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A number of potential stressors are present in captive environments and it is critically important to
identify them in order to improve health and welfare in ex situ animal populations. In this study, we
investigated the adrenocortical activity of a colony of African penguins hosted in an immersive zoo in
Italy, with respect to the presence of visitors and local microclimatic conditions, using the
non-invasive method of assessing faecal glucocorticoid metabolites (FGMs). The penguins’ exhibit is a
large naturalistic outdoor enclosure, which closely reproduces the natural habitat of this species. Data
collection took place from the beginning of June to the end of August 2014, during the period of
maximum flow of visitors. We carried out 12 sampling periods, each involving 2 consecutive days; during
the first day we counted the visitors and we registered the meteorological data, and on the second day,
we collected the faecal samples, which amounted to a total of 285 faecal samples. Our results showed
that the number of visitors did not influence the adrenocortical activity of the African penguins.
Conversely, the local microclimatic conditions did influence the physiological stress on these birds. We
found that an increase of the daily mean temperature induced a significant increase in FGM concentra-
tions, although humidity and wind speed had a moderating effect on temperature and reduced the
heat-induced stress. Moreover, we calculated two climatic indices, commonly used to assess the thermal
discomfort in animals, namely the THI (Temperature-Humidity Index) and WCI (Wind Chill Index), and
we detected a positive relationship between their values and the FGM levels, demonstrating that these
indices could be useful indicators of weather discomfort in African penguins. Our study shows that
the simulating naturalistic conditions could have significant benefits for zoo animals, such as reducing
the negative effect of visitors. Nevertheless, it should be taken into account where the zoological facility
is located and if the local microclimatic conditions are compatible with the hosted species, to ensure that
they do not differ greatly from their natural habitat.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

A wide range of environmental challenges threatens the welfare
of animals housed in artificial habitats. For zoo animals, the num-
ber of potential environmental stressors can be numerous, and the
effects are often species-specific (Scarlata et al., 2013). Improving
health and welfare of ex situ populations is one of the main goals
of zoological facilities worldwide (Melfi, 2009; Howell-Stephens
et al., 2012). Therefore, identifying these conditions, which are
associated with high levels of stress in captive animals, is critically
important to achieve these aims. There are a number of potential
stressors in captive environments, such as inadequate housing con-
ditions and inappropriate social interactions, which could restrict
the natural behaviour of zoo animals (Scarlata et al., 2013;
Khonmee et al., 2014). In addition, captive animals are exposed
to a continuous human presence. The presence of people at zoo
exhibits could be perceived by animals as a negative influence, a
form of enrichment, or simply a changing variable with no evident
effect (Hosey, 2000; Davey, 2007; Hosey, 2008). Whether the zoo
visitors have a stressful effect on the animals seems to depend
on many factors, such as the temperament of the species or indi-
viduals (Fernandez et al., 2009), the animals’ body size (Davey,
2007), and the enclosure design (Davey, 2007; Hosey, 2000).
Particularly, it is known that the zoo exhibit design influences
the well-being of captive animals (Morgan and Tromborg, 2007;
Young et al., 2013). Due to the logistics of space and enclosure size,
the variety of environmental conditions available for zoo animals is
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normally reduced compared to the wild (Young et al., 2013). More-
over, animals in zoos are often subjected to microclimatic condi-
tions that can differ greatly from their natural habitat, and to
which their species is not usually adapted (Morgan and
Tromborg, 2007). While the effect of visitors on the welfare of cap-
tive animals has been widely studied for more than four decades
(Hosey, 2000; Davey, 2007; Hosey, 2013), few studies have inves-
tigated the microclimatic conditions that result from outdoor zoo
enclosures (Young et al., 2013) and their effect on captive species.

Assessing hormone levels in animals is a widely accepted
method to determine the sources of stress, which could influence
the welfare of captive animals (Wielebnowski, 2003; Howell-
Stephens et al., 2012). The physiological stress response in verte-
brates results in an increased secretion of glucocorticoid hormones
(GCs) subsequent to the activation of the hypothalamic–pituitary–
adrenal (HPA) axis (Möstl and Palme, 2002; Touma and Palme,
2005; Sheriff et al., 2011). The main GCs produced by the adrenal
gland are cortisol and corticosterone, with the latter being pre-
dominant in birds (Möstl et al., 2005; Palme et al., 2005;
Cockrem, 2007). If exposure to a stressor persists, chronic GC secre-
tion can lead to deleterious consequences on animal behaviour,
individual fitness and reproductive success, and can induce
immunosuppression (Munck et al., 1984; Liptrap, 1993; Munck
and Naráy-Fejes-Tóth, 1994). One way to evaluate physiological
responses to environmental stressors is by analysing the excretion
of GC metabolites in faeces (Schwarzenberger, 2007; Scarlata et al.,
2013). This non-invasive method permits the monitoring of the
animal’s endocrine status without the necessity to capture or han-
dle the animals, which may compromise the accurate assessment
of stress (Millspaugh and Washburn, 2004; Goymann, 2012). In
addition, faecal glucocorticoid metabolites (FGMs) represent an
average, pooled value of excreted steroids, and are therefore less
affected by diurnal fluctuations and pulsatile hormone secretion
(Palme, 2005). Monitoring adrenal activity through non-invasive
faecal hormone sampling is rapidly gaining popularity as a tool
to assess zoo animal welfare (Clark et al., 2012) in order to develop
the best management practices, also with respect to endangered
species.

The African Penguin (Spheniscus demersus) is an endemic sea-
bird of the coastal region of South Africa and Namibia, and is the
only member of the Order Sphenisciformes which breeds in Africa
(Shelton et al., 1984). African penguins are found from central
Namibia (Hollam’s Bird Island) to South Africa’s Eastern Cape pro-
vince (Bird Island) (Crawford et al., 2011). African penguins at this
latitude have developed adaptations for cold marine environments,
due to the presence of cold up-welling currents, while the air tem-
peratures, modified by cool sea breezes, are generally moderate
(Frost et al., 1976). The current conservation status of this species
is ‘‘Endangered”, and is included in the Red List of Threatened Spe-
cies of the IUCN (International Union for Conservation of Nature).
The population in the wild of this species has dramatically
decreased in recent years to less than 75,000–80,000 mature indi-
viduals (BirdLife International, 2013). This decline is mainly due to
loss of habitat, reduction of fish stocks, environmental pollution
(including oil spills), and egg collection (Barham et al., 2006;
Crawford et al., 2011). African penguins are exhibited in zoos and
aquaria all over the world, and as they face an elevated risk of
extinction, ex situ conservation programs are becoming increas-
ingly crucial.

Here, we investigated the physiological stress related to envi-
ronmental conditions of a colony of African penguins hosted in
an immersive zoo (Zoom Torino, Cumiana, Italy), using the non-
invasive method of assessing faecal glucocorticoid metabolites
(FGMs). Previous studies have demonstrated that this method is
useful for detecting and highlighting potentially stressful situa-
tions, which may influence the welfare of penguins, and it allows
the detection of individual differences of FGM concentrations
(Anfossi et al., 2014; Ozella et al., 2015). At the time of study, there
were 54 penguins (26 females and 28 males) in the colony. We car-
ried out 12 sampling days of faecal collections; during each sam-
pling day the collection of samples took place from 9:00 AM to
8:00 PM. The faeces collected during the different sampling days
did not belong to the same penguins, and we considered the
FGM average that related to the penguin colony as a whole. More-
over, there was variability concerning the number of samples, col-
lected on each sampling day, between males and females,
penguins’ age, and time of day (morning, afternoon and evening).
During the 12 days before the faecal collections, we registered
the number of visitors and the microclimatic conditions. The data
collection took place during summer 2014 (from the beginning of
June until the end of August), when the weather conditions in
Cumiana are usually warm and muggy. This period included the
maximum flow of visitors for the zoological facility, mainly due
to the presence of a swimming pool for the use of visitors, adjacent
to the penguins’ pond.

The main objectives of this study were: (1) to evaluate any dif-
ferences in FGM concentrations between penguins of different gen-
der and ages, and between time of day and sampling days; (2) to
assess if the presence of visitors and the microclimatic conditions
could influence the adrenocortical activity in these birds; (3) to
evaluate if two climatic indices, namely the THI (Temperature-
Humidity Index) and WCI (Wind Chill Index), are related to FGM
levels.
2. Materials and methods

2.1. Study site and animals

The study was conducted at an immersive zoo called Zoom Tor-
ino (44�560N, 7�250E) located in Cumiana (Italy), and accredited by
the EAZA (European Association of Zoos and Aquaria). The biopark
covers an area of about 16 ha with naturalistic enclosures that clo-
sely reproduce the natural habitat of the different species. The
exhibits provide an opportunity for visitors to view the various ani-
mal species through the use of open-faced exhibits and glass pan-
els, without evident barriers or cages. All the exhibits have a large
outdoor area, with flooring and plant elements designed to simu-
late natural habitat conditions, and an indoor area for the night
shelter.

The penguins are housed in an exhibit, which reproduces the
habitat of ‘‘Boulder Beach”, a natural nesting site in South Africa,
near Cape Town (Fig. 1). The exhibit covers an area of 1500 m2,
including a pond of 120 m2 (water depth maximum 3m; temper-
ature constantly maintained at 15 �C). The exhibit substrate is
made from sand and pebbles; trees and bushes are present to serve
as hiding places or cover for penguins, and artificial nests are pre-
sent in sufficient numbers to accommodate each pair. An indoor
area is used only as a quarantine zone, and these animals are there-
fore exposed both day and night to the weather. Visitors can view
the penguins from three points of the exhibit: a wooden footbridge
that crosses the enclosure, where they are separated from the ani-
mals by a low wooden fence; from two glass panels, which allow
the underwater viewing of the animals; and from two other glass
panels, which separate the penguins’ pond from the swimming
pool for visitors, which is adjacent to the penguin exhibit. This
point also allows the underwater viewing of the animals.

At the time of the study there were 54 African penguins (26
females and 28 males) in the colony, all of which were born and
reared in captivity; 28 penguins were transferred from another
European zoo in 2009, while 26 penguins were born at Zoom Tor-
ino. Penguins of age 3–12 months were classified as ‘‘juveniles”;



Fig. 1. Diagram of the penguin exhibit at Zoom Torino. The visitors can view the
penguins from three observation points of the exhibit: (a) from a wooden
footbridge that crosses the enclosure (b) from two glass panels, which allow
underwater viewing of the animals; and (c) from two other glass panels, which
allow underwater viewing of the animals, and which separate the penguins’ pond
from the swimming pool for visitors.
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penguins younger than 2 years old, with adult plumage, who were
looking for a mate and/or a nest were classified as ‘‘prospectors”
(Warham, 1990); penguins aged 2–20 years were classified as
‘‘adults”, and penguins older than 20 years were ‘‘old”, according
to the average lifespan of African penguins (10–27 years; Pearce,
2011). Nesting chicks (younger than 3 months old) were not
involved in this study as they always remained within the nest.

2.2. Data collection

Data collection took place in summer 2014, during the period of
maximum flow of visitors, from 2nd June (corresponding to the
opening of the swimming pool) to 25th August. Each sampling per-
iod involved 2 consecutive days: during the first day we carried out
(1) the visitors’ count and (2) the meteorological data registration.
On the second day of sampling, the (3) collection of faecal samples
took place. We carried out 12 sampling periods, for a total of
24 days of observation. In a previous study, we demonstrated that
in this species the FGM levels begin to increase after 5 h from a
punctual stress (i.e. capture and immobilization of animals for
5 min) and decrease within 30 h (Ozella et al., 2015). Therefore,
we assume that FGM concentrations assessed during the day of
faecal collection reflected the relative chronic stress accumulated
during the previous day.

2.2.1. Number of visitors
In order to count the number of visitors at the penguin exhibit,

instantaneous scan sampling method (Altmann, 1974) was used.
The visitors were photographed at the three points of permitted
penguin observation: (a) the wooden footbridge, (b) the glass pan-
els, and (c) the glass panels that separated the penguins’ pool from
the visitors’ pool (Fig. 1). Three sampling sessions were carried out
during each sampling day; the first sampling took place just after
the opening of the biopark (10:00 AM), the second sampling took
place after the first feeding time of the penguins (12:00 PM), and
the third sampling took place after the second feeding time of
the penguins (4:00 PM). During each sampling session, we per-
formed a total of 60 scan samples: 20 scan samples for each obser-
vation point, every 5 min. A grand total of 2160 scan samples were
taken. Moreover, in order to evaluate the daily number of visitors,
Zoom Torino kindly provided the number of people admitted into
the biopark, and the people admitted into the swimming pool adja-
cent to the penguins’ pond. The visitors admitted to the swimming
pool can also visit the biopark, but the visitors admitted to the bio-
park do not have access to the swimming pool.

2.2.2. Microclimatic parameters and climatic indices
The meteorological data were obtained from the meteorological

station of ‘‘ARPA Piemonte” (Agenzia Regionale Protezione Ambi-
ente del Piemonte) located in Cumiana (Italy), about 1 km from
the penguins’ exhibit. The daily meteorological data registered by
the station are: 24 h mean temperature (�C), 24 h mean relative
humidity (%), 24 h mean wind speed (m/s), and 24 h accumulated
rainfall (mm). Moreover, two climatic indices, the THI
(Temperature-Humidity Index) (Thom, 1959) and the WCI (Wind
Chill Index) (Tucker et al., 2007) were calculated. Climate indices
are commonly used to assess the degree of thermal discomfort in
humans and animals, by combining different microclimatic param-
eters into a single measure (Van laer et al., 2014). The THI was orig-
inally developed by Thom (1959) as a ‘‘discomfort index” to
estimate the levels of discomfort for human beings during summer
months. Subsequently, the THI was used to predict the effects of
environmental warmth in farm animals (Segnalini et al., 2011).

The THI combines air temperature and relative humidity in a
single parameter:

THI ¼ 0:8� T þ ½RH� ðT � 14:4Þ� þ 46:4

where T is air temperature in �C and RH is the relative humidity in
decimal form.

The WCI was initially used to evaluate thermal comfort for
humans (Siple and Passel, 1945), and it has also been used to assess
thermal conditions in a variety of animal species (Mader et al.,
2010; Angrecka and Herbut, 2015). The WCI relates ambient tem-
perature and wind speed, and one of the most commonly used
algorithms for calculating WCI is the formula according to Tucker
et al. (2007):

WCI ¼ 13:12þ 0:62� T � 13:17� ½WS�0:16 þ 0:40� T � ½WS�0:16

where T is air temperature in �C and WS is wind speed in km/h.

2.2.3. Collection of faecal samples
A total of 235 samples were collected. Faecal collection was car-

ried out on the days after counting the visitors and registering the
meteorological data. During each sampling day, sample collection
took place from 9:00 AM to 8:00 PM. ‘‘Morning” was considered
as the time from 9:00 AM to 12:00 PM, ‘‘afternoon” from
12:00 PM to 6:00 PM, and ‘‘evening” from 6:00 PM to 8:00 PM.
The birds were observed from a distance of higher than 5 m,
through binoculars to avoid disturbing the animals, by a researcher
standing motionless outside the exhibit. Each penguin involved in
the study was identified by means of a coloured flipper band on
one of its wings. After a defecation event, the researcher entered
the exhibit and gathered the expelled faeces. Sample collection
took place immediately after defecation to avoid bacterial and
microbial degradation (Millspaugh and Washburn, 2004). As urinal
and faecal excretion are combined in birds, we only collected the
faecal portion from droppings, which was distinguishable by
colour (Ninnes et al., 2010). Samples were gathered in cryovials
and frozen immediately after collection at �20 �C (Millspaugh
and Washburn, 2004; Palme et al., 2005; Sheriff et al., 2011).
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Throughout the study period, the penguins’ diet was not modified
in order to avoid alterations in gut flora and, as a consequence,
steroid metabolism (Sheriff et al., 2011).

2.3. Faecal glucocorticoid metabolite extraction

FGM extraction was carried out following the procedure
described by Anfossi et al. (2014). Briefly, penguin faeces were
transferred to a 15 ml tube and extracted with 5 ml of methanol:
water (70: 30, v/v). After centrifugation (to remove sand and
particulate matter of the exhibit), supernatants were transferred
to a weighted tube, and the amount of the extracted sample was
calculated by the difference between the total weight of the extract
and the weight of the extraction solvent. Sample extracts were
immediately stored at �20 �C until required for analysis.

2.4. Enzyme immunoassay (EIA)

Before FGM analysis, the immunoassay was validated for suit-
ability in African penguins by testing specificity, precision, limit
of detection, and accuracy (Anfossi et al., 2014). The EIA is based
on a polyclonal antibody raised against cortisol-3-(O-carboxyme
thyl)oxime-BSA (Bovine Serum Albumin). The experimental proto-
col has been previously reported (Anfossi et al., 2014). Briefly, cal-
ibration curves were obtained by dispensing 150 ll of the
conjugate (cortisol-3-(O-carboxymethyl)oxime-horse radish per-
oxidase diluted at 1.5 mg L�1 in 20 mM TRIS buffer pH 8.0, supple-
mented with 0.3 M NaCl, 1% BSA, and 0.1% Tween 20) and 50 ll of
corticosterone (diluted in 35% methanol at concentrations ranging
from 0 to 50 lg l�1) into immunoreactive wells obtained by coat-
ing with the polyclonal antibody. After a 1-h incubation, wells
were washed, and colour development was obtained by 30 min
incubation with TMB (200 ll per well). A volume of 50 ll of sul-
phuric acid (2 M) was used as a stop solution, and absorbance
was recorded at 450 nm. Unknown sample concentrations were
measured by replacing the corticosterone standard solution with
sample extracts diluted at a ratio of 1 + 1 with water and then 1
+ 9 with 35% methanol. All standards and samples were measured
in duplicate.

2.5. Data analysis

The average FGM concentration (expressed as mean ± SEM) was
calculated for each sampling day, gender, age class, and time of
day. Data were tested for normality and equality of variance. To
assess differences in FGM levels between sexes, theWelch two sam-
ple t-testwas used. To assess differences in FGM levels between age
classes and times of day (morning, afternoon, and evening), the
Welch one-way ANOVA was used. The average FGM concentrations
in each sampling day were compared using the Welch one-way
ANOVA, followed by the post hoc Waller-Duncan test.

The average number of visitors (a) at the wooden footbridge, (b)
at the glass panels, and (c) at the glass panels that separated the
penguins’ pool from the visitors’ pool, were calculated. Before eval-
uating the effects of environmental variables on FGMs, a prelimi-
nary analysis was conducted to assess a possible relation
between number of visitors number (both instantaneous and daily
number of visitors) and microclimatic parameters, by means of the
correlation Spearman test. To evaluate a possible relation between
average number of instantaneous visitors at each observation point
(a, b, and c), the correlation Spearman test was used. Likewise, to
assess a possible relation between the average number of instanta-
neous visitors and the daily evaluation of the number of visitors,
the correlation Spearman test was used.

We performed Principal Component Analysis (PCA) on microcli-
matic parameters in order to assess their variation and for data
visualization. Afterwards, the General Linear Model was used to
investigate the effects of the number of visitors and microclimatic
parameters on FGM levels. Moreover, to assess the relationship
between the THI and the WCI, with FGM concentrations, a simple
linear regression was performed.

Statistical analyses were carried out using the R software, Ver-
sion 3.1.2 (R Core Team, 2014), p < 0.05 was considered as statisti-
cally significant.
3. Results

3.1. Differences of FGMs between genders, age classes, times of day and
sampling days

The average FGM concentrations for each sampling day, gender,
age class, and time of day are indicated in Table 1. The FGM con-
centrations did not differ between gender (Welch two samples t-
test: t = �0.446, p = 0.655), age class (Welch one-way ANOVA:
F = 2.196, df = 3, p = 0.097), or times of day (Welch one-way ANOVA:
F = 0.638, df = 2, p = 0.530). Mean FGM concentrations differed sig-
nificantly between sampling days (Welch one-way ANOVA:
F = 2.065, df = 11, p = 0.032), and the Waller-Duncan post hoc test
showed that FGM levels were significantly higher on 9th June com-
pared to: 3rd June (p = 0.026), 14th July (p < 0.001), 24th July
(p = 0.004), 28th July (p = 0.046), 30th July (p = 0.023), 1st August
(p = 0.026), and 18th August (p = 0.003); conversely, FGM levels
were significantly lower on 14th July compared to 23rd June
(p = 0.033) and 25th August (p = 0.044) (Fig. 2).

3.2. Correlations between number of visitor and microclimatic
parameters

There were no significant correlations between the number of
visitors and the microclimatic variables.

3.3. Correlations between the number of instantaneous visitors and
daily visitors

The average number of instantaneous visitor counted at each
observation point and the number of daily visitors provided by
Zoom Torino are indicated in Table 2. The average number of
instantaneous visitor counted at the wooden footbridge (a) was
positively and significantly correlated with the average number
of visitors counted at the glass panels (b) (q = 0.78, p = 0.004),
and with the daily evaluation of people admitted to the biopark
(q = 0.79, p = 0.003). The average number of instantaneous visitors
counted at the glass panels that separated the penguins’ pool from
the visitors’ pool (c) was positively and significantly correlated
with the daily evaluation of people admitted to the swimming pool
adjacent to penguins’ pond (q = 0.9, p < 0.001). Therefore, the mean
numbers of instantaneous visitors counted at observation points
(a) and (c) were used for the subsequent statistical analyses to
assess the visitor effect on FGM levels.

3.4. Weather features of sampling days

The daily meteorological data provided by the meteorological
station of ‘‘ARPA Piemonte” (Agenzia Regionale Protezione Ambi-
ente del Piemonte) located in Cumiana (Italy), are indicated in
Table 2. The accumulated rainfall showed very low variability dur-
ing the observation period (the rainfall was 0 mm for 10 days out
of 12) (Table 2), therefore this parameter was not included in the
subsequent statistical analyses. The first two components of the
PCA explained 99.9% of the whole variance (PC1 = 94.1%,
PC2 = 5.8%), and we represented these two PCA components in
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order to understand the weather features of sampling days (Fig. 3).
The two components separated sampling days with high tempera-
ture and low humidity and wind (8th June, 22nd June, 27th July
and 3rd July), and one day with high temperature and humidity
(23rd July). Moreover, there were sampling days with low temper-
ature, low humidity and high wind (e.g. 16th August and 10th July),
and one day with high humidity, low temperature and low wind
(29th July).

3.5. Effects of visitor numbers and weather conditions on FGMs

A General Linear Model was used to investigate the effects of
mean temperature, mean wind speed, mean relative humidity,
and mean number of visitors at observation points (a) and (c), on
mean FGM concentrations in faeces collected the day after register-
ing the microclimatic parameters and visitor counts. Mean temper-
ature, mean wind speed, and mean relative humidity were
considered both separately and also as interactions terms: the
mean temperature and mean relative humidity (named ‘‘Temp⁄-
Humidity”), the mean temperature and mean wind speed (named
‘‘Temp⁄Wind”), the mean relative humidity and the mean wind
speed (named ‘‘Humidity⁄Wind”). The results showed that the fac-
tors that affected adrenal activity were the mean temperature and
the three factors considered as interaction terms, i.e. Temp⁄Humid-
ity, Temp⁄Wind, and Humidity⁄Wind. Conversely, mean wind
speed, mean relative humidity, and mean numbers of instanta-
neous visitors counted at observation points (a) and (c) were not
significant (F = 11.16, R2 = 0.88, p = 0.036). Mean FGM concentra-
tions were higher when the mean temperature (p = 0.008), and
Humidity⁄Wind increased (p = 0.038); FGM concentrations were
lower when Temp⁄Humidity (p = 0.018), and Temp⁄Wind increased
(p = 0.02) (Table 3).

3.6. Relationships between climatic indices (THI and WCI) and FGMs

The relationship between the THI and FGMs is described by the
equation: y = 181.96 � �9173.73 (F = 6.388, R2 = 0.32, p = 0.03).
The mean FGM concentrations increased as the THI values
increased, and for each 1 unit increment of THI, we observed an
increase of 182 ng/g of FGMs (Fig. 4). The relationship between
Wind Chill Index (WCI) and FGMs is described from the equation:
y = 248.22 � �1788.56 (F = 7.886, R2 = 0.38, p = 0.018). The mean
FGM concentrations increased as the WCI values increased, and
for each 1 unit increment of WCI, there was an increase of
248 ng/g of FGMs (Fig. 5).
4. Discussion

In this study, we evaluated the effects of environmental factors,
weather conditions and presence of visitors, on the adrenal stress
status of a colony of captive African penguins hosted in a zoological
facility in northwest Italy. Overall, the results suggest that the local
microclimatic conditions may affect the adrenocortical activity in
the African penguins. While, the visitors’ presence had a neutral
effect on the physiological stress of the penguins. Furthermore,
we found a positive relationship between daily FGM concentra-
tions and two climatic indices, commonly used in human beings
and domestic animals: Temperature-Humidity Index (THI) and
Wind Chill Index (WCI).

Before investigating the adrenocortical response in African pen-
guin in relation to environmental factors, we analysed gender-,
age- and diurnal-differences in FGM levels within the penguin col-
ony. Gender differences in adrenal activity have been previously
reported in several species and may be due to different physiolog-
ical and behavioural aspects (Touma and Palme, 2005). Our results



Fig. 2. Mean values of FGMs (ng/g faeces) in each sampling day (Summer 2014). The box and whisker plots illustrate the interquartile range, and the black lines indicate the
median. The error bars extend from the box to the highest and lowest values. The circles indicate the outlier data.

Table 2
Environmental variables. Microclimate variables: 24 h mean temperature (�C), 24 h mean relative humidity (%), 24 h mean wind speed (m/s), and 24 h accumulated rainfall (mm).
Instantaneous number of visitors: mean number of visitors photographed at observation points (a) at the wooden footbridge, (b) at the glass panels, (c) at the glass panels that
separated the penguins’ pool from the visitors’ pool. The daily number of visitors provided by Zoom Torino: number of people admitted to the biopark and number of people
admitted to the swimming pool adjacent to the penguins’ pond.

Sampling day
(Meteorological data
registration and visitors’
count)

Microclimate variables Instantaneous visitors’ number Daily visitors’ number

Mean
temperature
(�C)

Mean
relative
humidity
(%)

Mean
wind
speed
(m/s)

Rainfall
(mm)

Mean visitors’
number at
observation
point (a)

Mean visitors’
number at
observation
point (b)

Mean visitors’
number at
observation point
(c)

Visitors’
number
admitted at
biopark

Visitors’ number
admitted at
swimming pool

2nd June 17.9 73 1.2 0 5 10.4 0 2643 20
8th June 25.2 63 1.2 0 3.9 8.2 4.4 2938 881
22nd June 23.5 74 0.9 0 6.3 10.6 3.7 2397 873
3rd July 22.6 72 1.1 0 4.6 2.64 3.6 1109 1220
10th July 19.5 65 1.3 0 1.6 1.5 1.24 655 630
13th July 20 76 1.1 0 3.6 4.7 0.8 2080 806
23rd July 22 84 1.1 0 0.1 0.2 1.3 341 519
27th July 23 74 1.3 0 5.1 4.8 8.6 2999 2811
29th July 17 94 1.2 9.6 0.06 0.06 0 108 36
31st July 20.4 70 1.3 4.6 3.2 4.3 6.3 1081 1260
16th August 19.5 62 1.6 0 7.3 6.5 5 2677 2683
24th August 19.9 76 1.5 0 4.8 10.9 4.3 2969 1764
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did not show any differences in FGM concentrations between the
sexes. This result agreed with those obtained in other avian spe-
cies, such as the Mourning dove (Zenzaida macrura) (Washburn
et al., 2003) and the Golden eagle (Aquila chrysaetos) (Staley
et al., 2007). Conversely, a sex-dependent excretion of FGMs does
exist in certain bird species, such as the European stonechat (Saxi-
cola torquata rubicola) (Goymann, 2005), the Peregrine falcon (Falco
peregrinus) (Staley et al., 2007), and the Adelie penguins (Pygoscelis
adeliae) (Ninnes et al., 2010). As suggested by Touma and Palme
(2005), different factors may be responsible for gender-specific dif-
ferences and should be considered when measuring FGMs of a
given species. As a relationship exists between the hypothala
mic–pituitary–adrenal (HPA) and the hypothalamic–pituitary–go
nadal (HPG) axes, and both testosterone and oestrogen modulate
the response of the HPA axis (Toufexis et al., 2014), gender differ-
ences in FGMs could vary depending on the biological stage of
birds, such as breeding period.

In addition, it is essential to consider the life stage at which an
individual is observed, in order to link physiological measures with
environmental parameters (Wilcoxen et al., 2011). The decline of
corticosterone secretion is age-related in birds, due to a decrease
in adrenal capacity, which contributes to a reduction in the stress
response (Heidinger et al., 2008; Wilcoxen et al., 2011). Our results
did not show any age-related differences, and there was no
decrease in FGM levels with age. A previous study conducted on
this penguin colony (Ozella et al., 2015) showed a possible age-
related difference in FGM levels, which was, however, connected
to different past-experience with the applied stressor (i.e. handling
of animals) and also with the reproductive status. In the current
study, all the animals had already experienced the relevant stres-
sors and the data collection period did not coincide with the breed-
ing period.

Furthermore, we did not find any diurnal variation in FGM con-
centrations during the data collection period. While well-defined
circadian rhythms of plasma GCs have been described in several
avian species (e.g. Rich and Romero, 2001; Romero and Remage-
Healey, 2000), only a few studies have focused on diurnal variation
in FGMs in birds (e.g. Carere et al., 2003). A diurnal variation in
FGM concentrations was found in small birds, such as the Great
tit (Parus major) (Carere et al., 2003), which usually defecate more
frequently. However, our results are in agreement with those
obtained by Baltic et al. (2005) in Black grouse (Tetrao tetrix), and
Thiel et al. (2005) in Western capercaillie (Tetrao urogallus). These
birds have similar heights and weights to the African penguin, and
we hypothesize that the longer gut passage time, and consequently
the more infrequent defecation, may preclude detecting diurnal



Fig. 3. Plot of the variation of sampling days in relation to daily mean temperature, daily mean wind speed and daily mean relative humidity.

Table 3
General Linear Model results predicting the effects of mean temperature, mean wind
speed, mean relative humidity, mean number of visitors at observation points (a) and
(c), and the interaction terms Temp⁄Humidity (mean temperature and mean relative
humidity), Temp⁄Wind (mean temperature and mean wind speed), Humidity⁄Wind
(mean relative humidity and mean wind speed) on mean FGM concentrations in
African penguins in Summer 2014.

Variable Estimate Standard error t-Value p-Value

Intercept �54253.452 15460.593 �3.509 0.039
Mean temperature 4599.934 731.537 6.288 0.008
Mean relative humidity �70.527 176.669 �0.399 0.716
Mean wind speed 20887.205 10348.692 2.018 0.136
Visitors’ number (a) �202.749 78.030 �2.598 0.08
Visitors’ number (c) 79.117 78.026 1.014 0.385
Temp⁄Humidity �22.216 4.774 �4.653 0.018
Temp⁄Wind �2326.402 519.916 �4.475 0.02
Humidity⁄Wind 386.153 108.961 3.544 0.038
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changes in FGM levels. However, in line with our previous study
about this species (Ozella et al., 2015), we did not find any diurnal
variation in FGM levels during the breeding season. Consequently,
we consider the FGM levels obtained as a pooled measure over a
certain time period, representing a cumulative secretion, as sug-
gested by several other authors (e.g. Goymann et al., 1999;
Palme, 2005; Keay et al., 2006; Cockrem, 2007; Palme, 2012).

Daily mean FGM concentrations varied across the data collec-
tion period and they significantly differed between sampling days.
Two environmental conditions were considered as possible causes
for this variation: the number of visitors and the weather condi-
tions. In the context of captive animal research, ‘visitor effects’
describes the influence of visitors on the welfare of zoo animals
(Choo et al., 2011). Hosey (2000) categorized three classes of differ-
ent effects that zoo visitors may have on exhibited animals, namely
a source of stress, a source of enrichment, or relatively neutral.
Commonly, visitor effects have been investigated using the beha-
vioural assessment of captive animals (Davey, 2007), and more
recently, several studies have utilised physiological parameters,
such as the measurement of FGM concentrations (e.g. Pirovino
et al., 2011; Clark et al., 2012; Sherwen et al., 2014, 2015). Our
results showed that the number of visitors did not influence the
adrenocortical activity of African penguins measured through
assessing FGM daily mean concentrations. These findings sug-
gested that visitors to the zoological facility had a neutral impact
on the physiological stress of the penguins. Other studies con-
ducted in immersive zoos with naturalistic exhibits (Choo et al.,
2011; Sherwen et al., 2014) showed similar results, demonstrating
that the number of visitors had no impact on the welfare of captive
animals. The exhibit design of naturalistic zoos simulates the nat-
ural habitats of animals, thus providing direct benefit to captive
animals by promoting naturalistic behaviour (Sha et al., 2013). At
the same time, the absence of a visible physical barrier fosters a
more positive attitude by the public towards the animals (Tofield
et al., 2003). Despite the limited number of studies that have inves-
tigated animal responses to visitors in immersive zoos, they all
report minor effects of the presence of visitors on animal behaviour
(Sherwen et al., 2014). It is possible that naturalistic exhibits allow
animals greater freedom of movement, enhancing choice and con-
trol over their interactions with visitors (Davey, 2007), which may
reduce potentially negative impacts from the public. Nevertheless,
potential undesirable implications of naturalistic exhibits must be
considered. For example, the removal or reduction of the physical
barriers and the safety mechanisms leave animals unprotected
from direct trauma and injuries due to irresponsible visitor beha-
viour or wild animal predators (Sha et al., 2013). Furthermore, as
the naturalistic exhibits are commonly large outdoor areas, ani-
mals are greatly exposed to surrounding environments, as well
as to the local microclimate. However, few studies have investi-
gated the influence of microclimatic conditions on the welfare of
captive animals hosted in outdoor enclosures (Young et al.,
2013). A few recent studies on captive animals, such as African
lions (Panthera leo), Siberian tigers (Pantera tigris) (Young et al.,
2013) and gorals (Naemorhedus griseus) (Khonmee et al., 2014)
show that high temperature could affect animal welfare. In partic-
ular, authors observed an increase of glucocorticoids in gorals dur-
ing the summer months and this result could reflect a form of heat
stress in this species (Khonmee et al., 2014). Instead, the effect of
weather parameters on glucocorticoid production has been widely
studied in various livestock species (Silanikove, 2000), in order to
assess the consequences of stress on productivity (Hill and Wall,



Fig. 4. Relationship between Temperature-Humidity Index (THI) and FGMs (ng/g). Shaded area indicates the 95% confidence intervals.

Fig. 5. Relationship between Wind Chill Index (WCI) and FGMs (ng/g). Shaded area indicates the 95% confidence intervals.

56 L. Ozella et al. / General and Comparative Endocrinology 242 (2017) 49–58
2015). In particular, high ambient temperature, wind speed and
humidity are recognized as environmental stressing factors for
farm animals (Silanikove, 2000).

In this study, we have shown, for the first time in this species,
that adrenocortical activity in captive African penguins is influ-
enced by local microclimatic conditions. Specifically, the increase
of the mean temperature induces an increase of FGM concentra-
tion, when the daily temperature is considered as a single predic-
tor variable. The mean relative humidity and the mean wind
speed, considered as single parameters, did not influence daily
FGMs.
However, when we considered the interaction between the
mean temperature and the mean relative humidity, as well as
the mean temperature and the mean wind speed, we observed a
negative relationship with FGM concentrations. Humidity and
wind speed could have a moderating effect on temperature, which
subsequently reduces the heat-induced stress and consequently
the adrenal activity in African penguins. Conversely, the interac-
tion between humidity and wind speed was related to the increase
in FGM concentrations. We hypothesize that these results can be
explained by the different microclimate conditions at the latitude
of the zoological facility and the natural habitat of this species.
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‘‘Boulder beach” is one of main natural nesting site of African
penguins and is located several kilometres to the south of Simon’s
Town, South Africa. According to Köppen and Geiger (1930), the cli-
mate of Simon’s Town is temperate-humid, and is classified as Csb:
mesothermal with temperatures in the warmest month being less
than 22 �C. Although the data collection period – summer 2014 –
was not a particularly hot summer for the standards of north Italy,
and the microclimatic conditions were variable, we found that the
warmest day, 8th June, with a mean daily temperature >24 �C,
was related to the highest daily level of FGM. Conversely, when
the daily mean temperature was 620 �C in the 2 days – 3rd June
and 14th July – therewas the lowest daily level of FGM. Indeed, Afri-
can penguins start to become heat-stressed at air temperatures of
24 �C, when they have been observed panting (Frost et al., 1976), a
behavioural adaptation to increase heat release with respiratory
evaporation. Moreover, in order to adapt to hot climates, these pen-
guins breed in burrows dug in guano, which maintains a constant
microclimate, with high relative humidity, buffered temperatures
and little exposure to the wind (Frost et al., 1976).

As also demonstrated by our results, the weather factors did not
act separately, and their interactions influenced animal welfare in
an extremely complexway (Van laer et al., 2014). To account for this
factor, different climatic parameters have been combined into sin-
gles indices, such as the THI and the WCI, to quantify the degree
of discomfort and potential production loss in domestic livestock
(Van laer et al., 2014). The THI or heat index was developed for
describing the degree of heat stress at various combinations of tem-
perature and humidity (Hill et al., 2004), while the combined effects
of temperature and wind are often expressed as WCI. This index is
commonly used to estimate effective temperature perceived by ani-
mals rather than mere air temperature (Piao and Baik, 2015). We
calculated the THI and theWCI, andwe detected a positive relation-
ship between the increase of the THI and theWCIwith the FGMcon-
centrations, demonstrating that these indices could be useful
indicators of weather discomfort in African penguins. Nevertheless,
further research may be necessary to establish threshold values of
climatic indices for African penguins under different management
conditions and during different seasons.

In conclusion, our study has shown that monitoring of FGMs is a
valuable tool for advancing our understanding of adrenal function
and stress responses in captive animals, and can enhance ex situ
management of threatened species. Our results indicate that the
naturalistic exhibits could have significant benefits for captive ani-
mals, such as a reduction of the visitor effect. Nevertheless, the
location of the zoological facility should be taken into account
and if the local microclimatic conditions are compatible with the
hosted species and do not differ greatly from their natural habitat.
Above all, the identification of conditions that influence the wel-
fare of captive animals is critically important in order to imple-
ment ex situ conservation programs in zoo facilities.
Acknowledgments

We would like to thank Zoom Torino S.p.A. (http://www.zoom-
torino.it) for free access to their animals and for the data of daily
visitors numbers. In particular we are very grateful to zoological
director of the park, Dr. Daniel Sanchez. We would like to thank
ARPA Piemonte (Agenzia Regionale Protezione Ambiente del Pie-
monte) for free access to meteorological data.
References

Anfossi, L., Ozella, L., Di Nardo, F., Giovannoli, C., Passini, C., Favaro, L., Pessani, D.,
Möstl, E., Baggiani, C., 2014. A broad-selective enzyme immunoassay for non-
invasive stress assessment in African penguins (Spheniscus demersus) held in
captivity. Anal. Methods 6, 8222–8231.
Angrecka, S., Herbut, P., 2015. Conditions for cold stress development in dairy cattle
kept in free stall barn during severe frosts. Czech J. Anim. Sci. 60 (2), 81–87.
http://dx.doi.org/10.17221/7978-CJAS.

Altmann, J., 1974. Observational study of behavior: Sampling methods. Behaviour
49, 227–267.

Baltic, M., Jenni-Eiermann, S., Arlettaz, R., Palme, R., 2005. A noninvasive technique
to evaluate human-generated stress in the black grouse. Ann. N. Y. Acad. Sci.
1046, 81–95. http://dx.doi.org/10.1196/annals.1343.008.

Barham, P.J., Crawford, R.J.M., Underhill, L.G., Wolfaardt, A.C., Barham, B.J., Dyer, B.
M., Leshoro, T.M., Meÿer, M.A., Navarro, R.A., Oschadleus, D., Upfold, L.,
Whittington, P.A., Williams, A.J., 2006. Return to Robben Island of African
penguins that were rehabilitated, relocated or reared in captivity following the
Treasure oil spill of 2000. Ostrich 77, 202–209.

BirdLife International, 2013. Spheniscus demersus. The IUCN Red List of Threatened
Species. Version 2014.3. <www.iucnredlist.org>. Downloaded on 15 July 2015.

Carere, C., Groothuis, T.G.G., Möstl, E., Daan, S., Koolhaas, J.M., 2003. Fecal
corticosteroids in a territorial bird selected for different personalities: daily
rhythm and the response to social stress. Horm. Behav. 43 (5), 540–548. http://
dx.doi.org/10.1016/S0018-506X(03)00065-5.

Choo, Y., Todd, P.A., Li, D., 2011. Visitor effects on zoo orangutans in two novel,
naturalistic enclosures. Appl. Anim. Behav. Sci. 133 (1–2), 78–86. http://dx.doi.
org/10.1016/j.applanim.2011.05.007.

Clark, F.E., Fizpatrick, M., Hartley, A., King, A.J., Lee, T., Routh, A., Walker, S.L., George, K.,
2012. Relationship between behaviour, adrenal activity, and environment in zoo-
housedWestern Lowland Gorillas (Gorilla gorilla gorilla). Zoo Biol. 31, 306–321.

Cockrem, J.F., 2007. Stress, corticosterone responses and avian personalities. J.
Ornithol. 148 (2), 169–178.

Crawford, R.J.M., Altwegg, R., Barham, B.J., Barham, P.J., Durant, J.M., Dyer, B.M.,
Geldenhuys, D., Makhado, A.B., Pichegru, L., Ryan, P.G., Underhill, L.G., Upfold, L.,
Visagie, J., Waller, L.J., Whittington, P.A., 2011. Collapse of South Africa’s
penguins in the early 21st century. Afr. J. Mar. Sci. 33, 139–156.

Davey, G., 2007. Visitors’ effects on the welfare of animals in the zoo: a review. J.
Appl. Anim. Welf. Sci. 10 (2), 169–183. http://dx.doi.org/10.1080/
10888700701313595.

Fernandez, E.J., Tamborski, M., Pickens, S.R., Timberlake, W., 2009. Animal-visitor
interactions in the modern zoo: conflicts and interventions. Appl. Anim. Behav.
Sci. 120 (1–2), 1–8. http://dx.doi.org/10.1016/j.applanim.2009.06.002.

Frost, P.G.H., Siegfried, W.R., Burger, A.E., 1976. Behavioural adaptations of the
Jackass penguin, Spheniscus demersus to a hot, arid environment. J. Zool. 179,
165–187.

Goymann, W., Möstl, E., Van’t Hof, T., East, M.L., Hofer, H., 1999. Noninvasive fecal
monitoring of glucocorticoids in spotted hyenas, Crocuta crocuta. Gen. Comp.
Endocrinol. 144, 340–348.

Goymann, W., 2005. Noninvasive monitoring of hormones in bird droppings:
physiological validation, sampling, extraction, sex differences, and the influence
of diet on hormone metabolite levels. Ann. N. Y. Acad. Sci. 1046, 35–53. http://
dx.doi.org/10.1196/annals.1343.005.

Goymann, W., 2012. On the use of non-invasive hormone research in uncontrolled
natural environments the problem with sex diet metabolic rate and the
individual. Methods Ecol. Evol. 3, 757–765.

Heidinger, B.J., Nisbet, I.C.T., Ketterson, E.D., 2008. Changes in adrenal capacity
contribute to a decline in the stress response with age in a long-lived seabird.
Gen. Comp. Endocrinol. 156 (3), 564–568. http://dx.doi.org/10.1016/j.
ygcen.2008.02.014.

Hill, R.A., Weingrill, T., Barrett, L., Henzi, S.P., 2004. Indices of environmental
temperatures for primates in open habitats. Primates 45 (1), 7–13. http://dx.doi.
org/10.1007/s10329-003-0054-8.

Hill, D.L., Wall, E., 2015. Dairy cattle in a temperate climate: the effects of weather
on milk yield and composition depend on management. Animal 9 (01), 138–
149. http://dx.doi.org/10.1017/S1751731114002456.

Hosey, G.R., 2000. Zoo animals and their human audiences: what is the visitor
effect? Anim. Welf. 9 (4), 343–357.

Hosey, G.R., 2008. A preliminary model of human-animal relationships in the zoo.
Appl. Anim. Behav. Sci. 109 (2–4), 105–127. http://dx.doi.org/10.1016/j.
applanim.2007.04.013.

Hosey, G.R., 2013. Hediger revisited: how do zoo animals see us? J. Appl. Anim.
Welf. Sci. 16 (4), 338–359. http://dx.doi.org/10.1080/10888705.2013.827916.

Howell-Stephens, J., Brown, J.S., Bernier, D., Mulkerin, D., Santymire, R.M., 2012.
Characterizing adrenocortical activity in zoo-housed southern three-banded
armadillos (Tolypeutes matacus). Gen. Comp. Endocrin. 178 (1), 64–74. http://dx.
doi.org/10.1016/j.ygcen.2012.04.003.

Keay, J.M., Singht, J., Gaunt, M.C., Kaur, T., 2006. Fecal glucocorticoids and their
metabolites as indicators of stress in various mammalian species: a literature
review. J. Zoo Wildl. Med. 37 (3), 234–244.

Khonmee, J., Brown, J.L., Rojanasthien, S., Aunsusin, A., Thumasanukul, D.,
Kongphoemphun, A., Siriaroonrat, B., Tipkantha, W., Punyapornwithaya, V.,
Thitaram, C., 2014. Gender, season and management affect fecal glucocorticoid
metabolite concentrations in captive goral (Naemorhedus griseus) in Thailand.
PLoS ONE 9 (3), e91633. http://dx.doi.org/10.1371/journal.pone.0091633.

Köppen, W., Geiger, R., 1930. Handbuch der Klimatologie. Gebrueder Borntraeger,
Berlin.

Liptrap, R.M., 1993. Stress and reproduction in domestic animals. Ann. N. Y. Acad.
Sci. 697, 275–284.

Mader, T.L., Johnson, L.J., Gaughan, J.B., 2010. A comprehensive index for assessing
environmental stress in animals. J. Anim. Sci. 88 (6), 2153–2165. http://dx.doi.
org/10.2527/jas.2009-2586.

http://www.zoom-torino.it
http://www.zoom-torino.it
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0005
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0005
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0005
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0005
http://dx.doi.org/10.17221/7978-CJAS
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0015
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0015
http://dx.doi.org/10.1196/annals.1343.008
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0025
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0025
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0025
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0025
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0025
http://www.iucnredlist.org
http://dx.doi.org/10.1016/S0018-506X(03)00065-5
http://dx.doi.org/10.1016/S0018-506X(03)00065-5
http://dx.doi.org/10.1016/j.applanim.2011.05.007
http://dx.doi.org/10.1016/j.applanim.2011.05.007
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0045
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0045
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0045
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0050
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0050
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0055
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0055
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0055
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0055
http://dx.doi.org/10.1080/10888700701313595
http://dx.doi.org/10.1080/10888700701313595
http://dx.doi.org/10.1016/j.applanim.2009.06.002
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0070
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0070
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0070
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0075
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0075
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0075
http://dx.doi.org/10.1196/annals.1343.005
http://dx.doi.org/10.1196/annals.1343.005
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0085
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0085
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0085
http://dx.doi.org/10.1016/j.ygcen.2008.02.014
http://dx.doi.org/10.1016/j.ygcen.2008.02.014
http://dx.doi.org/10.1007/s10329-003-0054-8
http://dx.doi.org/10.1007/s10329-003-0054-8
http://dx.doi.org/10.1017/S1751731114002456
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0105
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0105
http://dx.doi.org/10.1016/j.applanim.2007.04.013
http://dx.doi.org/10.1016/j.applanim.2007.04.013
http://dx.doi.org/10.1080/10888705.2013.827916
http://dx.doi.org/10.1016/j.ygcen.2012.04.003
http://dx.doi.org/10.1016/j.ygcen.2012.04.003
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0125
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0125
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0125
http://dx.doi.org/10.1371/journal.pone.0091633
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0135
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0135
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0140
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0140
http://dx.doi.org/10.2527/jas.2009-2586
http://dx.doi.org/10.2527/jas.2009-2586


58 L. Ozella et al. / General and Comparative Endocrinology 242 (2017) 49–58
Melfi, V., 2009. There are big gaps in our knowledge, and thus approach, to zoo
animal welfare: a case for evidence-based zoo animal management. Zoo Biol. 28
(6), 574–588. http://dx.doi.org/10.1002/zoo.20288.

Millspaugh, J.J., Washburn, B.E., 2004. Use of fecal glucocorticoid metabolite
measures in conservation biology research: considerations for application and
interpretation. Gen. Comp. Endocrinol. 138, 189–199.

Morgan, K.N., Tromborg, C.T., 2007. Sources of stress in captivity. Appl. Anim. Behav.
Sci. 102 (3–4), 262–302. http://dx.doi.org/10.1016/j.applanim.2006.05.032.

Möstl, E., Palme, R., 2002. Hormones as indicators of stress. Domest. Anim. Endocrin.
23, 67–74.

Möstl, E., Rettenbacher, S., Palme, R., 2005. Measurement of corticosterone
metabolites in birds’ droppings: an analytical approach. Ann. N. Y. Acad. Sci.
1046, 17–34.

Munck, A., Guyre, P.M., Holbrook, N.J., 1984. Physiological functions of
glucocorticoids in stress and their relation to pharmacological actions.
Endocr. Rev. 5 (1), 25–44.

Munck, A., Naráy-Fejes-Tóth, A., 1994. Glucocorticoids and stress: permissive and
suppressive actions. Ann. N. Y. Acad. Sci. 746, 115–130.

Ninnes, C.E., Waas, J.R., Ling, N., Nakagawa, S., Banks, J.C., Bell, D.G., Bright, A., Carey,
P.W., Chandler, J., Hudson, Q.J., Ingram, J.R., Lyall, K., Morgan, D.K.J., Stevens, M.
I., Wallace, J., Möstl, E., 2010. Comparing plasma and faecal measures of steroid
hormones in Adelie penguins Pygoscelis adeliae. J. Comp. Physiol. B Biochem.
Syst. Environ. Physiol. 180, 83–94.

Ozella, L., Anfossi, L., Di Nardo, F., Pessani, D., 2015. Non-invasive monitoring of
adrenocortical activity in captive African penguin (Spheniscus demersus) by
measuring faecal glucocorticoid metabolites. Gen. Comp. Endocrinol. 224,
104–112.

Palme, R., 2005. Measuring fecal steroids, guidelines for practical application. Ann.
N. Y. Acad. Sci. 1046, 75–80.

Palme, R., Rettenbacher, S., Touma, C., El-Bahr, S.M., Möstl, E., 2005. Stress hormones
in mammals and birds: comparative aspects regarding metabolism, excretion,
non invasive measurement in fecal samples. Ann. N. Y. Acad. Sci. 1040, 162–
171.

Palme, R., 2012. Monitoring stress hormone metabolites as a useful, non-invasive
tool for welfare assessment in farm animals. Anim. Welf. 21, 331–337.

Pearce, W., 2011. ‘‘Spheniscus demersus” (On-line), Animal Diversity Web. Accessed
August 24, 2015 at <http://animaldiversity.org/accounts/Spheniscus_demersus/>.

Piao, M.Y., Baik, M., 2015. Seasonal variation in carcass characteristics of Korean
cattle steers. Asian Australas. J. Anim. Sci. 28 (3), 442–450.

Pirovino, M., Heistermann, M., Zimmermann, N., Zingg, R., Clauss, M., Codron, D.,
Kaup, F.J., Steinmetz, H.W., 2011. Fecal glucocorticoid measurements and their
relation to rearing, behavior, and environmental factors in the population of
pileated gibbons (Hylobates pileatus) held in European zoos. Int. J. Primatol. 32
(5), 1161–1178. http://dx.doi.org/10.1007/s10764-011-9532-9.

R Core Team, 2014. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. <http://www.R-project.
org/>.

Rich, E.L., Romero, L.M., 2001. Daily and photoperiod variation of basal and stress-
induced corticosterone concentrations in house-sparrows (Passer domesticus). J.
Comp. Physiol. B 171, 543–547.

Romero, L.M., Remage-Healey, L., 2000. Daily and seasonal variation in response to
stress in captive starlings (Sturnus vulgaris): corticosterone. Gen. Comp.
Endocrinol. 119, 52–59.

Scarlata, C., Elias, B., Godwin, J., Powell, R., Shepherdson, D., Shipley, L., Brown, J.,
2013. Influence of environmental conditions and facility on faecal
glucocorticoid concentrations in captive pygmy rabbits (Brachylagus
idahoensis). Anim. Welf. 22 (3), 357–368. http://dx.doi.org/10.7120/
09627286.22.3.357.

Schwarzenberger, F., 2007. The many uses of non-invasive faecal steroid monitoring
in zoo and wildlife species. Int. Zoo Yearb. 41 (1), 52–74. http://dx.doi.org/
10.1111/j.1748-1090.2007.00017.x.
Segnalini, M., Nardone, A., Bernabucci, U., Vitali, A., Ronchi, B., Lacetera, N., 2011.
Dynamics of the temperature-humidity index in the Mediterranean basin. Int. J.
Biometeorol. 55 (2), 253–263. http://dx.doi.org/10.1007/s00484-010-0331-3.

Sha, J.C.M., Kabilan, B., Alagappasamy, S., Guha, B., 2013. Benefits of naturalistic
FreeRanging primate displays and implications for increased human–primate
interactions. Anthrozoos A Multidiscip. J. Interact. People Anim. 26 (1), 13–26.
http://dx.doi.org/10.2752/175303713X13534238631353.

Shelton, P.A., Crawford, R.J.M., Cooper, J., Brooke, R.K., 1984. Distribution, population
size and conservation of the Jackass penguin Spheniscus demersus. S. Afr. J. Mar.
Sci. 2, 217–257.

Sheriff, M.J., Dantzer, B., Delehanty, B., Palme, R., Boonstra, R., 2011. Measuring
stress in wildlife: techniques for quantifying glucocorticoids. Oecologia 166,
869–887.

Sherwen, S.L., Magrath, M.J.L., Butler, K.L., Phillips, C.J.C., Hemsworth, P.H., 2014. A
multi-enclosure study investigating the behavioural response of meerkats to
zoo visitors. Appl. Anim. Behav. Sci. 156, 70–77. http://dx.doi.org/10.1016/j.
applanim.2014.04.012.

Sherwen, S.L., Magrath, M.J.L., Butler, K.L., Hemsworth, P.H., 2015. Little penguins,
Eudyptula minor, show increased avoidance, aggression and vigilance in
response to zoo visitors. Appl. Anim. Behav. Sci. 168, 71–76. http://dx.doi.org/
10.1016/j.applanim.2015.04.007.

Silanikove, N., 2000. Effects of heat stress on the welfare of extensively managed.
Livest. Prod. Sci. 67, 1–18.

Siple, P.A., Passel, C.F., 1945. Measurements of dry atmospheric cooling in
subfreezing temperatures. Proc. Am. Philos. Soc. 89, 177–199.

Staley, A.M., Blanco, J.M., Dufty, A.M., Wildt, D.E., Monfort, S.L., 2007. Fecal steroid
monitoring for assessing gonadal and adrenal activity in the golden eagle and
peregrine falcon. J. Comp. Physiol. B Biochem. Syst. Environ. Physiol. 177 (6),
609–622. http://dx.doi.org/10.1007/s00360-007-0159-2.

Thiel, D., Jenni-Eiermann, S., Palme, R., 2005. Measuring corticosterone metabolites
in droppings of capercaillies (Tetrao urogallus). Ann. N. Y. Acad. Sci. 1046, 96–
108. http://dx.doi.org/10.1196/annals.1343.009.

Thom, E.C., 1959. The discomfort index. Weatherwise 12, 57.
Tofield, S., Coll, R.K., Vyle, B., Bolstad, R., 2003. Zoos as a source of free choice

learning. Res. Sci. Technol. Educ. 21, 67–99.
Toufexis, D., Rivarola, M.A., Lara, H., Viau, V., 2014. Stress and the reproductive axis.

J. Neuroendocrinol. 26, 573–586. http://dx.doi.org/10.1111/jne.12179.
Touma, C., Palme, R., 2005. Measuring fecal glucocorticoids metabolites in

mammals and birds: the importance of validation. Ann. N. Y. Acad. Sci. 1046,
54–74.

Tucker, C.B., Rogers, A.R., Verkerk, G.A., Kendall, P.E., Webster, J.R., Matthews, L.R.,
2007. Effects of shelter and body condition on the behaviour and physiology of
dairy cattle in winter. Appl. Anim. Behav. Sci. 105, 1–13.

Van laer, E., Moons, C.P.H., Sonck, B., Tuyttens, F.A.M., 2014. Importance of outdoor
shelter for cattle in temperate climates. Livest. Sci. 159 (1), 87–101. http://dx.
doi.org/10.1016/j.livsci.2013.11.003.

Warham, J., 1990. The Petrels: The Behaviour Population Biology and Physiology.
Academic Press, London.

Washburn, B.E., Millspaugh, J.J., Schulz, J.H., Jones, S.B., Mong, T., 2003. Using fecal
glucocorticoids for stress assessment in mourning doves. Condor 105 (4), 696–
706. http://dx.doi.org/10.1650/7216.

Wielebnowski, N., 2003. Stress and distress: evaluating their impact for the well-
being of zoo animals. J. Am. Vet. Med. Assoc. 223 (7), 973–977. http://dx.doi.
org/10.2460/javma.2003.223.973.

Wilcoxen, T.E., Boughton, R.K., Bridge, E.S., Rensel, M.A., Schoech, S.J., 2011. Age-
related differences in baseline and stress-induced corticosterone in Florida
scrub-jays. Gen. Comp. Endocrinol. 173 (3), 461–466. http://dx.doi.org/10.1016/
j.ygcen.2011.07.007.

Young, T., Finegan, E., Brown, R.D., 2013. Effects of summer microclimates on
behavior of lions and tigers in zoos. Int. J. Biometeorol. 57 (3), 381–390. http://
dx.doi.org/10.1007/s00484-012-0562-6.

http://dx.doi.org/10.1002/zoo.20288
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0155
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0155
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0155
http://dx.doi.org/10.1016/j.applanim.2006.05.032
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0165
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0165
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0170
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0170
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0170
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0175
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0175
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0175
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0180
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0180
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0185
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0185
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0185
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0185
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0185
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0190
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0190
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0190
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0190
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0195
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0195
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0200
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0200
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0200
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0200
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0205
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0205
http://www.animaldiversity.org/accounts/Spheniscus_demersus/
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0215
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0215
http://dx.doi.org/10.1007/s10764-011-9532-9
http://www.R-project.org/
http://www.R-project.org/
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0230
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0230
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0230
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0235
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0235
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0235
http://dx.doi.org/10.7120/09627286.22.3.357
http://dx.doi.org/10.7120/09627286.22.3.357
http://dx.doi.org/10.1111/j.1748-1090.2007.00017.x
http://dx.doi.org/10.1111/j.1748-1090.2007.00017.x
http://dx.doi.org/10.1007/s00484-010-0331-3
http://dx.doi.org/10.2752/175303713X13534238631353
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0260
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0260
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0260
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0265
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0265
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0265
http://dx.doi.org/10.1016/j.applanim.2014.04.012
http://dx.doi.org/10.1016/j.applanim.2014.04.012
http://dx.doi.org/10.1016/j.applanim.2015.04.007
http://dx.doi.org/10.1016/j.applanim.2015.04.007
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0280
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0280
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0285
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0285
http://dx.doi.org/10.1007/s00360-007-0159-2
http://dx.doi.org/10.1196/annals.1343.009
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0300
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0305
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0305
http://dx.doi.org/10.1111/jne.12179
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0315
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0315
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0315
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0320
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0320
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0320
http://dx.doi.org/10.1016/j.livsci.2013.11.003
http://dx.doi.org/10.1016/j.livsci.2013.11.003
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0330
http://refhub.elsevier.com/S0016-6480(15)30037-X/h0330
http://dx.doi.org/10.1650/7216
http://dx.doi.org/10.2460/javma.2003.223.973
http://dx.doi.org/10.2460/javma.2003.223.973
http://dx.doi.org/10.1016/j.ygcen.2011.07.007
http://dx.doi.org/10.1016/j.ygcen.2011.07.007
http://dx.doi.org/10.1007/s00484-012-0562-6
http://dx.doi.org/10.1007/s00484-012-0562-6

	Effect of weather conditions and presence of visitors on adrenocortical�activity in captive African penguins (Spheniscus demersus)
	1 Introduction
	2 Materials and methods
	2.1 Study site and animals
	2.2 Data collection
	2.2.1 Number of visitors
	2.2.2 Microclimatic parameters and climatic indices
	2.2.3 Collection of faecal samples

	2.3 Faecal glucocorticoid metabolite extraction
	2.4 Enzyme immunoassay (EIA)
	2.5 Data analysis

	3 Results
	3.1 Differences of FGMs between genders, age classes, times of day and sampling days
	3.2 Correlations between number of visitor and microclimatic parameters
	3.3 Correlations between the number of instantaneous visitors and daily visitors
	3.4 Weather features of sampling days
	3.5 Effects of visitor numbers and weather conditions on FGMs
	3.6 Relationships between climatic indices (THI and WCI) and FGMs

	4 Discussion
	Acknowledgments
	References


