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DEPOPULATION

Depopulation is defined as the mass killing of large 

numbers of animals, typically occurring in response to 

urgent or emergency situations, including infectious 

disease outbreaks and both natural and manmade 

disasters 

A depopulation typically refers to the killing of all animals 

residing at a single location, such as a farm



Depopulation
Natural disaster 2018

The need for mass depopulation strategies



Depopulation
Covid-19 pandemic 

The need for mass depopulation strategies



The need for mass depopulation strategies

Depopulation
Avian influenza seasonal outbreaks (2014 onwards)



The need for mass depopulation strategies

Depopulation
Latest threat: African Swine Fever

In 2024 alone there have been 
over 1500 reported outbreaks in 
wild boar and about 40 outbreaks 
in domestic pigs

Source: FAO

Red = wild boar
Blue = domestic



Depopulation
Furture threats…

The need for mass depopulation strategies



DEPOPULATION AND 
ANIMAL WELFARE

• Should the welfare standards required of emergency 
killing be equivalent to routine slaughter?

• May not be achievable due to inexperienced operators, 
time pressure, non-standardised conditions and need to 
protect human health 

• In the EU, emergency plans expected to ‘achieve a 
humane death similar to slaughter’

• Some diseases could cause severe symptoms, and mass 
culling may be in the animals’ own interests

• Large numbers of healthy animals are killed in an 
exclusion zone, providing impetus to choose methods 
causing the least welfare harm 



• Practicality

• Availability for rapid deployment

• Cost

• Disease transmission risk

• Welfare consequences

CONSIDERATIONS



CHALLENGES



VENTILATION SHUTDOWN

European Food Safety Authority (EFSA) specifically recommends against 

using VSD methods for depopulation of both poultry and pigs 

Reyes-Illg G, Martin JE, Mani I, Reynolds J, Kipperman B. Animals. 2023; 13(1):140. https://doi.org/10.3390/ani13010140

Baysinger, A., Senn, M…& Pairis-Garcia, M. (2021). Journal of the American Veterinary Medical Association, 259(4), 415-424.
EFSA Panel on Animal Health and Welfare (AHAW), Nielsen, S. S., Alvarez, J... & Spoolder, H. (2022). EFSA Journal, 20(8), e07421.

https://doi.org/10.3390/ani13010140


FOAM

• Mixture of water, foam 

concentrate and gas

• Described by expansion ratio 

– ratio of foam volume 

formed to volume of solution 

used 
• Low expansion 2-10:1

• Medium expansion 20-200:1

• High expansion >200:1



HIGH EXPANSION N2-FILLED 
FOAM

• Occlusion not acceptable in Europe – welfare concerns 

• Also concerns about shortages of CO2 – need for an inert 

gas-based depopulation method

• High expansion gas filled foam proposed in 2008 – 

expansion ratio >300:1

• Aim to envelope the bird with foam, displacing oxygen in 

the immediate environment

• Animals exposed to high expansion air filled foam do not 

die



HIGH EXPANSION N2-FILLED FOAM

• Designed and built small laboratory 
scale prototype

• Tested individual birds (broilers, hens, 
turkeys and ducks) 

• Tested CO2 and nitrogen

• Tested groups of birds under controlled 
conditions

• Full scale trials funded by DEFRA  and 
the UK poultry industry



HIGH EXPANSION N2-FILLED FOAM



HIGH EXPANSION N2-FILLED FOAM

IsoelectricSuppressedTransitional

65.7 ± 11.530.1 ± 6.89.8 ± 2.8
Hens
Mean(± SD)

46.9 ± 8.3 17.6 ± 3.58.3 ± 4.4 
Broilers
Mean(± SD)

Time taken (s) to reach EEG phases in relation to submersion

McKeegan et al (2013) Poultry Science 92:1145-1154



HIGH EXPANSION N2-FILLED FOAM

• Immersion in high expansion foam filled with 

nitrogen or CO2  achieved a rapid death, with 

broadly similar responses in all species

• Carbon dioxide was slightly faster acting, little 

response to immersion in air filled foam

• Behavioural responses included headshaking, loss 

of posture and vigorous wing flapping 

characteristic of anoxic death

• Mean time to loss of consciousness was 30s in 

hens and 18s in broilers



HIGH EXPANSION N2-FILLED FOAM

IsoelectricSuppressedTransitionalTime to reach EEG phases*

39.8 ± 3.024.1 ± 5.85.8 ± 2.040kg / m2 Mean ± SD

51.7 ± 14.819.7 ± 6.54.2 ± 3.350kg / m2 Mean ± SD

Total duration 

(s)

Number of 

bouts
Flap onset (s)*Wing flapping

14.8 ± 5.93.2 ± 0.83.8 ± 2.340Kg / m2 Mean ± SD

13.9 ± 4.73.3 ± 1.75.1 ± 5.050Kg / m2 Mean ± SD

*in relation to submersion
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HIGH EXPANSION N2-FILLED FOAM



HIGH EXPANSION N2-FILLED FOAM

• Demonstration Trials (March & November 2023) 

commissioned by APHA

• Conducted in empty poultry sheds and sheds 

containing live broiler breeders, under field 

conditions

• Birds displayed minimal distress; some moved 

mildly in response to the foam, with no significant 

panic behaviour observed.

• Birds' recumbent and still upon foam contact; 

footage confirmed complete, humane coverage.

• No evidence of bird smothering or bunching; 

carcasses were evenly distributed.

• Field trials confirmed technical feasibility and 

welfare benefits, with foam achieving humane 

depopulation effectively and efficiently.



HIGH EXPANSION N2-FILLED FOAM

• High-expansion nitrogen foam is an effective and 

welfare-advantageous method for culling poultry, 

particularly in disease control scenarios (e.g., avian 

influenza).

• Offers benefits over CO₂ whole-house gassing (WHG) 

and containerized gassing units (CGUs) due to reduced 

bird handling.

• Proven effective for litter-based broilers, breeders, meat 

turkeys, and ducks.

• Field trials needed for alternative housing types and 

other bird species.

• Foam should ideally form a wave from both ends of the 

shed to ensure even coverage and prevent bird 

bunching.

• Government authorization for use in emergency disease 

control.

✓ EEG data – time to LOC

✓ Behavioural data – time to LOC + minimal 

signs of aversion

✓ Pathology data – no occlusion of airways

✓ Tested in multiple



HIGH EXPANSION N2-FILLED FOAM



HIGH EXPANSION N2-FILLED FOAM

• High-expansion nitrogen foam is an effective method 

for culling pigs

• Behavioural LOC in ~58s

• 80% of pigs performed escape attempts

• 95% of pigs performed high-pitch vocalisations

• Startle responses when exposed to gas pulse

• Elevated HR indicative of stress response



HIGH EXPANSION N2-FILLED FOAM

✓ EEG data – time to LOC

✓ Behavioural data – time to LOC

✓ minimal signs of aversion

✓ Pathology data – occlusion of airways (?)

✓ Tested in pigs (15-41 kg) only



HIGH EXPANSION N2-FILLED FOAM

✓ EEG data – time to LOC

✓ Behavioural data – time to LOC

✓ minimal signs of aversion

✓ Pathology data – occlusion of airways (?)

✓ Tested in pigs (15-41 kg) only

Why size of bubbles matters?



HIGH EXPANSION N2-FILLED FOAM

• Animal Welfare Compliance: High expansion N2-filled foam meets or 

exceeds EU welfare standards for pigs and poultry in depopulation 

scenarios. However, its use is limited to specific animal categories and 
conditions.

• Welfare Hazards: Works by displacing oxygen with nitrogen, creating an 

anoxic environment. Welfare risks arise from the initial foam contact, with 

pigs and poultry showing discomfort (e.g., head shaking, escape attempts) 

before the nitrogen release.
• Equivalence to Other Methods: Provides comparable welfare protection to 

high-concentration CO₂ exposure, though data on animal responses remain 

qualitative, due to significant lack of quantitative data.

• Technical Requirements: For effective application, must maintain specific 

parameters like foam expansion ratio and exposure times (5 minutes for 
poultry, 7 minutes for pigs).

• Limitations in Data: Data gaps include insufficient evidence linking 

neurological and behavioural indicators of unconsciousness, especially for 

species like ducks and turkeys and pigs >40kg
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Thank you!
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