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Abstract
Context.Given the decline in amphibian populations worldwide, it is essential to build a better understanding of human

behaviours that jeopardise their survival. Much of the literature regarding the social–psychological determinants of
behaviours related to wildlife has focussed solely on general wildlife beliefs rather than specific attitudes towards a
particular species.

Aims. The goal of this study was to assess how individuals’ behavioural intentions towards a rare and little-known
species, the hellbender salamander (Cryptobranchus alleganiensis), are influenced by their attitudes towards the animal
and their more general beliefs about wildlife.

Methods. Questionnaires were distributed to landowners in Missouri (n= 1 065) and Indiana (n= 1 378) in counties
where the hellbender is known to exist. A multinomial logit regression model was used to assess the relationship between
basic wildlife beliefs, species-specific attitudes and behavioural intentions towards the hellbender.

Key results. The response rate was 36.6% in Missouri and 41.0% in Indiana. The more value individuals placed on
non-hunting wildlife experiences, the less likely they were to say they would engage in a behaviour harmful to the animal
(b= –0.47, P = 0.030). The more negative the attitudes towards the hellbender held by individuals, the less likely they were
to say they would remove the hook (b= –0.55, P< 0.001), put the animal back (b= –0.77, P< 0.001), or call a resource
professional (b= –0.33, P= 0.023). A comparison of the Akaike information criterion (AIC) scores and model log-
likelihood values without (AIC = 2 858.36; LLV= –1 395.18) and with (AIC= 2 232.60; LLV= –1 077.30) the species-
specific attitude measure showed that its inclusion improved the model.

Conclusions. Positive attitudes towards the hellbender and mutualistic wildlife beliefs were related to non-detrimental
behavioural intentions. However, attitudes towards the animal were found to be a stronger and more consistent predictor
of behavioural intentions than basic wildlife beliefs.

Implications. Efforts to conserve rare or little-known species should focus outreach strategies on developing
positive attitudes towards these species, so as to achieve desired changes in behaviour.

Additional keywords: behaviour, conservation, human dimensions.
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Introduction

Successful conservation requires scientifically valid and
economically efficient management approaches, as well as
strategies that take into account the prevailing social context
(DeCaro and Stokes 2008). The first two requirements for
successful species management, scientific grounding and
economic feasibility, typically receive the majority of attention
from resource managers and policymakers, whereas social and
socio-psychological considerations often go unexplored
(Stankey and Shindler 2006; Raphael and Molina 2007). For
rare and little-known species in particular, a lack of scientific

understanding about people’s values, attitudes and behaviours
can have serious consequences for the long-term success of
adopted policies. Conservation initiatives may fail because of
the public’s lack of support for policies and management actions
or engagement in detrimental behaviours towards the species. To
this end, more focussed research is needed on the social
components of conservation of rare and little-known species.

Theoretical framework

Although researchers are beginning to examine social factors in
the conservation of non-charismatic species (Ressurreição et al.
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2012), human dimensions research often focuses on charismatic
megafauna such as wolves (e.g. Williams et al. 2002; Karlsson
and Sjöström 2007) and bears (e.g. Gunther et al. 2004; Maji�c
et al. 2011). Conservation and research resources are less
commonly allocated to species that are both rare and little-
known (Raphael and Molina 2007). As a result, several
researchers have argued that it is important to gain a better
understanding of how human attitudes towards less
charismatic species influence policy, monetary support and
other behavioural decisions that affect the survival of those
species (Gunnthorsdottir 2001; Knegtering et al. 2002; Serpell
2004).

As argued by Raphael and Molina (2007), social
considerations differ for the conservation of rare and little-
known species as opposed to more charismatic species.
Initially, there is a bias towards charismatic species in the
selection of conservation targets. For example, Knegtering
et al. (2002) found that non-governmental organisation
representatives deemed the conservation of birds and
mammals as more important than the conservation of ‘lower’
taxa. In addition, it has been shown that species’ attractiveness
influences the public’s support of conservation measures
(Gunnthorsdottir 2001). The attitudinal factors that affect the
conservation of rare and little-known species are less understood
than those for charismatic species. For example, a large body of
research has been devoted to understanding attitudes towards
familiar predator species and the effect of those attitudes on
individuals’ behaviours towards the species (e.g. Musiani and
Paquet 2004; Marchini and Macdonald 2012). In contrast, the
impacts of attitudes on rare and little-known species, which are
presumably weaker and/or less established, are not well
understood. Given the decline in amphibian populations
worldwide, it is essential that we understand the attitudinal
factors leading to the exploitation or persecution of these rare
species.

Over the past two decades, the cognitive hierarchy framework
has been repeatedly applied and developed in the human

dimensions of wildlife literature as a way to link individuals’
values to their attitudes and, subsequently, their behaviours
(e.g. Fulton et al. 1996; Tarrant et al. 1997; Whittaker et al.
2006; Sijtsma et al. 2012). In the cognitive-hierarchy framework
illustrated in Fig. 1, values are the relatively stable and enduring
conceptions about what is desirable or undesirable. These values
are believed to inform more specific attitudes and behavioural
intentions (Rokeach 1979). Because values are poor predictors
of behaviour (Fulton et al. 1996), a large body of empirical
research has focussed on patterns in basic wildlife beliefs, or
wildlife value orientations, as a way of bridging fundamental
values with attitudes and behaviours towards wildlife (e.g.
Manfredo et al. 2009; Teel et al. 2010; Sijtsma et al. 2012).
Building on the work of Fulton et al. (1996), recent studies have
suggested that wildlife value orientations are best described by a
mutualism–domination continuum (Teel et al. 2007; Manfredo
et al. 2009; Teel and Manfredo 2010). Individuals with a strong
mutualistic orientation towards wildlife value more appreciative
uses of wildlife and believe in the equal rights of animals to
exist, whereas those with a strong domination orientation value
more consumptive uses of wildlife and believe humans have
the right to use and manage wildlife primarily to benefit humans
(Manfredo et al. 2009; Teel and Manfredo 2010).

The research cited abovehas addressed attitudes or behaviours
that affect wildlife indirectly. Additionally, measures have
focussed on more general attitudes and beliefs towards wildlife
and wildlife management practices. As argued by St John et al.
(2010), specific attitudes are better predictors of behaviour and
therefore are of greater value in planning conservation strategies.
Webuild onpast research byusing the values–attitude–behaviour
model to predict behavioural intentions in the case of direct
wildlife encounters. We also strive to establish ‘evaluative
consistency’ across measurements of attitudes and behaviours
(Ajzen and Fishbein 2005). In other words, we are assessing
attitudes and behaviours towards the same specific object (i.e.
the hellbender salamander). This is a slightly different method
from the theoretical approach outlined by Ajzen and Fishbein
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Fig. 1. The cognitive hierarchy model of behaviour (adapted from Fulton et al. 1996). The variables closer to the
top are theoretically more closely related to behaviour.
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(2005), where behavioural intentions are related to attitudes
towards the behaviour in question, rather than the object of
action. Given that individuals can undertake a variety of
behaviours when encountering a hellbender in the wild, it
seems likely that attitudes towards the animal can serve as a
close proxy for attitudes towards the behaviours. For example,
people engage in purposeful, direct harms to hellbenders, such
as harvesting for pet collection or direct persecution (Briggler
et al. 2007; Nickerson and Briggler 2007). In addition, there is
anecdotal evidence that anglers who catch or encounter the
hellbender react by killing it or throwing it on the river bank
(which can harm the animal; Mullendore et al. 2014). Hellbender
populations are also threatened by environmental factors,
including invasive species, disease and poor water quality
(Briggler et al. 2007; Burgmeier et al. 2011). Nevertheless, it
is unclear how much of an impact each of these factors has on
hellbender populations because few studies have provided
empirical evidence (Burgmeier et al. 2011).

Our approach is in direct response to Teel et al.’s (2007)
call for ‘further examination of wildlife value orientations. . . in
relation to more specific attitudes and behaviours’ (p. 304).
This study advances our understanding of the influence of
basic wildlife beliefs relative to species-specific attitudes in
determining behavioural intentions. Through the use of a
quantitative survey, we explicitly address a critical question in
the conservation of rare and little-known species, namely, are
individuals’ behavioural intentions towards a rare and little-
known species influenced by their attitudes towards the animal
and the more general beliefs they hold towards wildlife?

The hellbender: a rare and little-known species

We focus our research on the hellbender (Cryptobranchus
alleganiensis), a rare and little-known amphibian species
inhabiting parts of our two study areas, south-eastern Missouri
and southern Indiana. In this paper, our focus is on human
behaviours that directly contribute to its mortality. Related
research on the public’s beliefs and familiarity with the
hellbender has also been conducted (Mullendore et al. 2014;
Reimer et al. 2014). Studies have shown a dramatic decline
in amphibian populations throughout the world (Alford et al.
2001; Beebee and Griffiths 2005). The hellbender, a long-lived,
large aquatic salamander, endemic to the eastern and central
United States, is no exception. The hellbender has suffered
severe population declines, with current estimates suggesting
an average decrease of 77% in individual populations between
the 1980s and the early 2000s (Wheeler et al. 2003). The Ozark
hellbender subspecies (Cryptobranchus alleganiensis bishopi),
found only in the North Fork of the White River and a portion
of the Black River System in Missouri and Arkansas (Williams
et al. 1981), has been listed as Endangered by the US Fish and
Wildlife Service (2011). The eastern hellbender (Cryptobranchus
alleganiensis alleganiensis) is a farther-ranging (i.e. Mississippi
to New York) subspecies, and is generally offered limited
protection on a state by state basis.

The ideal behavioural response to encountering a hellbender
in the wild is to leave it be and report the encounter to a state
natural-resources agency. For anglers who inadvertently catch a
hellbender while fishing, the appropriate response is to release

the animal back into the water by cutting the line (Unger
and Williams 2012). Undesirable, or detrimental, behavioural
responses to catching or encountering a hellbender include
killing it, taking it home alive, or throwing it on the river
bank. Reports of these detrimental behavioural responses are
generally anecdotal, and to the authors’ knowledge, no empirical
studies have been conducted regarding the prevalence of this
detrimental behaviour. However, because the hellbender is an
increasingly rare, long-lived species with a slow reproductive
rate, even low rates of exploitation are likely to result in
population extirpation (Unger and Williams 2012).

Hypotheses

We explicitly tested three hypotheses related to the relationship
between individuals’ basic beliefs about wildlife, their attitudes
towards the hellbender and their behavioural intentions under
hypothetical encounters with the animal. These hypotheses are as
follows:

(1) Mutualistic-oriented basic wildlife beliefs will be positively
related to non-detrimental behavioural intentions in
hypothetical encounters with a hellbender.

(2) Positive attitudes towards the hellbender will be positively
related to non-detrimental behavioural intentions in
hypothetical encounters with a hellbender.

(3) Attitudes will be a more reliable predictor than basic wildlife
beliefs of behavioural intentions in hypothetical encounters
with a hellbender.

Materials and methods
Data collection

Following the five-wave tailored design method (Dillman et al.
2008), we collected data through a mixed-mode (mail and
internet) survey in two different locations, namely, the North
Fork of theWhiteRiverwatershed inMissouri and theBlueRiver
watershed of Indiana. The five mailings, including (in order) an
advance letter with a link to the internet survey, a paper survey, a
reminder postcard, a second paper survey, and a final paper
survey, stated that university researchers ‘are studying public
perceptions of the natural resources in the area surrounding the
[BlueRiver area orNorthFork of theWhiteRiver].’Mailings also
informed recipients that respondentswould have a better than 1 in
100 chance of winning a US$30 cash prise.

Two slightly different versions of the survey were used in
Indiana. One version of the survey included only the statement
‘This animal is a hellbender’ next to a picture of the animal. The
other version stated ‘This animal is a Hellbender. It is only found
in one place in Indiana: thewaters of the BlueRiver.Without new
efforts to protect it, the Hellbender may disappear from Indiana’.
The two versions of the survey were used to assess the impacts of
information about rarity on individual attitudes (the findings can
be found in Reimer et al. 2014). Independent analysis of data
collected using both versions of the survey yielded coefficient
estimates with identical directionality and nearly identical
significance levels. The questions involved in the analysis
presented here were exactly the same in all of the surveys.

To ensure an adequate representation of the stakeholders with
the most direct impact on hellbender conservation, we sampled
the following two populations in each state: watershed residents

Behavioural intentions towards a rare amphibian Wildlife Research C



and private riparian landowners. In Missouri, we conducted a
random sample of watershed residents (n= 899) and a census
of all private riparian landowners along the North Fork of the
White River in counties where the hellbender is known to exist
(n = 166). In Indiana, data collection followedanprocess identical
to a random sample of watershed residents (n= 1 097) and a
census of all private Blue River riparian landowners (n= 281) in
counties where the hellbender is known to exist. In both states,
names and addresses of randomly sampled watershed residents
were purchased from Survey Sampling International (www.
surveysampling.com/), whereas the names and addresses of
riparian landowners were collected from online county
property-tax records. The two sampling frames were cross-
checked before sampling, to ensure that riparian landowners
would not be included in the random sample. Indiana surveys
were administered in the summer of 2011 and Missouri surveys
were administered in the fall of the same year.

Measures

Basic wildlife beliefs
To assess general wildlife beliefs, we utilised a modified

version of Fulton et al.’s (1996) measurement scale. The scale
is intended to gauge basic values that humans hold towards
wildlife through 35-statement items. We reduced the number
of statement items through factor analysis to 14, on the basis of
pretesting of the instrument in an undergraduate class in an effort
to reduce respondent burden and overall survey length. Some of
the statements were also reworded to better fit the Midwestern
context. The items (e.g. Humans should manage wild animal
populations so that humans benefit and Having wildlife around
my home is important to me) were measured using a 7-point
Likert scale ranging from 1 (strongly disagree) to 7 (strongly
agree). Our analysis of the modified measurement scale
identified three basic belief dimensions. These are (1) human
management of wildlife, (2) non-hunting wildlife experiences
and (3) ethics of hunting or fishing. These three belief
dimensions assess mutualistic as opposed to domination-type
value orientations towards wildlife (Manfredo et al. 2009;
Teel and Manfredo 2010). Higher responses to the non-
hunting wildlife experiences and ethics-scale items, and lower
responses to human management-scale items, indicate a stronger
mutualistic value orientation.

Given the construct validity of the basic wildlife belief scale
has been consistently demonstrated in previous research (e.g.
Kretser et al. 2009; Fix et al. 2010), a confirmatory factor analysis
was used to assess the fit of the hypothesised three-factor first-
order structure implied by the scale’s items and the basic wildlife
belief dimensions they are intended to measure (Table 1). We
confirmed the scale’s construct validity through assessments of
reliability as well as convergent and discriminant validity (Kline
2011). Both survey samples were checked independently. For
more information regarding the analysis of scale reliability and
validity, see Supplementary Material.

Attitudinal response
Attitudes towards hellbenders in both Missouri and Indiana

were measured through the use of a semantic differential scale
(Mehrabian and Russell 1974). Specifically, we used a modified

version of companion-animal scale of Poresky et al. (1988).
We reduced original 18 measurement items of the scale
down to nine, based on our expectations of applicability with
the hellbender attitude object (Table 2). The Poresky et al.
(1988) scale was developed for measuring attitudes towards
pets, with several items assessing attitude dimensions that
would not be expected in human–wildlife relationships (e.g.
loving to not loving). In addition to the nine scale items from
the Poresky et al. (1988) scale, we added two additional
adjective pairs, namely hardy to fragile and dangerous to
harmless, expecting that they would be related to attitudes
towards herpetofauna. All 11 attitude items (e.g. good to bad,
important to unimportant, beautiful to ugly) asked respondents
to indicate the number that best described their opinion of the
hellbender along a 7-point scale. We confirmed the construct
validity of the single-factor attitude scale through assessments
of reliability (Cronbach’s a and reliability coefficients, mc2) and
convergent validity (factor loadings, l) (Kline 2011). For more
information regarding the analysis of scale reliability and
validity, see Appendix 1.

Behavioural intentions
Respondents’ behavioural intentions were measured through

one multiple-response question, in which respondents could
select more than one option. The question stated, ‘If I caught
[a hellbender] while fishing or during some other outdoor
activity, I would. . .’ Respondents were then given seven non-
exclusive potential responses: ‘cut the fishing line,’ ‘remove the
hook,’ ‘put it backwhere I found it,’ ‘call a resource professional,’
‘throw it on the bank,’ ‘kill it,’ and ‘take it home alive.’
Respondents were also given an ‘other (please specify)’
option; however, these infrequent responses are not included
in our analysis. For subsequent analysis and interpretation,
we collapsed the three categories of ‘throw it on the bank,’
‘kill it,’ and ‘take it home alive’ into a single dichotomous
variable labelled detrimental behaviour. The use of a response
variable that included several non-exclusive behaviours
allowed us to capture more information about the intentions
of individuals than would the traditional approach of eliciting
responses about a single behaviour by using an ordinal scale.

Controls
We solicited responses from individuals regarding typical

socio-demographic characteristics (gender, age and education).
These measures were included in the model as controls. We also
solicited responses regarding whether or not respondents had
heard of the hellbender before receiving the survey as well as
whether or not they had fished in the previous 12 months. The
survey included these questions because these factors might
also influence behaviour (e.g. we believed anglers would be
more likely to remove a hook from a hellbender because they
are more likely to fish). Both of these measures are dichotomous
and were included in the model as additional controls.

Modelling behavioural intentions
The dependent variable, behavioural intentions, contains five
non-exclusive response options. Correct and parsimonious
model development requires that we account for the non-
exclusivity of these response categories (Hartzel et al. 2001;
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Skrondal and Rabe-Hesketh 2004). To accomplish this, we
utilised a multinomial logit regression model that generalises
the logistic regression model to account for more than one
outcome (McFadden 1974). We set up the data by creating a
unique observation for each respondent and each behavioural
choice. This process, referred to as exploding or expanding the
dataset results in a panel dataset with x panels that directly
correspond to x response categories. For our analysis, five
panels were created. As a result, the dependent-variable
behaviour is specific to individual respondents i, and
behaviour b. Because we needed to generate inference about
the effect of each independent variable on each behavioural
intention, we created a dummy variable corresponding to each
panel as well as interactions between each panel (potential
behaviour) and each independent variable. By doing so, the
model is effectively estimating five logistic regression models
at once. However, the multinomial logit model controls for
within-subject correlation across dependent variables (Hartzel
et al. 2001; Skrondal and Rabe-Hesketh 2004).

After generating the factor scores for basic wildlife belief
dimensions (BasicWildlifeBelief1, BasicWildlifeBelief2,
BasicWildlifeBelief3) and attitudinal responses (AR), and
including controls for prior knowledge of the species, fishing
behaviour, gender, age and education, our full model of
behavioural intentions is specified as

behaviorib ¼ mþ b1BasicWildlifeBelief 1ib

þ b2BasicWildlifeBelief 2ib

þ b3BasicWildlifeBelief 3ib

þ b4ARib

þ b5HeardOfHellbenderBeforeib

þ b6Anglerib

þ b7 genderib

þ b8agei

þ b9educationi

þ eib

Note that we included a random effect for the sample from
which the data were generated, either Missouri or Indiana.
Inclusion of the random effect implies that we were allowing
the regression intercepts to vary across samples; however, the
slopes were the same. We included the random effect in an
effort to control for potential variation in responses among
samples. To preview the findings, we found the random
effect to be non-significant, indicating no variation across
samples.

Given that our hypotheses called for an examination of the
relationship between both basic wildlife beliefs and attitudinal
responses on behavioural intentions, we first estimated the
model above without the attitudinal response variable,
generating an Akaike information criterion (AIC) score. We
subsequently estimated the full model, with the attitudinal
response variable included, and compared its AIC against the
first model. Higher AIC scores reflect a model that is more
likely to minimise information loss. The models were
estimated using the xtmelogit command in Stata 12.0
(StataCorp, College Station, TX).

Results

Sample descriptions

In total, 348 responses were received from residents living
in the Ozarks watershed of Missouri; this included 243
individuals who were randomly sampled and 105 riparian
landowners. In total, 113 surveys were returned
undeliverable, yielding a total adjusted response rate of
36.6%. The majority of respondents were male (68.0%).
The mean age was 61.0 years (s.d. = 13.0) and 24.8%
indicated they had obtained a 4-year college degree or a
graduate degree. A majority of Missouri respondents
(83.2%) were familiar with the hellbender before taking the
survey. More than half (63%) of the Missouri survey
respondents reported fishing in the past year.

For the surveys administered in the Blue River watershed of
Indiana, 541 were completed and returned successfully (388
from the random sample and 155 from riparian land owners).
After accounting for undeliverable surveys (58), this tabulates
out to a response rate of 41.0%. The majority of Indiana

Table 2. Measurement item and model statistics for attitudinal response scale
Responses were assessed through a 7-point semantic differential scale where lower values generally indicate more positive attitudes. However, some of the

measurement items assess attitudinal dimensions that are not clearly positive or negative (e.g. hardy to fragile)

Item Missouri sample Indiana sample
Mean s.d. Cronbach’s a mc2 l Mean s.d. Cronbach’s a mc2 l

Attitudinal response 0.90 0.90
Good to bad 2.67 1.70 0.70 0.78 3.33 1.77 0.81 0.85
Important to unimportant 2.76 1.82 0.81 0.84 3.30 1.88 0.79 0.82
Beautiful to ugly 4.14 2.05 0.23 0.58 5.21 1.85 0.32 0.65
Friendly to not friendly 3.73 1.70 0.28 0.64 4.46 1.70 0.36 0.70
Warm to cold 4.58 1.75 0.09 0.42 5.00 1.60 0.16 0.52
Pleasant to unpleasant 3.70 1.66 0.39 0.73 4.64 1.72 0.46 0.80
Valuable to worthless 2.87 1.87 0.82 0.86 3.46 1.87 0.74 0.80
Clean to dirty 2.98 1.70 0.65 0.82 4.19 1.82 0.46 0.71
Hardy to fragile 4.47 1.94 – – 3.74 1.77 – –

Harmless to dangerous 2.23 1.67 0.34 0.59 3.10 1.77 0.49 0.67
Dry to slimy 5.15 1.56 – – 5.66 1.45 – –
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respondents were male (63.4%), the mean age was 58.6
(s.d. = 14.5), and 22.7% indicated they had obtained either a
4-year college or graduate degree. In all, 45.1% of Indiana
respondents were familiar with the hellbender before taking
the survey. More than half (51%) of the Indiana survey
respondents reported fishing in the past year.

Basic wildlife beliefs

Descriptive statistics for the basic wildlife belief statement
items are shown in Table 1. On average, Missouri respondents
strongly valued non-hunting wildlife experiences, while also
believing that hunting and fishing are ethical. Respondents
also slightly favoured human-centred management of wildlife
because average responses to the first four statement items
were all above the scale midpoint of 4. The descriptive
statistics for the Indiana sample revealed similar, yet slightly
weaker, patterns of basic wildlife beliefs.

Behavioural intentions

The distribution of respondents’ behavioural intentions was
similar in Missouri and Indiana. Most individuals, 74.4% of
the Missouri sample and 71.6% of the Indiana sample,
indicated that they would put a hellbender back where it was
found if they were to catch one. About half of respondents,
50.9% of the Missouri sample and 44.2% of the Indiana
sample, indicated that they would remove the hook. Only
about one-fifth of the respondents indicated that they would
cut the line and even fewer indicated that they would call a
resource professional. Very few individuals, 2.3% of the
Missouri sample and 4.4% of the Indiana sample, indicated
that they would either ‘throw it on the bank’ ‘kill it’ or ‘take it
home alive’.

Regression results

We first estimated the regression model without the latent
attitudinal response variable and then re-estimated the model
with it included as a predictor of behavioural intentions.
A comparison of the AIC scores and model log-likelihood
values without (AIC = 2858.36; LLV= –1395.18) and with
(AIC = 2232.60; LLV= –1077.30) showed that inclusion of the
attitudinal response measure improved the model. Subsequently,
we present results for only the model with the attitudinal
response measure included (Table 3). Output from the reduced
model is included in Table S1 (available as Supplementary
Material for this paper) for reference.

Basic wildlife beliefs

Results from the full regression model suggest that basic
wildlife beliefs are poorer predictors of individuals’
behavioural intentions than are attitudinal responses towards
the animal. For all the combinations across the three latent
basic wildlife belief dimensions and the five behaviours, only
two significant relationships were present (Table 3, Fig. S1,
available as Supplementary Material for this paper). First, the
data showed that the more value individuals placed on non-
hunting wildlife experiences, the more likely they were to say
they would put a hellbender back if they encountered it while
fishing (b= 0.32, P = 0.014). Second, the data suggested that

the more value individuals placed on non-hunting wildlife
experiences, the less likely they were to say they would
engage in a behaviour harmful to the animal (either
throwing it on the bank, killing it, or taking it home alive)
(b= –0.47, P = 0.030). These significant results are highlighted
in Fig. S1b.

It is important to note here that although only two basic
wildlife beliefs were significantly related to behavioural
intentions, both relationships provided support for
Hypothesis 1. Explicitly, the results suggested that more
mutualistic-oriented basic wildlife beliefs are positively
related to non-detrimental behavioural intentions in
hypothetical encounters with a hellbender. Consequently,
we fail to reject Hypothesis 1.

Attitudinal response

Individuals’ attitudinal responses towards the animal were
a consistent and significant predictor of behavioural
intentions. First, the data suggested the more negative the
attitudes held by individuals, the less likely they were to say
they would remove the hook (b= –0.55, P < 0.001), put the
animal back (b= –0.77, P < 0.001), or call a resource
professional (b= –0.33, P = 0.023). These significant results
are illustrated in Fig. 2; the attitudinal response scale ranges
from positive to negative and the coefficients should be
interpreted accordingly. Each of these significant results
supports the expected outcomes noted in Hypothesis 2. The
data suggest that positive attitudes towards the hellbender are
positively related to non-detrimental behavioural intentions
(the data also suggest that the inverse is true). Given this, we
fail to reject Hypothesis 2.

Comparison of independent variables

A visual comparison of effect-size measures and significance
levels between the independent basic wildlife belief and
attitude variables, as well as the noted lower AIC value for the
model including the attitude measure, showed that species-
specific attitudes are stronger and more consistent predictors
of behavioural intentions than are basic wildlife beliefs.
Consequently, we fail to reject Hypothesis 3.

Controls

The analysis also revealed that individuals already familiar
with the hellbender were more likely to indicate that they would
remove the hook if they caught one (b= 0.74, P < 0.001). Not
surprisingly, the same was true for anglers (b= 0.58, P = 0.005).
None of the other socio-demographic characteristics had a
significant influence on behavioural intentions.

Discussion

We began this investigation with a desire to examine whether
or not individuals’ behavioural intentions towards hellbenders
are influenced by both their attitudes towards the animal and
their more general beliefs about wildlife. On the basis of a
review of related literature, we posed three distinct hypotheses,
all of which were supported by our empirical investigation.
Support for these hypotheses, along with our relatively unique
approach to measuring both attitudes and behavioural intentions,
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yield three contributions to the human dimensions of wildlife
literature. Specifically, these contributions are as follows:

(1) further support for the proposition that attitudes are more
consistent at predicting behavioural intentions than are
more general basic wildlife beliefs,

(2) support for previous calls for ‘evaluative consistency’
between attitudinal and behavioural measures,

(3) information about attitudes and beliefs that can guide the
conservation of hellbenders and other species affected by
exploitation and persecution.

Table 3. Results from mixed-effects logistic regression panel model
Model log-likelihood = –1077.30, Akaike information criterion = 2232.60, Bayesian information criterion = 2460.97.
M–D, indicates an orientation continuum from mutualism to domination. D–M, indicates an orientation continuum from

domination to mutualism. ***P� 0.001; **P� 0.01; *P� 0.05

Behaviour and covariate Coef. s.e. z 95% CI
LB UB

Cut the Line
Management of wildlife (M–D) 0.27 0.16 1.72 –0.04 0.58
Non-hunting wildlife experiences (D–M) 0.05 0.14 0.38 –0.22 0.32
Ethics of hunting or fishing (D–M) 0.07 0.14 0.48 –0.20 0.33
Attitudes 0.20 0.12 1.71 –0.03 0.43
Heard of hellbender before 0.17 0.24 0.72 –0.30 0.64
Angler 0.42 0.24 1.72 –0.06 0.90

Remove the hook
Management of wildlife (M–D) 0.00 0.13 –0.03 –0.27 0.26
Non-hunting wildlife experiences (D–M) 0.03 0.12 0.25 –0.20 0.26
Ethics of hunting or fishing (D–M) 0.06 0.12 0.48 –0.18 0.29
Attitudes –0.55*** 0.11 –5.06 –0.77 –0.34
Heard of hellbender before 0.74*** 0.20 3.66 0.34 1.14
Angler 0.58** 0.20 2.83 0.18 0.98

Put it Back
Management of wildlife (M–D) 0.15 0.17 0.87 –0.18 0.48
Non-hunting wildlife experiences (D–M) 0.32** 0.13 2.47 0.07 0.58
Ethics of hunting or fishing (D–M) 0.27 0.16 1.74 –0.03 0.58
Attitudes –0.77*** 0.14 –5.57 –1.04 –0.50
Heard of hellbender before 0.33 0.25 1.32 –0.16 0.83
Angler –0.13 0.26 –0.49 –0.64 0.38

Call a resource professional
Management of wildlife (M–D) –0.19 0.17 –1.16 –0.52 0.13
Non-hunting wildlife experiences (D–M) 0.20 0.18 1.10 –0.15 0.55
Ethics of hunting or fishing (D–M) 0.22 0.15 1.51 –0.07 0.52
Attitudes –0.33* 0.15 –2.28 –0.62 –0.05
Heard of hellbender before 0.11 0.29 0.39 –0.45 0.68
Angler 0.39 0.29 1.33 –0.19 0.96

Detrimental behaviour
Management of wildlife (M–D) 0.64 0.39 1.62 –0.13 1.41
Non-hunting wildlife experiences (D–M) –0.47* 0.22 –2.18 –0.89 –0.05
Ethics of hunting or fishing (D–M) –0.13 0.36 –0.37 –0.83 0.57
Attitudes 0.40 0.26 1.53 –0.11 0.92
Heard of hellbender before 0.04 0.53 0.08 –1.00 1.08
Angler –0.34 0.53 –0.64 –1.37 0.70

Socio-demographic characteristics
Gender –0.13 1.41 –0.13 –0.03 0.48
Age –0.89 –0.05 –0.89 –0.01 0.00
Education –0.83 0.57 –0.83 –0.05 0.08

Panel variables
Cut the line 0.53 0.37 1.41 –0.20 1.26
Remove the hook 1.58*** 0.35 4.54 0.90 2.26
Put it back 3.78*** 0.38 10.01 3.04 4.52
Detrimental behaviours –1.29* 0.60 –2.16 –2.45 –0.12
Call a professional 0.00 (omitted)
Constant –2.21*** 0.40 –5.56 –2.99 –1.43

Random effects parameters Estimate s.e.
Sample 2.42e–7 0.20
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Basic wildlife beliefs, attitudes and behavioural
intentions

The responses to the basic wildlife belief scales indicate that
residents in the study areas possess both mutualistic and
domination value orientations. Many respondents appear to
value both hunting (domination oriented) and non-hunting
(mutualism oriented) experiences with wildlife. Among
respondents, there was widespread variability in beliefs about
the ethics of hunting and fishing questions, which were all
posited with a strong mutualistic tone (e.g. hunting is cruel
and inhumane to the animals). The strong agreement with the
human-centred questions in the wildlife management scale
suggests a strong domination value orientation in regards to
this belief dimension.

Similar to previous empirical studies on value–attitude–
behaviour relationships pertaining to wildlife or wildlife
management, we found that basic wildlife beliefs were neither
as consistent nor as strong predictors of behavioural intention
as were attitudes. This finding has become a ‘central concept’
within the values–attitudes–behaviours literature; we add to
this literature by extending the framework to a rare and little-
known species of conservation concern (Manfredo et al. 2004).
Generally, it is assumed that the more direct correspondence
there is between variables (in terms of target, action, context
or time), the stronger the relationship between those variables.
For example, Whittaker et al. (2006) found a weaker
relationship between respondents’ general wildlife beliefs and
their support for specific wildlife-management actions when
compared with general management actions. More explicitly,
basic wildlife beliefs have relatively little impact on specific

behaviours after accounting for the more significant influence
of attitudes. In this study, attitudes towards the hellbender had
a greater influence on specific behavioural intentions than had
basic wildlife beliefs.

Understanding stakeholders’ basic wildlife beliefs, species-
specific attitudes, and their relationship to behaviour are
important to the conservation of rare and little-known
species. Past research has shown that attitudes mediate the
relationship between basic beliefs and behavioural intentions
(Fulton et al. 1996; Vaske and Donnelly 1999). Furthermore,
the theory of cognitive dissonance (Festinger 1957) posits that
people prefer to behave in ways that are consistent with their
beliefs and attitudes. This theory helps explain why
respondents who value non-hunting wildlife experiences are
less likely to say that they would engage in a behaviour that
would harm a hellbender. The theory of cognitive dissonance
also suggests that the public is more likely to support
conservation efforts if the broader goals align with the
public’s values as expressed through their basic beliefs
about wildlife. Because basic beliefs are more stable than
attitudes (Rokeach 1979; Fulton et al. 1996), outreach is
not likely to be a viable strategy in changing general beliefs
about wildlife. Therefore, knowing that stakeholders in
Missouri and Indiana value both hunting and non-hunting
experiences with wildlife, as well as human management of
wildlife, can help planners articulate the goals and objectives
of hellbender conservation in a way that fits with the public’s
beliefs. Furthermore, our findings provided support for the
idea that changing basic wildlife beliefs is not likely to have
a direct effect on behaviour (Fulton et al. 1996). Because
attitudes are less stable and more closely related to behaviour
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Fig. 2. Predicted probabilities of behavioural intentions in response to catching a hellbender relative to
attitudinal responses towards the animal. All predicted probabilities are estimated at the means of all other
covariates in the final model (i.e. all other independent variables are being held constant).
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than are basic beliefs, outreach efforts should focus on
promoting positive attitudes towards hellbenders.

Evaluative consistency

Our unique conceptualisations and measurements of both
attitudes and behavioural intentions allow us to generate more
definitive and explicit inferences regarding the connections
among beliefs, attitudes and behavioural intentions. This
contribution is important to the field of wildlife conservation
because it helps inform how future social science research
should be conducted so that it is more useful for those leading
conservation efforts. No previous study grounded in the
cognitive hierarchy framework has assessed how attitudes
towards a particular species affect behavioural intentions in
direct encounters. Attitudes are generally measured in
reference to their influence on the public’s acceptance of
wildlife-management actions (Zinn and Pierce 2002;
Dougherty et al. 2003; Whittaker et al. 2006) or support of
conservation (Tarrant et al. 1997; Teel et al. 2010). The fact
that this previous research has noted a significant relationship
between tangential attitudes and behaviour is somewhat
surprising, given the large body of literature on social
psychology, suggesting that tangential attitudes are poor
predictors of specific behavioural intentions (see Ajzen and
Fishbein 2005). However, on closer inspection of this
literature, it becomes clear that not only is the measurement of
attitudes tangential to the species, so too are the behavioural
intentions or behaviours. For example, the behavioural
measurement of Teel et al. (2010) was simply engagement in
certain recreational activities, none of which is specific to a
particular species. Similarly, Dougherty et al. (2003) gauged
behaviours through a composite measure of recreational
intentions. Our intent is not to criticise prior research, but to
highlight the fact that the attitude object is consistent across
both measures of attitudes and behaviours in our study, a
relatively uncommon approach in the value–attitude–
behaviour literature (Whittaker et al. 2006). The result is a
consistent and significant relationship between attitudes and
behavioural intentions.

It is important to note that our attitude operationalisation
was different from the theoretical relationship outlined by
Ajzen and Fishbein (2005). The attitude measure in our study
assessed respondent evaluation of the hellbender rather than the
specific behaviours we investigated. While Ajzen and Fishbein
(2005) stated that for attitudes to be predictive of behavioural
intentions, they should be closely specified to the behaviour,
our findings indicated that in the case of wildlife-specific
behaviours, attitudes towards the species can serve as a useful
proxy for behaviour-specific attitudes. This finding is useful
for conservation efforts, where professionals attempting to
understand human dimensions of conservation may not have
complete knowledge of relevant behaviours or the time or
expertise to carry out a full theory-based exploration of
behaviours. The most significant finding for conservation
efforts is that positive attitudes towards the conservation
target species are related to positive behaviours, allowing
professionals on the ground to explore public attitudes as a
predictor of behaviour.

When discussing the aforementioned disconnect between
general or tangential attitudinal measures and specific
behaviours, Ajzen and Fishbein (2005) suggested that
researchers attempt to establish ‘evaluative consistency’ across
measurements of attitudes and behaviours. The attitude object,
they argued, should be either identical between metrics, or be
abstracted to a relatively generalised level (e.g. attitudes and
behavioural intentions towards all wildlife as opposed to a
particular species). In the literature pertaining to other types of
environmentally beneficial behaviours (e.g. recycling and
environmental activism), the evidence supports this argument
(Heberlein and Black 1976; Vining and Ebreo 1992). The results
from the research presented here supported this previously
untested proposition within the context of attitudes and
behaviours towards wildlife.

Implications for conservation of rare and little-known
species

Through this improved theoretical understanding of the
relationship between attitudes and behavioural intentions
towards a rare and little-known species, we can inform
conservation efforts. Because the data suggested that attitudes
towards the animal have a stronger relationship with the intent
to harm a hellbender than do general wildlife beliefs, resource
managers should focus on outreach strategies that promote
positive attitudes towards hellbenders. These findings and our
theoretical model could be potentially useful for conservation
efforts in other management contexts as well. Understanding
the linkage between attitudes and behavioural intentions could
be particularly useful in contexts where it is known that
people have negative attitudes towards a conservation target
species. For example, Knight (2008) found that individuals
had more negative attitudes towards snakes, bats and spiders
than they did towards animals such as seals, ducks or cats, and
that those attitudes had direct and significant impacts on
support for conservation actions. Our findings indicated efforts
to change attitudes in situations where negative attitudes
towards conservation targets abound could be necessary to
avoid potentially harmful behaviours by humans. Efforts to
conserve rare or little-known species should investigate
attitudes towards those species and focus outreach strategies
on developing positive attitudes towards the species, so as to
achieve desired changes in behaviour. According to Beebee
and Griffiths (2005), scientific and social scientific approaches
must be joined to address the global threats to amphibians. The
conservation of rare and little-known species will likely be
more effective if it is informed by collaborative efforts
involving empirical social, biological and economic science.

A priority for further research into the human dimensions
of rare and little-known species conservation is to determine
the role of familiarity on the public’s attitudes, as well as to
identify effective strategies for promoting attitude change.
Because respondents with prior knowledge of the hellbender
were more likely to remove the hook, our model provides
evidence that familiarity is associated with behaviour that
is conducive to conservation. In the case of populations
negatively affected by direct exploitation, are people’s
attitudes determined more by the appearance of the animal or
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familiarity with the species? Can attitudes be easily swayed
by information? These questions are worthy of continued
rigorous empirical research that could further both our
theoretical understanding of the connections among basic
wildlife beliefs, attitudes and behaviours, and improve species
conservation efforts designed to inform the public about
appropriate behavioural responses regarding rare and little-
known species.

Study limitations

The research presented here is a step towards understanding the
connections between cognitive constructs and conservation-
related behaviours. Despite clear support for the three
hypotheses proposed in this research, we acknowledge several
limitations of the study. The first limitation stems from our
survey response rates. A low response rate (below 40%) is a
potential concern in survey research, as it could indicate a
biased or unrepresentative sample. Our sample appeared to be
biased towards male respondents, although this is unsurprising
given our sampling frame of landowners, the majority of
whom are male. Additionally, it is not possible to compare our
sample to the general population in terms of outdoor recreation
behaviours, because we are unaware of sources of information
regarding participation rates in outdoor recreation for our
survey populations. Although slight, it is possible that some
response bias exists and our results may not be generalisable
to the entire adult populations of our study areas.

The most significant limitation is that survey research does
not allow for the measurement of actual behaviour. In the
present study, we asked for self-reports of behavioural
intentions in a hypothetical situation. This limitation is not
unique to this study, and behavioural intentions have been
shown to be a close proxy for behaviour (Fishbein and Ajzen
2010). However, it is worth noting because the correlation
among attitudes, intentions and behaviour may be weaker for
behaviours that are infrequent or unfamiliar (Heberlein and
Black 1976), such as the behaviour that occurs in an encounter
with a rare and little-known species. Behavioural theories also
note that there are other factors, including one’s physical or
emotional ability to act that can prevent one from behaving as
intended (Fishbein and Ajzen 2010).

Our study included several behaviours believed by local
conservation professionals to be potential sources of harm to
the hellbender. Many of these behaviours are specific to angling.
People may engage in activities such as canoeing or swimming,
in which they might encounter the hellbender and interact in
ways that we did not explore in this study. The behavioural
intentions of respondents who do not fish or recreate outdoors
on a regular basis are largely hypothetical and may never
translate into actual behaviour. Low familiarity with the
hellbender may have also led to respondents providing
‘pseudo-opinions’ rather than fully formed beliefs or attitudes.
Although this can be a problem in survey research in general
(Bishop et al. 1980, 1986; Converse 2006), the present study
relied primarily on measures with some robustness to this
issue. Individuals need not have heard of the animal before to
accurately provide answers to questions regarding basic wildlife
beliefs or attitudes measured by the semantic differential

approach. Moreover, in an actual encounter with a rare and
little-known species, the behaviour of an individual who is
unfamiliar with the animal will be informed by immediate (not
fully formed or well established) attitudes. Nevertheless, for
conservationists on the ground, it is important to recognise
the difference between hypothetical intentions and actual
behaviour.

Many of the behavioural intentions assessed in the present
study are undesirable (such as killing or taking the animal home)
and respondents may have given a socially desirable response
rather than a true reflection of their behavioural intention.
Although being undesirable, it should be noted that few of the
behaviours noted are illegal; only collecting the animals from
the wild to keep as pets is an illegal behaviour (Mullendore
et al. 2014). This is a common problem in self report-based
research (such as surveys) and may have led to underreporting
of detrimental behavioural intentions in our study (Streb et al.
2008). However, on the basis of an examination of the effect
of socially desirable responding, Milfont (2009) concluded that
‘social desirability concerns do not have a strong effect on the
way people respond to questions addressing environmental
issues’ (p. 268). The impracticality of studying such infrequent
behaviour through observation forces us to rely on self-reports.
Future research investigating the relationship between attitudes
and behaviour towards a conservation target could address
these limitations through an experimental research design.
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