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ARTICLE INFO ABSTRACT
Keywords: Sharks are among the oldest residents of the planet, they possess a unique value as top predators and constitute
Public opinion irreplaceable elements of marine ecosystems. Unfortunately, contemporary narratives widely presented in

Public perception
Shark conservation
Attitude

popular mainstream media have attached an utterly negative connotation to sharks, propagating an unsub-
stantiated and fabricated image of them as implacable and voracious predators. Recently a lot of attention is
devoted to understanding the public perception towards sharks in order to promote their conservation given that
a quarter of all shark species are facing extinction. This work assessed the current attitude of the public towards
sharks on a global scale, utilizing modern technology through a single protocol that explored the importance of
factors like culture, history, or educational level in shaping attitudes. We collected 13,800 questionnaires from
137 countries, with 25 countries presenting more than 100 answers each, representing in total 92% of the filled
questionnaires. A generally positive attitude towards sharks emerged from our study, influenced significantly by
several factors including knowledge and participation in marine conservation projects. Interestingly, shark
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attacks emerged as an important factor, with countries having high numbers of shark attacks exhibiting a highly
positive attitude towards sharks, potentially because their citizens are more aware of the issue and the impor-
tance of sharks for the marine ecosystems. Guidelines for shifting public attitude towards sharks and conse-
quently advancing shark conservation were also drawn.

1. Introduction

Sharks are among the oldest animals still surviving on the planet,
showing high diversity and complex social structures [1] and repre-
senting irreplaceable elements of the integrity and the functionality of
the marine communities [2,3]. Sharks’ biological characteristics, slow
growth, late maturity, and low fecundity make them extremely sus-
ceptible to overexploitation [4]. Globally, sharks are facing an unprec-
edented population decline, primarily due to intensification of fisheries
[5], with about 100 million sharks being killed every year [6]. This is
driven primarily by the demand for shark fins in Asia [7], while at the
same time shark meat contributes significantly to the food security of
several developing nations without being in most cases a targeted spe-
cies [5].

Recently, several researchers put effort into understanding the atti-
tudes of different factors involved, directly or indirectly, in shark pro-
tection and shark fisheries for advancing their conservation (e.g. [8-22].
Among other impacts, public opinion plays a significant role in shaping
environmental policies [23] and is a key factor for achieving environ-
mental “gains” [24]. Human attitudes towards wildlife, not only influ-
ence the coexistence between humans and animals [25] but is also an
issue of high importance in terms of conservation [26]. Particularly
when animal-human interactions result in conflicts, research on public
attitudes is a prerequisite to developing effective strategies for the
protection of wildlife species [27].

Sharks are considered one of the twenty most charismatic animals
[28], however contemporary narratives still often attach them an utterly
negative connotation, propagating an unsubstantiated and fabricated
image of them as implacable and voracious predators [11,29]. This
culture-driven negative image, which vilified sharks in the public, is
currently one of the most significant issues for their conservation [11,
30]. Interestingly, this perception of sharks is gradually changing [31].
Surveys through questionnaires evidenced the rise of a positive shift,
despite the fear still elicited by them (Australia: [8]; Brazil: [13];
Ecuador: [21]; Mozambique: [32]; UK: [10]; USA: [16]). This change in
perception is also associated with a change in the use, from extractive to
non-extractive, linked to the increase of interest in ecotourism and direct
contact with these animals [31].

The present study aimed at assessing the current attitudes of the
public towards sharks on a global scale, utilizing modern technology,
with a survey that was administered online. The novelty of this work lies
in the use of a single protocol that allows the exploration of how crossing
social/demographic categories, and other drivers, like educational level
and experiences, affect attitudes specifically for sharks. We further draw
guidelines that will assist in future conservation efforts and primarily
campaigning in different countries.

2. Material and methods
2.1. Survey design

A questionnaire-based survey was developed (Table A1), utilizing
the attitudinal scale of Kellert [33] for assessing the attitudes of the
respondents towards sharks. The questionnaire consisted of 4 parts
facilitating the quantification of the results and the investigation of the
relations between different factors and the attitudes.

The first part included questions on the demographic characteristics
of the respondent and his/her educational level (Questions 1-6;
Table Al). Analysing social features in an international survey like the

present one, heterogeneity between countries with a particular level of
education, with various levels of literacy, or a particular social structure
(e.g., Europe vs Asia) was likely to exist. The representativeness of the
sample was expected to be very different according to the country. For
reducing the above-mentioned uncertainty, the second part of the
questionnaire (Questions 7-14; Table A1) was evaluated the connection
of the respondents with the sea, the participation in different marine
activities, and the main source of information that may provide
knowledge on marine topics. The third part was designed to explore the
attitudes of the respondent towards sharks (Table 1 and Question 13 in
Table A1) using a Likert scale (1 = totally disagree; 5 = totally agree) for
evaluating different statements. The last part was briefly assessing the
knowledge of the respondents on sharks (Question 16; Table A1) with 5
closed formed statements and three possible answers (i.e. “I agree”; “I
don’t agree”; “I don’t know”). The “I don’t know” answer was included to
reduce the possibility of selecting the right answer by chance, which is a
known disadvantage of the closed-formed questionnaires [34].

The questionnaire was translated into 20 languages (i.e. Albanian,
Arabic, Bengali, Chinese, Croatian, Dutch, English, French, German,
Greek, Hebrew, Indonesian, Italian, Japanese, Mandarin, Portuguese,
Russian, Slovenian, Spanish, Turkish), for overcoming linguistic barriers
that would limit our potential sample. Although the selected languages
cover most of the European, American, Middle Eastern, Eastern Asian,
and Southeastern Asian countries, there is a lack of African languages. In
most of these countries, English, French, Portuguese, Spanish, and/or
Arabic are official languages and many residents speak more than one
language. All the language versions of the questionnaire were uploaded
in an online platform that allowed only one response by IP address
limiting thus repetitive answers from the same IP address. The survey
was disseminated through social media, almost exclusively through
Facebook and Twitter, mass media, and through the national and local
press of several countries- Only in a few cases (n = 50) via peer-to-peer
interviews using tablets (Figure A). The distribution of the questionnaire
took place during September 2016-March 2018.

2.2. Data analysis

The percentage contribution of the levels of each demographic

Table 1
The 13 statements used to assess the attitude of the public towards sharks, and
the equivalent attitudinal scale based on Kellert [33].

Attitude Statement Attitudinal
scale

S1 - Sharks are dangerous to humans Negativistic

S2 - Sharks are beautiful Aesthetic

S3 - Sharks can feel pain just like humans Humanistic

S4 - It is necessary to adopt safety policies to prevent shark attacks ~ Negativistic

S5 - We should manage shark populations to sustain other fish Dominionistic
stocks

S6 - Sharks are important for the functioning of marine Ecologistic
ecosystems

S7 - It is necessary to protect sharks as part of biodiversity for Ecologistic
future generations

S8 - I wouldn’t approach a shark in the wild because I am scared ~ Negativistic

S9 - I wouldn’t like to go shark watching (from boats or Naturalistic
underwater)

S10 - I would like to learn more about the biology of sharks Scientific

S11 - Sharks are important attractions in aquaria Utilitarian

S12 - Fishing sharks for food is wrong Moralistic

S13 - Hunting sharks to increase human safety is wrong Moralistic
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feature was estimated. Descriptive statistics (i.e., estimation of means,
medians and standard deviations) were applied to the scores of the 13
statements (Question 15) assessing the attitudes of the respondents and
the 5 statements (Question 16) assessing the knowledge of the re-
spondents about sharks. For handling the 13 questions related to atti-
tude of the respondents on sharks and for the five questions used to
evaluate respondents’ knowledge, a reliability analysis of the items/
themes involved in each of them was conducted. Reliability analysis
refers to the property of a measurement instrument that causes it to give
similar results for similar inputs. Cronbach’s alpha coefficients is a
measure of reliability, which is defined as the proportion of variability in
the responses to the survey that is the result of differences in the
respondents.

Logistic regression models were used to identify the potential drivers
of the dependent variables related to the respondent’s attitudes. In this
context, binary logistic regression was used to predict the probability of
the respondent’s knowledge about sharks (YES/NO) based on one or
more independent variables (i.e., demographic features, the educational
level, the connection of the respondents with the sea and the partici-
pation in different marine activities). Ordinary logistic regression was
also used to predict the attitudes of the respondents towards sharks
(Question 15; ordinal dependent variable, measured on a 5-point Likert
item from "Strongly Disagree" to "Strongly Agree"), based on the above-
mentioned independent variables. A cluster analysis was also used to
identify the spatial heterogeneity of participants’ responses to the 13
statements measuring the attitudes towards sharks. The cluster analysis
was applied to a matrix comprising the mean of the scores for the five
levels per statement, only including the countries with more than 100
participants (25 countries). The matrix was then transformed with the
Ward method (complete linkage distance) and converted into a trian-
gular matrix of similarities using the Euclidean coefficient [35]. The
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non-parametric multivariate analysis of variance PERMANOVA test was
used to determine the differences between the groups of countries
identified from the multivariate analysis [36]. The non-parametric
Likelihood-ratio y?-test) were performed to determine the degree of
dependence of demographic factors per cluster group. The scores ob-
tained from each of the 13 statements measuring the attitudes of the
participants towards sharks per group identified by the cluster analysis
were then compared using the non-parametric test of Kruskal-Wallis (H:
p < 0.05). Whenever a significant difference was detected (p < 0.05),
the non-parametric post-hoc Tukey-test was used to identify the
responsible factors [37]. For the knowledge section answers were
numbered as: Correct answer = 3, Wrong answer = 1, Do not know = 2.
All analyses were carried out using the statistical package IBM SPSS
Statistics 25.0 (SPSS, 2017).

3. Results

In total 13,800 questionnaires were collected from 137 countries.
The distribution of the answers among countries was uneven, with 25
countries presenting more than 100 answers and representing in total
92% of the filled questionnaires (Fig. 1).

3.1. Demographic features

Table 2 shows the demographic composition of the sample and the
interaction with the marine ecosystem and knowledge about the topic of
the questionnaire. Sex-ratio of the respondents was slightly, but signif-
icantly, biased towards males (male proportion: 0.53, binomial test
n = 13,749, p < 0.001, 51 did not declare the sex). The majority of the
respondents (83.7%) were from 18 to 50 years old, with the most rep-
resented age classes being 18-25 and 26-30 years (Table 2). Most

1500 2000 2500

ltaly FEEEE R rent e e e e Ty e e 2255

Spain  EEEEESESeSEETEe  1573
Greece IINNEEEEGEGEGEGEGEGEGEGEGENNEN——— 007
Turkey GGG 331
France NN 743

United States of America I 634
Taiwan I 570
Australia IS 544
United Kingdom IS 532
Portugal GG 509
Israel |G 468
Japan N 466
South Africa N 345
Brazil N 295
Argentina I 267 ’\
Germany NN 220
Cyprus N 204 w
Chile m— 203
Philippines N 203
Croatia NN 202 "
Netherlands M 164
Switzerland W 130
Venezuela W 113
Canada W 112
Peru HE 105

00 o 100 200 20

Fig. 1. Map of the distribution of the responses, colours represent the number per country; bars represent the number of responses for the top 25 countries. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2
Sample structure based on respondents’ demographic, education and interaction
with the marine environment.

N % N %

Age (yr) Sex

<18 425 3.08  Males 7346 53.23
18-25 3368 24.41  Females 6403 46.40
26-30 2317 16.79 No declare 51 0.37
31-35 1877 13.60  Profession

36-40 1642 11.90  Agriculturist 74 0.54
41-45 1284 9.31 Fisherman 110 0.80
46-50 1058 7.67  Freelance 871 6.31
51-55 767 5.56 Retired 354 2.57
56-60 542 3.93  School professor/ 1037 7.51

teacher

> 60 519 3.76  Public servant 678 4.91
Education level Student 3392 24.58
Primary 183 1.33  Private employee 2156 15.62
Secondary 678 4.91  Unemployed 589 4.27
High school 2716 19.69  Worker 1206 8.74
University 6137 44.48  Other 3333 24.15

Postgraduate studies 4083 29.59  Knowledge on

the survey topic

Do you usually visit Yes 6485 46.99
marine areas?
Once per year 2436 17.69 No 7315 53.01
More than once per 9522 69.14  Visit to aquaria
year
No 1814 13.17 Yes 11,855 86.57
Participation in No 1839 13.43
marine project
Yes 5534 40.17  Practiced marine
sport
No 8244 59.83  Snorkelling 6238 23.04
If yes, when was SCUBA diving 4587 16.94
the last time?
Less than half a year 2768 45.08  Freediving 2556 9.44
More than halfayear 744 12.12  Spearfishing 1012 3.74
More than one year 2628 42.80  Surf 1574 5.81
Do you eat shark Windsurf 768 2.84
meat?
No 11,327  65.76  Sailing 2089 7.72
Once per year 3042 17.66  Canoeing 2382 8.80
More than once per 2856 16.58  None 5867 21.67
year

respondents declared a university or postgraduate level. Almost a
quarter of the respondents were students followed by private employers,
workers, and school professors/teachers, whereas the remaining re-
spondents declared other not-defined works. Most of the respondents
were familiar with marine environments, declaring to visit marine areas
more than once per year. For respondents practicing sports (58.5%),
snorkelling and SCUBA diving were the most common ones. The ma-
jority of the respondents had visited an aquarium and more than 40%
participated in projects for the marine ecosystem, with almost half of
them within the last half a year. Likewise, most of the respondents do not
eat shark meat. Almost half of the respondents declared to have specific
knowledge on the topic of the questionnaire, mostly obtaining via
documentaries and the internet (mean (SD) 4.46 (0.86) and 4.08 (1.09),
respectively).

3.2. Perceptions towards sharks

Considering the questions regarding the knowledge on sharks, a
range of the respondents from 33.2% to 44.4% answered correctly,
while from 10.3% to 22.9% of them answered that they did not know
(Fig. 2a). The number of right answers (maximum score = 3) was higher
(Fig. 2b) in respondents who declared to have specific knowledge on the
topic when compared to those declared to not have it (Knowledge:
2.05 + 1.51; No knowledge: 1.84 +1.37, t = —8.61, df = 13184, p-
value < 0.001), therefore the Knowledge answer (self-perceived
knowledge) was used in the following analyses. Knowledge of the
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respondents about sharks was significantly affected by the source of
information about this topic (PERMANOVA tests, p < 0.001). In fact,
documentaries were the main source of information (answers on levels 4
and 5) for the majority of the respondents (91.0%) that had knowledge
about sharks, followed to a lesser extent by the internet, books, NGOs
and TV programs (83.6%, 71.8%, 52.2% and 51.4%, respectively).

The internal reliability, measured by Cronbach’s alpha coefficient,
for the 13 questions related to attitude of the respondents on sharks was
0.450, indicating a moderate internal consistency, while for the five
questions used to evaluate respondents’ knowledge was 0.317, indi-
cating a rather weak internal consistency. The knowledge of the re-
spondents on sharks was significantly (PERMANOVA tests, p < 0.001)
affecting the attitudes of the respondent towards sharks. The vast ma-
jority of the respondents who declared to have knowledge about sharks
(> 80%) agreed in high scores (mean values marked between 4.22 and
4.67 with a maximum value equal to 5) on “It is necessary to protect
sharks as part of biodiversity for next generations”, “Sharks are impor-
tant for the functioning of the marine ecosystems”, “I would like to learn
more about the biology of sharks”, “Sharks are beautiful”, “Hunting
sharks for human safety is wrong” and “Sharks can feel the pain just like
humans”. In contrast, low knowledge (mean values marked between
2.12 and 2.96) on the topic marked a higher agreement with the state-
ments “Sharks are dangerous for humans”, “Manage sharks’ populations
to sustain other fish stocks”, “I wouldn’t like to go shark watching (from
boats or underwater)”. Regarding the attitudes towards sharks, the
highest degree of agreement was depicted for the statements S6, “Sharks
are important for the functioning of the marine ecosystems”, and S7, “It
is necessary to protect sharks as part of biodiversity for next generation”
(mean values 4.66 and 4.67, respectively), whereas the high degree of
disagreement was depicted for the statements S1, “Sharks are dangerous
for humans”, and S9, “I wouldn’t approach a shark in the wild cause I am
scared” (mean values 2.17 and 2.13, respectively) (Fig. 2c).

3.3. Comparative and modelling approaches

The comparison of the demographic factors (i.e., age class, sex,
educational level, visit marine areas and visit aquaria) with each of the
attitudinal questions related showed that only one comparison out of the
65 (5 factors X 13 questions), exhibited no significant difference (PER-
MANOVA, p > 0.05): the attitudes of the respondents to the statement
“We should manage sharks’ populations to sustain other fish stocks” did
not differ by sex. In contrast, for all the remaining combinations of de-
mographic factors with each of the questions related to respondents’
attitudes showed significant differences (PERMANOVA, p < 0.001). The
top-10 combinations of the above-mentioned cases that exhibited most
of the significant differences were those related to the positive answer of
a visit to aquaria or marine areas and positive “agree” attitudes in the
statements “Sharks are important for the functioning of the marine
ecosystems”, “It is necessary to protect sharks as part of biodiversity for
next generations”, “Sharks are beautiful”, “We should manage sharks’
populations to sustain other fish stocks” and “It is necessary to adopt
safety policy against shark attacks”. In contrast, those who have visited
an aquarium disagreed in higher percentages on the statement “Sharks
are dangerous for humans” (PERMANOVA, p < 0.05) than those they
have not visited (sum of level scores 1 and 2: 62.1% vs 43.7%, respec-
tively). This was not true for those visiting or not a marine area (52.4%
vs 61.8%, respectively).

A binary logistic regression was performed to evaluate if age, gender,
educational level, visits to marine areas, participation in marine con-
servation projects, visits to aquaria and eating of shark meat affected the
knowledge of the respondents about sharks. The model was statistically
significant (XZ(ZO) = 2458.23, p < 0.05), explaining 16.5% of the initial
variance (Table 3). Table 3 shows the levels of the demographic factors
that were significantly added in the final model (Table 3; Wald test and
sign values), as well as the contribution of these levels to the dependent
one. For instance, the participation of the respondents belonging in age-
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Fig. 2. (A) Percentage of correct, incorrect and no answers to the questions to evaluate respondents’ knowledge, (B) mean score of the 13 statements separated for
respondents who declared knowledge (YES) or absence of knowledge (NO) regarding the topic of the questionnaire, (C) percentage of scores for each statement to
evaluate respondents’ attitude (1: totally disagree; 2: disagree; 3: nor disagree or agree; 4: agree; 5: totally agree).

class 46-50 or males decreased the likelihood of knowledge (Knowl- 3.4. Spatial disaggregation
edge; YES) by 0.25 times for both variables (Table 3; Exp(B) values). In

contrast, the participation of the respondents to marine conservation Three groups of countries were significantly (PERMANOVA test:
projects increased the likelihood of knowledge by 5.4 times, and this is pseudo F-ratio = 37.50; p < 0.05) formed from the cluster analysis
also true, but to a much lesser extent, for visiting aquaria (1.25 times) applied on the mean scores obtained from each of the 13 statements
and visiting marine areas once per year (1.18 times) or more than once reported for those countries with more than 100 participants (Fig. 3),
per year (1.36 times). whereas two countries, Israel and Netherlands, were disaggregated
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Table 3

Partial binary logistic regression coefficients for the seven independent variables
applied to the knowledge of the responders about sharks. Exp(B) values indi-
cated the contribution of the model variation to the dependent variable when
controlling the other variables. Cox and Snell values indicated the values of
pseudo R? explaining the percentage contribution of the initial variation
explained by the model.

Factors B S.E. Wald df  Sig. Exp
(B)
Age class 46-50 -0.285 0.115 6.162 1 0.013 0.752
Gender -0.292  0.038 57.816 1 0.000  0.747
Secondary education -0.268  0.103 6.693 1 0.010 0.765
High school -0.127  0.058 4.827 1 0.028  0.881
Participation in marine 1.684 0.040 1798.843 1 0.000 5.388
conservation projects
Visit in an aquarium 0.220 0.058 14376 1 0.000 1.246
Once per year visit 0.163 0.070 5.441 1 0.020 1.177
marine areas
More than a year visit 0.309 0.058 28397 1 0.000 1.363
marine areas
Avoid of eating shark -0.440  0.082 28.923 1 0.000 0.644
meat
Constant -0.620  0.141 19377 1 0.000  0.538
Cox & Snell R Square:
16.5%
Nagelkerke R Square:
22.1%

separately. Group A consisted of several different countries at distant
locations from each other (Fig. 3), whereas Group B consisted of the
countries in the edges of the Mediterranean Sea (Greece, Cyprus,
Turkey) plus Portugal, Japan and Taiwan and Group C by South
American countries (Brazil, Chile, Peru and Venezuela) plus the
Philippines. Groups formed by the cluster analysis were significantly
(PERMANOVA tests, p < 0.001) different on the scores of the attitudes
of the respondents towards sharks (Fig. 4).

All participants’ demographic features (i.e., age, sex, education level,
and occupation), education (i.e., knowledge on the topic) and interac-
tion with the marine environment and sharks (i.e., visit marine areas,
aquariums, participation to projects and consumption of shark meat)
were significantly differed in relation to cluster groups (Table A2 in
Appendix). With respect to mean scores obtained from each of the 13
statements reported, Group B marked significant (Kruskal-Wallis,
p < 0.05) highest values for S1, S8 and S9 while S4 and S5 (Kruskal-
Wallis, p > 0.05) with group C. In contrast, Group C showed highest
values for S2, S3, S6, S7, S10, S12 and S13. In fact, for the attitudes S4
(“It is necessary to adopt safety policy against shark attacks™) countries
from groups B and C exhibited significantly higher percentages of re-
spondents who totally agreed (level 5), whereas for the attitudes S5
(“We should manage sharks’ populations to sustain other fish stocks™)
countries from the group A exhibited significantly higher percentages of
participants who totally disagreed (level 1) (Fig. 4). For the attitudes S8
(“I wouldn’t approach a shark in the wild cause I am scared”) countries
from group A exhibited significantly higher percentages of respondents
who disagreed (level 1), whereas the inverse was true for the countries
from group B (level 5). Likewise, for the attitudes S11 (“Sharks are
important attractions in aquaria”) countries from group A exhibited
significantly higher percentages of participants who agreed (level 5),
whereas the inverse was true for the countries from groups B and C (level
1).

Groups formed by the cluster analysis also differed on the scores of
the knowledge of the respondents towards sharks (Fig. 5). In fact, for the
questions S1 (“Sharks inhabit only coastal areas™) and S4 (“All sharks lay
eggs”) countries from group C exhibited significantly higher percentages
of respondents who totally agreed (level 1). In contrast, for the questions
S3 (“Sharks breathe using gills”) and S5 (“Shark populations are
depleted”) countries from group A exhibited significantly higher per-
centages of participants who totally agreed (Fig. 5). Countries from
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group B were characterised by the highest percentages of the absence of
knowledge (level 3: “I do not know”) for all the five questions (Fig. 5).

4. Discussion

Our work represents the first global survey on the public attitudes
about sharks and it is the most extended scientific study on attitudes of
marine fauna to date, with more than 13,000 questionnaires from 137
out of almost 200 countries worldwide (46 countries do not have access
to the ocean). Up to now, only one study was performed through an
online questionnaire, aimed to compare conservation preferences be-
tween sharks and dolphins by presenting different information [38]. In
addition to a different focus, the study showed a much smaller sample
size (N = 168) than the present study and data about nationality have
not been collected. Questionnaires were collected with limited effort
and budget, compared to conventional methods such as personal in-
terviews, telephone surveys, or online paid survey platforms. Given that
about 2.6 billion people use social media globally, such an approach is
cost-effective for communicating studies to a large global audience,
despite some limitations that must be considered for the interpretation
of results, as is proven through the work of [39] on the largest global
attitudes survey for cetaceans.

4.1. Drawing globalized public attitudes on sharks

What most emerged from the results is the generally positive atti-
tudes towards sharks. Respondents displayed positive aesthetic, hu-
manistic, ecologistic, naturalistic and scientific attitudes. In particular, a
very strong agreement (more than 90% of the respondents) was linked to
the ecologistic statements (“Sharks are important for the functioning of
the marine ecosystems” and “It is necessary to protect sharks as part of
biodiversity for next generations”). This generally positive attitudes
supported by other relevant studies (e.g., Australia: [8]; Brazil: [13];
Ecuador: [21]; South Africa: [32]; UK: [10]; USA: [16]) and highlight
the shift in the public perception about these species [10,13,31]. On the
other hand, some fear is still associated with these animals, as shown by
the high agreement with the negativistic statements 4 and 8 (“It is
necessary to adopt safety policy against shark attacks” and “I wouldn’t
approach a shark in the wild because I am scared”) This is following
recent studies conducted in Peru [40] and Ecuador [21] and have been
investigated in beach users in areas with shark attacks [9,22,32,41,42].

Our work finds a strong positive relationship between knowledge
and attitudes especially for the ecologistic, scientific and moralistic
statements while feeling of danger was more pronounced in people with
no specific knowledge on sharks. Although knowledge does not promote
positive moods in all cases, nonetheless its importance in shaping people
attitudes has been also found in various environmental studies [43-45],
and in those focused on shark attacks (Australia: [46]; Brazil: [13]; Peru:
[40]; South Africa: [32]). It is important to mention that knowledge can
be acquired by an array of sources including formal, informal and
non-formal education. In our work, the participants in marine conser-
vation projects and the visitors to aquaria showed a highly positive at-
titudes towards sharks. Marine conservation projects promote
experiential knowledge; hence they positively affect environmental
knowledge and attitudes among the participants [47]. It is important
however to note that voluntary participation in nature conservation
projects and aquaria visits is strongly linked to the existing attitudes
towards the environment [10,48]. Participants in conservation projects
and aquaria visitors are more likely to have already developed
pro-environmental attitudes and relevant knowledge, since they already
express interest in the marine environment and its species [49,50]. Thus,
the increased positive attitudes towards sharks showed by aquaria vis-
itors is explained by the fact that people visit an aquarium due to their
prior interest and existing attitudes. Nonetheless, people participating to
marine conservation projects and visiting aquaria may also be likely to
be more willing to learn more about marine organisms and their
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Fig. 3. Cluster analysis (Euclidean distances with complete linkage) on a matrix comprising the sum of the scores for the 5 levels consisted each of the 13 statements
for the countries with more than 100 participants (25 countries). Group A is represented in red, B in green and C in yellow. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

conservation, and therefore these contexts may take advantage of pos-
itive attitudes to deliver appropriate conservation messages.
Documentaries were the primary source of information about sharks,
followed by the web, books and NGOs. The easy access to the informa-
tion through online videos or texts has been also proven to be a powerful
tool for the conservation of formerly misunderstood species, like ceta-
ceans [31,51]. Sharks for centuries were depicted as monsters of the sea
[52]. This representation continued until recently, in movies and books
(see the book Jaws and the consequent movie) with severe impacts on
their populations worldwide [11]. However, over the last 20 years,
documentaries and TV programs presenting scientific facts about sharks
have increased [31]. Only in 2010, up to 30 million people watched
Discovery Channel’s Shark Week [53] with this number potentially
increasing in upcoming years. The documentary "Sharkwater", a land-
mark in shark conservation, influenced several other modern

documentaries and increased the pressure of the public towards shark
conservation issues, predominantly against finning. Our results under-
line the importance of documentaries in the shifting attitudes of the
modern world towards sharks.

The majority of the respondents answered that they are not eating
shark meat (65.76%). We believe that this is an extremely high per-
centage and potentially unrealistic. It is proven, indeed, that people in
several countries eat shark meat without being aware that it is a com-
mon substitute for fish meat (Global: [54]; EU: [55]; Brasil: [56]; Peru:
[40]) while it is also possible that people from Asia do not consider the
shark fin soup as shark meat. In contrast, in several countries, people
consume shark products that are labeled as such, but they are not aware
that they are sharks. The accidental or erroneous mislabelling of shark
meat is a known issue in shark conservation [57] and fisheries in general
[58]. Moreover, China and other Asian countries where shark
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consumption is relevant [7] are poorly represented in this study. This
result should be considered as a relevant issue for shark conservation.
Indeed, it poses the problem of the knowledge of which species the
consumer eats and therefore push towards the need of an appropriate
education to raise consumer awareness. On the other hand, in terms of
attitudes, the fact that people believe that they do not consume shark
meat might indicate a positive attitudes and respect for them.

The cluster analysis revealed a partial association between attitudes
and history. The influence of historical culture in modern attitudes has
been well described in cetaceans [39] and in general, is a factor that
affects the attitudes of different communities towards animals [59].
Indeed, one cluster includes mainly countries belonging to the so-called
western world and another included all, but one (Argentina) South
American countries. On the contrary, some distant and quite different
countries are included in these groups, while the third cluster is
composed of the Latin American countries plus the Philippines (very
related to Latin America). However, we believe that in the case of sharks,
culture and history do not fully explain attitudes. Indeed, the first cluster
includes some countries in which shark attacks are more likely to occur
(Australia, South Africa, USA), while the attitudes of the respondents
were not characterized by fear and perception of danger. Analysing our
findings under this scope, we believe that shark attacks seem like a
possible factor influencing the cluster’s formation. USA, Australia, South
Africa, France, including Reunion islands, all belong to cluster A,
exhibited highly positive attitudes towards sharks and yet are among the
countries with the most shark attacks [60]. We believe residents of
countries with shark attacks are possibly more aware of the issue and the
importance of sharks for the marine ecosystems due to the possible long
debate that takes place after every incident. During the past decades,
several projects promoted coexistence and awareness towards sharks in
these areas and this is a topic commonly and more deeply discussed in
these countries in respect to other ones. Therefore, residents progres-
sively shift their attitudes and learned how to coexist and appreciate
these animals [61], while in some cases sharks are becoming an
important economic source e.g. South Africa. Similar findings were also
presented in a local study in Galapagos islands [21] in which “..., resi-
dents were less fearful of sharks than were visitors, perhaps because
residents live in closer proximity to abundant populations of sharks,
leading to more experiences and a better understanding of sharks...”.
Other factors may have influenced the clustering. Countries of cluster A
are also characterized by high incomes, a factor that may have influ-
enced their positive attitudes by providing easier access to education
tools.

4.2. Data limitations

Surveys collecting self-reported information suffer from social
desirability norms; bias refers to the tendency of research subjects to
choose responses they believe are more socially desirable or acceptable
rather than choosing responses that are reflective of their true thoughts
or feelings [62]. Like any other survey that the most motivated people
(with a stronger negative or positive attitudes toward the shark)
answered, potentially exaggerating their responses towards positive or
negative attitudes. Another main weakness of the study is related to the
use of online questionnaires and is the bias in the sample structure. In
fact, respondents are mostly highly educated and at a young age. The
high educational level of survey respondents is a common bias not only
limited to online questionnaire but also in studies performed using
face-to-face surveys (Brazil: [13]; Ecuador: [40]; South Africa: [32]; UK:
[10]; USA: [16]). Discrepancies due to different levels of internet access
in different regions are also likely to occur. These are particularly true,
in deprived and rural areas with limited internet access. The lack of truly
global coverage in the data collection and the difficulty to generalize the
findings at a global scale is also a potential drawback. In our sample,
despite the high number of participating countries, 25 were cumula-
tively contributing 92% of the filled questionnaires, partly a reflection of
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the geographic locations of the participating researchers. Therefore, we
tried to build a team of researchers that works on all continents and in
different regions. However, almost half of the African countries did not
participate in the survey (we must also mention that several are land-
locked), a fact related to the level of internet access of the residents. The
same was also true regarding Asian countries, with only Taiwan and
Japan being among the first 25 countries in responses. Additional un-
certainty in results’ interpretation is related to the absence of informa-
tion on the ethnicity of respondents and the way that the questions have
been understood by many different cultures. The attitudinal scale used
in the present study has been widely used in the western world by
environmental psychology and they might be less informative when
applied to communities with completely different views of the world.
For that reason, the questionnaire included issues related to the
knowledge of sharks in order to check whether participants were aware
of basic information about sharks. Despite these weaknesses, this study
provides some clear indication about public attitudes towards sharks
and more importantly how different factors might affect them.

4.3. Drawing recommendations for advancing shark conservation

Given that sharks are in deep need of better and more effective
conservation [7], these globalized surveys help scientists and policy
makers to understand gaps of knowledge and misconceptions, guide
future efforts [63] regarding raising awareness, shifting public attitudes
and creating a social echo that increases the uptake of management and
conservation strategies [8,64]. General positive attitudes towards sharks
emerged from our survey. Indeed, a strong agreement towards the role
of sharks in ecosystems and the need to protect these species for next
generations emerged. These two points highlight that the general public
has the attitudes to push administrations to strength and adopt conser-
vation strategies for these species. Nonetheless, positive attitudes are not
universal, therefore some actions on the general public may be devel-
oped to improve attitudes and to make people more active respect to
conservation.

4.3.1. Advancing knowledge

The role of knowledge in shaping attitudes was highlighted in the
current work. In addition, differences between countries in knowledge
were emerged. Based on the survey results, hereby we provide general
guidelines for three different types of education (formal, non-formal,
informal).

e School did not emerge as an important source of knowledge. To fill
this gap and considering that in some countries access to documen-
taries (the main source of knowledge) can be limited, educational
tools for the incorporation of shark conservation in formal education
curricula should be developed.

Considering the willingness of the respondents to learn more about

sharks, shark conservationists should invest in experiential non-

formal educational projects that increase the knowledge and
awareness of the general public towards sharks. In such a way they
will increase social license and boost public awareness and future

campaigning. We further suggest, fishers and key policy makers (e.g.,

Ministries, MPA Boby managers, RFMOs) to be involved in such

activities for progressively shifting also their attitudes.

e Documentaries emerged as important means of information for the
public. Shark conservationists must invest in productions that will
increase the knowledge of the public about sharks and uplift their
image. Priority must be given to the countries of Cluster B and C

4.3.2. Improving the image of sharks

e Fear towards sharks is still present, and in the survey this emerged
especially for countries in cluster B. Professionals working on shark
management should work closely with journalists and professionals
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of mass and social media for ensuring that accurate information
reaches the general public, avoiding the dissemination of new mis-
conceptions [11]. Even today most of the media are emphasising the
risks that sharks pose to humans presenting them as greedy predators
[29]. Uplifting the image of sharks is urgent and priority must be
given in countries of cluster B, as well as in the major shark fishing
nations.

e Campaigns on shark awareness and mass media coverage of sharks
must refrain from words with a negative quotation to sharks, like
“monsters”, “monstrous”, “beast” etc., and create a positive aura
around them.

4.4. Conclusions

Humans tend to protect and conserve what they know and respect. In
the past, sharks were always considered monsters of the sea while more
recently documentaries and conservation efforts seem to have shifted
this perception, however there is a lot of work still to be done. Our
survey is the most extended work in assessing the attitudes of the public
towards sharks. We identified countries where shifting perception is
more urgent than others while that documented the importance of
knowledge in shaping attitudes. Education through formal and informal
experiential means are excellent strategies for shark conservation pro-
fessionals, while a close collaboration with mass and social media pro-
fessionals is required for securing the dissemination of accurate
information and expunging negative connotation of sharks in the public
attitudes.
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