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A b s t ra c t
Outdoor winter sports activities are growing in popularity, causing conflicts with
sensitive wildlife species. Many studies have shown negative effects of recreational
activities on wildlife, with off-trail activities considered to be more detrimental compared to activities performed on marked trails. Small hand-held global positioning
devices are readily available, facilitating navigation off marked trails. For adequate
visitor management, it is essential to know the motives of visitors to nature areas.
The motives of recreationists to leave marked trails are, however, rarely known. Using questionnaires, we studied why people leave trails and analysed the predictors
according to the Fietkau-Kessel grid model of environmental behaviour. The main
motives for leaving a marked trail were more fun compared to staying on marked
trails, previous experience of guided tours which left marked trails, and the signs
being unclear. High-quality recreation infrastructure significantly reduces the chances
of leaving marked trails, and a person with a positive attitude towards wildlife conservation is more likely to stay on the trails. We recommend visitor-steering management that combines attractive recreation infrastructure and clear signposts with
methods influencing people’s attitudes towards nature conservation and education to
foster on-trail activities.

Introduction

Nature-based recreation and outdoor activities are
increasing worldwide (Eagles et al. 2002; Hennig et al.
2011). Technological advances (e. g. e-bikes, pedelecs,
GPS) allow new areas to be used for recreation and
activities to be performed during the day or night (e. g.
high-powered LED head lamps). Consequently, spatial and temporal recreational use of the landscape
has intensified (Hennig et al. 2011). Nature-based recreational activities can, however, conflict with another
function of forests – the preservation of natural habitats and biodiversity (Green et al. 2004; Niemelä et al.
2005; Pröbstl et al. 2010) – with recreation even being
recognized as a threat for a wide range of species (Ballantyne et al. 2013; BirdLife International 2015). Freeliving animals (from now on referred to as wildlife)
react in a similar fashion to the presence of humans
as to predators (Frid et al. 2002). Human recreationists can affect the behaviour, physiology, survival rate,
reproduction rate and population dynamics of wildlife (Larson et al. 2016; Tablado et al. 2015). Off-trail
activities (e. g. snowshoeing and ski touring) are a
non-predictable threat for wildlife, limiting their possibilities to adapt to human disturbances (Geist 1978;
Miller et al. 2001). Wildlife shows greater flushing distances (Baines et al. 2007; Miller et al. 2001) or greater
vigilance distances (Taylor et al. 2003) when humans
carry out activities away from marked recreational
trails compared to on-trail activities. Consequently,
to reduce the negative effects of recreation activities,
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visitor-steering measures should aim at keeping people on the marked trails. Although previous studies
show what environmental factors affect where people
leave marked trails (Coppes et al. 2013), the factors
affecting why people leave the trails remain unknown.
For adequate visitor management, more knowledge of
the factors influencing people to leave trails is needed,
which can in turn be applied to change visitor behaviour.
In studies focusing on changing behaviour, some
of the most commonly discussed influencing factors
are: people’s attitudes towards a specific topic (Hines
et al. 1986); knowledge (of a problem’s content and of
solution options) (Kaiser et al. 2003); the possibility to
act pro-environmentally (Homburg et al. 1998), and
perceived consequences, which means that if people are capable of reflecting on the consequences of
their behaviour they are more willing to adjust their
behaviour (Kollmuss et al. 2002). These factors are
known to influence behaviour in general but have
not yet been tested regarding their influence on offtrail behaviour in a wildlife context. We developed a
conceptual model and used questionnaires to study
(1) people’s motives to leave trails, and (2) the factors
that influence people’s off-trail behaviour. Our results
provide a basis for appropriately designed visitor management concepts that facilitate the coexistence of
wildlife and recreationists in highly-frequented winter
sports regions in Central Europe.
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Figure 1 – Model of ecological behaviour by
Fietkau et al. 1981 (Kollmuss et al. 2002).

Figure 2 – The conceptual model explaining offtrail behaviour, with the relevant predictors.
Materials and methods
Conceptual model and operationalization

In order to identify influencing predictors for offtrail behaviour, we developed a conceptual model based
on the model of ecological behaviour by Fietkau et al.
(1981) (Figure 1). This model explains environmental behaviour as being dependent on five predictors.
We modified the Fietkau-Kessel grid model with
predictors that are applicable for off-trail behaviour
(Figure 2 and Table 1). According to the original model of Fietkau et al. (1981), it is assumed that knowledge
about wildlife-related topics correlates positively with
attitudes towards wildlife and values placed on it, and
thus reduces off-trail behaviour. The predictor knowledge was divided into campaign knowledge (i. e. knowledge
of a campaign addressing the topic of off-trail behav-

iour) and content knowledge (i. e. knowledge of the effects of off-trail behaviour on wildlife) to test whether
there was a difference between the types of knowledge that are conveyed. According to Fietkau’s original
model, the predictor attitudes and values is assumed to
be positively influenced by the predictor perceived consequences of behaviour. This means that people who know
about the consequences of their behaviour for wildlife
have positive attitudes and values and are less likely
to go off-trail. It is further assumed that the predictor satisfaction with infrastructure will reduce off-trail behaviour. The predictor incentives to act pro-environmentally
was excluded as there were no penalties for off-trail
behaviour enforced in the study area during the study
period, and no rewards for staying on the trails.
For the analysis of the explanatory predictors, two
predictors were constructed in the context of knowl-

Table 1 – Description of the predictors tested in the model for influence on off-trail behaviour and sample questions for each from the
questionnaire.
Predictors

Description

Campaign
knowledge

assumes that people with knowledge about local campaigns “Have you ever heard any the following terms?” Options:
and initiatives regarding behavioural rules will stay on-trail
wildlife protection zone, stay on-trail, capercaillie action
plan, campaign bewusstWild1

Sample item for the questionnaire

Content
knowledge

assumes that people with knowledge of the consequences of “Do you know to what type of disturbance wildlife can adapt
human disturbances will stay on-trail
better?” Options: regular disturbances, frequent disturbances, irregular disturbances, rare disturbances

Satisfaction
with
infrastructure

assumes that people who are satisfied with the infrastructure “Please indicate how satisfied you are with the trail offer”
provided will stay on-trail
Options: very satisfied, satisfied, partly satisfied, not very
satisfied, not satisfied at all, I don´t know

Attitude and
values

assumes that people with positive attitudes and values with
respect to wildlife will stay on-trail

“If my favourite route is closed due to wildlife protection
measures, I would be annoyed” Options: I totally agree, I
agree, I partly agree, I don‘t agree at all, I don’t know

Perceived
consequences
of behaviour

assumes that people who know about the possible consequences of their behaviour for wildlife will stay on-trail

“Wildlife is used to winter sports activities and thus does not
feel threatened” Options: I totally agree, I agree, I partly
agree, I don‘t agree at all, I don’t know

bewusstWild is a campaign that offers information on how to behave in wildlife-friendly manner (e. g. to stay on-trail) during outdoor activities (www.bewusstwild.de).
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Figure 3 – Study area showing the two PAs Schauinsland and Feldberg and the five questionnaire sites according to their information policies basic and good.
edge. Content knowledge was created by calculating the
sum score of the appropriate answers of the knowledge item. The predictor campaign knowledge was calculated as the sum of the knowledge items of initiatives
and campaigns. The predictors satisfaction with infrastructure, attitude and values and perceived consequences of behaviour were also assessed. A confirmatory factor analysis showed that two predictors can be distinguished
(Tucker-Lewis-Index (TLI) = 0.970, Comparative Fit
Index (CFI) = 0.976, Root Mean Square Error of Approximation (RMSEA) = 0.059): pro-wildlife attitudes
and satisfaction with trails (Table 2). Cronbach’s α for
the reliability of the new predictors was determined as
0.703 and 0.966 respectively. These values indicate the
correlation of a variable with a predictor. The positive

values indicate that both factors correlate positively
with the variables. Factor loading ‘0’ means that factor
and variable are stochastically independent; ‘1’ means
complete correlation. Both predictors combined explained almost 35% of the variance of all variables in
the model.
The first predictor, pro-wildlife attitudes, consists of 7
items ranging from attitude and values items to perceived consequences of behaviour items. This means
that the originally distinct predictors of the conceptual
model attitude and values and perceived consequences of behaviour could not be considered separately but belong
together. The second predictor, satisfaction with trail, implied all four original items which refer to being satisfied: comprehensibility, variety and number of trails,

Table 2 – Results of factor loadings for the items of the predictors pro-wildlife attitude and satisfaction with trails.
Items

Pro-wildlife Satisfaction
attitude
with trails

Alternative routes

0.962

Number of trails

0.947

Variety of trails

0.942

Clarity of trail signs

0.920

I consider it important to create sufficient habitat for wildlife

0.670

I consider it reasonable to close trails during winter in order to protect wildlife

0.645

I feel uncomfortable at the thought that my winter sport activity might disturb wildlife

0.619

The media should report more on the effects of winter sports on wildlife

0.593

I consider it reasonable to designate wildlife protection areas in order to provide wildlife refuges

0.576

I feel satisfied, knowing that my personal restrictions help survival of wildlife

0.568

In forests, it is important to stay quiet calm in order not to disturb wildlife

0.533
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and alternative routes. The predictor off-trail was calculated as the sum score of the items I have already been offtrail during one of my tours vs. I have never been off-trail during
one of my tours and considered as a dependent variable.
Study area

The study area is located in the Southern Black Forest, a lower mountain range in South-Western Germany (Figure 3). The area is a destination for outdoor
recreation all year around but is known especially for
its various winter sports activities, such as backcountry
skiing, snowshoeing and winter hiking, making it one
of the most important generators of income for the
region (Gebhardt 2016). Off-trail activities such as ski
touring and snowshoeing have gained in popularity in
recent years. At the same time, the area is home to a
threatened subpopulation of capercaillie (Tetrao urogallus) (Coppes et al. 2019) and is close to the Southern
Black Forest red deer (Cervus elaphus) management area
(Suchant et al. 2008). Both species are highly susceptible to irregular disturbances by humans (Reimoser
2012; Thiel 2007) and known to adapt their behaviour
according to human presence and recreational infrastructure (Coppes et al. 2017a; Coppes et al. 2017b).
The occurrence of these species plays an important
role in determining the approval or rejection of applications for licences for new recreational activities in
the study area.
Local legislation generally allows leaving marked
trails in the forests; only in the designated protected
areas (PAs) Schauinsland and Feldberg is it prohibited to
go off-trail. Although nature-protection legislation is
the same for Feldberg and Schauinsland, the areas differ
regarding their information policies. The PA Schauinsland is relatively small and people can easily cross the
border into it when visiting non-protected areas. Here,
the information policy gives basic information signs
on-site, limited waymarking of trails, and no additional
information on how winter sports are affecting wildlife. The Feldberg area has an extensive information
policy: there is an information centre, and signs and
rangers inform people on-site. Additionally, information regarding environment- and wildlife-friendly behaviour is provided, which can also be found on the
information centre’s website (www.naz-feldberg.de).
Consequently, we divided our study area into sites with
basic information policy (Schauinsland, Notschrei,
Rinken, Stollenbach), and a site with good information policy (Feldberg) (Figure 3).
Questionnaire and survey

Based on a pre-tested questionnaire, a survey was
designed according to the standards of Kirchhoff et
al. (2010). In the winter of 2014, the questionnaires
were handed personally to recreationists (winter hikers, snowshoe walkers and backcountry skiers) to be
filled out when they returned from their tours to five
different carparks and end-points of marked winterhiking and snowshoe trails. The survey took place

during randomly selected days in January and February, with an emphasis on weekends when people were
likely to be more relaxed and therefore more open to
participate. The survey consisted of qualitative and
quantitative questions which were based on a bipolar
Likert scale ranging from 1 to 5.
We asked people directly whether they had been offtrail either during their visit that day or ever before. We
also asked for satisfaction with infrastructure, attitudes
towards and values placed on wildlife, knowledge of
wildlife-related topics, and whether people perceived
the consequences of their behaviour, and used open
questions to ask for people’s motives in leaving trails.
Statistical analysis

Descriptive statistics were used to determine visitor
characteristics (quantitative questions) and to describe
visitor motivations (qualitative questions) for leaving
marked trails. In order to identify the predictors which
influence off-trail behaviour and describe the relationships between the predictors, we developed a predictive model. Here, the variable Off-trail was considered
as a dichotomous variable (I had already been off-trail during one of my tours vs. I have never been off-trail during one of
my tours). This was regarded as a dependent variable,
and potential behaviour predictors were tested for
their influence on off-trail behaviour. A two-step approach was chosen, consisting of factor analysis, and
logistic and linear regression. Next, the correlations
between the calculated predictors and the dependent variable were calculated using a regression model.
Analyses were conducted using IBM SPSS Statistics
22. The significance level chosen was p ≤ 0.05.
Results
Visitor Characteristics

A total of 190 people who practised winter hiking,
snowshoeing or ski touring participated in the survey
(43% females, 57% males). Most practised snowshoeing (60%), followed by winter hiking (50%) and crosscountry skiing (22%). Almost a third (31%) practised
either two or three of the activities. Most people lived
in Baden-Württemberg (81%); others were from other
parts of Germany (11%); the remainder were from
neighbouring countries (8%). The majority of the
people questioned had planned their tour in advance
(60%), mainly based on recommendations by friends
(22%), the internet (15%), or using maps (7%). Others planned on site by means of flyers (6%), information signs (3%) and guide books (3%), or by consulting local people (3%). Those who had not planned
their tour in advance gave their reasons as good local
knowledge (22%), participation in a guided tour (9%),
orientation using the on-site signage (7%), or having
no idea where to go for information (2%).
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Figure 4 – Percentage of people giving reasons to stay on designated trails (left) and to go off-trail (right).
Motivation for leaving marked trails

The response rate regarding going off-trail was very
high (98%). Most recreationists declared that they had
not left the trails during their visit (65%). The main
reasons given were protection of nature and wildlife (27%),
no need to leave trails (17%), and participation in a guided
tour (17%) (Figure 4). More than a third of the people
(35%) stated that they had left their trail. The main
raisons for going off-trail were that it was more fun
(37%), participation in a guided tour (20%), and unclear signage (18%) (Figure 4). Of those who went off-trail, 8%
ventured into open landscapes, 10% made their way
along forest edges, and 4% left the trails for a combination of forest edges, forest and open landscapes.
13% of respondents did not give information about
where they left the trails.
Off-trail behaviour: prediction model

According to logistic regression analysis, satisfaction with infrastructure was a significant predictor for
going off-trail. The more recreationists were dissatisfied with infrastructure, the more they decided to go
off-trail (p = 0.013). If they were dissatisfied with the
recreational trails available, the probability of leaving
the designated trails increased by the predictor 1.24
(24%). Second, campaign knowledge showed a significant
negative correlation with going off-trail. The more
campaign knowledge recreationists had, the less they decided to go off-trail (p = 0.026). The linear regression
predicting knowing about wildlife campaigns and content
knowledge showed that the more recreationists thought

and felt pro-wildlife, the more they knew about wildlife
campaigns (p = 0.001), and consequently they stayed
on-trail more often (Figure 5). The predictor content
knowledge did not influence off-trail behaviour, either
directly or indirectly (Figure 5).
Recreationists were more likely to go off-trail when
information policy was only basic (63% left trails), but
were more likely to stay on-trail if a good information
policy was in place (49% left trails) (p = 0.047). The
prediction models for both information policy areas
were the same, except for the predictor satisfaction with
trails: the predictor significantly (p = 0.031) affected
off-trail behaviour when basic information policy was
given, but not (p = 0.212) in the area with a good information policy.
Discussion

Exposing underlying motives and reasons as well
as predictors for off-trail behaviour, this study is the
first to show why winter recreationists leave marked
trails. By applying the conceptual model and combining it with questionnaires, we reveal clear management
options to reduce the off-trail behaviour of outdoor
recreationists. So far, off-trail behaviour has been assessed either in a spatial context, i. e. where people leave
trails (Coppes et al. 2013), or in the context of the
reactions of wildlife to off-trail activities (Mainini et
al. 1993; Miller et al. 2001; Taylor et al. 2003). These
studies reveal the importance of visitor-steering and
management to keep visitors on the marked trails. For

Figure 5 – Prediction model explaining off-trail behaviour of winter recreationists. The arrows indicate a significant correlation
between the factors and off-trail behaviour. The pale dashed arrows indicate factors which did not affect off-trail behaviour significantly. The factors affecting off-trail behaviour significantly were satisfaction with infrastructure and pro-wildlife attitude via campaign
knowledge. The factor content knowledge was not significant for off-trail behaviour.
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effective management, however, knowledge of how to
influence visitor behaviour is crucial. Previous studies that assess predictors influencing recreationists’
behaviour focus on responsible behaviour in general
(e. g. Kil et al. 2014; Klöckner 2013; Kollmuss et al.
2002), the acceptance of steering measures (Arnberger et al. 2012; Immoos et al. 2015; Sterl et al. 2010;
Zeidenitz et al. 2007), or the attitude of recreationists towards management measures (Sterl et al. 2010).
However, these studies fail to test and address how to
influence visitor behaviour using management measures. Although it has been suggested that public relations and communication measures can be effective
to minimize conflicts between the needs of wildlife
and those of recreationists (Graf et al. 2018), these
proposals have not been substantiated by scientific results. Our results offer management options based on
a scientific methodology.
Respondents said they left a trail to go into open
landscape or move along forest edges, while a few
went into the forest. This result is in line with Coppes
& Braunisch (2013), who showed that with an increase
of canopy cover, the probability of people going
off-trail decreases. An important motive for staying
on-trail and for going off-trail was participation in a
guided tour. Hence, we recommend that tour guides
should be given further training in informing the public regarding wildlife-friendly behaviour during winter
sports activities. Although we cannot show that the
motivation for going off-trail is a predictor for leaving
marked trails, our results indicate that the motivation
to do so might differ from the typical recreation motivations. In their responses to the qualitative questions
regarding off-trail behaviour, respondents did not
name escape, recreation, nature experience or solitude
(Arnberger et al. 2010), or fitness, adventure / thrill
or saving costs (Zeidenitz et al. 2007) as motives for
off-trail behaviour. We recommend future research to
assess whether there are specific recreation motivations that trigger off-trail activities. Respondents also
gave unclear signage as one of the main reasons they left
trails. Here, local management should ensure that information is adequate and readily understandable, and
implement a standardized information policy using
consistent signs which are visible also during snowfall.
The results of the prediction model revealed that
people who are satisfied with the infrastructure provided are less likely to go off-trail. This result is in line
with the findings of other authors (Freuler et al. 2007;
Kollmuss et al. 2002) who showed that appropriate
infrastructure can positively steer people, as it helps
visitors to put their positive attitudes into practice. As
the trail offer is different between summer and winter
in the study area, Coppes and Braunisch (2013) found
that recreationists left trails in winter, to continue on
(closed) summer infrastructure. This behaviour was
more pronounced where summer-trail signs were present, indicating the significance of signage and infrastructure for visitor steering.

We found that recreationists are more likely to go
off-trail when information policy is only basic. This result is supported by Freuler et al. (2007), who show that
the level of information provided strongly influences
behaviour. With regard to the prediction model, we
were able to show that people who are dissatisfied with
trails (model predictor: satisfaction with trails) are more
likely to leave trails in the basic information policy area
than in the good information policy area. This result
confirms the findings of Immoos et al. (2015), who
state that simple waymarking is not sufficient to steer
visitor behaviour as required: good information already
during the planning phase of a visit or at its starting
point triggers people to behave in the hoped-for way.
Although attitudes towards wildlife and related
steering measures were positive overall, respondents
still left trails. As implementing visitor-steering efforts
is shown to be compatible with attitudes (Freuler et
al. 2007), there is a discrepancy between attitudes and
behaviour. This phenomenon has been addressed by
several authors (e. g. Freuler et al. 2007; Homburg et
al. 1998; Kollmuss et al. 1998) who state that, although
people are generally willing to behave in a manner that
respects the environment and are emotional about this
topic, in fact their behaviour shows little conformity
with these attitudes. Nevertheless, attitudes are considered to play an important role in fostering pro-environment behaviour (Bamberg et al. 2007; Hines et
al. 1986). This is in line with the present results, which
indicate a strong relationship between (campaign)
knowledge and attitudes.
Our results indicate that the predictive power of
knowledge depends on the type of knowledge. The
knowledge predictor was divided into content knowledge
and campaign knowledge, in line with other authors (e. g.
Kaiser et al. 2003). A pro-wildlife attitude was a significant predictor for campaign knowledge. Thus it can
be concluded that if people already have the appropriate attitudes, as the respondents did, providing information via campaigns will have a positive effect on
off-trail behaviour (Manning 2003; Marion et al. 2007;
Zeidenitz et al. 2007). This supports the results of
Freuler et al. (2007) that the gap between attitudes and
behaviour can be reduced if recreationists are provided with appropriate information, good arguments and
appeals for them to act responsibly. The positive effects of campaign knowledge on behaviour were also
shown by Immoos et al. (2014). As demonstrated by
earlier studies (Kollmuss et al. 2002), content knowledge is not significant in predicting off-trail behaviour.
It can be deduced that procedural knowledge, which
explains how to behave (transferred by campaigns), is
more effective in changing behaviour than providing
simple content knowledge.
Conclusion

We identified satisfaction with infrastructure as the
strongest predictor for not leaving trails, especially

Ver a Ko pp & J o y Co p p e s

in areas with basic information policies. The results
further show that a positive attitude towards wildlife implies a better knowledge of wildlife campaigns
and consequently encourages people to stay on-trail.
Furthermore, we show that an extensive information
policy can play an important role in visitor-steering
in nature areas. Our findings suggest measures which
could be included in visitor management in nature
areas. Future studies should assess how to effectively
communicate knowledge to the target groups. As our
results indicate that most people planned their tour
in advance, not relying simply on on-site information
sources, the effectiveness of off-site communication
measures (e. g. information in magazines, on websites or apps) should be tested. The role of subjective
norms (the attitudes of the individual’s social group,
friends and relatives, or of tour guides) could also be
studied to optimize communication measures. We
show how the use of a qualitative social science approach can reveal new insights which are important
for reducing human-wildlife conflicts.
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