,17-dione (11-
oxoetiocholanolone), coupled to bovine serum albumin (BSA)
at position C-17, similar to that described by Maostl ez al.
(2002) (antibody code: UVM 72 T) and incorporated it
into a mini-kit for ISWE members to be distributed by our
partners at Arbor Assays, Inc. This group-specific antibody
detects metabolites with a 58-3a-0l-11-one structure, and was
created using the same methodology as that previously shown
to be valid for diverse species: ruminants (Huber et al., 2003;
Kleinsasser et al., 2010; Ganswindt et al., 2012b; Sid-Ahmed
et al., 2013; Bashaw et al., 2016; Chizzola et al., 2018;
Zbyryt et al., 2018; Ozkan Giilzari et al., 2019; Vogt et al.,
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2023); elephants (Ganswindt et al., 2003; Ganswindt et al.,
2010); zebras (Périquet et al., 2017; Britnell et al., 2024);
birds (Kidawa et al., 2014; Stocker et al., 2016; De Almeida
et al., 2018); rodents (Franceschini et al., 2007; Bauer et al.,
2008; Rehnus et al.,, 2009; Chelini et al., 2010; Sheriff
et al., 2012; Rehnus ef al., 2014; Majelantle ez al., 2023);
and other species (Eguizabal ez al., 2013, Ganswindt ez al.,
2014, Hulsman et al., 2011, Lavin et al., 2019). Here,
we analysed samples from pharmacological and biological
validations to explore the potential for detecting changes
in adrenocortical activity for different species. Secondly,
in a subset of species, we compared the performance of
this new 11-oxoetiocholanolone ISWE010 EIA mini-kit to
the existing assay, originally developed at the University of
Veterinary Medicine, Vienna (Mostl ef al. (2002), as well as
some alternative glucocorticoid assays where a comparative
approach to assay validation had been taken previously.

Materials and Methods

Antibodies were raised in rabbits against 11-oxoetiochola
nolone 17-carboxymethyl oxime (CMO) linked to BSA, pro-
vided by the University of Veterinary Medicine, Vienna, and
described by Mostl et al. (2002). Arbor Assays, Inc., devel-
oped a competitive EIA mini-kit (ISWEO010) incorporating
this antibody (hereafter 11-oxoetiocholanolone antibody),
a directly labelled horseradish peroxidase (HRP) conjugate
(also linked to 11-oxoetiocholanolone-17-CMO, hereafter
11-oxoetiocholanolone-HRP) and 11-oxoetiocholanolone
(5B-androstan-3a-o0l-11,17-dione) as standard. To determine
working dilutions of the antibody and conjugated label, a
checkerboard titration was initially conducted.

A competitive double antibody EIA was developed
consisting of secondary goat-anti rabbit IgG antibody coated
96-well microtiter plates (ISWE00S5, Arbor Assays, Inc.),
polyclonal rabbit anti-11-oxoetiocholanolone antibody,
11-oxoetiocholanolone standard (39-40000 ng/ml) and
11-oxoetiocholanolone-HRP  (ISWE010, Arbor Assays,
Inc.), all stored at < —18°C until use. Assays were
conducted using corresponding assay reagents (ISWE006,
Arbor Assays, Inc.), with 50 pl of standard or sample
added to pre-coated anti-rabbit plates, followed by 25 pl
each of 11-oxoetiocholanolone-HRP label and anti-11-
oxoetiocholanolone antibody before incubation for 2 h
at room temperature, with shaking. Following subsequent
washing to remove unbound reagents and incubation with
a TMB substrate (100 pl) and halting of the reaction with
1 M HCI (50 nl), optical density was determined at 450 nm.
This method was modified slightly following the beta-testing
reported herein, such that the ISWE010 EIA mini-kit now
supplied by Arbor Assays, Inc. (https:/www.arborassays.com/
product/72t-iswe-mini-kit/) is optimized for 100 pl per well
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of standard, control, and sample with the addition of 50 pl
per well of 11-oxoetiocholanolone-HRP label and anti-11-
oxoetiocholanolone antibody.

Seven laboratories were involved in the mini-kit beta testing,
which involved faecal samples or their extracts from earlier
studies, all stored frozen (< —18°C) to maintain fGCM sta-
bility (Palme et al., 2013). This study included 72 individuals
(33 male and 39 female) from 25 species. The selected set
of samples for each species included periods of relatively
low and relatively high levels of adrenocortical activity. For
23 individuals of 10 species, the change in circulating GCs
was pharmacologically induced using an adrenocorticotropic
hormone (ACTH) challenge (see Table 1 for methodological
details). For 51 individuals representing 18 species, the stimu-
lus was a biological challenge predicted to be associated with
a change in circulating GCs (e.g. transport, medical exam;
details in Table 2). Extraction procedures for each species
followed established species-specific protocols within each
lab. Protocols varied by sample pre-processing—wet vs. dry
(lyophilized) extraction, the type (ethanol or methanol) and
concentration (60-90%) of solvent, and the absence (NC)
or inclusion of a concentration (3 or 5-fold) step. Faecal
extracts were diluted in assay buffer (ISWE006, Arbor Assays,
Inc.) and evaluated by tests for parallelism between fae-
cal dilutions and the 11-oxoetiocholanolone standard curve
(Supplementary Material, Fig. S1), and in response to ACTH
or biological challenges.

Pharmacological and biological validation

Our first aim was to determine whether the newly devel-
oped 11-oxoetiocholanolone EIA (ISWE010) could detect
changes in adrenocortical activity for different species. To
assess this, we examined the change in measured fGCM
concentrations during periods of low and high adrenocor-
tical activity. Unless otherwise specified in Tables 1 and 2,
baseline concentrations were calculated using the median of
pre-challenge concentrations, and peaks were determined as
the maximum post-challenge concentration. For biological
validations where the stressor was sustained (e.g. health-
related stressors), the median peak was used; for stressors
that were more defined (e.g. ACTH challenge, translocation),
the maximal peak was used. To evaluate the magnitude of
the response, we calculated the fold-increase from baseline to
peak. If the peak was at least 2-fold greater than baseline, it
was interpreted that the assay was able to detect biologically
relevant changes in adrenocortical activity.

Assay comparison

Our second aim was to determine how the performance of
this new 11-oxoetiocholanolone (ISWE010) EIA mini-kit
compared to the existing assay, originally developed at the
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University of Veterinary Medicine, Vienna (Mostl et al.
(2002). We had 21 sets of samples from 11 species that
had been analysed on both assays. All profiles were visually
inspected to assess similarity, baseline, peak concentrations
and fold-change compared, and Pearson’s correlation was
used to assess how closely correlated the results of the
two assays were; correlations were run separately for each
individual (Supplementary Material, Table S1). Finally,
where other GC assays had been previously published
for a particular sample-set, longitudinal profiles were
visually assessed and the magnitude change from baseline
to peak were compared with the previously determined
best-preforming assay. Pearson’s correlation was used to
compare data from the originally chosen vs. the newly
developed assay; correlations were run separately for each
individual (Supplementary Material, Table S2). Compari-
son assays included antibody code UVM 72a using 11-
oxoetiocholanolone 3-hemisuccionate (Palme and Mostl,
1997); UVM 69a using a 5 -androstane-3,11 -diol-17-one-
CMO:BSA generated antibody (Frigerio et al., 2004); a
cortisol mini-kit ISWE002 (Arbor Assays, Inc., Ann Arbor,
MI, USA); and two corticosterone assays: antibody code
CJMO006 (Coralie Munro, University of California Davis,
Davis, CA, USA (Watson et al., 2013)) and mini-kit ISWE007
(Arbor Assays, Inc., Ann Arbor, MI, USA).

All faecal samples were collected non-invasively and oppor-
tunistically around potentially stressful events (biological val-
idation) or scheduled ACTH challenges (pharmacological
validation). For the latter, ethical approval was obtained for
each original study (Table 1).

Results

Optimal dilutions were determined to be 1:320000 for
the new polyclonal rabbit anti-11-oxoetiocholanolone
antibody, and 1:50 000 for the 11-oxoetiocholanolone-HRP
conjugate. Cross-reactivities of the antibody in this mini-kit
format, determined at 50% binding, were: 5B-androstan-
3a-0l-11,17-dione (11-oxoetiocholanolone), 100.00%; 5B-
pregnan-3a-o0l-11,20-dione (alloalfaxolone), 9.62%; 58-
androstane-3,11,17-trione, 4.75%; S5B-androstane-3a,11p-
diol-17-one  (11B-hydroxyetiocholanolone), 0.99%; 58-
pregnane-3a,118,21-triol-20-one (tetrahydrocorticosterone),
0.20%; 5B-pregnane-3a,11p-diol-20-one, 0.09%; cortisone,
0.06%; cortisol, corticosterone, 17B-oestradiol, progesterone
and testosterone, all < 0.04%.

The newly developed 11-oxoetiocholanolone (ISWE010) EIA
mini-kit was generally successful at detecting changes in
adrenocortical activity across a wide range of species. Fol-
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lowing an ACTH challenge, fGCM concentrations increased
above median baseline between 1.9 and 70.3-fold, peaking
between 8 h in female blue-and-yellow macaw, Ara ararauna,
and 5-6 days post-ACTH in female short-beaked echidna,
Tachyglossus aculeatus, (Table 1). Following biological val-
idation events, peak concentrations were between 1.7- and
28.7-fold higher than respective baselines (Table 2). Peaks
were observed from 1 day post-translocation in the male
Alpine chamois, Rupicapra rupicapra, and male Bengal tiger,
Panthera tigris tigris, to up to 14 days post-translocation
in the Florida manatee, Trichechus manatus latirostri; <1
to 5 days following wild capture in the fat-tailed dunnart,
Sminthopsis crassicaudata, and Leadbeater’s possum, Gym-
nobelideus leadbeateri, respectively; 1 day following a social
introduction in a group of male western lowland gorillas,
Gorilla gorilla gorilla, and 1-2 days following veterinary
procedure in mixed-sex groups of ghost bats, Macroderma

gigas.

One species, the Krefft’s glider, Petaurus notatus, passed
analytical validation by way of parallelism and matrix
interference assessment, but was considered not biologically
validated. In three females, f{GCMs measured on this assay
were 83-94% lower immediately following wild-capture
when compared to 2-months later and were poorly correlated
(r=—0.51 to —0.61) with an alternative assay (cortisol
ISWEQ002; Arbor Assays, Inc., Ann Arbor, MI, USA) tested
in parallel, which showed the expected higher concentrations
immediately post-capture (Supplementary Material Fig. S2).
The biological validation for a female Ankole cow, Bos
taurus ankole, did not reach the 2-fold increase following
the potential stressor; this event was a suspected miscarriage,
and concentrations showed a sustained increase, rather than a
single defined peak. For species with data on both sexes, males
and females showed varied concentrations, both within their
baseline f{GCM concentrations and the magnitude of their
response; similarly, in species with multiple individuals tested,
individual baselines and responses varied in concentration
and magnitude.

Data from ACTH challenges (Figs 1 and 2) and biological
events (Fig.3) with the newly developed ISWE010 EIA
mini-kit were comparable to the 11-oxoetiocholanolone
EIA (UVM 72T) developed by Méstl and coworkers (Mostl
et al., 2002). Correlations between data analysed on both
EIAs were highly correlated, with correlation coefficients
ranging from 0.78 to 1.00, with the exception of a male
Asian elephant, Elephas maximus, where general trends
were visually similar, but the peak post-translocation
was more pronounced on the UVM 72T assay. Across
individuals, overall concentrations did differ, with a greater
magnitude response obtained on the ISWE010 EIA mini-
kit in 18 out of 21 direct comparisons (Supplementary
Material, Table S1). Compared to other, previously published
assays that target either parent hormone or alternative
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Figure 1: fGCM concentrations in four (A-D) female blue-and-yellow macaws (Ara ararauna) measured using the ISWE010 EIA mini-kit
(triangle) and the previously published 11-oxoetiocholanolone EIA (circle) by Mostl et al. (2002). Solid lines with closed shapes represent fGCM
concentrations following an ACTH challenge (time 0); dotted lines with open symbols represent baseline/control concentrations collected from
the same individuals without manipulation 15-days later. Comparison data from De Almeida et al. (2018)

metabolite groups, data were generally well correlated,
with correlation coefficients >0.7 in 11 of 19 individuals.
However, some discrepancies were observed. Among these
were the Krefft’s glider described above, and a single
brushtail possum with poor correlation compared to three
conspecifics; however, only limited samples were available
from this individual, so peak f{GCM excretion may have been
missed.

Discussion

An 11-oxoetiocholanolone EIA (Mostl et al., 2002) has previ-
ously proven well suited to evaluate adrenocortical activity in
a variety of species; however, it utilizes a biotinylated label and
its application is restricted to highly specialized laboratories,
hindering a broader application. Therefore, ISWE, in cooper-

ation with Arbor Assays Inc., set out to create a comparable,
and commercially available, 11-oxoetiocholanolone mini-kit
to expand the availability of this group-specific approach
for measuring glucocorticoid metabolites. This ISWE010 EIA
mini-kit was tested with faecal samples from pharmacological
and biological challenge events in 25 wildlife species. In 23
species, increased fGCMs, exceeding a 2-fold increase from
baseline, were detected in response to pharmacological or
biological validation. Further, in 11 of those species, data were
compared to the originally developed 11-oxoetiocholanolone
(UVM 72 T) EIA and were highly correlated. We included
a variety of species in this study, including one bird, two
bats, four primates, two Giraffidae, six Bovidae, four mar-
supials, one monotreme, one carnivore, two elephants, a
hippopotamus and a manatee. The previously described 11-
oxoetiocholanolone assay has similarly been validated for
a wide range of species, suggesting the versatility of this
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Figure 2: fGCM concentrations in male (solid line, closed shapes) and female (dashed line, open shapes) (A) roan antelope, Hippotragus
equinus, (B) Samango monkey, Cercopithecus albogularis, (C) cape buffalo, Syncerus caffer, and (D) brushtail possum, Trichosurus vulpecula
following ACTH challenge (time 0) measured using the ISWEQ10 EIA mini-kit (black triangle) and the previously published
11-oxoetiocholanolone EIA (circle) by Mostl et al. (2002) or 11-oxoetiocholanolone EIA (diamond) by Palme and Méstl (1997). Comparison data
from Ganswindt et al. (2012b), Scheun et al. (2020), Cope et al. (2022) and Kamgang et al. (2022), respectively

group-specific antibody for quantifying fGCMs. However,
data from one of the marsupials, the Krefft’s glider, were
opposite to those expected in comparison to an alternative,
validated cortisol assay (Dimovski et al., 2025), highlighting
that as hormone metabolism is known to differ between
species, biological validation of assay suitability is essential
in addition to analytical validation (Palme, 2019). Even for
those species where the assay was considered validated, there
are some cases where other assays were more sensitive to
changes in adrenocortical activity, or where magnitude of
change was moderate, warranting further assay comparison
and validation. The Ankole cow is an example of this; it is
unclear whether this assay is unsuitable for detecting changes
in fGCMs in this species, or merely that the event used
for biological validation here did not stimulate a significant
increase in adrenal activity.

We utilized a range of different validation events, includ-
ing several biological (inter-zoo translocation, wild capture,
social disruption, illness/injury and veterinary intervention)
and pharmacological (ACTH) challenges. Thorough valida-
tion is a crucial component of any study assessing adrenal
activity (Touma and Palme, 2005; Palme, 2019) to ensure that
metabolites measured non-invasively are both biologically
meaningful and accurately measured by the assay of choice.
There can be different factors in the choice of validation,
however. For example, ACTH challenges have often been
considered the gold-standard for validation as they directly
stimulate the production of GCs from the adrenal gland,
offering the opportunity to measure circulating or excreted
metabolites over a defined timeframe. However, they may
require additional permissions and licences and so might
not be feasible for all researchers. In contrast, biological
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validations can take advantage of activities or events that
occur naturally or as part of animal management practices.
They may not always provide as high a magnitude response
as ACTH challenges, but researchers can be assured that sig-
nificant changes in concentrations reflect biologically relevant
responses. Indeed here, peak increases were more than 13-fold
post-translocation in a male okapi, Okapia johnstoni; 16-
fold in a male Florida manatee, Trichechus manatus latirostri,
following surgical treatment; and 28-fold in a mixed-sex
group of ghost bats, Macroderma gigas, following a biopsy;
indicating that with the appropriate assay, similar magnitude
changes can be observed. We also applied a range of extrac-
tion techniques as determined by the species and standard lab-
oratory practices at each of our testing facilities; although this
may introduce differences in absolute concentrations reported
here, clear increases post-challenge were apparent. The deci-
sion of sample pre-processing—wet vs. dry extraction, the
type (ethanol or methanol) and concentration of solvent, and
the presence or absence of a concentration step remains the
responsibility of each lab to ensure optimal methodology for
the species and hormones of interest (Palme ez al., 2013).

Here, we opportunistically compared assay data for
a subset of species either to the previously described
11-oxoetiocholanolone assay (Mostl et al., 2002) or to
alternative GC assays that had been previously published
using the same sample sets. Compared to the Mostl er al.
(2002) 11-oxoetiocholanolone assay on which this new
mini-kit was based, concentrations in some species were
slightly higher, others slightly lower, but trends over time
and magnitude of response were consistent. This indicates
that the new EIA may have slightly higher or lower cross-
reactivity with particular f{GCMs present in those species,
but interpretation of the adrenal response to stimulation is

largely similar. It is important to remember that different
assays will always yield slightly different results due to
their cross-reactivity with particular metabolites, as well
as varying environmental conditions between laboratories,
so relative changes can be more informative than absolute
concentrations (Mostl et al., 2005; Palme, 2019). Used with
appropriate care, GCs are useful biomarkers for assessing
acute responses to stress, but this is a complex biological
process with both normal and pathological actions of
interest to researchers investigating animal physiology and
its implication on well-being and conservation. As the output
of the adrenal gland can potentially differ under different
situations (Vera ef al., 2011; Koren et al., 2012; Gong
et al., 2015), further investigations are required to determine
if this assay will also be useful for monitoring changes
in normal physiological patterns [e.g. reproductive-related
changes (Kersey et al., 2011, Fanson et al., 2014, Edwards
et al., 2020)], and longer-term alterations in GCs that can
be indicative of chronic stress or adaptation to a changing
environment. Research in additional species should include
similar validations and consider a comparison of multiple
assays to determine the optimal tool(s) for the selected species
and research question.

There can be considerable differences regarding
metabolism and excretion of GCs across species (Palme
et al., 2005), resulting in diverse groups of f{GCMs excreted.
Parent hormone (e.g. cortisol and corticosterone) antibodies
can be advantageous where a high proportion of minimally
metabolized hormone is excreted [e.g. barbary macaque,
Macaca sylvanus (Heistermann et al., 2006, Edwards et al.,
2013)] or are often used as multi-species assays due to their
cross-reactivity with multiple (often unidentified) metabo-
lites. Conversely, group-specific antibodies are designed for
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particular metabolite groups, and have often been found
to be more sensitive to changes in adrenal activity. It is
becoming more common to compare multiple assays during
the validation stage, often including both parent and group-
specific options [see (Fanson et al., 2017, Hovland et al.,
2017, Medger et al., 2018, Puehringer-Sturmayr et al., 2018,
Webster et al., 2018, Lavin et al, 2019) for examples
of this approach across taxa]. Although we could not
compare all samples tested here across multiple assays, we
were able to do this opportunistically. All the previously
published datasets utilized here had taken that approach,
and the relative magnitude and timeframe of increases post-
challenge using the 11-oxoetiocholanolone ISWE010 EIA
were comparable to those previously reported. With the
notable exception of the Krefft’s glider where the cortisol
ISWEQ02 performed significantly better, the ISWE010 assay
performed comparably to the previously selected assay. Of the
previously unpublished data, although alternative assays were
compared and, in some cases, the ISWE010 performed better,
this was not done systematically, and so further investigation
is warranted in these species.

One important finding during testing of this new mini-kit
was that it is important to follow kit instructions for optimal
assay performance; repeated freeze-thaws and storage at inap-
propriate temperatures (specifically —80°C as opposed to the
recommended —20°C) can have negative consequences for
assay performance. This highlights the need for good quality
control measures to ensure assay and therefore data robust-
ness. Overall, the ISWE010 EIA mini-kit performed well on
faecal samples from a wide variety of species tested, with com-
parable responses following pharmacological (ACTH chal-
lenges) and biological (stressful events like transportation)
validation to that of previously described EIAs. Users must
ensure similar thorough validation prior to use to ensure
optimal assay choice for each new species of interest.

Acknowledgements

We thank people at the various zoos and institutions who
helped with sample collection and analysis.

Author contributions

K.LE., R.P, B.OH., CJ.W,, LM.P,, J.L.B. and A.G. con-
ceived the study. E.M., R.P., B.O’H. and K.L.E. developed the
methodology; E.M. produced the immunogen for antibody
production, and the 11-oxoetiocholanolone-CMO for label
production; B.O’H. conducted mini-kit development and
optimization. E.M., R.P., B.O’H., K.L.E., K.V.E, A.G., TK.,
L.M.P. and C.J.W. provided resources or samples. K.L.E.,
AM.D,, K.VE, A.G, S.B.G., N.H., TK., R.P, LLM.P,, S.A.S.
and C.J.W. ran assays and compiled data for analysis; K.L.E.
conducted formal analyses. K.L.E. and R.P. wrote the first
draft of the manuscript; C.J.W. and K.L.E. produced final

Toolbox

figures. All authors read, commented and agreed to the final
submitted manuscript.

Conflicts of interest

Bobbi O’Hara is employed by Arbor Assays, Inc., which pro-
duces the ISWE010 mini-kit described herein. This product
is sold commercially at-cost to members of the International
Society of Wildlife Endocrinology, for which several other co-
authors serve as board or emeritus board members but do not
benefit financially from serving in these roles.

Funding

This work was supported by the International Society of
Wildlife Endocrinology, Arbor Assays, Inc., and the University
of Veterinary Medicine, Vienna.

Data availability

The data underlying this article are available in the article
and in its online supplementary material. Information on
underlying assay metrics not found herein will be shared on
reasonable request to the corresponding author.

Supplementary material

Supplementary Material is available at Conservation Physiol-
ogy online.

References

Anderwald P, Campell Andri S, Palme R (2021) Reflections of ecological
differences? Stress responses of sympatric Alpine chamois and red
deer to weather, forage quality, and human disturbance. Ecol Evol 11:
15740-15753. https://doi.org/10.1002/ece3.8235.

Bashaw MJ, Sicks F, Palme R, Schwarzenberger F, Tordiffe AS, Ganswindt
A (2016) Non-invasive assessment of adrenocortical activity as a
measure of stress in giraffe (Giraffa camelopardalis). BVIC Vet Res 12:
235. https://doi.org/10.1186/512917-016-0864-8.

Bauer B, Palme R, Machatschke IH, Dittami J, Huber S (2008) Non-invasive
measurement of adrenocortical and gonadal activity in male and
female Guinea pigs (Cavia aperea f. porcellus). Gen Comp Endocrinol
156: 482-489. https://doi.org/10.1016/j.ygcen.2008.03.020.

Britnell JA, Palme R, Kerley GI, Jackson J, Shultz S (2024) Previous assess-
ments of faecal glucocorticoid metabolites in cape mountain zebra
(Equus zebra zebra) were flawed. Functional Ecology 38: 1862—1874.
https://doi.org/10.1111/1365-2435.14621.

Chelini M-OM, Otta E, Yamakita C, Palme R (2010) Sex differences
in the excretion of fecal glucocorticoid metabolites in the Syrian
hamster. Journal of Comparative Physiology B-Biochemical Systemic
and Environmental Physiology 180:919-925. https://doi.org/10.1007/
s00360-010-0467-9.

GZ0Z JoqWIBAON GZ UO J8sn USIA) 19B)ISISAIUN ayosiuizipawieeuLIBIaA AQ 901 0E8/y.04e09/L /¢ L/oonte/sAyduoo/woo dno-olwspeose)/:sdiy wolj pspeojumoqd


https://academic.oup.com/conphys/article-lookup/doi/10.1093/conphys/coaf074#supplementary-data
https://doi.org/10.1002/ece3.8235
https://doi.org/10.1002/ece3.8235
https://doi.org/10.1002/ece3.8235
https://doi.org/10.1002/ece3.8235
https://doi.org/10.1186/s12917-016-0864-8
https://doi.org/10.1186/s12917-016-0864-8
https://doi.org/10.1186/s12917-016-0864-8
https://doi.org/10.1186/s12917-016-0864-8
https://doi.org/10.1016/j.ygcen.2008.03.020
https://doi.org/10.1016/j.ygcen.2008.03.020
https://doi.org/10.1016/j.ygcen.2008.03.020
https://doi.org/10.1016/j.ygcen.2008.03.020
https://doi.org/10.1016/j.ygcen.2008.03.020
https://doi.org/10.1111/1365-2435.14621
https://doi.org/10.1111/1365-2435.14621
https://doi.org/10.1111/1365-2435.14621
https://doi.org/10.1007/s00360-010-0467-9
https://doi.org/10.1007/s00360-010-0467-9
https://doi.org/10.1007/s00360-010-0467-9
https://doi.org/10.1007/s00360-010-0467-9

Toolbox

Chizzola M, Belton L, Ganswindt A, Greco |, Hall G, Swanepoel L, Dalerum
F (2018) Landscape level effects of lion presence (Panthera leo) on
two contrasting prey species. Front Ecol Evol 6: 191. https://doi.
org/10.3389/fevo.2018.00191.

Cope HR, Keeley T, Keong J, Smith D, Silva FR, McArthur C, Webster KN,
Mella VS, Herbert CA (2022) Validation of an enzyme immunoassay
to measure faecal glucocorticoid metabolites in common brushtail
possums (Trichosurus vulpecula) to evaluate responses to rehabilita-
tion. Animals 12: 1627. https://doi.org/10.3390/ani12131627.

De Almeida AC, Palme R, Moreira N (2018) How environmental
enrichment affects behavioral and glucocorticoid responses
in captive blue-and-yellow macaws (Ara ararauna). Applied
Animal Behaviour Science 201: 125-135. https://doi.org/10.1016/j.
applanim.2017.12.019.

Dimovski AM, Fanson KV, Edwards AM, Robert KA (2025) Short- and
long-wavelength lights disrupt endocrine signalling but notimmune
function in a nocturnal marsupial. Conservation. Physiology 13:
coae092. https://doi.org/10.1093/conphys/coae092.

Edwards KL, Pilgrim M, Brown JL, Walker SL (2020) Irregular ovar-
ian cyclicity is associated with adrenal activity in female eastern
black rhinoceros (Diceros bicornis michaeli). Gen Comp Endocrinol 289:
113376. https://doi.org/10.1016/j.ygcen.2019.113376.

Edwards KL, Walker SL, Bodenham RF, Ritchie H, Shultz S (2013) Associ-
ations between social behaviour and adrenal activity in female bar-
bary macaques: consequences of study design. Gen Comp Endocrinol
186: 72-79. https://doi.org/10.1016/j.ygcen.2013.02.023.

Eguizébal GV, Palme R, Villarreal D, Dal Borgo C, Di Rienzo JA, Busso
JM (2013) Assessment of adrenocortical activity and behavior of
the collared anteater (Tamandua tetradactyla) in response to food-
based environmental enrichment. Zoo Biol 32: 632—640. https://doi.
0rg/10.1002/z00.21100.

Fanson KV, Best EC, Bunce A, Fanson BG, Hogan LA, Keeley T, Narayan
EJ, Palme R, Parrott ML, Sharp TM et al. (2017) One size does not
fit all: monitoring faecal glucocorticoid metabolites in marsupi-
als. Gen Comp Endocrinol 244: 146-156. https://doi.org/10.1016/j.
ygcen.2015.10.011.

Fanson KV, Keeley T, Fanson BG (2014) Cyclic changes in cortisol across
the estrous cycle in parous and nulliparous Asian elephants. Endocr
Connect 3: 57-66. https://doi.org/10.1530/EC-14-0025.

Franceschini C, Siutz C, Palme R, Millesi E (2007) Seasonal changes in
cortisol and progesterone secretion in common hamsters. Gen Comp
Endocrinol 152: 14-21. https://doi.org/10.1016/j.ygcen.2007.02.008.

Frigerio D, Dittami J, Mostl E, Kotrschal K (2004) Excreted corticosterone
metabolites co-vary with ambient temperature and air pressure in
male Greylag geese (Anser anser). Gen Comp Endocrinol 137: 29-36.
https://doi.org/10.1016/j.ygcen.2004.02.013.

Ganswindt A, Brown JL, Freeman EW, Kouba AJ, Penfold LM, Santymire
RM, Vick MM, Wielebnowski N, Willis EL, Milnes MR (2012a) Inter-
national Society for Wildlife Endocrinology: the future of endocrine
measures for reproductive science, animal welfare and conservation
biology. Biol Lett 8:695-697. https://doi.org/10.1098/rsbl.2011.1181.

Conservation Physiology - Volume 13 2025

Ganswindt A, Muenscher S, Henley M, Palme R, Thompson P,
Bertschinger H (2010) Concentrations of faecal glucocorticoid
metabolites in physically injured free-ranging African elephants
Loxodonta africana. Wildlife Biology 16: 323-332. https://doi.
org/10.2981/09-081.

Ganswindt A, Palme R, Heistermann M, Borragan S, Hodges JK (2003)
Non-invasive assessment of adrenocortical function in the male
African elephant (Loxodonta africana) and its relation to musth. Gen
Comp Endocrinol 134: 156-166. https://doi.org/10.1016/50016-6480
(03)00251-X.

Ganswindt A, Tordiffe A, Stam E, Howitt M, Jori F (2012b) Determin-
ing adrenocortical activity as a measure of stress in African buf-
falo (Syncerus caffer) based on faecal analysis. African Zoology 47:
261-269. https://doi.org/10.3377/004.047.0211.

Ganswindt SB, Myburgh JG, Cameron EZ, Ganswindt A (2014) Non-
invasive assessment of adrenocortical function in captive Nile
crocodiles (Crocodylus niloticus). Comp Biochem Physiol A Mol Integr
Physiol 177:11-17. https://doi.org/10.1016/j.cbpa.2014.07.013.

Gong S, Miao Y-L, Jiao G-Z, Sun M-J, Li H, Lin J, Luo M-J, Tan J-H (2015)
Dynamics and correlation of serum cortisol and corticosterone under
different physiological or stressful conditions in mice. PloS One 10:
e0117503. https://doi.org/10.1371/journal.pone.0117503.

Heistermann M, Palme R, Ganswindt A (2006) Comparison of different
enzymeimmunoassays for assessment of adrenocortical activity in
primates based on fecal analysis. Am J Primatol 68: 257-273. https://
doi.org/10.1002/ajp.20222.

Hovland AL, Red AMS, Eriksen MS, Palme R, Nordgreen J, Mason
GJ (2017) Faecal cortisol metabolites as an indicator of adreno-
cortical activity in farmed silver foxes (Vulpes vulpes). Applied
Animal Behaviour Science 197: 75-80. https://doi.org/10.1016/j.
applanim.2017.08.009.

Huber S, Palme R, Zenker W, Mostl E (2003) Non-invasive monitoring of
the adrenocortical response in red deer. Journal of Wildlife Manage-
ment 67: 258-266. https://doi.org/10.2307/3802767.

Hulsman A, Dalerum F, Ganswindt A, Muenscher S, Bertschinger HJ, Paris
M (2011) Non-invasive monitoring of glucocorticoid metabolites in
brown hyaena (Hyaena brunnea) feces. Zoo Biol 30: 451-458. https://
doi.org/10.1002/200.20325.

Jepsen EM, Scheun J, Dehnhard M, Kumar V, Umapathy G, Ganswindt
A (2021) Non-invasive monitoring of glucocorticoid metabolite
concentrations in native Indian, as well as captive and re-wilded
tigers in South Africa. Gen Comp Endocrinol 308: 113783. https://doi.
org/10.1016/j.ygcen.2021.113783.

Kamgang VW, Bennett NC, van der Goot AC, Majelantle TL, Ganswindt
A (2022) Patterns of faecal glucocorticoid metabolite levels in cap-
tive roan antelope (Hippotragus equinus) in relation to reproductive
status and season. Gen Comp Endocrinol 325: 114052. https://doi.
org/10.1016/j.ygcen.2022.114052.

Kersey DC, Wildt DE, Brown JL, Snyder RJ, Huang Y, Monfort SL (2011)
Rising fecal glucocorticoid concentrations track reproductive
activity in the female giant panda (Ailuropoda melanoleuca).

GZ0Z JoqWIBAON GZ UO J8sn USIA) 19B)ISISAIUN ayosiuizipawieeuLIBIaA AQ 901 0E8/y.04e09/L /¢ L/oonte/sAyduoo/woo dno-olwspeose)/:sdiy wolj pspeojumoqd


https://doi.org/10.3389/fevo.2018.00191
https://doi.org/10.3389/fevo.2018.00191
https://doi.org/10.3389/fevo.2018.00191
https://doi.org/10.3389/fevo.2018.00191
https://doi.org/10.3390/ani12131627
https://doi.org/10.3390/ani12131627
https://doi.org/10.3390/ani12131627
https://doi.org/10.3390/ani12131627
https://doi.org/10.1016/j.applanim.2017.12.019
https://doi.org/10.1016/j.applanim.2017.12.019
https://doi.org/10.1016/j.applanim.2017.12.019
https://doi.org/10.1016/j.applanim.2017.12.019
https://doi.org/10.1016/j.applanim.2017.12.019
https://doi.org/10.1093/conphys/coae092
https://doi.org/10.1093/conphys/coae092
https://doi.org/10.1093/conphys/coae092
https://doi.org/10.1093/conphys/coae092
https://doi.org/10.1093/conphys/coae092
https://doi.org/10.1016/j.ygcen.2019.113376
https://doi.org/10.1016/j.ygcen.2019.113376
https://doi.org/10.1016/j.ygcen.2019.113376
https://doi.org/10.1016/j.ygcen.2019.113376
https://doi.org/10.1016/j.ygcen.2019.113376
https://doi.org/10.1016/j.ygcen.2013.02.023
https://doi.org/10.1016/j.ygcen.2013.02.023
https://doi.org/10.1016/j.ygcen.2013.02.023
https://doi.org/10.1016/j.ygcen.2013.02.023
https://doi.org/10.1016/j.ygcen.2013.02.023
https://doi.org/10.1002/zoo.21100
https://doi.org/10.1002/zoo.21100
https://doi.org/10.1002/zoo.21100
https://doi.org/10.1002/zoo.21100
https://doi.org/10.1016/j.ygcen.2015.10.011
https://doi.org/10.1016/j.ygcen.2015.10.011
https://doi.org/10.1016/j.ygcen.2015.10.011
https://doi.org/10.1016/j.ygcen.2015.10.011
https://doi.org/10.1016/j.ygcen.2015.10.011
https://doi.org/10.1530/EC-14-0025
https://doi.org/10.1530/EC-14-0025
https://doi.org/10.1530/EC-14-0025
https://doi.org/10.1530/EC-14-0025
https://doi.org/10.1016/j.ygcen.2007.02.008
https://doi.org/10.1016/j.ygcen.2007.02.008
https://doi.org/10.1016/j.ygcen.2007.02.008
https://doi.org/10.1016/j.ygcen.2007.02.008
https://doi.org/10.1016/j.ygcen.2007.02.008
https://doi.org/10.1016/j.ygcen.2004.02.013
https://doi.org/10.1016/j.ygcen.2004.02.013
https://doi.org/10.1016/j.ygcen.2004.02.013
https://doi.org/10.1016/j.ygcen.2004.02.013
https://doi.org/10.1016/j.ygcen.2004.02.013
https://doi.org/10.1098/rsbl.2011.1181
https://doi.org/10.1098/rsbl.2011.1181
https://doi.org/10.1098/rsbl.2011.1181
https://doi.org/10.1098/rsbl.2011.1181
https://doi.org/10.2981/09-081
https://doi.org/10.2981/09-081
https://doi.org/10.2981/09-081
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.1016/S0016-6480(03)00251-X
https://doi.org/10.3377/004.047.0211
https://doi.org/10.3377/004.047.0211
https://doi.org/10.3377/004.047.0211
https://doi.org/10.1016/j.cbpa.2014.07.013
https://doi.org/10.1016/j.cbpa.2014.07.013
https://doi.org/10.1016/j.cbpa.2014.07.013
https://doi.org/10.1016/j.cbpa.2014.07.013
https://doi.org/10.1016/j.cbpa.2014.07.013
https://doi.org/10.1371/journal.pone.0117503
https://doi.org/10.1371/journal.pone.0117503
https://doi.org/10.1371/journal.pone.0117503
https://doi.org/10.1371/journal.pone.0117503
https://doi.org/10.1371/journal.pone.0117503
https://doi.org/10.1002/ajp.20222
https://doi.org/10.1002/ajp.20222
https://doi.org/10.1002/ajp.20222
https://doi.org/10.1002/ajp.20222
https://doi.org/10.1016/j.applanim.2017.08.009
https://doi.org/10.1016/j.applanim.2017.08.009
https://doi.org/10.1016/j.applanim.2017.08.009
https://doi.org/10.1016/j.applanim.2017.08.009
https://doi.org/10.1016/j.applanim.2017.08.009
https://doi.org/10.2307/3802767
https://doi.org/10.2307/3802767
https://doi.org/10.2307/3802767
https://doi.org/10.1002/zoo.20325
https://doi.org/10.1002/zoo.20325
https://doi.org/10.1002/zoo.20325
https://doi.org/10.1002/zoo.20325
https://doi.org/10.1016/j.ygcen.2021.113783
https://doi.org/10.1016/j.ygcen.2021.113783
https://doi.org/10.1016/j.ygcen.2021.113783
https://doi.org/10.1016/j.ygcen.2021.113783
https://doi.org/10.1016/j.ygcen.2021.113783
https://doi.org/10.1016/j.ygcen.2022.114052
https://doi.org/10.1016/j.ygcen.2022.114052
https://doi.org/10.1016/j.ygcen.2022.114052
https://doi.org/10.1016/j.ygcen.2022.114052
https://doi.org/10.1016/j.ygcen.2022.114052

Conservation Physiology - Volume 13 2025

Gen Comp Endocrinol 173: 364-370. https://doi.org/10.1016/j.
ygcen.2011.06.013.

Kidawa D, Wojczulanis-Jakubas K, Jakubas D, Palme R, Stempniewicz
L, Barcikowski M, Keslinka-Nawrot L (2014) Variation in faecal corti-
costerone metabolites in an Arctic seabird, the little auk (Alle alle)
during the nesting period. Polar Biology 37: 641-649. https://doi.
org/10.1007/s00300-014-1464-3.

Kleinsasser C, Graml C, Klobetz-Rassam E, Barth K, Waiblinger S, Palme R
(2010) Physiological validation of a non-invasive method for measur-
ing adrenocortical activity in goats. Wiener Tierarztliche Monatsschrift
97:259-262.

Koren L, Whiteside D, Fahlman A, Ruckstuhl K, Kutz S, Checkley S,
Dumond M, Wynne-Edwards K (2012) Cortisol and corticosterone
independence in cortisol-dominant wildlife. Gen Comp Endocrinol
177:113-119. https://doi.org/10.1016/j.ygcen.2012.02.020.

Lavin SR, Woodruff MC, Atencia R, Cox D, Woodruff GT, Setchell
JM, Wheaton CJ (2019) Biochemical and biological validations of
a faecal glucocorticoid metabolite assay in mandrills (Mandrillus
sphinx). Conservation. Physiology 7: coz032. https://doi.org/10.1093/
conphys/coz032.

MacDougall-Shackleton SA, Bonier F, Romero LM, Moore IT (2019) Glu-
cocorticoids and “stress”are not synonymous. Integrative Organismal
Biology 1: 0bz017. https://doi.org/10.1093/iob/obz017.

Majelantle TL, Bennett NC, Ganswindt SB, Hart DW, Ganswindt A (2023)
Validation of enzyme immunoassays via an adrenocorticotrophic
stimulation test for the non-invasive quantification of stress-related
hormone metabolites in naked mole-rats. Animals 13: 1424. https://
doi.org/10.3390/ani13081424.

Medger K, Bennett NC, Lutermann H, Ganswindt A (2018) Non-invasive
assessment of glucocorticoid and androgen metabolite levels in
cooperatively breeding Damaraland mole-rats (Fukomys damaren-
sis). Gen Comp Endocrinol 266: 202-210. https://doi.org/10.1016/j.
ygcen.2018.05.018.

Mostl E, Maggs JL, Schrotter G, Besenfelder U, Palme R (2002) Measure-
ment of cortisol metabolites in faeces of ruminants. Vet Res Commun
26: 127-139. https://doi.org/10.1023/A:1014095618125.

Mostl E, Palme R (2002) Hormones as indicators of stress. Domest
Anim Endocrinol 23: 67-74. https://doi.org/10.1016/5S0739-7240(02
)00146-7.

Mostl E, Rettenbacher S, Palme R (2005) Measurement of corticosterone
metabolites in birds'droppings: an analytical approach. In Bauchinger
UGWJS ed, Bird Hormones and Bird Migrations: Analyzing Hormones in
Droppings and Egg Yolks and Assessing Adaptations in Long-Distance
Migration 1046: 17-34. https://doi.org/10.1196/annals.1343.004.

Ozkan Giilzari §, Jergensen GHM, Eilertsen SM, Hansen |, Hagen SB,
Flgystad |, Palme R (2019) Measuring faecal glucocorticoid metabo-
lites to assess adrenocortical activity in reindeer. Animals 9: 987.
https://doi.org/10.3390/ani9110987.

Palme R (2019) Non-invasive measurement of stress hormones:
advances and problems. Physiol Behav 199: 229-243. https://doi.
org/10.1016/j.physbeh.2018.11.021.

Toolbox

Palme R, M&stl E (1997) Measurement of cortisol metabolites in faeces
of sheep as a parameter of cortisol concentration in blood. Zeitschrift
fur Saugetierkunde-international journal of. Mammalian Biology 62:
192-197.

Palme R, Rettenbacher S, Touma C, El-Bahr SM, M&stl E (2005) Stress
hormones in mammals and birds. Comparative aspects regard-
ing metabolism, excretion, and noninvasive measurement in fecal
samples. Ann N Y Acad Sci 1040: 162—171. https://doi.org/10.1196/
annals.1327.021.

Palme R, Touma C, Arias N, Dominchin MF, Lepschy M (2013) Steroid
extraction: get the best out of faecal samples. Wiener Tiercirzt! Mschrift
— Vet Med Austria 100: 238-246.

Périquet S, Richardson P, Cameron EZ, Ganswindt A, Belton L, Loubser E,
Dalerum F (2017) Effects of lions on behaviour and endocrine stress
in plains zebras. Ethology 123: 667-674. https://doi.org/10.1111/
eth.12638.

Puehringer-Sturmayr V, Wascher CAF, Loretto M-C, Palme R, Stoewe M,
Kotrschal K, Frigerio D (2018) Seasonal differences of corticosterone
metabolite concentrations and parasite burden in northern
bald ibis (Geronticus eremita): the role of affiliative interactions.
PloS One 13: e0191441. https://doi.org/10.1371/journal.
pone.0191441.

Rehnus M, Hacklander K, Palme R (2009) A non-invasive method for mea-
suring glucocorticoid metabolites (GCM) in mountain hares (Lepus
timidus). European Journal of Wildlife Research 55: 615-620. https://
doi.org/10.1007/5s10344-009-0297-9.

Rehnus M, Wehrle M, Palme R (2014) Mountain hares Lepus timidus and
tourism: stress events and reactions. J Appl Ecol 51: 6-12. https://doi.
org/10.1111/1365-2664.12174.

Russell FA, Johnston SD, Hill A, Roser A, Meer H, Fenelon JC,
Renfree MB, Keeley T (2022) Validation of a non-invasive assess-
ment technique for quantifying faecal glucocorticoid metabolite
concentrations in the short-beaked echidna (Tachyglossus aculea-
tus). Gen Comp Endocrinol 327: 114092. https://doi.org/10.1016/j.
ygcen.2022.114092.

Sandy LK, Fanson KV, Griffiths SR, Robert KA, Palme R, Dimovski AM
(2024) Non-invasive monitoring of adrenocortical activity in the
Gould’s wattled bat (Chalinolobus gouldii). Gen Comp Endocrinol 359:
114619. https://doi.org/10.1016/j.ygcen.2024.114619.

Sarmah J, Hazarika CR, Berkeley EV, Ganswindt SB, Ganswindt A (2017)
Non-invasive assessment of adrenocortical function as a measure of
stress in the endangered golden langur. Zoo Biol 36: 278-283. https://
doi.org/10.1002/200.21369.

Scheun J, Tordiffe AS, Wimberger K, Ganswindt A (2020) Validating a
non-invasive technique for monitoring physiological stress in the
samango monkey. Onderstepoort Journal of Veterinary Research 87:
1-8. https://doi.org/10.4102/0jvr.v87i1.1720.

Sheriff MJ, Dantzer B, Delehanty B, Palme R, Boonstra R (2011)
Measuring stress in  wildlife: techniques for quantifying
glucocorticoids. Oecologia 166: 869-887. https://doi.org/10.1007/
500442-011-1943-y.

GZ0Z JoqWIBAON GZ UO J8sn USIA) 19B)ISISAIUN ayosiuizipawieeuLIBIaA AQ 901 0E8/y.04e09/L /¢ L/oonte/sAyduoo/woo dno-olwspeose)/:sdiy wolj pspeojumoqd


https://doi.org/10.1016/j.ygcen.2011.06.013
https://doi.org/10.1016/j.ygcen.2011.06.013
https://doi.org/10.1016/j.ygcen.2011.06.013
https://doi.org/10.1016/j.ygcen.2011.06.013
https://doi.org/10.1016/j.ygcen.2011.06.013
https://doi.org/10.1007/s00300-014-1464-3
https://doi.org/10.1007/s00300-014-1464-3
https://doi.org/10.1007/s00300-014-1464-3
https://doi.org/10.1007/s00300-014-1464-3
https://doi.org/10.1016/j.ygcen.2012.02.020
https://doi.org/10.1016/j.ygcen.2012.02.020
https://doi.org/10.1016/j.ygcen.2012.02.020
https://doi.org/10.1016/j.ygcen.2012.02.020
https://doi.org/10.1016/j.ygcen.2012.02.020
https://doi.org/10.1093/conphys/coz032
https://doi.org/10.1093/conphys/coz032
https://doi.org/10.1093/conphys/coz032
https://doi.org/10.1093/conphys/coz032
https://doi.org/10.1093/conphys/coz032
https://doi.org/10.1093/iob/obz017
https://doi.org/10.1093/iob/obz017
https://doi.org/10.1093/iob/obz017
https://doi.org/10.1093/iob/obz017
https://doi.org/10.1093/iob/obz017
https://doi.org/10.3390/ani13081424
https://doi.org/10.3390/ani13081424
https://doi.org/10.3390/ani13081424
https://doi.org/10.3390/ani13081424
https://doi.org/10.1016/j.ygcen.2018.05.018
https://doi.org/10.1016/j.ygcen.2018.05.018
https://doi.org/10.1016/j.ygcen.2018.05.018
https://doi.org/10.1016/j.ygcen.2018.05.018
https://doi.org/10.1016/j.ygcen.2018.05.018
https://doi.org/10.1023/A:1014095618125
https://doi.org/10.1023/A:1014095618125
https://doi.org/10.1023/A:1014095618125
https://doi.org/10.1023/A:1014095618125
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1196/annals.1343.004
https://doi.org/10.1196/annals.1343.004
https://doi.org/10.1196/annals.1343.004
https://doi.org/10.1196/annals.1343.004
https://doi.org/10.3390/ani9110987
https://doi.org/10.3390/ani9110987
https://doi.org/10.3390/ani9110987
https://doi.org/10.3390/ani9110987
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1016/j.physbeh.2018.11.021
https://doi.org/10.1196/annals.1327.021
https://doi.org/10.1196/annals.1327.021
https://doi.org/10.1196/annals.1327.021
https://doi.org/10.1196/annals.1327.021
https://doi.org/10.1111/eth.12638
https://doi.org/10.1111/eth.12638
https://doi.org/10.1111/eth.12638
https://doi.org/10.1111/eth.12638
https://doi.org/10.1371/journal.pone.0191441
https://doi.org/10.1371/journal.pone.0191441
https://doi.org/10.1371/journal.pone.0191441
https://doi.org/10.1371/journal.pone.0191441
https://doi.org/10.1371/journal.pone.0191441
https://doi.org/10.1007/s10344-009-0297-9
https://doi.org/10.1007/s10344-009-0297-9
https://doi.org/10.1007/s10344-009-0297-9
https://doi.org/10.1007/s10344-009-0297-9
https://doi.org/10.1111/1365-2664.12174
https://doi.org/10.1111/1365-2664.12174
https://doi.org/10.1111/1365-2664.12174
https://doi.org/10.1016/j.ygcen.2022.114092
https://doi.org/10.1016/j.ygcen.2022.114092
https://doi.org/10.1016/j.ygcen.2022.114092
https://doi.org/10.1016/j.ygcen.2022.114092
https://doi.org/10.1016/j.ygcen.2022.114092
https://doi.org/10.1016/j.ygcen.2024.114619
https://doi.org/10.1016/j.ygcen.2024.114619
https://doi.org/10.1016/j.ygcen.2024.114619
https://doi.org/10.1016/j.ygcen.2024.114619
https://doi.org/10.1016/j.ygcen.2024.114619
https://doi.org/10.1002/zoo.21369
https://doi.org/10.1002/zoo.21369
https://doi.org/10.1002/zoo.21369
https://doi.org/10.1002/zoo.21369
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.4102/ojvr.v87i1.1720
https://doi.org/10.1007/s00442-011-1943-y
https://doi.org/10.1007/s00442-011-1943-y
https://doi.org/10.1007/s00442-011-1943-y
https://doi.org/10.1007/s00442-011-1943-y
https://doi.org/10.1007/s00442-011-1943-y

Toolbox

Sheriff MJ, Wheeler H, Donker SA, Krebs CJ, Palme R, Hik DS, Boonstra
R (2012) Mountain-top and valley-bottom experiences: the stress
axis as an integrator of environmental variability in arctic ground
squirrel populations. J Zool 287: 65-75. https://doi.org/10.1111/
j.1469-7998.2011.00888 x.

Sid-Ahmed O-E, Sanhouri A, Elwaseela B-E, Fadllalah |, Mohammed
G-EE, Méstl E (2013) Assessment of adrenocortical activity by non-
invasive measurement of faecal cortisol metabolites in dromedary
camels (Camelus dromedarius). Tropl Anim Health Prod 45: 1453—1458.
https://doi.org/10.1007/s11250-013-0374-7.

Stocker M, Munteanu A, Stéwe M, Schwab C, Palme R, Bugnyar T (2016)
Loner or socializer? Ravens’ adrenocortical response to individual
separation depends on social integration. Horm Behav 78: 194-199.
https://doi.org/10.1016/j.yhbeh.2015.11.009.

Touma C, Palme R (2005) Measuring fecal glucocorticoid metabolites in
mammals and birds: the importance of validation. Ann N 'Y Acad Sci
1046: 54-74. https://doi.org/10.1196/annals.1343.006.

Touma C, Sachser N, Mostl E, Palme R (2003) Effects of sex and time of
day on metabolism and excretion of corticosterone in urine and feces
of mice. Gen Comp Endocrinol 130: 267-278. https://doi.org/10.1016/
S0016-6480(02)00620-2.

Vera F, Antenucci CD, Zenuto RR (2011) Cortisol and corticosterone
exhibit different seasonal variation and responses to acute stress and

Conservation Physiology - Volume 13 2025

captivity in tuco-tucos (Ctenomys talarum). Gen Comp Endocrinol 170:
550-557. https://doi.org/10.1016/j.ygcen.2010.11.012.

Vogt A, von Borstel UK, Waiblinger S, Palme R, Barth K (2023) Fecal
cortisol metabolites reflect transport stress in 3-month-old dairy
calves pre-and postweaning: a pilot study. J Dairy Sci 106: 2124-2136.
https://doi.org/10.3168/jds.2022-22341.

Watson R, Munro C, Edwards KL, Norton V, Brown JL, Walker SL (2013)
Development of a versatile enzyme immunoassay for non-invasive
assessment of glucocorticoid metabolites in a diversity of taxonomic
species. Gen Comp Endocrinol 186: 16-24. https://doi.org/10.1016/j.
ygcen.2013.02.001.

Webster AB, Burroughs REJ, Laver P, Ganswindt A (2018) Non-invasive
assessment of adrenocortical activity as a measure of stress in
leopards Panthera pardus. African Zoology 53: 53-60. https://doi.
org/10.1080/15627020.2018.1467280.

WoIf TE, De Haast AR, Meyer LC, Gerber D, Ganswindt A (2021) Measuring
faecal glucocorticoid metabolite concentrations as an indicator of
stress in blue wildebeest (Connochaetes taurinus). African Journal of
Wildlife Research 51: 90-99. https://doi.org/10.3957/056.051.0090.

Zbyryt A, Bubnicki JW, Kuijper DP, Dehnhard M, Churski M, Schmidt
K (2018) Do wild ungulates experience higher stress with humans
than with large carnivores? Behavioral Ecology 29: 19-30. https://doi.
org/10.1093/beheco/arx142.

GZ0Z JoqWIBAON GZ UO J8sn USIA) 19B)ISISAIUN ayosiuizipawieeuLIBIaA AQ 901 0E8/y.04e09/L /¢ L/oonte/sAyduoo/woo dno-olwspeose)/:sdiy wolj pspeojumoqd


https://doi.org/10.1111/j.1469-7998.2011.00888.x
https://doi.org/10.1111/j.1469-7998.2011.00888.x
https://doi.org/10.1111/j.1469-7998.2011.00888.x
https://doi.org/10.1111/j.1469-7998.2011.00888.x
https://doi.org/10.1111/j.1469-7998.2011.00888.x
https://doi.org/10.1007/s11250-013-0374-7
https://doi.org/10.1007/s11250-013-0374-7
https://doi.org/10.1007/s11250-013-0374-7
https://doi.org/10.1007/s11250-013-0374-7
https://doi.org/10.1016/j.yhbeh.2015.11.009
https://doi.org/10.1016/j.yhbeh.2015.11.009
https://doi.org/10.1016/j.yhbeh.2015.11.009
https://doi.org/10.1016/j.yhbeh.2015.11.009
https://doi.org/10.1016/j.yhbeh.2015.11.009
https://doi.org/10.1196/annals.1343.006
https://doi.org/10.1196/annals.1343.006
https://doi.org/10.1196/annals.1343.006
https://doi.org/10.1196/annals.1343.006
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/S0016-6480(02)00620-2
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.3168/jds.2022-22341
https://doi.org/10.3168/jds.2022-22341
https://doi.org/10.3168/jds.2022-22341
https://doi.org/10.3168/jds.2022-22341
https://doi.org/10.1016/j.ygcen.2013.02.001
https://doi.org/10.1016/j.ygcen.2013.02.001
https://doi.org/10.1016/j.ygcen.2013.02.001
https://doi.org/10.1016/j.ygcen.2013.02.001
https://doi.org/10.1016/j.ygcen.2013.02.001
https://doi.org/10.1080/15627020.2018.1467280
https://doi.org/10.1080/15627020.2018.1467280
https://doi.org/10.1080/15627020.2018.1467280
https://doi.org/10.3957/056.051.0090
https://doi.org/10.3957/056.051.0090
https://doi.org/10.3957/056.051.0090
https://doi.org/10.1093/beheco/arx142
https://doi.org/10.1093/beheco/arx142
https://doi.org/10.1093/beheco/arx142
https://doi.org/10.1093/beheco/arx142
https://doi.org/10.1093/beheco/arx142

	 Development of an 11-oxoetiocholanolone mini-kit for the quantification of faecal glucocorticoid metabolites in various wildlife species
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Author contributions
	Conflicts of interest
	Funding
	Data availability
	Supplementary material


