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Abstract
1.	 Wild deer populations are increasing across the northern hemisphere, posing 

challenges to the environment and people. Deer impacts can be managed using 
lethal and non-lethal practices, but research suggests lethal control receives 
mixed support. Differences in perspectives towards management practices may 
hinder collaborative, landscape-scale strategies required to achieve resilient eco-
systems and tree cover targets. Thus, understanding human-deer relationships is 
crucial for sustainable deer management.

2.	 To investigate perceptions towards deer and their management in England and 
Wales, we designed a questionnaire measuring the level of support for different 
actions to manage deer impacts and beliefs regarding the aesthetic and existence, 
environmental, economic and cultural-symbolic value of deer. Targeting actors 
within and outside the land management, the questionnaire was distributed to 
subscribers of five national organisations, three focussing on wildlife manage-
ment and two on woodland management.

3.	 We collected data from 3936 people and, using cluster analysis, characterised 
groups of respondents based on their beliefs towards deer. We assessed varia-
tions between groups by socio-demographic characteristics and support for le-
thal and non-lethal management practices.

4.	 Lethal control was the most supported and most used deer management practice, 
followed by tree guards and deer fencing. Our cluster analysis grouped respond-
ents into 4 clusters. The cluster composed predominantly of deer stalkers (47%) 
held the most positive perceptions of deer and registered the highest support for 
lethal control and the highest opposition to deer fencing. Conversely, the cluster 
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1  |  INTRODUC TION

In recent decades, the densities and distributions of wild deer spe-
cies have increased throughout the northern hemisphere (Côté 
et  al.,  2004). Whilst deer promote dynamic natural ecosystem 
processes such as seed dispersal (Ramirez et  al.,  2018), and gen-
erate income through tourism, hunting and venison (MacMillan & 
Phillip,  2008), they can negatively impact anthropocentric inter-
ests. Intensive grazing and browsing by deer can threaten tree re-
generation and woodland resilience (Gill, 2000; Gill & Fuller, 2007) 
and impact biodiversity (Dolman et al., 2010; Eichhorn et al., 2017; 
Gill,  2000; Putman,  1996). Deer can damage food crops and strip 
bark from mature trees in woodland-agricultural landscapes, includ-
ing established timber crops (Putman, 1996). Elevated deer densities 
are also a concern for deer-vehicle collisions and disease transmission 
to livestock and humans (Böhm et al., 2007; Putman et al., 2011). It is 
therefore essential that people involved in woodland management in 
temperate regions plan for and mitigate deer impacts.

Increasing deer densities present a challenge to UK government 
policies aiming to expand woodland cover and transition to net zero 
by 2050 (HM Gov,  2021). Effective mitigation of deer impacts to 
new and existing woodlands will be crucial in achieving these tar-
gets (Climate Change Committee,  2024). Options to mitigate deer 
impacts include non-lethal practices, such as deer fencing and tree 
guards (Gill, 1999), and lethal control, which in the UK involve the 
regulated shooting of deer (Barton et  al.,  2022; Deer Act,  1991). 
Since deer are highly mobile, the most effective deer management 
strategies are implemented at the landscape scale (e.g. Fattorini 
et al., 2020), requiring cooperation between landowners and wide-
spread support from diverse actors (e.g. Austin et al., 2010).

Lethal control of deer is one of the most cost-effective forms 
of impact control (Bowker et  al.,  2003). However, whilst stud-
ies provide evidence of support for lethal control (e.g. Fulton 
et  al.,  2004; Green et  al.,  1997b; Kilpatrick & Walter,  1997; Loker 
et  al.,  1999; Stewart,  2011; Urbanek et  al.,  2012), preference for 

non-lethal measures is often reported (Dandy et  al.,  2009, 2011; 
Green et al., 1997a; Martínez-Jauregui et al., 2020; Stout et al., 1997; 
Whitefield et  al.,  2021). Evidence suggests that support for lethal 
control is higher among those directly affected by deer impacts 
(e.g. Siemer et  al.,  2004; Urbanek et  al.,  2015), and those more 
familiar with deer, including people in the land management sec-
tor (Whitefield et al., 2021) and rural residents (Loker et al., 1999; 
Sijtsma et al., 2012). Indeed, interest in woodland planting and re-
generation likely increases awareness of the need to reduce deer 
numbers in some areas (Bunce et  al.,  2014; Gullett et  al.,  2023; 
Logan et  al.,  2025). Frequent contact with deer or higher risk of 
deer-related damage has been linked to more negative attitudes 
towards them (e.g. Stinchcomb,  2022; Valente et  al.,  2020; West 
& Parkhurst, 2002). Furthermore, attitudes towards deer may vary 
with age, with older individuals being more aware of potential nega-
tive impacts (Valente et al., 2020; Whitefield et al., 2021).

Lethal control may be opposed by those who are unaware of 
deer impacts or deem impacts as acceptable (Dandy et al., 2009, 
2011). For example, Dandy et  al.  (2011) showed that peri-urban 
communities in Scotland preferred non-lethal measures, such as 
deer fencing and vehicle speed limits to reduce deer-vehicle colli-
sions. Lethal control may also be opposed due to the aesthetically 
pleasing nature of deer (Dandy et al., 2009, 2011). People believing 
wildlife and humans should hold similar rights (i.e. “mutualism”) may 
be less likely to support lethal control compared to those believing 
wildlife exists to benefit humans (i.e. “domination”) (e.g. Sijtsma 
et al., 2012; Teel & Manfredo, 2010). Previous studies examining 
differences in attitudes towards wild deer and their management 
often involved broad respondent groups, such as professionals 
versus the public (e.g. Dandy et  al.,  2012) or rural versus urban 
residents (e.g. Hare et al., 2021; Sijtsma et al., 2012). Many studies 
focussed on specific communities and local areas of interest (e.g. 
Dandy et al., 2011; Lauber & Knuth, 2000; Urbanek et al., 2015; 
Whitefield et  al., 2021), whilst fewer conducted quantitative re-
search at the national scale (Hare et al., 2021; Jacobs et al., 2014; 

with the highest proportion of farmers (27%) and lowest proportion of stalkers 
(16%) expressed more neutral and negative opinions towards deer.

5.	 There was no evidence of column clusters, indicating that beliefs did not cluster 
according to value dimensions (e.g. economic, environmental), suggesting that 
deer were valued similarly across all value dimensions. Differing opinions on deer 
and land management goals make it difficult for neighbours to collaborate on 
managing deer.

6.	 Lethal control received strong support, which could ease concerns about rec-
ommending its use by nature organisations and decision-makers who depend on 
public backing.

K E Y W O R D S
attitudes, beliefs, collaborative management, deer management, lethal control, management 
practices, perceptions, values
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    |  3CINI et al.

Martínez-Jauregui et al., 2020; Sijtsma et al., 2012) or on more di-
verse respondent categories (Ehrhart et al., 2022; Stewart, 2011; 
Stinchcomb,  2022; Valente et  al.,  2020). Furthermore, past re-
search often relied on relatively small samples, with few exceed-
ing 1000 respondents (Diefenbach et al., 1997; Hare et al., 2021; 
Stewart, 2011).

In Britain, research on human-deer relations has mostly focussed 
on Scotland (Dandy et  al.,  2009, 2011; Hare et  al.,  2021; Holland 
et  al.,  2017; MacMillan & Leitch,  2008; Whitefield et  al.,  2021). 
However, perspectives in England and Wales could differ due to 
variations in deer species densities and distributions, landownership, 
governance structures, land management objectives and national 
deer management strategies (The Deer Initiative, https://​thede​erini​
tiati​ve.​co.​uk/​; NatureScot, https://​www.​nature.​scot/​). Deer man-
agement across much of Scotland often takes place on large, private 
estates by a relatively small number of landowners (Putman, 2010). 
In England and Wales, deer management generally takes place 
across mosaics of smaller-scale landownership (The Deer Initiative, 
https://​thede​erini​tiati​ve.​co.​uk/), requiring cooperation between 
larger numbers of individuals to affect landscape-scale deer man-
agement. Different opinions between neighbouring landowners 
regarding deer and their management may hinder landscape-scale 
collaborations (Austin et  al.,  2010, 2013). Land access also differs 
across Britain. In England and Wales, access is more restricted 
(Countryside and Rights of Way Act, 2000), whereas in Scotland, the 
Land Reform (Scotland) Act (2003) grants statutory rights of access 
for any form of non-motorised outdoor recreation excluding hunt-
ing, fishing and shooting. Finally, nature organisations might also be 
reluctant to publicly discuss and campaign for deer management, 
fearing negative impacts on member retention. Such reluctance may 
hinder efforts toward sustainable deer management and, ultimately, 
resilient woodlands benefitting people and wildlife.

In this study, we used a national-scale questionnaire to sur-
vey subscribers of five nature organisations in England and Wales: 
three focussing on wildlife management, two on woodland manage-
ment. We chose these organisations to capture a range of visions 
and perspectives towards wild deer and their management draw-
ing from wildlife value orientation frameworks and structuring our 
questionnaire to assess and cluster diverse values of deer, from 
conservation to ecological sustainability, to reveal broader beliefs 
about their management. Whilst some of these organisations focus 
predominantly on the management and sustainable use of game an-
imals, including deer, others emphasise the importance of resilient 
woodlands and restoration of biodiversity. Our objectives were to: 
(1) characterise the beliefs held by a range of actors towards wild 
deer, including farmers (people working their own or leased land), 
land managers (people employed to manage farms and estates) and 
individuals with no involvement in land management; (2) investigate 
differences in these beliefs in relation to involvement in land man-
agement, age, subscription to wildlife management or woodland 
management-focussed organisations, and their support for lethal 
and non-lethal deer management practices. Our study assesses per-
ceptions towards wild deer and management approaches across a 

large sample of respondents in England and Wales, offering insights 
to facilitate collaboration among different actors and informing the 
design of strategies that will help mitigate deer impacts on tree 
planting targets, which are a key component of the UK transition to 
net zero (HM Gov, 2021).

2  |  METHODS

To investigate people's perceptions towards deer and their man-
agement in England and Wales, we designed a questionnaire which 
was distributed online (LimeSurvey GmbH,  n.d.; Qualtrics,  2005) 
by five national organisations, three focussing on wildlife manage-
ment (British Association for Shooting and Conservation (BASC); 
British Deer Society (BDS); Game and Wildlife Conservation Trust 
(GWCT)) and two on woodland management (Sylva Foundation; 
The Woodland Trust). This enabled us to collect data from different 
groups of people residing in England and Wales: farmers, land man-
agers, deer stalkers, game keepers, foresters, conservation practi-
tioners/advisors and people not involved in managing land, but with 
an interest in woodland or wildlife. Our focus on England and Wales 
was driven by similarities in deer management regulations in these 
nations (The Deer Initiative, https://​thede​erini​tiati​ve.​co.​uk/​) and the 
paucity of existing research.

2.1  |  Questionnaire design

The questionnaire contained eleven sections (Supporting Information 
S1). We collected information on respondents' involvement in land 
management, deer species on their property, and types of deer 
damage experienced, and then presented them with 17 statements 
measuring beliefs towards deer. These were informed by existing lit-
erature measuring wildlife value orientations (e.g. Fulton et al., 1996; 
Jacobs et al., 2014; McCance et al., 2015; Teel & Manfredo, 2010) 
and human perceptions of deer (e.g. Dandy et  al.,  2009; Valente 
et al., 2020), and developed to ensure coverage of a range of dimen-
sions, including the aesthetic and existence, environmental, eco-
nomic and cultural-symbolic values of deer (Table 1). For example, 
to explore beliefs regarding the perceived economic value of deer, 
participants reported their level of agreement or disagreement with: 
“Wild deer are valuable for the venison market”. Answers were 
provided on a five-point Likert-type scale (1 = strongly disagree, 
5 = strongly agree). Statement order was randomised to eliminate 
order effects.

Next, respondents indicated their level of support (1 = strongly 
oppose, 5 = strongly support) for different actions to manage deer 
impacts. These included non-lethal practices, such as deer fencing 
and tree guards and lethal control. To distinguish lethal control from 
recreational hunting, the following definition was provided: “Lethal 
control is performed with the aim of reducing wild deer numbers 
and their impacts”. Here we sought to adopt a neutral tone and avoid 
emotive words. Respondents also rated 16 statements designed to 
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assess perceptions towards lethal control (1 = strongly disagree, 
5 = strongly agree). The statements were grouped into two blocks: 
one containing eight statements in support of lethal control, an-
other including eight statements opposing it. The order of these two 
blocks, and the statements within them, was randomised. Finally, 
respondents involved in land management were asked how easy or 
difficult it was for them to work with their neighbours to control wild 
deer and their impacts, with a follow-up question examining reasons 
for difficult collaboration.

2.2  |  Questionnaire distribution

The questionnaire was reviewed by project partners prior to pilot-
ing and distribution. The five distributing organisations used news-
letters or dedicated emails to share the questionnaire with their 
subscribers in England and Wales. Data was collected between 
November 2023 and September 2024. Free, prior and informed con-
sent was sought from all respondents, who were 18 years or older 
and could drop out before questionnaire completion by closing their 
browser. The questionnaire was anonymous, and research was ap-
proved by Bangor CoESE Ethics Committee (Approval Number: 
COSE2023ECiDeer02A).

2.3  |  Statistical analysis

We used cluster analysis to characterise groups of respondents 
based on their beliefs towards wild deer and assessed the varia-
tion between groups in relation to respondents' involvement in 
land management, age and support for different deer management 
practices. The dataset comprised a matrix of ordered categorical 
responses (i.e. Likert-type data), with a row for each respondent 
and a column for each of the 17 belief statements. We also incor-
porated additional covariates for each respondent: involvement 
in land management (deer stalker, farmer, forester, game keeper, 
conservation practitioner/advisor, other involvement, no involve-
ment), source organisation (wildlife management-focussed or wood-
land management-focussed) and age group (18–34, 35–44, 45–54, 
55–64, 65+). We used model-based clustering with a proportional-
odds model structure, suitable for ordered categorical variables 
(Matechou et al., 2016). This approach was selected over commonly 
used Exploratory Factor Analysis (EFA) (Furr, 2011) because cluster 
analysis allows us to group both respondents and belief statements, 
whilst EFA combines variables into simpler structures (i.e. clusters 
of belief statements only). Moreover, the highly asymmetric belief 
scores (Table  L, Supporting Information  S2) were not suitable for 
parametric analyses inherent to EFA (Watkins, 2018). Importantly, 

TA B L E  1  Statements on beliefs toward deer that were scored by questionnaire respondents.

Values Explanation Statements on values towards deer Statement abbreviation

Aesthetic and existence Wild deer are physically 
appealing and need to be 
protected and cared for

•	 It is important to know deer exist in my 
local area

•	 Seeing deer connects people with 
nature

•	 Hunting deer connects people with 
nature

•	 Consuming wild venison connects 
people with nature

•	 Deer are an important part of nature

•	 Local existence value
•	 Deer-nature connection
•	 Hunting-nature connection
•	 Venison-nature connection
•	 Part of nature

Environmental Wild deer are important for 
the environment and ecology—
for example browsing, seed 
dispersing, expression of healthy 
environment

•	 Deer contribute to the health of forests 
and the ecosystem

•	 Deer presence is an indicator of a 
healthy environment

•	 Deer are a key element of biodiversity
•	 Hunting deer allows people to access 

more sustainable, locally sourced meat

•	 Ecosystem health
•	 Environmental health
•	 Biodiversity
•	 Sustainable meat

Economic Wild deer holds economic value 
through tourism, shooting, 
venison

•	 Deer are important for tourism
•	 Hunting deer generates economic value
•	 Wild deer are valuable for the venison 

market
•	 Deer are important for the economy

•	 Tourism economy
•	 Hunting economy
•	 Venison economy
•	 General economy

Cultural and symbolic Wild deer are seen as a symbol 
of national identity, community, 
cultural heritage

•	 Deer are an expression of our cultural 
heritage

•	 Deer are important symbols of our 
nation

•	 Hunting deer is an important tradition 
to people

•	 Consuming wild venison connects 
people with their local roots

•	 Cultural heritage
•	 National symbol
•	 Hunting tradition
•	 Venison tradition

Note: The table displays the 17 statements with their abbreviation.
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the model-based clustering approach provides parameter estimates 
that allow us to determine important covariates that drive the clus-
tering of beliefs.

Model-based clustering can be used to find groups of respon-
dents (rows) that contain individuals with similar patterns of re-
sponses whilst simultaneously finding groups of correlated belief 
statements (columns). We chose to use a specific model-based clus-
tering method that can also incorporate additional covariates that 
may affect the responses (Preedalikit et al., 2024). A priori, we ex-
pected covariates for respondents to influence their responses to 
the belief statements. We therefore compared the fit of different 
model structures that varied in the number of row and column clus-
ters and tested the inclusion of covariates.

Initially, we fitted 15 combinations of two to six row clusters 
and two to three column clusters to explore the feasibility of clus-
tering both rows (respondents) and columns (belief statements) 
simultaneously. We selected the solution with four clusters of 
respondents and two clusters of belief statements (Supporting 
Information  S3) based on a combination of parsimony in the 
number of clusters and the criteria ICL, AIC and BIC (Lezhnina & 
Kismihók, 2022). We decided to fit four further models with this 
cluster configuration, one without covariates and three with dif-
ferent covariates: involvement in land management, source or-
ganisation and age group. Since involvement in land management 
was partially nested within source organisation and age group, 
covariates were not fitted in a single model together (Supporting 
Information S3).

The maximum-likelihood-based clustering method (Matechou 
et al., 2016) yields probabilities for each statement indicating their 
likelihood of belonging in each cluster and assigns each statement to 
the cluster it has the highest probability of membership for. Although 
our best-fitting model without covariates had two clusters of belief 
statements, one of those clusters had no belief statements assigned 
to it, suggesting that column clustering was not supported and that 
there was little evidence of any structure among belief statements. 
Therefore, we proceeded to only cluster the observations (i.e. “row 
clustering”) and not the belief statements. We constructed the fol-
lowing four models, each comprising four row clusters:

1.	 Model A: row clustering without covariates
2.	 Model B: row clustering with involvement in land management as 

covariate
3.	 Model C: row clustering with source organisation as covariate
4.	 Model D: row clustering with age group as covariate

AIC and BIC were used to identify the model with the best fit, 
from which we explored variation in cluster composition according 
to respondents' scoring of belief statements, the nature of their in-
volvement in land management, source organisation, age group and 
support for the three main management practices: lethal control, 
deer fencing and tree guards.

It is likely that deer stalkers consistently supported lethal control 
and strongly agreed with belief statements related to deer due to 

their role in deer culling. To ascertain whether clustering patterns 
were primarily driven by the inclusion of deer stalkers, we performed 
a sensitivity analysis by removing the 2914 stalkers from the dataset 
before repeating the cluster analysis and examining if findings dif-
fered from the full dataset (N = 3936). All analyses were conducted 
in RStudio (R version 4.2.3) (RStudio Team, 2020). Cluster analysis 
was done using the “clustord” package version 1.2.1 (Matechou 
et al., 2016; McMillan et al., 2024).

3  |  RESULTS

3.1  |  Sample description

After discarding 134 responses from outside England and Wales, we 
retained 3936 usable responses (97%). Most responses came from 
England (94%, n = 3709), with few from Wales (>5%, n = 208) and 
border areas (<1%, n = 19) where partial postcodes overlap between 
England and Wales (Figure 1). These counts are proportional to the 
total population in England and Wales (57.7 million and 3.2 million, 
respectively; Office for National Statistics (ONS), 2023).

Most respondents (73%, n = 2858) subscribed to wildlife 
management-focussed organisations and the remainder to woodland 
management-focussed organisations (27%, n = 1078). Most respon-
dents (59%, n = 2334) were involved in land management (Tables A1 
and A2, Supporting Information S2) and were aged 55 or over (73%, 
n = 2869) (Table B, Supporting Information S2).

3.2  |  Deer impacts

Most respondents reported having deer on the land they manage, or 
where they live (92%, n = 3607); others reported they had no deer 
(6%, n = 231) or were unsure of their presence (2%, n = 98). Among 
respondents involved in land management and reporting deer pres-
ence on their land (n = 2245), most stated that deer damaged tree 
saplings (83%, n = 1874), established trees or hedges (72%, n = 1615) 
and ate crops or pasture (71%, n = 1594). Only 4% (n = 94) reported 
no deer damage (Table C, Supporting Information S2).

3.3  |  Support for deer management

Across all respondent types, support for deer management prac-
tices was the highest for lethal control (85% supported or strongly 
supported the practice, n = 3359), followed by tree guards (82%, 
n = 3245) and deer fencing (69%, n = 2727) (Table  D, Supporting 
Information  S2). Deer stalkers were the most supportive (98%, 
n = 1000), followed by game keepers (96%, n = 92) and foresters 
(93%, n = 81). Most respondents not involved in land management 
also supported lethal control (73%, n = 1170) (Table  E, Supporting 
Information  S2). Across all respondents, high levels of agree-
ment with our eight statements supporting lethal control, and low 
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6  |    CINI et al.

agreement with eight statements opposing lethal control, provide 
further evidence of strong support for this practice across the sam-
ple (Tables F–G, Supporting Information S2).

The most common approaches that respondents reported 
using to minimise deer damage were lethal control (71%, n = 1019), 
tree guards (65%, n = 928) and deer fencing (38%, n = 557); other 
management practices were used by less than 6% (Tables  H–I, 
Supporting Information  S2). Most respondents with manage-
ment control of their land did not incorporate the risk of deer 
damage into their land use decisions (76%, n = 1085), for example 
by avoiding planting crops palatable to deer (Table J, Supporting 
Information  S2). Further, 31% (n = 435) stated it would be diffi-
cult to collaborate with their neighbours to control deer and 
their impacts. The most selected reasons were different views 
on deer and their impacts (51%, n = 220) and differences in land 
management objectives (48%, n = 210). Lack of funding was re-
ported less frequently (19%, n = 82) (Tables K1 and K2, Supporting 
Information S2).

3.4  |  Respondent groupings according to their 
beliefs towards wild deer

Deer were valued for aesthetic and existence reasons, as well as 
their environmental role. They were also considered culturally sig-
nificant and economically valuable through hunting and venison 
(Figure 2; Table L, Supporting Information S2).

When comparing models with different combinations of row 
and column cluster quantities, the model with four row clusters pro-
vided the best fit to the data (Table D, Supporting Information S3). 
There was no evidence of column clusters, suggesting that belief 
statements, despite representing different value dimensions, did not 
cluster into multiple groups (Table 1). This means respondents did 
not distinguish between value dimensions (e.g. economic, environ-
mental) when rating statements; deer were valued similarly across 
all dimensions.

Once covariates were incorporated, model C, which included 
source organisation as a covariate (i.e. wildlife management- or 

F I G U R E  1  Distribution of responses by 
postcode district. Districts are coloured 
according to the quantity of responses 
received. Districts with no responses 
are blank. A total of 27 responses were 
discarded due to insufficient postcode 
information, and one respondent provided 
two postcodes; therefore, the number of 
responses mapped was 3910 from 3909 
respondents. The two highlighted districts 
in the top-right partly cross the Scottish 
border due to shared postcode areas, 
though all responses originated from 
districts within England.
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    |  7CINI et al.

woodland management-focussed), was the best-fitting model (i.e. 
with the lowest ICL, AIC and BIC) compared to the others (Table 2; 
Figure  A, Supporting Information  S3). Cluster composition and 
cluster effect are detailed in Table  3. The cluster effect, corre-
sponding to the �r coefficient in the proportional-odds model (see 
Matechou et al., 2016; Preedalikit et al., 2024), changes the like-
lihood that individuals in that cluster will answer more positively 
or negatively to statements. Positive cluster effects increase 
the probability that individuals will answer more positively to 
the belief statements, and negative cluster effects increase the 
probability of them answering more negatively. These effects 

combine additively with the effect of the covariates in the overall 
model. Source organisation provides information on the value of 
responses; the “woodland” category returned a negative coeffi-
cient (−1.14). This result suggests that respondents subscribed to 
woodland management-focussed organisations are more likely to 
provide negative responses to the belief statements than respon-
dents from wildlife-focussed organisations.

Cluster A was predominantly composed of deer stalkers (47%, 
Figure  3; Table  E, Supporting Information  S3) and had the most 
strongly positive cluster effect (Table  3): people belonging to 
this cluster strongly agreed with 16 of 17 statements on beliefs 

F I G U R E  2  Respondents' level of agreement with statements on beliefs towards deer. Statements were grouped a priori by four value 
dimensions. N = 3936.

TA B L E  2  AIC and BIC of models with four row clusters.

Model Covariate ICL ΔICL AIC ΔAIC BIC ΔBIC

Model C Source organisation 165201.4 0 163108.9 0 163209.1 0

Model B Involvement in land management 165497.4 296.0 163341.7 232.8 163496.6 287.5

Model D Age group 165670.0 468.6 163688.0 579.1 163815.6 606.5

Model A None 165721.0 519.6 163809.3 700.4 163900.4 691.3

Note: Models are ordered from the lowest to the highest ICL, AIC and BIC. The best model is model C. ΔICL, ΔAIC and ΔBIC (i.e. the difference 
between each model and the best model) are also reported.
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8  |    CINI et al.

towards deer, indicating they strongly believed deer are an im-
portant part of nature, a healthy environment and the economy 
(Figure  4; Table  K, Supporting Information  S3). This cluster in-
cluded a lower proportion of respondents aged 65+ and a greater 
proportion of respondents between 18 and 44 years compared to 
the other clusters (Table G, Supporting Information S3). Cluster A 
also registered the highest proportion of respondents from wild-
life management-focussed organisations (88%, Table F, Supporting 
Information  S3), the highest support for lethal control and the 
highest opposition to deer fencing across all clusters (Tables G and 
H, Supporting Information S3).

Cluster B primarily consisted of people not involved in land man-
agement (43%, Figure 3; Table E, Supporting Information S3) and had 
the lowest proportion of respondents from wildlife management-
focussed organisations of all clusters (67%, Table  F, Supporting 
Information S3). They strongly agreed with 2 of 17 belief statements 
and agreed with the rest, suggesting people in this cluster also regarded 
deer as important (Figure  4; Table  K, Supporting Information  S3). 
Cluster C was also dominated by people not directly involved in land 
management (43%, Figure 3; Table E, Supporting Information S3) and 
together with cluster D, had the highest proportion of people aged 
65+ of all clusters (51%; Table G, Supporting Information S3).

Cluster C registered the lowest level of support for lethal control, 
although 47% of respondents in this cluster still strongly supported 
it (Table H, Supporting Information S3). Moreover, respondents in 
clusters B and C showed strong support for non-lethal management 
approaches, with the highest support for deer fencing (Tables I and 
J, Supporting Information S3). People belonging to cluster C agreed 
with 10 belief statements and reported neutral responses to the rest 
(Figure 4; Table K, Supporting Information S3).

Finally, cluster D had the highest proportion of farmers 
(27%), lowest proportion of deer stalkers (16%, Figure  3; Table  E, 
Supporting Information S3) and lowest proportion of respondents 
aged 18–34 years across all clusters (1%; Table  G, Supporting 
Information  S3). Cluster D had the lowest cluster effect value 
(Table  3), indicating respondents in this cluster scored the low-
est of all clusters across belief statements. Indeed, they reported 

neutral answers to 10 belief statements and disagreed with the rest 
(Figure 4; Table K, Supporting Information S3). They also registered 
the lowest support for tree guards and deer fencing (Tables I and J, 
Supporting Information S3). Lastly, whilst deer stalkers consisted of 
26% of the sample (n = 1024), results from the sensitivity analysis 
revealed that removing them from the dataset did not impact our 
findings (Figures A–D, Table L, Supporting Information S3).

4  |  DISCUSSION

Our study used a questionnaire distributed across England and Wales 
to subscribers of woodland management- and wildlife management-
focussed organisations to understand perspectives towards wild 
deer and their management. The results provide evidence that lethal 
control is the most commonly supported form of deer management 
across all types of respondents, agreeing with several studies that 
surveyed different communities and counties across the US (Fulton 
et  al.,  2004; Green et  al.,  1997b; Kilpatrick & Walter,  1997; Loker 
et al., 1999; Stewart, 2011; Urbanek et al., 2012). Most of our re-
spondents reported having deer on their property, and experienc-
ing deer impacts, such as damage to tree saplings and established 
trees and hedges. As found by others (e.g. Lauber & Knuth, 2000; 
Whitefield et  al.,  2021), the strong support for lethal control ob-
served in our sample may result from awareness of the potential 
negative impacts of deer among respondents.

Past studies involving diverse actors have sometimes reported 
low support for lethal control (e.g. Dandy et al., 2009, 2011; Stout 
et  al.,  1997). For example, in Scotland, focus groups and work-
shops with small groups of participants from peri-urban commu-
nities, including land managers, demonstrated low support for 
lethal control (Dandy et  al.,  2009), as did a questionnaire survey-
ing over 100 community members (Dandy et  al.,  2011). However, 
another questionnaire with 184 residents reported much greater 
agreement with lethal control to reduce deer impacts (Whitefield 
et al., 2021), and it has been shown that residents in Scotland would 
support an increase in lethal control if it helped reduce the spread 
of Lyme disease, prevented overwinter starvation of deer, or aided 
forest recovery (Hare et  al., 2021), particularly when other meth-
ods fail (Dandy et al., 2011), or when welfare is considered (Dandy 
et al., 2012). Therefore, context is crucial when evaluating opinions 
toward lethal control (e.g. Dandy et  al.,  2012; Martínez-Jauregui 
et al., 2020), including, for example, specific geographical areas, cul-
tural differences and country laws, which could influence people's 
familiarity with wild deer and thus opinions towards their manage-
ment. In our questionnaire, we explicitly defined lethal control as a 
strategy to reduce deer numbers and mitigate their impacts, which 
may have allayed ethical concerns. Additionally, we avoided emo-
tive words such as “killing” and “shooting” used in other studies (e.g. 
Hare et al., 2021; Jacobs et al., 2014), as negative emotions tend to 
be more influential on human cognition (Jing-Schmidt,  2007). Our 
use of neutral language may partly explain the high level of support 
observed across our sample.

TA B L E  3  Results of the fitted cluster model incorporating source 
organisation (wildlife management- or woodland management-
focussed) as a covariate.

Cluster Cluster effect

Respondents per cluster

Count Percentage (%)

A 2.56 576 14.63

B 0.59 1593 40.47

C −0.70 1601 40.68

D −2.45 166 4.22

Note: Clusters are ordered by the relative strength and direction of their 
effect; positive effect values make individuals in the cluster more likely 
to give positive responses to statements, whilst negative effect values 
make individuals in the cluster more likely to give negative responses to 
statements. N = 3936.
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    |  9CINI et al.

In our sample, strong regard for the aesthetic and existence, and 
cultural values of deer did not coincide with low support for lethal 
control or a preference for non-lethal management. Respondents 

with more favourable beliefs about deer valued them for connect-
ing people to nature and maintaining ecological integrity, whilst also 
recognising their economic and cultural importance as game species. 

F I G U R E  3  Characterisation of clusters according to involvement in land management, source organisation, age group and support for 
management practices. Agreement is scaled such that the higher the value, the greater the level of agreement with belief statements. 
N = 3936.
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10  |    CINI et al.

F I G U R E  4  Level of agreement with belief statements for four clusters of respondents. Respondents reported their level of agreement 
with statements using a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree). The bold line represents the median, the lower and 
upper edges of the box are the first and third quartiles, and the whiskers are the maximum and minimum points. N = 3936.
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    |  11CINI et al.

Most respondents agreed that deer are a sustainable meat source 
and generate economic revenue through hunting and venison, illus-
trating close connections between admiration for and acceptance of 
the sustainable use of nature. Interestingly, our belief statements did 
not cluster into value dimensions as anticipated a priori.

The impacts of deer on ecosystem services are complex and 
context-dependent, with positive values attributed to venison pro-
duction, existence and cultural values juxtaposed against declines in 
woodland biodiversity, woodland structural complexity and timber 
production when deer are at higher densities (Garcia et al., 2025). Our 
results are perhaps consistent with a growing appreciation of these 
complexities and acceptance among those affected that deer popu-
lation control is often an integral part of plans to achieve multiple-
use aims for a deer-impacted landscape (Logan et al., 2025). Previous 
research capturing people's views on the use and care of wildlife has 
proposed that values are oriented by two contrasting ideologies, 
domination and mutualism and that these orientations result in dif-
ferent attitudes and behaviours towards wildlife and acceptability of 
lethal control (Manfredo et al., 2009). For example, among a sample 
of residents in the Netherlands, respondents who held beliefs asso-
ciated with human domination of nature were more likely to support 
lethal control than those holding more mutualistic beliefs (Sijtsma 
et al., 2012). The lack of distinctive value dimensions in our data might 
stem from our exclusive focus on wild deer; in developing statements 
for our questionnaire, we paid particular attention to research on 
human perspectives toward deer and their management, rather than 
broader wildlife value orientations (Teel & Manfredo, 2010).

Personal experiences shape beliefs and attitudes towards wild-
life (Manfredo, 2008), and our respondents may be familiar with deer 
due to their subscription to nature organisations and deer presence 
on their properties. This may explain why they can simultaneously 
tolerate lethal control and revere deer for their aesthetic, cultural 
and existence values. Importantly, our cluster analysis detected as-
sociations between the nature of respondents' involvement in land 
management, and their beliefs towards deer. Interestingly, the clus-
ter dominated by deer stalkers held the most positive perceptions of 
deer across all belief statements, whilst the cluster with the highest 
proportion of farmers reported more neutral and negative scores. 
Such findings align with studies from other locations. For example, 
hunters in Portugal associated deer with greater benefits (e.g. exis-
tence, economic, ecological values) than non-hunters, whilst farmers 
recognised fewer benefits (Valente et al., 2020). Evidence suggests 
that greater exposure to deer damage reduces tolerance and fos-
ters negative perceptions of deer (e.g. Stinchcomb,  2022; Valente 
et al., 2020). Our findings support this notion.

We found that non-lethal measures, including deer fencing and 
tree guards, received lower levels of support than lethal control. 
Deer fencing is expensive to maintain (Dolman et al., 2010; Trout & 
Brunt,  2014), can reduce landscape connectivity for other wildlife 
and is a welfare concern, as wildlife can get entangled (Harrington & 
Conover, 2006). Fencing can also displace deer impacts to other areas, 
shifting the problem rather than resolving it (Dolman et al., 2010). In 
comparison, tree guards do not alter landscape connectivity or reduce 

accessibility for walkers (Gill, 1999; Trout & Brunt, 2014). However, 
they are expensive to use over large areas, require frequent mainte-
nance and are generally not reusable (Trout & Brunt, 2014).

Our study also explored the challenges of collaborative deer 
management. Thirty-one percent of respondents with land manage-
ment responsibilities stated it would be difficult to collaborate with 
their neighbours. Different views on deer and land management 
objectives were the primary reasons behind such difficulty. Among 
them, 97% believed that communicating with neighbours would be 
beneficial, confirming the perceived importance of collaborations 
across neighbouring lands. Since wild deer hold “res nullius” status, 
belonging to no one and crossing landownership boundaries (Davies 
& White, 2012), management practices on one property can affect 
neighbouring properties (Bullock, 1999). As a result, landscape-scale 
partnerships among landowners are necessary for effective deer im-
pact mitigation (The Deer Initiative, https://​thede​erini​tiati​ve.​co.​uk/​). 
Given the financial costs of collaborative management (e.g. Davies & 
White, 2012; Holland et al., 2017), we expected funding availability to 
be a prominent concern of respondents reporting difficulties in work-
ing with neighbours, yet it was the sixth reason reported. Funding for 
deer partnership officers is crucial to developing collaborative man-
agement initiatives, but it would not go to land managers. As such, its 
importance may not have been picked up by our questionnaire.

Finally, our data were collected from subscribers of wildlife 
management- and woodland management-focussed organisations. 
Expanding the study to subscribers of wildlife conservation organi-
sations, or indeed, a large random sample of residents in England and 
Wales would offer a more comprehensive perspective on opinions 
toward deer and their management, beyond individuals subscribed 
to the organisations involved in this study. It would be particularly 
valuable to explore whether perceptions vary across different geo-
graphical contexts and levels of deer presence and to investigate 
what drives such beliefs to help identify the underlying rationale 
shaping them. Moreover, our study was a collaboration between 
academics and conservation practitioners. Such partnerships are 
mutually beneficial: practitioners gain insights into subscribers' per-
spectives to inform decision-making, whilst academics gain access 
to otherwise hard-to-reach participants. Each organisation involved 
in this study chose how to engage their subscribers, distributing the 
questionnaire through newsletters or dedicated emails. This ap-
proach enabled us to reach a large audience but prevented us from 
calculating a response rate.

5  |  CONCLUSIONS AND 
RECOMMENDATIONS

Understanding perceptions of wild deer and their management 
across different actors is key to the design of effective deer man-
agement strategies. Our findings shed light on how people's beliefs 
towards deer are influenced by factors including involvement in 
land management, age group and the type of organisation they are 
subscribed to. A high level of support for lethal control observed 
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12  |    CINI et al.

across respondents may alleviate concerns of widespread opposi-
tion toward the use of lethal deer management by organisations and 
decision-makers that rely on public support and membership.

Engaging directly with those affected by deer, valuing their ex-
periences and fostering dialogue can build trust and consensus for 
effective management (Logan et al., 2025). Demonstrating the ben-
efits of deer management to local communities through monitoring 
programmes may also enhance support (Kilpatrick & LaBonte, 2003). 
Further research into factors driving support for lethal control of 
deer across different groups could help build even broader accep-
tance of the practice. Finally, we emphasised the importance of 
communication and collaborations between neighbours to achieve 
deer management benefits and address potential conflicts. To iden-
tify the strengths of collaborative management that could encour-
age wider adoption, future research should explore characteristics 
of successful collaborations, which were not investigated in our 
questionnaire. Respondents indicated that funding is not among the 
primary barriers to collaboration; instead, knowledge exchange op-
portunities among land managers should be prioritised to address 
differing perceptions of deer and their management. Facilitating col-
laboration does require funding, which may not always be available. 
Policy makers should ensure that opportunities for people to come 
together and develop mutual trust continue to exist by supporting 
initiatives that foster dialogue and cooperative efforts.
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