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In Scotland, large deer populations are associated with negative ecological and
socioeconomic impacts, such as damage to peatlands and forests, agricultural and
commercial forestry losses, Lyme disease transmission, and road accidents. Increasing
the annual deer cull might help address these negative impacts, but could be ethically
controversial. A stratified sample of adults living in Scotland (n = 1,002) responded
to our online questionnaire measuring perceptions of deer management, including
the acceptability of increasing the deer cull if doing so would help achieve a variety
of ecological and social objectives. Overall, respondents indicated that it would be
acceptable to increase the deer cull if doing so would serve public interests by reducing
negative impacts of deer, with deer welfare, environmental conservation, and public
health and safety being the most relevant ethical considerations. Although rural and urban
respondents reported significantly different experiences and perceptions of deer, their
values (i.e., attitudes, beliefs, and policy preferences) regarding deer management were
very similar. Understanding values of the general public, beyond vocal interest groups,
can help inform decisions on contentious wildlife management issues.

Keywords: animal welfare, culling, ecological restoration, ethics, human-wildlife conflict, social acceptability,
wildlife governance and institutions

INTRODUCTION

Scotland has a deer problem. Wild deer are iconic Scottish animals and feature prominently in
Scottish culture. However, populations of native red deer (Cervus elaphus) and roe deer (Capreolus
capreolus) have expanded in the absence of extirpated major predators such as wolves (Canis lupus),
bears (Ursus arctos), and lynx (Lynx Iynx). After more than a century of land use strategies to
increase deer numbers across much of the country, Scotland is currently home to approximately
one million deer. High deer numbers are associated with negative ecological and socioeconomic
impacts, such as damage to peatlands and forests, Lyme disease transmission, agricultural and
commercial forestry losses, and road accidents (Phillip et al., 2009; Pepper et al., 2019; Scottish
Environment LINK, 2020). Moreover, substantial animal welfare implications accompany high
deer numbers, with thousands of deer starving each winter and thousands more dying or being
injured on roads (Scottish Animal Welfare Commission, 2021).

Concern over ecological and socioeconomic impacts of deer in Scotland is not new (Hobbs,
2009; Davies and White, 2012). For approximately 150 years, successive governments have
attempted to establish sustainable deer management institutions, but with limited success
(Figure 1). At the root of this inertia lie Scotland’s unusual governance arrangements, in which the
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FIGURE 1 | Attempts to address persistent problems associated with deer in Scotland for approximately 150 years have achieved limited success. Reproduced with

Seven separate government-
appointed inquiries take place
over an 80-year period into the
‘red deer problem’.
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The new Deer (Scotland)
Act 1996 aims to tackle @
deer damage as part of the Desr (etland)
implementation in Scotland
of the European Habitats
Directive.

Red deer numbers reach an all-time high of
400,000 and the Deer Commission is merged
with SNH. The outgoing Chair of the Deer
Commission says: “The current voluntary system
has not evolved much in the last 20 years... if
opportunities for reform are not taken then other
approaches will need to be considered.”

SNH report to the Scottish
Government - Deer r
Management in Scotland -
says: “We are not confident
that present approaches to
deer management will be
effective in sustaining and
improving the natural heritage
in a reasonable timescale.”

|

A follow-up SNH report,
Assessing Progress in Deer
Mangement, says: “In the context
of future challenges to land
management, (we) recognise the
ongoing pace of change required.
We highlight the essential role
that deer management needs

to play in progressing and
responding to these challenges.”

permission from Scottish Environment LINK (2020).

Red Deer Commission set up,
giving governments power - -
to protect agriculture and
forestry from deer damage. It
estimates that numbers have
reached 150,000, and insists
that “the root of all deer
trouble is lack of adequate
management.”

“Thirty years on and no improvement”
announces the Red Deer Commission Chairman.
“Deer numbers now at 300,000. If we cannot get
the required cooperation from deer managers
we will have no alternative but to seek a
statutory solution to the problems.”

Red Deer Commission

is replaced by the Deer
Commission Scotland to
include oversight of roe, fallow
and sika. Deer numbers
continue to rise over the next
decade and beyond.

A Land Reform Review
Group report to the Scottish
Government recommends:
“Improvements should be
made to the current statutory
framework governing the
hunting of deer in Scotland

to ensure appropriate culls
are carried out to adequately
safeguard public interests.”

Following a parliamentary debate, the Cabinet
Secretary for the Environment insists that
“further improvements are needed to minimise
the costs of deer road vehicle collisions and
replacing fencing, as well as reducing the
environmental impact.”
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Scottish Government (SG) has legal responsibility for deer
management but private landowners own and control the right to
hunt deer on their property (Putman, 2010). In combination with
extremely concentrated patterns of landownership in which a few
hundred private landowners own more than half of all rural land
in Scotland (Glenn et al., 2019), these governance arrangements
create opportunities for private and public interests to seriously
collide. Many private landowners experience economic and
cultural incentives to maintain large deer populations on their
land despite deleterious impacts of high deer numbers at larger
spatial scales, frustrating efforts to coordinate deer management
at landscape levels and excluding many local people from
decisions that directly affect them (MacMillan and Leitch, 2008;
Davies and White, 2012; Mustin et al., 2017; Glenn et al,
2019). Scotland’s deer problem is therefore not a matter of deer
biology and ecology but governance arrangements that do not
effectively manage trade-offs between multiple societal interests
and objectives (Redpath et al., 2015; Ceausu et al., 2019; Kirkland
etal., 2021).

An annual cull of approximately 100,000 deer takes place
across public and private land in Scotland. On private sporting
estates, which cover large swathes of rural land (Glass et al.,
2019), most deer stalking (shooting) is carried out by landowners,
their staff, guests, and paying clients (Mustin et al., 2017).
Under the “voluntary principle” private landowners set their
own cull targets (Putman, 2010). NatureScot (the national public
body responsible for enforcing deer legislation) requires some
landowners to submit a cull return, and landowners are legally
obliged to do so within a statutory period. However, there is no
obligation to shoot a particular number of deer, and if landowners
do not meet the targets they set themselves, NatureScot sanctions
them only in exceptional circumstances. Unlike most other
European countries, there is very limited public participation in
deer stalking in Scotland. A large proportion of deer stalking
therefore happens out of sight of the general public and with very
little regulatory oversight (MacMillan and Leitch, 2008; Davies
and White, 2012; Pepper et al., 2019).

In 2017, SG commissioned an independent Deer Working
Group (DWG) to make recommendations on how to overcome
persistent ecological and socioeconomic difficulties associated
with deer management. The DWG recommended that SG brings
forward new legislation, as well as non-statutory provisions,
to safeguard public interests and promote more sustainable
deer management (Pepper et al,, 2019). In 2021, SG endorsed
the DWG’s recommendations and pledged to introduce new
legislation that would reinforce NatureScots powers to require
reductions in deer populations on both public and private land
(Scottish Government, 2021).

In the absence of viable non-lethal methods for controlling
deer populations, efforts to address Scotland’s deer problem
will likely involve increasing the annual deer cull. Shooting
more deer might effectively reduce deer numbers and negative
impacts, but could potentially be controversial among the
Scottish public (Dandy et al., 2011; Martinez-Jauregui et al.,
2020), many of whom may be unaware that a deer cull
already exists or of the magnitude of negative ecological and
socioeconomic impacts associated with large deer populations

(Dandy et al., 2012). Multiple ethical considerations, for example
animal welfare, environmental conservation, public health and
safety, and social justice, as well as personal experiences and
perceptions of deer, could all influence how members of the
public perceive the acceptability of increasing the annual cull
(Whitefield et al., 2021).

Wildlife policies and programs that lack public acceptability
can erode confidence in conservation institutions and are
unlikely to succeed in the long run (Bremner and Park, 2007;
Decker et al., 2016; Crowley et al, 2017; Pomeranz et al.,
2021). Robust, up-to-date data on public perceptions of deer
management could therefore help inform decisions regarding
the contentious possibility of increasing Scotland’s annual deer
cull. Previous studies have focused on particular geographic
locations or interest groups, finding mixed support for culling
to reduce negative impacts of deer, and a general preference
for non-lethal measures such as fencing and sterilization
(Dandy et al., 2011, 2012; Whitefield et al., 2021). However,
no research has specifically investigated public acceptability of
increased culling against the contemporary policy backdrop
and among a broad sample of the Scottish public, whose
perceptions will contribute to the legitimacy of any eventual
policies to lethally control deer in the public interest. Moreover,
no research has measured the relevance of multiple, possibly
competing, ethical considerations to how people think about
ecological and socioeconomic dimensions of deer management
in Scotland.

We developed an online questionnaire to address these
knowledge gaps and produce practically orientated evidence to
help inform forthcoming decisions about whether and how to
reform deer management in Scotland. We sought to obtain a
snapshot of how people living in Scotland think about deer
management and deer welfare. Specifically, we asked: How
acceptable would it be to increase the deer cull if doing so would
help achieve various ecological and socioeconomic objectives
(i.e., allow forests to recover, allow peatlands to recover, address
climate change by storing more carbon, reduce the number of
deer that starve in winter, allow other animals to survive and
thrive, reduce the spread of Lyme disease, create more stalking
opportunities for people who like to shoot deer, provide free
or low-cost venison, and reduce the number of road accidents
involving deer)? How important is it that people who shoot
deer are local, have formal hunting or stalking qualifications (to
ensure that deer die as quickly as possible), or are professional
(i.e., hunting or stalking is part of their paid occupation, not a
pastime)? How acceptable it would be for people who shoot deer
to use parts of the deer in various ways (i.e., keep meat; give meat
to friends and family; sell meat; give meat to people in need, such
as donating it to a food bank or soup kitchen; or keep parts of
deer other than meat, such as heads, skulls, hides, or antlers)?
What are respondents’ experiences and general perceptions of
deer (i.e., how often they see deer; whether they enjoy knowing
wild deer live in Scotland; whether they knew there is an annual
deer cull in Scotland; and whether they thought deer populations
in Scotland were too low, too high, or about right)? To what
extent are various ethical considerations (i.e., social justice,
deer welfare, welfare of animals other than deer, environmental
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TABLE 1 | Descriptive statistics for overall sample and split by rural and urban respondents.

Characteristic Response Overall % Urban % Rural % Scottish adult
(n = 1,002) (n = 726) (n = 276) population
Gender Female 49.8 49.9 49.6 52
Male 49.7 49.4 50.4 48
Transgender 0.1 0.1 0 <1
Non-binary 0.3 0.4 0 <1
Other 0 0 0 <1
Prefer not to say 0.1 0.1 0 -
Ethnicity White (Scottish/British/other) 95.3 941 98.6 96
Asian (Scottish/British/other) 2.7 3.4 0.7 3
African, black, or Caribbean 1.0 1.2 0.4 1
(Scottish/British/other)
Arab (Scottish/British/other) 0 0 0 <1
Mixed or multiple ethnicity 0.5 0.7 0 <1
Other ethnicity 0.3 0.4 0 <1
Prefer not to say 0.2 0.1 0.4 -
Age group 18-34 29.5 31.1 25.4 29
35-44 154 17.2 10.5 15
45-59 26.6 27.8 23.6 26
60+ 28.4 23.8 40.6 31
Highest education completed Primary school 0.4 0.4 0.4
Secondary school 37.2 36.2 39.9
College or university degree 52.6 53.2 51.1
Postgraduate degree 9.8 10.2 8.7
Grew up rural or urban Very urban (e.g., a city or large town) 29.7 35.8 13.8
Quite urban 39.9 49.6 145
Quite rural 20.2 8.3 51.4
Very rural (e.g., a small village or the 10.2 6.3 20.3
countryside)
Land owned None 71.4 73.7 65.2
Less than one hectare 24.6 22.7 29.3
1-10 hectares 3.8 3.6 4.3
More than 10 hectares 0.3 0 1.1
Self-reported social identity: Strongly disagree 73.9 73.1 75.7
hunter or stalker Disagree 13.0 13.4 12.0
Somewhat disagree 4.6 4.4 5.1
Neither agree nor disagree 4.3 4.3 4.3
Somewhat agree 1.2 1.5 0.4
Agree 1.4 1.5 11
Strongly agree 0.9 1.0 0.7
| don’t know 0.8 0.8 0.7
Self-reported social identity: Strongly disagree 1.1 0.8 1.8
conservationist Disagree 2.2 2.6 11
Somewhat disagree 2.6 2.1 4.0
Neither agree nor disagree 15.5 14.6 17.8
Somewhat agree 26.2 27.4 23.2
Agree 30.2 31.7 26.4
Strongly agree 21.4 20.0 25.0
| don’t know 0.8 0.8 0.7
(Continued)
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TABLE 1 | Continued

Characteristic Response Overall % Urban % Rural % Scottish adult
(n = 1,002) (n = 726) (n = 276) population
Self-reported social identity: Strongly disagree 1.2 11 1.4
animal protectionist Disagree 1.1 1.2 0.7
Somewhat disagree 1.7 2.1 0.7
Neither agree nor disagree 12.7 12.5 138.0
Somewhat agree 20.2 20.0 20.7
Agree 32.2 32.4 31.9
Strongly agree 30.3 30.3 30.4
| don’t know 0.6 0.4 1.1
Trusts the scottish government Never 11.6 10.5 14.5
to make the right decisions Only now and then 22.0 23.6 17.8
Some of the time 35.7 35.7 35.9
Most of the time 25.3 25.0 26.4
Always 4.1 4.3 3.6
| don’t know 1.3 1.1 1.8

Proportions of Scottish adult population given for three demographic characteristics used to stratify overall sample: gender, ethnicity, and age.

conservation, and public health and safety) relevant to how
people think about deer management? On average, do answers
to these questions differ between people who live in rural versus
urban areas?

METHODS

Questionnaire Development

We designed a questionnaire in conversation with staff from
environmental and animal welfare organizations in Scotland
and academics with expertise in deer management, conservation
social sciences, and animal welfare. This group (n = 14) pretested
our questionnaire, evaluating it for understandability, balance,
accuracy, and relevance to contemporary policy considerations
in Scotland. We incorporated group members comments
into the final questionnaire (Supplementary Material) before
collecting data.

Sampling and Procedure

Between 16 March and 20 April 2021, we recruited 1,002
people aged 18 and over living in Scotland via Qualtrics
(qualtrics.com) to answer our questionnaire on the Qualtrics
survey platform. We minimized sampling error and increased
the external validity of our sample (Wardropper et al., 2021)
by stratifying it to closely approximate the Scottish adult
population in terms of age, ethnicity, and gender identity
(Table 1) according to the most recent Scottish Government
statistics  (Scottish  Government, 2019). We deliberately
oversampled people living in rural areas to enable more precise
rural-urban comparisons.

Respondents first answered a block of demographic questions
to ensure they met sample quotas (age, ethnicity, gender identity,
and rural/urban residence). Respondents then read a short
passage explaining deer management in Scotland, designed to

ensure that all respondents, regardless of prior knowledge,
had sufficient context to understand and answer subsequent
questionnaire items. Using seven-point Likert scales with the
additional option of “I don’t know,” respondents answered
blocks of items measuring: how acceptable it would be to
shoot more deer if doing so would help achieve various
ecological and socioeconomic objectives; how important it is
that people who shoot deer have particular characteristics;
and how acceptable it would be for people who shoot
deer to use meat and other deer parts in various ways.
Respondents used four-point ordinal scales to answer a
block of items measuring the relevance of multiple ethical
considerations when responding to previous blocks, and a
combination of ordinal scales and seven-point Likert scales
to answer a block of items measuring their experiences and
general perceptions of deer. Respondents finished by providing
information on additional demographic characteristics and
social identities.

To prevent priming effects, we randomized the order
of items within all blocks, as well as the order in which
respondents received blocks of items measuring acceptability
of shooting more deer, characteristics of people who shoot
deer, and acceptability of using meat and other deer parts
(Supplementary Material). All respondents provided informed
consent. Our study was reviewed by and received ethics
clearance through the University of Oxford Central University
Research Ethics Committee (reference R74567/RE001) and
Cornell University Institutional Review Board for Human
Participants (protocol 2103010182).

Data Analysis

We analyzed data using R (R Development Core Team, 2008)
and considered p < 0.05 statistically significant. For rural-urban
comparisons, we combined respondents who reported living in
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FIGURE 2 | Acceptability of shooting more deer if doing so would help achieve various socioeconomic and environmental objectives (A), importance of people who
shoot deer having certain characteristics (B), and acceptability of using meat and other deer parts in various ways (C). Bars show distribution of responses, colored
by disagreement (browns), indifference (gray), and agreement (greens). Percentages show proportions of respondents who disagreed (left), were indifferent (middle), or
agreed (right), after excluding “I don’t know” responses.

very urban (n = 292) and quite urban (n = 434) locations into
a single urban residence category (n = 726), and respondents
who reported living in very rural (n = 77) and quite rural (n
= 199) locations into a single rural residence category (n
276). We used the “likert” package (Bryer and Speerschneider,
2016) to calculate and visualize percentages of responses, after
removing “I don’t know” answers, for items on acceptability of
shooting more deer, importance of people who shoot deer having
particular characteristics, and acceptability of using deer parts in
various ways.

We used the “ordinal” package (Christensen, 2019) to run
separate ordinal logistic regression models testing for differences
between rural and urban responses to all items measuring:
the acceptability of shooting more deer; the importance of

people who shoot deer having particular characteristics; the
acceptability of using deer parts in various ways; and respondents’
experiences and general perceptions of deer. All models
had a single binary predictor variable representing rural or
urban residence.

We transformed ordinal scale responses for items measuring
relevance of ethical considerations into numeric values (0 =
not at all relevant, 1 = somewhat relevant, 2 = relevant, and 3
= very relevant). We used t-tests to compare urban and rural
responses for each ethical consideration. We used t-tests to
compare differences in mean values between all pairs of ethical
considerations, applying Bonferroni corrections to account for
multiple comparisons (i.e., p < 0.005). For all ¢-tests we removed
“I don’t know” responses.
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FIGURE 3 | Acceptability of shooting more deer if doing so would achieve various socioeconomic and environmental objectives, split by urban and rural respondents.
Bars show distribution of responses, colored by disagreement (browns), indifference (gray), and agreement (greens). Percentages show proportions of respondents
who disagreed (left), were indifferent (middle), or agreed (right) that it would be acceptable to shoot more deer if doing so would achieve each objective, after excluding
“l don’t know” responses.

RESULTS

A majority of respondents indicated (i.e., somewhat agreed,
agreed, or strongly agreed) it would be acceptable to shoot more
deer if doing so would reduce the spread of Lyme disease (75%);
reduce the number of deer that starve in winter (74%); allow
forests to recover (73%); allow other animals to survive and thrive
(70%); allow peatlands to recover (68%); reduce road accidents
(68%); address climate change by storing more carbon (61%);
and provide free or low-cost venison (59%) (Figure 2). The only
objective a majority (56%) of respondents indicated would not
be acceptable (i.e., somewhat disagreed, disagreed, or strongly
disagreed that it would be acceptable) was to create more stalking
opportunities for people who like to shoot deer (Figure 2).

We found no significant differences between rural and urban
responses to items measuring acceptability of shooting more
deer to reduce the spread of Lyme disease, allow forests to
recover, allow other animals to survive and thrive, reduce
road accidents, address climate change by storing more carbon,

provide free or low-cost venison, or create more stalking
opportunities for people who like to shoot deer (Figure 3;
ordinal logistic regression models, all p-values > 0.06). We found
significant differences between rural and urban responses to
items measuring acceptability of shooting more deer to reduce
the number of deer that starve in winter (z = —1.99, p = 0.047)
and to allow peatlands to recover (z = —2.1, p = 0.036). Rural
people were more likely than urban people to strongly agree that
both objectives were acceptable.

A majority of respondents indicated it would be important
that individuals who shoot deer have formal hunting or stalking
qualifications (83%); are professional (74%); and are local (50%)
(Figure 2). We found no significant differences between rural
and urban responses to any items in this block (Figure 4; ordinal
logistic regression models, all p-values > 0.23).

A majority of respondents indicated it would be acceptable
for people who shoot deer to donate meat to people in need
(77%); keep meat (63%), give meat to friends and family (59%),
and sell meat (52%) (Figure 2). Acceptability of keeping parts of
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FIGURE 4 | Importance of people who shoot deer having certain characteristics, split by urban and rural respondents. Bars show distribution of responses, colored
by disagreement (browns), indifference (gray), and agreement (greens). Percentages show proportions of respondents who disagreed (left), were indifferent (middle), or
agreed (right) that each characteristic was important, after excluding “I don’t know” responses.

Donate meat

Urban | 12% 0 10% B 0 | 78%
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Give meat
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FIGURE 5 | Acceptability of people who shoot deer using parts of the deer in various ways, split by urban and rural respondents. Bars show distribution of responses,
colored by disagreement (browns), indifference (gray), and agreement (greens). Percentages show proportions of respondents who disagreed (left), were indifferent
(middle), or agreed (right) that each use was acceptable, after excluding “I don’t know” responses.

deer other than meat, such as heads, skulls, hides, or antlers was  to any items in this block (Figure 5; ordinal logistic regression
much lower: 34% of respondents agreed, 48% disagreed, and 18%  models, all p-values >0.20).

neither agreed nor disagreed this would be acceptable. We found The most relevant ethical considerations were deer welfare (M
no significant differences between rural and urban responses = 2.31, SD = 0.87), environmental conservation (M = 2.25, SD
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FIGURE 6 | Mean relevance of ethical considerations while responding to
items on acceptability of shooting more deer, importance of people who shoot
deer having certain characteristics, and acceptability of using meat and other
deer parts in various ways. Points represent mean values after transforming
responses from categories displayed on the x-axis into numerical values
ranging from O (not at all relevant) to 3 (very relevant) and removing “I don’t
know” responses. Error bars represent two standard errors of the mean.
Considerations that share letters are not significantly different after Bonferroni
correction (i.e., p < 0.005).

= 0.82), and public health and safety (M = 2.20, SD = 0.85).
The least relevant ethical consideration was social justice (M =
1.82, SD = 1.04) (Figure 6). After Bonferroni correction, deer
welfare was not significantly more relevant than environmental
conservation [f(;g59.9) = 1.49, p = 0.137] or public health and
safety [t(18760) = 2.67, p = 0.008], but was significantly more
relevant than welfare of animals other than deer [t(1g471) =
3.73, p < 0.001], and social justice [£(;754.1) = 11.00, p < 0.001].
Environmental conservation was not significantly more relevant
than public health and safety [t(13923) = 1.24, p = 0.214] or
welfare of animals other than deer [£(;3450) = 2.38, p = 0.017],
but was significantly more relevant than social justice [(1716.0) =
9.91, p < 0.001]. Public health and safety was not significantly
more relevant than welfare of animals other than deer [£(;364.4) =
1.15, p = 0.249], but was significantly more relevant than social
justice [t(1749.0) = 8.69, p < 0.001]. Welfare of animals other than
deer was significantly more relevant than social justice [#(;769.3)
= 7.47, p < 0.001]. We found no significant differences between
rural and urban responses to any items in this block (t-tests, all
p-values > 0.11).

Rural and urban respondents’ experiences and general
perceptions of deer differed significantly (Table2). Overall,
respondents reported enjoying knowing that wild deer live
in Scotland, with a higher proportion of people from rural
areas strongly agreeing and a higher proportion of people
from urban areas agreeing or somewhat agreeing. Compared to
urban respondents, rural respondents reported seeing deer more
frequently, being more aware that an annual deer cull took place,
and being more likely to think that the deer population was too
high or far too high.

DISCUSSION

Our results suggest that it would be acceptable to increase the
annual deer cull in Scotland as long as doing so would help
serve broad public interests by reducing negative impacts of
deer (Figure 2), while ensuring that deer welfare, environmental
conservation, and public health and safety receive adequate
consideration (Figure 6). These findings echo studies from Spain
(Martinez-Jauregui et al., 2020) and the United States (Johnson
and Horowitz, 2014; Vayer et al.,, 2021) documenting support
for killing deer to reduce ecological degradation. Moreover, our
results show that negative socioeconomic impacts feature at least
as prominently as negative ecological impacts in acceptability of
reducing high deer populations (Figure 2).

However, not all aspects of shooting more deer were
acceptable. Even though we deliberately chose not to use these
specific terms, recreational hunting (i.e., creating more stalking
opportunities for people who like to shoot deer) and trophy
hunting (i.e., keeping parts of the deer other than meat) were the
least acceptable in their blocks (Figures 2, 3, 5). Our finding that
recreational hunting is less acceptable than other objectives might
reflect the absence of a public hunting culture in Scotland, evident
in the very small proportions of rural and urban respondents who
identify as hunters or stalkers (Table 1). Our finding that trophy
hunting is less acceptable than hunting for meat mirrors results
from the United States (Responsive Management, 2019; Vayer
et al., 2021). Taken together, these findings indicate that public
acceptability of killing wild animals depends on motivations of
people who kill animals and how they use animal parts.

Long-term justification for any decision to increase the
deer cull based on social acceptability will require strong
evidence that doing so does in fact serve broad public
interests (Bremner and Park, 2007; Crowley et al, 2017).
This will require developing ecological assessment metrics that
are scientifically defensible and accessible enough to gauge
impacts of increased deer culls (Blossey et al., 2019), as well
as developing metrics to monitor social acceptability of deer
management policies and programs over time. These metrics
could contribute to a fair, transparent, adaptive system of
setting, monitoring, evaluating, and reporting progress toward
ecological and socioeconomic objectives at local and landscape
scales (Kirkland et al., 2021).

To be successful, any such system would depend on public
and private landowners collecting assessment data to allow
evaluation and adaptation. Many landowners already intensively
lethally control deer on their properties to reduce deleterious
impacts, so would likely willingly contribute assessment data.
These include public landowners who manage land mostly for
woodland objectives, as well as environmental NGOs, private
individuals, and community landowners who manage land for
conservation. However, owners of traditional sporting estates
may be more reluctant to participate (MacMillan and Leitch,
2008; Glass et al., 2019). This reluctance could spring from
tensions between private and public interests but also because
some sporting estate owners may be hostile to the aims of
conservation organizations, which they perceive to threaten
their traditions and with whom they might have a history of
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TABLE 2 | Experiences and general perceptions of deer, and relevance of ethical considerations for overall sample and split by rural and urban respondents.

Item Response Overall % Urban % Rural % z p
(n =1,002) (n =726) (n = 276)
| enjoy knowing wild deer live in Scotland Strongly disagree 0.9 0.6 1.8 —2.53 0.01
Disagree 0.4 0.6 0.0
Somewhat disagree 0.6 0.8 0.0
Neither agree nor disagree 5.8 5.9 5.4
Somewhat agree 11.0 12.4 7.2
Agree 30.9 31.8 28.6
Strongly agree 49.8 47.5 55.8
I don’t know 0.6 0.4 1.1
How often do you see deer in Scotland? Never or aimost never 15.8 19.0 7.2 —6.43 < 0.001
About once a year 31.6 34.2 25.0
About once a month 30.0 27.3 37.3
About once a week 12.9 1.2 17.4
More than once a week 7.4 5.9 1.2
| don’t know 2.3 2.5 1.8
Before taking part in this study, | knew that deer Strongly disagree 9.0 9.9 6.5 —-4.10 < 0.001
were shot for population management (culled) in Disagree 9.0 8.8 9.4
Scotland every year. Somewhat disagree 6.6 7.2 5.1
Neither agree nor disagree 10.3 10.9 8.7
Somewhat agree 19.2 211 141
Agree 241 23.1 26.4
Strongly agree 19.3 16.0 27.9
I don’t know 2.7 3.0 1.8
Before taking part in this study, | thought the Far too low 2.9 3.4 1.4 —3.83 < 0.001
number of deer in Scotland was... Too low 9.7 10.2 8.3
About right 42.8 44.6 38.0
Too high 20.8 19.8 23.2
Far too high 3.8 21 8.3
I don’t know 20.1 19.8 20.7

Test statistics (z-values) and p-values are from ordinal logistic regression models testing for differences between rural and urban responses.

conflict (MacMillan et al.,, 2010). Understanding the extent to
which traditional sporting estate owners would be willing to
participate in culling, monitoring, and evaluation, should be a
priority for research into the feasibility of increasing the deer cull.
Participation of sporting estates would be especially important
because, in the absence of a public hunting culture, professional
deer stalkers, many of whom work for private landowners, would
have to continue to carry out the majority of culling.
Considerations of deer welfare were relevant while
respondents answered questionnaire items on whether to
shoot more deer, which people should shoot more deer, and how
those people could use deer parts (Figures 2, 4, 6). But other
ethical considerations also mattered. Although deer welfare,
environmental conservation, and public health and safety were
the most relevant ethical considerations, welfare of animals
other than deer and social justice were also relevant (Figure 6).
Even the least relevant ethical consideration, social justice,
was on average closer to being “very relevant” than “not at all
relevant.” This finding reinforces the socioecological complexity
of deer management, and may help explain why it can be so
contentious: it draws together multiple, possibly competing,

ethical considerations as well as multiple, possibly competing,
wildlife management objectives (Redpath et al., 2015).

Overall support for increasing the deer cull (Figure 2)
despite high relevance of deer welfare considerations (Figure 6)
could indicate that respondents recognized that desirable public
benefits are only achievable by shooting more deer. Alternatively,
this finding might indicate that respondents see culling as less
concerning in terms of deer welfare than perpetuating a situation
in which large numbers starve over winter, or die or get injured
in road accidents. Future studies could investigate more precisely
how members of the public trade off potentially competing
ethical considerations, and whether they believe the welfare
implications of culling are more or less ethically acceptable than
those of maintaining high deer numbers.

Understanding public perceptions and values (i.e., attitudes,
beliefs, and policy preferences) is just one part of the much
larger challenge of designing sustainable institutions to address
Scotland’s deer problem. A major component of that challenge
will be to overcome or attenuate enduring tensions between
private and public interests, which are mired in a long and deep
history of conflicts that include, but extend far beyond, deer
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management (Hobbs, 2009; Phillip et al., 2009; MacMillan et al.,
2010). Clearly delineating the fault lines in these conflicts will be
essential to overcoming them.

Our results suggest that rural versus urban location is a poor
predictor of contemporary values about deer management in
Scotland. We found significant differences between rural and
urban respondents’ experiences and general perceptions of deer,
with rural people reporting seeing deer more frequently, having
greater knowledge that an annual cull takes place, and thinking
the number of deer was too high or far too high (Table 2).
This is unsurprising because many of the effects of high deer
populations occur most acutely in rural areas, as do most deer
management activities (Pepper et al., 2019). However, despite
these differences in experiences and perceptions of deer, we found
no significant differences between rural and urban respondents’
attitudes regarding the importance of people who shoot deer
having certain characteristics, the acceptability of using deer parts
in various ways, or the relevance of various ethical considerations
to their thinking about these topics. We found no significant
differences between rural and urban respondents’ responses to
seven of the nine items measuring acceptability of shooting
more deer. Although acceptability of shooting more deer to
allow peatlands to recover and to reduce the number of deer
that starve over winter were statistically significantly different
between rural and urban respondents, the magnitude of those
differences was slight (Figure 3). These findings are consistent
with Whitefield’s et al. (2021) recent study showing that attitudes
toward deer management are remarkably similar between urban
and rural people in Stirlingshire, an administrative region in
central Scotland. In combination, these findings cast doubt, at
least regarding deer management in Scotland, on the common
expectation in conservation science and practice that urban and
rural values regarding wildlife are substantially different.

Our study illustrates the value of sampling from the general
public to obtain a more panoramic understanding of how
people think about contentious wildlife decisions than would
be possible from listening exclusively to representations from
vocal special interest groups. Data on values of members of
the public who do not typically express an interest in wildlife
could be especially useful to public wildlife authorities seeking
to incorporate a broader range of public values into their
policies and programs (Decker et al., 2016; Giacomelli et al,
2019), or seeking to communicate justifications for contentious
decisions to the public. Approximately 20% of respondents in
both rural and urban areas answered “I don’t know” to the item
measuring their perceptions of the number of deer in Scotland
prior to taking part in the study (Table2), suggesting that
members of the general public are not fully aware of Scotland’s
deer problem. Future research could assess the extent to which
people from different groups understand the deer problem,
and employ different sampling frames to investigate whether
the patterns in values we identified in this study apply more
generally. All respondents read a short passage at the beginning
of our questionnaire to provide context on deer management in
Scotland (Supplementary Material). Future research could also
test whether respondents who receive no context, or who receive
different types of context, express similar values.

Overall, our results suggest that people in Scotland would
like deer management to produce better outcomes for people,
deer, and the environment more generally. By providing a
snapshot of how a diverse, stratified sample of adults living
in Scotland think about deer management and deer welfare
against the contemporary policy backdrop, our results could
help inform contentious forthcoming decisions on reform
toward more sustainable deer management institutions (Pepper
et al., 2019; Scottish Government, 2021). Institutions will be
more sustainable if they are built upon transparent ecological
and socioeconomic objectives, accurately measure and report
progress toward meeting those objectives, and are flexible enough
to adapt to ecological and socioeconomic differences between
places and changes over time (Ceausu et al., 2019; Kirkland et al.,
2021).
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