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Animal welfare assessment is an essential tool for maintaining positive animal wellbeing. Validated welfare assessment

protocols have been developed for farm, laboratory, zoo, and companion animals, including horses in managed care.

However, wild and free-roaming equines have received relatively little attention, despite populations being found

worldwide. In the UK, free-roaming ponies inhabit areas of Exmoor, Dartmoor, and New Forest, England, and Snowdonia

National Park in Wales, amongst others. Visitors and local members of the public who encounter free-roaming ponies

occasionally raise concerns about their welfare, as they are not provided with additional food, water, or shelter. In this

study, we evaluated the feasibility, reliability, and repeatability of welfare indicators that can be applied to a population of

free-roaming Carneddau Mountain ponies to address such concerns. Our findings indicate that many of the trialed

indicators were successfully repeated and had good levels of inter-assessor reliability. Reliable and repeatable welfare

indicators for free-roaming and semi free-roaming ponies will enable population managers and conservation grazing

schemes to manage the welfare of free-roaming horses and ponies.
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1. Introduction

Knowledge of the welfare of animals under human care is integral to their successful management; equally important is an

understanding of the welfare of free-living animals to guide how we interact with wildlife and their habitats . To gather

knowledge to improve animals’ welfare, a validated, reliable, and repeatable method of assessment is required .

Recently, welfare assessment has moved from resource-based or simple indicators of environmental parameters to

include indicators that monitor the behavioral responses and physiological conditions of individual animals over time .

Animal-based indicators are particularly relevant in the welfare assessment of wild or free-ranging animals. Indicators

related only to environmental parameters do not allow for the assessment of the behavioral or physical responses to the

prescribed condition and are not representative of the animal’s welfare state . An animal’s ability to adjust to both

predictable and unpredictable change in its environment is vital to maintaining welfare . For example, seasonal changes

in forage and grass availability for grazing animals may elicit periods of fasting (hunger) or seasonal weight gain (fat

reserves) to cope with available resources . While periods of hunger may be considered a welfare issue, this may not be

a factor for the animal itself if its adaptive capacity (physical and mental abilities) has not been exceeded . Using a

multifactorial approach including animal-based indicators (AB) (physical/physiological outcomes) and resource-based

indicators (RB) (what is available in the environment) for assessment enables the evaluator to quantify levels of individual

welfare . There are a range of welfare audit protocols that have recently been developed to determine welfare by

evaluating RB and AB indicators for farm , companion , laboratory , and zoo animals . In contrast,

there are few protocols for extensively managed animals  or, indeed, free-living wild populations .

Populations of free-living and free-roaming horses are found throughout the world. Significant numbers occur in Australia,

with an estimate of over 300,000 free-roaming brumbies . In the US, smaller populations of free-roaming horses occur.

There are just over 79,000 mustangs and 15,546 burros managed by the United States Department of the Interior’s

Bureau of Land Management (BLM), inhabiting approximately 31.5 million acres of land across 10 states in the Western

United States . In the UK, free-roaming ponies inhabit areas of Exmoor, Dartmoor, New Forest in England, and the

Carneddau mountains in Wales, amongst others.

Public concern regarding the welfare of free-roaming equids has become more prevalent in recent years. Whilst increased

public awareness and demand for the improvement of equine welfare are evident across various equine disciplines, e.g.,

sport, working horses, racehorses, and those kept for pleasure , there is also concern regarding the welfare of feral

populations. Equine stakeholders participating in a study carried out by Horseman et al.  identified overbreeding, a lack

of food in winter, and gatherings (rounding-up for health checks) as areas of welfare concern for free-roaming ponies

specifically. The public’s concern for the welfare of mustangs in the US has been particularly well-documented, with many
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groups urging the Bureau of Land Management to cease all gatherings, removals and contraceptive strategies .

Visitors and local members of the public who encounter free-ranging ponies in the Carneddau mountains also

occasionally raise concerns about their welfare because they are not provided with additional food, water, or shelter

(Carneddau Pony Society, personal communication, 3 November 2019). There is therefore a need for objective indicators

of welfare in these populations at both the individual and group levels. Despite several validated equine welfare

assessment protocols in existence for sport, pleasure, and working horses, e.g., , there is currently only one

audit available for free-roaming horses. This describes a 10-step protocol using the Five Domains model that can be used

to form a template for welfare assessment in free-living terrestrial species and uses Australia’s brumby horses as an

example . Here, we therefore trialed specific welfare indicators to ascertain their feasibility, reliability, and repeatability

for the welfare assessment of free-living horses using free-roaming Carneddau Mountain ponies as an example

population.

2. Preliminary Testing of Individual Indicators: BCS and Mobility

There was a good degree of reliability between the two observers for BCS of the 34 ponies tested in the preliminary phase

using the modified Henneke score. Cohen’s weighted kappa score was 0.78 (95% CI: 0.78–0.78; (Table 1). The reliability

of the mobility scoring using a 3-point scale was very good, with 100% agreement between the two observers in their

scoring of the 34 ponies and a κ  of 1 (Table 1).

Table 1. Kappa weighted values and their 95% confidence intervals for all preliminary indicators tested for inter-observer

reliability in a sample of 34 ponies. K is 1 when there was perfect agreement and 0 when there was no agreement better

than chance. All κ  values of 0.61 (good) and above are shown in bold.

Welfare Indicator Percentage
of Agreement κ  (95% CI) Interpretation w/CI

BCS 97% 0.78 (0.78–0.78 Good

Mobility 100% 1.0 (1.0–1.0) Very good

3. Inter-Assessor Reliability

In this study, several of the welfare indicators in the audit were not witnessed (alopecia of mane or tail, nasal discharge,

and coughing). They were therefore not included in the results because their reliability could not be determined. The HGS

 was only infrequently indicated as the prescribed criterion for conducting the HGS required the observed pony to score

a zero in one or more of the following categories: mobility, ocular injury/discharge, wounds, fecal consistency, and BCS.

Therefore, assumptions about reliability could not be made. Hoof shape/condition assessment was only indicated in two

instances where mobility was impaired. The agreement in these instances was 100% between assessors, but not all

specific categories were observed (A = overgrown and B = cracked/chipped) and therefore could not be tested for

reliability. Data on fecal consistency were opportunistically collected, and only 12 of the 35 ponies defecated. Assessors

reached 100% agreement in terms of fecal consistency assessment, but all ponies had normal feces; other categories (0

= watery, and 1 = abnormal) were not observed, and thus assumptions about reliability across all categories could not be

confirmed. Water quality scored three (fresh spring forming a stream, pond, or lake) by all assessors for n = 35 ponies. As

the categories 1 = no water detected and 2 = stagnant pool/ puddle were not identified, this indicator could not be further

tested for reliability. Ocular discharge and/or swelling were only infrequently encountered, and while all assessors had

100% agreement, category 1 = discharge with an open eye was not witnessed. Environment ease of movement

(people/bikes/dogs) had 100% agreement between all assessors; however, there were no scores in category 1—high

footfall. This was also true for wounds and swelling, where no ponies received a score of 0 = open wound involving

deeper tissue/muscle (acute).

The indicators that could be fully evaluated showed mixed reliability across the assessors (Table 2). Assessor 1 (primary

investigator) and Assessor 2 (equine surgeon), with n = 18 assessments, had a very good agreement between five of the

seven remaining indicators (BCS, ease of movement, social contact, and human approach), moderate agreement for

comfort around resting, and poor agreement for thermal comfort. Assessors 1 and 3 (scientist), with n = 11 assessments,

achieved good to very good reliability for social contact and human approach. However, for ease of movement, comfort

around resting, and thermal comfort, both assessors assigned scores in only one category, meaning that although they

had 100% agreement, assumptions about reliability across all categories could not be made. Finally, Assessors 1 and 4

(scientist), with n = 6 assessments, had good to very good agreement (BCS, social contact, and human approach), whilst
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thermal environment and comfort around resting had kappa scores of 0, indicating no agreement better than chance.

Indicators that achieved 100% reliability between assessors were not further investigated; details are provided in Table 3.

Table 2. κ  estimates and their 95% confidence intervals for welfare indicators in the prototype assessment, which were

tested for inter-assessor reliability between the primary investigator and each of the assessors. Assessor 1 (A1) (primary

investigator) assessed all thirty-five ponies along with one of the other assessors (A2–A4). NT—data were not able to be

tested due to an insufficient number of categories. All values of 0.61 (good) and above are shown in bold. κ  is 1 when

there was perfect agreement and 0 when there was no agreement better than chance. Interpretation is according to the

work of Altman .

Welfare Indicator Assessor Identity A1–
A4

Percentage of
Agreement κ  (95% CI) Interpretation

w/CI

BCS

1 and 2 100 1.0 (1.0–1.0) Very good

1 and 3 83 0.57 (−0.12–
1.0) Poor–Moderate

1 and 4 100 1.0 (1.0–1.0) Very good

Ease of movement (Hazards)

1 and 2 94 0.89 (0.67–1.0) Good–Very
good

1 and 3 100 - NT

1 and 4 100 - NT

Comfort around resting

1 and 2 70 0.42 (0.07–
0.76) Poor–Moderate

1 and 3 100 - NT

1 and 4 72 0.0 No agreement

Thermal environment and
comfort

1 and 2 61 0.18 (0.25–
0.61) Poor

1 and 3 100 - NT

1 and 4 81 0.0 No agreement

Social contact

1 and 2 100 1.0 (1.0–1.0) Very good

1 and 3 100 1.0 (1.0–1.0) Very good

1 and 4 90 0.65 (0.4–1.0) Poor–Good

Human approach test

1 and 2 80 0.83 (0.61–1.0) Very good

1 and 3 81 0.73 (0.32–1.0) Fair–Good

1 and 4 83 0.85 (0.63–1.0) Good–Very
good

Table 3. Welfare scores for indicators with 100% agreement listed by assessor. These indicators were excluded from

further analysis. Assessor 1 (A1) (primary investigator) assessed n = 35 ponies along with one of the other assessors; A2

(n = 18), A3 (n = 11), and A4 (n = 6).

Welfare Indicator Score A1 A2 A1 A3 A1 A4

Ocular discharge/swelling
Score: 0–2

0
1
2

1
0

17

1
0

17

0
0
6

0
0
6

0
0

11

0
0

11

Mobility
Score: 0–2

0
1
2

1
1

16

1
1

16

0
0
6

0
0
6

0
0

11

0
0

11

Skin/coat condition
(head/body) Score: 1–2

1
2

2
16

2
16

0
6

0
6

0
11

0
11

Reproductive Status
NA, A (lactating), or B (not lactating)

NA
A
B

9
2
7

9
2
7

3
1
2

3
1
2

5
2
4

5
2
4

w

w
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4. Intra-Assessor Reliability (Test/Retest)

As with the inter-assessor trial, during the test/retest phase, some of the welfare indicators were not observed (alopecia of

mane or tail, nasal discharge, and coughing). The HGS and hoof condition were not warranted because no ponies scored

a zero in any of the indicators that triggered the need to carry out the HGS. Additionally, there were no mobility scores of 0

= immobile or 1 = minor impairment during the test/retest phase. As with the inter-assessor reliability assessment, during

the test/retest phase, all ponies scored a three for water quality and availability; therefore, all categories could not be

tested for reliability but repeatability was confirmed. For the remaining indicators, the reliability of the repeated

observations by the primary investigator of the twenty ponies had mixed results. BCS, reproductive status, and skin

condition all had a kappa estimate of 1.0 (very good agreement). Wounds and swelling had fair to good agreement, as did

the ease of movement (dogs/bikes/people). Social contact had a kappa score of 0; however, the agreement was 95%,

with 19 of the 20 ponies receiving the same score in the initial and repeated welfare assessments. Similarly, comfort

around resting had a percentage agreement of 90% and no agreement for kappa, with 18 of 20 ponies receiving the same

score in the test/retest phases. All other indicators attained moderate reliability (Table 4).

Table 4. Kappa estimates and their 95% confidence intervals for welfare indicators in the prototype assessment

(test/retest reliability). All kappa values of 0.61 (good) and above are shown in bold. Interpretation is according to the work

of Altman .

Welfare Indicator Percentage of Agreement κ (95% CI) Interpretation w/CI

BCS 100 1.0 (1.0–1.0) Very good

Reproductive status 100 1.0 (1.0–1.0) Very good

Resting comfort 90 0 No agreement

Ease of movement (people and dogs) 85 0.67 (0.33–0.99) Fair–Good

Ease of movement (hazards) 85 0.40 (0.11–0.87) Poor–Moderate

Thermal environment 85 0.48 (0.10–0.85) Poor–Moderate

Skin condition head, neck, body and limbs 100 1.0 (1.0–1.0) Very good

Wounds and swelling 95 0.65 (0.25–1.0) Fair–Good

Social contact 95 0–0 No agreement

Human approach 72 0.53 (0.19–0.87) Poor–Moderate

References

1. Harvey, A.M.; Beausoleil, N.J.; Ramp, D.; Mellor, D.J. A Ten-Stage Protocol for Assessing the Welfare of Individual Non-
Captive Wild Animals: Free-Roaming Horses (Equus Ferus Caballus) as an Example. Animals 2020, 10, 148.

2. Knierim, U.; Winckler, C. On-farm welfare assessment in cattle: Validity, reliability and feasibility issues and future
perspectives with special regard to the Welfare Quality® approach. Anim. Welf. 2009, 18, 451–458.

3. Munoz, C.; Campbell, A.; Hemsworth, P.; Doyle, R. Animal-Based Indicators to Assess the Welfare of Extensively
Managed Ewes. Animals 2018, 8, 2.

4. Ohl, F.; Putman, R. The Biology and Management of Animal Welfare; Whittles Publishing Ltd.: Scotland, UK, 2018; p.
66.

5. Sterling, P. Principles of Allostasis: Optimal Design, Predictive Regulation, Pathophysiology, and Rational Therapeutics.
In Allostasis, Homeostasis, and the Costs of Physiological Adaptation; Schulkin, J., Ed.; Cambridge University Press:
Cambridge, UK, 2004; pp. 17–64.

6. Whaytt, H.R.; Main, D.C.J.; Green, L.E.; Webster, A.F.J. Animal-based methods for the assessment of welfare state of
dairy cattle, pigs, and laying hens: Consensus of expert opinion. Anim. Welf. 2003, 12, 205–217.

7. Battini, M.; Barbieri, S.; Vieira, A.; Stilwell, G.; Mattiello, S. 2016 Results of testing the prototype of the AWIN welfare
assessment protocol for dairy goats in 30 intensive farms in Northern Italy. Ital. J. Anim. Sci. 2016, 15, 283–293.

8. Welfare Quality. Assessment Protocol for Cattle; Welfare Quality: Lelystad, The Netherlands, 2009.

[28]



9. Barnard, S.; Pedernera, C.; Candeloro, L.; Ferri, N.; Velarde, A.; Dalla Villa, P. 2016 Development of a new welfare
assessment protocol for practical application in long-term dog shelters. Vet. Rec. 2016, 178, 18.

10. Hawkins, P.; Morton, D.B.; Burman, O.; Dennison, N.; Honess, P.; Jennings, M.; Lane, S.; Middleton, V.; Roughan, J.V.;
Wells, S.; et al. A guide to defining and implementing protocols for the welfare assessment of laboratory animals:
Eleventh report of the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. Lab. Anim. 2011, 45, 1–
13.

11. Harley, J.; Clark, F.E. BIAZA Animal Welfare Toolkit; BIAZA: London, UK, 2019.

12. Yon, L.; Williams, E.; Harvey, N.D.; Asher, L. Development of a behavioral welfare assessment tool for routine use with
captive elephants. PLoS ONE 2019, 14, e0210783.

13. Wolfensohn, S.; Shotton, J.; Bowley, H.; Davies, S.; Thompson, S.; Justice, W.S. Assessment of welfare in zoo
animals: Towards optimum quality of life. Animals 2018, 8, 110.

14. Kagan, R.; Carter, S.; Allard, S. A Universal Animal Welfare Framework for Zoos. J. Appl. Anim. Welf. Sci. 2015, 18,
S1–S10.

15. Kaurivi, Y.; Laven, R.; Hickson, R.; Stafford, K.; Parkinson, T. Identification of suitable animal welfare assessment
indicators for extensive beef systems in New Zealand. Agriculture 2019, 9, 66.

16. Turner, S.P.; Dwyer, C.M. Welfare assessment in extensive animal production systems: Challenges and opportunities.
Anim. Welf. 2007, 16, 189–192.

17. Hobbs, R.J.; Hinds, L.A. Could current fertility control methods be effective for landscape-scale management of
populations of wild horses (Equus caballus) in Australia? Wildl. Res. 2018, 45, 195–207.

18. BLM. 2020. Available online: (accessed on 20 June 2021).

19. Dalla Costa, E.; Murray, L.; Dai, F.; Canali, E.; Minero, M. Equine on-farm welfare assessment: A review of animal-
based indicators. Anim. Welf. 2014, 23, 323–341.

20. Horseman, S.V.; Buller, H.; Mullan, S.; Whay, H.R. Current welfare problems facing horses in Great Britain as identified
by equine stakeholders. PLoS ONE 2016, 11, 8.

21. Spratling, B. Bureau of Land Management Wild Horse and Burro Program: Welfare on the Range. Proc. Am. Assoc.
Equine Pract. 2012, 58, 309–311.

22. Pritchard, J.C.; Lindberg, A.C.; Main, D.C.; Whay, H.R. Assessment of the welfare of working horses, mules and
donkeys, using health and behaviour parameters. Prev. Vet. Med. 2005, 69, 265–283.

23. Livestock Research Welfare Monitoring System: Assessment Protocol for Horses. (Rapport/Wageningen UR Livestock
Research; No. 569). 2012 Wageningen UR Livestock Research. Available online: (accessed on 20 June 2021).

24. Dalla Costa, E.; Dai, F.; Lebelt, D.; Scholz, P.; Barbieri, S.; Canali, E.; Minero, M. Welfare assessment of horses: The
AWIN approach. Anim. Welf. 2016, 25, 481–488.

25. Viksten, S.; Visser, E.; Nyman, S.; Blokhuis, H. Developing a horse welfare assessment protocol. Anim. Welf. 2017, 26,
59–65.

26. Sommerville, R.; Brown, A.F.; Upjohn, M. A standardised equine-based welfare assessment tool used for six years in
low and middle income countries. PLoS ONE 2018, 13, e0192354.

27. Dalla Costa, E.; Minero, M.; Lebelt, D.; Stucke, D.; Canali, E. Development of the Horse Grimace Scale (HGS) as a
Pain Assessment Tool in Horses Undergoing Routine Castration. PLoS ONE 2014, 9, e92281.

28. Altman, D.G. Practical Statistics for Medical Research; Chapman and Hall: London, UK, 1991.

Retrieved from https://encyclopedia.pub/entry/history/show/28753


