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Keystone species populations, including shark and ray taxonomic groups, are
declining due to numerous threats. A better understanding of how individual
belief structures inform pro-conservation behavioral intentions is therefore
critical to foster support for their conservation and the greater biodiversity of
world ecosystems. This study conducted a survey to establish the general
public's cognitive beliefs about the mental and affective capacities of two
species groups (sharks and stingrays) known to cause injury to humans, and
their effects on different behavioral intentions to support their conservation.
Results revealed that a range of different behavioral intentions to support animal
conservation are driven by a complex interplay of cognitive beliefs, and some
effects were specific to a particular species group while others were not. Beliefs
in animals’ cognitive awareness and their emotional abilities were predictive of
individuals’ self-reported desire to learn more about the animals and their
conservation. Beliefs in animals’ cognitive and emotional capacities were
predictive of supporting conservation in terms of voting and donating to their
conservation. Finally, beliefs in animals’ reasoning abilities were predictive of
different behavioral expressions of tolerance, and support for their conservation
via voting only. Despite the potential injurious capabilities of these species, these
findings have important implications for educational and conservation programs
to emphasize or modify specific beliefs in order to facilitate particular pro-
conservation behaviors for maximum benefits to conservation efforts.
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1 Introduction

The past fifty years have witnessed a 71% decline in the
populations of oceanic sharks and rays (Pacoureau et al,, 2021).
Such losses not only pose a credible and critical threat to the
survival of these individual species groups, but also to the structure,
function, and maintenance of the larger ecosystems that rely on
them. Furthermore, the greatest dangers to the continued survival
of these animals are rooted in human behaviors resulting from
overfishing, bycatch, pollution, habitat degradation, and larger
climate change considerations (Shiffman et al., 2020). Dulvey et al
(2021) observed that the most universal threat was overfishing
(affecting all 391 observed threatened species), followed by habitat
loss/degradation (31.2%), climate change (10.2%), and pollution
(6.9%). As a result, over one-third of Chondrichthyes are now
threatened; and the number of threatened species within this class
more than doubled over a seven-year time frame (2014-2021). To
successfully protect the biodiversity of the ocean, regulatory bodies
need to implement significant, scientifically driven programs and
legislation to protect wildlife at the regional, national, and
international levels (Crossley et al., 2014).

Such large-scale sociopolitical movements, while necessary, are
dependent on the perceptions and actions of individuals. Acuna-
Marrero et al. (2018) forwarded a psychological framework to
illustrate the conceptual relationships among various cognitive
and affective precursive factors and conservation behaviors of
both individuals and the wider public. Successful shark
conservation is consequently predicated on numerous intrinsic
(e.g., personal beliefs and emotions) and extrinsic factors (e.g.,
previous experience interacting with these animals and/or
exposure to portrayals of them in popular media). This work
focuses on such intrinsic factors, specifically cognitive beliefs, and
their effects on humans’ behavioral intentions to support
conservation. According to this theoretical model, individuals’
personal beliefs drive behavioral indicators of conservation,
including professing a desire to learn more about the animals,
expressing tolerance, and providing active support for their
conservation. Importantly, the model emphasizes that these
relationships can be mediated by increasing knowledge.
Understanding how to effectively educate and ensuring that
perceptions are based in fact are therefore critical on the
individual level, as doing so is a necessary antecedent condition
in building conservation support in the general public. This work
therefore focuses on individual beliefs pertaining to the cognitive
and emotional capacities of separate species groups (sharks and
stingrays); meaning, the extent to which humans believe that these
animals possess the capacity to process and comprehend
information effectively, and their ability to process, experience,
and express affective mental states. This work examines the effects
of these beliefs on people’s desire to learn more, behavioral
tolerance, and willingness to support conservation measures
focused on these targeted species groups and their habitats.

Extensive biological research has shown that both sharks and
stingrays possess a wide range of cognitive and emotional abilities
(Guttridge et al., 2009). Sharks can be both classically and operantly
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conditioned, demonstrating their capacity to form and maintain
mental associations between a stimulus and specific desirable and
undesirable outcomes, their ability to discriminate amongst varying
stimuli, and to learn from experience (Guttridge et al., 2009;
Guttridge and Brown, 2014). They can also remember these
learned behavioral patterns for at least a number of weeks,
indicating the capacity for functional memory (Kimber et al,
2014). Sharks also possess emotional capabilities as they
demonstrate physiological and behavioral responses to stressors
(Parsons and Carlson, 1998; Bouyoucos et al., 2017), as well as
individual differences in such stress reactivity and indicators of
functional coping strategies (Byrnes and Brown, 2016).

Stingrays have also demonstrated sophisticated cognitive
abilities. Like sharks, they can also be classically conditioned
(Siciliano et al., 2013). They also possess the ability to form and
utilize cognitive maps of their environments (i.e., a map-like
representation of objective space that provides a stable frame of
reference and affords spatial comparisons for successful navigation;
Schluessel and Bleckmann, 2005). Using this cognitive map,
stingrays demonstrate another cognitive ability (i.e., memory) by
successfully remembering fruitful feeding locations and navigating
to these target areas from different unique starting points
(Schluessel and Bleckmann, 2005; Schluessel et al., 2015).
Stingrays have also demonstrated a fundamental degree of
emotional processing as they display physiological (Lambert et al.,
2018) and behavioral responses to stress (Mickle et al., 2022).

There has been extensive debate as to whether or not fish are
capable of feelings. Proponents of this argument point to the fact
that fish, like humans, possess nociceptive systems (i.e.,
mechanisms in the central nervous system that process
information about potential harm to the body and translate these
signals into a subjective experience of pain; Coghill, 2020) meant to
prompt adaptive action to protect against such threats (Chandroo
et al., 2004; Braithwaite and Boulcott, 2007). Detractors, on the
other hand, make the case that necessary regions of the cerebral
cortex associated with the higher-order subjective experience of
pain in the human are missing in fish (Rose, 2002), and therefore
drawing any direct equivalencies between emotional responses in
humans and fish are unfounded and potentially harmful (Rose,
2007). The fundamental case can be made, however, that all
vertebrates possess dedicated pain systems (Broom, 2014), and
therefore use emotional processing - however rudimentary - to
function according to the hedonic principle: approach stimuli that
yield pleasant or favorable outcomes and avoid stimuli that produce
unpleasant or unfavorable outcomes (Cornwell et al., 2014).

Despite this controversial stance about the veracity and nature
of sharks” and stingrays’ neurophysiological abilities, it is true that
humans anthropomorphize animals and often ascribe these
cognitive and emotional abilities to them. Moreover, there are
individual differences in the extent to which people subscribe to
these beliefs (Chin et al., 2004). Furthermore, these perceptions
have been found to influence attitudes and behavioral intentions
regarding animals’ welfare (Butterfield et al, 2012), and this
anthropomorphic tendency has been used for promoting
conservation (Chan, 2012). Finally, while this effect of beliefs in

frontiersin.org


https://doi.org/10.3389/fmars.2023.1178539
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hancock et al.

animals’ capacities have been observed to promote prosocial
behavioral intentions toward terrestrial animals (e.g., dogs;
Butterfield et al, 2012), it has not yet been studied in people’s
beliefs and intentions towards fish.

Sharks and stingrays were therefore selected as the species
groups of interest for three reasons: 1) their key roles within their
respective ecosystems, 2) their increased prevalence in California
waters, and 3) their shared reputations as “injurious marine life,”
capable of causing serious injury to humans. Comparisons between
the two species groups are interesting given the contrast in public
perceptions of them. Sharks often suffer from a bad reputation; the
public holds erroneous preconceived notions about sharks as blood-
thirsty man-eaters and clings to these misconceptions even in the
face of contradictory evidence (Lopez de la Lama et al, 2018).
Stingrays, on the other hand, are not portrayed as significant threats
in the media, despite the fact that they pose the greater risk of injury
to humans. To provide some perspective, ocean lifeguards treat
thousands of stingray-related injuries at Southern California
beaches each year (Lowe et al., 2007; Lowe et al. unpub. data),
while only 286 shark attacks were reported worldwide during the
same four-year time period (International Shark Attack File, n.d.).
Humans’ misunderstanding of the true relative risk posed by these
respective taxonomic groups can affect their willingness to support
their conservation and is often driven by emotion rather than
reason, much to the detriment of these animals.

The general public primarily views sharks as a threat and source
of danger (Neves et al., 2021). This belief leads to severely
overestimating the risk that sharks pose to humans (Acuia-
Marrero et al., 2018), which in turn influences humans’
behaviors; and not just any behaviors, but those which are critical
to the conservation of sharks, including policy decisions (the Jaws
Effect; Neff, 2015), management strategies (Crossley et al., 2014),
and voting (Achen and Bartels, 2004). Voting is of particular
concern given that it is amongst the most impactful behaviors
that an average person can do to promote successful conservation of
any species or environment.

While public perceptions of sharks have been studied in the past
(i.e., Pepin-Neff and Wynter, 2018; Lopez de la Lama et al., 2018) as
well as other marine animals such as dolphins and whales (Naylor
and Parsons, 2018), there is little to no literature addressing public
attitudes toward stingrays. This is a notable gap in the literature
given the prevalence and relative risk to humans posed by these
animals, and so this paper consequently addresses it by assessing
beliefs about stingrays and their conservation. Again, juxtaposing
the public’s impressions of sharks and stingrays is informative
considering the differences in their perceptions and relative risks
to human well-being given the growing popularity in
ocean recreation.

The purpose of this work is therefore to test the Acuna-Marrero
theoretical framework by determining the cognitive influences
driving behavioral intentions to support animal conservancy at the
individual level, with particular focus on the species groups of sharks
and stingrays. This work represents the first study to investigate
beliefs pertaining to animal cognition as predictors of conservation
behaviors, and the first study to investigate attitudes and perceptions
pertaining to stingrays. The authors consequently hypothesized that
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greater personal beliefs in animals’ cognitive and affective capacities
would predict greater behavioral intentions to support conservation
in different ways (i.e., greater desire to learn more about the animals
and their conservation, greater behavioral expressions of tolerance,
and greater support for protection in the form of voting and donating
funds to dedicated conservation efforts).

2 Materials and methods
2.1 Participants

Four hundred and thirty total participants were recruited. Fifty
participants were excluded as they provided consent and completed
no further part of the survey. The analytical sample therefore
consisted of 380 participants (122 males, 243 females, 15
unidentified) with an average age of 35.3 years (SD = 15.2 years;
range 18-82 years; 55 cases wherein age was not disclosed);
see Table 1.

Two hundred and eighty-one (281) participants were California
residents. Seventy-three (73) respondents lived in other American
states including: Arizona (2), Colorado (2), Connecticut (2), Florida
(10), Georgia (3), Hawaii (3), Illinois (6), Kentucky (1), Louisiana
(1), Massachusetts (7), Minnesota (6), Nevada (2), New Mexico (2),
New York (1), Ohio (8), Oregon (2), Pennsylvania (2), South
Carolina (2), Tennessee (1), Utah (1), Virginia (1), Washington
(5), West Virginia (2), and Wisconsin (1). Seventeen (17)
participants lived outside the United States in the following
countries: Argentina (1), Bermuda (1), Canada (4), Egypt (1),
France (3), Indonesia (1), Japan (1), the Netherlands (1), Spain
(1), and Switzerland (3); and 9 participants did not disclose place
of residence.

TABLE 1 Demographic information for survey respondents.

Characteristics n %

Race and Ethnicity

Caucasian 234 61.6
African-American 8 22
Hispanic or Latinx 52 13.7
Asian/Asian-American 27 7.1
Mixed or Multi-Ethnic 34 89
Other 12 3.1
Prefer Not to Say 13 3.4

Highest Level of Education

High School or GED Degree 119 313
Bachelor’s Degree 129 34.0
Master’s Degree 73 19.2
Doctorate 24 6.3
Other 30 7.9
Prefer Not to Say 5 1.3
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It should be noted that, per IRB stipulations, participants had
the option to refrain from answering any question. Participants
were recruited via educational facilities presented along the
California coast, via the authors’ lab website and social media
accounts, and via internal research programs. In-person
recruitment took place at 20 CSULB Shark Shack educational
events over the course of three months (June-August 2021) across
18 unique locations on the California coast (e.g., Belmont Shore
Pier, Huntington Beach Pier, etc.). Individuals who agreed to
participate in the study were given a Quick Response (QR) code
to complete the survey on a digital device. The survey, with its
associated QR participation code, was also posted to the CSULB
Shark Lab’s website landing page and its associated Instagram
account to facilitate access. Internal research programs for
CSULB students to participate as research volunteers were also
used; all of which involved the same recruitment procedure of
supplying the study’s unique QR code.

2.2 Experimental design

A novel psychological framework modeling the causal
mechanisms underlying animal conservation was put forth within
the last five years, and data are consequently necessary for its
validation and refinement (Acufia-Marrero et al., 2018). This study
was consequently exploratory to determine the validity of inclusion
of individual cognitive beliefs within this theoretical model, and to
provide data for such justification from a different population from
the original dataset (California versus the Galapagos Islands). This
study also utilized a different category of cognitive beliefs. The
original study focused on beliefs concerning sharks’ conservation
status (e.g., how threatened they are perceived to be), aesthetics
(positive or negative), and their effects on the economic and
ecological landscapes around them (positive or negative; Acufa-
Marrero et al., 2018). This work includes cognitive beliefs pertaining
to the animals’ mental capacities and cognition, which have not
been investigated elsewhere as potential predictors of behavioral
intentions of their conservation. Therefore, given the exploratory
nature of the study, it was also quasi-experimental. Consequently,
no experimental manipulation of these beliefs was implemented;
instead, participants’ extant trait beliefs in these taxonomic groups’
capacities were assessed and analyzed. Finally, this study constitutes
the first instance in which public attitudes and perceptions relating
to stingrays have been assessed.

2.3 Variables

The independent variables were participants’ beliefs in animal
minds; the extent to which they perceived a species group as
possessing certain cognitive and affective capacities. These beliefs
were independently assessed for the taxonomic groups of sharks
and stingrays via the Belief in Animal Minds Scale (Hills, 1995;
Higgs et al, 2020) described in the following section (ie., 2.3
Equipment). The participants were not instructed to think of any
particular species within this larger taxonomic group, nor were they
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shown any videos or pictures of particular species in order to avoid
priming or biasing their perceptions as attitudes have the ability to
vary widely by species. This work was focused on beliefs pertaining
to these larger taxonomic groups as a whole, and future work will be
dedicated to investigating any inter-species differences
experimentally. Participants were therefore asked to respond to
the questionnaire items with the broadly labeled taxonomic groups
of ‘shark’ and ‘stingray’ with their extant beliefs about their
capacities (and see the survey items in Supplementary Material).
Similarly, to avoid instilling a belief in the animals’ capacities that
may not exist, no evidence pertaining to the specific mental
capacities was presented; only the survey items were presented
(again, see Supplementary Material).

The dependent variables of interest encompassed the three
different behavioral components predicating successful
conservation as put forward in the Acufna-Marrero et al. (2018)
psychological framework: 1) the desire to know or learn more about
the species group and its conservation, 2) tolerance, and 3)
intentions to support conservancy. The first dependent variables
were participants’ desire to learn more about a species group,
assessed separately for sharks and stingrays. The second category
of dependent variables was behavioral expressions of tolerance
based on the species group and different temporal proximity
thresholds (i.e., the closer in time a person would willingly put
themselves in the same location as the animal). These variables were
operationalized as: willingness to physically go into the water at a
beach that had a 1) confirmed shark sighting within the past month,
2) confirmed shark sighting within the past 24 hours, 3) confirmed
stingray sighting in the last month, and 4) confirmed stingray
sighting in the last 24 hours. The final category of dependent
variable concerned the willingness to support conservation as
operationalized via different behaviors. These variables included
willingness to vote in support of conservation measures targeting a
specific species group and their habitat, assessed separately for
sharks and stingrays; and participants’ willingness to donate
monetary funds to conservation efforts supporting a specific
species group and their habitat - again, measured separately for
sharks and rays. Each of these dependent measures was presented as
a dichotomous (yes/no) choice, envisioned as a one-shot decision
for ecological validity wherein one final decision must be made and
cannot be revised (e.g., one person cannot vote on the same
legislative proposition multiple times in one election).

2.4 Equipment

Qualtrics software (Qualtrics XM; Seattle, WA) was used for the
presentation of the survey and all data collection. The Belief in
Animal Minds Scale (BAMS; Hills, 1995; Higgs et al., 2020) was
used to quantify participants’ perceptions of the two species groups.
The scale consists of four items (two items reverse-coded) that
measure representative dimensions: animals’ cognitive capacity,
emotional capacity, unawareness of self and circumstances
(reverse - awareness), and extent to which they function/act on
instinct or mechanical functioning (reverse - reasoning). These
items have demonstrated high Cronbach’s alpha across studies (o =
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.96, Hills, 1995; o = 0.958, Higgs et al., 2020). Responses were
provided via a 7-point Likert scale, ranging from 1 ‘Strongly
Disagree’ to 7 ‘Strongly Agree’; a higher score indicating a greater
belief in animals’ minds. The Higgs et al. (2020) 7-point scale was
used rather than the original 6-point Hills (1995) version to allow
for comparison to more recent research, to provide a greater range
of response to reflect the variability of these attitudes, and to afford
the opportunity of providing a neutral response. The four
questionnaire items are presented in the copy of the survey
located in Supplementary Materials.

3 Results

Forward stepwise binary logistic regression was estimated via
maximum likelihood in each case, iteratively with a 95% confidence
interval. As research has identified sex, age, and education level as
robust predictors of conservation behaviors (Kim et al., 2013), these
subject variables were included in the first block of each analysis, and
the independent variables of interest as they pertain to the species
groups of sharks or stingrays were added in the second block. The
variables encompassing beliefs regarding the two taxonomic groups
(sharks and stingrays) were not input into the same analysis as the
test would assume a theoretical relationship amongst these predictors
that has not yet been established. Supplementary Table 1 detailing all
of the classification summaries for the binary logistic regression
models can be found in Supplementary Materials.

3.1 Desire to know more

3.1.1 Self-reported desire to know more about
sharks and their conservation

The model for belief in sharks’ minds on individuals’ desire to
know more about sharks and their conservation was not significant
(Chi-square: 3.455, p = 0.063). Beliefs about sharks’ abilities did not
affect people’s desire to learn more about them.

The model of belief in stingrays’ minds was significant (Chi-
square: 7.429, p = 0.006, Cox & Snell R? ~ 0.029, Nagelkerke
R* = 0.080). The average correct percentage of classification was
94%. Beliefs about stingrays’ capacities therefore influenced people’s
desire to learn more about sharks. Specifically, the belief in stingrays’
cognitive awareness was a significant predictor of desire to learn more
about sharks and their conservation (B = 0.386, p = 0.004, Exp(B) =
1.472, 95% CI for Exp(B) [1.128, 1.920]). For every one-unit increase
signifying a greater belief in stingrays” cognitive awareness, the odds
of expressing a greater desire to know more about shark conservation
increased by 47.2%. The more aware people believe stingrays to be,

the more they would like to learn about sharks.

3.1.2 Self-reported desire to know more about
stingrays and their conservation

The model of belief in sharks’ minds was significant (Chi-
square: 9.533, p = 0.009, Cox & Snell R? < 0.037, Nagelkerke

R® = 0.07). The average correct percentage of classification was
87.8%. People’s beliefs about sharks’ capabilities therefore predicted
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individuals’ desire to learn more about stingrays. Specifically, the
belief in sharks’ cognitive awareness was a significant predictor of
desire to learn more about stingrays and their conservation (B =
0.278, p = 0.014, Exp(B) = 1.321, 95% CI for Exp(B) [1.057, 1.650]).
For every one-unit increase signifying a greater belief in sharks’
cognitive awareness, the odds of expressing a greater desire to know
more about stingray conservation increased by 32.1%. The more
aware people believe sharks to be, the more they would like to learn
about stingrays. Age was also a significant predictor (B = -0.026, p =
0.025, Exp(B) = 0.975, 95% CI for Exp(B) [0.953,.997]). As
illustrated in Figure 1, for every one-year increase in age,
participants were 2.5% less likely to express a desire to learn more
about stingrays. Younger people were therefore more willing to
learn about stingrays.

The model of belief in stingrays’ minds was significant for
predicting the desire to know more about stingrays and their
conservation (Chi-square: 8.759, p = 0.003, Cox & Snell
R® = 0.034, Nagelkerke R* = 0.066). The average correct
percentage of classification is 88.1%. Beliefs about stingrays’
abilities influenced the desire to learn more about them and their
conservation. Specifically, the belief in stingrays’ emotional
capacities was a significant predictor of self-reported desire to
learn more about stingrays and their conservation (B = 0.346, p =
0.003, Exp(B) = 1.413, 95% CI for Exp(B) [1.127, 1.773]). For every
one-unit increase signifying a greater belief in stingrays’ emotional
capacities, the odds of expressing a greater desire to know more
about stingray conservation increased by 41.3%. In short, the more
people believe stingrays capable of feeling and responding to
emotions, the more they want to know about them.

3.2 Behavioral expressions of tolerance
3.2.1 Willingness to enter water at beach with
confirmed shark sighting within the last month

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to enter the water at a beach

100 |sesesescocasecescs sosercrcaseses sessasnsnscss sones

Probablity of Expressing Desire to Know More About Stingrays
o
5
S

Age (Years)

FIGURE 1
Significant effect of age on the self-reported desire to know more
about stingrays and their conservation (B = -0.026, p = 0.025).
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with a confirmed shark sighting within the last month (Chi-square:
8.338, p = 0.004, Cox & Snell R* = 0.032, Nagelkerke R* = 0.053). The
average correct percentage of classification is 82.4%. Belief in sharks’
reasoning abilities was a significant predictor (B = 0.245, p = 0.004,
Exp(B) = 1.277, 95% CI for Exp(B) [1.080, 1.511]). For every one-
unit increase signifying a greater belief in sharks’ reasoning abilities,
the odds of willingly entering waters wherein a shark had been
sighted within the previous month increased by 27.7%. In essence,
the more people believe sharks to be capable of reasoning (i.e.,
thinking logically to guide their behavior in a purpose-driven way),
the more willing people are to be in the water with them.

The model of belief in stingrays’ minds was also significant for
predicting willingness to go into the water at a beach with a
confirmed shark sighting within the previous month (Chi-square:
8.561, p = 0.003, Cox & Snell R* = 0.033, Nagelkerke R* = 0.055). The
average correct percentage of classification is 82.5%. Belief in
stingrays’ reasoning abilities was a significant predictor (B =
0.267, p = 0.004, Exp(B) = 1.306, 95% CI for Exp(B) [1.088,
1.568]). For every one-unit increase signifying a greater belief in
stingrays’ reasoning abilities, the odds of willingly entering waters
wherein a shark had been sighted within the previous month
increased by 30.6%. Believing stingrays to be reasoning creatures
also makes one more willing to be in the water with sharks.

3.2.2 Willingness to enter water at beach with
confirmed shark sighting within the last 24 hours

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to enter the water at a beach
with a confirmed shark sighting within the last 24 hours (Chi-
square: 24.116, p <.001, Cox & Snell R? ~ 0.091, Nagelkerke
R® = 0.121). The average correct percentage of classification is
62.2%. Belief in sharks’ reasoning abilities was a significant
predictor (B = 0.193, p = 0.006, Exp(B) = 1.213, 95% CI for Exp
(B) [1.058, 1.392]). For every one-unit increase signifying a greater
belief in sharks’ reasoning abilities, the odds of willingly entering
waters wherein a shark had been sighted within the previous 24
hours increased by 21.3% (and see Figure 2). Again, the more people
believe sharks possess the capacity to reason, the more willing they
are to share the same space with them. Sex was also a significant
predictor (B =-0.972, p = 0.001, Exp(B) = 0.378, 95% CI for Exp(B)
[0.210, 0.682]), indicating that females are 62.2% less likely to be
willing to get into the water under these conditions when compared
to males. As a result, males reported greater tolerance for sharks
than females.

The model of belief in stingrays’ minds was also significant for
predicting willingness to go into the water at a beach with a
confirmed shark sighting within the previous 24 hours (Chi-
square: 27.141, p <.001, Cox & Snell R? = 0.102, Nagelkerke
R® = 0.137). The average correct percentage of classification is
63.3%. Belief in stingrays’ reasoning abilities was a significant
predictor (B = 0.241, p = 0.001, Exp(B) = 1.273, 95% CI for Exp
(B) [1.101, 1.470]). For every one-unit increase signifying a greater
belief in stingrays’ reasoning abilities, the odds of willingly entering
waters wherein a shark had been sighted within the last 24 hours
increased by 27.3%. The more people believe stingrays to be capable
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FIGURE 2

Significant effect of belief in sharks’ reasoning abilities on the
willingness to enter the water at a beach with a confirmed shark
sighting within the last 24 hours (B = 0.193, p = 0.006). BAMS Score
represents the Belief in Animal Minds Scale (BAMS) score for each
associated item, in this case the degree of agreement that sharks
possess reasoning abilities. The higher the score, the greater the
belief in the animal's capacities.

of reasoning, the more willing they are to be in the same water with
sharks. Sex was also a significant predictor (B = -0.932, p = 0.002,
Exp(B) = 0.394, 95% CI for Exp(B) [0.219, 0.709]), indicating that
females are 60.6% less likely to be willing to get into the water under
these conditions when compared to males. In this model as well,
males report being more tolerant of sharks.

3.2.3 Willingness to enter water at beach with
confirmed stingray sighting within the last month

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to enter the water at a beach
with a confirmed stingray sighting within the last month (Chi-
square: 6.468, p = 0.011, Cox & Snell R? = 0.025, Nagelkerke
R® = 0.045). The average correct percentage of classification is
85.9%. Belief in sharks’ reasoning abilities was a significant
predictor (B = 0.235, p = 0.012, Exp(B) = 1.265, 95% CI for Exp
(B) [1.054, 1.518]). For every one-unit increase signifying a greater
belief in sharks™ reasoning abilities, the odds of willingly entering
waters wherein a stingray had been sighted within the previous
month increased by 26.5%. The stronger people’s belief in sharks’
ability to reason, the more willing people are to put themselves in
the same waters as stingrays.

The model of belief in stingrays’ minds was also significant for
predicting willingness to go into the water at a beach with a
confirmed stingray sighting within the previous month (Chi-
square: 6.651, p = 0.010, Cox & Snell R? = 0.026, Nagelkerke
R® ~ 0.047). The average correct percentage of classification is
86.1%. Belief in stingrays’ reasoning abilities was a significant
predictor (B = 0.258, p = 0.011, Exp(B) = 1.294, 95% CI for Exp
(B) [1.060, 1.580]). For every one-unit increase signifying a greater
belief in stingrays’ reasoning abilities, the odds of willingly entering
waters wherein a stingray had been sighted within the previous
month increased by 29.4%. The more people believed stingrays to

frontiersin.org


https://doi.org/10.3389/fmars.2023.1178539
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hancock et al.

be capable of reasoning, the more willing they were to go into the
water with them.

3.2.4 Willingness to enter water at beach
with confirmed stingray sighting within
the last 24 hours

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to enter the water at a beach
with a confirmed stingray sighting within the last 24 hours (Chi-
square: 16.585, p <.001, Cox & Snell R = 0.063, Nagelkerke
R? = 0.087). The average correct percentage of classification is
69.0%. Belief in sharks’ reasoning abilities was a significant
predictor (B = 0.159, p = 0.026, Exp(B) = 1.173, 95% CI for Exp
(B) [1.020, 1.349]). For every one-unit increase signifying a greater
belief in sharks” reasoning abilities, the odds of willingly entering
waters wherein a stingray had been sighted within the previous 24
hours increased by 17.3%. As people’s belief in sharks’ ability to
reason increased, so too did their willingness to go into the water
with stingrays. Sex was also a significant predictor (B = -1.127, p <
0.001, Exp(B) = 0.324, 95% CI for Exp(B) [0.168, 0.625]), indicating
that females are 67.6% less likely to be willing to get into the water
under these conditions when compared to males. Males, therefore,
expressed greater tolerance for stingrays when compared to females.

The model of belief in stingrays’ minds was also significant for
predicting willingness to go into the water at a beach with a
confirmed stingray sighting within the previous 24 hours (Chi-
square: 19.617, p <.001, Cox & Snell R*> = 0.075, Nagelkerke
R® = 0.104). The average correct percentage of classification is
67.1%. Belief in stingrays’ reasoning abilities was a significant
predictor (B = 0.218, p = 0.004, Exp(B) = 1.244, 95% CI for Exp
(B) [1.072, 1.442]). For every one-unit increase signifying a greater
belief in stingrays’ reasoning abilities, the odds of willingly entering
waters wherein a stingray had been sighted within the last 24 hours
increased by 24.4%. The more individuals perceived stingrays as
reasoning, the more willing they were to go into the water with
them. Sex was also a significant predictor (B = -1.090, p = 0.001, Exp
(B) = 0.336, 95% CI for Exp(B) [0.174, 0.649]), indicating that
females are 66.4% less likely to be willing to get into the water under
these conditions when compared to males. Again, males expressed
greater tolerance for stingrays when compared to females.

3.3 Support for conservation

3.3.1 Willingness to vote for shark conservation
The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to vote in favor of shark
conservation (Chi-square: 20.385, p = 0.009, Cox & Snell
R” = 0.077, Nagelkerke R* = 0.292). The average correct
percentage of classification is 96.9%. Belief in sharks’ reasoning
abilities was a significant predictor (B = 0.491, p = 0.031, Exp(B) =
1.635, 95% CI for Exp(B) [1.047, 2.553]). For every one-unit
increase signifying a greater belief in sharks’ reasoning abilities,
the odds of voting in favor of shark conservation increased by
63.5%. The more people believed sharks to have the ability to
reason, the more willing they were to vote to protect them. Belief in
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sharks’ cognitive abilities was also a significant predictor (B = 0.608,
p = 0.034, Exp(B) = 1.838, 95% CI for Exp(B) [1.046, 3.230]). For
every one-unit increase signifying a greater belief in sharks’
cognitive abilities, the odds of voting in favor of shark
conservation increased by 83.8%. The more people believed in
sharks’ cognitive abilities (i.e., their capacity to problem-solve,
make decisions, etc.), the more willing they were to vote to
support their conservation (and see Figure 3).

The model of belief in stingrays’ minds was significant for
predicting individuals’ willingness to vote in favor of shark
conservation (Chi-square: 16.485, p = 0.021, Cox & Snell
R” = 0.064, Nagelkerke R* = 0.239). The average correct
percentage of classification is 96%. Belief in stingray’s emotional
capacities was a significant predictor (B = 0.579, p = 0.012, Exp(B) =
1.785, 95% CI for Exp(B) [1.137, 2.802]). For every one-unit
increase signifying a greater belief in stingrays’ emotional
capacities, the odds of voting in favor of shark conservation
increased by 78.5%. The more people believed stingrays capable
of feeling and expressing emotions, the more willing they were to
support sharks and shark conservation.

3.3.2 Willingness to vote for
stingray conservation

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to vote in favor of stingray
conservation (Chi-square: 8.444, p = 0.004, Cox & Snell
R® = 0.033, Nagelkerke R* = 0.079). The average correct
percentage of classification is 92.5%. Belief in sharks’ cognitive
abilities was a significant predictor (B = 0.559, p = 0.002, Exp(B) =
1.749, 95% CI for Exp(B) [1.220, 2.507]). For every one-unit
increase signifying a greater belief in sharks’ cognitive abilities,
the odds of voting in favor of stingray conservation increased by
74.9%. The more people believed sharks capable of cognition (e.g.,
problem-solving, decision-making), the more willing they were to
vote for stingrays and their conservation.
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FIGURE 3

Significant effect of belief in sharks’ cognitive abilities on the
willingness to support sharks and their conservation via voting (B =
0.608, p = 0.034). BAMS Score represents the Belief in Animal Minds
Scale score for each associated item, in this case the degree of
agreement that sharks possess cognitive abilities. The higher the
score, the greater the belief in the animal’s capacities.
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The model of belief in stingrays’ minds was significant for
predicting individuals’ willingness to vote in favor of stingray
conservation (Chi-square: 13.713, p <.001, Cox & Snell
R?> © 0.053, Nagelkerke R? = 0.128). The average correct
percentage of classification is 92.5%. Belief in stingrays’ emotional
capacities was a significant predictor (B = 0.517, p <.001, Exp(B) =
1.676, 95% CI for Exp(B) [1.273, 2.207]). For every one-unit
increase signifying a greater belief in stingrays’ emotional
capacities, the odds of voting in favor of stingray conservation
increased by 67.6%. The more individuals believed stingrays are
capable of feeling and expressing emotions, the more willing they
were to vote in favor of protecting them and their habitat.

3.3.3 Willingness to donate monetary funds to
shark conservation

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to donate monetary funds to
shark conservation (Chi-square: 14.254, p <.001, Cox & Snell
R* = 0.055, Nagelkerke R* = 0.077). The average correct
percentage of classification is 68.1%. Belief in sharks’ reasoning
abilities was a significant predictor (B = 0.176, p = 0.016, Exp(B)
= 1.192, 95% CI for Exp(B) [1.034, 1.375]). For every one-unit
increase signifying a greater belief in sharks’ reasoning abilities,
the odds of donating funds to shark conservation increased by
19.2%. The more people believe sharks are capable of reasoning,
the more willing they are to donate funds for their conservation.
Belief in sharks’ cognitive abilities was also a significant
predictor (B = 0.334, p = 0.012, Exp(B) = 1.396, 95% CI for
Exp(B) [1.076, 1.812]). For every one-unit increase signifying a
greater belief in sharks’ cognitive abilities, the odds of donating
funds to shark conservation increased by 39.6%. The more
people believed sharks capable of exercising cognitive abilities,
the more willing they were to donate funds for
their conservation.

The model of belief in stingrays’ minds was significant for
predicting individuals’ willingness to donate monetary funds to
shark conservation (Chi-square: 16.282, p <.001, Cox & Snell
R? < 0.063, Nagelkerke R? = 0.088). The average correct
percentage of classification is 68.9%. Belief in stingrays’” reasoning
abilities was a significant predictor (B = 0.176, p = 0.016, Exp(B) =
1.192, 95% CI for Exp(B) [1.034, 1.375]). The more people believe
stingrays are capable of reasoning, the more willing they are to
donate funds for sharks’ conservation. Belief in stingrays’ emotional
capacities was a significant predictor (B = 0.357, p <.001, Exp(B) =
1.429, 95% CI for Exp(B) [1.196, 1.709]). For every one-unit
increase signifying a greater belief in stingrays’ emotional
capacities, the odds of donating funds to shark conservation
increased by 42.9%. The more emotionally feeling people believe
stingrays to be, the more willing they are to donate funds to shark
conservation efforts.

3.3.4 Willingness to donate monetary funds to
stingray conservation

The model of belief in sharks’ minds was significant for
predicting individuals’ willingness to donate monetary funds to
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stingray conservation (Chi-square: 20.807, p <.001, Cox & Snell
R® = 0.079, Nagelkerke R*> = 0.107). The average correct
percentage of classification is 65%. Belief in sharks’ reasoning
abilities was a significant predictor (B = 0.204, p = 0.004, Exp(B) =
1.226, 95% CI for Exp(B) [1.067, 1.408]). For every one-unit
increase signifying a greater belief in sharks’ reasoning abilities,
the odds of donating funds to stingray conservation increased by
22.6%. The more people believe sharks are capable of reasoning,
the more willing they are to donate funds for stingrays’
conservation. Belief in sharks’ cognitive abilities was also a
significant predictor (B = 0.406, p = 0.003, Exp(B) = 1.501, 95%
CI for Exp(B) [1.151, 1.957]). For every one-unit increase
signifying a greater belief in sharks’ cognitive abilities, the odds
of donating funds to stingray conservation increased by 50.1%.
The more people believe sharks are capable of cognitive abilities,
the more willing they are to donate funds for
stingrays’ conservation.

The model of belief in stingrays’ minds was significant for
predicting individuals” willingness to donate monetary funds to
stingray conservation (Chi-square: 30.812, p <.001, Cox & Snell
R” = 0.116, Nagelkerke R* = 0.157). The average correct
percentage of classification is 66.5%. Belief in stingrays’
reasoning abilities was a significant predictor (B = 0.212, p =
0.007, Exp(B) = 1.236, 95% CI for Exp(B) [1.059, 1.442]). The
more people believe stingrays are capable of reasoning, the more
willing they are to donate funds for their conservation. Belief in
stingrays” emotional capacities was also a significant predictor (B
= 0.334, p <.001, Exp(B) = 1.396, 95% CI for Exp(B) [1.150,
1.695]). For every one-unit increase signifying a greater belief in
stingrays’ emotional capacities, the odds of donating funds to
stingray conservation increased by 39.6% (and see Figure 4). The
more emotionally feeling and expressive people believe stingrays
to be, the more willing they are to donate funds to stingray
conservation efforts.
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FIGURE 4

Significant effect of belief in stingrays’ emotional abilities on the
willingness to support stingrays and their conservation via donating
(B = 0.334, p <.001). BAMS Score represents the Belief in Animal
Minds Scale score for each associated item, in this case the degree
of agreement that stingrays possess emotional abilities. The higher
the score, the greater the belief in the animal's capacities
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4 Discussion

4.1 Cognitive beliefs and
public perceptions

Identifying the personal belief structures that give rise to
conservation behaviors is vital for the establishment, promotion,
and maintenance of worldwide conservancy efforts that rely on
public and legislative support. Acufia-Marrero et al. (2018)
suggested that a key precursive factor to successful shark
conservation is people’s beliefs about that species group. These
results support this hypothesis, demonstrating that a greater belief
in animals’ cognitive, reasoning, and emotional capacities led to a
greater willingness to support their conservancy across different
behaviors (i.e., desire to learn more, behavioral tolerance,
supporting conservation via voting and donating). This work
represents the first time that beliefs pertaining to animal
cognition have been investigated as predictors of pro-
conservation behavioral intentions. The interplay between these
beliefs was highly complex. Certain beliefs motivated more than one
conservation-centric behavior, while others were unique predictors
of only a single behavior. Moreover, this work constitutes the first
study to investigate beliefs and attitudes pertaining to the
taxonomic group of stingrays. These findings will help
conservationists identify and strategize as to which perceptions to
appeal to or prioritize when promoting conservation efforts. Herein,
each respective predictor belief in a specific animal mental capacity
(i.e., awareness, cognitive, reasoning, and affective) is discussed in
terms of the pro-conservational behavioral intentions that it
predicts and influences.

4.1.1 Belief in awareness

Elasmobranchs have an awareness of themselves and their
environment. As a basic example, sharks and stingrays react to
the introduction of a novel stimulus in their environment, such as
the presentation of an electrical stimulus as a simulation of prey
(Kajiura and Fitzgerald, 2009; McGowan and Kajiura, 2009). They
are, in short, aware of changes in their surroundings as evident by
simple and sometimes complex and lasting behavioral responses. As
a more complex example, white sharks (Carcharidon carcharias)
who became aware of the presence of a predatory pair of killer
whales, Orcinas orca, migrated away from their typical aggregation
site (Towner et al,, 2022). Certain stingray species, as well, such as
southern stingrays (Hypanus americanus) will alter their behavior
or shift their habitat in response to their awareness of the proximity
of predators (Bond et al., 2019).

The belief in animals’ cognitive awareness was predictive of
people’s desire to learn more about animals and their
conservation. Interestingly, the belief about cognitive awareness
was exclusively predictive of desire to learn and no other
behavioral components (i.e., tolerance or support). A
noteworthy and unexpected dimension about these findings is
that the predictive relationship was reversed based on species
group: belief in sharks’ cognitive awareness was exclusively
predictive of interest in learning more about stingrays, while
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belief in stingrays’ cognitive awareness exclusively predicted
interest in learning more about sharks.

These findings may therefore indicate a self-perceived ceiling
effect of individuals’ knowledge about a particular species group. In
essence, having already established a set of beliefs about one
particular taxonomic group (ie., the greater belief in the species
group’s awareness) does not prompt the desire to learn more about
the same species group as said beliefs are already entrenched and
robust. These beliefs then instead drive the desire to learn more
about a different species group, perhaps to make comparisons
between them. This finding is of particular importance, since
protection and conservation of batiods (e.g., skates and rays) has
lagged behind that of sharks, typically due to lack of notoriety and
research (Jorgensen et al.,, 2022).

4.1.2 Belief in cognitive abilities

Elasmobranchs demonstrate a wide variety of cognitive
abilities including discrimination and categorization of stimuli,
orientation strategies, social learning, and memory (Schluessel,
2015). For example, in the laboratory, yellow stingrays (Urobatis
jamaicensis) can learn behavioral responses based on reward
contingencies, indicating the ability to associate a stimulus with
a reward and to discriminate among stimuli as to which yield
rewards and which do not. They were also able to relearn the task
upon modification of the reward structure, and do so at a faster
rate than the initial learning curve (Newton and Kajiura, 2020).
In the wild, blacktip sharks (Carcharhinus limbatus) integrate
input from multiple sensory channels (smell, electroreception,
vision, etc.) to navigate over both small- and large-scale distances
(Gardiner et al., 2015). Building on a previous example, Towner
et al. (2022) observed that not only did white sharks
(Carcharodon carcharias) migrate away from an area in light of
the presence of predators, but also seemed to remember the
potential danger as sightings of the sharks remained scarce in this
typically popular aggregation site for the next two and half years
(evidence for the presence and use of the cognitive capacity of
long-term memory).

People’s belief in sharks’ cognitive abilities (i.e., their ability to
solve problems, make decisions, etc.) was predictive of both
behaviors to actively support conservation: voting and donating.
The more people reported belief in sharks’ cognitive capacities, the
greater the odds that they would vote in favor of conservation
measures aimed at sharks and their habitat. Interestingly, this effect
extended beyond the conservation of a particular taxa as belief in
sharks” cognitive abilities also predicted greater willingness to
support the legislative protection of stingrays and donate to
stingray conservation. The more individuals perceived sharks as
thinking, intelligent creatures, the more willing they were to support
both shark and stingray conservation. It should be noted that belief
in sharks’ cognitive abilities was not predictive of the other
categories of behavioral intentions (i.e., desire to know more or
tolerance); it was unique to supporting conservation only. Finally,
interestingly, beliefs about stingrays’ cognitive abilities were not
predictive of any behavioral intentions. This discrepancy may be
due to two potential factors. The first possible consideration could
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be a relatively greater familiarity with sharks overall given their
recognizable, popular status as apex predators, and the greater focus
placed on them by the media. This interpretation would support
Sergio et al. (2006) proposition of strategically focusing
conservation plans on apex predators to yield the greatest benefits
for biodiversity across the whole ecosystem. The second possible
factor could be the extent to which sharks are perceived to be
intentional about their interactions with humans (Pepin-Neff and
Wrynter, 2018); e.g., whether the shark intends to cause harm to the
human. Said intentionality would be the natural product of
cognitive processing on the sharks’ part.

4.1.3 Belief in reasoning abilities

Elasmobranch species have also demonstrated a variety of
reasoning abilities such as problem-solving, tool use, and using
top-down perception to transfer a trained skill (Schluessel, 2015).
For example, vermiculate river stingrays (Potamotrygon castexi)
have been observed using water as a tool to solve the problem of
extracting food from an open-ended tube (Kuba et al., 2009). Fuss
et al. (2014) observed that grey bamboo sharks (Chiloscyllium
griseum) were capable of using top-down cognitive processes to
perceive illusory contours - a visual illusion wherein
preconceptions based on memories or neural wiring create the
perception of a particular shape which is not in fact present in
presented visual stimuli. Having been trained to recognize the
complete shapes, thus establishing the memory of said shape being
rewarding, the grey bamboo sharks were then presented with
Kaniza figures - visual stimuli that portray the illusion of
particular shapes through the use of negative space (and see
Kaniza, 1974). The sharks were then able to reason that without
the exact conditioned stimulus present (the closed square), they
should select the closest analog (an open square) to receive the
reward, which they did successfully.

Individuals’ belief in animals’ reasoning capacities (i.e., their
broad ability to think logically to guide purpose-driven behavior)
was predictive of their tolerance, as operationalized behaviorally as
willingness to be in close spatial and temporal proximity to these
animals in their natural habitat. The effect was not species group-
specific; beliefs in sharks’ and stingrays’ reasoning capacities were
both predictive of behavioral tolerance for each species group.
Interestingly, the belief in animals’ reasoning capacities was the
only belief to influence tolerance.

Belief in animals’ reasoning capacities was also predictive of
behaviors underlying the support of conservation. Belief in sharks’
and stingrays’ reasoning abilities predicted willingness to donate
funds to conservation regardless of species group (both for sharks
and rays). However, belief in reasoning capacity was species group-
specific for voting and limited only to sharks. The greater the belief
in sharks’ reasoning abilities, the more likely to vote in favor of
shark conservation only. Voting for stingrays’ conservation was not
influenced by the belief in either animals’ reasoning capabilities.
Further research is necessary to determine why this belief is so
universally predictive for certain behaviors (i.e., all behavioral
expressions of tolerance and donating), but is so targeted and
species group-specific for other behaviors (i.e., voting).
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4.1.4 Belief in emotional abilities

There is evidence to support the assertion that elasmobranchs
possess emotional capacities. For example, certain stingray species
have been observed consistently socializing in small groups in the
wild, most likely in an effort to deter predators (Kanno et al., 2019;
Martins et al., 2020). In the laboratory, when given the choice to be
alone or to be part of a social pair or group, certain shark species
chose to spend time with others (Guttridge et al., 2009). Similarly, in
the wild, it has been observed that certain shark species aggregate in
social groups (Economakis and Lobel, 1998; Sims et al., 2003), and
conform to social hierarchies (Klimley and Nelson, 1981; Jacoby
et al, 2010). These traits and examples have been featured in
numerous documentaries (i.e., Discovery Channel’s Shark Week,
National Geographic’s SharkFest) about sharks, so the public is
aware of this research.

Belief in stingrays’ emotional abilities (i.e., their capacity to
experience feelings and affects, etc.) was predictive of both behaviors
to actively support conservation: voting and donating. Moreover, this
effect was not species group-specific; the greater the extent to which
stingrays were perceived as feeling and empathetic creatures, the more
willing participants were to support both shark and stingray
conservation. The belief in stingrays’ emotional capacities was also
predictive of participants’ desire to learn more about sharks.
Interestingly, this belief influenced two separate behavioral intentions
(i.e., desire to know and support of conservation); yet, for one behavior
(desire to know), it increased the odds of the outcome for only one
animal — and not the corresponding animal. The belief in stingrays’
emotional abilities only increased the desire to learn about sharks, not
stingrays themselves.

Furthermore, the belief in sharks’ emotional abilities was not
predictive of any behavioral intentions. These findings contrast with
recent research which demonstrated that perceptions of sharks as
having high communality (i.e., being caring and emotional) were
associated with a greater willingness to donate to their conservation
(Neves et al.,, 2021). Such different results could well be due to the
populations surveyed in these respective studies. Neves et al. (2021)
surveyed a group of 60 undergraduate students, while this study
surveyed 380 participants from the general public. Future research
is necessary to clarify these equivocal results.

4.2 Subject variables

Age was a significant predictor of participants’ desire to learn
more about stingrays. Increases in age were associated with a
diminished self-reported desire to learn more about stingrays and
their conservation. These findings are interesting as they contrast
with previous literature which has found a positive association
between age and pro-environmental behavioral intentions (Kim
et al,, 2013; Masud and Kari, 2015). Such different findings may be
due to key differences in sampling and specificity of constructs. For
example, Kim et al. (2013) surveyed a narrower age range (18 - 33
years, versus 18 — 82 years in this study) which could therefore
arguably be classified as a less representative sample, and asked
questions relating to broader climate change, rather than focusing
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on the conservation of a particular set of animal species groups as
was done here. These discrepant findings also suggest that attitudes
concerning global conservation versus the conservation of animals
may be different, which presents an interesting avenue for
future research.

While age was a significant predictor of the desire to know more
about stingrays, this was not the case for sharks. This finding could
indicate that sharks have a broader appeal as a taxa to all age groups.
Such an interpretation is supported by incredibly prevalent and
well-publicized shark-centric media events such as National
Geographic’s SharkFest and the Discovery Channel’s Shark Week
televised programming which occur annually, attracting more than
50 million viewers during Summer 2020, and continuing to attract a
growing viewership (Morfoot, 2021).

Sex was a significant predictor of behavioral expressions of
tolerance. This effect was observed for tolerance of both groups of
animals, and interestingly only at the closer temporal threshold (i.e.,
24 hours). Males expressed greater tolerance for both sharks and
stingrays when compared to females by reporting a greater
willingness to place themselves within the animals’ natural
environment (i.e., in the water) within 24 hours of a confirmed
sighting of them. These findings are consistent with research
concerning sex differences in risk-taking behaviors (Byrnes et al.,
1999) and sex differences in self-reported comfort with animals with
negative or injurious reputations (Herzog et al., 1991). It is also
interesting that sex was exclusively a predictor or tolerance and not
for any other behavioral component (i.e., desire to know more,
support for conservation).

4.3 Limitations

This work stems from a larger etiological study concerning the
stakeholders of California ocean recreation and safety communities.
The present analyses are consequently exploratory and quasi-
experimental. No previous work has assessed the attitudes of the
general public towards the species groups of sharks and stingrays in
a population from California. A baseline was consequently needed
to afford comparisons across time, as well as across different
geographical locales where shark bites or stingray-related injuries
are relatively high (e.g., Massachusetts, Hawaii, Florida, Australia,
South Africa, etc.). As this first year’s focus was exclusively on
establishing a baseline, no experimental manipulation was
employed, and the analyses therefore utilized subject variables
of interest.

Lower attendance at public beaches in southern California in
summer 2021 may have influenced the quantity and composition of
the acquired data. Although state-mandated stay-at-home orders
due to the COVID-19 Pandemic were lifted prior to the data
collection phase, cases of the infectious disease continued to rise
in California and remained elevated across the summer months,
hampering participant recruitment efforts. As a result of these
issues, said baseline admittedly may not constitute a
representative sample of the larger population. Moreover, the
observed sex differences must also be interpreted with caution
given that females outnumbered males in the sample by a 2:1
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ratio. The uneven distribution of the sexes is not unexpected as
females are more likely to volunteer to participate in medical and
social sciences research (Dickinson et al., 2012; Otufowora et al.,
2021), especially research utilizing online surveys (Smith, 2008).
Future experimental work should recruit participants based on sex
and employ equal sample sizes across groups.

Exclusively framing the dependent measures of behavioral
intentions as a forced, dichotomous choice was purposeful. As
previously mentioned, for certain behaviors, a one-shot decision is
an ecologically valid frame for assessing intent to support
conservation or not. However, this methodological choice also has
the effect of restricting the response range, perhaps curtailing the
true amount of variability in intentions. Future work in this
program of research incorporates continuous as well as
dichotomous responses to better observe variability in behavioral
intentions to support conservation.

Finally, certain analyses have missing cases due to the IRB’s
stipulation that participants could forgo answering any question.
Participants who provided no or insufficient data for analysis of any
variable were necessarily excluded for that respective analysis. IRB
approval was contingent on offering this non-answer option.

4.4 Recommendations for educational and
elasmobranch conservation strategies

Humans’ attitudes concerning animals are a critical
prerequisite consideration for the successful promotion of the
animals’ conservation and welfare (and see Batt, 2009). This work
has extended this understanding to include the cognitive beliefs
that underlie these attitudes. These results represent the first
occasion wherein extant beliefs about animals’ mental capacities
have been shown to influence pro-conservation behavioral
intentions. Future research is now needed to specify what
factors engender these beliefs about particular taxonomic
groups, and specific species within such groups. That being said,
certain recommendations can be made here regarding how to go
about changing beliefs in a more general sense for the benefit of
animal conservation efforts.

Beliefs about sharks are complex, and vary across cultures and
time (Neves et al., 2022). Moreover, research shows that these
beliefs are often based on misconceptions or inaccurate information
(Tsoi et al,, 2016). Such may be the case as people are less likely to
learn about sharks from their own personal experience than they are
via the media (Evans, 2015), which is not held to as rigorous a
standard as scientific communication, or - in the case of popular
media - can be completely fictitious. Beliefs about stingrays have
been neglected in the literature, and this work represents the first
time they have been studied. Beliefs therefore vary and can change.
The most effective method by which to alter beliefs is through
education, ensuring that an individual’s knowledge base is accurate
and comprehensive (Murphy and Mason, 2006). Moreover,
knowledge is also identified as the only mediating factor in the
theoretical framework detailing the psychological mechanisms
underlying successful shark conservation (Acufa-Marrero
et al., 2018).
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To this end, the specific recommendations forwarded here for
educational and elasmobranch conservation strategies is to
emphasize education and increase knowledge about elasmobranchs,
their abilities, roles, and threats. Some specific recommendations for
how to modify beliefs (particularly those that may be based on
inaccurate or biased information) is to make use of targeted debiasing
strategies - methods for presenting and evaluating information to
more effectively inform beliefs and consequently guide better
judgments (Soll et al., 2015). The first recommendation would be
bias inoculation, educating the audience about the nature and
prevalence of cognitive biases that affect the general public’s beliefs
about elasmobranchs, and providing tools for how to identify and
address them (Turk and Salovey, 1986). For example, the base rate
fallacy which occurs when an individual places undue weight on the
numerator (the specific situation) as opposed to the denominator (the
usual state) when making judgments (Bar-Hillel, 1980). In the case of
sharks, for example, people become fixated on the number of humans
injured or killed by sharks in a year, while neglecting the millions (if
not tens of millions) of cases where humans go into the ocean each
day and are unharmed.

The second recommendation is to show the consequences of
different decisions in a visual form. Data visualization is extremely
helpful in terms of presenting large amounts of complex data in a
comprehensible way (Sadiku et al., 2016), and has proven an
effective method for cognitive debiasing (modifying beliefs;
Croskerry et al., 2013). Educational materials for elasmobranch
conservation should consequently adopt sparklines (high-
resolution infographics with appropriate context for
interpretation; Radecki and Medow, 2007) to illustrate the actual
risks faced by and posed by different elasmobranch species. Such
displays can not only affect beliefs of such elements as they are at
present, but can also be used to project certain trends in the future
based on conservation decisions made at certain points in time (e.g.,
comparative estimated population recovery rates based on
protective legislation passed today versus 1, 5, or 10 years
from now).

The final recommendation would be to favor causal
(explanation of why the relationship is true) over non-causal
(determination of whether the relationship is true) arguments in
educational materials. Research shows that causal arguments are
less likely to be discounted (Slusher and Anderson, 1996), result in
the greatest change in belief in those individuals whose preexisting
beliefs conflict with the advocated argument, and prompt a greater
quantity and quality of recall of information (Kardash and
Scholes, 1995).

4.5 Conclusions

Behavioral intentions to support conservancy for animals and
their habitats through various behaviors (i.e., desiring to know
more, tolerance, voting to support and donating to conservation
measures) result from a complex interplay of cognitive beliefs,
namely the extent to which people perceive a species group as
possessing cognitive, reasoning, and affective capacities. This study
represents the first work to investigate extant beliefs specifically
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focused on animals’ mental capacities as predictors of pro-
conservation behavioral intentions; moreover, it is also the first
study that assessed the general public’s attitudes and beliefs of the
stingray species group. This novel approach yielded interesting
significant findings. Generally, the desire to learn more was
driven by belief in animals’ cognitive awareness and emotional
abilities. Tolerance was exclusively predicted by beliefs in animals’
reasoning abilities. Finally, supporting conservation was driven by
multiple beliefs, and differed based on the type of supporting
behavior (voting or donating). Support via donating was
influenced by beliefs in animals’ cognitive and affective capacities,
whereas support in the form of voting was affected by beliefs in
cognitive and emotional capabilities as well as beliefs in animals’
reasoning abilities. As specified in the results and earlier discussion
sections, it is also important to note that these predictive patterns
were sometimes consistent across species group (e.g., shark and
stingray taxonomic groups’ reasoning abilities consistently
predicted tolerance for both species groups), and sometimes were
not (e.g., beliefs pertaining to sharks’ emotional capacities and
stingrays’ cognitive abilities were not predictive of any behaviors).

Understanding the personal belief structures that underlie
conservation behaviors is vital for the formulation, functioning,
and continuation of effective, large-scale conservancy efforts to
protect the ecosystems of the world. This work represents the first
time that such an examination of the effects of attitudes and beliefs
on behavioral intentions to support shark and stingray conservation
has been conducted on a population from California, an important
white shark (Carcharodon carcharias) aggregation site (e.g.,
Anderson et al, 2021). Findings from this work can aid in the
design of educational and promotional materials intended to
promote the knowledge of and conservation of animals, especially
as it relates to apex predators and other species that humans have
been conditioned to fear (Afonso et al., 2020). Research shows that
these fears are largely unfounded but persist due to sensationalized
popular media portrayals and highly selective media coverage. To
be effective, outreach and conservation efforts must therefore
concentrate on correcting these misperceptions. Conservationists
are consequently encouraged to portray animals factually and with
emphasis on their cognitive, reasoning, and emotional capacities
(i.e., as thinking, intelligent, feeling, and empathetic) to promote
conservation support to the greatest possible extent.
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