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Abstract

Outdoor pig farming is gaining attention for its alignment with growing consumer interest in
animal welfare and environmental sustainability. Unlike intensive systems, outdoor farms
offer pigs access to soil and vegetation, encouraging natural behaviours such as rooting and
foraging and minimising damaging behaviours and the associated body lesions. However,
challenges such as seasonal weather effects, degradation of the soil, and greater exposure to
gastrointestinal parasites pose risks to animal welfare and environmental health. This thesis
explores the interconnections between animal welfare, environmental parameters, and
farmer well-being in outdoor pig farming systems in Ireland using a ‘One Welfare’ approach.
Welfare and environmental measures were assessed in 446 pigs across 20 outdoor pig farms
in Ireland during two seasonal visits (1%t visit - February—May 2" visit - July—October 2023).
Welfare indicators included body condition score (BCS), lameness, skin lesions, and
prevalence of ecto-parasites, while environmental parameters focused on soil shear strength
and plant diversity across distinct paddock areas (foraging, defecation, and low-impact areas).
Majority of the pigs were in good welfare and there were only minor seasonal effects (P <
0.05): higher lameness and ecto-parasite prevalence in the 1 visit, and higher lesion counts
at the 2" visit. Older animals (i.e. sows and boars) exhibited poorer welfare outcomes than
fattener pigs, including higher lameness scores, lesion counts, and ecto-parasite prevalence
(P <0.05). Soil structure was significantly weakened in foraging areas during the 2" visit, while
the diversity of plants declined from the 1%t to the 2™ visit in the foraging area. The
relationships between animal welfare, environmental parameters, and farmer well-being was
explored using a holistic approach. Data from 223 pigs across 17 farms during the second
seasonal visit (July—October 2023) were analysed using principal component analysis (PCA),
revealing three distinct clusters. Cluster 1 was characterized by poor animal welfare (high
lameness, skin lesions, and ecto-parasite prevalence), primarily relating to sows and boars.
Cluster 2 was associated with organic or GMO-free farms, with higher animal welfare but with
the lowest scores for farmer well-being. Cluster 3 achieved a balance of high animal welfare
and farmer well-being, typically involving fattener or grower pigs. Significant differences (P <
0.05) between clusters were observed for soil shear strength and plant diversity in specific

paddock zones, highlighting trade-offs between welfare dimensions.



The second study focused on gastrointestinal parasite prevalence and its associations with
management practices. A total of 65 paddock-level faecal samples, collected over two visits
for the same farms mentioned above, were analyzed using the McMaster flotation method.
Four parasite taxa were identified: Eimeria spp., strongyles, Ascaris suum, and Trichuris suis.
Infection rates exceeded 80% for Eimeria spp. and strongyles, 31% for A. suum, and 9% for T.
suis. Seasonal differences were evident, with Eimeria spp. counts significantly higher in the
second visit (P < 0.001) and strongyles higher in the first (P < 0.05). Fattener pigs had higher
Eimeria spp. counts (P < 0.01), while sows/boars had higher strongyle counts (P < 0.05).
Strongyle FEC was reduced with anthelmintic usage (P < 0.05), while paddock rotation
mitigated Eimeria spp. counts when anthelmintics were administered. This thesis provides
the first comprehensive evaluation of animal welfare, environmental quality, and farmer well-
being in outdoor pig farming systems in Ireland. The findings highlight the importance of
season-specific management strategies and the importance of the interplay between animal,
environment and the human, providing a holistic understanding of ‘One Welfare’ in Irish

outdoor pig farms.

Keywords — Outdoor, pig, Ireland, One Welfare, parasites



Introduction

Pork is one of the most consumed meats in the world (Kim et al., 2024). Global pork
consumption was at 34% in 2022, compared to 40% of beef and 22% of poultry (OECD, 2023).
The pig (Sus scrofa domesticus) population in the world is estimated at 978 million in 2022
(FAO, 2022). The majority of the pigs are raised in intensive farming systems. The features of
this production system include improved animal nutrition, good feed efficiency, health
management, genetic selection for better performance, and consistency of product quality
and delivery to the marketplace. However, pigs are reared in these systems under limited
space in barren environments and on concrete floors which is different from the environment
in which the pig evolved (Van De Weerd & Day, 2009). World population is increasing and
pork meat consumption is expected to double within the next 30 — 50 years (McGlone, 2013).
Increasing demand in a highly cost: price driven industry forced producers to find ways to
increase production while minimising the associated costs such that animal welfare is
impaired (Whittemore, 2018). Pigs have evolved to root and perform exploratory behaviours
and in barren environments with limited space allocation, and there’s an increase in abnormal
and stereotypic behaviours and associated physiological distress (Stolba and Wood — Gush,
1983; Van De Weerd and Day, 2009). Abnormal behaviours such as tail biting are particularly
injurious and necessitated docking pigs tails soon after birth which is unacceptable societally
(Martelli, 2009) and subject to control under EU legislation (EU Directive 2008/120/EC).
Furthermore, consumer attitudes towards the environment and nature, as well as animal
welfare, points to a need for higher standards in food production (Krystallis et al., 2009) . US
consumers also increasingly iterate the importance of naturalness (natural feeding,
behaviours and life) in pig production (Sato et al., 2017). These concerns are paving the way

for alternative systems of pig production to improve animal welfare.

Outdoor pig production is defined as a system that allows pigs outside access including
contact with soil and growing plants (Honeyman et al., 2001). Rearing pigs outdoors is an
ancient farming tradition but recent advances in housing and fencing means that it is seeing
a resurgence around the world (Honeyman et al., 2001). The main feature of this system to
have an outdoor run where pigs have access to soil. This system also allows the pigs to
perform their natural behaviours such as rooting and exploring, which comprises 75% of the

pigs waking hours in a natural environment (Stolba and Wood — Gush, 1983).

10



Season and the climatic environment affects many aspects of outdoor pig farming, including
animal welfare and growth performance (Park et al., 2017; Pietrosemoli & Tang, 2020). Piglet
mortality in outdoor systems can be higher in comparison to conventional systems (Park et
al., 2017). The other challenges includes incidence of parasites, especially the prevalence of

gastro — intestinal parasites.

Parasites are common in outdoor pig production as soil provides an excellent medium
especially for gastro — intestinal parasites, and their effect depends on the parasite burden
and host response (Kipper et al., 2011). Most common gastro — intestinal parasites in pigs
according to previous studies are the intestinal nematodes Ascaris suum, Oesophagostomum
spp. and Trichuris suis as well as coccidia species such as Isospora suis in piglets and Eimeria
spp. in adults (Roepstorff et al., 1998). Gastro — intestinal parasites cause clinical diseases or
it could lead to a subclinical infection that might lead to reduced weight gain, feed conversion

and welfare (Pettersson et al., 2021).

The environment where the pigs are reared can lead to the loss of soil structure and a higher
potential for bio — diversity degradation (Halberg et al., 2010; Horta et al., 2022) . Pigs which
are keptin a high density outdoor environment could expose the soil through behaviours such
as rooting, and that could lead to runoff and erosion (Pietrosemoli & Tang, 2020).
Furthermore, high stocking density results in large net input of nutrients and increased risk of
nitrogen leaching (Eriksen & Kristensen, 2001). Farming has been considered a stressful
occupation and farming can be difficult especially for the outdoor pig farmers with lack of
support from the government, high feed price and the competition from conventional
systems could effects the well — being of the farmer (Brajon et al., 2024). At the same time,
farmer could be motivated by the potential ‘positive’ animal welfare provided by the outdoor

system (Kling-Eveillard et al., 2007).

Assessing animal welfare is complex, as multiple factors must be taken into account. The five
freedoms concept is the most widely accepted concept of defining animal welfare, however
this evolved into the five domains of animal welfare to include the positive emotions of the
animal as well as the negative emotions (Webster, 1994; Mellor, 2017). Animal welfare could
be connected to the well — being of the farmer, and the well — being of the environment. ‘One
Welfare’ is a concept emphasizing the interconnectedness between the animal, the
environment and the human welfare and argues that improvements or impairments in each

11



areas can influence each other (Pinillos et al., 2016). Furthermore, this concept encourages a
holistic look at the welfare of the system. This approach was employed to look at the
interconnections between the animal, the environment and the farmer in outdoor pig

production systems in Ireland.

The pig industry in Ireland is highly intensive. In the Republic of Ireland, there were 91 pig
herds with an average size of 864 animals in 2023 (Teagasc, 2023). With highly prolific sows
(27.9 piglets per sow per year), the industry is expanding. Pig welfare standards in Ireland are
derived from the European Union pig welfare directive (Directive 2008/120/EC) and by the
national legislation of Animal Health and Welfare Act 2013 (Department of Agriculture, Food
and the Marine, 2020). However, almost all welfare guidelines are directed towards
conventional indoor production systems. Data on outdoor pig systems are limited. Menant et
al. (2023) conducted a survey on Irish outdoor pig farmers on the Island of Ireland, and found
the outdoor pig production to be small-scale, mostly ‘back-yard’ industry. The majority of

outdoor farmers were raising pigs as a secondary option.

This thesis has three chapters and the first chapter provides background information on the
‘One Welfare’ framework and the welfare and the environmental indicators. The second
chapterisin two parts and the part one is about the seasonal variations of animal and selected
environmental indicators in Irish outdoor pig farms. The second part is about the preliminary
principal component analysis to reflect ‘One Welfare’ type analysis. The third chapter focuses
on the gastro — intestinal parasites of the outdoor pig farms and provides the situation on the
gastro — intestinal parasites. The fourth chapter provides an overall discussion and provides

conclusions from the overall study.
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Chapter 01

Literature review
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1.0 Literature review

1.1 Outdoor pig production in the world

Pork is the second highest consumed meat in the world at 125 million metric tons in 2021,
and this is likely to increase (FAO, 2021). Pig production is mainly intensive, where the farming
is sophisticated and on an industrial scale with efficient use of land with high capital
investments (Whittemore and Kyriazakis, 2008). Extensification of pig farming offers the
potential for extra compensation for organically or outdoor produced meat or for compliance
with additional animal welfare requirements (Koppel et al., 2007). Additionally there is
growing societal pressure to improve welfare, which is encouraging production of pigs
outdoors (Pugliese et al., 2004). Outdoor pig production has rapidly expanded in parts of
Europe, South Africa, and the United States with wide ranging farm sizes, from small (<10
sows) to very large (10,000 sows) (Honeyman, 2005) . Recent data shows over 9 million
organic pigs produced in Europe, indicating a growth of 46% from 2007 to 2015 (Delsart et
al., 2020). However, as a proportion of total pig production, outdoor pig production remains

small (Delsart et al., 2020).

1.1.1 System description

Outdoor pig production is defined as a system where the pigs are allowed outside access,
including contact with the soil and growing plants (Honeyman et al.,, 2001). Typical
characteristics of an outdoor pig production system include simple portable housing, water
systems and feeding, extensive fencing, seasonal production and minimal energy
requirements (Honeyman et al., 2001). Besides welfare considerations, outdoor systems offer
potential environmental and social benefits and require lower capital investment than
commercial indoor systems (Hotzel et al., 2004; McGlone, 2001). Advances in electric fencing,
all-terrain vehicles, plastic ear tags, low-cost plastic water pipes and improved farrowing huts
made modern outdoor pig production competitive and easier to manage (Honeyman et al.,

2001).

Outdoor production systems come in many forms (Edwards, 2005) . Outdoor systems in the
US are primarily used for gestation sows, where 5% of sows are kept outdoors and 15% of the
sows are kept in buildings with outdoor access (Honeyman, 2005). Over 20 years ago, in some

European countries, as in the UK and France, a significant number of outside herds were
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contributing to conventional pig meat supplies (Edwards, 2005). In the UK, there are around
875,000 productive sows reared in outdoor environments in 2023 (AHDB, 2023). Compared
to other countries in Europe, up to 40% of sows in the UK are bred outdoors (Ottosen et al.,

2021).

Two common types of outdoor system are described in Sweden. The mobile system, where
the feed and shelter are moved with the pigs to new areas and the stationary system, where
stationary barns are connected to an outdoor area (Salomon et al., 2007). European outdoor
production systems are separated into different production phases. The grower herd is kept
in semi intensive conditions where they have access to a pen with straw bedding (Miao et al.,
2004). In general, approximately, 50% of outdoor bred piglets are transferred to intensive
indoor units in the finishing phase. As a general practice in the outdoor pig production, gilts
are kept in an area in small groups where they have access to mud wallows. A week before
farrowing, they are transferred to individual grassy paddocks with insulated arcs and
abundant straw bedding. Piglets are weaned at 24 days and the sows go back into the group
until the next farrowing (Miao et al., 2004). Another major European outdoor system is the
traditional Mediterranean silvo-pastoral system (Edwards, 2005). In this system, indigenous
breeds are reared in natural forests, sometimes in extreme conditions in the mountain zone
(Edwards, 2005). The animals are completely reared outdoors and eat acorns and chestnuts
from the forest, where they live, thus converting them to body fat deposits (Edwards, 2005).

These systems are in parts of southern and central Spain, Portugal and Italy (Edwards, 2005)

1.1.2 Breed characteristics

In general, the physical condition of the pigs in outdoor systems needs to be more robust to
withstand the rigors of the climate (Edwards, 2005) . Many outdoor systems use traditional
breeds as their sturdiness and resilience is advantageous. In the US, outdoor pig producers
prefer crossbred sows, using a primarily white breed or lines (Yorkshire and Landrace) with a
smaller percentage of dark breeds or lines (Duroc or Hampshire) (Honeyman et al., 2001). In
organic systems, emphasis is placed on using traditional breeds adapted to the local

conditions and extensive production systems (Edwards, 2005).
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1.1.3 Challenges

Piglet mortality following birth is a concern for many outdoor pig farms and many studies
observed high mortality in outdoor farms compared to intensive farms, with most deaths
occurring during the first four days of a piglet’s life (Mortenson et al., 1994; Rangstrup-
Christensen et al., 2018; Delsart et al., 2020) . Biosecurity is also a concern for the outdoor
farms, as implementing biosecurity measures can prove to be difficult in an outdoor setting
and can be expensive (Edwards et al., 1994). Good management can raise productivity close
to that seen in indoor pig farms, however the weather can have dramatic effects on growth

rate which is difficult to control (Miao et al., 2004).

Menant et al. (2023) conducted the first survey of outdoor pig farmers in Ireland. The farms
were operated at a small scale with an average of 7 sows/gilt, 1 boar, 18 grower pigs and 17
piglets at any one time during the year and managed by, on average, two people. Pastures
were common (74.5%) and pigs were also kept in woodlands (37.3%) and scrublands (37.3%)
with average 18.5 animals per hectare. Main breeds reared were Duroc (35.8%), followed by

Oxford sandy and black (32.1%), Tamworth (22.6%) and Gloucester old spot (20.8%).

1.2 “One Welfare” concept

The concept of welfare is defined by (Broom, 1986) as “The welfare of an individual is its state
as regards its attempts to cope with its environment”. Animal welfare as a science began over
the last 30 years and developed as a measurable quality of life of a living animal at a particular
time (Broom, 2014). Traditionally, welfare of humans and non-human animals were seen as
distinct disciplines, however, although separated and compartmentalized, these disciplines
rely on the same set of principles and are heavily dependent on each other in an ecological

context (Colonius & Earley, 2013).

There are a number of concepts that portrays animal welfare; the most used one being the
concept of five freedoms. Developed by Webster (1994), this concept details the broader
dimensions of animal welfare by incorporation of subjective experiences, health status and

behaviour (Webster, 1994; Mellor, 2017). The five freedoms are listed as below;

1. Freedom from thirst, hunger and malnutrition

2. Freedom from pain, injury and disease
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3. Freedom from discomfort and exposure
4. Freedom from fear and distress

5. Freedom to express normal behaviour

Another model, the five domains of welfare was developed from the five freedoms concept
and there is a growing interest in this concept from various animal use sectors (Mellor, 2017).

This model

facilitates assessment of animal welfare

in a systematic, structured,

comprehensive and coherent manner (Mellor, 2017). The features of the model are seen

infigure 1.1.

The Five Domains Model
Physical/iFunctional Domains

Survival-Related Factors Situation-Related Factors

1: Nutrition 2: Environment 3: Health 4: Behaviour
R an: Opp: ies fo: L imposed conditions: conditions: Presence of: Little or no: Exercisa of ‘agency’ impeded by:  ‘Agency’ exercised via:
Water intake Drink encugh water Thermal extremes Thermally tolerable Disease: acute, chronic Disease Invariant, barren environment Waried, novel, engaging
Focd intake Eat enough food Unsuitable substrate Suitable substrate Injury: acute, chronic; Injury (ambient, physical, biotic) environmental
Foed quality Eat & balanced diet Close confinement Space for freer movement husbandry mutilations Inescapable sensory impositions challenges
Foed variety Eat a variety of foods Atmospheric pollutants: CO:, Fresh air Functional impairment: Functional Choices markedly restricted Congenial sensory inputs.
ammeonia, dust, smoke due to limb amputation; impaimient Available engaging
Unpleasantistrong odours Pleasantftolerable odours or lung, heart, vascular, Constraints on enviranment- choices
Voluntary Eating correct guantities | [ ight: inappropriate intensity Light intensity tolerable kidnay, neural ar other forused activity Free movement
overeating Loud/otherwise unpleasant noise Noise expasure problems. Exploration
Force-feeding acceptable Poisans Poisaning Constraints on animal-to- Foraging/hunting
animal interactive activity Bonding/reaffirming
Environmental menotony: Normal envirenmental Obesity/leanness Body condition hands
ambient, physical, lighting variahility appropriate Rearing young
Poor physical fitness: Good fitness level Limits on threat avoidance, Playing
Unpredictable events Predictability muscle de-conditioning escape or defensive activity Sexual activity
Limitations on sleepfrest Using refuges, retreat, or
defensive attack
Sleepirest sufficient
Affective Experience Domain
§: Mental State
Negative Positive Negative Positive Negaiive Positive Negative Pasitive
Thirst Waetting/quenching Forms of discomfort: Forms of comfort: Breathlessness Comfart of good Anger, frustration Calmness
pleasures of drinking Thermal: chilling, averheating Thermal Pain: many types health and high Boredom, helplessness Engaged, in control
Hunger (general) Pleasures of different Physical: joint pain, skin iitation Physical Debility, weakness functicnal capacity Loneliness, isolation Affectionale scciability
tastes/smellsiextures Physical: stitfness, muscle tension Sickness, malaise Maternally rewarded
Hunger (salf) Pleasure of salt taste Respiratory: e.9. breathlessness Respiratary Nausea Depression Excitation/playfulness
Masticatory pleasures Olfactory CHactory Dizziness Sexual frustration Sexual gratification
Malnutrition malaise  Postprandial satiety Auditory: impairment, pain Auditory
Visual: glaresdarkness eye strain Visual Physical exhaustion Vitality of fitness Anxiety, fearfulness, panic, anger Secure/protected/confident
Bloated, over full Gastrointestinal comfort Neophobia Likes novelty
(Gastraintestinal pain Walaise from unnatural constancy Variety-related camfort Exhaustion Energisedirefreshed

Welfare

Status

Figure 1.1 — The five domains model (Mellor, 2017)

The concept of “One Health” promotes the integration of human, animal and environmental

health through communication

and

collaboration

among physicians,

osteopaths,

veterinarians, wildlife professionals, environmental and public health experts, dentists,

nurses, biomedical engineers, physicists, bio-chemists, plant pathologists, and others

(Monath et al., 2010). One Health philosophy resulted in beneficial synergies, such as better
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understanding of disease processes, through a comparative medicine approach involving
public health, environmental health, biomedical health and clinical medicine and surgery

(Monath et al., 2010).

World bank defines One Health as “A collaborative approach for strengthening systems to
prevent, prepare, detect, respond to and recover from primarily infectious diseases and
related issues such as antimicrobial resistance that threaten human health, animal health,
and environment health, collectively, using tools such as surveillance and reporting with
endpoint of improving global health security and achieving gains in development” (World

bank, 2018).

A One Welfare approach complements the “One Health” approach and helps to empower
animal welfare and human wellbeing fields to address the connections between science and
policy more effectively in various areas of human society, including environmental science
and sustainability (Pinillos et al., 2016). One Welfare is a term, which describes the
interrelationships between animal welfare, human wellbeing and the physical and social
environment (Pinillos, 2018). According to the One Welfare concept, human welfare and non-
human animal welfare are interconnected, such that poor animal welfare in production
systems means animals are more inefficient meaning negative effects on human welfare (e.g.
reduction of profitability) (Tarazona et al., 2019). Another component in this, which is the
environment, is also affected by the actions from the human - animal relationship, most
notably in livestock production where there are environmental concerns arising from
greenhouse gas emissions from animal husbandry (Tarazona et al., 2019). The One Welfare
concept looks at all three components and provides a holistic understandings into the welfare

issues effectively extending as well as complementing the concept of One Health.

Since One Welfare is a multifaceted concept that covers a broad range of fields, a conceptual
framework that arranges different areas helps us to better understand the concept (Pinillos,

2018).

According to Pinillos (2018), the One Welfare framework is made up of five sections,

numbered in no particular order;

1. Section 1: The connections between animal and human abuse and neglect.

2. Section 2: The social implications of improved animal welfare.
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3. Section 3: Animal health and welfare, human wellbeing, food security.
4. Section 4: Assisted interventions involving animals, humans and the environment.
5. Section 5: Sustainability: Connections between biodiversity, the environment, animal

welfare and human wellbeing.
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PRODUCTIVITY
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Figure 1.2 — One Welfare and the subjects that falls under the One Welfare umbrella

Source — onewelfareworld.org, (accessed on 21t November 2023)

1.3 Pig welfare and outdoor production systems

Rearing pigs under free-range outdoor conditions is expensive. A study by Bornett et al. (2003)
in the UK found that it costs 4 — 8% more to implement higher welfare in “freedom food” and
free-range systems. Pigs reared under organic standards cost 31% more than that of

conventional systems. A study undertaken by Spooner et al. (2014), in Canada, revealed that
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citizens have a positive interest and support that pigs should have access to natural living
conditions and an ability to express their natural behaviours. Carlsson et al. (2005) found that
Swedish consumers were willing to pay surprisingly high premiums for some animal welfare
improved quality attributes, including outdoor pig production. (Boogaard et al., 2011)
interviewed citizens from the Netherlands and Denmark, and they noted that the citizens
were strongly concerned about overexploitation of pigs in contemporary production systems.
According to Honeyman (2005), natural outdoor reared pork meat caters for niche markets,

where consumers are interested in food safety and food origins.

Although perceived as providing higher welfare, there can be instances where welfare is
compromised in outdoor systems, especially in case of parasitic infections, which can be more
severe than in conventional systems, in addition to the adverse effects of poor climate
(Edwards, 1999). This will be discussed further in another chapter of this thesis (see Chapter
2). There are studies that contradict the general beliefs of better welfare in outdoor systems.
Kongsted & Sgrensen (2017) assessed the lesions found in pigs upon slaughter in three
different rearing systems (conventional indoor, conventional free — range and organic free —
range) in Denmark and found higher scores of tail lesions, skin lesions and arthritis for the

latter two systems compared with conventional indoor pigs.

McGlone (2013) compared outdoor production systems with indoor production systems in a
sustainability matrix. The perception of the public towards welfare and the meat quality (real
and perceived) was higher in the outdoor system. However, outdoor systems scored poorly
in terms of climate variability, worker health and safety, food safety (Salmonella), and

zoonotic diseases.

Guy et al. (2002) conducted a study in the UK, to compare the welfare in three different pig-
rearing systems. They found that the pigs reared in outdoor paddocks had significantly lower
lung damage, arising from enzoonotic pneumonia, compared to the indoor breeds. Temple et
al. (2012) reported that Mallorcan black pigs reared in extensive systems presented a higher
risk of poor body condition compared to the pigs in conventionally reared pigs. Five percent
of the pigs in the extensive systems were entirely dependent on pasture and the authors
believe that this might have led to the increased risk of poor body condition. Other pigs were

reared in a mixed system.
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1.3.1 Behaviour of the pigs in outdoor production systems

As pigs are omnivorous animals, they spend a large part of their active time in searching for
food and exploring the area under natural conditions (Studnitz et al., 2007). This behaviour
keeps the pigs from lacking resources for their survival, thus rooting is considered as a high
priority behaviour in pigs (Studnitz et al., 2007) . Domestic pigs allowed to live freely in an
outdoor woodland setting spend 75% of their time foraging and feeding, even when they are
fed ad libitum (Stolba and Wood-Gush, 1989). Indeed, they show similar behaviours to wild
boar, who spend 85% of their active day dedicated to this behaviour (Stolba and Wood-Gush,
1989; Olczack et al., 2015). Pigs engage in a great amount of rooting behaviour, when the

opportunity is given, as it’s considered as a part of their normal ethogram (Millet et al., 2005).

As one of the main goals of outdoor production systems is to provide better welfare, the
presence of straw bedding or pastures allows animals to roam free, graze and root as they
desire (Park et al., 2017). Poor environmental stimuli cause pigs to reduce activity and when
proper resting areas are not available, it may lead to abnormal stereotypic behaviours and
aggression (Olczak et al., 2015). Furthermore, the behaviour of pigs reared outdoors is greatly
influenced by weather patterns. To mitigate the impact of weather conditions, most outdoor
farms provide shelters for pigs, allowing them to seek cover from the elements (Miao et al.,

2004)

Several studies compared the behaviour of outdoor reared pigs to the behaviour of
conventional pigs. Outdoor reared piglets were more active and showed a richer behavioural
repertoire than indoor-housed piglets, while having no significant differences in production
characteristics, like growth rate and weight etc. (Johnson et al., 2001). Nakamura et al. (2011)
reported on the behaviours of piglets who were introduced into two different housing
systems (indoors and outdoors). The outdoor reared piglets explored more and played more.
In contrast, piglets in the indoor system rested more and showed more aggressive behaviours
such as ear biting, tail biting, belly nosing etc. Yonezawa et al., (2012) found that the piglets
reared in an outdoor environment tended to perform more rooting episodes, as well as total
time exploring, than the pigs reared in an indoor environment. All other observed behaviours
such as resting, feeding, or social interaction were not different between the two systems.
The authors suggested that allowing piglets to live in a free-range piggery might better

provide their behavioural needs and demands. In another study done by Tozawa et al. (2016),
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comparing fattener pig behaviour in intensive and outdoor pasture systems, found that the
pigs in outdoor pasture systems expressed more foraging and exploratory behaviours and less
resting than the pigs in intensive systems. Furthermore, the frequency of disturbing
behaviours was high in intensive pigs compared to outdoor pigs. Guy et al. (2002) who
compared three housing systems (outdoor, straw yard and fully slatted indoor) observed the
outdoor pigs spending the majority of the time inside the hut and rooting, chewing the floor
surrounding and moving around when they were active in the context of UK environment.
The indoor pigs spent significantly less time walking or running and spent more time lying
inactive. In terms of tail biting behaviour, it was significantly higher in fully slatted (indoor)

pens followed by straw yard. No tail biting occurrence was recorded in outdoor paddocks.

Tail biting is a behaviour performed by pigs, which is deemed as abnormal as it is not present
in wild boars or other peccarids. This behaviour is mainly observed in indoor environments
with high stocking densities, lack of substrate, poor ventilation, deficiencies in feed quality
and or accessibility, or poor health (Hansson et al., 2000; Ludwiczak et al., 2021). However,
Walker & Bilkei (2006) reported the occurrence of tail biting in outdoor production systems
in Croatia. This study was done in winter and the authors suggested that, even though the
outdoor reared pigs had better conditions in terms of space and stocking density, other
factors such as genetics, respiratory problems, possible dietary inadequacies, and general
rooting in muddy pastures might have contributed to the occurrence of tail biting. Similarly,
in a Swedish study (Hansson et al., 2000), comparing organic and intensive pigs, they found

evidence of tail biting, though highly significantly lower than in intensive reared pigs.

1.3.2 Lesions in outdoor production

Domestic pigs cohabit in small, genetically related matriarchal groups and aggression
between pigs is rare outside the mating season and this is a common feature in pigs housed
in extensive enclosures (Turner et al.,, 2006; Stolba and Wood-Gush, 1989). Aggression
induced lesions on the skin are correlated with the behaviour of the animal. Skin lesions
observed on the front body parts reflect the high frequency of fighting among each other in
the pen, however lesions in the middle part of the body do not show a significant relationship
with this behaviour. Damage on the rear part of the body indicates an individual being bullied
by other individuals (Godyn et al., 2019). Lactating sows housed indoors are susceptible to

lesions on the body. Thin sows, wet skin and long periods of recumbency are some of the
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well-established risk factors (Kilbride et al., 2009). The sows that were most restricted in their
crates had significantly increased risk of body injuries, including lesions which occur during
the process of standing (direct contact with the surface of the crate) (Kilbride et al., 2009) .
An increase in skin lesions influences pig welfare as lesions cause physical pain and can

become infected if left untreated (Nakamura et al., 2011).

Tozawa et al. (2016) observed the total number of wounds on the pig body before slaughter
in different systems and found that the pigs from intensive systems had a significantly higher
number of wounds on the body compared to free range pigs. Nakamura et al. (2011),
compared lesions or wounds in pigs reared in outdoor and indoor systems on day 16 and day
29 after introduction to the system and found a greater number of lesions in pigs reared
indoors compared to pigs in outdoor systems. Furthermore, a higher number of bloody
lesions were found on indoor pigs. Guy et al. (2002) conducted a study in the UK to compare
the welfare in three different pig-rearing systems (Outdoor paddocks, Straw yards and fully
slatted pens) using several health related criteria (stomach ulceration, body damage, bursitis
score, mortality and morbidity etc.). They found significantly higher bursitis (inflammation of
bursa) and injury scores in pigs that were finished in a slatted floor system. Hansson et al.
(2000) assessed the lesions from organic and conventional pig carcasses in Sweden and found
28% of conventional pig carcasses and 17% of organic pig carcasses had one or more
registered lesions. Lesions scores are used in studies to measure the severity of lesions in the
body. There are various interpretations and types of scores (Stukenborg et al., 2012; Van

Staaveren et al., 2017) but at the baseline, the higher scores indicate poor conditions.

1.3.3 Lameness in outdoor production

Lameness is defined as departure from normal gait, usually accompanied by pain and is
caused by a range of conditions (Potterton et al.,, 2012). Lameness is a welfare issue,
particularly in sows, leading to treatments, early culling and ultimately results in economic
losses for the farmer (Knage-Rasmussen et al., 2014). Lameness affects all groups of pigs, but
sows are more prone to lameness, and lameness is one of the main reasons for culling of sows

(Oravainen et al., 2006).

Leg disorders in pigs can be a factor that causes lameness. Leg disorders can be divided into

three distinct categories (Jensen & Toft, 2009).
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1. Infectious arthritis caused by infectious pathogens
2. Physical injuries such as lesions to the claw and/or leg

3. Various manifestations of osteochondrosis (orthopaedic diseases)

Other than this, bursitis can also be a causal factor of lameness. A bursa is a small fluid filled

sack or sack like cavity in places in tissues where friction would otherwise occur (Smith, 1993).

In a study done in Spain and France between 2007 and 2009, in five different pig housing
systems including extensive and outdoor systems, Temple et al. (2012) found that the
prevalence of moderate and severe bursitis was highest in conventional production systems,
whereas the lowest prevalence was in the Mallorcan black pig extensive system. Etterlin et
al. (2014) hypothesised that outdoor free-range pigs are more affected by osteochondrosis
than intensively reared pigs. During their study, they found that although significantly higher
number of pigs had more numerous and more severe osteochodriosis lesions, the housing
group did not have a significant impact on gait score thus not supporting the hypothesis of
more lameness in free-range pigs. Furthermore, they found a higher prevalence of
osteochondrosis in the hock joints and elbow joints with a larger proportion of the free-
ranged pigs having moderate or severe lesions and higher condemnation of hocks at slaughter
plants. A study done by Hansson et al.,, (2000), using organic and intensive reared pig
carcasses, found significantly higher cases of joint diseases such as arthritis and arthrosis from
organic systems, suggesting higher cases of potential lameness. Leeb et al. (2019) assessed
pig welfare among organic pig farms across Europe and found that organic sows raised
indoors were affected by lameness, whereas sows kept outdoors and a combination of indoor
and outdoor, showed lower levels of lameness. Knage-Rasmussen et al. (2014) found a lower
prevalence of lameness in organic sow herds compared to conventional sow herds in
Denmark. Furthermore, they found that the prevalence of lameness was lower in the

winter/spring season.

1.3.4 Ecto-parasites in outdoor production

A parasite is an organism which lives a considerable portion of their lives in (endo-parasites)
or on (ecto-parasites) another kind of organism, the host (Taylor et al., 2016). Two types of
parasites can be described based on their life cycle. The obligate parasites are entirely
dependent upon a specific parasite in order to complete their life cycle and a facultative
parasite is an organism which can complete the life cycle independently from the host (Taylor
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et al., 2016). Parasites can affect the production potential of animals, and affect the average
daily weight gain, decrease the weight during weaning, which causes an alteration in food
conversion indices, thus increasing the time required before slaughter and further
consequences such as low litter size, lack of sexual activity and poor viability of suckling pigs
(Lawlor & Lynch, 2007; Mendoza-Gémez et al., 2015; Popiotek et al., 2009). Furthermore, pigs
can be epizootically important vectors and reservoirs of parasites, posing a health risk to

humans and other animals (Popiotek et al., 2009) and reflecting a One Health issue.

Ecto-parasites live mainly on the skin of the animal and feed off the host. The most common
ecto-parasites that affect pigs are mites and lice with the main species being Sarcoptes scabiei
and Heamatopinus suis, respectively (Damriyasa et al., 2004). Sarcoptes scabiei causes
Sarcoptic mange, a skin disease that can significantly reduce production efficiency in pigs

(Taylor et al., 2016).

Haematopinus suis (Hog louse) is the only lice species present in pigs. H. suis is relatively large,
greyish brown louse with brown and black markings, and measures 5—6 mm in length (Taylor
et al., 2016) . H. suis is the largest blood sucking louse found among domestic animals. H. suis
can infest pigs at any age, and pigs kept outdoors and/or with poor body condition are more
susceptible (Taylor et al., 2016). Low intensity infection is quite common and causes mild
irritation. Heavy infestation leads to pigs being restless and can result in skin damage due to

scratching (Taylor et al., 2016)

A study by (Damriyasa et al., 2004), in German pig farms, found that 2.5% of the pigs assessed
(425 pigs) were infected with H. suis. David and Williams (1986) compared hog louse infested
pigs with non-infested pigs. They found that the infested pigs were less active compared to
non-infested pigs, but there were no differences in blood parameters and feed efficiency.
Leeb et al. (2019) observed ecto-parasites in organic pig farms (indoor, outdoor, and indoor
with an outdoor run) across Europe and found that 27% of indoor, 10% of outdoor and 26%
of indoor with an outdoor run farms had ecto—parasites. They concluded that this low number

may be due to the routine treatment schedule against ecto — parasites.

1.3.5 Gastro — intestinal parasites of pigs
The most common endo-parasites that infect the pigs are of gastrointestinal origin and consist

of helminths and protozoa. Twenty species of helminths are recorded in domestic pigs while
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5 — 10 species coexist together in wild boars, but can occur in domestic pigs when they are
reared in an outdoor pasture (Nansen & Roepstorff, 1999). The most common helminth
parasites in temperate countries include Ascaris suum, Trichuris suis and Oesophagostomum

spp. (Roepstorff et al., 2011a).

The most important gastro-intestinal protozoa in pigs are coccidiosis-causing organisms such
as Eimeria spp., which are commonly found in adult pigs and Isospora suis, which can be
commonly found in young piglets, with a worldwide distribution (Kagira et al., 2010).
Balantidium coli is another protozoon that can infect humans and pigs, with prevalence of
between 20 — 100% reported in pigs in different countries (Kagira et al., 2010; Solaymani-
Mohammadi & Petri, 2006). There are 13 species of Eimeria and eight species are common
which are E. delibiecki, E. neodebliecki, E. perminuta, E. polita, E. porci, E. scabra, E. spinosa,
and E. suis (Daugschies et al., 1999). Eimeria spp., along with Isospora suis, causes coccidiosis
in pigs, especially in piglets. Infections from Eimeria spp. occur in the older pigs and even
though they are asymptomatic, cases of diarrhoea, weight loss and fatalities are recorded

(Taylor et al., 2016).

Suborder Stronglida is a suborder of the phylum Nematoda, which comprises many
helminths, such as Hyostrongylus spp. and Oesophagostomum spp. that are important
parasites in the pigs. These parasites are not often associated with clinical disease, however
severe infections can cause loss of body weight, poor feed conversion, vomiting, anaemia and
occasional diarrhoea (Taylor et al., 2016). Ascaris suum is the largest nematode species that
occurs in pigs. Heavy infections can cause loss of weight in pigs and pneumonia can occur in
younger piglets due to migration of larvae in the lungs (Taylor et al., 2016). Trichuris suis is a
nematode species, individuals of which are about 3 -5 cm long and whitish colour. The clinical
significance of this genus is negligible, but heavy infection may lead to bloody watery
diarrhoea (Taylor et al., 2016). Development and survival of pig helminths depend on several
biotic and abiotic factors and management practices determine the transmission rate and the

risk of economic losses caused by parasitism (Nansen & Roepstorff, 1999).

1.3.5.1 Gastro — intestinal parasites in outdoor farms

Outdoor pig farming poses a higher risk of endo-parasitic invasion due to the favourable
conditions for development and survival of parasites in the surrounding environment (Salajpal
et al., 2013). Indoor production systems, even where the farms have poor hygiene, have the
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edge when it comes to worms with indirect life cycles, as the intermediate hosts are missing
from the indoor environment (Nansen & Roepstorff, 1999). Parasite numbers in outdoor
produced pigs are often high (Carstensen et al., 2002; Roepstorff et al., 2011). In the case of
helminths, Oesophagostomum spp. do not seem likely to build up to unacceptable levels,
presumably because the free living larvae survive poorly during the warm dry weather
conditions of southern Europe and the cold winters in northern Europe (Roepstorff & Murrell,
1997; Thomsen et al., 2001). However, A. suum and T. suis are transmitted by eggs, and the
eggs are highly resistant to environmental factors, thus surviving for long periods in the soil
(Roepstorff et al., 2011a). In the northern European context, Oesophagastomum spp. and A.
suum are capable of transmitting in indoor production systems, but the former species is

more sensitive to intensive management conditions (Nansen & Roepstorff, 1999) .

A number of studies were conducted in Europe for gastro — intestinal parasites in outdoor
reared pigs. Baumgartner et al., (2003) provided an overview of the organic pig production in
Austria in terms of health and welfare of animals. They conducted faecal sample analysis and
found that 75% of the herds were affected with parasites. Oesophagostomum spp. was the
most common parasite found in sow units and A. suum was the most common parasite found
in finishing herds. Delsart et al. (2022) assessed 70 alternative (outdoor/organic) farms in
France for the prevalence of parasites in faeces and blood. Only five farms out of seventy had
no coccidian or helminth eggs. Coccidia were found in 79% of the farms and helminth
prevalence for Oesophagostomum spp., Ascaris suum and Trichuris suis was 47%, 16% and
36% of the farms respectively. (Rousing, 2011) conducted an epidemiological survey in
organic pig farms across several countries in Europe. They found that A. suum was the most
common parasite found in farms across Europe, with strongyles present in high levels. T. suis

was detected in lower levels and coccidia, mainly Eimeria spp. were also highly prevalent.

Seasonality has an effect on prevalence and burden of parasites in pigs. Carstensen et al.
(2002) assessed nine organic pig herds in Denmark between March and October 1999 and
found that a significantly higher prevalence in A. suum numbers in October compared with
earlier months. Oesophagostomum spp. had significantly higher prevalence in August
compared with other periods. Parasite contamination can lead to economic losses and can
reduce carcass quality (Jemal & Kebede, 2016). Jolie et al. (1998) examined liver and

respiratory tracts of indoor and outdoor reared pigs and scored liver for milk spots and found
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higher liver scores (poor) and respiratory tract lesions in outdoor reared pigs, implying the
damage done by ascarid larvae migration. In contrast, no lesions or white spots were found

in indoor reared pigs.

1.3.5.2 Control of gastro — intestinal parasites in outdoor farms

The control of gastro - intestinal nematode infections, in the past and still today, is primarily
based on preventive or curative use of chemotherapeutics. Chemical treatments are simple
and cheap and used as both prophylactic and therapeutic against helminths. However, they
have several drawbacks, like impairing the development of natural immunity, potential drug
residues in food products and in the environment (Thamsborg et al.,, 1999; Maqgbool et al.,
2017). Furthermore, (Jolie et al., 1998) indicated that anthelmintic protocols were not
effective in pigs with heavy parasite infestation, due to continuous exposure to A. suum. As

a result, research interest is shifting to finding alternative methods to control parasites.

There is interest in using plants as a natural anthelmintic in treating pigs in an organic
environment. Baies et al. (2022a) found that plant extracts from Allium sativum, Artemisia
absinthium, Cucurbita pepo and Satureja hotensis have strong anthelmintic properties and
can be used to treat against A. suum infestation. Satrija et al. (1994) investigated the natural
anthelmintic activity of papaya (Carica papaya) in pigs naturally infected with A. suum and
found a post mortem worm count reduction in all groups and proposed the possibility of using
papaya extract as a traditional medicine. Lans et al. (2007) documented a list of plants that
are used by farmers and alternative medicine practitioners to treat animals including pigs in
Canada. Of the documented plants, over 30 of them had mid to high-level validation for

ethnoveterinary uses.

Pasture rotation is an important factor in controlling parasites in outdoor production
(Lindgren et al., 2020). On pasture, parasite eggs from Oesophaghastomum spp. and H.
rubidus can survive for a maximum of one year and even pastures heavily contaminated in
autumn may be completely clean by the following spring (Thamsborg & Roepstorff, 2003).
Lindgren et al. (2020) reported that in Sweden, short rotation intervals were used to address
land limitations and reduce the workload for dry sows; however, longer rotation intervals
were associated with lower accumulation of parasite eggs. Carstensen et al. (2002) compared
helminth infections in conventional and organic pig herds in Denmark and found organic pigs
having higher rates of infection compared to conventional systems. They found positive
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effects in pasture rotation on reducing parasite burden along with good hygiene practices.

The frequency of rotation can be subject to the condition of the pasture of the particular farm.

Nose ringing of pigs is considered as a solution for excessive rooting, thus one can hypothesize
that it could reduce the intake of parasitic eggs from the soil. (Mejer et al., 2000) assessed the
relationship between nose ringing and parasite transmission, particularly in
Oesophagostomum spp. However, they were not able to find a significant relationship
between the effect of nose ringing and parasite transmission. Furthermore, nose ringing can
lead to reduced welfare of pigs, since, as mentioned previously, rooting is considered a
behavioural need of the animal and suppressing it could hinder pig welfare (Horrell et al.,

2023).

1.4 Welfare of the environment in outdoor pig production

The world livestock sector is contributing 14.5% of global greenhouse gas emissions and pigs
account for 9% of the total emissions from livestock (Rudolph et al., 2018). Livestock
production can exert severe impacts on soil, water and air quality due to the related
emissions. Nitrogen in livestock excreta is a source of atmospheric nitrous oxide and can cause
nitrate leaching in the soil (Erikson et al., 2020). Backyard pig systems compared to
conventional systems have relatively high manure emissions caused by relatively high volatile

solids and nitrogen excretion per kg of pig meat produced (Gerber et al., 2013).

Pigs raised in outdoor systems are able to explore and manipulate the environment around
them. Keeping pigs in pastures year-round causes significant risks in terms of nitrate leaching,
ammonia emissions and nutrient losses (Jakobsen et al., 2015). Rudolph et al. (2018)
compared three different organic pig-farming systems (indoor, partly outdoor and outdoor)
in Europe by conducting life cycle assessments. They found that the acidification potential
was high in indoor farms, while the eutrophication potential was high in outdoor farms. They
deduced that the phosphates, arising from the feed consumptions and emissions on pasture,
were the reason for higher eutrophication potential. In their study using three outdoor pig
farms in Denmark, Erikson et al. (2020) concluded that a high amount of surplus nitrogen was
lost to the environment by outdoor pig production systems. Furthermore, they emphasized
the need for the necessary development of increasing nitrogen efficiency in outdoor pig
production. In another study conducted in Denmark, Halberg et al. (2010) concluded that
indoor conventional systems had better overall economic and environmental performance,
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compared with systems where the pigs are on grassland and housed in huts (free range). Even
though the greenhouse gas emissions were lower in organic systems, compared with
conventional system, eutrophication and acidification per pig was 21 — 65% higher in the

organic systems.

1.4.1 Soil quality

Pigs have access to the soil in the outdoor environment, and foraging and rooting in the soil
may increase the potential for soil erosion and leeching (Horta et al., 2022). Furthermore,
overgrazing may lead to soil degradation. The negative effects of overgrazing can be caused
directly by trampling and indirectly by reducing the vegetation cover (Enne et al., 1998).
According to model data analyzed by (Horta et al. (2022), outdoor pig production systems in
Portugal have a 96% probability of severe to extremely severe soil erosion risk. Additionally,
85% of these systems were at moderate risk for groundwater pollution vulnerability, with 15%

classified as high risk.

When pigs are kept in the same area without rotation, and due to pigs’ nature of defecating
and urinating at a preferred area in the paddock, the distribution of manure around the
paddock is not consistent, thus leading to differences in nutrient availability in different areas
of the paddock. The study done by Saloman et al. (2007) in Sweden, comparing two outdoor
systems (mobile and stationary), revealed significantly higher amounts of plant available P in

defecation areas compared to other areas.

Watson et al. (2003) also found that the spatial variability of nutrients in the soil varied
significantly across different areas in the paddock and the amount of N and P received in
preferred areas by pigs were sufficient to saturate the soil and represented a significant
environmental risk. Furthermore, they recommended precision-farming approaches for

outdoor pig farms where planning of fertiliser application could be better utilized.

It is suggested that outdoor pig fattening systems should assign a high priority to nutrient
input and its distribution within the farming system (Quintern & Sundrum, 2006), This study

in Germany proposed strategies to reduce the leaching of N;

1. Changing the N content of the concentrate to the different stages of the development
of pigs
2. Limit the amount of concentrate
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3. Consider available forage from arable land to reduce the ratio of concentrate
4, Avoid fodder loss by using fodder troughs into which pigs cannot step
5. Decrease soil nutrient content by increasing nutrient uptake when integrating outdoor

pig keeping into crop rotation

Bondi et al. (2015) explained the ecological damage after pigs were introduced to two forest
systems in Italy. There were direct effects from the trampling, such as compaction and soil
organic matter losses and indirectly, reduced soil chemical fertility by removal of vegetation.
These effects worsened when the density of animals increased. Increased damage was also

noted in areas of increased slope.

Williams et al. (2006) conducted a study in Berkshire, England to assess the nitrate leaching
and residual nitrogen supply following outdoor pig farming. They found large nitrate losses in
the first winter following outdoor farming, with no residual available N benefits if crops are
planted afterwards in the same land. They suggested developing improved management
practices, to reduce N leaching losses during stocking and after stocking of pigs. Furthermore,
they proposed strategies to improve the retention of vegetative cover for plant N uptake,
such as establishing rhizominous grass varieties, which can be more ‘resistant’ to the rooting

habits of pigs and using rotational stocking to allow grass swards to recover.

1.4.2 Biodiversity

Outdoor pig farmers often rear native breeds or rare breeds in their farms, as these breeds
are capable of withstanding the elements from the open environment despite their slow
growth rate (Bondoc, 2015). However, by rearing these native and rare breeds, the farmers
are inadvertently or intentionally contributing to the preservation of genetic material of these
native breeds and thus, enhancing biodiversity among pig populations. Kasprzyk and Walenia
(2023) documented native pig breeds in Europe, which are kept in extensive systems in
pasture or woodlands, where they documented more than 30 breeds based on their

population size and the place of origin.

A unique example of outdoor pigs contributing to the preservation of biodiversity in an
ecosystem is the “Dehesa” system in Spain and Portugal. The farmers around south western
Spain and Portugal rear Iberian pigs in Cork Oak (Quercus suber) forests there. The pigs forage

and eat the acorns from oak and help to maintain the system by contributing to the spread of
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trees. The system also provides a habitat for Iberian Lynx (Lynx pardinus) (IUCN status -
vulnerable) and other wildlife species. Estevez et al. (2012) has described the “Dehesa” in
extensive detail and emphasizes the importance of maintaining low stocking rates of pigs to

ensure the sustainability of the system.

Outdoor pigs are susceptible to diseases and rearing pigs outdoor can increase the
accessibility of the pathogens from the wild population. De Lucia et al. (2018) assessed pig
faeces and bird faeces in outdoor farms in Italy and found a possible cyclical dissemination of
Salmonella between pigs and wild birds. Leirs et al. (2004) conducted a survey on small
mammals (rodents) found in outdoor pig farms in Norway and recorded over eleven species.
Considering rats to be pests and carriers of pathogens, they emphasised the importance of
controlling rodents, but at the same time, these farms contributed to biodiversity by hosting

large number of a range of species of small rodents.

Studies that directly assess biodiversity in outdoor pig farming are scarce, however, there are
bio — diversity assessments. Rockly et al. (2021) assessed the biodiversity across pig farms
across Europe and 51% of a biodiversity score was across a mixture of organic and
conventional farms. There are studies done using feral pig populations around the world as
the rooting behaviour is similar in both pig populations. Wehr et al. (2019) assessed soil
bacterial biodiversity in soils disturbed by feral pigs living in a tropical montane rainforest in
the island of Hawaii. They found that removal of soil by pigs increased the diversity of soil
bacteria, and soil porosity, calcium and potassium were also positively correlated with
diversity. Similarly, Parkes et al. (2015) measured the ecological impact of feral pigs in
coniferous forests in New Zealand and they found a tendency of disturbed soil having higher
ratios of fungi to bacteria compared to undisturbed soils. Cole et al. (2012) measured the
plant coverage and diversity in tropical montane rain forests in the island of Hawaii, where
feral pig populations were present. There was a significant increase in the stem density of
young tree ferns in pig free sites in comparison to pig present sites. However, non-native

invasive shrub coverage also had a five — fold increase in pig free sites.

1.5 Outdoor production systems, well-being, and quality of life of the farmer

The farmer is an important factor in farming, as the decision making process of the farm is
entirely dependent on the farmer. Farming is considered a stressful occupation (McGregor et
al., 1995; Proctor & Hopkins, 2023). Stressors of farming includes financial difficulties, time
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limitations, paperwork and unfavourable weather (McGregor et al., 1995). More recently,
overwork, labour shortage, changing government regulations and media criticism of

agriculture are significant contributors to stress (Firth et al., 2007; Ang, 2010).

The relationship between farmer welfare and animal welfare is highly correlated (Hemsworth
et al., 2000). Stockmanship is the single most important influence on farm animal welfare.
Hemsworth et al. (2000) studied the relationship between the behavioural attitudes of dairy
stockmen and the milk production traits of dairy cows and found that reducing the fear
responses of cows to humans can improve the productivity of cows. Villettaz Robichaud et
al. (2019) studied the association between welfare indicators and productivity and
profitability in Canadian dairy producers and found that improved cow comfort and welfare
can increase the herd productivity and profitability. Nevertheless, studies on the relationship
between the well-being of farmer and welfare of animal are limited. Hansen & @steras (2019)
examined this in the Norwegian dairy context and found that high farmer occupational well-
being and low level of stress have a direct positive association with animal welfare indicators.
Conversely, low occupational well-being and a high level of stress are negatively associated

with animal welfare.

Studies on the well-being of farmers in pig farms are rare and most studies have focused on
the farmer attitude towards animal welfare in the organic environment. Farmers who are
engaged in outdoor pig farming have a better understanding of the welfare of the animals as
the following studies suggest. Van Huik and Bock (2007) assessed the attitudes of Dutch pig
farmers to welfare schemes and all of the farmers operating in the specific animal welfare
scheme did so primarily for ideological motives, believing that the specific production method
provided pigs with a better life. Friih et al., 2015) interviewed 74 organic pig farms in 8
countries across Europe and evaluated the farmer satisfaction with the status quo. Almost all
of the outdoor organic pig farmers were satisfied (50% (6) very satisfied; 50% (6) satisfied)
with the welfare of the animals but were less satisfied with the production level (34%
satisfied; 66% neutral). All of the farmers understood the need to improve health and welfare

of animals.

Kling-Eveillard et al. (2007) interviewed farmers with different welfare quality assurance
schemes in France, which included outdoor and organic farmers. The farmers had at least a
bachelor’s degree level of education. The majority had chosen the outdoor system out of a
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passion for this type of farming and some of them chose the profession for the environment
and that they could work outdoors. Positive aspects of farming included enabling animals to
be in natural conditions as well as animal comfort. The negative aspects of farming, as far as
they were concerned, were the large amount of time and effort required. The constraints
included lack of technical and financial support towards outdoor farming. They considered
outdoor systems had a better public image and supported the idea of communication
campaigns for their production system. Brajon et al. (2024) discussed the barriers and drivers
of farmers in providing outdoor access in pig farming systems in France using structured
interviews. The farmers found that the work involved in being outdoors is particularly arduous
but they were satisfied with being in contact with the nature and seeing animals in a more
complex environment. A large majority of farmers managing an outdoor system had an issue
of lack of support and the farmers raised concerns about the welfare of the animals raised

outdoors regarding climate hazards and the risk of zoonoses.

In conclusion, there is a growing demand for alternative pig systems, and a promising growth
due to consumer concern on animal welfare. Different studies have been done on the welfare
of the animals, the environment where the animals has been reared and to a lesser extent,
the well-being of the farmers. Animal welfare is considered to be in better condition in terms
of behaviour and lesions, however in terms of lameness and parasites, outdoor pig systems
tend to be higher than that of conventional system. Environment wise, the study findings
indicated mostly negative impacts; however, there can be positive impact on the microflora.
Farmers of the alternative systems have a lack of farming knowledge and strict government
regulations also pose difficulties. In the Irish context, due to the scarcity of literature and
materials, studies about outdoor pig systems need to be conducted, and produce data on this

industry to improve the present situation.
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Chapter 02

Effect of the season and age on the welfare of the pigs
and the environment of Irish outdoor farms: a ‘One

Welfare’ approach
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2.0 Effect of the season and age on the welfare of the pigs and the environment

of Irish outdoor farms: a ‘One Welfare’ approach

2.1 Effect of the season and age on animal welfare and environment of Irish
outdoor pig farms

2.1.1 Abstract

Outdoor pig farming, while limited in scale in Ireland, is gaining attention due to its alignment
with growing consumer interest in animal welfare and environmental sustainability. Unlike
intensive systems, outdoor farms offer pigs access to soil and vegetation, which encourages
natural behaviours like rooting and foraging. However, challenges such as seasonal weather
effects and parasite exposure pose unique risks to pig welfare in outdoor systems. In this
study, we assessed 446 pigs from 20 Irish outdoor pig farms across two seasonal visits
(February—May and July—October 2023) to investigate the impact of seasonality on welfare
(body condition score, lameness, lesions, etc.) and environmental quality (soil shear strength
and plant diversity) in three distinct areas of the paddock by the usage of the pigs (foraging,
defecation, and low impact). Both fatteners and sows/boars were included. Significant
seasonal effects were found in some of the animal welfare measures. At the 1%t visit there
were higher number of pigs with higher lameness scores and external parasites than at the
2" visit, while at the 2" visit there were more lesions per pig than at the 1t visit. Sows/boars
exhibited a significantly higher incidence of lameness, external parasites and skin lesions
compared to fattener pigs. Soil shear strength (delta value) was significantly greater in the
foraging area of the paddock on the 1%t visit than at the 2™ visit, suggesting greater
compaction. Plant diversity declined from the 15 to the 2™ visit. Overall, the majority of the
pigs displayed few signs of poor welfare. The results indicated minor seasonal effects most
likely due to the changes in the climate. This study provides the first view of the welfare of

the pigs and environment on outdoor systems in Ireland at different times of the year.
Keywords — Outdoor pigs, welfare, environment, season

2.1.2 Introduction
An extensive pig production system is one where pigs are allowed to have outdoor access and
be in contact with the soil and the plants (Honeyman et al., 2001). Outdoor pig farming has

grown in popularity in recent times, in countries such as the United Kingdom, due to concerns
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over animal welfare and consumer preference (Pun et al., 2024). However, elsewhere it
remains relatively small, e.g. in France where the number of alternative farms represents only

5% of the pig farms, and the outdoor farms would be even lower (Delsart et al., 2020).

The concept of One Welfare recognises the interconnections between animal welfare, human
wellbeing and the environment (Pinillos et al., 2016). According to the One Welfare concept,
human welfare and non-human animal welfare are interconnected, such that poor welfare in
livestock production systems is more likely to have negative effects on human welfare as well
(Tarazona et al., 2019). The environment is also affected by actions due to the human-animal
relationship, most notably in livestock production where there are environmental concerns
arising from greenhouse gas emissions from animal husbandry (Tarazona et al., 2019) . One
Welfare concept looks at all three components and provides a holistic understanding of

welfare issues.

Pigs reared in outdoor systems show a rich behavioural repertoire (rooting, exploring,
foraging) compared to pigs reared indoors, where there is a higher frequency of disturbed
behaviour and inactivity (Guy et al., 2002; Tozawa et al., 2016; Yonezawa et al., 2012).
Lameness is also less of a health problem in outdoor-reared pigs compared to those in
conventional indoor systems (Hansson et al., 2000; Knage-Rasmussen et al., 2014; Temple et
al.,, 2012). The presence of external parasites and tail lesions in outdoor and organic
conditions are low across Europe (Leeb et al., 2019; Walker & Bilkei, 2006). Nevertheless, pig
behaviour means that the quality of the environment where the pigs are reared can
deteriorate over time, with rooting behaviour and defecation increasing the potential for soil

erosion and leaching (Horta et al., 2022).

The climatic environment is among the crucial factors that affects the production of farm
animals and adverse effects of temperature, relative humidity and other climate factors can
cause thermal stress, resulting in impaired health and welfare (Renaudeau et al., 2012;
Cobanovié et al., 2020). This can be especially important in outdoor pig rearing as the pigs are
exposed to the effects of weather. Several studies show seasonal differences in terms of
various welfare-related parameters such as lameness, lesions and external parasites (Foata

et al., 2006; Knage-Rasmussen et al., 2014; Prunier et al., 2013).
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Irish outdoor pig farming is a small-scale industry, with an average number of only 7 sows and
gilts, 2 boars, 18 grower pigs and 17 piglets at any time of the year per farm (Menant et al.,
2023 [and in preparation]). The main breeds reared are Duroc, Oxford Sandy and Black,
Tamworth and Gloucester Old Spot. They are reared either in agro — forestry systems or
pastures or in a mixture of both. Literature on Irish outdoor pig production systems is
relatively scarce hence, this study aimed to provide an overview of the status of animal and

environmental welfare in outdoor pig farms in Ireland across the year.
The objectives of this study were:

e To investigate the welfare of the pigs reared in outdoor farms in Ireland and identify
any seasonal and age related trends
e To evaluate the environment in the outdoor farms in Ireland and to assess seasonal

trends in selected environmental measures

2.1.3 Materials and methods

2.1.3.1 Farm selection and animals

The farms were selected using a survey distributed via various channels (Menant et al., 2023).
From the farms contacted through the survey, 20 farms gave their consent for a visit. These
farms were visited during two time periods; the first visit was between February and May
2023 (late winter to early spring) and the second visit was between July and October 2023
(summer to early autumn). Nineteen farms were visited in the first time period and 17 farms
during the second time period. Farms were located across a range of locations in Ireland
including Northern Ireland (see Fig. 2.1 and Table 2.1). All of the twenty farms had outdoor
access for the pigs when the assessments were conducted. The farms included organic and
non — organic farm systems and the farms included animals reared in pasture or in an agro —
forestry system or a mixture of both. All of the animals assessed were more than 3 months
old. Lactating sows and piglets were excluded from the study due to practical issues in

assessing these animals (Table 2.1).
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Figure 2.1 — Locations of the pig farms in Ireland visited during the two visits. Farms that were

visited once only are in blue
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Table 2.1 — Characteristics of the farms visited

Farm Month of visit(1% Paddock No of No of No of
no County visit, 2" visit) Breeds area (ha)  sows Boars fatteners
1 Cork March, August Duroc, GOS , OSB,

Tamworth 3 25 3 24
2 Waterford March, September Duroc, OSB 1 3 1 14
3 Clare April, October Duroc, Hampshire,

Large Black, OSB 2 2 0 50
4 Waterford May, September Berkshire, 0SB,

Tamworth 10 5 1 40
5 Wexford April, October Duroc, OSB 1 3 0 4
6 Laois March, August British saddleback,

Duroc, GOS,

Hampshire 1 15 1 50
7 Wicklow March, September 0SB, Oxford cross

breeds 6 3 0 12
8 Wicklow 0SB 323 22 6 100
9 Wexford February, July 0SB 2 4 1 15
10 Wicklow February, August Tamworth,

Vietnamese  pot

bellied 8 2 2 20
11 Tipperary  March, August Tamworth 40 4 1 14
12 Louth April, September Duroc, 0SB,

Tamworth 10 9 1 12
13 Down December, July Large Black,

Midddle  White,

Tamworth 2 10 2 25
14 Laois February Duroc, British

Saddleback 2 2 1 10
15 Cork February Kune Kune, ldaho

pasture pigs 1 11 0 4
16 Laois March Duroc, GOS,

Landrace 11 4 1 20
17 Antrim April, September Mangalista 1 4 1 20
18 Sligo April, September Berkshire, Duroc,

Large White 1 0 0 8
19 Galway December, July Landrace, Large

White 7 6 2 24
20 Cork July Duroc, OSB 0.02 2 0 5

Average 21.6 6.8 1.2 23.6

OSB — Oxford Sandy and Black, GOS —Glucester Old Spot
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2.1.3.2 Animal welfare assessment

Animals were assessed for their welfare using a combination of indicators. A total of 445
animals from the 20 farms were investigated: 222 animals during the 1st visit (19 farms) and
223 animals during the 2nd visit (17 farms). Animals were observed by one observer and
scored based on a range of welfare parameters. Age, sex and breed of each animal was also

recorded. The welfare parameters were as follows:

2.1.3.2.1 Body condition score (BCS)
The pig was observed and the body condition score of each animal was recorded usinga 1 —

5 score method (Farm animal welfare advisory council, 2017) (Table 2.2) and see Fig. 2.2.

Poor Moderate Good Very Good Fat
Hips and Hips and Hips and Hips and Hips and
backbone backbone backbone only backbone backbone
prominent easily felt felt with firm cannot be felt heavily
without palm  palm pressure coverered

pressure

1 Source: Text: ADAS Condition scoring method. [llustration: Kentucky Co-operative Extension Service

Figure 2.2 — The scale of BCS and the interpretation for each score

2.1.3.2.2 Lameness
Each pig was observed for at least 30 seconds in motion and lameness was recorded using a

0 - 5 scale scoring method. The animal was scored according to their gait (Table 2.2).

2.1.3.2.3 Skin lesions
Each animal was examined for lesions on the head, neck, shoulders, back, rump, front and
back legs. The number of old lesions and fresh lesions were recorded separately for each area.

The total number of lesions on the body was recorded for both old and new lesions.

2.1.3.2.4 Ear lesions
The ears of the animal were observed and scored according to a scoring scale (0 — 4 scale)
developed (Table 2.2). Both ears were observed and scored separately. The size of the ear

and ear loss was also recorded (Full, three —quarter, half, quarter and almost non-existent).
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2.1.3.2.5 Tail lesions
The tail of each animal was observed and scored using a 0 — 4 point scale (Table 2.2). Details
on tail docking were also recorded. The size of the tail was recorded separately (complete,

three quarter, half, quarter and no tail).

2.1.3.2.5 Tear stains
Both eyes of the animal were observed for tear stains and recorded and scored accordingly.
Left and right eyes were scored separately to observe the relationship with the brain function

of tearing (Telkdnranta et al., 2016) (Table 2.2).

2.1.3.2.6 Presence of external parasites
The skin of the animal was observed for presence of external parasites. A pig was recorded as
having a parasite being present if an adult or eggs were found on the skin. Presence of eggs

was recorded as parasites present (1) and absent (0).

2.1.3.2.7 Snout shape and nasal discharge
The snout was observed and differentiated into three categories (straight, curly and twisted

on side). The colour of nasal discharge was also recorded (no discharge, white and bloody).

Table 2.2 — Scales and the interpretation of the BCS, lameness score, tail lesion score, ear

lesion score and tear staining score

Score Interpretation
BCS

Poor — Hips and backbone prominent

Moderate — Hips and backbone easily felt without palm pressure
Good — Hips and backbone only felt with firm palm pressure
Very good — Hips and backbone cannot be felt

“u A W N -

Fat — Hips and backbone heavily covered

Lameness cont.

0 Even strides

1 Abnormal stride length, movement no longer fluent

2 Uneven posture

3 Uneven posture, will not bear weight on affected limb on standing

posture
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4 Unwilling to leave familiar environment, affected limb elevated off the
floor standing posture and in movement
5 Cannot stand up/move

Tail lesion score

0 No lesions

1 Old, dried up wound in the tail

2 Fresh, bloody wound present in the tail

3 Swollen, and bite wound present in the tail

4 Treated wound with tail loss

Ear lesion score

0 No evidence of ear lesions

1 Evidence of minor superficial puncture wounds and abrasions, with no

appearance of blood
Evidence of blood and/or fresh bloody scabs associated with lesions

3 More extensive progression of lesions, with swollen ears

4 Necrotic lesions associated with fresh blood, bloody scabs, potentially
pus

Tear stain score

0 No sign of any staining

1 Staining is present in approximately <50% of total eye area

2 Staining is present in approximately 50 — 100% of total eye area

3 Staining is 2 100 of total eye area and extends into a long line

2.1.3.3 Environmental measurements

2.1.3.3.1 Soil compaction (shear strength)

Soil compaction was recorded on 14 farms during the 15t visit and on 17 farms during the 2™
visit. The soil compaction was measured in terms of the shear strength of the soil. The shear
strength was measured using the shear vane technique. A field vane tester with the small
vane size (16 x 32 mm) was used. As pigs do not use the area of a paddock uniformly,
paddocks were divided into three areas based on functionality. Areas were; low impact area,
foraging area and defecation area. An additional area outside the paddock was measured as
the baseline measurement for compaction representing an area without the influence of pigs.
After clearing any grasses away from the soil surface, the vane tester was applied 70 to 80
mm into the soil. The graduated scale was set to “0” before using. Once the vane was in the

appropriate depth, the handle of the vane was turned clockwise with a constant speed until
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the scale stopped moving. The value on the scale was then recorded. Two measurements per
each sample point was recorded and three replicates per each area was recorded. The shear
strength value (kPa) was obtained by multiplying the value by 2 in each recording as the small
vane was used. Average shear strength value (kPa) was calculated from the three replicates.
A delta value (Avalue) was obtained by subtracting the shear strength value of the sample
area within the paddock from the shear value in the area with no pigs as a comparison value
to get an idea about the compaction of the sample area to outside area. Soil type was not

identified and during some farm visits, paddocks was different from the 1%t visit to the 2"

visit.
_1_
Shaft
V
Vane

' Tick mark

t
i

(a) (b) (©) (d) ()

Figure 2.3 — Shear vane probes used to obtain the shear strength value (He et al., 2018) (a),

(b), (c), (d) and (e) represent different vanes

2.1.3.3.2 Number of plants and the coverage of plants

A quadrat (Im x 1m) was used to count the number of different plants and to measure the
coverage of the plants in each of the areas. Each plant species inside the quadrat was
photographed for later identification. Three quadrats measures of plant species were

sampled from each area of the paddock (foraging and defecation) and averaged for each area.
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The delta value of each area was obtained by subtracting the average number of plants in
each area from that in the ‘no pig’ area which was used as the baseline for the study. This
measurement was taken to evaluate the plant richness in each area of the paddock compared

to the outside area of the paddock.

2.1.3.4 Statistical analysis

2.1.3.4.1 Animal based measurements

All of the statistical analyses were performed using Rstudio software (R core team, 2022). The
score based data were analysed using the ordinal (Christensen, 2014) package in Rstudio.
Body condition score, lameness score, tail lesion score, ear lesion scores and the tear stain
scores were analysed using a cumulative link mixed model (CLMM) with a logit function. Visit
and age category were employed as the fixed effects, while paddocks nested within farms
were employed as random effects, to describe the hierarchical nature of the data. Emmeans
package was used to derive estimated marginal means (emmeans) for further pairwise

comparisons.

The presence of parasites was analysed using a generalized linear mixed model (GLMM) using
the Ime4d package with a binomial response with logit function. Presence of parasite was
recorded as a binary variable (1 = present, 0 = absent), with visit and age category as fixed
effects and paddocks nested within farms as random effects to account for the hierarchical
and clustering effects of farms. Emmeans package was used to derive emmeans for pairwise

comparisons.

Lesion counts (fresh lesions, old lesions and sum of all lesions) were analysed using a negative
binomial regression model, to account for the overdispersion in the lesion count data. Lesion
count was fitted using glm.nb function with MASS package with visit and age categories as

functions. Pairwise comparisons were made using the emmeans package.

2.1.3.4.2 Environmental measurements

A linear model was applied to soil shear strength difference in each area in paddock in relation
to outside of the paddock, with visit and age category accounted for in the model. Lm function
was used to fit the model and further pairwise comparisons were analysed using estimated

marginal means using emmeans package. To analyse the seasonal differences and the age
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category related differences, a Kruskal-Wallis test was used due to the non — normal

distribution of the data.

2.1.3 Results
The average weather conditions for the 1%t visit was 120.6 mm of rainfall and a temperature
of 10.7 °C and for the 2™ visit, rainfall of 162 mm and temperature of 16.4 °C respectively

(Met Eirenn, 2023).

2.1.3.1 Body condition score

The number of animals with each body condition score (BCS) are presented in Table 2.3. Of
the 222 animals assessed in the first visit, 191 (86%) had a BCS of >3. 223 animals were
evaluated during the second visit and 177 (79%) animals had BCS of >3. Of the 126 fattener
pigs in the 1%t visit 115 (91%) had a good BCS (>3) and with the same number of fatteners
evaluated during the second visit, 114 (90%) of animals had good BCS (>3). In addition, 76
(79%) of the 96 sows and boars in the 1st visit and 64 (65%) of the 97 sows and boars in the
2" visit had BCS of >3.

Table 2.3 — Distribution of body condition score of outdoor reared pigs according to visit and

age category

BCS 15t visit 2M visit
Fatteners Sows and boars Fatteners Sows and boars
1 1 0 1 2
2 10 20 11 32
3 87 41 65 39
4 28 35 49 24
5 0 0 0 0

There was no significant difference between the two seasons in terms of BCS. However, there
was a significant difference between the fatteners and the sows/ boars (P < 0.05), where sows
and boars tended to have a higher score compared to fatteners. The pairwise comparison of
estimated marginal means revealed that the fatteners and sows/boars had significantly

different (P < 0.05) BCS in both seasons (Table 2.4).
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Table 2.4 — Pairwise comparison of estimated marginal means (emmean) of BCS by age

category and visit of the pigs

Age 15t visit 2" visit

category Emmean SE Estimate P Emmean SE Estimate P
(BCS) value  (BCS) value

Fatteners 2.71 0.622 -0.946 0.0177 3.08 0.651 -0.946 0.0177

Sows/boars 3.67 0.638 4.03 0.683

2.1.3.2 Lameness

All of the assessed animals had scores of 0 (no lameness) and 1 (abnormal strides). 14 animals
(6%) from the 1%t visit and 3 animals (1.3%) from the 2" visit had a score of 1 (abnormal
strides). Five fatteners and 9 sows/boars from the first visit had abnormal strides and only 3

sows/boars from the second visit had abnormal strides (Table 2.5).

Table 2.5 — Distribution of body condition score of pigs according to visit and age category

Lameness score 1%t visit 2M visit

Fatteners Sows/boars Fatteners Sows/boars
0 121 87 126 94
1 5 9 0 3

The seasonal effect on the lameness scores was significant (P < 0.05), where there were fewer
animals with score >0 at the 2™ visit compared to the 1% visit. For the age categories alone,
there was no significant difference, however there was a significant difference between
fatteners and sows/boars, with sows/boars having higher lameness scores compared to
fatteners (P < 0.05) (table 2.6). Lameness scores for both fatteners and sow/boars were

significantly different (P < 0.05) during both visits.

Table 2.6 — Pairwise comparison of log odds for the lameness scores by age category and visit
season, with standard error (SE) and P-values
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Age 1%t visit 2" visit
category Log SE Estimate Pvalue Log SE Estimate P
odds odds value
Fatteners -4.28 0.840 -6.18 1.142
Sows/boars -2.79  0.658 -1.48 0.0343 -470 0954 -1.48 0.0343

2.1.3.3 External parasites

All the external parasites were identified as Haematopinus suis (Hog louse). During the 15t

visit, 30% pigs had hog lice on their skin. There were 17% of pigs with hog lice at the 2" visit.

The presence of hog lice was significantly different (P < 0.05) during the two visits. Fatteners

and sows/boars also had a significantly different (P < 0.01) presence of parasites with

sows/boars being more prone to hog lice presence compared to fatteners. Pairwise

comparisons revealed both season within age categories and age categories within season as

significant (P < 0.05) (table 2.7).

Table 2.7 - Comparison of log odds for the presence of hog lice by age category and visit

season, with standard error (SE) and P-values

Age 15t visit 2" visit

category Log SE Estimate Pvalue Log SE Estimate P value
odds odds

Fatteners -4.00 1.49 -6.54 1.73

Sows/boars -1.89 1.40 -2.11 0.0059 -4.42 1.64 -2.11 0.0059

Visit Fatteners Sows/boars
Log SE Estimate Pvalue Log SE Estimate P value
odds odds

15t visit -4.00 1.49 -1.89 1.40

2" visit -6.54 1.73 254 0.0230 -4.42 1.64 254 0.0230

2.1.3.4 Skin lesions

The total number of pigs with fresh (bloody lesions) on the body was 7% (n = 16) for the 1%

visit and 7% (n = 17) for the 2" visit. In general, the number of sows/boars with body lesions
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was higher than fatteners (table 2.8).The number of pigs with old lesions for the 1%t visit was
71 (32%) and 83 (37%) during the 2" visit. In the case of old lesions, sows/boars also had a

number of higher individuals with lesions (table 2.8).

Table 2.8 — Distribution of fresh and old skin lesion counts of pigs according to visit and age

category
Fresh lesion 1%t visit 2M visit
count Fatteners Sows/boars Fatteners Sows/boars
0 121 85 119 87
1 3 4 5 7
>2 2 7 2 3
Old lesion count 1%t visit 2" visit
Fatteners Sows/boars Fatteners Sows/boars
0 99 52 90 49
1 16 28 14 20
>2 11 16 16 28

The negative binomial model and pairwise comparisons interpreted that the sows/boars had
a significantly higher number of fresh skin lesions (P < 0.01) compared to fatteners in both
seasons. There was no difference in fresh skin lesion count between seasons. The results for
the old lesion counts resulted in a significant difference (P < 0.01) between visits, with pigs at
the 2" visit having higher old lesion counts, and also the age categories showed a significant
difference (P < 0.001) with sows/boars having higher old lesion counts than fatteners. The
sum of both lesion counts showed a significant difference in the two visits with both fatteners
and sows/boars having higher lesions count during the 2" visit compared to the 1t visit, while

sows/boars had higher lesion counts compared to fatteners in both visits.

Table 2.9 - Comparison of log odds for the old lesion counts by age category and visit season,

with standard error (SE) and P-values

Age 1%t visit 2" visit

category
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Old lesions  Log SE Estimate Pvalue Log SE Estimate P value
odds odds

Fatteners - 0.168 -0.4397 0.157
0.9269

Sows/boars - 0.164 -0.887 <0.0001 0.4470 0.157 -0.887 <0.0001
0.0401
Fatteners Sows/boars

Visit Log SE Estimate Pvalue Log SE Estimate P value
odds odds

15t visit - 0.168 -0.0401 0.164
0.9269

2" visit - 0.157 -0.487 0.0090 -0.4470 0.157 -0.487 0.0090
0.4397

Table 2.10 - Comparison of log odds for the all lesion counts by age category and visit season,

with standard error (SE) and P-values

Age 1t visit 2 visit

category Log SE Estimate Pvalue Log SE Estimate P value
odds odds

Fatteners -0.5584 0.161 -0.1743  0.153

Sows/boars 0.0333 0.164 -0.592 0.0013 0.4174 0.159 -0.592 0.0013

Visit Fatteners Sows/boars
Log SE Estimate Pvalue Log SE Estimate P value
odds odds

15t visit -0.5584 0.168 0.0333 0.164

2" visit -0.1743 0.157 -0.384 0.0369 0.4174 0.157 -0.384 0.0369
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2.1.3.5 Tail loss and tail lesions

None of the farms practiced tail docking. The tail size was assessed and 6 (1.3%) boars, which
were purchased from other farms had docked tails. The tail sizes were recorded and there
were 21 pigs (1%t visit — 07 pigs, 2™ visit — 14 pigs) in total in both visits with incomplete tails

and/or docked tails.

The highest lesion score observed was 2. Tail lesions 21 were present in 6 out of 222 pigs (3%)
in the 15 visit and 15 out of 223 pigs (7%) in the 2" visit. Two pigs from the 15t visit had a
lesion score of 2 and 3 pigs from the 2" visit a lesion score of 2. The statistical analysis
revealed a tendency (P= 0.063) of a difference in tail lesion scores between the two visits
where pigs at the 2" visit tended to have higher tail lesion scores compared to pigs at the 1°

visit. There was no difference in lesion scores between fatteners and sows/boars. (Table 2.11).

Table 2.11 — Comparison of log odds for the tail lesions for visit season, with standard error

(SE) and P-Values

Visit Fatteners Sows/boars
Log SE Estimate Pvalue Logodds SE Estimate P value
odds

1stvisit  -4.68 0.685 -4.42 0.628

2" visit  -3.65 0.533 -1.03 0.0629 -3.39 0.498 -1.03 0.0629

2.1.3.6 Ear lesions

Ear loss was recorded at only % of the ear being lost and this was only in 3 pigs for 15 visit and
1 pig for 2" visit for right ear, and 1 pig from the 1%t visit for the left ear. During the 1% visit,
96 pigs (43%) were recorded with a lesion score >1 for right ear. In the 2" visit, this number
increased to 104 (47%). For the left ear, 97 pigs (44%) had a lesion score 21 in the 1% visit and
the 2" visit number was 93 (42%). No pigs were recorded with ear necrosis (Score 4) for
either ear (Table 2.12). According to the analysis, neither the visit season nor the age of the

pig had an impact on the ear lesion scores for either ear.
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Table 2.12 — Number of pigs (fatteners and sows/boars) in each visit with each ear lesion on

the left and right hand side.

Right ear lesion 1% visit 2" visit

score Fatteners Sows/boars Fatteners Sows/boars
0 74 52 72 47

1 42 34 50 43

2 9 10 4 4

3 1 0 0 3

4 0 0 0 0

Left ear lesion 1% visit 2M visit

score Fatteners Sows/boars Fatteners Sows/boars
0 76 49 80 50

1 35 42 35 41

2 15 3 10 6

3 0 2 1 0

4 0 0 0 0

2.1.3.7 Tear stains

The tear stains in the pigs eyes were recorded separately for each eye. Only 49 (22%) of the

pigs in the 1t visit and 34 (15%) pigs in the 2™ visit did not have any tears stains in the right

eye. Tear stain scoring for the left eye found 52 (23%) pigs in the 1%t visit and 29 (13%) pigs

not having tear stains. There was no significant effect for the visit season nor the age category

of the pigs analysed for both eyes separately. Pigs had higher tear staining score in the left

eye was highly likely to have higher tear staining score in the right eye (P < 0.001).
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Table 2.13 — Number of pigs (fatteners and sows/boars) in each visit with eye stain score

Right eye tear 1t visit 2" visit

stain score Fatteners Sows/boars Fatteners Sows/boars
0 34 18 17 12

1 30 16 28 16

2 23 25 33 27

3 39 37 48 42

Left eye tear 1% visit 2" visit

stain score Fatteners Sows/boars Fatteners Sows/boars
0 34 15 18 16

1 40 15 25 26

2 20 30 40 19

3 32 36 43 36

2.1.3.8 Snout shape and nasal discharge
No snout defects were found in any animal in any farms during both visits. There were no

bloody or other coloured discharges in any pig in any farms.

2.1.3.9 Soil shear strength

The difference in soil shear strength was taken as the delta value (shear strength of the no pig
area —shear strength of the area of the paddock) and analysed for three separate areas in the
paddock (low impact area, foraging area and defecation area). The analysis indicated a highly
significant reduction (P < 0.001) of the delta value in the foraging area during the 2" visit
compared to the 1%t visit. The weakening of the soil strength was present regardless of
whether fatteners or sows/boars were present in the paddock (table 2.14). There were no

other seasonal or age differences.
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Table 2.14 — Comparison of emmeans for soil shear strength (Avalue) for visit season, with

Standard Error (SE) and P-Values

Visit Fatteners Sows/boars
emmean SE Estimate Pvalue emmean SE Estimate Pvalue
(shear (shear
strength(kPa)) strength(kPa))
1t -11.05 9.40 2.24 7.86
visit
2 5451 786 <0.001 -41.21 ga5 <0.001
visit

2.1.3.10 Plant species diversity

The results indicated that the delta value for the foraging area was significantly different (P <
0.05) during the two visits. During the 2" visit, delta median value of the plant species
decreased (-2.4), while the 1%t visit had higher number of plant species (-1.3) in the foraging
area, indicating that a lower number of plants were present in the foraging area during the
2" visit, compared to the 1%t visit. The comparisons between the number of plant species in
the low impact area and defection area revealed no significant differences between seasons.

The age category also did not reveal any significant results for all areas within a paddock.

Table 2.15 — The median values of plant species (Avalue) in two visits and age categories with

the significance

AArea Median — visit Pvalue Median - Age category P value
1stvisit 2" visit Fatteners Sows/boars Mixed

AForaging -1.0 -2.3 0.03609 -1.7 -1.0 -1.3 N.S.

area

Alow 0 0 N.S. 0 0 -0.15 N.S.

impact area

1.0 -1.0 N.S. -1.3 -1.0 -1.15 N.S.

ADefecation

area

N.S. — Not significant
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2.1.4 Discussion

This study provides insights into the welfare of the animals and environmental conditions on
outdoor pig farms in Ireland, focusing on the effects of seasonality and age. This is the first
cross sectional study on the welfare of animals on outdoor pig farms in Ireland to our
understanding. The main animal welfare benefit from outdoor pig production is that pigs can
express natural, highly motivated behaviours (Delsart et al., 2020). While animal behaviour
was not recorded in the current study the welfare indicators reflected few pig welfare
problems in general and only minor seasonal variations and effects of age. There were also
some minor seasonal effects on the environmental measurements such as soil and
vegetation. However, the findings also raise concerns about some management practices,

notably in feeding and management of ecto-parasites in pigs.

2.1.4.1 Animal measurements

2.1.4.1.1 Body condition score

In otherwise healthy pigs, the BCS depends mainly on the availability of the feed. The pigs
assessed in our study were in good body condition (score 3 and 4). However, during the 1
visit, the BCS of both fatteners and sows/boars was lower, although not significantly so,
compared to at the 2" visit. Since the 15 visit was conducted in the winter months (February,
March) and early spring (April, May), the availability of supplemental forage material was low,
and the lower temperatures also might affect fat deposits in the pigs, which could lead to
lower BCS. In relation to the age categories, the fatteners in both visits had lower BCS
compared to the sows/boars, and during the 1% visit for fatteners, the BCS was the lowest
(2.71). Similar to the current study, Leeb et al. (2019) observed that thin sows were rare in
organic pig farms in Europe and Scott et al. (2023) found low BCS in only 0.1% of the sows in
81 Dutch and English pig farms. While growing pigs take time to develop their fat deposits,
these findings suggest feeding management practices of pigs destined for slaughter might be
sub-optimal on the farms and that there may be inadequacies in supplemental feeding of all

pigs during the winter months.

55



2.1.4.1.2 Lameness

Only a few pigs showed abnormal strides (1%t visit — 6%, 2" visit — 1.3%) and there was a
complete absence of clinical lameness. The highest lameness score was 1 which is for
abnormal strides, in all assessed farms. This is in line with previous studies, which found that
lameness in pigs with outdoor access is lower compared to pigs raised in conventional systems
(Kilbride et al., 2009; Knage-Rasmussen et al., 2014; Temple et al., 2012). In the present study,
the pigs assessed during the 1 visit had more lameness compared to the pigs during the 2"
visit. Lameness occurs due to several reasons in the pigs. Infectious arthritis, non — infectious
degeneration of the cartilage and the bone of the joint and traumatic damage to the limb or
foot are the most prevalent (Kilbride et al., 2009). Knage-Rasmussen et al., (2014), in a study
undertaken on organic sow herds, found higher prevalence of lameness during the
summer/autumn visit which is the opposite to the results of our study. However, their
research was conducted in Denmark, which has a slightly different climate to Ireland where it
is wetter during winter/spring and the ground tends to be less covered with vegetation
potentially increasing the risk of slipping, falling. Sow/boars had poorer locomotory scores
compared to the fatteners during both visits which likely reflects an age related deterioration

in walking ability of pigs (Wang et al., 2018).

2.1.4.1.3 Presence of external parasites (Haematopinus suis)

The prevalence of hog louse (Haematopinus suis) was high in some farms. During the 1t visit,
the highest presence of hog louse was reported (30%), which was in the winter/spring period
when the temperature is lower. A survey done by Wooten-Saadi et al. (1987) reported that
the infestation of lice was higher during cooler months of the year in Indiana, US. Another
study undertaken in Corsica, by Foata et al. (2006), revealed high numbers of lice in wild boars
during the spring months. Results from our study agrees with these findings. In the temperate
regions of the world, the populations of lice are dynamic and exhibit pronounced seasonal
fluctuations (Taylor et al., 2016). In our case, winter/spring months showed the highest
prevalence of lice and the relatively dry and sunny conditions during the summer months may
hinder the growth and the spread of lice in pigs. Sows/boars had higher prevalence of lice
compared to fattener pigs. This might be due to the fact that the sows/boars were reared

separately from the fatteners in most farms and the prolonged infestation might have caused
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the older pigs which were bigger in body size than the fatteners with more attachment

opportunities for lice.

2.1.4.1.4 Skin lesions

Skin lesions are a sign of negative welfare among pigs and lesions can occur due to aggression
between animals and injuries caused by trauma associated with obstacles in the environment
or falls on hard ground. In our study, the number of fresh lesions was higher in sows/boars
compared to the fatteners. In most instances, the surveyed farms kept sows of different ages
(e.g. — 2 years old and 7 years old) in the same paddock and, although not quantified,
aggression and bullying between sows was observed in the majority of cases, especially during

feeding which tended to be restricted (Menant et al., 2023).

The number of old lesions was higher in the 2" visit than in the 1%t visit. This was also the case
for the sum of all lesions (fresh and old) on the pig’s bodies. Guy et al. (2002) found that the
final injury score on pig bodies from several management systems was highest during the
months of April —July. Another study done on male pigs, by Prunier et al. (2013), showed that
the lesion counts were higher in the spring months compared to the autumn months. These
results are similar to the results from our study, especially for the sum of all lesions. The
differences in the temperature and other environmental conditions might result in the
fluctuations of the skin lesions present in the pigs due to the growth of plants and due to
temperature related stress. The sows/boars had a higher number of lesions (old/sum of all)
compared to fatteners in both visits. This could be due to sows/boars living a longer life

compared to fatteners, thus accumulating more lesions over a number of years.

2.1.4.1.5 Tail loss and tail lesions

Tail biting is a common problem in intensive farming systems in the world; however, tail biting
is rare in outdoor production systems (Leeb et al., 2019). Our study confirms these findings,
as the majority of the pigs had intact tails with no lesions (15t visit — 97%, 2" visit — 93%), and
pigs with tail loss were present in a small number of particular farms only. Lesions present in
the tail could be due to some other cause such as an injury from an environmental source.

During our visits we did not observe tail biting behaviour among the pigs.

There was a trend for the observed tail lesion scores to be higher during the 2" visit compared

to the 1%t visit. This may be due to the higher temperatures experienced by the pigs during
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the summer months (D’Eath et al., 2014), and also there was a group of pigs with no tails in
one farm that might be indicative of a tail-biting outbreak, however this was not investigated
further. In general, pigs assessed during the farm visits had a large area in which to perform
their natural behaviours and were supplied with manipulable materials which likely explains

why the majority of pigs had intact tails with no lesions.

2.1.4.1.6 Ear lesions

The number of pigs with ear lesions was comparatively high since 43% of pigs during the 1
visit and 47% during the 2" visit had some form of ear lesion. Ear biting in outdoor pigs is not
common and studies report that behaviours relating to ear manipulations are rare (Hggk
Presto et al., 2008). We did not observe ear biting behaviour among pigs during the
assessments hence the aforementioned ear biting could be due to external injuries (e.g. —
physical injuries from the environment). However, it would be worthwhile to investigate this

further to see whether there is any ear biting occurring in the farms.

2.1.4.1.7 Tear staining

Tear staining was high among pigs assessed during the farm visits, although there were no
significant relationships between visits or with age. Tear staining is an indicator of underlying
physiological and environmental stress in pigs ( Telkdnranta et al., 2016; Larsen et al., 2019).
Tear staining can also indicate social isolation and aggression among pigs (Marchant - Forde,
2014; DeBoer et al., 2015). Holinger et al. (2018) pointed out that the tear staining increased
with the age in organic pig farms and an average tear staining score of 2.5 out of 5, which
could be similar to what we observed. Since pigs reared outdoors experience changing
environmental conditions, the tear staining could be a result of the regular changes in the
weather conditions as a large number of pigs had tear staining on at least one eye. However,
aggression cannot be ruled out as a reason for high tear staining recorded during the visits,
and it most likely due to a mixture of both environmental and physiological factors. It is also

possible that this welfare indicator is not valid for use in outdoor settings.

2.1.4.2 Environmental measurements

2.1.4.2.1 Soil shear strength
Soil compaction is an issue in outdoor pig farming, due to the pigs’ rooting and foraging

behaviours (Quintern & Sundrum, 2006). During our study, there was a significant difference
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of AShear value in the foraging area in the paddock such that the soil strength was weaker at
the 2" visit. This could be due to foraging behaviour of pigs increasing during the
summer/autumn months due to the availability of grasses and plants. This could increase
rooting behaviour and thus create a more poached and weakened soil. However, compaction
does not solely depend on rooting behaviour and other factors such as soil type and stocking
density play a considerable role. In our case also, different soil types in different paddock

might had an effect in shear values.

2.1.4.2.2 Plant species richness

The number of different plant species in the foraging area decreased between the 15t and 2"
visit. This likely reflects the fact that there were more plants during the summer/autumn
months; however, the decrease implies that the pigs were able to remove the plants with
their foraging. Pigs rapidly remove herbage cover from paddocks however, pigs show
selectivity while foraging and some plants are avoided, probably due to toxicity (Edwards,
2003; Nota et al., 2023). During the visits, we observed a similar pattern as some plants were
not eaten by pigs (e.g. — broad leaved dock (Rumex obtusifolius)) and some plants were highly

preferred.

2.1.5 Conclusions

The results highlight minor seasonal differences in animal welfare and environmental
measures. Seasonal differences were observed in the animal-based parameters where at the
1%t visit pigs had higher cases of abnormal gait (lameness) and hog lice while the 2" visit
showed higher number of skin lesions and higher tail lesion score. Sows/boars displayed
higher instances of abnormal gait, parasite presence, and skin lesions than fatteners, likely
reflecting age-related susceptibility to these issues. Fatteners showed lower body condition
scores compared to sows and boars, however the difference was not large. The
environmental measurements displayed weaker soil structure in the 2™ visit than in the 1%
visit in the foraging area in the paddock. The number of different plants in the 1% visit was
higher than in 2" visit, suggesting higher frequency of foraging or trampled in heavy poaching

of the plants by pigs during summer/autumn months. This study provides a cross sectional

59



overview of the welfare indicators of outdoor reared pigs and majority of the animals had
favourable welfare indicators, with only a small proportion showing negative indicators.
While this study provides valuable insights, it could benefit from incorporating additional
welfare indicators to better reflect thermal comfort, absence of prolonged thirst, and
freedom from disease. Metrics such as the prevalence of sunburn, panting scores, and the
availability of drinking water could enhance the assessment. Existing measurements, like tear
stain scores, should also be re-evaluated, as they may reflect environmental factors rather
than animal welfare. The environmental measurements, though informative, were somewhat
superficial. A more comprehensive approach could include soil indicators such as soil pH,
organic content, and biodiversity (e.g., soil nematode diversity), as well as water quality
assessments. Additionally, biodiversity metrics, including plant species identification and
wildlife monitoring, would provide a more holistic understanding of the farm environment.
Longitudinal assessments could further strengthen the study by elucidating the relationships
among these parameters over time. This approach would not only deepen our understanding
of current findings but also highlight the potential positive impacts on animal welfare. Such
insights could inform strategies to improve welfare conditions for animals reared in other

systems.
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Chapter 2b

2.2 A ‘One Welfare’ analysis of animal, environmental and human welfare of
Irish outdoor pig farms

2.2.1 Abstract

The ‘One Welfare’ concept emphasizes the interconnectedness between animal,
environmental, and human welfare, yet limited studies have explored these interrelations in
farmed animal systems. This study investigates the interconnections between pig welfare,
environmental parameters, and farmer well-being in outdoor pig farms in Ireland. Data were
collected from 223 pigs across 17 farms during visits conducted between July and October
2023. Animal welfare indicators included body condition score (BCS), lameness, skin lesions,
ecto - parasite presence, and tear stain scores. Environmental measures included soil shear
strength and plant diversity, in delta values calculated relative to baseline measurements
outside paddocks. Farmer well-being was assessed using a quality of life (QoL) questionnaire
developed by the World Health Organisation (WHO). Principal component analysis (PCA)
revealed three distinct clusters. Cluster 1, characterized by low animal welfare (high
lameness, lesion, and ecto-parasite scores), primarily comprised paddocks with sows and
boars. Cluster 2 exhibited high animal welfare but low farmer well-being scores, often
associated with organic or GMO-free farms. Cluster 3 represented paddocks with the highest
overall balance of animal welfare and farmer well-being, typically housing fattener or grower
pigs. Significant differences (P < 0.05) were observed between clusters for several animal
welfare measures, soil shear strength in foraging areas, and plant diversity in defecation
areas. Farmer well-being scores varied significantly (P < 0.001) across clusters, with Cluster 2
scoring lowest. These findings highlight the preliminary exploration of trade-offs between
animal welfare and farmer well-being in outdoor pig farming systems while using a ‘One
Welfare’ approach to look at the relationships between each area. Further studies are needed
to explore causal relationships and refine strategies for optimizing welfare across all three

dimensions.

Keywords — Outdoor, pigs, PCA, One welfare, holistic, quality of life
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2.2.2 Introduction

The perspective of the welfare of farmed animals is evolving and society is increasingly
concerned about it. Historically, the interconnectedness between animals, the environment,
and farmers has not been a primary focus of welfare studies. The ‘One Welfare’ concept
addresses the gap by emphasizing the interconnectedness between the animal, the
environment and human welfare and argues that improvements or impairments in each area
can influence the others (Pinillos et al., 2016). This framework is based on the integration of
metrics of environmental sustainability with animal welfare and human well-being to ensure

that no one sustainability ‘pillar’ is optimised at the expense of the other.

Outdoor pig farming is perceived as a ‘welfare friendly’ system as it allows the pig to perform
natural behaviours while providing access outdoors. Many studies compared the welfare of
pigs reared in outdoor farming systems with various welfare indicators and most studies
report generally positive outcomes for pigs while outlining mortality and parasites as
persistent health and welfare challenges (Guy et al., 2002; Leeb et al., 2019; Nakamura et al.,
2011; Yonezawa et al., 2012). Several studies reveal a negative impact of outdoor pig
production on the environment such as soil degradation and biodiversity loss (Halberg et al.,
2010; Horta et al., 2022). Farmer well - being in outdoor pig settings is rarely studied, but
research findings so far, suggest that lack of support and high feed prices affect the well —

being of the farmer in alternative production systems (Brajon et al., 2024).

Spigarelli et al. (2021) explored the welfare of cows and the satisfaction of the farmers who
reared them in the mountain regions of Italy. They observed that the welfare of the animals
was good where farmers had positive relationships with the agricultural and non - agricultural
community and were satisfied with the land organization of their land. Given that many Irish
outdoor farms operate on a small scale (Menant et al., 2023) exploring each component of
‘One Welfare’ will provide an understanding of the relationships between animal,
environment and human factors. This preliminary analysis aims to explore these relationships

and contribute to the growing body of knowledge on integrated welfare frameworks.

2.2.3 Materials and methods

Farms were visited twice where data on pig welfare and environmental parameters are
reported (Chapter 2.1). This study consists of the data taken during the 2" visit to the farms
which occurred between July and October 2023. Seventeen farms were visited during this
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period and animal welfare, environmental and farmer related measurements were taken
using observational scoring, sampling and farmer surveys. Data were obtained at the paddock

level (29 paddocks).

2.2.3.1 Animal welfare measurements

Two hundred and twenty three animals were observed and body condition score (BCS),
lameness, tail lesions, ear lesion (mean score for both ears) and tail lesion scores were
measured using scoring systems (Chapter 2.1). Skin lesions were observed and counted across
the pig body. Presence of external — parasites (hog louse) were recorded. Tear stain (mean
score for both eyes) scores were observed and recorded. All scores and counts were averaged

at the paddock level.

2.2.3.2 Environmental measurements

Each paddock was divided into areas of usage by the pigs (i.e. foraging and defecation). Soil
shear strength was measured in each area in the paddock (three measurement per each area
and averaged) and outside the paddock as a baseline measurement. The shear strength value
of each area was subtracted from the shear value of the outside of the paddock and the delta
value was obtained. The number of different species of plants were also counted in the two
usage areas of the paddock (foraging and defecation) and outside of the paddock. The
number of plants in each area was subtracted from the number of plants outside of the

paddock and the delta value (positive or negative) was obtained.

2.2.3.3 Quality of life of the farmers

Farmers (on farm basis) (n=17) completed a quality of life (QoL) questionnaire developed by
the World Health Organization and questions were scored accordingly (WHO, 2012) (See
appendix). Four sub section scores were produced based on the scores: physical,
psychological, social relations and environment. Scores were given at 0 -100 scale. Higher QoL
scores indicated high well-being score while lower scores indicated low well-being. Overall

QoL score was produced at 0 — 5 scale after totalling all of the sub sections.

2.2.3.4 Principal component analysis (PCA)
A PCA was conducted using FActMineR and missMDA packages on Rstudio software (R version
4.3.1, R core team, 2022). All the data was scaled to 0 to 1 scale before analysis and PCA was

carried out. A biplot was obtained and clusters were created to visualise the analysis. Means
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of each variable were calculated for each cluster and an ANOVA was performed to compare

clusters. A Tukey’s test was performed as a post hoc test.

2.2.4 Results
The bi-plots captured variations of 13.7% from dimension 1 and 34.5% from dimension 2. The
results revealed three distinct clusters. Each cluster was named according to the

characteristics shown by each of the mean scores in the cluster (Table 2.16).

e Cluster 1 — Low animal welfare cluster
e Cluster 2 — Low quality of life cluster

e Cluster 3 — Average cluster

Cluster 1 represented paddocks where sows were kept (4 paddocks). This cluster had the
highest average scores for animal welfare measurements (lameness, presence of ecto —
parasites, skin lesions, ear lesion score, tail lesion score, tear stain score), and hence had the
lowest animal welfare. However, it also had the highest average number of plants in both
areas in the paddock. The average QoL scores were higher (>80%) on the farms with paddocks
in this cluster. Cluster 2 represented 5 paddocks in three farms. This cluster had the lowest
scores for animal welfare measurements apart from the presence of ecto — parasites hence,
the highest level of animal welfare. However, this cluster had the lowest QoL for farmers,
which was averaged around 50%. In terms of environmental measures, this cluster had the
lowest soil compaction out of the three clusters and the farms in this cluster were not
conventional outdoor farms (either organic or providing genetically modified organism free
feed). Cluster 3 contained the highest number of paddocks (n = 20 out of 29 paddocks) and it
had lower average scores in terms of animal welfare measurements. The QoL of the farmers
was also higher (average scores >80%) in every sub section. The ANOVA results revealed
differences (P < 0.05) between the three clusters in lameness (F value — 7.471, df — 2), skin
lesion count (F value — 6.661, df - 2), mean ear lesion score (F value — 6.176, df - 2) and the
mean tear stain scores (F value — 3.674, df — 2) in terms of animal welfare measurements. The
soil shear strength was different in the foraging area (F value — 3.832, df — 2) within the three
clusters. The plant species diversity was significantly different in the defecation area (F value
—3.386, df — 2) and there was a trend in the foraging area. All of the QoL measurements were

highly significant (P < 0.001) across all the clusters.
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Figure 2.4 — Biplot of the directions of the measurements and the position of the paddocks (in numbers) in the grid
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PCA Plot with K-means Clustering

Figure 2.5 — Cluster positions in the grid in different colours.
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cluster with the P — value of the ANOVA.

Table 2.16 — mean values and standard error (SE) of the scores and measurements in each

Mean * SE

Cluster 1 Cluster 2 Cluster 3 P- value
Animal welfare measurements
Body condition score 3.2+0.15 3.16£0.51 3.310.12 NS
Lameness 0.1+0.07 0 0 <0.01
Ecto — parasites 0.2+0.16 0.18+0.18 0.13+0.06 NS
Skin lesions 3+0.7 0.3+0.13 1.1+0.26 <0.01
Tail lesion score 0.3+0.23 0 0.1+0.04 NS
Mean ear lesion score 09+0.14 0.3+0.14 0.5+0.05 <0.01
Mean tear stain score 2.4+0.25 13+033 1.7+0.13 0.039
Environment measurements
(i) Soil shear strength (Avalue)
Foraging area -17.7+13.3 -82+15 -46.3 + 8.2 0.03
Defecation area 29.6+329 -37.2+28 -11.6t14 NS
(ii)Plant species diversity
(Avalue)
Foraging area -0.3+0.8 -2.86+0.8 -2310.3 0.05
Defecation area 1.2+0.9 -16+1.2 -1.1+0.3 0.04
Quality of life
Physical health 87.3+t44 458+14.2 90.1+1.4 <0.0001
Psychological health 94+25 5268 83.8+19 <0.0001
Social relationships 95.8+4.3 36.6£16.7 8314 <0.001
Environmental health 81.3+34 4074 81+2.7 <0.0001
Overall health 4.6+0.25 26+0.24 46+0.1 <0.0001
Overall Quality of life 5 4 45+0.1 <0.01

NS - Not significant
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2.2.5 Discussion

The three clusters had specific differences in terms of animal welfare and Qol of the farmers.
The environmental parameters were less specific, probably because there were only two
measurements, namely soil shear strength and plant species diversity. Cluster 1 had low
animal welfare and all the paddocks contained sows and boars. The poorer welfare status
might be due to the older age of these animals, as discussed in the previous chapter, where
sows/boars had higher welfare scores compared to fattener pigs for lameness, lesions and
ecto - parasites. Dippel et al. (2018) found that 18.8% of sows in 101 organic farms across
Europe were lean compared to fattener pigs. Furthermore, they found more lesions and
lameness in sows. Vaarst et al. (2000) reported that lameness, injuries and sunburn were the
most common ailments in the outdoor breeding herd in Denmark. Day et al. (2003) found that
ecto — parasites were the main health concern in outdoor breeders in the UK. We found

similar results for animals in cluster 1.

Cluster 2 had low QoL scores compared to other two clusters. This cluster consisted of five
paddocks representing three farms. Two of the farms were certified organic and the other
farm was providing GMO free feed to the pigs. Brajon et al. (2024) interviewed French
outdoor pig farmers and found the lack of support as one of the main issues. The cost of feed
was also an issue for the farmers. In the case of our study, the low QoL scores might reflect

similar constraints faced by Irish outdoor pig farmers.

Cluster 3 had the highest number of paddocks (20 paddocks) which were scored in low
welfare scores, indicating higher levels of welfare, relatively low compaction and high farmer
Qol scores seemingly representing relatively good conditions in all levels. Nevertheless, this
cluster also included farms with paddocks of fatteners and grower pigs that were also
represented by paddocks of sows and boars in cluster 1. This seemingly reflects disparate
treatment of the breeding and fattening stock on the same farms with better attention paid

to the latter as they are the economic output from the farm.

2.2.6 Conclusions
This preliminary analysis explored the interconnections between pig welfare, environmental

conditions, and farmer well-being within the framework of 'One Welfare'. The findings
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indicated that paddocks housing sows and boars exhibited the poorest animal welfare
metrics, whereas some farms with organic or GMO-free certification achieved the highest
animal welfare standards, but had the lowest QoL for the farmers. Most paddocks, however,
maintained a balance with optimal levels of both animal welfare and farmer well-being. Of
potential cause for concern is the seemingly different standard of husbandry offered to sows
and boars compared to fattening pigs (e.g. — provide less feed) within the minority of farms
that kept breeding stock. This could reflect labour challenges because of looking after larger
number of animals, knowledge gaps or low priority towards sows and boars as fattener pigs
are the final product of the farm. Clearly a larger number of farms to include in the analysis
would have strengthened the results. However, this initial investigation lays the groundwork
for a more sophisticated analysis, offering the potential to uncover causal relationships

between the interconnected components of the 'One Welfare' framework.
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Chapter 3

Effects of season, age and parasite management
practices on gastro — intestinal parasites of outdoor

pig farms in Ireland
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3.0 Effects of season, age and parasite management practices on gastro -

intestinal parasites of outdoor pig farms in Ireland

Accepted by Irish veterinary journal

3.1 Abstract

Outdoor pig farming gained popularity in recent years as it offers pigs considerable
behavioural freedom and better consumer acceptance. However, gastro — intestinal (Gl)
parasites pose a significant health and welfare challenge for pigs reared outdoors. Sixty five
pig faecal samples (paddock level samples mixed from at least 2 — 4 animals per paddock)
were collected from 20 outdoor pig farms with 65 paddocks over two visits (1%t visit —
February/May 2023, n = 37, 2" visit — July/October 2023, n = 28). Samples were collected and
mixed thoroughly to achieve a paddock level sample. Data related to pig type (fatteners, sows
and boars), anthelmintic usage (Yes/No) and paddock rotation (Yes/No) were also collected
and categorized at paddock level. Samples were analysed using the McMaster floatation
method, faecal egg count (FEC) was calculated, and Gl parasites were identified by
morphology. Generalized linear mixed models were used to analyse the effect of season, age,
anthelmintic usage and paddock rotation on FEC. Four parasite taxa were identified (Eimeria
spp., strongyles, Ascaris suum and Trichuris suis). Infection rates were >80% for Eimeria spp.
and strongyles, 31% for A. suum and 9% for T. suis for both visits. Eimeria spp. FEC was higher
during the 2" visit (P < 0.001) and strongyles FEC was higher in the 15t visit (P < 0.05). Fattener
pigs had higher FEC for Eimeria spp. (P < 0.01) and sows/boars had higher strongyle counts (P
< 0.05). Strongyle count was lower with anthelmintic use (P < 0.05) and Eimeria spp. count
was lower (P = 0.05) with paddock rotation when anthelmintics were used. The seasonal
variation in the egg count could be due the differences in the weather. This study provides
the first comprehensive picture of Gl parasites in outdoor pig farms in Ireland in terms of the
types/species and their prevalence which is moderately high. The findings also suggest that
there are some deficiencies in the management practices used to control Gl parasites on

these farms.

Keywords: Outdoors, Gastro — intestinal, pigs, parasite, season, worms
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3.2 Introduction

Infection with gastro—intestinal (Gl) parasites is a cause of ongoing and increasing concern in
livestock production because of detrimental economic and animal welfare effects, which
negatively affects sustainability of the industry (Charlier et al., 2020; Crawley et al., 2016;
Donald, 1994). Detrimental implications for animal health are associated with morbidity,
reduced feed conversion efficiency, and growth, as well as treatment costs (Magbool et al.,
2017; Perry & Randolph, 1999). Effective control of Gl parasites requires a combined use of
anti-parasitic drugs and management practices such as rotational grazing (Pettersson et al.,
2021). Increasingly there are also concerns for resistance to treatment (Walker, 1997). Gl
parasites, particularly helminths, affect domestic pigs in all production systems around the
world (Roepstorff et al., 2011). In pigs, infections impair intestinal absorption, prolong the
fattening period, delay or hamper immunity after vaccination, reduce meat quality, and in the
case of young pigs, may cause them to die, due to diarrhoea and dehydration (Knecht et al.,
2011; Kochanowski et al., 2017). In spite of the potential clinical implications, parasitic
infections in pigs seldom cause clinical symptoms, especially in the case of helminths, and
diagnosis is generally based on laboratory examinations (Roepstorff et al., 2011; Kochanowski
et al., 2017). The subclinical nature of helminth parasitic infection means that they receive
less attention compared to other parasites in other livestock species. An additional risk of Gl
infections in pigs is the potential for zoonoses associated with helminth species such as

Ascaris and Trichuris (Nejsum et al., 2012).

While the majority of pigs in developed countries are farmed intensively, the increasing
interest in welfare-friendly meat means that there is growth in the outdoor pig production
sector (Thorslund et al., 2017). Outdoor pig farming allows pigs to express a wider range of
behaviours in a more natural environment (Delsart et al., 2020). However, outdoor access
increases the risk of both endo- and ecto-parasitic infection, due to favourable conditions for
the development and survival of various stages of parasites in the outdoor environment
(Salajpal et al., 2013). Transmission occurs through ingestion of infective eggs, oocytes and
larvae. Common parasites in outdoor pigs include protozoa (e.g. Eimeria spp., Isospora suis,
Balantidium coli etc.) and helminths (e.g. Strongyles, Ascaris suum, Trichuris suis,
Metastrongylus spp.) (Taylor et al., 2016). Several studies reported the prevalence of a range

of parasite species in outdoor reared pigs in Europe. Delsart et al. (2022) assessed 70
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alternative farms in France and reported 79% of the farms having coccidia and 47%, 16% and
36% of farms having Oesophagostomum spp., Ascaris suum and Trichuris suis respectively.
There are differences in the prevalence of parasites in different age groups of pigs (Eijck and
Borgsteede, 2005; Baies et al., 2022). (Carstensen et al., 2002) assessed 9 organic pig herds in
Denmark and found Ascaris suum, Oesophagostomum spp. and Trichuris suis among weaners,
fatteners and sows with varying levels of prevalence. Baies et al. (2022) examined 960 free-
range pigs in Romania and observed that the pigs had Eimeria spp., Balantidium coli, Ascaris
suum, Oesophagostomum spp., S. ransomi and Cryptosporidium spp. Furthermore, the
number of parasites, and hence the potential infective pool, in the paddock fluctuates with
the seasons, indicating parasite’s sensitivity to temperature changes (Miao et al., 2004; Baies

et al., 2022b).

There is no established outdoor pig production industry on the Island of Ireland with farms
being more ‘backyard’ in nature. Menant et al. (2023) reported an average of 7 sows/gilts,
one boar, 18 grower pigs and 17 piglets in these small scale production units at any one time,
which were generally managed by two people. The main breeds were Duroc, Oxford sandy
and black, Tamworth, and Gloucester old spot pigs. Pigs were reared in agro-forestry systems,
on pasture or in a mixture of both. Considering the small-scale nature of the industry, it is
poorly characterised and literature on Gl parasites is scarce. In order to address this

knowledge gap, the objectives of this study were to:

1. Identify and evaluate the prevalence of Gl parasites in outdoor reared pigs on selected
farms;

2. Determine the effect, if any, of season, sex and age on the parasite faecal egg counts

3. Assess the effect of anthelmintic treatment and paddock rotation on the parasite egg

burden

3.3 Materials and methods

3.3.1 Farms and animals
Twenty farmers were selected from 57 respondents to the survey described by Menant et al.
(2023), and volunteered to participate in the current study. Farms were located in 12 out of

32 counties across the island of Ireland (1 each in Antrim, Clare, Down, Galway, Tipperary,
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Sligo, Louth and Wexford, and 3 in Cork, Laois, Waterford and Wicklow). Each farm was visited
twice: once between December, February and May 2023 (winter/spring) and once between
July and October 2023 (summer/autumn). The first visit encompassed 19 farms, with 17 farms
visited during the second phase (Table 3.1). All of the assessed farms had an electrified fenced
outdoor area where the pigs had access to soil. The assessed farms included 6 organic farms
(Table 3.1). Information on various parameters, including animal demographics (age, breed)
and management practices such as anthelmintic usage (yes/no) and paddock rotation
(yes/no) were also collected (Table 3.1). Pigs older than 3 months were selected for inclusion,
while lactating sows and piglets under 3 months old were excluded due to practical issues
with data collection and the aggressive nature of the lactating sow. Animals were stratified
into two age categories: fatteners (comprising growing and finishing pigs under 8 months old)

and sows and boars (encompassing sows and boars aged 9 months to 4 years, Table 3.1).

3.3.2 Sample collection

Between 2 - 4 faecal samples were collected in each paddock in which pigs were present. The
pigs were observed until defecating freely, the samples were promptly collected after voiding,
placed into 100 ml plastic cups, and stored under chilled conditions (0—4 °C). Each sample
within a paddock was combined in equal proportions to create a composite paddock-level
sample. Only faecal samples with solid nature were collected. In total, 65 paddock level
samples were collected over the two visits (Table 3.1), with 37 samples in the first visit and
28 samples during the second visit. These samples were maintained under chilled conditions
during transportation and stored in a cold room at 4 °C until the coprological analysis was

conducted. All samples were analysed within 21 days after collection.
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Table 3.1 Characteristics of the farms visited

Oreanic Visit Age Anthelminti Paddock
Farmno Breeds g g c use rotation
system
1t ond Fattener Sows/ No Yes No
S boars
1 Duroc, GOS, OSB, Tamworth No v v v Vv v Vv
2 Duroc, OSB Yes Vv Vv Vv \ Vv \'
3 Duroc, Hampshire, Large Yes ' v v V' v v
Black, OSB
4 Berkshire, OSB, Tamworth Yes \' v v \' v v
5 Duroc, OSB No Vv Vv Vv Vv \' \'
6 British saddleback, Duroc, No v v v v v v
GOS, Hampshire
7 0SB, OSB cross breeds No \' v v \' \' v
8 0SB No v vV v v v
9 0SB No v vV X v v
10 Tamworth, Vietnamese pot Yes \' v v v ' '
bellied
11 Tamworth Yes V' v v v Vv Vv
12 Duroc, OSB, Tamworth No Vv Vv Vv i\ Vv Vv
13 Large Black, Midddle White, No \' v v \' v '
Tamworth
14 Duroc, British Saddleback Yes \' X X \' ' '
15 Kune Kune, Idaho pasture No v o ox v v v v
pigs
16 Duroc, GOS, Landrace No v x v v v v
17 Mangalista No v vV v v v
18 Berkshire, Duroc, Large No v vV X v v
White
19 Landrace, Large White No v vV v \' '
20 Duroc, OSB No X Vv Vv Vv Vv Vv
Total 6 19 17
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GOS: Gloucester Old Spot, OSB: Oxford Sandy and Black

3.3.3 Coprological analysis

A modified McMaster floatation method described by Taylor et al. (2016) was utilized for the
analysis of faecal egg count (FEC), employing NaCl as the floating solution. Initially, 3g of faecal
matter from the mixed-level sample was placed into a mortar and homogenized with 42ml of
chilled water (0-4 °C). The resulting homogenized sample was then sieved through a 150 um
sieve, and the filtrate was transferred to 15 ml centrifugal tubes, which was subsequently
centrifuged at 1500 rpm for 2 min. After centrifugation, the supernatant was removed, and
saturated NaCl solution was added. The pellet was then disrupted using a vortex, ensuring
thorough mixing. The tubes were inverted 8-10 times, and the mixture was pipetted out from
the middle of the tube and transferred to a two-chambered McMaster slide. Subsequently,
the grid of the slide was examined using a microscope (Alphaphot — 2 YS2, Nikon Corporation,
Tokyo, Japan) at 10x magnification to detect parasite eggs. Different types of parasite eggs or
cysts were identified based on their morphology (Taylor et al., 2016), and the number of
different eggs in the grid per chamber was counted. The technique had a lower limit of 50
eggs/g per sample. Three replicates (slides) were analysed for each faecal sample. The faecal
egg count) is displayed as eggs per gram of faeces (eggs/g) and calculated using the following

equation:
Faecal egg count = (egg count in chamber 01 + egg count in chamber 02) X 50

3.3.4 Statistical analysis

Statistical analysis were performed using Rstudio (R version 4.2.1, R core team, 2022).

3.3.4.1 Prevalence of parasites within visits

Prevalence at the farm level was determined considering the presence or absence of the
parasite eggs or oocysts. A farm was considered infected with a specific parasite if at least
one egg was detected. The prevalence value for a parasite species was calculated as a
percentage of farms infected from the number of all the farms for both visits separately.

Fisher’s exact test was used to analyse the prevalence of a parasite between visits.

3.3.4.2 Effect of the season, age and sex on the faecal egg count
A Generalized Linear Mixed Effect Model, utilizing the glmmTMB package (Brooks et al., 2017)

was employed to investigate the impact of season and age on the Faecal Egg Count (FEC). To
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address the zero-inflation observed in the data, a negative binomial distribution with a log
link function, along with zero-inflated adjustments, was applied. Fixed effects included season
and age while paddock nested within farm was considered as a random effect to account for
potential clustering effects. Interactions between fixed effects were considered for analysis
Subsequently, a Type Il Analysis of Variance (ANOVA) (car package; Fox, 2007) was conducted
to validate the model's findings. Estimated marginal means were then derived for further
interpretation of the results and pairwise comparisons between the visits and the age groups

were conducted.

3.3.4.3 Effect of using anthelmintics and paddock rotation on the faecal egg count

A similar Generalized Linear Mixed Effect Model was used to analyse the effect of using
anthelmintics and paddock rotation on FEC. Anthelmintic usage and paddock rotation were
included (interaction considered) as fixed effects while paddock nested within farm was used

as a random effect.

3.4 Results

3.4.1 Parasite taxa

Four taxa of parasite eggs were identified based on egg morphology (Figure 3.1). They were
Eimeria spp., strongyles, Ascaris suum and Trichuris suis. Strongyles were grouped as several
species (Oesophagostomum spp., Hyostrongylus rubidus) have similar morphology and it was

not possible to identify the species by morphology.

77



=
g

-4
[

e
e

'.- _—

‘ @
1

Figure 3.1 — Photographs of Eimeria spp. oocyst (a.), strongyle eggs (b.), Ascaris suum egg (c.)

and Trichuris suis egg (d) identified on bright-field microscope (20x magnification)

3.4.2 Prevalence of parasites

Prevalence of Eimeria spp. and strongyles were at high levels (>80%) in both visits and Ascaris
suum prevalence was at around 30%. T. suis was found on one farm during the 1% visit and on
two farms on the 2" visit (Table 3.2). There was no significant effect of the visit on the

prevalence of each parasite (Table 3.2).
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Figure 3.2 — The prevalence of the Gl parasites at farm level observed during the 15t (blue) and

2" visit (green).

Table 3.2 — Number of farms with the presence and absence during two visits and the p values

from the Fisher’s exact test to determine the significance between farms in two visits

Season 1t visit (19 farms) 2" visit (17 farms) P - value
Present Absent Present Absent

Eimeria spp. 16 3 16 1 N.S

strongyles 17 2 14 3 N.S.

Ascaris suum 6 13 5 12 N.S.

Trichuris suis 1 18 2 15 N.S.

N.S — Not Significant

3.4.3 Effect of season and age on faecal egg count

There was a significant difference in the FEC for Eimeria spp. between visits across all farms
(Estimated marginal means + sd; 1%t visit — 476 + 297 vs 2" visit — 1527 + 950 eggs/g; P <
0.001). Furthermore, the Eimeria spp. FEC differed (Fatteners — 1175 + 745 vs Sows and boars
— 619 * 386 eggs/g; P < 0.05) between the two age groups. Strongyle FEC also differed
between the two visits (1% visit — 370 + 198 vs 2" visit — 141 + 77 eggs/g; P < 0.01) and the

79



two age groups (Fatteners — 125 + 71 vs Sows and boars — 419 + 223 eggs/g; P < 0.01). There
was no effect of season or age for Ascaris suum FEC. Since Trichuris suis was found on only

two farms it was not statistically analysed.
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3.4.4 Effect of using anthelmintics and paddock rotation on faecal egg count

The farms that used anthelmintics had lower strongyle FEC in both seasons (Mean + SE; Yes —
48.2 +37.6 eggs/g, No—668.3 + 381.7 eggs/g; P < 0.01). Ascaris suum FEC levels did not differ
between farms that used or did not use anthelmintics. Eimeria spp. were not affected by the
usage of anthelmintics. The farms which practiced paddock rotation had lower levels of
Eimeria spp. FEC when the use of anthelmintics was administered (Mean + SE; Anthelmintics
yes, paddock rotation yes — 1629 + 651 eggs/g vs Anthelmintics yes, paddock rotation no —
7188 + 5646 eggs/g; P = 0.05) (Figure 3.7). There was no effect of paddock rotation on Eimeria

spp., strongyles or on Ascaris FEC.
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Figure 3.7 - Estimated marginal means for Eimeria spp. faecal egg counts for paddock rotation

(Yes and No) with anthelmintics use Yes (blue) and No (green).
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3.5 Discussion

This study provides the first data on the prevalence of a range of taxa of Gl parasites found in
pigs produced outdoors in Ireland. The only other work on Gl parasites affecting pigs
conducted in Ireland looked at liver damage caused by Ascaris suis in intensively produced
pigs (Rodrigues Da Costa et al., 2020). In the present study, season, age of the pig and the

anthelmintic usage had significant effects on FEC related to Eimeria spp. and strongyles.

3.5.1 Prevalence of the parasites

A high proportion (>80%) of the farms were affected by Eimeria spp. and strongyles at both
visits. Similarly, a Romanian study found a high prevalence of Eimeria spp. during both
summer (80%) and winter (77.5%) and for strongyles (Oesophagostomum spp.), it was 27.5%
during summer and 37.5% during winter (Baies et al., 2022b). In the current study, both
Eimeria spp. and strongyles were the most prevalent parasite detected over both visits, with

prevalence also higher than the values found in Romania.

The high prevalence of the farms affected by Eimeria spp. could be due to the Eimeria spp.
oocyst showing great resistance to environmental conditions, making year round presence
possible in the pigs (Chartier & Paraud, 2012). The high prevalence of strongyles could also
be due to year round shedding of the eggs by the adult worms. Thus even though the eggs
have a low resistance to climatic extremes, compared with other helminth eggs, the
possibility of the hatched larvae being ingested is present throughout the year, even while

the burden can differ.

Prevalence of Ascaris suum (30%) affected farms in our study was more or less similar to some
other studies conducted in Europe across all farm systems. Ascaris suum had a 28.6%
prevalence in Poland, from 70 pig farms (Kochanowski et al., 2017). A study in Estonia found
31.5% prevalence of Ascaris suum in ecological and small pig farms (n = 20 farms; Jarvis and
Magi, 2007). Free-range farms in Netherlands had a 50% prevalence of Ascaris suum (n = 27
farms; Eijck and Borgsteede, 2005). As Rodrigues Da Costa et al. (2020) found, 30% of the
commercial pig farms in Ireland had pigs with milk spots, which occurs due to Ascaris suum.
A similar prevalence was recorded in our study, indicating a potential connection across both

indoor and outdoor systems.
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In the present research, very few farms were affected (one in the 1%t visit, 5%, and 2 in the
2nd visit, 12%) by Trichuris suis as evidenced by the presence of faecal eggs. In other studies
a much higher proportion of farms (ranging from 21.4 to 37.5%) were affected by this parasite
(Eijck & Borgsteede, 2005; Kochanowski et al., 2017). However, the relatively quick expulsion
of adults, and thus egg-laying individuals, by the host renders the use of FEC alone of little

value in assessing prevalence of this helminth species among hosts (Pettersson et al., 2021).

3.5.2 Effect of season and age on the faecal egg count

In research conducted in pigs in intensive systems, Symeonidou et al. (2020) found that
Crisoisospora suis, a coccidia species similar to Eimeria spp., tended to have a lower burden
of oocysts in winter compared to spring. Another investigation by Baies et al. (2022b) found
the parasitic load of Eimeria spp. was different between the seasons winter/spring (higher)
and summer/autumn (lower). In our study, the highest mean number of Eimeria oocysts was
recorded in the second visit, which was during late summer/autumn. Eimeria oocysts can die
when the temperature is colder (-20 °C) and hotter (38 °C), as in the case of Eimeria bovis, a
coccidia which infects cows (Lassen et al., 2013). Mild summer temperatures, such as occur
in Ireland (mean temperatures between 14 - 15 °C; (Nansen and Roepstorff, 1999: Curley et
al., 2023) might result in favourable conditions for the Eimeria oocysts to become infective,
causing the higher FEC during the summer and autumn month periods. Infection from
strongyles occurs from the L3 infective larval stage. Eggs are passed through faeces, hatch,
and develop infective larvae, which are ingested by the pigs (Zimmerman et al., 2012). Harsh,
cold, winters and dry, hot, summers have detrimental effects on Oesophagostomum spp.
eggs, leading to higher mortality rates (Mejer et al., 2000). According to Nansen and
Roepstorff (1999), the lower temperature limit for the Oesophagostomum spp. is ~10 °C and
the eggs deposited during the winter do not survive into the spring. Rose and Small (1983)
found that transmission of both Oesophagostomum spp. and Hyostrongylus rubidus could not
take place during winter in British conditions. The climatic conditions in Ireland and Britain
are more or less similar (Mean temperature 15 to 20 °C). The highest mean faecal egg counts
(FEC) of strongyle-type nematodes were observed during the first visit, conducted in late
winter/spring. The strongyle lifecycle within the pig spans approximately 4—6 weeks (Taylor
et al., 2016). In the environment, most eggs and free-living larvae are eliminated during the

winter months due to harsh conditions. This results in a reduced larval load available for
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ingestion by pigs, leading to fewer mature adult worms and consequently lower FEC during
the summer/autumn months. However, Ireland's mild summers, compared to other
European countries, may not significantly affect the survival of eggs and free-living larvae.
This could contribute to the higher FEC observed during the winter/spring period, as larvae
surviving through the summer are ingested by pigs and develop into adult worms capable of

producing eggs during these colder months.

The eggs of Ascaris suum and Trichuris suis are more resistant to environmental conditions,
thus improving their longevity (Roepstorff & Murrell, 1997). During our study, the faecal egg
counts did not differ between the two visits, although they were present on only 30% of the

farms visited.

Several studies mention significant differences in the FEC between pigs of different ages in
terms of Eimeria spp. and strongyles ( Baies et al., 2022b; Delsart et al., 2022). In our study,
fattener pigs had higher mean FEC for Eimeria spp. while the sows and boars had higher mean
FEC for strongyles. It is noted that older animals (sows and boars) have stronger immunity
towards Eimeria spp. due to frequent contact with Eimeria spp. and other coccidia (Delsart et
al., 2022). This could explain the lower FEC in these older animals. In contrast, the pattern for
strongyles such as Oesophagostomum spp. and Hyostrongylus rubidus is similar with higher
parasite intensity with increasing host age (Carstensen et al., 2002). Oesophagostomum spp.
has low immunogenicity, resulting in almost all larvae surviving into maturity and living inside
the pig for 2 — 4 months (Roepstorff et al., 2011). This could be the reason for the higher

strongyles FEC observed during our study in these older animals.

In contrast, Ascaris suum and Trichuris suis have high immunogenicity and a large majority of
larvae are expelled from the small intestine, leaving a small number of mature worms inside
the animal (Roepstorff et al., 2011) . The results of our study did not indicate an age difference
in FEC; however, in several studies from other European countries the prevalence and
intensity of A. suum and T. suis differed across age groups (intensity lowered with the age of

the animal) (Carstensen et al., 2002; Jarvis and Magi, 2009).

3.5.3 Effect of using anthelmintics and paddock rotation on the FEC
Ireland, being a member of the European Union, has a list of approved anthelmintics for use

in pigs. In our study, only 7 of the 20 farms administered anthelmintics to their pigs. As the
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results indicated, the farms which used anthelmintics had significantly lower strongyle
counts). Indeed, the use of anthelmintics on strongyle species such as Oesophagostomum
spp. is highly effective, even though anthelmintic resistance is an emerging issue (Roepstorff
et al., 1987; Pettersson et al., 2021). Studies show high efficacy (in some studies >90%) of
anthelmintics on Ascaris suum, regardless of the class used (Boes et al., 2010; Pettersson et
al.,, 2021). Nevertheless, in our study we did not find a significant difference in the FEC of
Ascaris suum between farms that did/did not use anthelmintics. However, only 3 of the 7
farms used anthelmintics had Ascaris suum, which might have affected the sensitivity of the
analysis. In the case of organic farms, the organic standards prohibits the routine usage of
anthelmintics unless in a severe clinical cases. Organic farming systems can yield higher
numbers of Gl parasites (Thamsborg et al., 1999). Our study also included organic farms and
all of them did not administer routine anthelmintics to the pigs, and this might have affected
the analysis and contribute to the high FEC. Organic farming systems can yield higher numbers

of Gl parasites.

Paddock rotation is an important management method to control parasites. Anthelmintics
alone are not effective in the long -run, as parasites and eggs can survive in the soil so re-
infection is inevitable. This could explain why in our study, the FEC of Eimeria spp. in the farms
that practised paddock rotation was low when the use of anthelmintics was taken into

account.

Overall, the results indicated that there are Gl parasites present in pigs in outdoor Irish farms,
and there are seasonal and age effects in the FEC values for different parasites. There is a lack
of data on Gl parasites in Irish pigs, particularly those kept outdoors, and this study sheds light

on the factors that could affect their prevalence.

3.6 Conclusions

We observed seasonal variation in the FEC of Eimeria spp. and strongyles, with Eimeria spp.
levels higher in the spring, and strongyle levels higher in the autumn. Weaner and fattener
pigs had higher Eimeria spp. counts while sows and boars had higher strongyle counts,
indicating different parasite community dynamics in different age groups. Anthelmintic usage
seems to be effective against strongyles, and paddock rotation tended to reduce Eimeria spp.
counts in the presence of anthelmintics. This study forms a basis for further investigations
into Gl parasites in outdoor pigs in Ireland.
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Chapter 04

Discussion and conclusion
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4.0 Discussion and conclusions

4.1 Discussion

This study offers the first comprehensive evaluation of welfare indicators, environmental
parameters, and farmer well-being in outdoor pig production systems in Ireland. It focuses on
the effects of seasonality, age, and management practices while exploring the
interconnections between the three components of ‘One Welfare’: animal welfare,
environmental health, and farmer well-being. The results discussed in the previous chapters
highlight the complex interplay within the ‘One Welfare’ framework, contributing to a holistic

understanding of the factors influencing outdoor pig farming.

The findings revealed that most animals had favourable welfare scores across the measured
indicators. The majority exhibited good body condition scores (BCS), no signs of lameness,
and no tail lesions. These results align with studies conducted on organic and outdoor pig
systems in other European countries, which also reported positive welfare outcomes in most
animals (Guy et al., 2002; Leeb et al., 2019). Principal Component Analysis showed that the
largest proportion of paddocks belonged to Cluster 3, where animal welfare indicators were
at optimal levels. This cluster also exhibited high farmer well-being scores, suggesting a
positive alignment between improved animal welfare and enhanced human well-being.
Comparing with the Irish conventional pig systems, Van Staaveren et al. (2017) found higher
prevalence of injurious behaviours, such as ear lesions and tail lesions, however in our case,
pigs with tail lesions were quite low. The reasons for these low occurrences is likely to be

because of the freedom to express natural behaviours in the outdoor pig farms.

Seasonal variations in welfare indicators were evident, with winter and early spring associated
with increased lameness, lice prevalence, and lower BCS. Conversely, summer and early
autumn were marked by a higher prevalence of skin lesions and tail lesions, highlighting the
impact of weather in Ireland on animal welfare. Although these seasonal effects were
statistically significant, the overall proportion of animals with poor welfare scores remained
low. However, outdoor pig producers in Ireland could benefit from implementing improved
management strategies during extreme seasons (e.g., winter and summer), to further reduce
the number of animals with compromised welfare (e.g. — pigs with lower BCS, higher lameness

scores).
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Age also played a significant role in animal welfare. Older animals, such as sows and boars,
had poorer scores for lameness, lice prevalence, and skin lesion counts. As animals age, their
susceptibility to adverse conditions increases, and their resilience to environmental
challenges may decline (Colditz & Hine, 2016). Producers should prioritize improved

management practices for sows and boars to address these vulnerabilities.

PCA further elaborated the impact of age on welfare outcomes. Paddocks with sows and
boars were more commonly associated with clusters characterized by low animal welfare
scores, reflecting lower averages across most welfare indicators. This finding suggests that
management practices for sows and boars differ from those for fattening pigs, potentially
leading to sows/boars being overlooked. However, not all paddocks with sows and boars fell

into this low-welfare cluster, indicating variability in management practices across farms.

Environmental measures were taken on soil structure and compaction by taking soil shear
strength and the number of plants to account for the plant species diversity. Different areas
in the paddock revealed different shear strength value, compared to the outside of the
paddock, but the loss of soil structure was most prominent in the foraging area of the paddock
during summer/autumn. The plant species richness in foraging area was also reduced in the
summer period, possibly indicating the high removal by the pigs for consumption. While
providing insights into the environment of the outdoor pig farms, these measures were
superficial and do not paint a complete picture of the environment. The plant species counted
in the paddock are yet to be identified, and once identified, could provide more information
on the plant diversity and could further develop into finding preference of certain plant
species by pigs. More environmental measurements could be accounted for during the farm
visits, however these were not evaluated in the present study, due to the limited time
available for a farm assessment during the day. More environmental measurements including
soil pH, soil nutrient content, soil microbiome and water quality would provide a more
complete picture of the environment in an outdoor pig farm, and these could be used in
future studies. Soil nematode diversity could also be considered as an indicator of the
environment as the community of soil nematodes indicate the condition of the soil eco —
system (Bongers, 1999). The PCA revealed that cluster 2 was where the best animal welfare
was recorded, the soil structure was most damaged, with lowest plant species reduction,

indicating higher rooting episodes with higher foraging. Cluster 1, where lowest animal
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welfare was found, had higher soil compaction and higher number of plant species available
in the paddock, and this could be indicating lower rooting with lower foraging. Since the plant

species are not identified, the plants inside the paddocks in two clusters could be different.

The well-being scores of the farmers was lowest in cluster 2, where the highest animal welfare
scores were found. In comparison, higher farmer well-being scores were found in cluster 1
where the lowest animal welfare was found. One welfare framework predicts that human
welfare is connected with animal welfare and studies have shown found that poor animal
welfare is linked with poor human welfare and vice versa (Devitt et al., 2015; Devitt &
Anneberg, 2023). However, the results for our study tells otherwise that even with high
human welfare, the animal welfare could be poor. Cluster 2 represented paddocks with farms
where they were providing alternative source of feed, as they were organic or genetically-
modified free. The low scores could reflect the lack of support from the authorities and the
frustration that the famers are facing, as found by Brajon et al. (2024). Cluster 3 showed good

levels of well-being scores and it had the most number of paddocks (20).

Faecal egg counts on the studied farms revealed four types of parasite eggs/oocysts; Eimeria
spp., strongyles, Ascaris suum and Trichuris suis. The high prevalence levels of Eimeria spp.
and strongyles during both visits revealed that these two types were present regardless of
season. However, the egg count revealed seasonal variations as Eimeria spp. counts were
higher during summer/autumn months and strongyles counts were high during winter/spring
months. Farms that used anthelmintics succeeded in reducing strongyle counts and farms
that used anthelmintics and practiced paddock rotation managed to reduce Eimeria spp.
counts. Our results were in line with other studies in terms of seasonal variations (Baies et al.,
2022b; Toivo & Erika, 2009). Age again played a role in the parasite egg burden as sows/boars
had more counts of strongyles and fatteners had more Eimeria spp. counts. Although the
parasite prevalence was high, producers could benefit from the results, as now they have an
understanding of the types and the counts of parasites, hence they will be able to plan the
type of treatment for the gastro — intestinal parasites. There was an egg type of structure
found on one farm during the 2™ visit which resembled Macracanthorhynchuss spp. egg
however this was not further investigated since it was found only once. There are plans to

carry out metabarcoding study to identify and analyse the Gl nematodes in outdoor pigs to
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further improve the understanding on parasites and this would provide precise information

on the parasite taxa.

The overall results imply the effect of season on the welfare of animals, environment and the
parasite counts. The pig producers could use these results to better plan the management of
the animals considering each seasonal variation and the effect on the animal and the
environment. At the same time, the management methods can be tailored for the needs of
the animals in different age groups, as shown in the welfare indicators. Welfare of the sows
could especially be given special consideration. The control methods for gastro — intestinal
parasites could be planned with seasonal occurrences in mind and anthelmintic treatment

could be administered with practicing paddock rotation with regular intervals.

4.2 Conclusion

This study provided the first cross sectional view of the welfare of pigs, gastro — intestinal
parasites and selected environmental measurements. The majority of the assessed animals
had good welfare indicators and low scores, with a small percentage of pigs having poor
welfare scores. Seasonal variations were observed in some welfare indicators and gastro -
intestinal parasite egg counts. BCS, lameness score and lice prevalence were higher in the 1%t
visit (winter/early spring) while skin lesions were significant in the 2™ visit (summer/early
autumn). The selected environmental measurements saw weakened soil structure and a
lower number of plant species in the foraging area in the paddock during the 2" visit
compared to the 1%t visit. The relationship between the welfare indices were in three clusters,
where they had distinct characteristics. While providing valuable information on the status of
the welfare of the animals and the environment, this study could be improved with the
inclusion of more welfare indicators and environmental indicators, to widen the
understanding of outdoor pig farming. Consideration of adding more outdoor farms would
have improved the accuracy of the data taken from the farms. Based on the results, we could
recommend the use of anthelmintics against strongyles as it proved to be effective and
farmers could benefit from using anthelmintics with paddock rotation to reduce the Gl
parasite counts. The positive outcomes of the study can be further evaluated to provide
recommendations on the time periods of special management practices on animals and the
time periods for paddock rotation and the administration of anthelmintics. The

environmental measurements we used during our study could be improved for future studies
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with protocols for soil, biodiversity and water quality measurements for a more holistic
understanding of the environment. As the first study done on outdoor pig farms in Ireland,
this study could be used as a baseline for future research in this area. The challenge would be
to scale up the outdoor production while keeping the positive outcomes of the welfare. The
legislation of Ireland should also be upgraded to include outdoor production systems in terms

of general guidelines and welfare.
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Appendix

QoL survey questionnaire

Consent form (please tick the boxes below)

| agree to participate in this research
This agreement is of my own free will

| have been given information regarding the aims of the research and have
been
given the researchers’ name and contact details if | require further information

| have had the opportunity to ask any questions | want about the study

| understand that | may withdraw from the study at any time during testing,
without suffering any adverse consequences

| am aware that if | can ask to have my data withdrawn from the study by
contacting a member of the research team within four weeks after completing
the study

| understand that all personal information provided by myself will remain

confidential and no information that identifies me will be made publicly
available
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Please enter your name below in BLOCK CAPITALS (first name and surname)

Please enter the name of your farm

Farm type

Conventional indoor pig farm

Alternative pig farm (e.g. free range, organic etc.)

What age are you?
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What is your gender?

Male
Female
Non-binary / third gender

Prefer not to say

Is keeping pigs a full time or part time occupation for you?

Full time

Part time

How many years have you worked in the pig farming industry?
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You will now be asked a number of questions related to your wellbeing and job satisfaction

The following questions ask how you feel about your quality of life, health, or other areas of

your life.

Please choose the answer that appears most appropriate. If you are unsure about which

response to give to a question, the first response you think of is often the best one.

Please keep in mind vyour standards, hopes, pleasures and concerns.

We ask that you think about your life in the last four weeks.

Quality of life

Very Neither poor
Poor Good Very good
poor nor good

How would you
rate your quality

of life?
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Health satisfaction

Neither
Very Very
Dissatisfied satisfied nor Satisfied
dissatisfied satisfied
dissatisfied

How satisfied
are you with

your health?
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The following questions ask about how much you have experienced certain things in the last

four weeks.

To what extent do
you feel that
physical pain
prevents you
from doing what

you need to do?

How much do you
need any medical
treatment to
function in your

daily life?

How much do you

enjoy life?

To what extent do
you feel your life

to be meaningful?

None at

all

A little

A moderate

amount

Very much

An extreme

amount
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The following questions ask about how much you have experienced certain things in the last

four weeks.

How well are you
able to

concentrate?

How safe do you
feel in your daily

life?

How healthy s
your physical

environment?

Not at

all

A little

A moderate

amount

Very much

Extremely
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The following questions ask about how completely you experience or were able to do certain

things in the last four weeks.
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Do you have
enough  energy

for everyday life?

Are you able to
accept your
bodily

appearance?

Have you enough
money to meet

your needs?

How available to
you is the
information that
you need in your

day-to-day life?

To what extent do
you have the
opportunity  for

leisure activities?

Not at

all

A little

Moderately

Mostly

Completely
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The following question asks about how completely you experience or were able to do certain
things in the last four weeks.
Very Neither poor

Poor Good Very good
poor nor good

How well are you
able to get

around?
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The following questions ask about how completely you experience or were able to do certain

things in the last four weeks.
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How satisfied
are you with

your sleep?

How satisfied
are you with
your ability to
perform your
daily living

activities?

How satisfied
are you with
your capacity

for work?

How satisfied
are you with

yourself?

How satisfied
are you with
your personal

relationships?

Very

dissatisfied

Dissatisfied

Neither
satisfied nor

dissatisfied

Satisfied

Very

satisfied
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How satisfied
are you with

your sex life?

How satisfied
are you with
the support
you get from

your friends?

How satisfied
are you with
the

conditions of
your living

place?

How satisfied
are you with
your access to
health

services?
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How satisfied
are you with
your

transport?

The following question refers to how often you have felt or experienced certain things in the

last four weeks.
Never Seldom Quite often  Very often Always

How often do
you have
negative
feelings such
as blue
mood,
despair,
anxiety,

depression?

Do you have any comments about the assessment?
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Below are some statements about feelings and thoughts.

Please tick the box that best describes your experience of each over the last 2 weeks
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I've been
feeling
optimistic
about the
future

I've been

feeling useful

I've been
feeling

relaxed

I've been
feeling
interested in

other people

I've had

energy to

spare
I've been
dealing with
problems
well

I've been
thinking
clearly

None of the

time

Rarely

Some of the

time

Often

All

time

of the
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I've been
feeling good

about myself

I've been
feeling close
to other

people

I've been
feeling

confident

I've been
able to make
up my own
mind about

things

I've been

feeling loved

I've been
interested in

new things

I've been
feeling

cheerful
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Work satisfaction

Highly
Very satisfied Satisfied Dissatisfied
dissatisfied

How  satisfied
are you with
your job as a
whole,
everything taken
into

consideration?

132



