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Five Freedoms for animal welfare

1. Freedom from thirst, hunger and malnutrition - by ready access to fresh water and a diet 

to maintain full health and vigor. 

2. Freedom from discomfort - by providing a suitable environment including shelter and a 

comfortable resting area. 

3. Freedom from pain, injury and disease - by prevention or rapid diagnosis and treatment. 

4. Freedom to express normal behavior - by providing sufficient space, proper facilities and 

company of the animals’ own kind. 

5. Freedom from fear and distress - by ensuring conditions that avoid mental suffering.

Farm Animal Welfare Council, 1979.



Quality of life is a fundamentally biological condition

“I am the sum total of everything that went before 

me, of all I have been seen done, of everything done-

to-me. I am everyone everything whose being-in-the-

world affected was affected by mine. I am anything 

that happens after I'm gone which would not have 

happened if I had not come.”

― Salman Rushdie, Midnight's Children

http://www.earthsci.org/space/space/geoti

me/dendro/dendro.html

-Physical

-Physiological

-Psychological

https://www.goodreads.com/work/quotes/1024288
http://www.earthsci.org/space/space/geotime/dendro/dendro.html


Approaches to animal welfare can be resource-

based or outcome-based

Resources Outcomes
Environmental Animal

Outcome-based measure: Measure that is the accumulation, 

or result, of multiple resources.

-Feed

-Genetics

-Space

-Lighting

-Ventilation

-Medication

-Litter substrate

-Air quality

-Litter quality

- Behavior

- Mortality

- Disease

- Body condition



Some welfare programs are resource-based

https://globalanimalpartnership.org/standards/chicken/

https://globalanimalpartnership.org/standards/chicken/


Other welfare programs are primarily outcome-

based



Leadership by Egg Farmers for Egg Farmers

List of Outcome-based Measures

Outcome based measures listed in the DRAFT OIE (World Animal Health Organization) 

hen welfare standards (validation may still be needed)

Behavioral Body condition
Dust Bathing Foot problems
Fear Injury rate and severity
Feeding and drinking Performance
Foraging Water and feed consumption
Injurious pecking Eye abnormalities
Locomotor and comfort Incidence of disease, infections, 

metabolic disorders, and
infestations

Nesting
Perching
Resting/sleeping Mortality, culling, and morbidity
Social Plumage condition
Spatial distribution
Thermoregulatory
Vocalization

Source: Courtesy of Dr. Larry Sadler, UEP



Leadership by Egg Farmers for Egg Farmers

Which Outcome-based Measures Should be Further Examined?

Ease of data collection
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The Hypothalamic-Pituitary-Adrenal (HPA) Axis initiates biological responses that 

counteract stressors

Corticocosterone levels (serum, feces, or 

feathers)1 may reflect stress, but with limitations2

● Immunosuppression: Heterophil:Lymphocyte

ratios

● Inflammatory responses: IL-6 and acute 

phase proteins

● Neurotransmitter depletion: serotonin and 

dopamine

2Hart, K. A. (2012). The use of cortisol for the objective assessment of stress in animals: Pros and 

cons. The Veterinary Journal, 192(2), 137–139. https://doi.org/10.1016/j.tvjl.2012.03.016

1Weimer, S. L., Wideman, R. F., Scanes, C. G., Mauromoustakos, A., Christensen, K. D., & Vizzier-

Thaxton, Y. (2018). An evaluation of methods for measuring stress in broiler chickens. Poultry 

Science, 97(10), 3381–3389. https://doi.org/10.3382/ps/pey204

https://doi.org/10.1016/j.tvjl.2012.03.016
https://doi.org/10.3382/ps/pey204


Visual Retinal Photoreception (through the eyes)

rod          violet      blue     green     red    double

cones

Rod = Detects Low Intensity Light

Cone = Detects Color under higher intensities

Source: “Avian Cone Photoreceptors Tile the Retina as Five Independent, Self-Organizing Mosaics”   Yoseph A. Kram, Stephanie Mantey, Joseph C. Corbo, 2010

Birds are Tetrachromatic

Humans are Trichromatic



A world devoid of a full color gamut is dull.



UVA vision plays an important role in social 

and feeding behaviors

Flint, S.D., Caldwell, M.M., 1998. Solar UV-B and visible radiation in tropical forest gaps: 

measurements partitioning direct and diffuse radiation. Global Change Biology 4, 863–870. 

Jones, E., Prescott, N.B., Wathes, C.M., Cook, P., 1999. Social signalling in the domestic 

fowl: Role of UV A light in mating and mate choice. British Poultry Science 40, 12–14. 

Rubene, D., Håstad, O., Tauson, R., Wall, H., Ödeen, A., 2010. The presence of UV 

wavelengths improves the temporal resolution of the avian visual system. Journal of 

Experimental Biology 213, 3357–3363. 

Bartels, T., Lütgeharm, J.-H., Wähner, M., Berk, J., n.d. UV reflection properties of plumage 

and skin of domesticated turkeys (Meleagris gallopavo f. dom.) as revealed by UV 

photography. Poult Sci. 

Eaton, M.D., Lanyon, S.M., 2003. The ubiquity of avian ultraviolet plumage reflectance. Proc 

Biol Sci 270, 1721–1726.



Pullets prefer to spend more time under UV-A lights

Research conducted at Iowa State University by 

Kai Liu and Hongwei Xin:

P<0.01

P<0.01
*Under non-choice experiment: 

No apparent differences 

observed in weight gain, total 

feed consumed, FCR, activity 

levels, or eye conditions.



Broiler welfare is improved under UV-A

-Reduced stress biomarkers:

3X less corticosterone

2X lower H:L ratio

lower body asymmetry

-Reduced fear responses
Lower tonic immobility times

Fewer inversion wing flaps

Research conducted at Texas A&M University by Gregory 

Archer (unpublished) showed that supplementing with UV-A:



Who should assess the outcomes?

Auditor vs. Automation

-Low throughput

-Expensive

-Low granularity in scoring

-Inconsistency between and 

within personnel

-Digitization requires 

additional steps

-Adds “human” to “humane”

-Expertise adds flexibility

-Often high throughput

-Costs can be brought down with scale

-High granularity in scoring

-Consistent across subjects

-Digitization is built-in

-Rigid (less flexible)

-Often the technology doesn’t yet exist.

-Both require accurate training!



Gait analysis can be automated.

https://www.tekscan.com/products-solutions/animal-gait-analysis
Makagon, M. M., Woolley, R., & Karcher, D. M. (2015). 

Assessing the waddle: An evaluation of a 3-point gait 

score system for ducks. Poultry Science, 94(8), 1729–

1734. https://doi.org/10.3382/ps/pev151

https://www.tekscan.com/products-solutions/animal-gait-analysis
https://doi.org/10.3382/ps/pev151


Computer vision has great promise for automating 

body condition and behavior assessments

Foot burn scores

Department for Environmental Food and Rural Affair, UK

Hock burn scores Plumage condition

Welfare Quality Network | Reports, from http://www.welfarequality.net/en-us/reports/

http://www.welfarequality.net/en-us/reports/


Looking to the medical industry for imaging 

technologies

● Ascites, hepatitis, synovitis, enteritis (ultrasound, 

MRI)

● Limb, wing, keel bone fractures (X-rays)

● Carcass characteristics, body asymmetry (X-

rays)

These assessments would be done post-mortem (on 

the processing line)

http://www.planautomation.com/blog/using-x-ray-

inspection-to-make-chicken-bone-detection-easy

http://www.planautomation.com/blog/using-x-ray-inspection-to-make-chicken-bone-detection-easy


Thinking “outside the box” for behavioral 

assessment

Buschmann, J.-U. (1999). A Comparative Study of Operant 

Conditioning and Extinction in Wistar Rats and Chickens.



Gene expression or metabolite assays can offer insights into 

the physiology of the animal

https://www.bio-rad.com/en-us/applications-technologies/what-

gene-expression-analysis?ID=LUSNINKSY

https://www.abcam.co.jp/kits/elisa-principle

https://www.bio-rad-antibodies.com/an-

introduction-to-elisa.html

https://www.bio-rad.com/en-us/applications-technologies/what-gene-expression-analysis?ID=LUSNINKSY
https://www.abcam.co.jp/kits/elisa-principle
https://www.bio-rad-antibodies.com/an-introduction-to-elisa.html


Gene expression as an indicator of welfare: Example 1

“Stress was induced with the TSST, a standardized 15-min laboratory stress protocol, which consists of 

a mock job interview and an unanticipated mental arithmetic task”

Schwaiger, M., Grinberg, M., Moser, D., Zang, J. C. S., Heinrichs, M., Hengstler, J. G., … Kumsta, R. 

(2016). Altered Stress-Induced Regulation of Genes in Monocytes in Adults with a History of 

Childhood Adversity. Neuropsychopharmacology, 41(10), 2530. https://doi.org/10.1038/npp.2016.57

https://doi.org/10.1038/npp.2016.57


Gene expression as an indicator of welfare: Example 2

Gray, J. D., Rubin, T. G., Hunter, R. G., & McEwen, B. S. (2014). Hippocampal gene expression 

changes underlying stress sensitization and recovery. Molecular Psychiatry, 19(11), 1171–1178. 

https://doi.org/10.1038/mp.2013.175

FST= Forced Swim Test CRS= Chronic Restraint Stress

Cort= daily cortisol injections

https://doi.org/10.1038/mp.2013.175


Gene expression as an indicator of positive welfare

Kang, S. W., Christensen, K. D., Aldridge, D., & Kuenzel, W. J. (2020). Effects of light intensity and 

dual light intensity choice on plasma corticosterone, central serotonergic and dopaminergic activities in 

birds, Gallus gallus. General and Comparative Endocrinology, 285, 113289. 

https://doi.org/10.1016/j.ygcen.2019.113289

serotonin biosynthesis
dopamine biosynthesis

“It is widely accepted that good 

welfare of animals is not simply the 

absence of negative experiences, 

but rather is primarily the presence 

of positive experiences such as 

pleasure ... 

…Many studies have proposed that 

serotonin (5-HT) and dopamine 

(DA) could serve as positive 

indicators in assessing animal 

welfare.”

“Taken together, these results 

suggest that the compensatory 

down-regulation 5-HTergic and 

DAergic activities in the Ventral 

Tegmental Area of Dual Light 

Intensity Choice (DLIC) lighting 

program treated birds may be 

associated with the welfare of avian 

species.

https://doi.org/10.1016/j.ygcen.2019.113289


Human psychology research: Affective states

*Marino, L. (2017). Thinking chickens: A review of 

cognition, emotion, and behavior in the domestic chicken. 

Animal Cognition, 20(2), 127–147. 

https://doi.org/10.1007/s10071-016-1064-4

There is sparse research on poultry affective 

states, but a recent review* outlines evidence of 

“emotions” exhibited by chickens:

• Fear

• Anticipation

• Cognitive biases

• Emotional contagion

• Empathy

https://doi.org/10.1007/s10071-016-1064-4


Validation is important to ensure that assays reflect the 

animals’ experiences

● Ethical considerations

● Biotechnology again to the rescue!
○ Correlational analysis of big data sets

Perrin-Terrin, A.-S., Jeton, F., Pichon, A., Frugière, A., Richalet, J.-P., Bodineau, 

L., & Voituron, N. (2016). The c-FOS Protein Immunohistological Detection: A 

Useful Tool As a Marker of Central Pathways Involved in Specific Physiological 

Responses In Vivo and Ex Vivo. JoVE (Journal of Visualized Experiments), 

(110), e53613. https://doi.org/10.3791/53613

fMRI imaging Immediate early gene staining

Kragel, P. A., & LaBar, K. S. (2016). Decoding the Nature of Emotion in 

the Brain. Trends in Cognitive Sciences, 20(6), 444–455. 

https://doi.org/10.1016/j.tics.2016.03.011

https://doi.org/10.3791/53613
https://doi.org/10.1016/j.tics.2016.03.011


Can overall animal welfare be captured by a single 

scoring system?

Welfare Score

Integrator

Farm

Bird

8.7/10

9.5/10

9.1/10

Criterion 1

Criterion 2

Criterion 3

Criterion n

Welfare Score

Directs customer to 

additional statistics



Leadership by Egg Farmers for Egg Farmers

Technology plays three distinct roles in Animal Welfare 

Ease of data collection
DifficultEasy
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Technology plays three distinct roles in Animal Welfare 
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Technology to 
improve resource 

management



• IPWA https://www.poultrywelfare.org/

• Dr. Janet Helms and Dr. Priya Motupalli, IKEA

• Dr. Larry Sadler, United Egg Producers

• Dr. Karen Christensen, Tyson

• Dr. Kai Liu and Dr. Hongwei Xin, Iowa State University

• Dr. Gregory Archer, Texas A&M University
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