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Abstract People generally possess certain basic ideas and values towards biodiversity,

influencing their personal evaluation of a conservation situation or action and their attitude

towards nature and its conservation. Here, we apply knowledge on human attitudes to an

interesting socio-ecological system, the case of mitigating the devastating infectious

amphibian disease chytridiomycosis in the Pyrenean Mountains, a touristic region. We

conducted a questionnaire survey directly in mountain areas (n = 418) and on the internet

(n = 868) to investigate whether attitudes towards amphibians influenced support of five

possible conservation actions. We further analyzed whether attitudes were influenced by

peoples’ use of the mountains, their socio-economic backgrounds, and their general

knowledge of amphibians. Our study shows that all but one conservation measure were

well accepted by the public. Importantly, the restrictions people would accept were linked

to the attitudes the respondents had towards amphibians and how informed they were

regarding the current status of amphibians. Our study highlights the importance of ensuring

sufficient education and information for the public and suggests that it is necessary to
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explore and discuss several conservation options with the public before implementing

conservation measures that may not be perceived equally.

Keywords Policy support � Biodiversity monitoring � Prioritization � Resource

allocations � Conservation efficiency � School experiment

Introduction

In biodiversity conservation, much depends on the willingness of the public to accept or to

participate in conservation intentions. Behavioral responses originate from attitudes and

subjective norms, including the consideration of opinions from peers (Ajzen and Fishbein

1977; Moscovici and Duveen 2000; Fischer and Young 2007; Røskaft et al. 2007).

Therefore, researchers and environmental managers are, and should be, concerned about

stakeholders’ and the public’s attitudes towards biodiversity and wildlife. Evaluation of

public understanding, acceptance and impact of conservation actions is important when

developing new management strategies to reduce the conflict potential between human

society and wildlife and to increase public support for conservation measures (Stoll-

Kleemann 2001b; Buijs et al. 2008, 2011; Buijs 2009a, b). Forced conservation measures,

despite good intentions, may increase the unpopularity of conservation and counteract

positive effects (Douglas and Verı́ssimo 2013). However, the ideological complexity and

diversity of backgrounds within human society make understanding of human attitude and

resulting behavioral responses a very challenging task for biodiversity management and

protection.

People generally possess certain basic ideas and values towards biodiversity (e.g.

Biophilia Hypothesis; Kellert 1993; White and Heerwagen 1998), influencing their per-

sonal evaluation of a conservation situation or action and theirs attitude towards nature and

its conservation. The way people react to biodiversity is usually a result of a long cultural

discourse and personal experiences that form nature-related attitudes, which subsequently

become culturally embedded in the form of constructed images (Keulartz et al. 2004;

Lorimer 2007). To form such images, also termed mindscapes (Zerubavel 1999), direct

experiences with nature as well as popular, scientific and policy discourses across all media

types are prerequisites (Eder and Ritter 1996; Macnaghten and Urry 1998; Turnhout et al.

2004; Buijs et al. 2006). Hence, these constructed images of nature, while relatively stable,

may be transformed with every direct and indirect contact with nature (Buijs et al. 2006),

thereby influencing human behavior with regards to the environment and biodiversity.

Each interaction may provoke different sensations and behaviors in a person, as different

experiences and (new) knowledge are considered and new costs and benefit evaluations are

performed subconsciously (Low 1996; Alvard 1998). For example, people who engage

most in outdoor naturalistic or recreational activities show generally higher levels of

support for nature conservation actions than those who do not (Tarrant and Green 1999;

Skogen 2001). It was also suggested that affection as well as economic and pragmatic

considerations were the primary motivations forming human attitudes towards animals and

biodiversity (Kellert and Berry 1982; Serpell 2004). This process would then lead to an

evaluation of the net utility of the consequences of an action, determining whether that

specific action is right or wrong, respectively beneficial or not (Spash 2009; Spash et al.

2009). More recently, the impact of empathy on environmental concern was measured in
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two laboratory experiments (Schultz 2000; Sevillano et al. 2007). Participants were shown

different kind of images related to nature, including a harmed animal, and were asked to

either take the animal’s perspective (to trigger empathy) or remain objective (as a control).

In both studies, participants who empathized with animals developed a higher general

concern for the welfare of living organisms (plants, animals, marine life and birds), as well

as higher environmental concern.

Finally, human attitude and public support toward conservation actions have also been

linked to the species itself. Species’ characteristics such as beauty, cuteness, body size,

ecological importance, utility and rarity are important factors that motivate public con-

servation efforts (DeKay and McClelland 1996; Kellert 1997; Czech et al. 1998; Metrick

and Weitzman 1998; Knight 2008; Macdonald et al. 2015). Interestingly, similarity with

humans, either phylogenetic or in terms of capacity for emotions, thought and pain, is also

a strong determinant of public concern (Kellert 1997).

Public evaluation of conservation and the value of biodiversity and wildlife might also

be changed by education. Indeed, it was suggested that the public might not have enough

insight to appreciate the benefits of biodiversity and its conservation and that respondents’

daily practices, experiences, knowledge and emotions form a primary awareness of bio-

diversity (Buijs et al. 2008). However, despite increasing efforts in social and interdisci-

plinary sciences to better understand public perception and evaluation of biodiversity-

related issues (Stoll-Kleemann 2001a, b, 2010) our understanding of human-nature inter-

actions and awareness of the public of biodiversity issues remains limited. It has been

argued that in order to adopt conservation goals and ideals, the public may need to be better

educated and convinced of the importance of biodiversity so that meaningful conservation

measures may be implemented (Hunter and Brehm 2003, 2004; Hanski 2005; Lindemann-

Matthies and Bose 2008). Multi-lateral treaties, such as the Convention on Biological

Diversity (CBD), have recognized these ideas, e.g. Aichi Target 19, ‘‘By 2020, knowledge,

the science base and technologies relating to biodiversity, its values, functioning, status and

trends, and the consequences of its loss, are improved, widely shared and transferred, and

applied’’.

The complexity of human attitudes and the circumstances and experiences shaping them

leave conservation management still in a difficult situation. Here, we apply knowledge of

human attitudes to an interesting socio-ecological system, the case of mitigating the

devastating infectious disease chytridiomycosis that is decimating amphibian populations

globally. This disease is caused by Batrachochytrium dendrobatidis, a fungus of the

Chytridiomycetes family (Berger et al. 1999). In Europe, one of the hotspots for the disease

are the Pyrenean Mountains in which populations of the midwife toad, Alytes obstetricans,

are undergoing mass mortalities (Walker et al. 2010). Mitigation of the disease appears to

be possible (Bosch et al. 2010; Woodhams et al. 2011; Schmeller et al. 2014), but certain

actions require support from mountain users and stakeholders. Given that there are a couple

of important concepts that people appreciate and understand, including health, naturalness,

diversity and balance (Fischer and Bliss 2006), we sought to better understand human

attitudes and support for conservation measures concerning a small and overlooked animal

group like amphibians suffering from a devastating disease. Although amphibians are the

most threatened vertebrates on the planet, with at least 200 species collapsing or already

extinct (Stuart et al. 2004), amphibians are generally believed to be unpopular among the

public (Czech and Krausman 2001).

We conducted a questionnaire survey to assess potential support for five conservation

measures and the level of restriction and constraint perceived as acceptable to mitigate

chytridiomycosis. The evaluated measures included restricted access to certain areas,
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disinfection points for people and car, self-disinfection with spray bottles, keeping dogs on

a leash, and paying for entry to protected areas. The first three conservation measures could

effectively mitigate the transmission of the disease by mountain users. Keeping dogs at a

leash and paying an entrance fee would only help to improve the effectiveness of the other

measures. The most effective conservation measure would be access restriction to e.g.

infected areas, as it would reduce the stress for amphibians, likely improves water quality,

and most importantly would reduce the risk of Bd transmission by humans and livestock

from those areas (Sutherland et al. 2015). The questionnaire was distributed directly in

mountain areas to hikers and was also made available on internet. We investigated whether

attitudes towards amphibians influence support for possible conservation actions and

whether that is influenced by peoples’ use of the mountains (tourist, frequent hiker,

mountain guide/professional), their socio-economic backgrounds (age, origin, gender,

profession), and their knowledge of the current status of amphibians. We also wondered if

a concept such as health, with which everyone is confronted with in normal life, can be

used and transferred to less popular species to make people more aware of problems in

nature.

Materials and methods

Questionnaire structure and data coding

Our questionnaire comprised a total of 42 items in four different sections (see the paper

version of the questionnaire in the Online Resource 1). In the first section, we asked

questions regarding a participant’s socio-economic background, including age, gender (not

specified: 0, man: 1, woman: 2), country, profession (administrative staff, consultant,

support staff, manager, researcher, self-employed, trained professional, skilled laborer,

student, other, teacher, pupil), and degree of urbanization of the place of living (rural: 1,

suburban: 2, urban: 3). The second section concerned hiking habits, such as the kind of

hiker they were (frequent, week-ends, tourist, seasonal, professional), the size of the hiking

group, and if they sometimes hike with a dog (yes, no).

The third section comprised questions concerning amphibians, asking if they have heard

about amphibian decline, amphibian disease, and if they like amphibians or not (yes, no,

indifferent/I don’t know), and if they had seen dead amphibians while hiking (yes, no).

Because the people who heard about the disease were also more likely to have heard about

the decline (n = 1235, GLM, V1
2 = 551.59, p\ 0.0001), we created a new variable,

‘Informed’, with 3 levels (0: the person was not aware of amphibian decline or disease, 1:

aware of one of the two, or 2: aware of both).

The fourth and last section asked the extent to which five conservation measures to

mitigate the disease would be supported. We asked ‘‘If there are epidemic wild life dis-

eases, what measures would you support to prevent further spread?’’. The five conservation

measures included: (1) restricted access to certain areas, (2) disinfection points for people

and car, (3) self-disinfection with spray bottles (provided by the authorities), (4) keeping

dogs on a leash, and (5) paying for entry to protected areas. Each conservation measure

was rated from total disagreement, disagreement, neutral, to agreement and full agreement.

We coded these data with 5 grades (5 to 1 for all conservation measures except ‘Payment,’

which was rated from 1 to 5, to fit a Poisson distribution). However, for illustration

purposes, all conservation measures were coded as ‘Payment’.
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Our questionnaire was available in 4 major European languages (English, French,

German, and Spanish) to avoid any misunderstandings due to mastery of a foreign lan-

guage and to increase survey participation.

Data collection of the questionnaire

We followed two different data collection strategies: (1) paper questionnaires distributed

directly in the field to hikers at parking lots or mountains refuges from summer 2009 to

summer 2012, and (2) an internet-based survey online from 2011 to 2014.

For the paper questionnaire, several mountain sites were frequented: the refuge de

Bassiès at 1700 m altitude in the Pyrénées Ariégoises, a mountain refuge with difficult

access and lodgings for up to 50 people per night; the Réserve Naturelle du Néouvielle, at

the Eastern end of the Parc National des Pyrénées, to which a variety of tourists come; and

the touristic mountain village of Lescun in the Western part of the Pyrenees, where people

stop over to do several one-day hikes in the surrounding areas. The different tourist groups

included those arriving by bus to enjoy high mountain lakes and beautiful views at 2000 m

altitude with minimal effort, those going for a day hike, and those doing the major hiking

trail of the Pyrenees, the GR 10. Apart of these three major sites, we also distributed

questionnaires during our field work in the Pyrenees and Massif Central, including the lake

Ayès, the cascades of Cirque de Cagateille, and the central Cévennes. We had very few

rejections when we personally asked people to fill in the questionnaire (\5%). We usually

remained nearby to respond to questions and to encourage users to complete all questions.

The average time required was 12 min, but in many cases respondents engaged in dis-

cussion after the questionnaire had been filled in, which took another 10 to 15 min.

We also disseminated our survey to the public over our internet site using the EpiCollect

engine (Aanensen et al. 2009). We distributed requests to fill in the questionnaire via email

lists of associations and universities, family and friends, and via social media such as

Twitter and Facebook. This allowed us to enlarge the spatial and social scale of our survey.

Some questions were slightly adjusted to ask the general habits of the respondents, e.g.

‘‘Do you sometimes hike with a dog?’’. Because we obtained responses to our internet

survey from many academics (researchers and students represented 48.50% of the

respondents), we conducted two statistical analyses for the internet survey, by including or

not the academics. Both analyses provided similar results, therefore only the results for all

respondents are presented in the main text, and results of the analysis without academics is

reported in the Online Resource 4.

The paper questionnaire was distributed to a total of 451 persons, while the internet

survey reached a total of 902 persons, for a total of 1353 questionnaires obtained. Most

questionnaires contained missing information. We discarded those that contained too little

information to be useful (fewer than 2 questions answered per section). At the end, we used

418 paper questionnaires and 868 internet questionnaires (1286 in total) for statistical

analysis.

We received useful responses from 26 countries. Most were situated within Europe,

with a high percentage of responses from France (74.8% of all useful responses, see

supplementary information for more details), but responses were also received from the

USA, Canada and Colombia.
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Statistical analysis

We investigated willingness to support conservation measures through Generalized Linear

Models (GLMs) with a Poisson distribution of error terms and log as a link function, using

SAS (proc Genmod). We first tested the impact of the collection method (paper, internet).

All conservation measures except ‘‘Paying an entrance fee’’ were affected by the mode of

data collection (GLMs; Restricted Access: V1
2 = 11.05, p = 0.0009; Disinfection Points:

V1
2 = 37.56, p\ 0.0001; Spray: V1

2 = 41.07, p\ 0.0001; Dog on Leash: V1
2 = 5.21,

p = 0.0225; Pay Entrance Fee: V1
2 = 3.04, p = 0.0811, Fig. 1). Therefore, we analyzed

the data obtained from the paper and internet surveys separately. The explanatory variables

included in the models were: date, age, gender, country, nationality (French vs other),

urbanization of the living area, profession, hiker type, size of the hiking group, liking

amphibians, having heard about amphibians decline, having heard about amphibian dis-

ease, being informed, having seen dead amphibians. For the paper questionnaires, we also

added the survey location. When we investigated ‘‘keeping dogs on a leash’’ as a con-

servation measure, we added ‘hiking with a dog’ as an explanatory variable. Because

‘country’ and ‘French nationality’ were not independent, they were never included in the

same model. Similarly, ‘having heard about amphibian decline’, ‘having heard about

amphibian disease’, or ‘being informed’ were never entered together in a model. Addi-

tional information regarding the socioeconomic background of those who answered the

questionnaires and the differences between responses obtained from the internet and field

surveys is available in the Online Resource 2.

Before building the models, we investigated the independence of the explanatory

variables using Spearman correlations to ensure that only independent variables were

entered together in a given model. All Spearman coefficients of correlation were below 0.2;

the variables were therefore considered independent. For both the paper and internet data,

we also built models to investigate the factors explaining why people would or would not

like amphibians, and why they would be informed or not (GLMs with a binomial or a

multinomial distribution of error terms and link functions logit or clogit, respectively). We

took these results into account when building models to satisfy the assumption of

Fig. 1 Mean support to the five conservation measures for both paper and internet surveys (1 total
disagreement, 2 disagreement, 3 neutral, 4 agreement, 5 full agreement)
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independence of the explanatory variables (e.g. ‘liking amphibians’ and ‘being informed’

were never included in a given model).

Model selection using AIC was impossible due to missing data (Nakagawa and

Freckleton 2011; Symonds and Moussalli 2011), and we did not want to discard ques-

tionnaires with missing data as it would result in a sample bias (i.e. only more motivated

people such as those who like amphibians may have fully completed the survey). We

conducted a stepwise procedure with a forward inclusion, starting with minimal models

(one independent variable) and incorporating step-by-step an additional variable (with no

interaction) to significant models. Models in which all independent variables were sig-

nificant at the 5%-level are presented and considered as best explanatory models. We also

computed the parameter estimates and the associated variances from the 95% confidence

interval (CI) and considered the effect of one variable as having an important predictive

value only when the 95% CI did not include zero (Garamszegi et al. 2009).

Results

Liking amphibians and being informed

Among people who answered the paper questionnaire, 52.39% said that they like

amphibians, 39.71% did not know, 6.46% did not like amphibians, and 1.44% did not

answer the question. In contrast, of those responding to the internet survey, more people

liked amphibians (87.44%), 9.68% did not know and 1.61% did not like them (not spec-

ified: 1.27%). The difference between internet and paper surveys was significant

(V1
2 = 26.83, p\ 0.0001). For both the paper and internet surveys, we found that the only

factor explaining a positive sentiment for amphibians was that they were informed (Paper:

V1
2 = 18.29, p\ 0.0001, estimate: 0.1416, 95% CI [0.0239, 0.0259]; Internet: V1

2 = 4.43,

p = 0.0035, estimate: -0.0637, 95% CI [-0.1234, -0.0040]). None of the socio-eco-

nomic variables contributed to liking amphibians (see also Online Resource 4).

In the paper survey, people were generally poorly informed regarding amphibian

decline and disease: 70.10% were not informed, 21.05% were aware of amphibian decline

or disease, and only 8.37% were aware of both. In contrast, the internet survey revealed

that people were more informed, with 54.38% aware of both, 18.89% aware of either

decline or disease and 24.54% of people unaware. The difference in the degree of infor-

mation between respondents of the paper and internet surveys was highly significant

(V1
2 = 282.10, p\ 0.0001). In the paper survey, informed people were more likely to like

amphibians and usually lived in urbanized areas (Table 1). In the internet survey, being

informed was correlated with liking amphibians, but additional factors also contributed,

such as the profession, gender, and having seen dead amphibians (Table 1). Researchers

were more informed, followed by trained professionals and self-employed people, while

teachers, consultants and schoolkids were the least informed (see also Online Resource 4).

People who had previously seen dead amphibians were more informed than those who did

not, suggesting that seeing dead animals in nature may trigger an interest for the underlying

causes of animal death, or that interested and informed respondents were more likely to

notice and remember seeing dead amphibians (Table 1). Women were generally more

informed than men (Table 1).
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Access restrictions

More than half of the people directly approached (paper survey) were willing to support

restricted access where necessary (52.15%, strongly support: 21.77%, support: 30.38%,

neutral: 23.21%, disagree: 10.53%, strongly disagree: 11.48%, not specified: 2.63%,

Fig. 1). In the internet survey, respondents reported that they were more willing to support

this conservation measure, with 63.1% expressing support (strongly support: 23.35%,

support: 39.75%, neutral: 20.97%, disagree: 10.37%, strongly disagree: 2.42%, not spec-

ified: 1.15%, Fig. 1). However, none of the investigated factors significantly explained the

willingness of the participants of the paper survey to support restricted access to areas

infected with the amphibian disease. With regards to the internet survey, the only

explanatory variable that significantly explained willingness to support access restrictions

was a reported liking of amphibians, with people having a positive sentiment toward

amphibians being more willing to support the conservation measure (Table 2; Fig. 2).

When academics were not included in the analysis, none of the factors explained support to

access restriction (see Online Resource 4).

Disinfection points

The willingness to support disinfection points was less supported by people directly

approached compared with people who responded to the internet survey (Fig. 1). Fewer

than 50% of those directly approached supported the measure (47.13%) but only 20.81%

did not support it (strongly support: 19.86%, support: 27.27%, neutral: 28.47%, disagree:

9.33%, strongly disagree: 11.48%, not specified: 3.59%). In contrast, the measure was well

supported in the internet survey (74.19%, strongly support: 30.30%, support: 43.89%,

neutral: 16.82%, disagree: 6.22%, strongly disagree: 1.50%, not specified: 1.27%). When

people were asked their opinions in the field, none of the variables included in the models

explained the willingness to support the conservation measure. For the internet survey, the

support to disinfection points was explained by two models, each containing only one

explanatory variable: liking amphibians was included in the first model, and awareness of

amphibian decline in the second model (Table 2; Fig. 3). When academics were not

included in the analysis, none of the factors explained support to disinfection points (see

Online Resource 4).

Table 1 Best models explaining the fact that people were informed or not

Data
collection

Predictor Df V2 P Estimate Confidence interval

Informed Paper Like amphibians 1 25.38 \0.0001 0.7473 [0.4317, 1.0629]

Urbanization 1 5.57 0.0182 -0.2069 [-0.3790, -0.0347]

Informed Internet Profession 12 41.50 \0.0001

Like amphibians 2 32.60 \0.0001 0.5464 [0.0558, 1.0370]

Date 1 8.38 0.0038 -0.0008 [-0.0013, -0.0002]

Gender 1 5.29 0.0215 0.1945 [0.0285, 0.3605]

Saw dead
amphibians

1 4.70 0.0301 -0.3319 [-0.6410, -0.0227]
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Spray bottle use

Use of a spray bottle provided by the authorities was well supported by the people who

answered the paper questionnaire, as only 19.28% were not supportive (strongly support:

17.94%, support: 28.71%, neutral: 29.67%, disagree: 7.42%, strongly disagree: 11.96%,

not specified: 4.31%, Fig. 1). The support was stronger in the internet survey, with only

10.60% people unwilling to support the measure (strongly support: 34.79%, support:

37.21%, neutral: 16.01%, disagree: 9.22%, strongly disagree: 1.38%, not specified: 1.38%,

Fig. 1). On paper, the only factor that significantly explained support for the measure was

the date at which people filled in the questionnaire, with people less and less supporting the

measure as time passed (Table 2). In the internet survey, none of the variables included in

the models significantly contributed to explaining the willingness to use spray bottles,

however, when academics were discarded from the analysis, Being French explained the

Table 2 Best models explaining the willingness to support conservation measures

Conservation
measure

Data
collection

Predictor Df V2 P Estimate Confidence
interval

Restricted
access

Paper

Internet Like amphibians 1 4.01 0.0453 -0.1160 [-0.2272,
-0.0049]

Disinfection
points

Paper

Internet Like amphibians 1 4.50 0.0338 -0.1284 [-0.2442,
-0.0126]

Heard about
amphibian decline

1 4.65 0.0311 -0.1138 [-0.2165,
-0.0111]

Spray bottle Paper Date 1 8.07 0.0045 0.0002 [0.0001,
0.0004]

Internet

Dogs on a leash Paper Hiking with a dog 1 11.71 0.0006 0.3788 [0.1711,
0.5864]

Date 1 8.18 0.0042 0.0003 [0.0001,
0.0005]

Internet Hiking with a dog 1 50.88 \0.0001 0.4761 [0.3508,
0.6013]

Age 1 6.33 0.0119 -0.0056 [-0.0100,
-0.0012]

Pay fees Paper Informed 1 6.94 0.0084 0.1211 [0.0325,
0.2097]

Internet Informed 1 8.91 0.0028 0.0738 [0.0250,
0.1226]

Gender 1 7.87 0.0195

Informed 1 7.49 0.0062 0.0587 [0.0097,
0.1077]

Being French 1 7.78 0.0204
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opposition to spray bottle use, with French people being less supportive than other

nationalities (see Online Resource 4).

Keeping dogs on a leash

Keeping dogs on a leash was the most supported conservation measure of all five inves-

tigated, being supported by 73.92% of people of the paper survey and 80.88% of people on

internet (Paper: strongly support: 58.61%, support: 15.31%, neutral: 11.96%, disagree:

3.59%, strongly disagree: 7.18%, not specified: 3.35%. Internet: strongly support: 58.64%,

support: 22.24%, neutral: 12.10%, disagree: 3.46%, strongly disagree: 0.92%, not

Fig. 2 Mean support to restricted access to protected areas in relationship to respondents’ attitude toward
amphibians for the internet survey

Fig. 3 Mean support to disinfection points in relationship to both a respondents’ knowledge of amphibian
decline and b attitude toward amphibians, for the internet survey
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specified: 2.65%; Fig. 1). Results of model selection on paper data and internet data were

congruent (Fig. 4). Indeed, in the paper survey, willingness to support keeping dogs on a

leash correlated with the date at which the questionnaire was filled in and hiking with a

dog, with people not hiking with a dog more willing to support the measure (Table 2). For

the internet survey, the best model contained both the age of the respondent and the fact

that the respondent sometimes hikes with a dog (Table 2), and this was true whether

academics were included or not (Online Resource 4). People hiking with a dog and

younger people were less willing to support the conservation measure.

Entrance fee

Paying a fee to enter protected areas was the least supported conservation measure of all

five (Fig. 1). Only 31.34 and 33.98% people supported this measure in the paper and

internet questionnaires, respectively, while 48.08 and 43.32% people did not support the

measure (Paper: strongly support: 12.92%, support: 18.42%, neutral: 18.90%, disagree:

17.46%, strongly disagree: 30.62%, not specified: 1.67%. Internet: strongly support:

10.48%, support: 23.50%, neutral: 21.77%, disagree: 25.00%, strongly disagree: 18.32%,

not specified: 0.92%). We found that, for the paper survey, the best model explaining the

willingness to pay entrance fees to access protected areas included being informed about

amphibian decline and/or disease (Table 2). For the online survey, the best models

included the gender of the respondent, and nationality (i.e., French or not), in addition to

being informed (Table 2). Better informed people were more supportive of an entrance fee

and women were more willing to support the measure than men. French people were less

supportive of this conservation measure than other nationalities (Fig. 5). When academics

were discarded from the internet analysis, being informed was the only factor significantly

explaining support to this conservation action (see Online Resource 4).

Fig. 4 Mean support to keeping dogs on a leash in relationship to whether the respondents hike or not with
a dog for both paper and internet surveys pooled together
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Discussion

We conducted a survey to assess the relationship between the public’s attitude towards

disease mitigation strategies of the deadly amphibian disease, chytridiomycosis, and the

public’s perception of amphibians. We examined potential support for five conservation

measures and found that the measures we proposed were generally well supported by the

public. However, the support varied strongly between measures, showing that not all

measures were perceived equally by the public. Our study shows that the restrictions

people would accept are linked to the attitudes the respondents held towards amphibians

and how informed they were about current threats to amphibians. Our study suggests that

the concept of disease may be used to raise public awareness of conservation issues, even

for a generally neglected species group such as amphibians.

From the five investigated conservation measures, the most widely accepted measure

was keeping dogs on a leash while hiking, a measure supported by around 80% of people,

especially those who never hike with a dog; only 5–10% disagreed. In contrast, payment of

an entrance fee was the least supported measure, supported by only around 30% of people.

Access to nature is traditionally cost-free in France, which likely explains why French

people were significantly less likely to support this measure compared with people coming

from other countries where access to National Parks and Nature Reserves may already

incur a fee. In addition, paying an entrance is an indirect measure to halting the spread of

disease and people may think that funds leveraged might not necessarily be spent on

conservation actions, and this perception may have influenced the respondents’ attitude.

The other measures (restricted access to certain areas, disinfection points for vehicles, and

self-disinfection with spray bottles provided by the authorities) received intermediate

support, with around 10–20% of people unwilling to support these measures and 45–75%

supporting them.

Our results show that the most important factors correlating with support for conser-

vation measures included positive sentiment toward amphibians (reported liking

Fig. 5 Mean support to paying an entrance fee to access protected areas in relationship to the respondents’
awareness of amphibian decline and/or disease, for both paper and internet surveys pooled together (0 not
heard about decline or disease, 1 heard about decline or disease, 2 heard about decline and disease)
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amphibians) and awareness of amphibian decline and/or amphibian disease; this rela-

tionship was especially true for those who responded to the internet questionnaire. These

two factors were not independent, although we could not disentangle the cause and the

consequence. Our findings corroborate previous results that show that people who are

better informed (46%) make a stronger personal effort to conserve biodiversity than those

who are less informed (31%; Flash Eurobarometer 379). We know also that, in general,

biophilic factors are becoming more important for environmental users who have lower

levels of knowledge and concern towards environmental issues (Martı́n-López et al. 2007),

although our results rather suggest that biophilic factors may contribute to public aware-

ness by increasing people’s interest and making them more receptive to—and actively

seek—information about biodiversity. However, we found that people approached in the

field were generally poorly informed about amphibian disease (2.6%), amphibian decline

(18.4%), or both (8.4%), although amphibians are currently recognized as the most

threatened vertebrate group on the planet (Stuart et al. 2004). Therefore, considerably more

effort and commitment are required to inform people about threats to local biodiversity and

to engage the public in conservation issues (Novacek 2008).

Amphibians are generally considered unpopular among the public (Czech and Kraus-

man 2001) and this taxonomic group is largely neglected by conservation educators. Since

there is often a strong association between the level of likeability of a species and public

concern (Ballouard et al. 2012), we explored the extent to which the public declared liking

amphibians. In the paper survey, more than half of the respondents reported liking

amphibians (and only 6.5% reported disliking amphibians). This proportion was higher

than expected. To further explore public perception of amphibians and some factors

possibly influencing it, we ran a small experiment with school children (n = 18) in

addition to this questionnaire (see the Online Resource 3 for more details about the

methods and the results of this experiment). Our aim was to investigate the children’s

opinions regarding amphibians and whether education, information and contact with

amphibians could change their opinions over a short timeframe. We found that almost 95%

of school children reported liking amphibians, a proportion that was also higher than

expected. Although our sample size of school children was very small, our results cor-

roborate those obtained by a study on snakes conducted with more than 2500 children from

10 countries, which showed that many children liked snakes and most of them wanted to

see them protected (Ballouard et al. 2013). Even though most children liked amphibians a

priori, we investigated whether a field trip experience could improve children’s perceptions

of amphibians. The experience improved the children’s opinions of amphibians, but it did

not alter the children’s opinions of slugs (used as a control). Similarly, a previous study

with more than 500 children demonstrated that education, information and personal

experience can change children’s perceptions of snakes, especially when physical contact

is involved (Ballouard et al. 2012).

Our results also suggest that either interested respondents were more likely to notice and

remember seeing dead amphibians, or witnessing dead amphibians triggered the motiva-

tion to better understand the causes of these deaths. A private experience may trigger the

public’s empathy and interest in amphibians, thereby improving the learning process

(Schultz 2000; Halpenny and Caissie 2003; Sevillano et al. 2007; Myers et al. 2009).

Contrary to our expectations, conservation support was not higher in the group seeing dead

amphibians, suggesting that the experience has not triggered empathy for amphibians.

However, with our study, we cannot disentangle between cause and effect in that regard.

The data collected allowed us to explore additional factors explaining expressed support

for conservation measures. Hiking habits (type of hiker, size of hiking group) did not
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influence conservation support at all. Interestingly, the socio-economic parameters (degree

of urbanization of the place of living, country, profession, age and gender) only had a

limited influence, and this influence was mainly indirect through influences to public

awareness. For example, we found that people living in more urbanized areas, those

involved in certain professions (e.g. students, researchers), and women were more

informed about amphibian decline and disease, older people were more willing to support

keeping dogs on a leash, and women and non-French people were more willing to pay

entrance fees. Although these parameters were of relative unimportance compared with

perceptions of amphibians and knowledge of the public, they align with the results of

previous studies. Indeed, in a European survey, respondents aged 55 or older (49%) stated

that they make a personal effort to protect biodiversity, while only 22% of younger

respondents aged 15–24 did so (Flash Eurobarometer 379; see also Kellert and Berry 1982;

Cadiou and Luginbühl 1995). In another study, younger people more frequently rejected

the idea that the environment is degraded by humans than adults, contrasting responses

provided 20 years ago, where humans were responsible for the degradation (Cadiou and

Luginbühl 1995). In Europe, it was also observed that there was a decrease in personal

conservation effort from rural (45%), suburban (36%) and urban areas (33%) (see also

Kellert and Berry 1982). Previous studies also showed that women demonstrate consis-

tently higher levels of support for conservation measures and concern about environmental

issues than men (Blocker and Eckberg 1997; Dietz et al. 2002).

Paper versus online survey

The fact that we distributed our questionnaire both in the field and on the internet provided

the opportunity to compare between attitudes reported in each of the surveys. Strikingly,

we found remarkable differences. It is generally believed that there is no significant dif-

ference between surveys completed online and those that are paper-based (Milfont and

Duckitt 2010) and that computer-administered questionnaires can improve the quality of

self-reported information (Denny et al. 2008). In our survey, it is very unlikely that the

observed difference could be due to a lack of inaccurate answers of paper-based responses,

since paper-surveyed people reported lower support for conservation measures and lower

positive sentiment towards amphibians compared with internet-surveyed people. Rather,

the observed differences likely resulted from the fact that the two methods led to sampling

of two distinctive groups. The people who filled the paper-questionnaire were directly

approached in the field and might be a representative sample for the users of mountains. In

contrast, the internet survey might have selected for people who were sufficiently moti-

vated to fill the questionnaire on an uncommon topic like amphibians and hiking. The latter

group might therefore have already been in favor of amphibians; this is suggested by the

fact that they were better informed and reported liking amphibians more than those

responding to the paper survey. We therefore assume that the perceptions and attitudes of

the directly approached group towards conservation measures better reflect the acceptance

and thus applicability of our proposed measures in the Pyrenean Mountains (and probably

other mountain ranges in Europe). Our results align with previous opinion surveys con-

ducted to investigate conservation support to the reintroduction of the brown bear Ursus

arctos in the Pyrenees. One opinion survey interrogated a sub-sample representative of the

overall French population and found that 71% expressed favorable opinion for reintro-

duction (IFOP 2012), while the public consultation conducted in 2011 at the local scale (in

Ariège) found 71% of the local public unsupportive. Hence, the importance of assessing
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the conservation support at the local scale, with the appropriate target audience, is nec-

essary to accurately weight potential conflict resulting from conservation strategies.

Conclusions/recommendations

In an attempt to remedy the deficit of knowledge we observed in the field, we invested

ourselves in public education by setting up posters in mountain huts, tourist offices and at

the houses of the Park National des Pyrénées (PNP). We also handed flyers to tourists and

informed the rangers of the PNP, as well as professional mountain guides and NGOs

involved in nature conservation. The questionnaire was also a very good means of

achieving public outreach. In particular, we noticed that when people became aware of the

disease that was affecting amphibians in areas where they were hiking, most asked what

they could do to help. We then provided concrete examples, such as disinfecting their

hiking shoes with bleach. While we are unable to assess whether this advice was followed,

this illustrates the importance of providing concrete recommendations when educating

people, as just spreading bad news is insufficient and may even be counter-productive

(Swaisgood and Sheppard 2010). By engaging in discussion with the public, we also

observed the strong role that the media could play in public awareness. Indeed, when

people had heard of amphibian declines and disease through the media, they had the

feeling that the issue was ‘‘true,’’ ‘‘serious’’ and ‘‘severe’’. Therefore, scientists and con-

servation practitioners should engage in more strategic use of the media. More importantly,

we believe that notable improvements should be made to science education, including

upgrades to the biological and environmental education of children, as well as to teacher

training. While being key actors in school education, the teachers surveyed were among the

least informed professions, along with consultants and pupils. This result is worrying for

conservation because it suggests that teachers may be unable to educate children on current

and local conservation issues. Education is one of the fundamental tools required to reverse

the current trends in biodiversity loss, with childhood considered a crucial period of

influence given that schoolchildren are far more receptive to information than adults

(Kellert 1993, 2006; Kellert and Berry 1982).

Flagship species, such as charismatic pandas or gorillas, are often used by international

organizations to capture the imagination of the public, to raise public awareness on bio-

diversity, and to increase funds to support conservation programs. Selection of such iconic

species is mainly based on the fact that ‘‘big, cute and furry’’ animals are more likeable and

sell better (Walpole and Leader-Williams 2002). However, flagship species are usually

exotic to westerners, and it has been argued that conservation education should not rely

only on those exotic species as this may curb individual knowledge and concerns about

local biodiversity (Ballouard et al. 2011). Our results support this idea, as they prove that

environmental education should also focus on neglected, local species, such as amphibians,

to promote nature conservation. Amphibians, while on first sight not providing any gain for

human society, are important components of many ecosystems and provide important

ecosystem services to human society (Hocking and Babbitt 2014). Since it is important for

the public to understand the advantages of protecting species and habitats (Stoll-Kleemann

and O’Riordan 2002), complex relationships in biodiversity should be made accessible to

the public to facilitate understanding of the status of biodiversity and to advance conser-

vation of an neglected species group such as amphibians.

Our study suggests that it is necessary to explore and discuss several conservation

options with the public before implementing conservation measures, as these options may

not be perceived equally by the public. Such a strategy would reduce the probability of
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conflict between human society and wildlife considerably, and is likely to improve the

public’s perception of conservation.
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