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Abstract We studied how fecal age (6, 12, 24, 48, 72, and
168 h) and seasonality affect variation in the fecal steroid
hormone metabolite concentration in three endangered
mammalian species, Mhorr gazelle, Saharan Barbary sheep,
and the Iberian lynx. Except for estrogens, concentrations
remained stable for at least 48 h in the Mhorr gazelle and
the Saharan Barbary sheep. Steroid hormone metabolite
concentration remained stable in the Iberian lynx through-
out the experiment (1 week). Seasonality was the main
factor affecting variation in hormone metabolite concen-
trations, and although the response was species- and
hormone-specific, the dry season resulted in increased
hormone metabolite concentrations, while the wet season
reduced the concentration.

Keywords Ammotragus lervia - Fecal steroids - Gazella
dama mhorr- Hormone degradation - Lynx pardinus
Introduction

Noninvasive fecal steroid metabolite analysis has been
widely developed and used over the last 20 years, and
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longitudinal data series on reproductive status and welfare
of captive, semi-captive, and free-ranging wildlife species
have been collected (reviewed in Schwarzenberger 2007).
However, the accuracy of such analyses may be affected
by fecal sampling and storage (Khan et al. 2002;
Schwarzenberger 2007; Herring and Gawlik 2009), partic-
ularly for free-ranging species, as locating fresh feces daily
may often not be possible or be inappropriate due to
behavioral restrictions (Linklater et al. 2000). Frequently,
the only fecal material available has been exposed to
different environmental/weather conditions for an unknown
length of time.

Because of microbial metabolism and other biochemical
processes that occur over time, changes in humidity and
temperature are probably the most influential environmental
factors affecting steroid metabolite concentration in feces of
free-ranging animals (Washburn and Millspaugh 2002;
Terio et al. 2002). Moreover, under field conditions, the
fecal material undergoes changes in water content derived
from its exposure to changing seasonal environmental
conditions. To avoid bias derived from changing water
content, most studies analyzing fecal steroids use feces that
have been lyophilized before analysis and report the steroid
concentrations as nanograms per gram dry feces. However,
fresh, wet fecal samples are used increasingly (see Pickard
et al. 2001; Schoenecker et al. 2004; Monclus et al. 2009;
Pelican et al. 2009). Although the dilutive effect of water
content on fecal steroid metabolites has been proven
(Monclus et al. 2009), it has not been demonstrated that
bias in results from wet fecal samples not collected daily is
due exclusively to water content, or to the microbiological
and biochemical processes during the time elapsed until
sampling, or a combination of both.

The purpose of this study was to determine the effects of
seasonality on the final concentrations of steroid hormones
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(estrogens, testosterone, and progestagen metabolites) in
fresh feces exposed to field conditions for different periods
of time in order to determine whether fecal material
collected in the field can be used for accurate steroid
hormone metabolite analysis.

The study was carried out using captive individuals of
three endangered mammalian species: one carnivore, the
Iberian lynx (Lynx pardinus), and two herbivores, the
Mhorr gazelle (Gazella dama mhorr) and the Saharan
Barbary sheep (Ammotragus lervia sahariensis). Two
different groups of mammals were used to test the effect
of climatic conditions on different types of fecal material
since hormone degradation is expected to be related to fecal
composition.

Materials and methods
Study areas

Mhorr gazelle (MG) and Saharan Barbary sheep (SBS)
were maintained in captivity in the Parque de Rescate de la
Fauna Sahariana (Estacion Experimental de Zonas Aridas)
in Almeria (36°45' N, 3°00" W) on the Mediterranean coast
of southeastern Spain, one of the warmest and most arid
areas in Europe. The mean annual temperature is 18°C and
the average rainfall is 237 mm (Lazaro et al. 2001). The
Iberian lynx (IL) was kept in the “El Acebuche” breeding
center at Dofiana National Park, which is close to the
Atlantic coast in southwestern Spain (36°56’ N, 6°21" W).
Owing to its proximity to the Mediterranean Sea, the
climatological regime is Mediterranean with Atlantic
influences, the mean annual temperature is 18°C, and the
average rainfall is <600 mm (Yanez et al. 2006).

Source of animals

Feces were collected from captive adults of all three species
which were living in outdoor conditions under captive
breeding programs implemented to prevent their extinction
and support reintroduction into their original habitats (see
Alados et al. 1988; Alados and Vericad 1993; Barbosa and
Espeso 2005; http://www.lynxexsitu.es for more details).
Captive IL were fed live domestic rabbits daily, MG and
SBS were fed commercial pellets, barley, and fresh alfalfa,
and SBS also received a daily ration of straw. Water was
always available ad libitum for all three species.

Experimental design
Early in the morning, feces from ten adult male and ten

adult female MG and SBS were individually collected
immediately after voidance; samples were collected off the
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floor but avoiding those directly in contact with the soil
surface. After collection, 12 individual droppings from each
MG and eight individual droppings from each SBS were
weighed and then stored at —20°C until analysis. The rest of
the droppings, previously homogenized, were placed
directly on soil and exposed to environmental conditions
inside a small open-air enclosure to avoid disturbance. The
same number (12 for MG and 8 for SBS) were then taken
from these previously collected droppings at 6, 12, 24, 48,
72, and 168 h after voidance, weighed and stored at —20°C.
To test for the effect of different climatic conditions, this
sampling procedure was repeated seasonally (spring: April
11-15, 2005; summer: July 4-8, 2005; autumn: November
28 to December 2 2005; winter: February 16-26, 2006). In
addition, after a winter rainfall event, additional samples
were taken 96 h after voidance to test the effect of a
complete event of wetting—drying.

Once each season (spring: May 17-24, 2006; summer:
August 22-28; autumn: December 13-20, 2006; winter:
March 14-21, 2007), fresh feces were also collected early
in the morning from 11 adult female and six adult male IL.
The fecal material collected in the morning was from
depositions left the night before, and the precise time
between the deposition/voidance and fecal collection could
not be known exactly, but was always <10 h. To account
for possible heterogeneous distribution of the steroid
hormones in a single fecal bolus, each was subdivided into
five sections, and a small portion of each section was
immediately frozen until analysis. We thus ensured that
differences in hormone concentration within feces did not
affect the results. The remaining fecal material was placed
directly on soil and exposed to the prevailing environmental
conditions in a protected open-air enclosure and samples of
each portion were taken and frozen until analysis at 12, 24,
48, 72, and 168 h from collection.

Temperature and relative humidity were recorded at 5-
min intervals throughout the study using a micrologger
(HOBO®, ONSET Computer Corporation, USA) placed
10 cm above the soil. Table 1 shows average temperatures,
rainfall, and humidity during the study.

Steroid extraction and assay

Steroid hormone metabolites (progestagens, estrogens, and
testosterone) in all fecal samples were extracted and
determined following standardized procedures. Steroids
were extracted by following a standardized protocol
(Brown et al. 1994) with minor modifications. Briefly,
fecal material was mixed thoroughly and a subsample of
0.18-0.2 g was extracted using ethanol (100%, 4.5 mL) and
distilled water (0.5 mL); after 30 min of shaking (Multi-
pulse vortexer, Glas-Col®, USA), samples were centrifuged
at 1,076 x g for 20 min, the supernatant was transferred to a
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Table 1 Temperature (7, °C), humidity (H, %), and rainfall (mm, mean, range) in the study areas, Almeria and Dofiana National Park (Spain)

Almeria Dofiana N.P.

T H R T H R
Spring 15.5 (6.3-24.3) 68.9 (33.4-98.4) 0 23.2 (8.2-34.4) 53.8 (12.7-98.7) 0
Summer 28.9 (21.6-40.6) 53.6 (12.3-88.2) 0.2 (0-1.0) 26.5 (10.6-40.6) 30.75 (12.4-46.5) 0
Autumn 12.2 (4.5-19.6) 55.1 (20.3-94.2) 0 7.8 (1.9-15.0) 85.3 (73.2-99.9) 0
Winter 12.8 (6.2-19.1) 77.9 (51.0-94.6) 0.82 (0-7.4) 12.9 (5.2-20.1) 70.1 (36.0-96.4) 0

glass tube, and the pellet resuspended in 4.5 mL of ethanol
and 0.5 mL of distilled water, vortexed (I min), and
recentrifuged. Combined supernatants were then dried and
evaporated with dry air. One milliliter of methanol was
added to the dry extract and placed in an ultrasonic glass
cleaner (Branson® 8510) for 20 min. The extracts were
diluted in a dilution buffer and stored frozen until analysis.

Fecal steroid hormone metabolites were determined
following the procedures described by Munro et al. (1991)
for enzyme immunoassay. Antibodies for progestin (mono-
clonal Pregnane CL425, 1:10,000 dilution), estrogen
(polyclonal E,-R4972, 1:10,000 dilution), and testosterone
(polyclonal testosterone R-156/7, 1:7,500 dilutions) were
provided by Coralie Munro (University of California,
Davis, CA, USA). The CL425 cross-reacts with various
progestagen metabolites, including 4-pregnen-3,20-dione
(100%), 4-pregnen-3 x-0l-20-one (188%), 4-pregnen-3 3-ol-
20-one (172%), 4-pregnen-11x-0l-3,20-dione (147%), Sx-
pregnan-33-0l-20-one (94%), S«-pregnan-3[3,20-dione
(64%), Sa-pregnan-3,20-dione (55%), 5[3-pregnan-3[3-ol-
20-one (12.5%), 5-pregnan-3,20-dione (8.0%), 4-pregnen-
113-01-3,20-dione (2.7%), and 5[(3-pregnan-3x-ol-20-one
(2.5%; Graham et al. 2001). The R4972 cross-reacts with
estradiol 17B (100%) and estrone (3.3%). The R156/7
cross-reacts with testosterone (100%) and S«-
dihydrotestosterone (57.37%). Before analysis, fecal
extracts were diluted in phosphate-buffered saline (MG:
1:10 to 1:50 for estrogens, 1:50 to 1:3,000 for progestagens,
and 1:10 to 1:20 for testosterone; SBS: 1:10 to 1:20 for
estrogens, 1:50 to 1:600 for progestagens, and 1:10 to 1:20
for testosterone; IL: 1:5 to 1:540 for estrogens, 1:50 to
1:4,800 progestagens, and 1:10 to 1:40 for testosterone).
Serial dilutions of pooled fecal extracts produced dis-
placement curves parallel to those of the appropriate
standard. The correlation coefficients of parallelism test
were R*=0.985, R?=0.983, R*=0.992 for progestagens,
estrogens, and testosterone, respectively. Inter-assay CVs
were (mean + SEM) 7.98+2.04, 8.25+1.1, and 8.46+1.29
for progestagens, estrogens, and testosterone, respectively;
intra-assay CVs were <10%. Assay sensitivities were
1.17 pg/well (estrogens), 1.09 pg/well (progestagens), and
2.05 pg/well (testosterone). Absorbance was measured at

405 nm with an automatic microtiter plate spectrophotom-
eter (Tecan®, sunrise, Austria), and the data were trans-
ferred to an interfaced computer (Magellan®, Austria).
Hormone concentrations are expressed as nanograms per
gram wet feces, except for IL progestagens which is
expressed as micrograms per gram wet feces.

Data analysis

General linear models (type III for MG and SBS and type
V for IL) were used to test the effect of fecal age and
season on steroid metabolite concentration. Multiple
comparisons (Bonferroni test) were used to determine
significant differences in feces of different ages and
seasons.

The change in hormone metabolite concentration was
expressed as the percent difference between the original
hormone metabolite concentration (Cy) and the concentra-
tion at the later sampling time (Cj,). Thus, much of the
variation in hormone metabolite concentration was elimi-
nated by the reproductive cycle of the individual involved.
The individual was treated as a random effect in the
analysis. A negative value means lower hormone metabo-
lite concentration than at the starting time (C,). Fecal
weight was also included as a variable in the analysis. This
might be important since hormone metabolite concentration
was expressed by wet fecal weight and might therefore be
influenced by variation in temperature and humidity across
seasons. This variable was expressed as the percentage
difference between the original weight () and weight at the
later sampling time ().

As IL feces were subdivided into five sections to test for
unequal hormone distribution within the same feces, we
used a repeated measure ANOVA to test for uniform
distribution of steroid hormone metabolites in individual
fecal samples. At time 0, no significant differences were
found either for all steroid metabolites together (F=1.69,
df=4, p=0.279) or for each individual steroid metabolites
(F=1.28, df=8, p=0.251); therefore, the average of the five
sections at time O (control) was taken to calculate the
variation in steroid hormone metabolite concentrations at
the different sampling times.
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Statistical analyses were performed with STATISTICA I §
for Windows (Statsoft UK, Letchworth).
g - 238
Results
S
Variation in fecal hormone metabolite concentrations in the | zgzegs
two herbivores largely depends on the time of exposure to
field conditions and season (Table 2). The seasonal effect w@a?a §
on variation in MG progestagens was only significant when Q| =e e e
tested as an individual effect (ANOVA F=4.6, df=3, p= -
0.004), while variation in the IL fecal steroid metabolites » R
concentration was only significant as a function of season = i
(Table 2). Moreover, variation in MG and SBS fecal § o o =
estrogen concentration showed a weak but significant S| 2 TS gns
correlation with variation in fecal weight (MG: F=4.4,
df=1, p=0.04, r=0.14; SBS: F=7.2, df=1, p=0.007, r= § S
0.18). Variation in estrogen concentration decreases as s g 2
fecal weight rises as a result of hydratation after a winter -
rainfall event. g - o SR n S
In the two herbivores, most variation in fecal steroid e | @ Tes=-°
metabolite concentration was found in testosterone and o -
progestagens, followed by the estrogens. In the IL, variation 0| 2 § 2 §
in the three hormone metabolites was quite similar between
themselves, although slightly higher in testosterone. “- o =
MG progestagen and testosterone concentrations re- g | = 333 ; S
mained stable for the first 48 h, but became significantly @ o
higher after 72 h with increases in summer and winter _g § =
(Table 3). Seasonal effects on variation in testosterone & Ll & &S
concentration were significant in summer when concen- 2| E
trations were highest at 72 and 168 h after voidance and in _2* % o < “w » 8w §
winter at 12 and 24 h when they were lowest (Table 3). The ARG T e e xS
percentage variation in estrogen concentration in MG was .§ S S
significantly increased 12 h after voidance in summer when g | S22 zS
concentrations are highest and was lowest in winter 12 and S
24 h after voidance (Table 3). E ° - _won o, S
With the exception of the SBS samples during winter, = Slw|s X S S WS |
the percent variation of progestagens remained stable % é
throughout exposure. Nevertheless, there were significant S sg & 5
differences between seasons; in winter, the values showed 3 Ll s 2o £ g
little change over the first 24 h of exposure, while in ‘E - g g
summer, the values were more st?ble after.the first 24 h g - el 5 E E 2 § §D :q:%
(Table 3). Testosterone concentrations remained stable for Z B R = — g S
48 h, with the least variation in autumn and winter. After E - s 8
that, a significant increase was observed at 72 h in autumn 8| = o § 2 2 2 g %
and at 168 h in winter (Table 3). The percentage variation & g § Y
in estrogens varied with exposure time, with the least - _ 2% § E. 2
variation recorded in summer after 24 h of exposur, and b S| w | @ SsSs+3| 8R
was also significantly low in autumn after 6 h of exposure ; % g
and in winter after the first 6 h of exposure (Table 3). In the % 8 B o 2 8 é‘)
IL, significant seasonal differences were observed with the ~ & E - ) 3 o
least variation in hormone concentration in autumn and = 2 f%ﬂ é Z é g % a
winter (Table 3). = EE SR ckealand
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Discussion

Variation in progestagens and testosterone concentrations of
the two herbivore species studied remained stable for at
least 48 h after voidance (168 h for SBS progestagens).
However, changes in estrogen concentrations were signif-
icant after 6 h of exposure. In the IL, hormone metabolite
concentrations remained stable throughout the experiment
(1 week). Consequently, if the purpose of a field study is
qualitative definition of reproductive events, old fecal
samples (48 h after voidance for SBS and MG and 1 week
for IL) can be used, unless the study requires estrogen
determination (only up to 6 h in MG and SBS feces).
However, caution is needed if the study requires hormone
determinations for major reproductive events (e.g., onset of
puberty, ovulation) to be accurate as the variations in
hormone concentration from the fresh feces were very high
for all three species and the three hormone metabolites
(especially testosterone metabolites in the two herbivore
species). This means that in terms of a field study, feces age
fast. These results are in agreement with the findings of
Millspaugh and Washburn (2004) who recommended the
collection of only fresh samples (<1 or 2 h old).

Variation in fecal weight following exposure of feces to
field conditions only had a significant effect on variation in
SBS and MG estrogen concentration. This hormone was
sensitive to the diluting effect of the winter rainfall event in
Almeria. Differences in diet between the two herbivores
(MG and SBS) and the carnivore (IL) are likely to be
among the causes of these species-specific differences. The
higher fiber content in herbivore feces explains their ability
to retain (by hydrating) or to eliminate (by drying) water,
and these results might therefore only reflect a difference in
the water content of the feces. Although this study did not
show a significant effect of fecal weight on the other
hormones or species studied, we suspect that it could
potentially affect feces sampled after a rainfall event. The
majority of the negative or small variations in concentration
in these three MG and SBS hormones were found in winter
and in the IL in autumn and winter during the first 48 h of
the experiment related to rainfall events in the study areas at
that time. Consequently, collection of fecal material
immediately after a rainfall event or in a humidity-
saturated atmosphere is not recommended.

These results further support species-specific differences
in steroid metabolism (Schwarzenberger 2007). The origin
of all these differences is the confluence of multiple causes
pointed out by other authors: specificity of microbes in the
feces that metabolize the fecal steroids, effect of tempera-
ture on steroid metabolite degradation, environmental
moisture which allows the growth of microbes and fungi,
change in metabolite affinity for antibodies, and the
different chemical stability of each hormone (Matkovics
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1972; Woods 1975; Neumann et al. 2002; Terio et al. 2002;
Washburn and Millspaugh 2002; Millspaugh and Washburn
2004). Exhaustive condition-controlled laboratory metabo-
lism studies, followed by precise identification of new
metabolites, HPLC mass spectrometry, nuclear magnetic
resonance, or infrared spectroscopy, are recommended to
find out the precise hormone metabolism and degradation
processes and the factors affecting them. These results
would permit the development and use of more specific
antibodies for precise results when degraded fecal samples
are used to study reproductive processes under field
conditions.

As a general conclusion, this study shows that the use of
fecal samples of unknown age to monitor reproduction in
animals under field conditions is of limited use. Although it
is suitable for the qualitative determination of reproductive
events, it is not as successful for accurate determination of
hormone concentrations. Aged fecal samples should not be
collected in summer because hormone degradation is likely
to change the resultant measurements. Moreover, fecal
samples collected in a humid atmosphere or after a rainfall
event should be desiccated to avoid errors deriving from
fecal water content.
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