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Perceptions of, and attitudes toward, wildlife are influenced by exposure to, and direct experiences with,
nature. Butterflies are a conspicuous and ubiquitous component of urban nature acrossmegacities that are
highly urbanized with little opportunity for human–nature interactions. We evaluated public familiarity
with, perceptions of and attitudes toward butterflies across nine megacities in East and Southeast Asia
through face-to-face interviews with 1774 urban park users. A total of 79% of respondents had seen
butterflies in their cities mostly in urban parks, indicating widespread familiarity with butterflies.
Those who had seen butterflies also had higher perceptions of butterflies, whereas greater than 50% of
respondents had positive attitudes toward butterflies. Frequent visits to natural places in urban
neighbourhoods was associated with (i) sightings of caterpillars, indicating increased familiarity with
urban wildlife, and (ii) increased connectedness to nature. We found two significant positive
relationships: (i) between connectedness to nature and attitudes toward butterflies and (ii) between
connectedness to nature and perceptions of butterflies, firmly linking parks users’ thoughts and
feelings about butterflies with their view of nature. This suggests that butterflies in urban parks can
play a key role in building connectedness to nature and consequently pro-environmental behaviours
and support for wildlife conservation among urban residents.
1. Introduction
Earth is now an ‘urban planet’ [1] and dramatic shifts in land use continue unabated. This is especially
true in East and Southeast Asia where cities are transforming into ‘megacities’ [2]. Megacities are ‘a
cluster of highly networked urban settlements anchored by one or more large cities’ which have
experienced rapid urbanization and human population growth [3]. Natural habitats are replaced by
impermeable structures, and natural resources from peri-urban areas are exploited to support
economic activities in cities, resulting in biotic homogenization on a massive scale [4]. Although
urbanization largely impacts biodiversity adversely, some man-made habitats such as urban parks
may function as surrogates for habitats otherwise absent from intensively managed land, hence
supporting wildlife populations [5] and providing essential ecosystem services [6].

While it is important to examine howurban green spaces support biodiversity and ecological processes,
understanding human perceptions and use of ‘urban nature’ is equally crucial for developing conservation
strategies that (i) benefit biodiversity andwell-being of urban residents [7] and (ii) are likely to be supported
by residents [8]. Consequently, understanding urban residents’ perceptions of, and attitudes toward,
urban nature is a rapidly developing area of research [9–12]. The ‘pigeon paradox’ by Dunn et al. [8]
posits that the frequency and quality of interactions with wildlife (including non-native species) in cities
impact residents’ pro-environmental action and will ultimately determine the success of efforts to
address the planetary biodiversity emergency [13,14]. The interactions happening in urban green spaces
such as parks will shape residents’ emotional connection with nature, how they respond toward
wildlife, and consequently their sensitivity to broader environmental issues [12–16]. For example,
undergraduates in Tokyo who positively valued the natural environment did not find birds and
butterflies in their neighbourhoods troublesome but tended to appreciate these urban species for their
roles in mind relaxation [12]. In Singapore, residents who were more connected to nature tended to
disagree that birds were visually unpleasant, aggressive and damage personal property [17].

Perceptions of, and attitudes toward, wildlife are influenced by exposure to, or direct experiences with,
‘nature’ [8,12,14,18–20]. Urban wildlife is often regarded as ‘good’ or ‘bad’, and positive, neutral, and
negative sociocultural attitudes toward wildlife have persisted through history across the Asia-Pacific
region [21–23]. For example, birds are generally regarded positively for their ecosystem services, but
negative regard of birds due to their ecosystem disservices (e.g. faeces and noises) can result in harmful
actions toward birds [17,24]. Nevertheless, improved knowledge and perceptions of urban wildlife can
foster positive attitudes toward them [25].

Butterflies are colourful, conspicuous and ubiquitous in every megacity in East and Southeast Asia
(e.g. [26–30]). While a growing number of citizen science projects in this region use butterflies as
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Figure 1. Conceptual framework of hypothetical relationships between potential explanatory variables (at the start of arrows) and
response variables (at the end of arrows). Here we hypothesized that (1) city residents tend to visit parks near their homes; (2)
visiting natural places (i.e. parks) in neighbourhood and having seen butterflies and/or caterpillars foster connectedness to nature;
(3) park users with higher connectedness to nature have more positive perceptions of, and attitudes toward, butterflies; (4) gender,
age and sightings of butterflies and/or caterpillars influence perceptions of, and attitudes toward, butterflies; (5) perceptions of
butterflies and attitudes toward butterflies may be correlated.
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flagship species to promote biodiversity conservation in urban areas (e.g. [19,31,32]), human perceptions
of butterflies and the extent this influences public support for biodiversity conservation across the region
remain unexplored. In this study, we evaluated public familiarity with, perceptions of, and attitudes
toward butterflies in nine megacities across East and Southeast Asia through a face-to-face
questionnaire with urban park users.
2. Material and methods
2.1. Questionnaire design
With reference to previous literature [12,14,24,33–35], we conceptualized hypothetical relationships
between potential explanatory and response variables (figure 1). Using our conceptualized hypothetical
model and questionnaires used in previous studies [12,33,36], we developed a questionnaire (electronic
supplementary material, S1) to evaluate urban park users’ familiarity with, perceptions of, and attitudes
toward butterflies, and the park users’ connectedness to nature. The questionnaire was first written in
English, then translated to Malay, simplified Chinese, Thai, and Vietnamese. In no version of the
questionnaire did we elaborate on differences between butterflies and moths or explain that caterpillars
are lepidopteran larvae. A pilot study using a partial version of the final questionnaire was conducted
in Kuala Lumpur, Malaysia in April 2016 to assess the comprehensibility and suitability of the
statements (results were excluded from the present analyses).

The final questionnaire comprised six parts. Part A contained five questions to elicit the socio-
demographic background of the respondents. Part B contained six questions to understand the
respondents’ familiarity with butterflies. Parts C, D and E each consisted of six statements, each
requiring respondents to choose ‘strongly agree’, ‘agree’, ‘no opinion/not sure’, ‘disagree’ or ‘strongly
disagree’ as their response. Part C aimed to examine respondents’ perceptions of butterflies (i.e. an
understanding of butterflies as an integral part of the city). Part D.i examined the respondents’
attitudes toward butterflies (i.e. a measure of their liking of butterflies), and D.ii included two open-
ended questions to obtain respondents’ preferred and disliked qualitative characteristics of butterflies.
Part E explored the respondents’ connectedness to nature.

2.2. Questionnaire implementation
We deployed our questionnaire at urban parks in nine megacities (used interchangeably with ‘city’
below) across East and Southeast Asia (figure 2) between 2017 and 2018. Parks that were open to the
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Figure 2. Locations of megacities across East and Southeast Asia where questionnaires were implemented. The map was created
using shapefiles publicly available at https://www.cdc.gov/epiinfo/support/downloads/shapefiles.html and edited using QGIS
software (https://qgis.org/en/site/).
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public and that receive a large number of visitors were selected. When in the parks, we approached
potential respondents, introduced ourselves as researchers conducting a questionnaire, and asked if
they were willing to take part. If they declined, we moved on to another potential respondent. If they
consented, we briefed them that the purpose of the research was ‘to examine human interactions with
butterflies in natural places in their neighbourhood’. Respondents were informed that their responses
would remain anonymous, there was no risk nor harm associated with the questionnaire, and they
were free to withdraw from answering at any point. In most cases, we asked the respondents the
questions verbally and wrote down their answers ourselves. Occasionally when there were groups of
several respondents, some would read the questions and write down their answers themselves, while
remaining in our vicinity. For certain questions and statements that respondents did not wish to
answer, the responses were recorded as ‘N/A’, denoting ‘not answered’.
2.3. Data analyses
Of 1774 completed questionnaires from nine megacities, 218 were excluded from further analyses due to:
(i) responses with unanswered questions, (ii) >5 N/A responses, (iii) illegible or inconsistent responses
and (iv) responses from individuals aged less than 18 years old. 1556 completed questionnaires were
retained for subsequent analyses. For Parts C, D.i and E, the responses were transcribed as a 5-point
Likert scale (‘strongly agree’ = 5, ‘agree’ = 4, ‘not sure’ = 3, ‘disagree’ = 2 and ‘strongly disagree’ = 1)
with negative statements being reversely scored.

Analyses were performed in R v. 4.0.2 [37]. For Part D.ii, qualitative responses indicating preference and
distaste for butterflies were visualized as word clouds using the ‘wordcloud’ package [38]. Pearson’s
correlation coefficient (less than 0.5) indicated no correlation between Parts C, D.i and E, against Part
A. Using the function ‘cronbach.alpha()’ in the package ‘ltm’ [39], the Cronbach’s alpha values calculated
for Parts C and E were 0.816 and 0.884, indicating high internal consistency among the statements [40].
Therefore, the scores for all statements in Parts C and E were averaged to provide a single mean score for
C = ‘perception of butterflies’, and E = ‘connectedness to nature’ following Soga et al. [12]. For D.i, the
Cronbach’s alpha value was initially 0.611 but improved to 0.829 after the removal of statement D3:
‘I think butterflies are dangerous because their caterpillars can be poisonous’. Consequently, responses for
D3 were excluded when averaging the scores for all other statements in Part D to provide a single mean
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score for D = ‘attitude toward butterflies’. For Part B, the calculated Cronbach’s alpha valuewas consistently

below 0.5 even after the removal of several statements. Therefore, only statements B1: ‘have you seen
butterflies in this city?’ and B5: ‘have you seen caterpillars in this city?’ with binary responses (no = 0,
yes = 1) were used in subsequent statistical analyses. Consequently, a total of 1309 completed
questionnaires were used for linear mixed effects modelling (LMM) and piecewise structural equation
modelling (SEM), with the hypothetical relationships (figure 1) as basic models.

LMM was performed to identify explanatory variables influencing response variables using the ‘lme4’
package [41] (figure 1). The random factor for the models was the location of the surveys (i.e. the
megacity which was denoted as ‘City’ in the models). A global model (where all explanatory variables
were present) was first built to identify the explanatory variables that influence the response variables
using function ‘lmer()’ with maximum-likelihood method (REML= FALSE). The function ‘dredge()’ in the
MuMIn package [42] was then used to conduct multi-model inference from all possible combinations of
explanatory variables for each response variable and models with the lowest Akaike information criterion
(AIC), lowest delta AIC and highest AIC weight were chosen as the best set of models for identifying the
important explanatory variables. Delta AIC lower than 2 indicates substantial evidence to support the
candidate model whereas the AIC weight indicates the probability that the candidate model is the best
among all the models considered [43]. For post hoc analyses, independent t-tests were conducted for
explanatory variables with two samples (i.e. male and female). Kruskal–Wallis tests and multiple
comparison using Dunn’s test with Benjamini–Hochberg adjustment for two-sided test (note that a two-
sided p-value less than 0.05 was considered significant in this case) were conducted for explanatory
variables with more than two samples (i.e. age groups).

SEMwas conducted to further examine the relationships between the explanatoryand response variables
using the ‘piecewiseSEM’package [44]. Based on the variables present in the best set ofmodels resulting from
the LMM analyses, we constructed an SEM model with LMM as the choice of regression using function
‘psem(lmer())’. The variables were converted to numeric binary (e.g. 0 = female and 1 =male) or ordinal
(1 = strongly disagree, 2 = disagree, 3 = not sure, 4 = agree and 5 = strongly agree) categories following
Lefcheck [45]. Based on the hypothetical relationships (figure 1) and LMM results, ‘perception of
butterflies’ and ‘attitude toward butterflies’ were considered to be correlated rather than directly causally
associated and were modelled with correlated errors. The model was checked for the following criteria:
(i) the variables were conditionally independent based on tests of directed separation (p-value > 0.05) and
(ii) the structure of the SEM model is supported by the data without potential missing paths based on
Fisher’s C test (p-value > 0.05) [45].

The final SEMmodel was assessed with the comparative fit index (CFI), Tucker–Lewis index (TLI), root
mean square error of approximation (RMSEA) and standardized root mean square residual (SRMR) using
the function ‘fitMeasures()’ in the lavaan package [46]. CFI measures the relative improvement in fit from
the baseline model to the postulated model, TLI measures a relative reduction in misfit per degree of
freedom, while RMSEA measures the discrepancy due to the approximation per degree of freedom [47].
SRMR quantifies the discrepancies between the sample covariances and the implied ones derived from
the parameters [48].
3. Results
Overall, 48.78% of respondents visited natural places in their neighbourhood either ‘once a week’ or
‘almost daily’ (electronic supplementary material, table S1). The majority of the respondents (78.6%)
reported having seen butterflies in the city. Of these respondents, the majority had seen butterflies at
parks, mostly two to three individual butterflies at once, and two to three different types of butterflies
at the same place (figure 3). Half of the respondents (51.03%) answered that they had seen caterpillars
in the city. Of these respondents, most had seen caterpillars at parks (31.44%, figure 3).

The dominance of ‘strongly agree’ and ‘agree’ responses to the statements in Parts C, D and E
demonstrated generally positive perceptions of butterflies, attitudes toward butterflies and
connectedness to nature among the respondents (figure 4).

Based on four models that resulted from LMM analysis (electronic supplementary material, table S2,
table S3; and figure 5), several SEM models were constructed and compared. The SEM model with lowest
AIC value (AIC = 65.223), a p-value > 0.05 for all directed separation tests, a p-value > 0.05 for Fisher’s C
test (21.223, p = 0.881, d.f. = 30) and that fitted the data well in post hoc assessments (electronic
supplementary material, table S4) was retained and visualized (figure 6).
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The SEM model (figure 6) confirmed that ‘perceptions of butterflies’ and ‘attitudes toward butterflies’
had a significant positive association (p < 0.001; figure 5a). ‘Perception of butterflies’ was positively
associated with ‘connectedness to nature’ ( p < 0.001; figure 5b) and ‘seen butterflies in the city’ (p = 0.001;
figure 5c), but negatively, yet not significantly, associated with ‘age’ (p = 0.085; figure 5d). ‘Attitudes
toward butterflies’ was positively associated with ‘connectedness to nature’ (p < 0.001; figure 5e) and
negatively associated, albeit weakly, with ‘gender’ (p = 0.049; figure 5f ). ‘Connectedness to nature’ was
positively associated with ‘frequency of visiting natural places in neighbourhood’ (p < 0.001; figure 5g),
but negatively, yet not significantly, associated with ‘seen butterflies in the city’ (p = 0.147; figure 5h).
‘Frequency of visiting natural places in the neighbourhood’ was positively associated with ‘age’ (p <
0.001; figure 5i), ‘seen caterpillars in the city’ (p < 0.000; figure 5j) and ‘residing in the city’ (p = 0.013;
figure 5k).
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We received 588 responses to the question about preferred characteristics of butterflies. The top ten
keywords for the preferred characteristics of butterflies were ‘colourful’ (frequency = 211), ‘yellow’
(frequency = 67), ‘white’ (frequency = 51), ‘black’ (frequency = 39), ‘big’ (frequency = 38), ‘blue’ (frequency =
33), ‘wings’ (frequency = 32), ‘colour’ (frequency = 26), ‘beautiful’ (frequency = 18), and ‘all’ (frequency = 17)
(figure 7a). For the question about disliked characteristics of butterflies, 300 responses were received. The top
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against (a) attitudes toward butterflies, (b) connectedness to nature, (c) sighting butterflies in the city and (d ) age group of
respondents. For Model 2, attitudes toward butterflies was plotted against (a) perceptions of butterflies, (e) connectedness to
nature and ( f ) gender of respondents. For Model 3, connectedness to nature was plotted against (g) frequency of visiting
natural places in neighbourhood and (h) sighting of butterflies in the city. For Model 4, frequency of visiting natural places in
neighbourhood was plotted against (i) age group of respondents, ( j ) sighting of caterpillars in the city and (k) being resident
of the city. Line of best fit (blue) with 99% confidence interval (orange) was plotted for (a), (b), (e) and (g). Responses were
superimposed on predicted group mean (grey column) and standard error of means (blue bar) for (c), (d ), ( f ), (h), (i), ( j )
and (k). ‘N/A’ responses were excluded from these plots.
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Figure 6. Piecewise structural equation modelling showing the standardized pathways for all response and explanatory variables
based on coefficient estimates. The arrowhead indicates the pathway of the relationship, where one variable influenced the other.
Green arrows with solid lines indicate a positive relationship between the two variables whereas red arrows with dashed lines
indicate a negative relationship between the two variables. Note that the variables with binary responses were coded as: male/
yes = 1; female/no = 0. Asterisks represent the significance levels of p-values in increasing order: �p < 0.05, ��p < 0.01 and
���p < 0.001. R2m indicates marginal R2, R2c indicates conditional R2 whereas s.e. indicates standard error. Note that
p-values > 0.05 indicated that the variables in the model were conditionally independent and all potential significant paths
were included in the model.

(a) (b)

Figure 7. Qualitative responses to questions where respondents were asked to describe their preferred (a) and disliked (b)
characteristics of butterflies.
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10 keywords for the disliked characteristics of butterflies were ‘black’ (frequency = 85), ‘none’ (frequency = 43),
‘grey’ (frequency = 20), ‘colour’ (frequency = 18), ‘big’ (frequency = 16), ‘moth’ (frequency = 16), ‘dark’
(frequency = 15), ‘white’ (frequency = 15), ‘small’ (frequency = 11) and ‘brown’ (frequency = 10) (figure 7b).
4. Discussion
Perceptions of, and attitudes toward, wildlife are thought to be affected by exposure to, and direct
experiences with, nature [8,12] which shape public support for wildlife conservation through the
‘nature benefit’ hypothesis [20]. However, no large-scale assessment of public familiarity with,
perceptions of, or attitudes toward nature has been conducted across East and Southeast Asia’s
megacities, where highly urbanized environments are often considered to offer little opportunity for
human–nature interactions. Here, we provide empirical evidence of how human–wildlife interactions



(a) (b)

Figure 8. (a) Part of an information board at Kadoorie Farm and Botanical Garden in Hong Kong, SAR, showing butterflies found
nearby and (b) part of an information board from Zhongshan Park, Beijing (both photographs taken by J.-J.W.).
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can shape increased perceptions of, and positive attitudes toward, nature even in the most urbanized
places on the planet. In these megacities, butterflies are ideal for representing ‘urban wildlife’
because previous studies have recorded high species richness and abundance of butterflies in their
urban parks [26–31,49–51] including common and conspicuous pierids (Appias spp., Catopsilia spp.,
Pieris spp.).

As butterflies are ubiquitous, it was reassuring that 79% of respondents told us they had seen
butterflies, indicating widespread familiarity with butterflies, with most sightings taking place in
parks in their cities. As the questionnaires were conducted solely in urban parks (including botanical
gardens), we would not have reached those who never visit natural places in their neighbourhood.
However, surveys in Hong Kong found that only 8% of respondents had never visited parks [52],
and the length of walking distance to a park is the major factor determining their accessibility [53].
Another study which overlapped with four of these megacities reported 55% of their respondents
have seen bees in the city [33]. This is lower than the percentage that had seen butterflies (78%) but is
similar to the percentage who had seen caterpillars (51%) in our survey. This may be expected as
seeing bees or caterpillars would usually require getting closer to vegetation, whereas butterflies can
be observed from distances and flying across open areas. Our survey also found that the frequency of
visiting natural places in the neighbourhood was positively associated with sightings of caterpillars
suggesting that the more regularly park users visit natural places, the more likely they become
familiar with the wildlife they support, including the inconspicuous elements such as caterpillars.

The City Nature Challenge is an international event tasked with motivating people around the world
to document wildlife in their cities and submit their observations through an online platform (www.
inaturalist.org). The competition has seen high participation levels in East and Southeast Asia in 2022
(https://citynaturechallenge.org/collective-results-2022/). During the international challenge in 2021,
butterflies were frequently recorded in Greater Kuala Lumpur (Klang Valley), including the common
species (i.e. Acraea terpsicore, Junonia almana, Zizina otis; https://www.inaturalist.org/projects/city-
nature-challenge-2021-klang-valley). These common butterfly species are easy to distinguish with little
knowledge required to identify them taxonomically. In our study, 78% of respondents who had seen
butterflies could distinguish multiple types of butterflies, suggesting some species recognition capacity
among the general public (see [31,54]), who are thought to generally underestimate species richness
[55]. Such species recognition capacity among the public can be further enhanced by setting up
information boards within parks (figure 8a), which has already been used to promote public
familiarity with butterflies in urban parks across East and Southeast Asia.

In our survey, the locations where respondents were most likely to report having seen butterflies in
the city were urban parks. This is not surprising considering that we used ‘park’ broadly in our
questionnaire to include botanical and zoological gardens, and university campuses, as these are the
major green spaces in cities. Similar to birds [56], it is likely that the majority of human–butterfly
interactions in cities take place in urban parks. As urban residents in East and Southeast Asia
generally live in apartments and do not have access to private gardens, urban parks are heavily used
for exercising opportunities [57], to ‘get fresh air’ [58] and for ‘picnics’ [59]. Such leisure activities can
provide a pathway to familiarity with, and connectedness to nature [60]. Park characteristics (e.g. size,
age, distance to wild areas, presence of flowering plants) will affect the abundance and diversity of
butterflies in each park [28,29,51], and consequently, park users’ familiarity with the butterflies.

http://www.inaturalist.org
http://www.inaturalist.org
https://citynaturechallenge.org/collective-results-2022/
https://www.inaturalist.org/projects/city-nature-challenge-2021-klang-valley
https://www.inaturalist.org/projects/city-nature-challenge-2021-klang-valley
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Therefore, park management strategies such as maintaining a large proportion of native or original

vegetation as ‘unmanaged’ or ‘wilderness’ space as part of ‘ecological parks’ in cities [28,29,51,61] can
be used to promote the presence of butterflies and other wildlife in the cities. Our respondents also
reported sightings of butterflies and caterpillars along roadsides with hedges or flowers. The presence
of butterflies and other wildlife along roadsides could also be enhanced by the ‘garden city’ concept
already implemented in a few cities in East and Southeast Asia [51,62].

High levels of familiarity with butterflies can result in greater perceptions of butterflies, as revealed
by our survey. The statements in our questionnaire were phrased in the manner to relate perceptions of
butterflies to recognition of butterflies as an integral part of the city. Perception of butterflies was
generally high among respondents, and in particular, the relationship between butterflies and plants
seemed to be well understood. Many respondents had seen butterflies not only in parks but along
roadsides and in housing areas, and those who have high level of connectedness to nature exhibited
positive perceptions of butterflies, indicating a public recognition that butterflies are part of the
‘nature’ in the city. Other studies have highlighted that ‘nature’ has often been portrayed to children
as separate from ‘culture’, sitting outside of human influence [17], resulting in urban residents lacking
a comprehensive understanding of wildlife and any positive views held being primarily abstract [63].
Increased perception of wildlife can be generated through increased knowledge and awareness, and
other researchers have proposed outreach and education programmes targeted at specific
demographics [17,25]. Educational materials placed in urban parks showing butterflies as integral
parts of city ecosystems have already been deployed in some megacities as an awareness and
education strategy targeting park users (figure 8b).

Despite positive attitudes (i.e. expressions of liking) toward nature being widely held and expressed
globally, not every component of biodiversity will be equally popular, or perceived as ecologically
meaningful to a city [64]. This may especially be the case in tropical regions. Urban wildlife such as
pythons, macaques [65], bats [25], birds [17] and insects generally [33,64] are often regarded as
dangerous or nuisances. Unlike some urban wildlife, butterflies cannot bite and are not known to
transmit any human diseases, and therefore, butterflies are not generally subject to human–wildlife
conflicts in urban areas. However, maintaining the ‘unmanaged’ or ‘wilderness’ areas in urban parks
to promote butterfly diversity [28,29,51,61] may be viewed negatively by some urban residents due to
the close proximity of the ‘wilderness’ to their neighbourhood [64].

In our survey, more than 50% of respondents expressed a liking for butterflies despite a general
understanding of ecosystem disservices associated with butterflies and caterpillars (i.e. plant damage
and potential health risks). Studies have suggested that East Asian attitudes toward animals are
converging with their Western counterparts [66], with a greater aesthetic appreciation of animals (e.g.
[67]). This is supported by the results from our survey where 70% of the respondents reported that
they liked butterflies because they were beautiful, and mentioned a range of colour characteristics and
‘spots’ when describing their preferred traits of butterflies. A study from the United States found that
measures of liking butterflies were significantly higher for species with eyespots [68]. This suggests
butterflies may be particularly suited as ambassadors of urban wildlife through exploiting their
aesthetic appeal, with a particular focus on species with eyespots (e.g. Nymphalinae and Satyrinae)
and a potential role for visual media (e.g. coffee table books) in conservation initiatives [35,69].

In East and Southeast Asia, urban parks are probably the most commonly visited outdoor spaces [70].
Our survey found that the frequency of visiting urban natural places was positively associated with
connectedness to nature. Although residents may not visit parks with the expressed purpose of
connecting with nature, visiting parks for leisure activities provides a unique opportunity for urban
residents to experience and familiarize themselves with wildlife, passively developing a connectedness
to nature [60]. Feeling connected to nature through simple everyday engagement plays a critical role
in pro-environmental behaviour [16,71], implicating urban parks as essential for developing this
connection. However, there is evidence that actively pursuing and engaging in nature-based activities
(e.g. hiking, viewing wildlife, gardening) is pivotal in developing deeper levels of connectedness to
nature [72]. Lack of access to parks is therefore a barrier to connectedness with nature which needs to
be addressed through urban planning. But, there is also a need for outreach events to facilitate and
encourage park visits, particularly targeting those who are less likely to visit green spaces and engage
with nature-related activities such as younger and older people, those with lower incomes, and
without university education who are less likely to visit green spaces and engage with nature-related
activities [70]. It is also imperative to encourage visitors with young children, as research has shown
that early exposure to nature develops positive environmental attitudes in children and builds a sense
of nature connectedness in later life [12,65,72].
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Across our analyses, the strongest relationship we found was that between attitudes toward

butterflies and connectedness to nature, followed by the relationship between perceptions of
butterflies and connectedness to nature. This finding firmly links parks users’ thoughts and feelings
about butterflies with a general world view of nature. Therefore, this suggests butterflies in urban
parks can play a key role in building connectedness to nature and in turn pro-environmental
behaviours, which requires action in three main areas:

(1) Enhancing butterfly diversity in parks. Parks should be managed and maintained in ways that promote
butterfly diversity, and enabling parks users to experience and familiarize themselves with
butterflies. This may be through the provision of ‘unmanaged’ or ‘wilderness’ patches in parks
[28,29,51] and through the planting of native and non-native plants as food and breeding sites for
butterflies [73].

(2) Raising public awareness. Educational materials such as information boards and pocket guides should
be available at parks to encourage familiarity with butterflies and to improve perceptions of
butterflies. This could extend to butterfly houses, butterfly rearing facilities and even small
museums in parks (e.g. Queen Sirikit Botanic Garden, Bangkok).

(3) Involving the public. Butterflies should be ‘exploited’ as ideal umbrella species when conducting
outreach and educational activities that intentionally connect urban residents with nature in the
cities, such as citizen science and habitat creation volunteering projects [74]. This will result in
pro-environmental behaviours [74].
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