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Abstract

Outdoor systems offer benefits to pig welfare but they also pose challenges and are
less well researched than indoor. This study characterized, for the first time, current
husbandry and management practices of outdoor pig production on the island of
Ireland, in order to understand associated drivers, challenges and changes needed
for sustainable development. An online survey conducted from December 2022 to
April 2023 (n=90 respondents) revealed that animal welfare, food quality, and trace-
ability concerns were the primary reasons for raising pigs outdoors, regardless of
whether the pigs were raised for sale (meat or live pigs) or other (e.g., personal meat
consumption, pet, land management) purposes. Most of the respondents expressed
concerns about animal welfare in conventional systems, and emphasized the impor-
tance of the “Five Freedoms”. A significant cohort of respondents (56%) adopted
alternative health management strategies based on season and soil management
(paddock rotation, use of straw bedding on muddy areas), and by avoiding the use of
antibiotics and other chemicals. Farms were small (median: 20.5 pigs, 1.02 ha), half
were engaged with pig societies, and used traditional/rare breeds, which are adapted
to outdoor conditions and that farmers can sell as superior quality pigmeat. The most
frequently reported challenges were feed costs, inclement weather, fencing and soil
maintenance. The most mentioned “needs” of the industry were financial support and
consumer education. While participants chose to raise pigs outdoors to improve ani-
mal welfare, meat quality and traceability; overcoming challenges related to finance,
infrastructure, and education is vital to their future sustainability.

Introduction

In Ireland, pigmeat production is the third largest agricultural sector [1] with more than
50% of pig meat exported worldwide [2]. Similar to the rest of the EU, Irish citizens
express concerns about animal welfare [3]. According to the 2023 Irish National Pig
Census, there were 1372 active pig herds in the Republic of Ireland, of which, 75.2%
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kept less than 100 pigs; with 65.2% of herds less than 5 pigs [4]. Similarly, in North-

ern Ireland in 2023, 54.7% of 369 farms kept less than 100 pigs, with 39% less than

9 pigs [5]. These large number of very small pig herds may include outdoor systems,
yet very little is known about them.

In the EU 25% of pigs are raised in non-intensive systems and generally raised
outdoors in more traditional systems categorised as backyard or extensive [6]. In
countries such as Romania and Hungary, 99% of pig farms follow a backyard model,
where pigs are raised for personal meat consumption and for the local community,
with an average number of 3.3 to 21.4 pigs per farm [7]. In many other European
countries, the proportion of pigs produced outdoors is <5% [8] but in Spain about 5%
of production is of local breeds raised extensively as a component of a high value
meat market [6,9]. While outdoor systems can be used to raise pigs for personal
meat consumption and commercial purposes, pigs are also kept outdoors in rescue
centres and/or in educational farms [10], or as pets. The reasons for keeping pigs
outdoors are diverse, as are characteristics of how they are managed, such as the
outdoor underfoot surface (forest vs pasture vs concrete), size of the outdoor area
available for pigs, management practices, breeds used, and their organic status [11].

Outdoor pig production systems are associated with several animal welfare
advantages over intensive indoor systems, primarily because pigs have more space
and access to a natural environment allowing them greater behavioural freedom
[12]. Furthermore, there is generally a reduced risk of physical discomfort and injury
and reduced need for tail docking and teeth clipping in outdoor systems [13]. These
systems are often associated with lower capital investments and have been reported
to offer societal benefits that bring satisfaction to farmers [14]. However, outdoor
systems face challenges, such as ensuring that pigs have consistent access to food
and water, managing their exposure to inclement weather, and mitigating biosecurity
risks from wildlife [13,14]. Outdoor systems may produce higher greenhouse gas
emissions than conventional systems (Gt or kg CO, equivalent, [15,16]), and soil
health can be impacted depending on paddock management and animal density [17].
Additionally, as these systems are often small-scale they may not qualify for financial
support schemes [14].

Although intensive and organic pig farm systems are well described and studied,
small and/or outdoor ones are not. In order to address this knowledge gap about
outdoor pigs raised on the island of Ireland, we developed an online questionnaire for
pig owners which included questions on farm structure and animal management. We
also aimed to understand pig owners’ rationale for entering small scale pig produc-
tion, their perceptions of pig health and welfare, and of the challenges and changes
needed to support them in raising pigs outdoors.

Materials and methods

This survey was approved by the Social Research Ethics committee of University
College Cork (Ethical approval No. 2022-217). Participants were informed in writing
that their participation was voluntary, that their information would be treated confiden-
tially and pseudo-anonymously, and that it would be used solely for the development
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of the OneWelPig project. Consent was obtained by asking participants to confirm these statements and affirm that they
were over 18 years of age by ticking a box at the beginning of the survey. Participants could not progress to the survey
questionnaire unless the box was ticked.

Survey design

The online survey for outdoor pig herd owners/managers was developed for distribution within the online platform
SurveyMonkey (https://www.surveymonkey.com/). Forty questions covered the following topics (See S1 Text for full
questionnaire):

» Demographics and general farm information (11 questions) which include a multiple-choice question about whether
respondents raised pig to an organic or GM free standard, but not if they had a certification.

* Husbandry (8 questions),
» Feed and water management (8 questions),

« Animal health management (5 questions) which included two distinct questions about the pigs’ health conditions, dis-
eases and parasites. Health conditions were defined as physical or visual symptoms that farmers could observe on their
pigs, while diseases and parasites were a list of viruses, bacteria and parasites known to induce health issues in pigs.

« Farmer attitudes and perceptions of the outdoor pig industry (8 questions) where respondents were asked to rank the
following 7 attributes from “not at all important” to “extremely important”: Animal welfare, societal concerns, market
opportunity, reduced costs, environmental sustainability and management, animal food provenance, and meat quality.
This section then concluded with the following open questions where respondents were asked to use one individual
word or expression per answer:

1. What are the three main daily challenges of keeping pigs outdoors on your farm?

. What are three main changes that are needed at infrastructural level to encourage the production of pigs outdoors?

2

3. How would you describe your farm?
4. What do your pigs really enjoy in life?
5

. What do your pigs least enjoy in life?

Survey distribution

The link to the survey was circulated via public posts on social networks (X/Twitter, Instagram, Facebook), the Teagasc
webpage and newsletter, via personal messages that were sent to potential participants identified on social networks,

via company emails and phone numbers that were freely available online, the Irish Pig Society, and agricultural shows.
Furthermore, snowball sampling was used by encouraging participants to share the survey to colleagues. Data were col-
lected via the online platform from 26 December 2022-9 April 2023. Responses were considered valid when submitted by
persons managing pigs outdoors on the island of Ireland.

Data management

A total of 123 responses were collected, of which 90 were considered suitable for analysis. These were classified as
responses from producers that raised pigs for sale purpose (produce pigmeat and/or live pigs for sale, n=49) and owners
of pigs for purposes other than sale (personal meat consumption, land management, breed conservation, hobby, tourism
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and showing pigs, n=41). Participants that did not answer the 8 eligibility questions (questions annotated with a * in the
S1 Text) or who submitted multiple replies were not included. For the open questions, answers that were considered
irrelevant (e.g., “none”, “daft question”, “ditto” ...) were removed. When a participant gave the same exact answer 3 times
to the same question, only one was retained (e.g., “cold, cold, cold”). Data management was performed using Excel ©
(Microsostft ®, 2016). Overall data can be found in the Teagasc repository centre (https://opendata.teagasc.ie/dataset/sur-

vey_production_health_welfare_outdoor_pig_farms_ireland), and detailed responses are provided in S1 Text.

Open questions analyses

KOD first read the answers from the open questions, assigned them codes, and subcategorised some codes with explain-
ers. Codes were words or phrases to cluster responses into related categories and thus allowed the data to be sum-
marised. They were identified from reading and re-reading the replies to the open questions. Answers that contained
synonyms of the same words (e.g., movement, moving pigs) were given the same code (e.g., animal management).
Codes could also include words that are not synonyms, but refer to similar topics (e.g., ‘a good fence’ and ‘breakouts’
were both assigned the code ‘fencing’). Explainers were additional words that provided more details than the code (e.g.,
‘Wet’ and ‘Hot’ were explainers for the code ‘Weather’). More than one code could be assigned to an answer (e.g., ‘Fresh
food and water’ was assigned to both of the codes ‘Food’ and ‘Water’), and multiple explainers could be assigned to one
code. Codes and explainer labels were then reviewed and refined by OM and LB. Discrepancies were discussed and
resolved by KOD and OM. The final number of codes for each question was then counted, and their frequency of occur-
rence (%) calculated by dividing the number of occurrences of each code by the number of responses, then multiplying by
100. The frequency of occurrence of explainers was calculated by dividing the number of occurrences of each explainer
by the total number of times its related code occurred, then multiplied by 100.

Data analysis

All statistical analyses were performed using RStudio (2022.07.02 version). Co-occurrence tests were performed on two
multiple choice questions: 1) the purpose of raising pigs outdoors, and 2) the nature of the underfoot surface, using the
co-occur package [18]. The visNetwork package [19] was used to visually represent the results. To analyse the 5 open
questions, co-occurrence tests were also performed on the count of the codes identified for each answer. Only results
when observation occurrences were higher than expected are reported. Due to the diversity in farm systems, no farm
characteristics were included as confounding variables in the co-occurrence analyses. The rating question was analysed
using the likert function from the “H.H” package [20]. To compare the responses between owners raising pigs for sale and
other purposes, Fisher tests were carried out on categorical questions, and the Fisher exact test was used as a post hoc
test to compare the proportion of answers within each answers’ option. Wilcoxon tests were performed on numerical open
questions. All p values were two-tailed, and a p value <0.05 was considered statistically significant.

Results
Demographics and general farm information

Responses to the survey came from 24 of the 32 counties in Ireland (22 from the Republic of Ireland and 2 from Northern
Ireland). Respondents stated they mostly raised outdoor pigs for personal meat consumption (59/90), to produce meat for
sale (49/90) followed by producing pigs for sale (35/90), and, to a lesser extent, for land management purposes (30/90)
and breed conservation (29/90). Pigs were also kept as pets or as a hobby (23/90), for tourism (9/90), for livestock shows
(9/90), having been rescued (2/90) and finally “other” purposes (4/90, answers not mutually exclusive) (Fig 1). Personal
meat consumption co-occurred more than expected with keeping pigs for land management (26 observed vs 19.7 expected
co-occurrences, p=0.002) and breed conservation (24 observed vs 19 expected co-occurrences, P<0.05). The purpose
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Fig 1. The stated purpose for raising pigs outdoors (% farms, n=90). Black lines represent significantly higher than expected co-occurrences. Grey
lines represent significantly lower than expected co-occurrences. The thickness of the line represents the number of co-occurrences.

https://doi.org/10.1371/journal.pone.0341440.9001

of selling meat co-occurred more than expected with breed conservation (20 observed vs 15.8 expected co-occurrences,
p=0.046) and selling pigs (28 observed vs 19.1 expected co-occurrences, P<0.001), this latter co-occurring also more than
expected with showing pigs (7 observed vs 3.5 expected co-occurrences, p=0.016). The purpose of breed conservation
co-occurred less than expected with tourism (0 observed vs 2.9 expected co-occurrences, p=0.025), and selling pig meat
co-occurred less than expected with pet or hobby purposes (7 observed vs 12.5 expected co-occurrences, p=0.007).

Of 44 out of the 49 participants who raised pigs for the purpose of selling meat, 81.8% sold it directly from the farm,
22.7% at a farmer market, 20.5% at a butcher shop, 20.5% online shop, 4.5% at supermarket chain and 18.2% at
another location (answers not mutually exclusive). Of the 49 participants who raised pigs outdoors to sell the meat, 83.7%
slaughtered their pigs at a licenced slaughterhouse, 20.4% at a butcher/victualler and 4.1% at other places (answers not
mutually exclusive). The selection of slaughter facility was based upon proximity to the farm (54.4%), and whether they
facilitated slaughter of small numbers of pigs (45.6%). Other, less frequently stated reasons included having good animal
welfare standards and organic certification (8.7% for both answers), being the only place that accepted their pigs (15.2%)
or for offering the cheapest slaughter rate (6.5%, answers not mutually exclusive).

Of the 74 respondents who answered the question, 93.2% were registered with a department of agriculture (i.e., they
had a herd or flock number), whereas 4.05% preferred not to say and 2.7% were not registered. There was a significant
association between the purpose of keeping pigs and being registered (p=0.019). The number of participants with a herd
number was higher when pigs were kept for sale purpose (59.4%) than for other purposes (40.6%, p=0.04, odd ratio=2.1).

Of all 90 respondents, 38.9% of the participants reported they raised pigs to an organic standard, 11.1% to a GM free
standard and 50% did not raise pigs to any standard. There was a significant association between the purpose of rais-
ing pigs and complying with a particular standard (p=0.03). The number of participants raising pigs to an organic or GM
free standard was higher when pigs were kept for sale purposes (66.6%) than for other purposes (33.3%, p=0.003, odds
ratio=0.259).

Across the 90 responses, 55.6% of farms had only 1 person in charge of the pigs. The remaining 44.4% of farms
had 3.2+2.7 persons in charge of the pigs. Half of the participants had approx. 7 years of experience in producing pigs
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outdoors. There was no difference between farms that kept pigs for sale or another purpose on the number in charge of
the pigs nor the number of years in the industry.

Of the 90 respondents, 52.2% of the participants were members of at least one pig society, 44.4% were not and 3.3%
preferred not to say. There was an association between the purpose for which participants kept pigs, and whether they
were members of a society (p=0.002); more participants who kept pigs for sale were part of a society (62.9%) than those
who kept pigs for another purpose (37.1%, p<0.001, odd ratio=0.18).

Husbandry

The median of the highest number of pigs kept at any one time was 21 (range: 1-277). This median herd size was higher on farms
where pigs were kept for the purpose of sale (median: 29.5, range: 2—277) than for other purposes (median: 6, range: 1-111,
z=-4.89, p<0.0001). The number of boars and sows/gilts was similar, whether kept for sale or other purposes (Fig 2). However, farms
that kept pigs for sale had significantly more growers and unweaned pigs than farms where pigs were kept for other purposes (Fig 2).
Of 89 responses, 57.3% of the participants bred pigs on their own farm, 47.2% sourced pigs from other outdoor farms, and a
smaller proportion from internet or newspaper adverts (22.6%) and indoor farms (12.4%; answers not mutually exclusive). There
was an association between the purpose of keeping pigs and the source from which they came (P<0.001). More participants
bred pigs on their own farm if the purpose was for sale (78.4%) than for other purposes (21.6%, p<0.001, odd ratio=12.8).
Across the 90 responses, a total of 22 different pure breeds were identified. The main breeds kept were Duroc and
Oxford Sandy and Black (OSB) (33.3% each), followed by Tamworth (24.4%), Gloucester old spot (GOS) (20%), Kune-
Kune (15.6%), then Landrace (14.4%), British Saddleback, and Berkshire (13.3% each, answers not mutually exclusive).

45 ns ns p<0.001 p<0.001

N
o

W
(8]

w
o

Purpose

B Sale
Other

Maximum number of pigs
N N
{em) [6)]

=
(6]

=
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i

Boars Sows/Gilts  Growers Unweaned

Fig 2. Median of the highest number of pigs raised outdoors at any one time, for sale (black bars) or other purposes (white bars). (n=88
respondents).

https://doi.org/10.1371/journal.pone.0341440.9002
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There was an association between the purpose of keeping pigs and the breed (P<0.01) and between the purpose and the
sex (p=0.006). When participants raised pigs for sale purpose, there was a significant association between the breed and
the sex of the pigs (p=0.036). The number of participants that raised Duroc was higher for boars (75%, n=12) than sows/
gilts (25%, n=4, p=0.012). The number of participants that raised OSB, GOS and Tamworth was lower for boars (respec-
tively 14.3% n=3, 20% n=2, 20% n=2) than sows/gilts (respectively 85.7% n=18, p<0.001, 80%, n=8 p=0.023, 80%
n=8, p=0.023).

Based on 84 responses, the median area used for keeping pigs was 10,235 m? (range: 16—3 237 000 m?). This was
greater when pigs were kept for sale (median: 16187, range: 140-3 237 000 m?, n=46) rather than other purposes (median:
6071, range: 16-80937 m?, z=-4.440, p<0.0001, n=38). Of 87 respondents, the soil type mainly reported was clay (77%),
followed by loam (33.3%), sand (10.4%) and silt (9.2%, answers not mutually exclusive), with no association with the pur-
pose of keeping pigs. The underfoot surfaces were mainly paddocks or fields with vegetation (72/88), scrubland (33/88),
and woodland (29/88), followed by additional straw (18/88), mucky area (13/88), solid concrete (8/88), tillage soil (6/88)
and concrete slats and other (2/88 for both, answers not mutually exclusive), again with no association with the purpose of
keeping pigs (Fig 3). Areas of scrubland co-occurred more than expected with woodland (15 observed vs 10.6 expected
co-occurrences, p=0.036). The use of additional straw co-occurred more than expected with mucky areas (6 observed vs
2.6 expected co-occurrences, p=0.02) and solid concrete (6 observed vs 1.6 expected co-occurrences, p<0.001).

Of 87 respondents, all the participants reported that pigs had access to shelter, mainly mobile huts (60.9%), followed
by buildings that were continuously open (40.2%) and natural shelter (37.9%), then fixed huts (25.35%), and buildings
opened at specific hours (11.5%).

Feed and water management

Of 88 respondents, participants stated that pigs were mainly fed outdoors using several moveable feeders (48.8%) or
scatter fed (38.4%). Feeders were reported at lower proportions outdoors in a fixed (18.6%) or single location (14%), than

o—e

Scrubland Woodland
37.5% 33%
Crop field
81.8%
[ )
‘ il .
Solid g'c;rg/:rete Til 3698‘20”

Concrete slats

Additionnal straw 2.3%

Mucky area %tg%/z

14.8%

Fig 3. Proportion of farms that raised pigs outdoors depending on the underfoot surface. Black lines represent when observed co-occurrences’
were significantly higher the expected co-occurrences. The thickness of the line represents the number of co-occurrence.

https://doi.org/10.1371/journal.pone.0341440.9003
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indoors located in several areas (10.5%) or single area (3.5%, answers not mutually exclusive). There was an association
between the feeding location and the purpose of keeping pigs (p=0.036). Of 85 respondents, 63.5% stated that feeding
strategies were based on the season. Of 86 respondents, participants reported that feed was mainly sourced from mer-
chants (88.4%), grown at home (22.1%) and from other sources (10.5%, answers not mutually exclusive). There was no
significant association between the purpose of keeping pigs outdoors and the feeding strategies, nor the feed source.

Of 84 respondents, participants reported that drinkers were mainly located outdoors in a single place (38.1%), in sev-
eral fixed places (35.7%) or several movable places (26.2%), with indoor drinkers less frequently used (located in several
places (21.4%) or in a single location (14.3%), answers not mutually exclusive). There was an association between the
drinker location and the purpose of keeping pigs (p=0.03).

Animal health management

Of 83 respondents, just over two thirds (68.7%) reported having no health conditions on their farms, or concerns about
mortality rates (0% for adult pigs and piglets). A low proportion of respondents reported heat stress (10.8%), lameness
(9.6%), overweight pigs (4.8%), skin lesions (4.8%), reproduction difficulties (4.8%), cold stress (3.6%), gastrointestinal
disorders (3.6%), respiratory symptoms (3.6%), poor body condition (2.4%), dehydration (1.2%), urinary issues (1.2%),
and watery eyes (1.2%, answers not mutually exclusive). There was no association between the reported health condition
of the animals and the purpose for which they were kept.

Regarding disease and parasites, of 42 participants, 31% of respondents reported none, 23.8% did not know, 23.8%
reported skin parasites, and 21.4% gastrointestinal parasites (answers not mutually exclusive). Only 2.4% to 7.1% participants
reported diseases other than parasites on their farms. There was no association between the disease and parasites observed
in the previous 12 months on the farms and the animals age (unweaned vs weaned), or the purpose of raising pigs.

To prevent and treat diseases, parasites and/or lesions, of 76 respondents, participants mainly reported using good ani-
mal care (93.4%), good hygiene and equipment maintenance (64.5%), and performed paddock rotation (63.2%). Lesser
used methods included anthelmintics (25.0%), antibiotics (19.7%), quarantine (17.1%), vaccines (14.5%), plants (10.5%),
homeopathy (10.5%), pain relief (7.9%) and antiseptics (6.6%, answers not mutually exclusive). There was no association
between the practices to prevent and treat the animals, and the purpose of keeping pigs.

Of 85 respondents, participants mainly sought advice from one veterinarian (51.8%) followed by other outdoor farmers
(29.4%); a lower proportion used several veterinarians (8.2%), or other sources of advice (9.4%, including societies). None
reported seeking advice from farmers producing pigs indoors. There was an association between the source of advice
and the purpose of raising pigs outdoors (p=0.009). Of participants who asked for advice from a single veterinarian, more
did so when pigs were kept for sale (61.4%) than for other purposes (38.6%, p=0.05, odds-ratio=2.5). Of the 51 respon-
dents, participants mainly consulted general farm/large animal specialists (56.9%), then mixed (small and large) specialists
(25.5%) and specialists with strong experience/knowledge of outdoor pig production (21.6%). A lower proportion consulted
specialists with strong experience/knowledge of conventional pig production (7.8%) and small animal specialists (2%).

Farmer attitudes and perceptions of the outdoor pig industry

| produce pigs this way because.... Details of the attributes that respondents considered important in relation to
keeping pigs outdoors are shown in Fig 4. The six reasons that were considered “extremely important” were: “| believe
it offers better animal welfare” (91.8%), “I want my pigs to access the 5 freedoms of animal welfare” (89.3%), “it is safer,
tastier and better quality meat” (81.4%) and “I have concerns about conventional pig production” (68%), “food provenance
is important for me” (66.7%), and “I believe it is more environmentally sustainable” (58.7%).

The proportion of participants that considered “seeing an opportunity in the market for pig meat” depended on the pur-
pose (p<0.0001). The proportion that answered “extremely important” was greater amongst those who kept pigs for sale
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Fig 4. Percentage of rating answers to the question “I produce pigs outdoors because...” depending on the purpose (sale vs other, n=75
responses in total). *: soil health, they eat organic waste etc, **: cost of the feed and building’s maintenance.

https://doi.org/10.1371/journal.pone.0341440.9g004

(83.3%) than for other purposes (16.7%, p<0.0001, odds-ratio=22.6). Participants that answered “Not at all important” for
this reason were fewer when pigs were kept for sale (14.3%) than for other purposes (85.7%, p=0.03, odds-ratio=0.04).

What are the main daily challenges of keeping pigs outdoors on your farm? Of 66 respondents, 20 codes
were identified and assigned to 174 responses. The 7 most used codes were related to feed (n=35), fencing (n=33),
weather (n=31), costs (n=20), labour and time (n=16), paddock management (n=16), and animal management (n=15,
answers not mutually exclusive, Fig 5A). The “Feed” code significantly co-occurred with the “Costs” code (17 observed
vs 4 expected co-occurrences, p<0.0001), and the “Fencing” code with the “Maintenance” code (6 observed vs 1.3
expected co-occurrences, p<0.0001, maintenance: n=7 or 4%, Fig 5A). The “Weather’ code was mainly associated with
the explainers wet/rain (n=5), followed by dry, cold and sun conditions (n=3 each), and finally winter (n=2, answers not
mutually exclusive, Fig 5B). Paddock management was related to the paddock rotation explainer (n=7, Fig 5B).

What are the changes needed at infrastructural level? A total of 60 respondents answered this question, and 15
codes were assigned to 151 responses. The 6 main codes were related to education (n=54), knowledge sharing (n=25),
financial support (n=19), marketing (n=12), regulatory body (n=12), and policy (n=11, answers not mutually exclusive,
Fig 6A). There was no significant co-occurrence between the codes related to the changes needed. Participants reported
a need for education of both consumers (n=13), and producers (n=4), mostly in relation to animal welfare (n=13) and
the environment (n=3, answers not mutually exclusive, Fig 6B). Participants reported a need of knowledge sharing
via advisory services (n=8), peer-to-peer learning (n=7), and via veterinarians (n=1, answers not mutually exclusive,
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Fig 6B). Finally, participants reported a need for financial support for infrastructure (n=4) and feed (n=1, answers not
mutually exclusive, Fig 6B)

How would you describe your farm? Of 66 respondents, 50 codes were assigned to 170 responses. The 10 main
codes used to describe the farm were enjoyable (n=17, 10%), small (n=16, 9.4%), high welfare (n=13, 7.6%), mixed
(n=12, 7.1%), biodiversity (n=10, 5.9%), non-intensive (n=9, 5.3%), organic (n=8, 4.7%), sustainable (n=7, 4.1%),
smallholding (n=7, 4.1%), and traditional (n=6, 3.5%, answers not mutually exclusive). There was no significant co-
occurrence between the codes related to the farm description.

What do your pigs really enjoy in life? Of 67 respondents, 26 codes were assigned to 187 responses. The 6 main
codes related to freedom (n=35), food (n=29), rooting (n=22), company (n=21), wallowing (n=14), and weather (n=11,
answers not mutually exclusive, Fig 7A). There was no significant co-occurrence between the different codes related
to what pigs like. The “Freedom” code was associated with the explainers roaming behaviour (n=13) and social group
(n=2, answers not mutually exclusive, Fig 7B). The “Food” code was associated mostly with fruits and veggies (n=6),
and food quantity (n=2, answers not mutually exclusive, Fig 7B). Participants reported that pigs enjoy the company of
humans (n=9) and pigs (n=7, answers not mutually exclusive, Fig 7B). The “Weather” code was mainly related to sunny
conditions (n=9), and summer (n=1, answers not mutually exclusive, Fig 7B).

What do your pigs least enjoy in life? Of 61 respondents, 142 responses were assigned to 23 codes. The 5 main
codes were “Weather” (n=44), “Nutrition issues” (n=16), “Confinement” (n=15), “Moving” (n=10), and “Change” (n=10,
answers not mutually exclusive, Fig 8A). There was no significant co-occurrence between the codes related to what pigs
dislike. “Weather” was mainly associated with the explainers wet/rain (n=16), followed by cold (n=14) and hot (n=11),
and at a lesser extent with wind (n=2) and winter (n=1, answers not mutually exclusive, Fig 8B). The nutrition issues
reported by the participants were related to the explainers hunger (n=10) and thirst (n=2, answers not mutually exclusive,
Fig 8B). Participants stated that pigs dislike social changes (n=6, Fig 8B).
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Discussion

This study is the first of its kind on the island of Ireland and thus forms an invaluable source of information regarding the
current state of play in terms of management of outdoor pigs, and the motivations and perceptions of the pig keepers
involved in this sector. Due to the unknown number of outdoor pig farms in the island of Ireland, it was not possible to
estimate the response rate level; nevertheless the quantity and quality of the information that was gathered provides a
gateway towards further research and policy engagement with this community.
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A significant finding was that outdoor managed pigs in Ireland are generally kept in farms that could be considered
‘back-yard’ in nature, given the low numbers of animals in each holding. This is in contrast to outdoor pig systems in sev-
eral other European countries, where larger scale outdoor commercial operations are still a small proportion of the total
pig sector, but more prevalent (e.g., 40% of UK sows are outdoor bred [21]; 23.53% extensive pig productions in Spain
[22]). Thus, in-depth comparisons with these systems are not relevant in the context of outdoor Irish pig production. In
fact, participants often described their farm as “small” or “smallholding”. The nature of these systems is reflected in the
fact that the most common reason selected for keeping pigs was for personal meat consumption, with just over half of
respondents producing meat for sale (49/90), and of these, over 80% sold their meat directly from the farm. Likewise, over
half of the farms had only one person responsible for looking after the pigs, and over a fifth sourced their pigs from adver-
tisements. More than half of the participants bred pigs themselves, which is in fact also typical of larger commercial scale
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enterprises. A significant finding was that the selection of slaughter facility was based upon proximity to the farm, and the
facility’s capability to slaughter small numbers of pigs; this highlights the importance of supporting the capability of the
existing network of licenced slaughterhouses and/or victuallers to handle small numbers of pigs, and of a greater range
of age and size than those typically produced commercially. Although “slaughter and processing” code was not reported
as one of the main challenges (see S1 Text), in another study where 12 alternative pig farmers were interviewed in-depth,
“processing the carcass” was described as a key challenge for outdoor pig farmers, and the use of mobile abattoirs to
overcome the decrease in number of small abattoirs that lead to higher cost and poorer animal welfare (e.g., longer trans-
port duration) was discussed [23].
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Whether for personal consumption or for sale, the main reasons for keeping outdoor pigs were related to pigmeat
production. It is possible that the reasons for this related to concerns about meat quality and traceability, as over 80% of
participants considered that “safer, tastier and better quality meat” is “extremely important” when considering outdoor pig
production. Traditional breeds, which were the most commonly kept, have higher intramuscular fat content, which con-
tributes to the flavour and juiciness of the meat [24]. The three most commonly used breeds were Duroc, Oxford Sandy
and Black, and Tamworth. Tamworth pigs have darker meat than Hampshire if reared on pasture, which is considered
more desirable for the consumers [25]. Duroc pigs, while also typically used in commercial indoor farms, have a high fat
content, and favourable sensory qualities [26]. These were commonly used to produce meat for sale, particularly with
regard to male pigs. This could indicate the use of Duroc genetics to produce piglets from sows of traditional/rare breeds
where meat quality or taste is not a main consideration [27], even though these breeds are well adapted to outdoor sys-
tems. Although Oxford Sandy and Black is highly used and anecdotally has “very high quality and flavour” meat [28], no
literature describing the meat quality of this breed was found by the authors. Investigation of meat quality characteristics
for this breed could be of use for the Irish outdoor pig industry, given its widespread use. “Food provenance” was also
extremely important for the participants, in accordance with the significant demand from European pig meat consumers
for traceability and transparency [29]. This could be a contributing factor towards the high proportion of participants selling
directly from the farm, local butchers, farmers markets, or from their own online shop. These selling strategies fit with the
European “Farm to Fork Strategy”, and show the effort of the farmers to offer transparency to the consumers. This selling
strategy can also be a consequence of most outdoor pig farmers being disinterested in selling meat at supermarkets due
to a desire to have control of their supply chain, or being unable to due to the requirement for more meat than is possible
to supply [23]. Moreover, participants that raised pigs for sale were all registered with the relevant Department of Agricul-
ture, and more were raising pigs to an organic or GM free standard than participants that raised pigs for other purposes.

Raising pigs outdoors for better animal welfare

There was little evidence of poor pig health in the survey, with less than 30% of respondents reporting evidence of any
health condition or illness on their farm during the preceding 12 months. Incidence of respiratory symptoms reported by
the respondents was low, which was also observed in other European organic pig farms [30], and which contrasts with
indoor systems [13]. Contrarily, skin parasites were reported by nearly a third of participants, which is associated with
outdoor pig farming [13] and can cause discomfort [31] and disease transmissions [32]. Similar to conventional systems,
gastrointestinal parasites and lameness were among the most prevalent health disorders self-reported. Nevertheless, we
subsequently found that gastrointestinal parasite prevalence was likely under-reported. While it was reported by only 3.6%
of the respondents, a field study that we conducted on a subset of farms from this survey found that the most prevalent
gastrointestinal parasites (Eimerial/lsospora spp. and strongyles) were detected on 80% of farms [33,34]. Participants
seemed aware of measures that can be used to prevent these issues, reflected by the high proportion that performed
“good hygiene and equipment maintenance”, and “paddock rotation” (a strategy to reduce gastrointestinal parasites).
Interestingly, less than a quarter of participants reported use of anthelmintics, antibiotics, vaccines, pain relief or anti-
septics, which are the main preventative health strategies recommended and used in conventional pig farms in Ireland
[35,36]. It is possible that this could be in part due to the fact that nearly half of the farms raised pigs to an organic or GM
free standard. Interestingly, participants did not mention health management as a challenge (open question), despite
31% of participants selecting “unknown” when asked about their pigs’ health conditions. The underestimation of health
conditions or their lack of identification might be due to several factors, including the difficulty of assessing pigs raised in
semi-natural environments [13], the inability of stock-owners to recognize or address welfare issues [37], and/or to the
self-reported nature of this study methodology [38,39].

Participants identified both heat and cold stress as challenges to pig health under outdoor conditions, which ties in
with some of the more commonly noted descriptors regarding what pigs least enjoy (e.g., wet/rain, cold, hot and windy
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weather). Nearly all participants however stated they use “good animal care” as a preventative health measure. For exam-
ple, they reported using “additional straw” on solid concrete or mucky areas, which increases insulation from wet and cold
surfaces [13]. Participants also mostly raised traditional and/or rare breeds which are better adapted to outdoor conditions
than “modern” genotypes [40,41].

Other factors that pigs do not enjoy fell under the category of nutrition issues (hunger and thirst). The widespread
use of manually filled movable feeders suggests that animals may not have continuous ad-libitum access to feed. Pigs
exposed to cold conditions have a higher requirement for feed [42], and thus it was positive to note that approximately two
thirds of participants adapted feeding management practices to the season.

Regardless of whether pigs were kept for sale or for other purposes, animal welfare was considered “extremely import-
ant” to participants. This aligns with the results of Brajon et al. [14], who reported that promotion of multiple aspects of ani-
mal health and welfare was a significant driver for farmers to provide outdoor access for pigs. Consideration of the ability
to express natural behaviours appeared to be a priority, as when asked what pigs enjoy, many of the code and explainers
reflect behaviours or factors that are difficult to ensure indoors (e.g., “Freedom”, “Rooting”, “Wallowing”, “Sun”). Contrarily,
as stated above, the most identified code and its explainers capturing what pigs least enjoy were “weather” being “wet/
rain” and/or “cold”, indicating an awareness of the welfare risks associated with keeping pigs outdoors that are irrelevant
in an intensive indoor system.

Challenges and changes needed to promote outdoor pig farming in Ireland

Although the most common code identified to describe farms was “enjoyable”, keeping pigs outdoors comes with chal-
lenges. As in Carroll et al. [23], feed cost was the most commonly reported challenge. In general, feed represents the
main source of expenditure in pig farming systems [43], with organic ingredients and feed being even more expensive
[44]. In our study, although some home-grown feed was used, feed merchants were the primary source of pig feed. For
almost two fifths of producers, reliance on purchased organic feed likely explains why this challenge was mentioned. It is
unsurprising that participants expressed the need for financial support not only for feed, but also for infrastructure. A lack
of financial support was also reported by [14], where costs related to building expenses, debt load, and new regulations
were identified as barriers to providing outdoor access to pigs. This aligns with our study, where nearly half of participants
believed that keeping pigs outdoors is not at all, not so important, or neither important nor unimportant reason to reduce
the feeding and buildings’ maintenance costs.

Furthermore, participants emphasized the need for consumer education about animal welfare and the environment,
as informed consumers can help farmers differentiate their products in the market [45]. As approximately a third of con-
sumers valued a pig welfare label in Ireland [46], greater consumer awareness of farming systems could further support
sustainable farming practices. Participants also reported a need for knowledge sharing from advisory services and/or
peers. This need was also reported in a separate in-depth study where Irish pig farmers were interviewed individually. A
lack of knowledge availability for alternative pig farming methods leads to farmers learning via trial and error approaches,
and from others in the alternative pig farming community [23]. This community based approach is reflected in our study,
as 29.4% and 9.4% of the participants stated that they sought advice from other outdoor farmers, and other sources that
include societies when it comes to managing animal health, as well as half of the participants reporting being part of a
society.

Finally, participants reported that they raise pigs outdoors because “it is more sustainable” (58.7%). Several produce
home-grown feed, which reduces greenhouse gas emissions [47]. The contribution of pigs to the environment was also
“extremely important” for the participants, as they can provide benefits to land management by controlling “bramble and
invasive plants without ploughing and spraying” [23], and improve the biodiversity and soil health under paddock rotation
management [48]. However, they also mentioned paddock management and soil quality (open question) as challenges
related to the weather and land base. In studies done in France [14] and in the island of Ireland [23], farmers expressed
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concerns about maintaining soil in good agricultural and environmental condition, emphasizing respectively that “outdoor
farming is not feasible on any type of land”, and how they adapt the animal and paddock managements around the sea-
sons and weather conditions. In our study, 77% of participants reported having clay-based soil, which might increase the
difficulty of maintaining good vegetation coverage, and risk of flooding, given that Ireland has one of the highest levels of
rainfall in Europe [49]. However, even loamy and sandy soils, perceived by conventional Irish farmers to be more predom-
inant in UK and more suitable for raising pigs outdoor [23], have been shown to have environmental challenges. A study
conducted in England found that on farms with these soil types, the presence of pigs was responsible for bare soil, and
high rainfall led to flooding which spread sediment, faeces, and pathogens [50]. In Mediterranean regions, although the
rainfall is lower, soil erosion is also a challenge on sandy-loam farms with high animal stocking density [51].

Conclusion

This study provides valuable insight into Ireland’s outdoor pig farming sector, revealing its predominantly small-scale
nature, with most pigs kept for personal consumption, and/or direct meat or pig sales. Farmers see animal welfare,
meat quality, and food provenance as drivers in raising pigs outdoor and prioritized them, though challenges such as
feed costs, financial support, and soil maintenance persist. Although the pigs’ health in outdoor systems was reported
as being generally good, health issues might be under-observed, suggesting a need for improved monitoring. Greater
consumer education and financial support from the government could enhance the sector’s sustainability. Future
research should focus on breed-specific adaptation to outdoor conditions, meat quality and market demand, and envi-
ronmental management strategies to support outdoor pig farming in Ireland, while ensuring economic viability and high
welfare standards.

Supporting information

S$1 Text. Overall questionnaire. Questions annotated with * were the questions that had to be answered to include the
participation in the study.
(PDF)

Acknowledgments

We would like to thank Dr. Grace Carroll from Queen’s University Belfast for advice in analysing the open questions of the
survey.

Author contributions

Conceptualization: Ophélie Menant, Laura Boyle, Siobhan Mullan, Fidelma Butler, Keelin O'Driscoll.
Data curation: Ophélie Menant.

Formal analysis: Ophélie Menant, Keelin O'Driscoll.

Funding acquisition: Laura Boyle, Keelin O'Driscoll.

Investigation: Ophélie Menant.

Methodology: Ophélie Menant, Laura Boyle, Siobhan Mullan, Fidelma Butler, Keelin O'Driscoll.
Project administration: Laura Boyle, Keelin O'Driscoll.

Validation: Laura Boyle, Keelin O'Driscoll.

Writing — original draft: Ophélie Menant.

Writing — review & editing: Ophélie Menant, Laura Boyle, Siobhan Mullan, Fidelma Butler, Keelin O'Driscoll.

PLOS One | https://doi.org/10.137 1/journal.pone.0341440 February 3, 2026 16/18



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0341440.s001

PLO\S\%- One

References

1. Boyle LA, Carroll C, Clarke L, Manzanilla EG, Gardiner GE, McCutcheon G, et al. An overview of Irish pig production, research and knowledge
transfer since 1960. Irish J Agricul Food Res. 2022;61(1). https://doi.org/10.15212/ijafr-2020-0153

2. Burke J. Market review and outlook for Irish pigmeat. 2024. https://www.bordbia.ie/globalassets/bordbia.ie/newsevents/speaker-presentations/
meat-marketing-seminar-2024/pig-and-poultry-market-review-and-outlook---bord-bia-meat-marketing-seminar-2024.pdf

3. European Commission. Attitudes of Europeans towards animal welfare: report. LU: Publications Office; 2023. https://data.europa.eu/
doi/10.2875/872312

DAFM. National pig census. 2023. https://assets.gov.ie/static/documents/national-pig-census-report-2023.pdf

5. NISRA. The agricultural census in Northern Ireland. 2023. https://www.daera-ni.gov.uk/sites/default/files/publications/daera/Agricultural_Cen-
sus_2023_publication.pdf

6. Mateos GG, Corrales NL, Talegén G, Aguirre L. Pig meat production in the European Union-27: current status, challenges, and future trends. Anim
Biosci. 2024;37(4):755-74.

7. Stepien S, Polcyn J. Pig meat market in selected eu countries under theconditions of economic integration: a comparativeanalysis of old and new
member states. Ann Univ Apulensis Ser Oeconomica. 2016;2(18):172-8. https://doi.org/10.29302/oeconomica.2016.18.2.14

8. Martinez Avilés M, de la Torre A, Prodanov-Radulovic J, Bellini S. Characterising outdoor pig production in Europe. 2019. https://www.thepigsite.
com/articles/characterising-outdoor-pig-production-in-europe#:~:text=0Organic%20(EU%20countries %2C%20Norway%20and,access %20t0%20
an%20outdoor%20yard

9. Higuera MA. Spanish pig production model. Talk presented at: European pig producers-congress 2023. Seville, Spain; 2023. https://pigproducer.
net/fileadmin/european-clubs/pigproducers/img/content/international_congress/epp_congress_may_2023_sevilla/presentations_2023_seville/1_
Spanish_pig_production_model_Higuera.pdf

10. Donaldson S, Kymlicka W. Farmed animal sanctuaries: the heart of the movement?. Polit Anim. 2015;(1).

11. EFSA Panel on Animal Health and Welfare. African swine fever and outdoor farming of pigs. EFSA J. 2021;19(6). https://data.europa.eu/
doi/10.2903/j.efsa.2021.6639

12. Nielsen SS, Alvarez J, Bicout DJ, Calistri P, Canali E, EFSA Panel on Animal Health and Welfare (AHAW), et al. Welfare of pigs on farm. EFSA J.
2022:20(8). https://data.europa.eu/doi/10.2903/j.efsa.2022.7421

13. Delsart M, Pol F, Dufour B, Rose N, Fablet C. Pig farming in alternative systems: strengths and challenges in terms of animal welfare, biosecurity,
animal health and pork safety. Agriculture. 2020;10(7):261. https://doi.org/10.3390/agriculture 10070261

14. Brajon S, Tallet C, Merlot E, Lollivier V. Barriers and drivers of farmers to provide outdoor access in pig farming systems: a qualitative study. Ani-
mal. 2024;18(5):101138. https://doi.org/10.1016/j.animal.2024.101138 PMID: 38631256

15. Bartlett H, Zanella M, Kaori B, Sabei L, Araujo MS, de Paula TM, et al. Trade-offs in the externalities of pig production are not inevitable. Nat Food.
2024;5(4):312-22. https://doi.org/10.1038/s43016-024-00921-2 PMID: 38605128

16. FAO. Pathways towards lower emissions — A global assessment of the greenhouse gas emissions and mitigation options from livestock agrifood
systems. Rome: FAO; 2023. http://www.fao.org/documents/card/en/c/cc9029en

17. Gentry JG, McGlone JJ. Alternative pork production systems: overview of facilities, performance measures, and meat quality. 2003. https://www.
academia.edu/24564118/Alternative_pork_production_systems_overview_of_facilities_performance_measures_and_meat_quality

18. Griffith DM, Veech JA, Marsh CJ. Cooccur: probabilistic species co-occurrence analysis in R. J Stat Softw Code Snippets. 2016;69(2):1-17.

19. Almende BV, Thieurmel B. visNetwork: network visualization using ‘vis. js’ library. CRAN package. 2022. https://cran.r-project.org/web/packages/
visNetwork/index.html

20. Heiberger R, Robbins N. Design of diverging stacked bar charts for likert scales and other applications. J Stat Softw. 2014;57(5):1-32.

21. AHDB. Outdoor pig production for the arable rotation. AHDB; 2025. https://ahdb.org.uk/knowledge-library/outdoor-pig-produc-

tion-for-the-arable-rotation#:~:text=Outdoor%20pig %20production%20accounts %20for,be %20reared%20in%20outdoor%20
accommodation

22. El sector de la carne de cerdo en cifras. MAPA; 2023. https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/indicador-
essectorporcino2023_tcm30-564427 .pdf

23. Carroll G, Wangui C, Kyriazakis |. Lack of social and physical opportunity are key barriers to adopting alternative pig farming systems. Environ
Develop. 2026;58:101395. hitps://doi.org/10.1016/j.envdev.2025.101395

24. Bonneau M, Lebret B. Production systems and influence on eating quality of pork. Meat Sci. 2010;84(2):293-300. https://doi.org/10.1016/j.
meatsci.2009.03.013 PMID: 20374788

25. Talbott C, See T, Ahmedna M, Fennell H, Gunthorp G, Willis P. Potential for small-scale farmers to produce niche market pork using alternative
diets, breeds and rearing environments: observations from North Carolina. Renew Agric Food Syst. 2004;19(03):135—40. https://doi.org/10.1079/
rafs200364

26. Dashmaa D, Cho BW, Odkhuu G, Park KM, Do KT, Lee KH. Meat quality and volatile flavor traits of duroc, berkshire and yorkshire breeds. Korean
J Food Sci Anim Resour. 2011;31(6):807-16.

PLOS One | https://doi.org/10.1371/journal.pone.0341440 February 3, 2026 171718



https://doi.org/10.15212/ijafr-2020-0153
https://www.bordbia.ie/globalassets/bordbia.ie/newsevents/speaker-presentations/meat-marketing-seminar-2024/pig-and-poultry-market-review-and-outlook---bord-bia-meat-marketing-seminar-2024.pdf
https://www.bordbia.ie/globalassets/bordbia.ie/newsevents/speaker-presentations/meat-marketing-seminar-2024/pig-and-poultry-market-review-and-outlook---bord-bia-meat-marketing-seminar-2024.pdf
https://data.europa.eu/doi/10.2875/872312
https://data.europa.eu/doi/10.2875/872312
https://assets.gov.ie/static/documents/national-pig-census-report-2023.pdf
https://www.daera-ni.gov.uk/sites/default/files/publications/daera/Agricultural_Census_2023_publication.pdf
https://www.daera-ni.gov.uk/sites/default/files/publications/daera/Agricultural_Census_2023_publication.pdf
https://doi.org/10.29302/oeconomica.2016.18.2.14
https://www.thepigsite.com/articles/characterising-outdoor-pig-production-in-europe#:~:text=Organic%20(EU%20countries%2C%20Norway%20and,access%20to%20an%20outdoor%20yard
https://www.thepigsite.com/articles/characterising-outdoor-pig-production-in-europe#:~:text=Organic%20(EU%20countries%2C%20Norway%20and,access%20to%20an%20outdoor%20yard
https://www.thepigsite.com/articles/characterising-outdoor-pig-production-in-europe#:~:text=Organic%20(EU%20countries%2C%20Norway%20and,access%20to%20an%20outdoor%20yard
https://pigproducer.net/fileadmin/european-clubs/pigproducers/img/content/international_congress/epp_congress_may_2023_sevilla/presentations_2023_seville/1_Spanish_pig_production_model_Higuera.pdf
https://pigproducer.net/fileadmin/european-clubs/pigproducers/img/content/international_congress/epp_congress_may_2023_sevilla/presentations_2023_seville/1_Spanish_pig_production_model_Higuera.pdf
https://pigproducer.net/fileadmin/european-clubs/pigproducers/img/content/international_congress/epp_congress_may_2023_sevilla/presentations_2023_seville/1_Spanish_pig_production_model_Higuera.pdf
https://data.europa.eu/doi/10.2903/j.efsa.2021.6639
https://data.europa.eu/doi/10.2903/j.efsa.2021.6639
https://data.europa.eu/doi/10.2903/j.efsa.2022.7421
https://doi.org/10.3390/agriculture10070261
https://doi.org/10.1016/j.animal.2024.101138
http://www.ncbi.nlm.nih.gov/pubmed/38631256
https://doi.org/10.1038/s43016-024-00921-2
http://www.ncbi.nlm.nih.gov/pubmed/38605128
http://www.fao.org/documents/card/en/c/cc9029en
https://www.academia.edu/24564118/Alternative_pork_production_systems_overview_of_facilities_performance_measures_and_meat_quality
https://www.academia.edu/24564118/Alternative_pork_production_systems_overview_of_facilities_performance_measures_and_meat_quality
https://cran.r-project.org/web/packages/visNetwork/index.html
https://cran.r-project.org/web/packages/visNetwork/index.html
https://ahdb.org.uk/knowledge-library/outdoor-pig-production-for-the-arable-rotation#:~:text=Outdoor%20pig%20production%20accounts%20for,be%20reared%20in%20outdoor%20accommodation
https://ahdb.org.uk/knowledge-library/outdoor-pig-production-for-the-arable-rotation#:~:text=Outdoor%20pig%20production%20accounts%20for,be%20reared%20in%20outdoor%20accommodation
https://ahdb.org.uk/knowledge-library/outdoor-pig-production-for-the-arable-rotation#:~:text=Outdoor%20pig%20production%20accounts%20for,be%20reared%20in%20outdoor%20accommodation
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/indicadoressectorporcino2023_tcm30-564427.pdf
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/indicadoressectorporcino2023_tcm30-564427.pdf
https://doi.org/10.1016/j.envdev.2025.101395
https://doi.org/10.1016/j.meatsci.2009.03.013
https://doi.org/10.1016/j.meatsci.2009.03.013
http://www.ncbi.nlm.nih.gov/pubmed/20374788
https://doi.org/10.1079/rafs200364
https://doi.org/10.1079/rafs200364

PLO\S\% One

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42

43.

44

45.

46.

47.

48.

49.

50.
51.

Wood JD, Dransfield E, Rhodes DN. The influence of breed on the carcass and eating quality of pork. J Sci Food Agric. 1979;30(5):493-8. https://
doi.org/10.1002/jsfa.2740300508 PMID: 470349

Oxford Sandy and Black Pig Society. Why keep an Oxford sandy and black pig?. 2020. https://oxfordsandypigs.co.uk/

Lund TB, Denver S, Nordstrom J, Christensen T, Sandae P. Moral convictions and meat consumption-a comparative study of the animal ethics ori-
entations of consumers of pork in Denmark, Germany, and Sweden. Animals (Basel). 2021;11(2):329. https://doi.org/10.3390/ani11020329 PMID:
33525675

Dippel S, Leeb C, Bochicchio D, Bonde M, Dietze K, Gunnarsson S. Health and welfare of organic pigs in Europe assessed with animal-based
parameters. Org Agric. 2014;4(2):149-61.

Nickel EA, Danner G. Experimental studies on the course and the effects of pediculosis in domestic swine. Arch Exp Veterinarmed.
1979;33(5):645-9. PMID: 547915

Hornok S, Hofmann-Lehmann R, de Mera IGF, Meli ML, Elek V, Hajtés I, et al. Survey on blood-sucking lice (Phthiraptera: Anoplura) of rumi-
nants and pigs with molecular detection of Anaplasma and Rickettsia spp. Vet Parasitol. 2010;174(3—4):355-8. https://doi.org/10.1016/j.vet-
par.2010.09.003 PMID: 20943320

Senanayake N, Boyle L, O’Driscoll K, Butler F, Ducher C, Menant O. Gastro — intestinal parasites in outdoor pigs in Ireland: what factors affect
parasitic load?. Anim - Sci Proc. 2024;15(1):39—-40.

Senanayake N, Boyle L, O’Driscoll K, Menant O, Butler F. Effects of season, age and parasite management practices on gastro — intestinal para-
sites in pigs kept outdoors in Ireland. Ir Vet J. 2025;78(1).

Geraghty L, Manzanilla EG, Hogan T, McAuliffe S, O’Keefe P. Code of good practice regarding the responsible use of antimicrobials on pig farms.
2019.

Martin H, Manzanilla EG, More SJ, O’Neill L, Bradford L, Carty Cl, et al. Current antimicrobial use in farm animals in the Republic of Ireland. Ir Vet
J. 2020;73:11. https://doi.org/10.1186/s13620-020-00165-z PMID: 32607222

Rioja-Lang FC, Connor M, Bacon HJ, Lawrence AB, Dwyer CM. Prioritization of farm animal welfare issues using expert consensus. Front Vet Sci.
2020;6:495. https://doi.org/10.3389/fvets.2019.00495 PMID: 31998770

Mathur MB, Peacock J, Reichling DB, Nadler J, Bain PA, Gardner CD, et al. Interventions to reduce meat consumption by appealing to animal
welfare: meta-analysis and evidence-based recommendations. Appetite. 2021;164:105277. https://doi.org/10.1016/j.appet.2021.105277 PMID:
33984401

Lipovsek M, Kirbi§ A, Tomazic |, Dov¢ A, Krizman M. Farm animal welfare during transport and at the slaughterhouse: perceptions of slaughter-
house employees, livestock drivers, and veterinarians. Animals (Basel). 2024;14(3):443. https://doi.org/10.3390/ani14030443 PMID: 38338086
Renaudeau D, Gourdine JL, St-Pierre NR. A meta-analysis of the effects of high ambient temperature on growth performance of growing-finishing
pigs. J Anim Sci. 2011;89(7):2220-30.

Gourdine J-L, Rauw WM, Gilbert H, Poullet N. The genetics of thermoregulation in pigs: a review. Front Vet Sci. 2021;8:770480. https://doi.
org/10.3389/fvets.2021.770480 PMID: 34966808

Mun HS, Rathnayake D, Dilawar MA, Jeong M, Yang CJ. Effect of ambient temperature on growth performances, carcass traits and meat quality of
pigs. J Appl Anim Res. 2022;50(1):103-8.

AHDB. Pork cost of production in selected countries (InterPIG) — Data tables. 2022. https://projectblue.blob.core.windows.net/media/Default/
Market%20Intelligence/COP/Pork%20cost%200f%20production%20in%20selected %20countries %202022%20data%20tables.pdf

European Commission. Organic prices trends. https://agridata.ec.europa.eu/extensions/DashboardPrice/OrganicPricesTrends.html

Park HS, Min B, Oh SH. Research trends in outdoor pig production — A review. Asian-Australas J Anim Sci. 2017;30(9):1207-14.

Harrison ME. Factors influencing consumer purchase of higher welfare assured pig meat products in Ire-

land and the UK. Queen’s University Belfast; 2024. https://pureadmin.qub.ac.uk/ws/portalfiles/portal/553522432/
Factors_influencing_consumer_purchase_of_higher_welfare_assured_pig_meat_products_in_Ireland_and_the_UK.pdf

McAuliffe GA, Takahashi T, Mogensen L, Hermansen JE, Sage CL, Chapman DV, et al. Environmental trade-offs of pig production systems under
varied operational efficiencies. J Clean Prod. 2017;165:1163-73. https://doi.org/10.1016/].jclepro.2017.07.191 PMID: 29104375

Pietrosemoli S, Green JT, Villamide MJ. A comparison of stocking methods for pasture-based growing-finishing pig production systems. Animals.
2020;10(10):1885.

Caloiero T, Veltri S, Caloiero P, Frustaci F. Drought analysis in Europe and in the Mediterranean basin using the standardized precipitation index.
Water. 2018;10(8):1043. https://doi.org/10.3390/w10081043

Evans R, Evans R. Outdoor pigs and flooding: an English case study. Soil Use Manage. 2004;20(2):178-81. https://doi.org/10.1079/sum2004248

Horta C, Roque N, Batista M, Duarte AC. Multi-risk assessment to evaluate the environmental impact of outdoor pig production areas: a case
study. Agronomy. 2022;12(8):1898. https://doi.org/10.3390/agronomy 12081898

PLOS One | https://doi.org/10.1371/journal.pone.0341440 February 3, 2026 18/18



https://doi.org/10.1002/jsfa.2740300508
https://doi.org/10.1002/jsfa.2740300508
http://www.ncbi.nlm.nih.gov/pubmed/470349
https://oxfordsandypigs.co.uk/
https://doi.org/10.3390/ani11020329
http://www.ncbi.nlm.nih.gov/pubmed/33525675
http://www.ncbi.nlm.nih.gov/pubmed/547915
https://doi.org/10.1016/j.vetpar.2010.09.003
https://doi.org/10.1016/j.vetpar.2010.09.003
http://www.ncbi.nlm.nih.gov/pubmed/20943320
https://doi.org/10.1186/s13620-020-00165-z
http://www.ncbi.nlm.nih.gov/pubmed/32607222
https://doi.org/10.3389/fvets.2019.00495
http://www.ncbi.nlm.nih.gov/pubmed/31998770
https://doi.org/10.1016/j.appet.2021.105277
http://www.ncbi.nlm.nih.gov/pubmed/33984401
https://doi.org/10.3390/ani14030443
http://www.ncbi.nlm.nih.gov/pubmed/38338086
https://doi.org/10.3389/fvets.2021.770480
https://doi.org/10.3389/fvets.2021.770480
http://www.ncbi.nlm.nih.gov/pubmed/34966808
https://projectblue.blob.core.windows.net/media/Default/Market%20Intelligence/COP/Pork%20cost%20of%20production%20in%20selected%20countries%202022%20data%20tables.pdf
https://projectblue.blob.core.windows.net/media/Default/Market%20Intelligence/COP/Pork%20cost%20of%20production%20in%20selected%20countries%202022%20data%20tables.pdf
https://agridata.ec.europa.eu/extensions/DashboardPrice/OrganicPricesTrends.html
https://pureadmin.qub.ac.uk/ws/portalfiles/portal/553522432/Factors_influencing_consumer_purchase_of_higher_welfare_assured_pig_meat_products_in_Ireland_and_the_UK.pdf
https://pureadmin.qub.ac.uk/ws/portalfiles/portal/553522432/Factors_influencing_consumer_purchase_of_higher_welfare_assured_pig_meat_products_in_Ireland_and_the_UK.pdf
https://doi.org/10.1016/j.jclepro.2017.07.191
http://www.ncbi.nlm.nih.gov/pubmed/29104375
https://doi.org/10.3390/w10081043
https://doi.org/10.1079/sum2004248
https://doi.org/10.3390/agronomy12081898

