" BioOne COMPLETE

Concentrations of faecal glucocorticoid metabolites in
physically injured free-ranging African elephants
Loxodonta africana

Authors: Ganswindt, André, Munscher, Stefanie, Henley, Michelle,
Palme, Rupert, Thompson, Peter, et al.

Source: Wildlife Biology, 16(3) : 323-332

Published By: Nordic Board for Wildlife Research

URL.: https://doi.org/10.2981/09-081

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Wildl. Biol. 16: 323-332 (2010) Original article
DOI: 10.2981/09-081

© Wildlife Biology, NKV

www.wildlifebiology.com

Concentrations of faecal glucocorticoid metabolites in physically
injured free-ranging African elephants Loxodonta africana

André Ganswindt, Stefanie Miinscher, Michelle Henley, Rupert Palme, Peter Thompson & Henk
Bertschinger

Free-ranging African elephants Loxodonta africana use their front feet frequently during the process of foraging and
this could be the reason for the high prevalence of physical injuries to these parts of the body. Although the occurrence
of severe lameness caused by foot lesions in adult elephants has already been investigated and the clinical and
pathological findings have been reported, the effect of foot injuries on glucocorticoid levels as a potential physiological
stress response has not been examined. Given the practical difficulties involved in monitoring unpredictable events in
free-ranging animals, like the occurrence of foot injuries in elephants, it is not surprising that information regarding the
endocrine correlates of physical injury is still limited for elephants. In our study we investigated the effects of foot
injuries on concentrations of faecal glucocorticoid metabolites (GCM), body condition score (BCS) and reproductive
behaviour in two GPS/radio-collared elephant bulls in the Kruger National Park, South Africa. We monitored the bulls
aged 40+ (Bull 1) and 30+ (Bull 2) 2-3 times per week for 13 months starting in June 2007 and frequently collected
faecal samples for non-invasive hormone monitoring. Faecal samples were lyophilised, extracted and assayed with an
enzyme immunoassay which detects GCM with a 3a-hydroxy-11-oxo-structure. Both bulls acquired foot injuries
(right-front), which caused temporary lameness, but the effect of injury on GCM concentration differed between bulls
(P < 0.001). In Bull 1 the injury lasted = 250 days and was associated with an up to four-fold increase in GCM
concentrations (P < 0.001) and his BCS reduced from 'good' to 'very thin' by the end of the injury period. In Bull 2 the
injury lasted 65 days and was associated with a smaller increase in GCM concentrations (P = 0.03) together with a
reduced loss in condition when compared to Bull 1. Following recovery, the condition of both bulls improved
progressively and faccal GCM returned to baseline concentrations. Collectively, the data clearly underlined the value of
non-invasive hormone measurements as a tool to provide information on the level of stress experienced by elephants.
Thus, monitoring GCM levels could help improve the assessment of an elephant’s state of health.
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Adrenal glucocorticoids play an important role in
homeostasis and, together with adrenal medullary
catecholamines, they are part of the physiological
stress response (Burchfield 1979, O’Connor et al.
2000, Mostl & Palme 2002, Sapolsky 2002). Stress
involves changes in behaviour as well as neuro-
endocrine and autonomic function, and is depen-
dent on the central nervous system that assesses
whether a stimulus or a group of stimuli (stressor or
stressors) represents a significant challenge to an
organism (Selye 1936, Burchfield 1979, O’Connor et
al. 2000, Sapolsky 2002). The stress response is a
series of adaptive mechanisms that are aimed at
protecting the organism and restoring homeostasis
(Burchfield 1979, O’Connor et al. 2000, Sapolsky
2002, Bomholt et al. 2004). The effects of a stressor
can be monitored by measuring behavioural re-
sponses, which tends to be more subjective (Preto-
rius 2004, Weary et al. 2006), or by measuring phys-
iological responses. An essential component of the
physiological response to stress is the activation of
the hypothalamic-pituitary-adrenal axis (HPA
axis), which results amongst others in an increase
in glucocorticoid secretion (O’Connor et al. 2000,
Méstl & Palme 2002, Sapolsky et al. 2002, Touma &
Palme 2005).

During situations like courtship, copulation or
predatory behaviour, circulating glucocorticoids
can improve fitness by mobilising energy or medi-
ating physiological and behavioural changes, albeit
on a temporary basis (M6stl & Palme 2002, Touma
& Palme 2005). However, chronic stress can have
negative consequences on health because the related
prolonged periods of elevated glucocorticoid levels
may decrease fitness by causing immunosuppres-
sion and atrophy of tissues (Munck et al. 1984,
Mostl & Palme 2002). Furthermore, the occurrence
of stressis also well known to have disruptive effects,
for example on reproduction, cognition and behav-
iour of vertebrates (Liptrap 1993, Mostl & Palme
2002, Sapolsky 2002). In this regard, the measure-
ment of glucocorticoids can be a valuable tool for
studies in animal welfare or wildlife conservation.

Generally, adrenocortical activity can be moni-
tored using either invasive or non-invasive methods.
Given the practical difficulties involved with blood
sampling from animals in the wild, invasive
methods are mostly limited to studies on domestic
animals. Additionally, the stress associated with
animal-handling during sample collection can
elevate glucocorticoid levels, thereby confounding
the results (M&stl & Palme 2002, Touma & Palme
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2005). By using blood, saliva or even urine as sample
material, changes in adrenal endocrine activity, due
to circadian rhythm, also need to be taken into
account (Mostl & Palme 2002, Touma & Palme
2005, Kelling 2008, Brown et al. 2010). Like other
diurnally active mammals, African elephants Lo-
xodonta africana demonstrate a circadian rhythm in
cortisol secretion, with a peak in the morning (Kel-
ling 2008, Brown et al., 2010) followed by a second
smaller peak in the afternoon (Kelling 2008). Faecal
samples, however, are less affected by episodic
fluctuations or the pulsatility of hormone secretion,
because faecal hormone metabolite levels rather
reflect the cumulative production rate of hormones
over a certain period of time (Touma & Palme
2005). Furthermore, faeces can be easily obtained
while avoiding direct contact with a potentially
dangerous animal. Therefore, repeated sampling of
the same individual is possible and feedback free
(Ganswindt et al. 2003, Touma & Palme 2005). The
collection of faeces as sample material for the
analysis of adrenal endocrine activity is, therefore, a
reliable alternative to hormone measurements in
blood or other excreta.

In recent years, a large number of reliable non-
invasive methods for assessing adrenocortical ac-
tivity have been established in a variety of different
mammalian species including the African elephant
(Ganswindt et al. 2003, Touma & Palme 2005,
Schwarzenberger 2007). For African elephants in
zoos as well as in the wild, these methods have been
shown to be practical and enable long-term
monitoring of environmental and social factors
impacting on adrenocortical activity without inter-
fering with the result (Ganswindt et al. 2005a,b,
Rasmussen et al. 2008, Ganswindt et al. 2010). In
this regard, several studies demonstrated that ex-
trinsic and intrinsic factors like translocation, sea-
sonal variation, intra-group competition or sexual
state can affect glucocorticoid levels in African
elephants (Foley et al. 2001, Ganswindt et al.
2005a.b, Viljoen et al. 2008a,b, Ganswindt et al.
2010, De Nys et al. 2010). For various reasons, the
relationship between adrenal activity and physical
injuries is less documented. Ethical reasons prohibit
any kind of experimental approach and the
probability to be able to monitor such an event
coincidentally is very low, especially in free-ranging
animals. Ganswindt et al. (2005b) mentioned a clear
increase in faecal glucocorticoid metabolite levels
found in two free-ranging East African elephant
bulls following severe physical injury (i.e. a broken
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leg and gunshot wounds). However, the sample set
of these two cases were extremely limited and re-
covery processes could not be documented, because
both injuries were fatal. A recent study on injuries of
free ranging African elephants in Kenya showed,
that adult elephant bulls had the highest prevalence
of injury and that the forelegs were the most sus-
ceptible body part to injury (Obanda et al. 2008).
The front feet are frequently used during the forag-
ing process and may well be the reason for the high
prevalence of injuries to these parts of the body in
elephants (Obanda et al. 2008). However, in the
study by Obanda et al. (2008) the effect of the re-
corded injuries on glucocorticoid levels as a po-
tential physiological stress response was not investi-
gated.

In this article, we aim to provide detailed in-
formation regarding the physical and endocrino-
logical response to the putative stressful occurrence
of physical injury in free-ranging African elephant
bulls in the Kruger National Park. Such informa-
tion, especially on the timing and intensity of the
stress-related physiological response will help to
better assess the impact of temporary physical in-
juries and, thereby, the welfare of captive and free-
ranging elephants.

Material and methods

Study area and animals

The study area comprised approximately 5,500 km?
with an average annual precipitation between 450
and 500 mm and was located in the northern part of
Kruger National Park (KNP), South Africa, (Ven-
ter et al. 2003, Ganswindt et al. 2010). The arca
consisted of predominately open shrub to fairly
dense bush savannah and partly open to moderately
dense tree savannah (Venter et al. 2003, Ganswindt
2008). The total elephant population within the
KNP is estimated at around 12,500 individuals and

Table 1. Body condition score (BCS) system for elephant bulls.

is the largest free-ranging elephant population in
South Africa (van Aarde et al. 2008).

During the course of a study that focussed on
reproductive patterns of elephants, we noted
temporary foot injuries in two of the study animals
(Bulls 1 and 2). We determined the age of the study
animals on the basis of physical appearance (i.e.
facial shape, tusk size and general appearance;
Ganswindt et al. 2005b) and estimated the ages of
Bulls 1 and 2 to be 40+ and 30+ years old, re-
spectively.

Observations and sample collection

We monitored the study animals continually for 13
months between June 2007 and the end of June
2008, and located them via GPS/radio-tracking.
The Transboundary Elephant Research Pro-
gramme of Save the Elephants fitted the collars in
December 2006 as part of an ongoing project in the
KNP. We observed the animals regularly (i.e. 2-3
times per week) for at least half an hour per session
using ad libitum sampling (Altmann 1974). We es-
timated body condition visually using a scoring
system of six categories (Table 1) described by Poole
(1989). Observations further included recording of
current position, associations and group composi-
tion, presence and degree of physical musth signs, as
well as the presence of foot injuries (see below).

In order to monitor faecal glucocorticoid metab-
olites (GCM), we collected approximately 50 g of
faeces from each elephant bull during each obser-
vation session shortly after the animal had defecat-
ed and moved away. Using a disposable rubber
glove we removed a sample from the middle of a
bolus to avoid cross-contamination with urine or
contamination with other faccal samples in the area.
Subsequently, we transferred the sample into a glass
vial, immediately placed it on ice, froze it within one
hour of collection (-20°C) and stored it until
analysis.

BCS

Visual indicators for body condition score estimation

Emaciated (1)
Very thin (2)

Ribs, shoulder blades, pelvic bone and backbone clearly protrude.
Shoulder blades, pelvic bone and backbone protrude.

Slight sinking in front of the pelvic bone is noticeable and the backbone and shoulder blades protrude slightly.

Thin (3) Shoulder blades, pelvic bone and backbone are noticeable.
Good (4)
Fat (5) No signs of shoulder blades, pelvic bone or backbone.

Very fat (6)

No signs of shoulder blades, pelvic bone or backbone and fat hangs from the belly.
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Foot injuries

We regarded a foot injury as present if a penetration
wound or swelling was visible, or if there were signs
of lameness such as an abnormal gait (favouring the
leg) or abnormal position of the foot for an extended
period while resting (Fig. 1A). After we had
classified each observation and had matched faecal
sample as either from a bull with injury present (1)
orinjury absent (2), we defined the onset of an injury
period as the date when signs of an injury were first
recognised, and the end of an injury as the date when
such signs were recorded for the last time.

Extraction and analysis of faecal glucocorticoid
metabolites (GCM)

We lyophilised and pulverised the faecal samples
and sifted them using a mesh strainer to remove
fibrous material (Ganswindt et al. 2005a). We then
extracted approximately 0.05 g of the faecal powder
with 3 ml 80% ethanol in water. After vortexing for
15 minutes, we centrifuged the mixture for 10
minutes at 3,300 g, and transferred the supernatant

Figure 1. African elephant Bull 1 (A) and 2 (B) showing an injury
of the right front foot. Inserts show details of the injured foot of the
respective animal (C & D). Photo: A. Ganswindt & S. Miinscher,
Kruger National Park.

326

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

to a microcentrifuge tube for hormone analysis
(Ganswindt et al. 2010).

We analysed immunoreactive GCM in diluted
extracts (1:50 or 1:100 in aqueous buffer) withan 11-
oxoactiocholanolone enzyme immunoassay (EIA)
first described by Mostl et al. (2002). This EIA
detects GCM with a 3a-hydroxy-11-oxo-structure
and was successfully validated for monitoring ad-
renocortical activity in elephants (Ganswindt et al.
2003). The sensitivity of the assay, as determined at
90% binding, was 3 pg/well and intra- and inter-
assay coefficients of variation, determined by re-
peated measurements of high and low concentration
quality controls, ranged between 4.2 and 13.8%.

Data analysis

We determined an individual baseline level of GCM
for each of the bulls by calculating the mean
hormone concentration from all samples when no
signs of physical injury were recorded. According to
the procedures described by Ganswindt et al.
(2005a), an increase of 50% above the individual
steroid baseline was used to define a threshold level
above which glucocorticoid levels were considered
to be elevated. We defined the onset of a period of
elevated GCM as the first date when at least two
consecutive samples exceeded the threshold and,
accordingly, the end of such a period as the date
when glucocorticoid levels fell and remained below
the threshold for at least two consecutive samples.
Consequently, the duration of a period of elevated
GCM concentrations was determined by calculat-
ing the interval between the onset and the end of a
period of elevated GCM levels.

We used a multiple linear regression model to
estimate the effect of physical injury on adrenocor-
tical activity. In this regard, we used faeccal GCM
concentration as the continuous dependent variable
and injury as a binary independent variable. The
unit of interest was the individual observation. To
account for clustering of observations within
animals, 'Bull' was modelled as a fixed effect. To
account for the serial autocorrelation of measure-
ments, we included a first-order autoregressive
disturbance term with the autocorrelation param-
eter (p) estimated based on a single-lag regression of
residuals. Due to the fact that season and repro-
ductive state also affect glucocorticoid levels in
African elephants (Foley et al. 2001, Ganswindt et
al. 2005a, Viljoen et al. 2008b, Ganswindt et al.
2010), both factors were additionally entered as
binary independent variables. We categorised sam-
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ples by season into two groups (i.e. dry and wet
season) according to Viljoen et al. (2008b). The
categorisation was verified using rainfall data
recorded throughout the study period at three
different stations (i.e. Shingwedzi, Mooiplaas and
Letaba) across the study area (dry season: 52-80 mm
of rain; wet season had 378-588 mm of rain). We
categorised samples as those collected from musth
or non-musth bulls according to the occurrence of
common physical signs of musth (i.e. temporal
gland swelling (TG), temporal gland secretion
(TGS) and urine dribbling (UD; Ganswindt et al.
2005a,b). We defined an animal as reproductively
active (in musth) when at least two consecutive
samples were collected from an elephant exhibiting
signs of TG/TGS and UD. We included two-way
interactions of injury with bull, season and repro-
ductive state in the model and retained them if
significant at P < 0.05. We used Stata 10.1
(StataCorp, College Station, Texas, USA) for all
statistical analyses.

Results

Bull 1 was already injured prior to commencement
of our study in June 2007. The injury was first
noticed on 15 February 2007 (J. Oelofse, pers.
comm.). The bull was immobilised the following
day and the wound was inspected. The bull had

Injured foot

ow) =
n

-
o
P

0,5 1

O FAECAL GCM (pg/g

o]
-

O FAECAL GCM (pg/g DW)

ulcerative pododermatitis on the right front foot
(see Fig. 1C). The area of the lesion measured 150 X
75 mm and the ulcer penetrated the entire depth of
the sole. Some granulation was present, indicating
that the injury was not fresh. As a result, the
veterinarian decided not to treat the lesion (P. Buss,
pers. comm.). From the onset of our study, we
observed the injury in Bull 1 regularly for 130 days,
from 12 June 2007 until 20 October 2007 (see Fig.
1A). Bull 2 developed an injury in the middle of the
toe area above the sole of the foot (see Fig. 1B and
D). We initially recorded the injury of Bull 2 on 26
August 2007 and recognised it for the last time on 30
October 2007, giving a total of 65 days of injury.
Bull 1 showed two periods of elevated GCM
concentrations (Fig. 2A): a longer more pro-
nounced (up to a four-fold increase) one associated
with the foot injury lasting 133 days and a shorter
period with lower concentrations. In February 2007
the consulting veterinarian reported a generally
good body condition for Bull 1 (P. Buss, pers.
comm.). In June 2007, the BCS had decreased to
three (see Fig. 2A) and it deteriorated to two from
mid-September until the end of November 2007. At
the beginning of December 2007 the bull started
gaining condition until reaching a BCS of four at the
beginning of February 2008. The additional 26-day
period of elevated GCM concentrations that
occurred at the beginning of March, thereafter
ending abruptly, overlapped with the beginning of

VISUAL BC SCORING

Figure 2. Profiles of faecal glucocorticoid
metabolite (GCM; o) immunoreactivity
throughout a 13-month period in the two
adult male African elephants, Bull 1 (A) and
Bull 2 (B). The respective dashed line
indicates the individual threshold for elevat-
ed GCM levels and values exceeding the
respective individual GCM baseline are
indicated with a dot. Light grey bars indicate
visual body condition score (BCS), dark grey
areas indicate periods of musth, and white

VISUAL BC SCORING

Wet season

Dry season

© WILDLIFE BIOLOGY 16:3 (2010)

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

boxes at the top of the subfigures indicate

Dry season when physical injury was observed.
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Table 2. Effect of injury on concentrations of faccal GCM in the two African elephant bulls, adjusted for musth and season (N = 194)
showing results of a multiple regression model with serial autocorrelation parameter.

Variable Level SE(b) 95% C.I P-value
Injury injured vs not injured (Bull 1) 0.578 0.065 0.450, 0.705 < 0.001

injured vs not injured (Bull 2) 0.148 0.068 0.014, 0.281 0.030
Bull Bull 1 vs Bull 2 (injured) 0.385 0.045 0.297, 0.473 < 0.001

Bull 1 vs Bull 2 (not injured) -0.017 0.027 -0.070, 0.036 0.528
Musth musth vs non-musth -0.004 0.044 -0.090, 0.082 0.920
Season wet vs dry 0.093 0.047 0.001, 0.185 0.048
Injury and bull interaction - - < 0.001

* Estimated regression coefficient.

the musth period of Bull 1. We observed signs of
musth from April until the end of June 2008.

We recorded the injury of the 30+ year old Bull 2
during the end of dry season from the end of August
until the end of October 2007 (see Fig. 2B). A period
of moderate (i.e. up to two-fold) elevated GCM
concentrations, which lasted 17 days, occurred at
the end of the injury period. An additional two-day
period of elevated GCM concentrations as well as
four single measurements above threshold also
occurred between January and the beginning of
April 2008. Weinitially assessed the BCS of Bull 2 as
four, but it declined from mid-September 2007 and
onwards. Thereafter, the bull gained condition from
mid-November and onwards. By mid-January 2008
he had reached his pre-injury BCS, remaining fairly
constant until the end of the study. In Bull 2, we
observed musth signs twice; the first time from June
until mid-July 2007 and a second time from the end
of April 2008 until the end of the study period.

We used 194 observations (91 for Bull 1 and 103
for Bull 2) for the multiple regression analysis to
estimate the effect of injury on faecal GCM con-
centration (Table 2). The autocorrelation param-

eter (p) was estimated to be 0.797. Because we ob-
served the injuries only during non-musth periods
and almost exclusively during the dry season,
neither the injury and musth nor the injury and
season interactions could be fitted. However, as the
injury and bull interaction was highly significant
(P < 0.001; see Table 2) we present the coefficients
for injury and bull separately for bull and injury
status, respectively. In both Bull 1 and Bull 2, the
difference in faecal GCM concentrations between
'injured’ and 'not injured' was significant (P < 0.001
and P=0.030 respectively; see Table 2), although the
effect of injury was much greater in Bull 1 than in
Bull 2. In their non-injured state we found no
significant difference in faecal GCM concentrations
between the two bulls (P = 0.528). Adjusted for
injury, we found a significant increase in faecal
GCM concentrations during the wet season com-
pared to the dry season (P=0.048) and no significant
difference between musth and non-musth periods
(P=0.920).

Box plots of GCM concentrations by bull and
injury status (Fig. 3) showed that the median GCM
concentration of Bull 1 when injured (0.78 pg/g) was

1,5

~
k=3
1

Figure 3. Box plots of grouped concentra-

N =30 *

tions of GCM in the faeces of the two adult
male African elephants (Bull 1 and Bull 2),

which were temporarily injured. The boxes
show the median value and the upper and
lower quartile values, while the whiskers
show the 10th and 90th percentiles of the
values. Asterisks indicate statistically signif-

FAECAL GCM (ug/g DW)
°
[4;]
L

0,0

icant differences between groups, deter-
mined using the multiple linear regression
model.
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2.5 times higher than when no signs of physical
injury were recorded (0.29 pg/g). The median GCM
concentration of Bull 2 was also higher (0.37 ng/g)
during injury than when the bull was not injured
(0.30 pg/g; see Fig. 3).

Discussion

A study by Keet et al. (1997) has already investi-
gated the occurrence of severe lameness caused by
foot lesions (ulcerative pododermatitis) in adult
elephant bulls in the Letaba Land System of the
KNP. The number of foot injuries recorded in this
study, as well as in other reports, challenges the view
that lameness is a relatively rare clinical entity in
free-ranging African elephants (Keet et al. 1997,
Obanda et al. 2008). Furthermore, their findings
indicate that the two cases highlighted in our study
could represent typical examples of temporary
moderate foot injuries in wild African elephants.
In both cases, the stress that we documented was
caused by temporary injuries of the right front foot,
resulting in lameness, which influenced the move-
ment of the animals. Each period of injury was
associated with significant elevations in faecal
glucocorticoid metabolites, which amounted to a
four-fold increase in Bull 1. By comparison, an
intramuscular injection of adrenocorticotropic hor-
mone (ACTH) caused a 3-4 fold elevation of faecal
GCM concentrations in an African elephant bull
(Ganswindt et al. 2003). Furthermore, transloca-
tion as a putative stressful event resulted in 4-5 fold
increases in faecal GCM concentrations in ele-
phants (Laws et al. 2007, Viljoen et al. 2008a),
whereas fatal injuries detected in wild African
elephants produced 5-10 fold elevations in adrenal
glucocorticoid output (Ganswindt et al. 2005b). The
changes in GCM concentrations described in these
various studies are at least partly comparable with
the results of our study, underlining the importance
of foot injuries in elephants as potential stressors. It
should be noted, however, that our results cannot be
extrapolated to all bulls with foot injuries. The
nature or severity of foot injuries will vary as to the
degree of lameness and pain. Accordingly, the
response in terms of faecal GCM concentrations
will vary from bull to bull (Dingemanse et al. 2010).

In our study, each respective period of injury was
associated with a decline in body condition and we
can assume that the reduction in body condition was
caused to some extent by decreased food intake

© WILDLIFE BIOLOGY 16:3 (2010)
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(Poole 1989). Therefore, a confounding effect of
lower food intake on GCM levels in our two study
animals might be possible. However, in cattle food
intake was described to influence excretion rate of
steroids into the faeces, but not concentrations of
faecal steroid metabolites (e.g. Rabiee et al. 2001).
Our data further demonstrate that, in both cases,
the elevated glucocorticoid concentrations were
more pronounced at the end of each respective
period of injury, which may have been caused by the
progress of injury (Voigtldnder et al. 2006). It may
also have been a reflection of body condition loss
which in itself may be stressful (Kitaysky et al. 1999,
Cabezas et al. 2007). The fact that the injury of Bull
2, which lasted 65 days, was associated with an
overall lower increase in GCM concentrations
compared to the injury of Bull 1, which lasted in
excess of 250 days, could indicate that the intensity
of the stress-induced response is influenced by the
duration of the injury (e.g. Voigtlidnder et al. 2006).
On the other hand, the differences in BCS as well as
differences in the severity of injury associated
inflammatory processes and degree of pain could
have been responsible for the differences observed
(Kitaysky et al. 1999, Merl et al. 2000, Voigtlinder
et al. 20006).

Previous studies have demonstrated that season
also affects glucocorticoid concentrations in Afri-
can elephants with significantly elevated glucocor-
ticoid metabolite levels during the dry season (Foley
et al. 2001, Rasmussen et al. 2008, Viljoen et al.
2008b, Ganswindt et al. 2010). Interestingly, in both
study animals we found that the respective ends of
the injury periods with their more pronounced
elevations in GCM coincided with the end of the dry
season (for Bull 1 during September-October and
for Bull 2 during October). Therefore, a synergistic
effect between injury and seasonal change may have
occurred. The previously described seasonal differ-
ences in faecal glucocorticoid metabolite concen-
trations of African elephants, determined by using
the same or similar enzyme immunoassay systemes,
only revealed differences of 20-110% between
regular seasons (Foley et al. 2001, Viljoen et al.
2008b). In addition, an analysis of seasonal related
differences in faecal GCM concentrations in the
remaining elephant bulls of the study group
revealed only a median maximum of 23% elevation
during the dry season (data not shown). Therefore,
itis, at least in the case of Bull 1, most likely that the
detected elevation in GCM concentrations was
predominately caused by the injury itself. This
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conclusion is supported by the results of the
multiple regression model, indicating that injury
was associated with an increase in GCM concen-
trations after adjusting for season. Interestingly, the
effect of season on GCM concentrations after
adjustment for injury in these two bulls was small
but still significant (P = 0.048), with an increase
during the wet season. This finding, however, may
have been influenced by the occurrence of musth
because both bulls showed musth predominantly
during the dry season. Previous studies provide
evidence for a delayed suppressive effect of musth
on adrenocortical endocrine function (Ganswindt
et al. 2003, 2005a, 2010).

In addition to the periods of elevated GCM levels,
which were associated with the observed foot injury
in the two study animals, we also detected short
periods of elevated GCM concentrations as well as
single measurements above threshold which do not
seem to be related to injury. Although any kind of
perceived or real endangerment could be the reason
for these additional increases in GCM levels, it is
noticeable that all these cases, except one single
measurement of Bull 2, occurred during the wet
season. During this time of the year, there is a higher
probability of intra-sexual competition due to a
more frequent occurrence of musth bulls (Gans-
windt et al. 2010), which may be an explanation for
the additional GCM elevations found.

Due to the fact that the decline in BCS that was
observed in both bulls also started during the end of
the dry season, we can assume an accumulative
effect of injury and the more challenging seasonal
conditions. Codron et al. (2006), for example,
showed that for elephants in the southern KNP
the percentage of faecal nitrogen, which is known as
a useful indicator of nutritional status, increased
from the dry to the wet season. Additionally, Poole
(1989) showed that injured East African elephants
in musth lost more condition than bulls that were
not injured.

Sexual activity in adult African elephant bulls is
mostly associated with the occurrence of musth, a
state or condition which refers to a set of physical,
physiological and behavioural characteristics
(Poole 1987, Ganswindt et al. 2005a). Around 30-
35 years of age, musth commonly stabilises to an
annual episode that occurs at roughly the same time
each year (Poole 1987, Rasmussen et al. 2008).
Previous studies indicate that good nutrition and
body condition are a necessary requirement for the
successful expression of musth and that musth bulls
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in poor condition usually cease their musth behav-
iour (Poole 1989). Our findings corroborate these
observations, as Bull 1 failed to come into musth in
2007 despite having experienced regular annual
musth cycles since 2002 (M. Henley & S. Henley,
pers. comm.). The case of Bull 1 shows the value of a
combined approach where behavioural observa-
tions and non-invasive hormone monitoring can
help to explain temporal variations in the occur-
rence of important behaviours, such as musth.

Our study clearly underlines the importance of
non-invasive hormone measurements as a powerful
tool to provide information about an animal’s
endocrine status. The provided data on the intensity
and variability of the physical and endocrine
responses to injury could also help to improve the
assessment as well as the prognosis of the condition
in African elephants. Finally, the generated infor-
mation regarding elephants should help to initiate
further studies which examine endocrine responses
to putative stressful circumstances in other mam-
mals.

Acknowledgements - we thank South African National
Parks for giving us permission to work in the Kruger
National Park and Mrs L. Shuma, Mr. J. Mlangeni and
Mr. V. Dinda for their support in the field. Our study was
funded in part by the University of Pretoria, Claude Leon
Foundation, Novartis/SAVF Wildlife Research Fund
and the German Primate Centre.

References

Altmann, J. 1974: Observational study of behaviour:
sampling methods. - Behaviour 49: 227-265.

Bombholt, S.F., Harbuz, M.S., Blackburn-Munro, G. &
Blackburn-Munro, R.E. 2004: Involvement and role of
the hypothalamo-pituitary-adrenal (HPA) stress axis in
animal models of chronic pain and inflammation. - Stress
7:1-14.

Brown, J.L., Kersey, D.C., Freeman, E.-W. & Wagener, T.
2010: Assessment of diurnal urinary cortisol excretion in
Asian and African elephants using different endocrine
methods. - Zoo Biology 29: 274-283.

Burchfield, S.R. 1979: The stress response: A new
perspective. - Psychosomatic Medicine 41: 661-672.

Cabezas, S., Blas, J., Marchant, T.A. & Morneo, S. 2007:
Physiological stress levels predict survival probabilities in
wild rabbits. - Hormones and Behavior 51: 313-320.

Codron, J., Lee-Thorp, J.A., Sponheimer, M., Codron, D.,
Grant, R.C. & De Ruiter, D.J. 2006: Elephant (Lo-
xodonta africana) diets in Kruger National Park, South

© WILDLIFE BIOLOGY 16:3 (2010)



Africa: spatial and landscape differences. - Journal of
Mammalogy 8: 27-34.

De Nys, H.M., Bertschinger, H.J., Turkstra, J.A., Co-
lenbrander, B., Palme, R. & Human, A.M. 2010:
Vaccination against GnRH may suppress aggressive
behaviour and musth in African elephant (Loxodonta
africana) bulls - a pilot study. - Journal of the South
African Veterinary Association 81: 8-15.

Dingemanse, N.J., Edelaar, P. & Kempenaers, B. 2010:
Why is there variation in baseline glucocorticoid levels? -
Trends in Ecology and Evolution 25: 261-262.

Foley, C.A.H., Papageorge, S. & Wasser, S.K. 2001: Non-
invasive stress and reproductive measures of social and
ecological pressures in free-ranging African elephants
(Loxodonta africana). - Conservation Biology 15: 1134-1142.

Ganswindt, A. 2008: Physical, physiological, and behav-
ioural changes associated with male African elephant
(Loxodonta africana) sexual activity and the phenome-
non of musth. - In: Morris, S. & Vosloo, A. (Eds.); 4th
CPB Meeting in Africa: Mara 2008. Molecules to
migration: The pressures of life. Medimond Publishing
Co, via Maserati 6/2, 40124 Bologna, Italy, pp. 449-456.

Ganswindt, A., Heistermann, M. & Hodges, J.K. 2005a:
Physical, physiological and behavioural correlates of
musth in captive African elephants (Loxodonta africana).
- Physiological and Biochemical Zoology 78: 505-514.

Ganswindt, A., Heistermann, M., Palme, R., Borragan, S.
& Hodges, J.K. 2003: Non-invasive assessment of
adrenal function in the male African elephant (Loxo-
donta africana) and its relation to musth. - General and
Comparative Endocrinology 134: 156-166.

Ganswindt, A., Muenscher, S., Henley, M., Henley, S.,
Heistermann, M., Palme, R., Thompson, P. & Bert-
schinger, H. 2010: Endocrine correlates of musth and the
impact of ecological and social factors in free-ranging
African elephants (Loxodonta africana). - Hormones and
Behavior 57: 506-510.

Ganswindt, A., Rasmussen, H.B., Heistermann, M. &
Hodges, J.K. 2005b: The sexually active states of free-
ranging male African elephants (Loxodonta africana):
Defining musth and non-musth using endocrinology,
physical signals, and behaviour. - Hormones and Be-
havior 47: 83-91.

Keet, D.F., Grobler, D.G., Raath, J.P., Gouws, J.,
Carstens, J. & Nesbit, J.W. 1997: Ulcerative pododer-
matitis in free-ranging African elephant (Loxodonta
africana) in the Kruger National Park. - Onderstepoort
Journal of Veterinary Research 64: 25-32.

Kelling, A.S. 2008: An examination of salivary cortisol
concentrations in three captive African elephants (Lo-
xodonta africana) at Zoo Atlanta. - PhD thesis, Georgia
Institute of Technology, Georgia, USA, 136 pp.

Kitaysky, A.S., Wingfield, J.C. & Piatt, J.F. 1999:
Dynamics of food availability, body condition and
physiological stress response in breeding Black-legged
Kittiwakes. - Functional Ecology 13: 577-584.

Laws, N., Ganswindt, A., Harris, M., Harris, S., Heis-

© WILDLIFE BIOLOGY 16:3 (2010)

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

termann, M. & Sherwin, C. 2007: A case-study: Faecal
corticosteroid and behaviour as indicators of welfare
during relocation of an Asiatic Elephant. - Journal of
Applied Animal Welfare Science 10: 349-358.

Liptrap, R.M. 1993: Stress and reproduction in domestic
animals. - Annals of the New York Academy of Science
697: 275-84.

Merl, S., Scherzer, S., Palme, R. & Mostl, E. 2000: Pain
causes increased concentrations of glucocorticoid me-
tabolites in horse feces. - Journal of Equine Veterinary
Science 20: 586-590.

Mostl, E., Maggs, J.L., Schréter, G., Besenfelder, U. &
Palme, R. 2002: Measurement of cortisol metabolites in
faeces of ruminants. - Veterinary Research Communica-
tions 26: 127-139.

Mostl, E. & Palme, R. 2002: Hormones as indicators of
stress. - Domestic Animal Endocrinology 23: 67-74.

Munck, A., Guyre, P.M. & Holbrook, N.I. 1984: Physio-
logical functions of glucocorticoids in stress and their
relationship to pharmacological actions. - Endocrine
Reviews 5: 25-44.

Obanda, V., Ndeerreh, D., Mijele, D., Lekolool, I., Chege,
S., Gakuya, F. & Omondi, P. 2008: Injuries of free-
ranging African elephants (Loxodonta africana africana)
in various ranges of Kenya. - Pachyderm 44: 54-59.

O’Connor, T.M., O’Halloran, D.J. & Shanahan, F. 2000:
The stress response and the hypothalamic-pituitary-
adrenal axis: from molecule to melancholia. - Quarterly
Journal of Medicine 93: 323-333.

Poole, J.H. 1987: Rutting behaviour in African elephants:
the phenomenon of musth. - Behaviour 102: 283-316.
Poole, J.H. 1989: Announcing intent: the aggressive state of
musth in African elephants. - Animal Behaviour 37: 140-

152.

Pretorius, Y. 2004: Stress in the African elephant on
Mabula Game Reserve, South Africa. - M.Sc. thesis,
University of Natal, Durban, South Africa, 141 pp.

Rabiee, A.R., MacMillan, K.L. & Schwarzenberger, F.
2001: The effect of level of feed intake on progesterone
clearance rate by measuring faecal progesterone metab-
olites in grazing dairy cows. - Animal Reproduction
Science 67: 205-214.

Rasmussen, H.B., Ganswindt, A., Douglas-Hamilton, I. &
Vollrath, F. 2008: Endocrine and behavioural changes in
male African elephants: linking hormone changes to
sexual state and reproductive tactic. - Hormones and
Behavior 54: 539-548.

Sapolsky, R.M. 2002: Behavioural Endocrinology. - MIT
Press Cambridge, Massachusetts, London, UK, 409 pp.

Schwarzenberger, F. 2007: The many uses of non-invasive
faecal steroid monitoring in zoo and wildlife species. -
International Zoo Yearbook 41: 52-74.

Selye, H. 1936: A Syndrome Produced by Diverse Nocuous
Agents. - Nature 138: 32.

Touma, C. & Palme, R. 2005: Measuring fecal glucocor-
ticoid metabolites in mammals and birds: The impor-

331



tance of validation. - Annals of the New York Academy
of Science 1046: 54-74.

van Aarde, R., Ferreira, S., Jackson, T., Page, B., De Beer, Y.,
Gough, K., Guldemond, R., Junker, J., Olivier, P., Ott, T.
& Trimble, M. 2008: Elephant Management - A scientific
assessment for South Africa. - Wits University Press, 1 Jan
Smuts Avenue, Johannesburg, South Africa, 84 pp.

Venter, F.J., Scholes, R.J. & Eckhardt, H.C. 2003: The
Kruger Experience. - Island Press, Washington, Covelo,
London, UK, 83 pp.

Viljoen, J.J., Ganswindt, A., Du Toit, J.T. & Langbauer,
W.R., Jr. 2008a: Translocation stress and faecal gluco-
corticoid metabolite levels in free-ranging African
savanna elephants. - South African Journal of Wildlife
Research 38: 146-152.

332

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Viljoen, J.J., Ganswindt, A., Palme, R., Reynecke, H.C.,
Du Toit, J.T. & Langbauer, W.R., Jr. 2008b: Measure-
ment of concentrations of faecal glucocorticoid metab-
olites in free-ranging African elephants within the Kruger
National Park. - Koedoe 50: 18-21.

Voigtldnder, T., Unterberger, U., Touma, C., Palme, R.,
Polster, B., Strohschneider, M., Dorner, S. & Budka, H.
2006: Prominent corticosteroid disturbance in experi-
mental prion disease. - European Journal of Neurosci-
ence 23: 2723-2730.

Weary, D.M., Niel, L., Flower, F.C. & Fraser, D. 2006:
Identifying and preventing pain in animals. - Applied
Animal Behaviour Science 100: 64-76.

© WILDLIFE BIOLOGY 16:3 (2010)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


