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Abstract In protected areas, outdoor recreation, and nature-
based tourism can act as potential stressors for wildlife.
Given the growing demand for nature recreation, the con-
sequences of high tourist visitation on wildlife need to be
assessed in order to avoid incompatibilities between public
use and species protection goals. The Tatra National Park
(Poland), in the Carpathian Mountains, is a unique alpine

ecosystem visited by three million tourists per year. It hosts
the only native population of an endemic subspecies of
chamois (Rupicapra rupicapra tatrica). We investigated
the effects of tourist disturbance, the number of visitors, and
the season on the concentration of fecal cortisol metabolites
(FCM) in Tatra chamois in 2009. FCM levels of chamois were
significantly higher and showed higher variation at high tourist
disturbance (mean±SD, 46.2±31.53 ng/g, n056) than at low
disturbance sites (mean±SD, 17.2±8.05 ng/g, n038). Stress
levels increased with the number of visitors and therefore
showed a peak in summer, coinciding with the highest number
of visitation to the national park. A large portion of chamois
habitat in Tatra National Park is within the area of influence of
the touristic trail network. The temporal or permanent creation
of areas free of disturbance in protected areas should be con-
sidered, especially in the periods of high tourist visitation. This
study highlights the need to monitor the effects of tourist
activities on wildlife and to implement new policies in the
management of protected areas.

Keywords Alpine ecosystems . Glucocorticoids . Human
disturbance . Protected areas . Rupicapra rupicapra . Stress
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Introduction

Protected areas, mostly created to preserve wildlife and bio-
diversity, also provide nature-based tourism opportunities for
people (Reed andMerenlender 2008). During the last decades,
tourism in protected areas has been growing and is expected to
keep increasing globally in the future (Reed and Merenlender
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2008; Balmford et al. 2009). Whereas nature tourism can
bring economical benefits for protected areas, an excessive
number of visitors may cause this dual mandate—tourism
activities and conservation goals—to go into conflict. Nature
tourism and outdoor recreationmay become an important cause
of species decline and endangerment (e.g., Czech et al. 2000;
Patthey et al. 2008). Such conflict may be of special relevance
in the case of fragile ecosystems, like the alpine, where the
additional pressure of winter sports and ski resorts is fast
increasing (Arlettaz et al. 2007; Patthey et al. 2008; Thiel et
al. 2008). To understand the trade-off between public use and
species protection and to inform managers and decision mak-
ers, we need to assess the potential consequences of tourist
disturbance on wildlife, which are still poorly understood.

The effects of human disturbance on free-ranging animals
have been studied following several approaches (e.g., Taylor
and Knight 2003; Arlettaz et al. 2007; Stankowich 2008). A
classical approach involves investigating the animals' immedi-
ate responses through behavioral changes, such as interrupting
feeding, fleeing, changes in daily activity, or in habitat selec-
tion (Gander and Ingold 1997; Taylor and Knight 2003;
Stankowich 2008; Thiel et al. 2008). However, animals do
not always show visible reactions andmay be forced to occupy
suboptimal habitat or, when there is no suitable habitat nearby,
to stay despite repeated human disturbance (Gill et al. 2001;
Taylor and Knight 2003; Griffin et al. 2007). In the last decade,
the study of the physiological response of animals to human
disturbance has been recognized as an effective tool to disen-
tangle its consequences onwildlife populations (e.g.Müllner et
al. 2004; Barja et al. 2007; Thiel et al. 2008). In particular,
noninvasive measures of stress hormone metabolites in fecal,
feather, or hair samples have been proven to accurately reflect
the levels of these hormones in the plasma (Bortolotti et al.
2008; MacBeth et al. 2010; Sheriff et al. 2010) and are becom-
ing more popular in conservation (see reviews byWikelski and
Cooke 2006; Busch and Hayward 2009).

In protected areas, outdoor recreation and nature-based
tourism can act as potent stressors for wildlife. Such stressors
cause an activation of the hypothalamus–pituitary–adrenocor-
tical axis and the subsequent release of glucocorticoid hor-
mones (cortisol or corticosterone; e.g., Sapolsky et al. 2000;
Romero 2002, 2004). This is an adaptive mechanism to help
animals survive under adverse conditions. However, pro-
longed disturbance may lead to chronically elevated gluco-
corticoid levels which can have detrimental consequences on
body condition, reproduction, or immune defense and, thus,
compromise fitness (Sapolsky et al. 2000; Romero 2004;
Sheriff et al. 2009). Although previous studies have shown
that tourism may affect the stress levels and response in
wildlife species (Creel et al. 2002; Müllner et al. 2004;
Walker et al. 2006; Barja et al. 2007; Thiel et al. 2008), nature
managers often claim that in areas with high tourist visitation,
animals finally habituate. As these physiological processes

can have negative consequences at a population level, their
importance is being increasingly recognized from a conserva-
tion perspective (Cooke and O'Connor 2010).

In this study, we examined fecal cortisol metabolite
(FCM) concentrations in a wild population of Tatra chamois
(Rupicapra rupicapra tatrica) in relation to tourist pressure.
We hypothesized that chamois stress levels will be mainly
determined by tourist visitation. The native distribution of
this subspecies is restricted to the Tatra Mountains (S Poland
and N Slovakia), entirely protected as a national park, but
where tourist visitation and recreation are extremely high.
This study is not only of special relevance for the conserva-
tion of this isolated population of a critically endangered and
endemic subspecies of chamois, but also for the conserva-
tion of alpine species and ecosystems, which currently un-
dergo tourist development and increasing human pressure.

Methods

Study area and species

The study was conducted in the Tatra National Park (TNP,
south Poland), which comprises the entire Polish part of the
Tatra Mountains (200 km2, Fig. 1). The rest of that mountain
range (c.a. 600 km2) belongs to the Slovak Republic, and is
also protected as a national park (TANAP, Fig. 1). The Tatra
Mountains represent the highest and most western part of the
Carpathians. In both Polish and Slovakian national parks,
human activities are restricted to especially designated areas,
such as hiking and skiing trails or climbing areas. The rest is
strictly protected as nature reserves; access to them is allowed
only with special permit from the national park administration;
however, illegal trespassing is quite common. Particularly
in TNP, human influence is really high, with about three
million tourists visiting the park every year (data from TNP).
Mean annual temperature in areas occupied by chamois range
between +2 and −4 °C, and mean precipitation is around
1,500–1,900 mm. Snow cover lasts for about 100 days in
the low parts and up to 290 days on the mountain tops
(Hess 1996).

The highest parts of the Tatra Mountains (between 1,400
and 2,655 m asl) represent the unique distribution area of this
chamois subspecies (Fig. 1, Gąsienica-Byrcyn 2001). In TNP,
the typical chamois habitat is restricted to about 4,000 ha of
high mountain meadows and rocks. On a home-range scale,
chamois habitat is rather homogenous (alpine meadows and
rocks above forest line, no barriers). This chamois habitat is
crossed by 60 km of hiking and ski trails and includes a
climbing area of 430 ha. Moreover, in the core of these high-
lands, the most famous Polish alpine ski resort is located. Its
cable car and two chair lifts can transport up to 3,500 skiers
per hour during the snow season (from the end of November
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till the beginning of May). In the warm season, only the cable
car is working and can transport up to 180 persons per hour.

The Tatra chamois, like others subspecies of genus
Rupicapra, lives in herds of up to several dozen animals
(Zięba and Zwijacz-Kozica 2004). Large herds consist usually
of females with juveniles, while adult males live solitary or in
small groups. The herds are not stable or cohesive groups.
Group separation and formation, as well as high individual
turnover, are common. The rut starts in the end of October
and lasts till the beginning of December (Willisch and Ingold
2007). Kids are born between the end of April and the begin-
ning of June, after approximately 180 days of gestation, and are
weaned about half a year later. Adult females usually have one
offspring per year. Chamois reach sexual maturity in their third
year of life. Highest mortality occurs in winter, and the main
cause is snow avalanche (Zięba and Zwijacz-Kozica 2004).

The Tatra chamois is a symbolic animal in the Tatra
Mountains. Since the middle of the nineteenth century, the
subspecies has been close to extinction several times
(Gąsienica-Byrcyn 2001). In spite of being strictly protected

by law on the Polish side after the act signed by the Austro-
Hungarian emperor Franz Jozef I in 1868, their numbers
continued to decline. After World War II, there were only
about 300 individuals in all the Tatra Mountains (Gąsienica-
Byrcyn 2001). The creation of the national parks (TANAP in
1949 in Slovakia and TNP in 1954 in Poland) was followed
by a slight increase in the chamois population, and from the
1960s till the end of 1980s and twentieth century, their numb-
ers became more stable at about 800–1,000 animals.
Afterwards, in the 1990s, a sudden decrease in their numbers
was observed, and by 1999 there were no more than 250
chamois registered in the whole Tatra area, and as few as 70
animals in the Polish side. The reason of this decline remains
unknown, but poaching and human disturbance, connected
with the high pressure exerted by tourist activities, have been
pointed as possible causes (Gąsienica-Byrcyn 2001). In 2009
the Tatra population was estimated in about 600 individuals,
about one forth inhabits in the Polish part (data from the
annual census in TNP and TANAP). It is a species of conser-
vation concern, classified as critically endangered in the
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Polish Red Data Book (Gąsienica-Byrcyn 2001) and listed in
the Appendix III of the Bern Convention. The Rupicapra
rupicapra subsp. tatrica is listed on Annexes II and IV of
the Habitats Directive (92/43/EEC).

Collection of fecal samples

Fecal samples (c.a. 10 g) were collected year-round in 2009
in TNP (n094). Because glucocorticoid metabolite levels
vary with sample age and environmental conditions
(Millspaugh and Washburn 2004), only fresh droppings
were collected. Samples were labeled and maintained in a
field fridge with frozen gel packs for up to 4 h, and then
stored in a freezer at −20 °C until analysis. In the cold
season, below zero temperatures guaranteed the proper pres-
ervation of fecal hormones.

Chamois herds are unstable in composition and may
roam over large distances (Zięba and Zwijacz-Kozica
2004). Therefore, the herds observed for consecutive days
in the same area do not necessarily consist of the same
animals. As marking of the animals was not an option due
to the difficult topography of the area and restrictions related
to the protective status of both the study area and species,
our sampling design aimed at minimizing pseudoreplica-
tion; however, this may not be an issue for our goals (see
Oksanen 2001). We located the chamois herd by regular
walking, observing animals with binoculars in the distance,
and following their tracks. Once an herd was located, we
proceeded with sample collection. In the snow period, sam-
ple collection was mainly done according to animal tracks
left in the snow. In the snow-free period, feces were collect-
ed only after direct observation of the animal defecating,
once chamois have left the area, usually within an hour. We
collected more than one sample from an herd only when we
could assign the samples to the individuals (by tracks in the
snow or direct observations). In that case, the number of
samples collected was always lower than half the number of
animals observed or estimated in the herd during that sam-
pling session. During the study, the maximum herd size was
17 (mean±SD, 4.9±4.51), and the maximum number of
samples collected from one herd in a sampling session was
6 (mean±SD, 2.4±1.33). These sampling procedures
avoided collecting more than one sample from the same
individual in a given herd and day. Additionally, sampling
sessions were spaced out in time and space to avoid resam-
pling the same individual in consecutive days. Consecutive
sampling sessions covered different areas and were spaced
more than a week. Thus, the samples collected, even if
belonging to an individual already sampled, will reveal
FCM levels under new conditions.

For each fecal sample collected, we assessed the level of
tourist disturbance in the surrounding area (within 500 m
radius or till the nearest ridge) according to the number of

tracks and trails left in the snow by tourists, skiers, and
climbers, following a similar approach to Arlettaz et al.
(2007). In the snow-free period, the level of disturbance
was estimated by direct observations during sample collec-
tion. The samples were categorized according to two levels
of tourist disturbance as follows:

1. Low disturbance: Samples collected at sites with no
tracks in the snow indicating human activity in the
surrounding area, or where people were not observed
during the sampling session in the snow-free period.
These sites were usually located in rugged and inacces-
sible terrain, far away from very touristic areas or even-
tually close to touristic trails during periods of people
absence, for example, during bad weather or high ava-
lanche hazard.

2. High disturbance: Samples collected at sites with signs of
human activity in the snow and/or direct observations of
people. These sites usually corresponded to frequented
touristic trails, recreational areas, and winter sport resorts,
which concentrate human activities in TNP.

Extraction and quantification of FCM

The fecal samples were analyzed to quantify the levels of
cortisol metabolites. FCM were extracted using previously
established methods for other mammal species (Young et al.
2004; Barja et al. 2007). The efficiency of extraction was
tested by the addition of radiolabeled hormone (3 H-cortisol,
4,000–8,000 dpm, ICN, CA, USA) to a parallel set of fecal
samples prior to extraction. FCM concentrations were de-
termined from fecal extracts by an enzyme immunoassay
developed by the Department of Animal Physiology of the
Complutense University in Madrid (Barja et al. 2007) and
validated for the species. Hormone concentrations were
calculated by means of software developed for this tech-
nique (ELISA-AID, Eurogenetic, Belgium). Standard dose–
response curves were constructed by plotting the binding
percentage (B/Bo×100) against the standard hormone con-
centrations added. Hormone concentrations were expressed
as nanograms/gram of dry feces.

Validation of the EIA technique was performed according
to the methods described by Munro and Lasley (1988):
Detection limit of the assay was 30 pg/mL. Cross reactivities
of the cortisol antibody C970 were the following: cortisol,
100 %; prednisolone, 15.71 %; prednisone, 8.9 %; cortisone,
10.8 %; corticosterone, 6.4 %; 11-deoxycortisol, 14.31 %; 21-
deoxycortisol, 5.31 %; dexamethasone, progesterone, estradi-
ol, testosterone, and estrone sulfate, <0.1 %. Parallelism was
performed by comparing serial dilutions of pooled fecal sam-
ples and the standard curve, demonstrating that binding inhi-
bition curves of serially diluted pools of samples were parallel
to the standard curve in a range of 1:1 to 1:50-fold dilutions.
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Linearity was demonstrated by performing serial dilutions of a
pool of fecal samples (1:1 to 1:32-fold) and comparing them
to the percentage of binding inhibition to antibody in the assay
(B/B0 percentage), which is being linear in the range of 1:1 to
1:16-fold dilutions. The addition of exogenous amounts of
cortisol (3.0; 30.0; 300.0 ng cortisol/g sample) to the pooled
fecal samples with high and low cortisol concentrations
showed a mean recovery of 95 %. Intra-assay coefficient of
variation (CV)%was calculated by assaying ten times pools of
fecal samples within an assay. Inter-assay CV% was calculat-
ed by assaying the same pools of fecal samples in ten consec-
utive assays. Intra- and inter-assay coefficients of variation
were 6.63 and 9.93 % with low concentrations and 3.7 and
3.92 % at high cortisol concentrations.

Statistical analysis

We performed linear mixed models with a stepwise back-
wards procedure in R 2.10.1 (linear mixed effects function)
to investigate the effects of tourist pressure on the concen-
tration of FCM (nanograms/gram dry feces; response vari-
able). The explanatory variables were (1) the level of tourist
disturbance (low and high, as described in “Extraction and
quantification of FCM”), (2) the season which is also related
to chamois life cycle: winter (December–March), spring
(April–May), summer (June–August), and autumn
(September–November), and (3) the number of tourists in
the two-week period of sample collection (the current and
previous week). The weekly number of visitors in 2009 was
provided by the TNP administration and it was estimated as
the sum of ticket entrances sold plus the number of passen-
gers transported upwards into TNP by the cable car. The
response variable (FCM concentration) and the number of
tourists were log-transformed to achieve normality. To min-
imize pseudoreplication, we fitted each herd in each sam-
pling session as a random factor.

Results

The level of disturbance and the number of tourists signifi-
cantly affected chamois physiological stress levels (Table 1).

The concentrations of FCM in chamois were significantly
higher and showed higher variation at high tourist disturbance
(mean±SD, 46.2±31.53 ng/g, n056) than at low disturbance
sites (mean±SD, 17.2±8.05 ng/g, n038, Fig. 2). FCM levels
also increased with the number of visitors (Table 1, Fig. 3).
The season did not have a significant effect on the baseline
cortisol levels.

Discussion

The temporal variation in Tatra chamois FCM was mainly
determined by tourist pressure rather than by environmental
factors. Alpine ecosystems show pronounced seasonal dif-
ferences in weather conditions and food availability. Higher
FCM levels could be expected during winter as a physio-
logical mechanism to mobilize fat reserves and an adaptive
response to the higher energetic demands under harsh winter
conditions (Romero 2002; Huber et al. 2003). Previous
studies on both captive and wild chamois (Thaller et al.
2004; Dalmau et al. 2007) and other deer species (e.g.
Huber et al. 2003) are consistent with this idea and have
shown highest FCM concentrations in winter. However, in
our study, the pattern is opposite and the highest FCM was
recorded in summer, coinciding with the peak in tourist
visitation. In Tatra, summer may be a more energetically
costly season, a fact which does not seem to relate to the
chamois' life cycle. Although some species show a peak in
baseline glucocorticoid concentrations during breeding or
postbreeding season, this is not the general pattern in mam-
mals (Romero 2002), neither in chamois (Thaller et al. 2004;
Dalmau et al. 2007).

Our study showed that not only the presence of tourists
but also their numbers were related to the increase of base-
line cortisol levels of chamois. The concentration of FCM
was higher in areas with tourists and significantly increased
with the number of visitors. Nature tourism and outdoor
recreation have been shown to affect the glucocorticoid
metabolite levels of wildlife in other protected areas. The
concentration of FCM in a pine marten Martes martes
population in Spain was also related to the number of
visitors (Barja et al. 2007). In several national parks in

Table 1 Linear mixed models
explaining the variation in the
levels of fecal cortisol metabo-
lites in Tatra chamois (nano-
grams/gram dry feces, n094) in
relation to the level of tourist
disturbance (low vs. high) and
the number of visitors in TNP

Model Fixed effects Estimate SE p Value AIC

Cortisol~disturbance+number of visitors Intercept 0.999 1.071 0.355 146.7

Low disturbance −0.572 0.209 <0.01 –

Number of visitors 0.232 0.099 <0.05 –

Cortisol~disturbance Intercept 3.570 0.116 <0.001 147.4

Low disturbance −0.818 0.194 <0.001 –

Cortisol~number of visitors Intercept 0.588 0.985 0.553 150.2

Number of visitors 0.361 0.091 <0.001 –
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North America, glucocorticoids levels of red deer Cervus
elaphus and wolves Canis lupus increased in the areas and
time of heavy snowmobile use (Creel et al. 2002). Ski
tourism also affected the stress levels of tetraonid birds in
the Alps (Arlettaz et al. 2007; Thiel et al. 2008). Human
recreation in natural areas does not only affect stress hor-
mone levels but also the stress response (Romero and
Wikelski 2002; Müllner et al. 2004). When human distur-
bance persists over time, the stress may become chronic and
induce detrimental symptoms that may compromise fitness
(e.g. Sapolsky et al. 2000; McEwen and Wingfield 2003).
Stress may reduce inmunocompetence and the reproductive
output (Apanius 1998; Müllner et al. 2004; Sheriff et al.
2009). Even what can be seen as a minor disturbance (e.g.,
chasing individuals away and disturbing foraging) can have
important consequences for population viability (Kerbiriou
et al. 2009). This is of special concern in the case of small,
isolated, or endangered populations, like the Tatra chamois,
where human disturbance may lead to progressive popula-
tion declines.

Tourist and outdoor recreation have drastically increased
in the last decades, worldwide, and also in TNP. The net-
work of touristic trails and areas is very dense; and about 24,
50, and 75 % of chamois habitat is within 100, 250, and
500 m from tourist trails, respectively (T. Zwijacz-Kozica
unpublished data). For those species that, like the Tatra
chamois, are restricted to a very specific habitat type (alpine
meadow), this means that suitable habitat where animals
could take refuge and keep undisturbed becomes very lim-
ited. These constraints may be larger when considering the
“area of influence” of the touristic trails (about 100 m,
Gander and Ingold 1997; Taylor and Knight 2003). As a
result, in periods of high visitation, animals may be forced to
tolerate people most of the time. But the Tatra chamois does
not seem to have become habituated to people, neither
chronically stressed. In both cases, the hormonal response
to a repeated noxious stimulus should wane with time;
however, only habituated animals have learned to ignore
the stressor, which then turns innocuous (Cyr and Romero
2009). The sensitivity to human disturbance varies among
species and some may be unable to habituate. For instance,
some penguin species seem to fast habituate to tourists
(Walker et al. 2006), whereas others are extremely sensitive
and thus, a difficult focal species for ecotourism (Ellenberg
et al. 2006).

Our study shows that nature tourism in alpine areas may
be harmful for wildlife. As suggested for other alpine eco-
systems (Arlettaz et al. 2007; Patthey et al. 2008; Thiel et al.
2008), recreation activities out of trails should be avoided,
and opening of new trails and areas to tourism should be
carefully evaluated. Refuge areas for sensitive wildlife
should be created, especially in the periods of high tourist
visitation. The creation—permanent or temporal—of areas
free of human disturbance, which is linked to specific tourist
activities and/or targeting most sensitive wildlife, should be
an integral part of the management plans of protected areas.
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Such plans should also include the monitoring of tourist
activities and their effects on wildlife. In this sense, measur-
ing the hormonal response of species to tourist visitation has
been proven to be a rapid and cost-effective method. Given
the increasing demand for nature recreation, there is an
urgent need for new approaches in the management of
protected areas.
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