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Abstract

Insects are the most diverse group on earth, providing a vast array of essential functions for people and nature. Yet, our appre-
ciation of their contributions is biased towards a few economically important taxa, especially pollinating insects like honey-
bees. Other taxa are less well appreciated despite the important roles they play, and these taxa are rarely (if ever) the focus
of conservation initiatives. Here, we explore the role that scientists play through their interactions with the media in shaping
our attitudes towards one of the least appreciated insects—the aculeate (stinging) wasps. Vespine wasps are an excellent
taxonomic group for such a study as they are important predators in native ecosystems (e.g., the Northern Hemisphere—in
Europe and North America) but ecologically devastating as invasive species in many regions of the Southern Hemisphere
(e.g., New Zealand, Australia, South America). Despite this, global media coverage of wasps invariably focuses on and
emotively exaggerates the negative defensive stinging behaviour of wasps, and almost entirely overlooks their beneficial
positive roles (as pest controllers and pollinators). Wasp and bee scientists from around the world were surveyed about their
interactions with the media and how they considered these interactions to influence public perceptions and insect conserva-
tion. Our surveys capture the negative-wasp and positive-bee biases experienced by scientists through their interactions with
the media. We consider the implications of such biases on wasp populations, their conservation and management, and make
recommendations for a more balanced portrayal of this important and diverse group of insects.
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Introduction

The evidence is clear: many insect populations are declin-
ing, worldwide. Drivers of these declines includes cli-
mate change, agricultural practices and land-use change
(Outhwaite et al. 2022). Despite wide-spread concern for
these organisms and their ecosystem services on which our
planet depends, some groups receive more attention than
others. Wasps are one of the groups that are largely over-
looked and undervalued compared to, for example, bees,
butterflies and flies (Sumner et al. 2018). Surveys of pub-
lic opinion suggest that, generally, wasps are disliked by

P4 C.A.Oi
cintiaakemioi @ gmail.com

Centre for Biodiversity and Environment Research,
Department of Genetics, Evolution and Environment,
University College London, London, UK

2 Manaaki Whenua-Landcare Research, P.O. Box 69040,
Lincoln 7640, New Zealand

people, while bees are often liked (Sumner et al. 2018).
One explanation for this is that the public appear to have a
poorer understanding of the ecosystem services provided
by wasps compared to bees. To what extent does the media
fuel this wasp discontent through their ‘wasp-negative’
reporting? What role do scientists play in influencing this
narrative? We explore these questions and ask if interac-
tions between scientists and the media can help quell the
negative portrayal of wasps. This is important because the
media plays a huge role in influencing the public’s under-
standing of science and their attitudes to nature.

Social insects contribute to ecosystem services such as
seed dispersal, pollination, biological controls, pharma-
ceutical, medical, and food production, as well as cultural
services such as biological indicators or artistic inspiration
(Elizalde et al. 2020). The global value of ecosystem ser-
vices such as pollination and biological control are estimated
at US$117B and US$417B per year respectively (Costanza
et al. 1997). Part of those services are provided by wasps,
through pest control, pollination, decomposition, nutrition
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and cultural value (Brock et al. 2021). Aculeate wasps
(social and solitary) prey on other arthropods, suggesting
a key role for them as biological control agents (Gould and
Jeanne 1984; Koide 2001; Donovan 2003; Todd et al. 2015;
Prezoto et al. 2019; Southon et al. 2019). Bees contribute
via pollination, products such as honey and wax, and their
venom as a source of bacterial biocontrol agents for crops
(Elizalde et al. 2020). Although bees are the public face of
pollination, this service is also provided by wasps, as adult
wasps rely on nectar for nutrition (Brock et al. 2021). Both
bees and wasps are used as biological indicators for pollu-
tion and habitat conservation (Celli and Maccagnani 2003;
de Souza et al. 2010; Girotti et al. 2020; Cunningham et al.
2022), and wasps are likely to be affected by climate change,
land use and pollution, in the same way as bees (Dejean et al.
2011; Jonsson et al. 2021).

Global media coverage of wasps invariably focuses on,
and emotively exaggerates, the negative side of wasps.
They are regarded as dangerous pests; this is partly due to
their stings being responsible for deaths around the world;
for instance, over a 23 year period in Europe alone 1691
deaths were recorded (Feas et al. 2022). But their rocky
reputation can also be attributed to the negative ecological
impacts of wasps when they are in new regions as non-
native species, where invasive populations compete with
local biodiversity and cause economic damage (Beggs
et al. 2011; Lester and Beggs 2019). As a consequence,
media coverage of wasps is predominantly negative. Typi-
cal newspaper headlines include: Are there more wasps
around than usual this year? (https://www.bbc.co.uk/newsr
ound/58666791); Single ‘murder hornet’ queen may have
led insect’s aggressive invasion of Europe (https://www.
independent.co.uk/news/science/murder-hornet-europe-
invasion-origin-b2240449 html); Yellow jackets, wasps and
hornets are more aggressive this time of year. Here's why.
(https://eu.usatoday.com/story/news/nation/2021/10/06/
yellow-jackets-wasps-hornets-why-now-worse-time/60178
85001/); Waging war on wasps with revolutionary bait
(https://www.nzherald.co.nz/rotorua-daily-post/news/wag-
ing-war-on-wasps-with-revolutionary-bait/7Z2BNHWXLG
O3DIBUNMU7EADKRA4/). These types of headlines are
likely to be fuelling the public’s negative perception of
wasps. Interestingly, when the media reports the good
side of wasps, it is usually related to a peculiar behaviour,
rather than anything about their importance in ecosystems;
for example, a recent study published in Current Biology
(Sugiura and Tsujii 2022) reported how male wasps use
their genitals as “pseudo-stings” for defence, as they do
not possess a real sting. This paper received media cover-
age worldwide, including main journals as The New York
Times, The Guardian, Le Monde and Folha de Sao Paulo.
Media coverage of wasps and their role in ecosystems is
entirely shaped by a late summer peak in the northern
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hemisphere (Google Trends), when social vespine wasps
become a little troublesome for the public as their colonies
peak in size and worker wasps have less brood-feeding duties
and less larvae-based nutrition via trophallaxis.

Public opinion matters, especially when it impacts con-
servation efforts. Conservation initiatives require people to
value or care about a particular organism(s) and thus have
a desire to take positive action to improve its situation. If
people do not care about or value wasps because they do
not understand what they do, then there will be little incen-
tive for conservation efforts (Hart and Sumner 2020). The
media plays an important role in shaping public awareness: it
can shift attitudes and encourage conservation actions; e.g.,
positive reporting by the media has had a positive impact on
conservation of amphibians (Loyau and Schmeller 2017) and
cougars (Lassiter et al. 1997). How the media portrays an
organism can also change over time, representing shifts in
how people perceive them; e.g., in the case of the hellbender
salamander in the USA, media coverage from 1863 to 2016
saw a shift to positive reporting from 1980, coinciding with
the Conservation Biology Era (Unger and Hickman 2020).
Furthermore, misinformation by mainstream media can also
lead to public confusion of conservation initiatives; e.g.,
conservation of sharks—banning fin trade was not enough
to conserve them (Shiffman et al. 2020). Currently, the nega-
tive, sensationalist media coverage of wasps is likely to fuel
public fear and misunderstanding of wasps; conversely, a
future media that amplifies the important services provided
by wasps (as it has done for bees) would help to increase
appreciation of these insects. Media may promote more
research into their ecological roles and even instigate sup-
port for wasp conservation programmes, benefiting wider
ecosystems (Sumner et al. 2018). In Guiyang City (China),
for example, vespine wasps and their products were attrib-
uted a high economical value, and this information helped
to change public perceptions towards positive view of wasps
(Dai et al. 2021).

Journalists will often seek the opinions of scientists when
covering a story about a new discovery, or some unexpected
event that requires an expert to help explain it (Jerome 1990;
Yeo and Brossard 2017). These interviews have the poten-
tial to shape the tone and direction of the story, or result
in an erroneous story being corrected or dropped (e.g., if
the whole premise is wrong); a good example of this is the
sensationalist media coverage on a paper on climate change
and conservation, in which suggested catastrophic scenarios
using headlines as “Climate change threatens a million spe-
cies with extinction”, as opposed to critically accessing it
(Ladle et al. 2005). Because media has power over public
opinion, it is important to comprehend the nature of inter-
actions between scientists and the media (Peters 2013); the
degree to which scientists feel that they have influence over
how science is reported, is underappreciated. A swathe of
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studies indicate how public attitudes towards conservation
can be improved if the ecological and economic value of
biodiversity is communicated effectively (Novacek 2008;
Lewandowski and Oberhauser 2017; Loyau and Schmeller
2017).

We conducted a survey on the opinions and experiences
of wasp and bee scientists and their interactions with the
media to determine their perceptions on whether the media
is fuelling the wasp-negative/bee-positive agenda, whether
they felt they had any influence over this narrative, their
opinions on the need for conservation or control of wasps
and bees, and how the media influences this. First, we were
interested to find out to what extent they perceive the media
to be biased in its reporting of bees and wasps; specifically,
we test the hypothesis that wasps are typically presented in
anegative light and bees in a positive light (Aim 1). Second,
we explored the extent to which wasp scientists might be
contributing to these biases through their interactions with
the media; we test the hypothesis that scientists may be
reinforcing biases, because they too are victims of cultural
norms (Aim 2). We then investigated the extent to which
researchers feel they can influence how these insects are
reported through their interactions with the media; specifi-
cally, we were interested to learn whether the scientists felt
they could steer a story to be more positive (Aim 3). Next,
we wanted to find out how the scientists felt about the need
to control or conserve wasps or bees and learn about existing
conservation efforts (Aim 4). Finally, we assessed the inter-
ests of the public in wasps and bees using Google Trends to
gather data on internet searches (Aim 5).

The survey targeted both wasp and bee scientists to make
comparisons between these two groups. Since the lay public
often confuse wasps and bees for each other, we considered
bees as the obvious comparative group as they are close
relatives of wasps, and resemble them in appearance; they
also sting but are widely reported in a positive light by the
media (with exception of invasive species [e.g., Apis mellif-
era in South America (Jernelov 2017)], and there are many
bee conservation initiatives (e.g., the Bumblebee Conserva-
tion Trust, https://www.bumblebeeconservation.org; Women
for bees—Unesco https://en.unesco.org/themes/biodiversi
ty/women-for-bees). We discuss our results within the con-
text of the role of both scientists and media in influencing
cultural attitudes towards wasps and implications of this for
conservation.

Materials and methods
Data collection and general data handling

We conducted an online survey with scientists using Google
Forms between 8 and 26th November 2022. Our survey was

distributed widely on social media (Facebook, Twitter, Ins-
tagram), sent out to specialist learned societies groups (e.g.,
International Union of Study of Social Insects [USSI mail-
ing lists in different countries) (Table S4); we also emailed
directly to as many wasp and bee laboratories around the
world as we could, inviting participation and further dissem-
ination. All surveys were anonymous; participants chose to
complete the wasp or bee survey, depending on their exper-
tise; they could also opt to complete both surveys, although
there were no identifiers linking the two surveys meaning
that the data in two surveys completed by the same person
could not be compared. Quantitative data was recorded and
analysed using a Likert Scale from the package likert (Bryer
and Speerdschneider 2016). The replies were transformed to
an ordinal scale for analysis using a cumulative linked model
from the package ordinal (Christensen 2022). Each response
was analysed separately by survey type, and pairwise com-
parisons were used to check the differences between bee
and wasp surveys were done using the package emmeans
(Russel 2020). Specific analyses are described below, with
their corresponding section. Full questionnaire and raw
data are provided in the Supplemental Material; the survey
was approved by UCL Ethics Committee under project ID
19589.001. All statistical analyses were conducted in R ver-
sion 4.2.0 (R Development Core Team 2012).

Demography of respondents

We first describe the demographics of our respondents, and
test whether there was a bias towards working with bees
or wasps with respect to research demographic traits. We
then used a generalised linear model with binomial distri-
bution (response variable: bee or wasp survey respondent)
with explanatory variables as academic position, gender, the
location of institution where the research was based and how
long they had been working in the field. Models were run
using the package stats in R (R Development Core Team
2012). We also asked scientists what they understood by
the term ‘media’, and visualised these data using package
wordcloud (Fellows 2018) in R, the size of the word depicted
the frequency of words used.

Testing the aims and hypotheses

Aim 1: Attitudes to bees and wasps by media and the
public. We asked the scientists’ opinion on how media por-
tray their study organisms (question a: “In your opinion, how
does media portray wasps/bees?”’). We were also interested
in the scientists’ opinions about how the general public per-
ceive wasps in their institution's country and the countries
that they study wasps in (if different). To do this we asked
the scientists to imagine stopping a member of the public on
the street in the town of their home institution, asking how

@ Springer


https://www.bumblebeeconservation.org
https://en.unesco.org/themes/biodiversity/women-for-bees
https://en.unesco.org/themes/biodiversity/women-for-bees

32

C.A.Qietal.

that person felt about their study organism (either bees or
wasps), and to score their result on a Likert Scale (from 1
(strongly negative) to 10 (strongly positive), with 5 indicat-
ing neutral (i.e., neither like nor dislike) (question b: “This
question is about the country in which your study institution
is based. If you stopped a random member of the public in
the street in your institution's town, and asked them how they
feel about wasps/bees, what do you think they would say?”).

Aim 2: Scientists’ attitudes towards their study
organism. We asked respondents how they felt about their
study organism (question c: “How do you feel about wasps/
bees?”), and how they thought media portrayed those organ-
isms (question d). Respondents rated the organisms on a
linear scale from 1 (strongly negative) to 10 (strongly posi-
tive), with 5 indicating neutral (i.e., neither like nor dislike).

Aim 3: Influence of scientists on media. We sought to
understand when a scientist was approached by the media,
whether there was already a specific bias in their approach
(question d: “We are interested in the nature of the questions
that the media initially asked you about wasps/bees. Did
these initial inquiries have a positive, negative or neutral
angle with respect to wasps/bees?””) and whether the out-
come had changed by the end of the interview (question
e: “We are now interested in the nature of the final article/
news story that was written/broadcast, after your interaction
with the media. To what extent did it present wasps/bees in
a positive, negative or neutral light?””). Respondents rated
the replies on a linear scale being 1 (strongly negative) to
10 (strongly positive), with 5 indicating neutral (i.e., neither
like nor dislike).

We were interested to hear how much influence the scien-
tists felt they had over the direction of the story (question f:
“To what extent do you think your interaction with the media
influenced the nature of article/broadcast, regarding the
portrayal of wasps/bees?”). Respondents rated their replies
on a linear scale from 1 (“my interaction had no impact at
all on the story/the media ignored what I had to say”) to 10
(“my interaction had an enormous impact on the story/my
interaction completely changed the angle of the article™).

Questions d and e were analysed separately, by adding
a factor for time (initial interaction vs post-interview): the
original interest by the media before the scientist gave the
interview or opinion and after the interview/article was
broadcast/published, whether the final outcome changed the
angle from the first interaction with the media. For these
analyses we used the Likert score as an ordered factor as
the response variable. Fixed variables were survey type,
time (before—question d; after—question e), the interac-
tion effect between these two independent variables, and the
identification (ID) of the scientist as a random intercept in
a CLMM. Since we were focusing on the comparison of
before and after the interaction with the scientist and the
outcome of the media, we rearranged questions d and e to
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focus on these comparisons and to obtain letters of signifi-
cance using the package multcomp (Hothorn et al. 2023).

Aim 4: Perceived need for conservation and control
of bee and wasp populations. We were interested to hear
of any bee/wasp conservation or control work that the sci-
entist knew of in any country; their opinions on whether
bee/wasp conservation or control initiatives are required;
what role the media may play in influencing the public’s
approach to conservation or control measures, if any; and
whether the scientist thinks more conservation effort is
required to conserve or promote the organism popula-
tions (question g: “We are interested to hear whether you
think more conservation effort is required to conserve/
promote wasp/bee populations.” & question i: “We are
interested to hear whether you think more effort is required
to control wasp/bee populations”). The rationale for ask-
ing about conservation and control measures is because
in places where bees or wasps are considered invasive or
a pest species, the role of media can be important in both
ways. We asked the researchers to consider any country
and any wasp genus and species. The replies were rated
on a scale from 1 (definitely not needed) to 10 (definitely
needed), with 5 indicating neutral (i.e., I have no opinion).
To complete this question, we asked the researchers on
whether they thought the media plays a role in promot-
ing control measures (question h: “How important do you
think the media are in promoting wasp/bee control, e.g.,
by encouraging people to remove/kill wasps/bees, clearing
wasp/bee-friendly habitats?” & question j: “We are inter-
ested to hear whether you think more effort is required to
control wasp/bee populations””). Responses were scored
on a scale from 1 (not important at all) to 10 (extremely
important), with 5 indicating neutral (i.e., neither impor-
tant nor unimportant).

Aim 5: Public’s interest in wasps and bees. We
selected the two countries which contributed the most
responses in our survey and used Google Trends to assess
the level of public interest in bees and wasps. We selected
the words “insect bee” or “insect wasp” under the catego-
ries “web search” and “news search” from 2017 to 2022
to retrieve data on the number of searches conducted
using the Google search engine. “Web search” provides
the general trending of a search term across all Google’s
search results more broadly (e.g., websites, images, vid-
eos and news). “News search” is more specific, providing
information only on the search in Google News. The val-
ues obtained from Google Trends are normalized values
indexed on a scale from 1 to 100. Each point was divided
by the highest point. The proportion of searches was used
as a response variable in a generalised linear model with
Poisson distribution and log-link function. Explanatory
variables were organism (bee or wasp), media type (web
or news) and country (Brazil or USA). Analyses were
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conducted in R using the package stats and emmeans (Rus-
sel 2020).

Results

Wasp and bee survey respondents share similar
demographic traits

Over 18 days of promoting the survey, we obtained a total
of 115 responses (60 from bee scientists and 55 from wasp
scientists) (Fisher’s exact test p=0.01); 53% and 30% of
respondents were female for bees and wasp questionaries
respectively; respondents were located in 15 (bee) and 20
(wasp) countries respectively, and collectively represented

the research community across seven continents (see Figs. 1,
S1). The majority of bee scientists were located in the USA
(18.6%) and Brazil (16.7%); this was similar for wasps’
scientists with 12.7% in the USA and 12.7% in Brazil (see
Figs. 1, S1, Table S1).

Respondents represented a wide taxonomic diversity of
study organisms for both bees and wasps, although in both
groups there were strong taxonomic biases to two or three
social insect genera in each case [including the commonest
genera of social bees (Apis, Bombus) and wasps (Polistes,
Vespula and Vespa); Fig. 2].

Scientists defined media in broadly five common cat-
egories: TV, websites, newspapers, magazines and books
(Fig. 2), and there was no difference between bee and wasp
researchers in media definition (Chi-square =34.83, df=35,
p value=0.47).

Fig. 1 Distribution of survey
responses from bee (upper
panel) and wasp (below panel)
scientists. For both groups, the
USA and Brazil dominated the
responses. The scale indicates
the number of respondents. Our
respondents spanned the full
career structure from gradu-

ate student to full professor,
although with a notable skew
towards the most senior posi-
tions (Fig. S2). Across these
diverse demographics, we found
no evidence that academic
position, gender or country
(Table S1) influenced whether .
a researcher identified as wasp -50
or bee expert. Thus, the two
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Fig.2 On the right, self-reported main study groups of survey
respondents for wasp (upper panel) and bee (below panel) research-
ers. On the left, words used by survey respondents to describe what
they understand to be ‘the media’. The size of the word indicates the
frequency with which that word was used

Testing the aims and hypotheses

Aim 1: Attitudes to bees and wasps by media and the
public

Almost all wasp scientists (85.8%) perceived wasps as
being portrayed negatively by the media (‘wasp-negative’,
scales 1-4); by contrast only one bee scientist cited bee-neg-
ative reporting, and in this case, it was only mildly negative
(scale 4, Fig. 3a). The reason given for wasp-negative media
is the nuisance wasps cause people and the risks they pose
to human health. Comments by wasp scientists included:
“Vespa velutina is consistently depicted as the "killer wasp"
in popular media”; “Wasps are too aggressive”. Conversely,
our respondents attributed the bee-positive media coverage
to the benefits of bees to humans (e.g., bee products such
as wax and honey) and for their ecosystem services as pol-
linators. Comments included “Bees as popular charismatic,
sometimes “memey” animals, like cats.” or “Cultural—
beekeeping practices and forest/natural honey gathering”.
However, they also reported a perceived bias towards hon-
eybees with little attention given other bee genera: “A very
heavy focus on managed honeybees while wild bees are
almost absent from popular media”.

The scientists’ perceptions of how the general public
feel towards bees or wasps was in line with previous sur-
veys (Sumner et al. 2018): overall, bees were perceived
in a significantly more positive light than wasps (Fig. 3b,
p <0.00). 87.2% of wasp scientists said that the public
would rate wasps in the negative spectrum (1-4 score),
with 21.8% rating wasps as the most extreme end of the
scale (1—strongly negative). The most positive score given
was 7/10 and this was given by 3.6% of respondents. The
opposite was true among the bee scientists, with 73.4%
of them rating the public’s attitudes to bees as positive
(scores 7-10), although 23.3% were neutral (scales 5 and
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6) and 1.7% were ‘strongly negative’ (one respondent from
Kenya) (Fig. 4).

Aim 2: Scientists’ attitudes towards their study
organism

Almost all scientists felt positive about their study organ-
isms, irrespective of taxa; there were two exceptions (one
bee scientist and one wasp scientist) who reported neutral
feelings towards their study organisms. Overall, there was no
significant difference in attitudes of bee and wasp scientists
towards their own study organisms (p =0.65, Fig. 3c). This
suggests that wasp scientists are unlikely to be fuelling any
wasp-negative media reporting, and both groups are likely to
be presenting a positive angle for their study organism when
interviewed by the media.

Aim 3: Influence of scientists on media

Bee and wasp scientists reported differences in the angle
taken by the media at the point of interview request (Fig. 3d).
Of our 115 respondents, 83 reported having been inter-
viewed by the media about bees/wasps (71.6% for bee sci-
entists; 80% for wasp scientists). The angle of initial media
interactions with scientists differed significantly by taxa
regarding the nature of the request: 50% of interviews about
wasps were negative (scales 1-4), compared to only 2.3%
for bees (and these were only very mildly negative) (scale
4, Fig. 3d). Conversely, 27.9% bee enquires were ‘strongly
positive’ (scale 10) compared to only 2.5% of wasp enquiries
(1 respondent scale 10). Media requests directed at wasp sci-
entists were concerned with science outreach (31.7%; e.g.,
a new scientific paper), seasonal cycles of wasps (19.5%)
and wasps as non-native species (14.6%). Media requests to
bee scientists also included science outreach (36.6%), but
the majority concerned the role of bees in the environment
(41.5%, e.g., ecosystem services). These results suggest that
from the outset, the media are biased in terms of their choice
of subject matter when reporting on bees and wasps, as well
as their positivity.

We were interested to know whether the scientists per-
ceived that their interactions with the media had shifted the
emphasis of the story to be more positive (or negative) than
the nature of the original enquiry (Fig. 3d, e). There was a
trend for both bee and wasp scientists to perceive the final
media story to have shifted to be more positive after their
interview; however, only the wasp interviews showed a sta-
tistically significant shift p=0.00 vs bee p=0.16 (Figs. 3d,
e, S3, Table 1), although this could be due to the differences
among taxa in the starting premise of the initial enquiry (see
result for 3d). Importantly, 59% (n=23) of wasp scientists
thought that their interview had influenced the final out-
come shifting it from a negative angle to a more positive one
(scales 7-10, question e). The majority of bee scientists also
thought that their interviews influenced the final outcome
resulting in a shift to bee-positive (43.9%, question 3e).
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Fig. 3 Likert plots reporting results from the questionnaire with wasp
and bee scientists. The questions are indicated by the letters a) to j).
Right hand panel explains the response scale for each of the ques-

Bee and wasp scientists reported similar levels of influ-
ence in their interactions with the media (Fig. 3f, p=0.10).
However, 10.3% of wasp scientists perceived their interac-
tion to have had an ‘enormous impact’ on shifting the story
narrative to be wasp-positive and 2.6% (n=1) of wasp sci-
entists thought they had had little/very little impact on the
angle of the story (score of 3); importantly none of the wasp
scientists scored ‘1’ (where ‘1’ would mean their interview

tions. Left hand provides number of respondents (N) and p values for
the pairwise differences between the survey of wasps and bees scien-
tists

had ‘no impact on the story’). By contrast, only 7.3% of bee
scientists considered their interactions to have had ‘enor-
mous impact’ on the story (Fig. 3f); furthermore, 24.3% of
bee scientists felt that their interactions with the media had
little impact on the story (scales 1-4), with 31.7% claiming
their interactions resulting in no real shift (score 1) in the
positive/negative angle of the final article or broadcast.
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Fig.4 Bee and wasp scientists’ scores for their view of their local community’s perceptions of these organisms, where 1 represents a strongly

negative and 10 strongly positive emotions

Table 1 Estimated marginal mean [emmean + standard error (SE)] of pairwise comparisons of scientists’ responses to questions d (rate the angle
of media story at first interaction with researcher) and e (rate the angle of final media story after interview with researcher)

Researcher type Time point emmean SE Significance
Wasp initial interaction (question d) —1.069 0.526 T
Wasp post-interview (question e) 0.799 0.518 R
Bee initial interaction (question d) 4.017 0.645 U
Bee post-interview (question e) 4.909 0.706 U

‘Significance’: different letters indicate where a statistically significant difference was detected (Mann—Whitney U test), with same letters indi-

cating no significant difference

Aim 4: Perceived need for conservation and control of
bee and wasp populations

Need for conservation: Overall, the attitudes of sci-
entists on the need for conservation of their study organ-
ism differed significantly p =0.00* (Fig. 3g). Ninety-five
percent of bee scientists thought that more conservation
efforts are required to conserve/promote bee popula-
tions (scales 7-10); 70% gave the highest rating for this:
“definitely needed (scale 10)” (Fig. 3g). By contrast,
74% of wasp scientists thought that more conservation
effort is required to conserve/promote wasp populations.
A small but similar proportion of wasp (3.8%) and bee
(3.4%) scientists stated that conservation effort was not
required. Interestingly, 22.4% of wasp researchers had no
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opinion (scales 5 and 6), compared to only 1.7% of bee
researchers.

Despite these differences, the two types of scientists
were equally positive about the influence of the media in
promoting conservation p =0.88, for example, populari-
sation of wasp and bee friendly habitats by adding bee
(wasp) hotels to gardens and changing gardening habits;
78.3% of bee scientists and 75.9% of wasp scientists rated
this influence as positive to strongly positive (scales 7-10,
Fig. 3h).

Need for control: There was a non-significant trend of
wasp scientists seeing more need for control of their study
organism than did bee scientists (see above and Fig. 3i—
p=0.11). We expected a stronger effect here, given social
wasps are notorious invasive species (Fig. 31). Bee scientists
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were split between the need to control bees (19.8%, scales
7-10) and those who believe such control is not needed
(45.6%, scales 1-4) (Fig. 3i). However, based on the com-
ments and demographic of the scientists, the scientists
pointed out that some bee groups would need more atten-
tion, e.g., wild bees and solitary bees in Europe are not well
studied; non-native honeybees in New Zealand are invasive
but provide valuable manuka honey; managed Bombus ter-
restris in any country (native or non-native) are useful for
pollination. The call for more control of bee populations
is often with reference to the Africanised honeybees that
dominate pollinator communities in some countries, and
other species of managed bees which can spread diseases
and outcompete native wild bees (Graystock et al. 2016).
By contrast, 40% of wasp researchers thought that more
effort was needed to control wasp populations (scales 7-10,
Figs. 3i, 5). Notably, the scientists advocating the need for
more control of wasp populations worked in New Zealand
where non-native Vespula wasps present a huge ecological
and economic problem (Lester and Beggs 2019; Stratford
et al. 2023); conversely, Vespa was mentioned by research-
ers in USA, Europe and Canada, where non-native Vespa
are causing problems (Monceau et al. 2014; Laurino et al.
2020). Wasp scientists in Brazil and the UK feel that control
of wasp populations is not needed. Brazil supports a large
community of wasp researchers studying wasp biodiver-
sity and ecology (Prezoto et al. 2021); and the UK has few

problems currently with invasive wasps (Jones et al. 2020).
These factors may explain the wasp-positive attitudes in
these countries.

Wasp and bee scientists were not united in their opinions
on the role of the media in promoting control measures for
their organisms, e.g., by encouraging people to remove or
kill bees and wasps, or clearing bee and wasp-friendly habi-
tats as there was a significant difference p =0.00** (Fig. 3j).
Both communities were divided more-or-less equally in their
opinions on the extent to which the media are important,
although there was a trend towards wasp-reporting in the
media having a larger role in promoting control (56.6% of
wasp scientists) compared to bees (32.8% of bee scientists;
scales 7—-10). This result is difficult to interpret and may
be better understood if the specific taxa the respondent is
thinking about was reported, e.g., the responses by a Vespula
scientist in New Zealand may differ from those of a Vespula
scientist in the UK (Lester 2018).

Aim 5: Public’s interest in wasps and bees

For our Google Trends analysis, we selected the two
countries with the most respondents to our survey: Brazil
and USA (see Fig. 1). Over the last 5 years (2017-2022)
wasps received significantly fewer web searches than bees
in both countries, suggesting lower levels of public interest
in wasps relative to bees (p =0.00%**, Table 2). A fraction
of web searches were news searches, which are not specified
by the platform.

bee

wasp

UsAi @ © [

UK{ o o
Trinidad_Tobago |
Spain { °
South Africa 4
Singapore {
Nigeria { o
New Zealand{ @
Kenya | o
Japan
Italy {
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Greece A
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France { e
Colombia 4
Chile 4
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Brazil { @ CRIK )
Belgium{ o
Austria 4
Argentina |

country

Number of
respondents

a A W =

Not being important at all

neutral

1 2 3 4 5 6 7 8 9 10 1
ratings

Fig.5 Responses to the question of whether bee (left panel) or wasp
(right panel) scientists think more effort is necessary to control their
study organisms, where 1 indicates not being at all important, 5 and 6
being neutral and 10 being extremely important. The size of the circle

| P
.co\n mmhm@...‘.-

. Definitely needed

indicates the number of respondents who chose that score. Data dis-
tributions are too skewed to USA and Brazil for statistical analyses.
Qualitative discussion is given in the text

@ Springer



38

C.A.Qietal.

Table 2 Search events for insect

Row labels News News total Web WEB total Grand total
‘bee’ or ‘wasp’ over a 5-year I —
period (2017-2022) obtained Bee Wasp Bee Wasp
using Google Trends
Brazil 1475 966 2441 6307 580 6887 9328
USA 3886 915 4801 10147 2458 12605 17406
Grand total 5361 1881 7242 16454 3038 19492 26734

The values extracted from Google Trends are normalized values indexed on a scale from 1 to 100. Each
point was divided by the highest point

Discussion

It is clear that the public generally appreciate bees and hate
wasps (Sumner et al. 2018). But the extent to which the
media may be fuelling this, and the influence of scientists in
this narrative was unclear. We analysed the opinions of 115
bee and wasp scientists from across 23 countries to deter-
mine their perceptions on the role of the media in fuelling
the wasp-negative/bee-positive agenda, and whether they felt
they had any influence over this narrative, their opinions
on the need for conservation or control, and how the media
influence this. Our respondents represented a good spread
of the diversity among bee and wasp researchers in terms of
geographical distribution, study species, career stage and
gender. There was a predominance of social insect biolo-
gists in our respondent pool, possibly because we capitalised
on the global network of social insect researchers through
TUSSI mailing lists; but also likely because solitary bees
and wasps are less popular study organisms than social bees
and wasps (Brock et al. 2021). There was a geographical
bias to researchers from Brazil and USA, which may reflect
the relatively high number of bee and wasp researchers in
these countries, but may also have been influenced by active
promotion of the survey via country-specific social insect
mailing lists and social media. Because the survey was
only circulated in English, this may have made it inacces-
sible to some scientists; for example, notably few responses
were received from people in Japan and none from China,
despite these countries hosting active bee and wasp scien-
tists. Notably, these countries also have better relationships
with wasps than perhaps any other country, as they value
wasps as sources of food (e.g., larvae and pupae) (Feng et al.
2018; Van Itterbeeck et al. 2021) and medicines (e.g., adults
and combes are used to make wines to treat rheumatism
and arthritis) (Dai et al. 2021). Indeed, vespine wasps are
frequently found for sale at markets in these countries; in
China, the income from a single hornet nest sold at mar-
ket is equivalent to the average disposable income per year
for a rural citizen (Dai et al. 2021). Despite these obvious
geographical limitations, our survey provides a first global
vision of the opinions of bee and wasp scientists and their
professional interactions with the media.
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In the opinion of our respondents, the media, almost uni-
versally, presents a negative view of wasps and a positive
view of bees. The topics of the stories also differed with
taxa: wasp stories cited were typically about the nuisance
wasps cause people and the risks they pose to human health;
conversely the bee stories were about the benefits of bees to
humans, and their ecosystem services as pollinators [e.g.,
media have been skewed to portray honeybees as pollina-
tors (Smith and Saunders 2016)]. Since the media play a
role in educating the public, the lack of media stories about
the ecosystem services of wasps is likely to be reinforcing
the ‘What’s the point of wasps?’ rhetoric among the general
public, and fuelling ill-founded horrors about wasp stings
and swarms. One of the drivers of this media bias is that
the research effort from the wasp research community is
40 times smaller than that of the bee research community,
meaning that fewer research papers about wasps and their
role in the environment are being generated for the media to
report on (Sumner et al. 2018). As the ecosystem services of
wasps become better recognised and studied (Prezoto et al.
2019; Brock et al. 2021), a more representative balance may
be presented by the media. The current prejudice, however,
is likely to have a substantial impact on how the public per-
ceive these insects and, ultimately, have consequences in
their conservation (Sumner 2022).

The end-users of media are the public; their opinions and
attitudes are shaped by what they read and hear in the news,
social media etc. If there are differences in how people feel
about wasps and bees in different parts of the world, then
this may reflect differences in reporting styles of the local
media. It was therefore important to determine whether there
are likely to be any regional differences in attitudes among
the local lay communities of the scientists we surveyed. In
the opinion of our respondents, their local communities
exhibit typical attitudes to bees and wasps. A previous study
found that wasps are universally disliked by the public, with
the sting being the main source of discontent (Sumner et al.
2018). Although this older study was much larger, survey-
ing 750 members of the public, it was largely limited to
the UK. Our current study reflects the opinions of scientists
on their local communities from around the world, suggest-
ing that this dislike of wasps and appreciation of bees is
largely a global phenomenon. Although we did not survey
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the public directly (as (Sumner et al. 2018) did), we used
Google Trends data and found that the public were much
more likely to search for information on the internet about
bees than wasps, suggesting that the public have a deeper
interest in bees and less likely to seek to learn more about
wasps. Our analysis was unable to ascertain what the nature
of these internet searches were: for example, it would be
interesting to compare the proportion of searches for the
two taxa that were concerned with how people can encour-
age those insects in their gardens, versus the proportion of
searches concerned with how to get rid of a bee or wasp
nest. Future work could utilize Al text-mining methods to
dig more deeply into this, checking the differences among
countries and languages.

Contrary to their perceptions of lay communities, the sci-
entists expressed universally positive attitudes towards their
study organism, irrespective of whether it was bees or wasps.
Although this may be unsurprising, we needed to rule out
the possibility that wasp researchers may be unconsciously
fuelling the media’s wasp-negative coverage through their
own negative attitudes. What is interesting about this result
is that even those who work on invasive, aggressive, eco-
logically and economically damaging wasps (e.g., Vespula
wasps in New Zealand) and bees (e.g., Africanized honey-
bees in Brazil) still report positive feelings towards their
study organisms. In their interactions with the media, there-
fore, both bee and wasp scientists are likely to be encourag-
ing a positive view of their study organisms. Importantly,
wasp scientists are unlikely to be fuelling the media’s wasp-
negative tendencies.

Interactions with the media can be stressful and daunting
for scientists, who worry about being misquoted (personal
observation) or taken out of context (Peters 2013). Scien-
tists worry about critical details of their study being missed
(Peters 2013). Scientists also tend to have a very narrow
view of their own expertise (Peters 2013); for example, a
wasp scientist may decline talking to the media about a bee
article if they consider themselves a wasp expert, and not
a bee expert (and vice versa). However, scientists have an
important role in helping journalists understand new mate-
rial, and their interactions provide an opportunity to encour-
age high-integrity reporting (Dudo 2015). Our survey pro-
vides some suggestive evidence that wasp scientists have
the potential to influence the angle of a media story about
wasps such that they are portrayed more positively than the
journalist first intended. Almost 60% of our wasp scientists
perceived that their interactions with the media had shifted
the original story to be more wasp-positive, and 10% of
these thought their influence had been ‘enormous’. This is
an encouraging result for wasps and wasp scientists. This
implies that speaking up when given the chance is an influ-
ential and powerful way to inform the public and ultimately
improve the public’s perception of wasps. This emphasizes

how crucial it is for scholars to actively participate in media
opportunities and may also help direct investment focus for
institutions with their media training (Varner 2014; Peters
2022).

In stark contrast to the wasp researchers, only 7% of bee
scientists thought they had influenced the story through their
interactions with the media, and 31% reported no impact.
This may be because the original bee story was already
positive, and that their contributions as bee experts were in
clarifying details of the study or on some aspect of bee biol-
ogy. Interestingly, bee media coverage was criticised by the
scientists, however, for its focus on farmed honeybees and
bumble bees rather than wild bees, and especially solitary
species. This is especially important given that, unlike soli-
tary bees and wild social bees (e.g., stingless bees) (Colla
2022), managed honeybees and some bumble bees are not
of conservation concern. Bee researchers have previously
highlighted this problem (Esquivel et al. 2021; Colla 2022;
Lohrmann et al. 2022); future research may seek to deter-
mine how attitudes of the media can be changed by interac-
tions with bee scientists who are not working on honeybees.

Media reporting can shift attitudes and influence the
extent to which people engage with and/or support conser-
vation actions (Ladle et al. 2005). Wasp and bee scientists
were united in their opinions that the media is important in
promoting organism conservation effort; intriguingly, wasp
scientists perceived this as being a bigger effect than did bee
scientists. This may reflect the fact that wasp reporting often
highlights the risks wasps present to human health or the
beekeeping industry, and thus promotes the need to destroy
nests of aggressive (and often invasive) wasp species. The
scientists differed in their opinions on how much conserva-
tion effort their study organism needed; almost all the bee
scientists reported a need for more conservation effort on
their study organism, whilst only 75% of wasp scientists
believed this is necessary for wasps. There was an indica-
tion of conservation needs for underappreciated insects such
as solitary species (Burns et al. 2021) and wild species. The
difference in relative amounts of conservation effort for bees
and wasps is likely reflected by the invasive nature of a few
social wasp species in some of the countries represented by
our sample size. It might also reflect the relative paucity of
research on the status of wasp populations (Jonsson et al.
2021), in stark contrast to the extensive literature on the
state of bee populations (Dejean et al. 2011; Senapathi et al.
2015).

As well as influencing conservation action, the media
may also be a powerful messenger for promoting the con-
trol of insect populations through the behaviour of the
public; e.g., through destroying wasp or bee nests. Some
of the world’s most successful invasive species are bees
and wasps. Equally, the vast majority of bees and wasps
do not need controlling, and instead may need protection
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and conservation. Bee and wasp scientists were equally split
on whether more or less control measures were needed for
their taxon. But intriguingly, they differed in their percep-
tions of how important the media are in promoting control
measures. Wasp scientists perceived the media in having a
stronger influence in promoting control than did bee scien-
tists. This again, may reflect the geographical spread of our
respondents and their exposure to the media hype around
invasive wasp species such as Asian hornets (Vespa velutina
and Vespa mandarinia) and the yellowjacket wasps (Vespula
germanica and Vespula vulgaris) (Wilson Rankin 2021). It
may also reflect the low research output on wasps and their
ecosystem services compared to bees, with manifesting
impact on media reporting. The need to control invasive spe-
cies is well covered by the media when they pose an immi-
nent harm to humans [e.g., murder hornets invasion (Alaniz
et al. 2021)]. Few studies have evaluated the possible effects
and costs of invasive and managed bees to local biodiversity
(Kojima et al. 2011; Graystock et al. 2016), although the
invasion of Vespine social wasps in New Zealand is pro-
jected to have a cost to native species approaching millions
of dollars (Lester et al. 2013).

The media's biased reporting on wasps is likely to be
perpetuating the public’s negative attitudes towards these
important insects. Whilst this narrative is warranted in the
few parts of the world where wasps are invasive (e.g., New
Zealand, Australia, South Africa, Argentina), it is unhelpful
and damaging for native wasp populations, which perform
important ecosystem services as pest-controllers and polli-
nators (Brock et al. 2021). However, our study suggests that
scientists can play a powerful role in being able to steer the
narrative. By scientists readily offering their expert advice
and working together with the media for a fair and balanced
portrayal of wasps across all forms of media, these much
maligned insects may ultimately enjoy some of the positive
media experienced by their vegetarian relatives. Outreach
activities can encourage people to interact with and learn
about wasps (e.g., Big Wasp Survey (Sumner et al. 2019;
Cunningham-Eurich et al. 2023); popular science books
about wasps can help the public learn more about the science
and natural history of wasps [e.g., Lester 2018; Jones 2019;
Eaton 2021; Sumner 2022]. However, mainstream media
hold the key to achieving wide-spread shifts in behaviour
change towards these insects, and thus promoting conser-
vation efforts. Future surveys should aim to dissect taxon
relationships to understand the complexities behind the
opinions of scientists, and combine with surveys of public
opinions across languages and cultures. At a time of wide-
spread global insect declines (Outhwaite et al. 2022) is it
more critical than ever to recognise the value of all insects in
ecosystems as key facets of nature, no matter how ingrained
our cultural prejudices may be.
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