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Abstract
As commissioned by the Federation of European Laboratory Animal Science Associations, these working
group recommendations define the requirements to achieve the humane killing of fish, compare methods of
killing, recommend methods of killing depending on context, and detail protocols leading to good practice.
With a review of current practices in a fish laboratory and available literature to guide the recommendations,
the concept of ideal euthanasia is discussed, and the dilemma of a prompt but stressful death versus a slow
but stress-free experience is introduced. Noticeably, the context of fish killing varies widely whether to satisfy
European Directive requirements, efficacy for species and/or developmental stages, scientific needs, health
and safety, or animal welfare. Examples in the recommendations are based on the most common laboratory
fish species, such as zebrafish Danio rerio, and the most commonly used methods of killing, such as over-
dose of anaesthesia, hypothermic shock, electrical stunning, and concussion – percussive blow to the head.
Practical applications of completion of death, refinements, and protocols for good practice are proposed for
all developmental stages and depending on the potential fate of the carcass as a scientific sample.
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Introduction

Fish have become a major animal model in biomedical

research. The termination of life (i.e. killing) of the lab-

oratory animals on welfare grounds or for the purpose

of sampling is unavoidable. The process should follow

the ethical principles suggested by the Greek etymology

of the word euthanasia: ‘good death’ or humane kill-

ing, i.e. death must be induced and completed without

causing distress, suffering, or pain. The European

Directive 2010/63/EU1 lists some methods of humane

killing for laboratory fish. Member states, research

establishments, and scientific projects may allow or

require other techniques, based on scientific needs,

health and safety recommendations, or animal welfare

experimental data. For example, some fish species dis-

play aversion towards the most used chemical anaes-

thetics.2–4 The alternatives are physical methods (such

as concussion, electrical stunning, or hypothermic

shock), which perceived speeds of action (i.e. the time

between procedure and assumed loss of consciousness)
seem fast enough to prevent any prolonged discomfort.
However, these methods could induce a short discom-
fort. Moreover, humane killing should be a painless
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experience, but not necessarily a short one.5 Could
humane killing be slow if it remains a stress-free, peace-
ful, and relaxing experience? Humane means that the
killing should be performed with compassion and
benevolence. Therefore, in any case, which methods
of fish euthanasia would be deemed good practice?

Aims of the working group

To address these questions, the Federation of
European Laboratory Animal Science Associations
(FELASA) constituted a working group to recommend
choices of techniques depending on the species, the
stage of development, staff and environment safety,
the fate of the carcass, the reliability and efficacy of
the protocol, and animal welfare cost. The aim of the
working group was to propose good practice guidance
on all available chemical and physical methods of
humane killing of laboratory fish, focusing on practices
in the laboratory. The working group did not consider
fishing practices for the purpose of meat harvesting or
angling, or issues related to the non-availability of
anaesthetics in some countries. The initial step of the
working group was to collect information on current
practices, in order to identify the list of fish species used
in the laboratory and the most relevant issues regarding
laboratory fish humane killing. In this document, first,
the main results of a survey on euthanasia practices in
European and North American laboratories are
described.4 Second, the completion of death is addressed,
before humane killing is discussed with the concept of
ideal fish euthanasia. Finally, recommendations for
good practice of physical (hypothermic shock, electrical
stunning, concussion/percussive blow to the head) and
chemical (e.g. anaesthesia) methods and their completion
are detailed.

Survey on laboratory fish euthanasia

An electronic survey regarding species used for
research, methods of euthanasia, health monitoring,
and biosecurity in fish laboratories was conducted
during winter 2018.4 A total of 145 laboratories from
23 countries participated, including 111 from Europe
and 24 from North America. A wide range of fish spe-
cies was declared used for biomedical research, and the
most common species was the zebrafish (Danio rerio),
mentioned by 86% of the responding laboratories.
Euthanasia of zebrafish will therefore be specifically
discussed in this manuscript.

Regarding methods of euthanasia, the survey results
revealed that the majority of respondents killed fish
using an anaesthetic overdose, with tricaine (also
known as MS222) being the most common anaesthetic
agent. About one-third of laboratories killed fish with

a hypothermic shock, all of which held zebrafish or
medaka (Oryzias latipes). Concussion/percussive blow
to the head was performed in 22% of the responding
facilities, including mainly laboratories using larger fish
such as Atlantic cod (Gadus morhua). Only 3% of the
respondents electrically stunned fish.

As defined by the Directive 2010/63/EU,1 death
shall be confirmed using an adjunctive method.
According to the survey participants, completion meth-
ods were not performed by 42% for adult fish and by
70% for fry capable of independent feeding. This seems
to be in breach of compliance, although the survey did
not allow collection of further details or analysis. Still,
it is difficult to analyse the causes for such a high level
of worrying answers from the participants. One obvi-
ous reason is the lack of publications on successful
protocols for fish euthanasia. In consequence, labora-
tories who optimize euthanasia protocols, either for
untested species or with new information for already
well documented species, are encouraged to publish
these, as it will save time, resources, and animal life
(Refine, Reduce) for other laboratories, reduce non-
protocol variation, and improve reproducibility and
compliance.

Completion of death

Defining the sequence between completion of death
and sampling is essential to preserve fish welfare and
sample quality, even if the criteria indicating death is
reached can be difficult to determine. For example, fish
exhibiting ceased opercular movement may still elicit
flight reflexes, indicating that some neural activity
remains.6,7 An animal appearing unconscious might
simply be unable to move, e.g. due to chemicals pre-
venting neuromuscular action or physical restraint in
chilled water. Safety margins must therefore be applied,
and fish must not be able to recover from euthanasic
procedures. Consequently, once all reflexes (including
the startle reflex)7 have permanently disappeared, the
process of euthanasia must be completed by destruc-
tion of the brain or by confirming the permanent ces-
sation of blood circulation. The latter can be achieved
by ablation of the gills (a more practical approach for
bigger fish) or by cutting through the fish to severe the
dorsal aorta (e.g. decapitation or severing the caudal
peduncle; see Figure 1).

The choice of completion method often depends on
whether the time frame to death completion must be
shortened because fresh samples are requested, for
experimental or health monitoring purposes. For
example, only fresh samples can be fixed for histopa-
thology whereas polymerase chain reaction (PCR) can
often be performed on samples of lesser quality.8–9

Taking the example of fixing a zebrafish for
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histopathology, the steps could consist of: (a) The killing

– induction of euthanasia and confirmation of cessation

of all reflexes; (b) The completion – after a further

5–10min in euthanasic condition (e.g. anaesthetic

bath), complete the killing by severing the caudal pedun-

cle caudally to the anal fin (this also removes the tail to

facilitate formalin diffusion; see Figure 1); (c) The sam-

pling – nick the coelomic cavity wall to facilitate forma-

lin diffusion and set the dead fish in a formalin pot.
Whether fresh samples are required or not, fish must

remain in their euthanasic environment (e.g. anaesthetic

bath) until death is completed, i.e. rigor mortis onset is

confirmed or the permanent cessation of blood circula-

tion and of all reflexes is confirmed and non-reversible.1

In practice, this can be achieved by following a few

steps: (a) The killing – after induction of euthanasia,

confirm fish lost opercula movement; (b) Keep fish in

the euthanasic condition (e.g. anaesthetic bath) long

enough to reach a lethal overdose and warrant non-

recovery (e.g. this period can be prolonged overnight

as long as anaesthetic potency is preserved); (c) The

completion – perform destruction of the brain or con-

firm the permanent cessation of blood circulation or

keep fish in the euthanasic condition during destruction

of the fish carcass (e.g. maceration, freezing) without

interruption of the euthanasic condition in order to pre-

vent any risk of recovery.
More generally, the euthanasia protocol of choice

may depend on whether the fish tissue will be used

for specific assays. In all cases, the method of euthana-

sia must be reliable enough to ensure death is achieved

promptly and/or free of distress and pain. One appli-

cation is concussion or percussive blow to the head

promptly followed by destruction of the brain by pith-

ing (‘Ikejime’). Here, as a final step, spine pithing

(‘Tanaguchi’) is also recommended to ensure no central

nervous system remains active.10 Another completion

challenge is raised with embryonic and larval forms in

which the heartbeat may stop but recover after removal

of the euthanasic condition.11 In such forms, comple-

tion of death may be achieved only by destruction of

the carcass or the central nervous system. Note that

heart beating in adults is not always indicative of life
either, because myocardial contractions may continue
for up to 4 hours in decapitated goldfish.12

Requirements for ideal fish euthanasia

Completion is only one of several challenges associated
with the current available legislation for fish euthanasic
procedures. With over 30,000 fish species documented
to date, the differences in size, physiology, and living
conditions exclude the possibility of a single euthanasia
protocol suitable for all species. Furthermore, within
species, one protocol may not be suitable for all life
stages. While the number of species subjected to labo-
ratory experiments is only a fraction of the total
number, there are still considerable interspecies differ-
ences that need to be taken into consideration. The opti-
mal euthanasic procedure for the individual species and
life stage in question should therefore be assessed on a
small group of animals before upscaling. The require-
ments of an ideal protocol are discussed below and sum-
marized in Table 1. Each method is then assessed
against these requirements in corresponding tables.

Choice of euthanasic method could affect
experimental outcome

Fish are used in a wide variety of research studying
behaviour, genetics, development, neuroscience, repro-
duction, carcinogenesis, toxicology, nutrition, and
more. In some studies, all data are gathered while the
animal is still alive, whereas in others, the animal or its
tissues are utilized post mortem. In the latter case,
physiological characteristics of the cells, gene expres-
sion levels, hormone levels or else may need to be con-
served through the euthanasic procedure. Depending
on the endpoints of a given experiment, it can therefore
be of crucial importance that the method does not
affect experimental outcome, e.g. by stressing the
animal, mechanically damaging cells/tissue, or inducing
cytotoxicity. As an example, if the experimental end-
point is brain histology, then concussion could be a
detrimental choice of euthanasic method.

Figure 1. Zebrafish killed by overdose of anaesthesia completed by severing of the caudal peduncle.

Mocho et al. 3



602	 Laboratory Animals 59(5) 

Applying the 3Rs (Replace, Reduce, Refine; first

described by Russel and Burch (1959))13 is a goal for

all stages of animal care and use. Optimizing the eutha-

nasia protocols to individual species and life stages

will minimize the adverse impact on the animals

(Refinement). Table 2 gives further tips to refine the pro-

cess.14 Furthermore, standardizing and carefully choos-

ing a method of euthanasia that does not affect the

experimental outcome will make results more easily

reproducible across laboratories and Reduce the

number of animals used for research. Similarly, the

ideal euthanasic procedure should be easily reproducible

so that it reduces the variation of experience and out-

come between individuals. The reproducibility of the

technique is characterized by its reliability. The proce-

dure is deemed reliable when death is consistently

achieved for all individuals within a short time frame,

in an irreversible manner. A reliable procedure should

also be easy to perform with a low risk of error, in all

circumstances. The reliability of methods first selected

by literature review should be tested and validated

in-house before large scale experimental use to adjust

for possible species or strain differences or other

conditions.

Animal welfare during the euthanasic
procedure

Fish are vertebrates protected by legislation and, as

sentient animals, must be treated with the same consid-

eration and care as mammals.1 To optimize animal

welfare throughout the euthanasic procedure, including

during the events leading to slaughter, stress and han-

dling should be kept to a justifiableminimum. While

some handling might be unavoidable, such as netting

fish from a tank, or specifically demanding (e.g. con-

cussion), careful planning and training will ensure a

swifter and more gentle process. Further, it is crucial

that the euthanasia protocol is optimized for the indi-

viduals at hand. For instance, there is evidence that the

commonly used anaesthetic tricaine induces aversive

behaviour in several fish species.3,15–18 Using an

unsuited protocol may therefore lead to unnecessary

and unacceptable distress for the animal. For euthana-

sia to be humane, the loss of consciousness should pre-

cede the loss of motor activity (muscle movements).
In addition to species, the age of the animal needs to

be taken into consideration as methods may work dif-

ferentially at different life stages. For instance, while

hypothermic shock kills adult zebrafish in a matter of

seconds, zebrafish larvae can still recover after

60min.18,19 The ideal euthanasia protocol should induce

unconsciousness or death instantly, without signs of dis-

tress, panic, or pain. In absence of an ideal solution,

Table 1. Requirements for an ideal euthanasic procedure
for laboratory fish.

1. Requirements concerning animal welfare during
euthanasia:
1.1 Events leading up to the procedure should be as

stress-free as possible
1.2 The procedure should be appropriate for species,

size, and developmental stage of the individual
animal

1.3 The procedure should induce rapid unconsciousness
1.4 Death should be achieved without any sign of panic,

pain, or suffering
1.5 The procedure should not allow recovery
1.6 The outcome of the procedure should be reliable and

reproducible
1.7 The procedure should be performed by skilled, pro-

fessional, and compassionate operators
2. Requirements concerning the management, preparation,

and consequences of the euthanasic procedure:
2.1 The procedure should be compatible with the

research objectives
2.2 The procedure should consist of a simple mistake-

proof process, easily and reliably performed in
stressful conditions

2.3 The procedure should use simple equipment not
requiring advanced maintenance

2.4 Training and competency for the procedure should be
easily reachable for everyone in all conditions

2.5 The emotional effects for operators should be limited
2.6 The procedure should be safe for the operator
2.7 The process should not cause significant environ-

mental contamination
2.8 Animal welfare during the procedure should be

understandable by the public

Table 2. Tips to refine the euthanasia protocol.

1. Performing euthanasia on site (even in home tank if
suitable) is preferable to transporting the animals to
another location

2. Using clear tanks during anaesthesia is preferable for
some species, as it will allow the operator to observe
the fish

3. Some species, such as cod, are much calmer in the dark
or when their eyes are covered

4. Immersion dosing is preferable to injection as the latter
technique involves handling the fish

5. Avoid feeding fish shortly before chemical euthanasia to
minimize the risk of regurgitation which could reduce
absorption of the chemicals by the gill lamellae

6. Avoid chasing the fish with a net, for example reduce the
water volume or pour the whole tank14

7. When suitable, keep temperature and pH of euthanasic
immersion solution close to holding tank pH

8. Control holding tank temperature and chilled water
temperature with a thermometer to ensure hypothermic
shock speed of action

4 Laboratory Animals 0(0)
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sometimes the ethical dilemma resides between choosing
a fast aversive protocol or a slow peaceful one. The
option deemed to induce the least distress should be
chosen. As fish are not able to communicate their feelings
verbally, one must rely on behavioural and physiological
clues to assess their state of wellbeing.20 Typical aversive
behaviour is rapid opercular movement, piping, twitch-
ing, erratic swimming or gasping at the surface.6,7,15–17

However, here too, are species-specific differences.3

It is therefore of great importance that the operators
are well educated on the biology and behaviour of the
species at hand. Furthermore, knowledge about animal
welfare, compassion for fish, as well as rigorous train-
ing in the techniques and skills required to execute the
procedures, should be a pre-requisite for anyone per-
forming euthanasia. This is especially important when
there are large numbers of animals being euthanized
simultaneously or within a short time frame. On such
occasions (e.g. laboratory generation change, termina-
tion of large-scale experiments, eradication of patho-
gens in the facility, or facility closure), cautions should
be taken so that practical considerations are not prior-
itized over the welfare of the individual animal.

Management, preparation, and
consequences of the euthanasic procedure

In addition to animal welfare and experimental out-
come, an ideal euthanasic procedure should also pro-
tect the operator and the environment. Procedures
using high doses of anaesthetics could potentially be
toxic to the personnel and wildlife. As well as protective
gear for the operator, strict protocols for handling and
disposal of the chemicals must be in place. Sometimes,
animals themselves can be a threat to the operator. For
instance, some fish are of such a size that handling
demands physical strength. To ensure a calm and effec-
tive process, protecting both the animal and the oper-
ators, careful planning and increased personnel are
essential. If compatible with the experimental design,
sedation prior to euthanasia may be advisable.
Unexpected events (e.g. power failure, emergency sit-
uations, bad weather, malfunctioning equipment, fish
escaping net, anaesthesia process taking longer than
usual) may occur and must be prepared for. To avoid
complications while performing euthanasia, the proce-
dure should be easily and reliably performed and utilize
simple equipment not requiring advanced maintenance.
This will aid getting back on track in case of unexpect-
ed adverse events during the procedure.

Some methods of euthanasia, such as concussion,
can be brutal to watch and perform, even though
they may be humane. In addition to demanding high
technical skill, the use of force may elicit emotional
aversion for the operator. When performing these

methods, it is therefore crucial that the operator is well
trained and comfortable with the procedure. As a rule,
the more secure and calm the operator feels during the
procedure, the more efficiently and precisely it will be
performed, which benefits both the animal, the experi-
ment, and the workers. Finally, as animal captivity and
the use of animals in research is a topic receiving much
public attention and outrage, it is beneficial if the pro-
cedure can be performed in such a manner that the
animal welfare is understandable by the public.

Hypothermic shock

Studies on euthanasia of adult zebrafish by hypother-
mic shock have shown a fast loss of consciousness and
no evidence of dermal or muscular cryo-injury when
the fish is kept away from ice contact.3,11,19,21

Moreover, the potential acquisition of samples not pol-
luted by chemicals is very relevant for some scientific
perspectives, assuming the water used to make the ice is
controlled and unpolluted. This makes the technique a
valuable, inexpensive, reproducible, operator and envi-
ronment friendly, uncomplicated to perform, and easy
to set up option for adult zebrafish, as discussed in
Table 3. The experiments demonstrating the efficacy
of the method mostly focused on Danio rerio, and it
is not advisable to use this method on larger fish
(>5 cm body length, including D. rerio).22 For other
small, tropical species, the literature is scarce,23 and
recommendations at this point cannot be made due
to lack of published data confirming the results for
other small tropical fish species. It is therefore advis-
able that laboratories that work with such species test,
document, and publish the potential suitability of this
method. Hypothermic shock is only an option for trop-
ical species: it should not be used for cold water species.

Danio rerio are ectotherms, their internal physiolog-
ical sources of heat are relatively small, which means
that their body temperature is dependent on the outside
environment. Rapid and severe changes in the temper-
ature of their environment will subject the fish to a
hypothermic shock, which will result in loss of con-
sciousness and cessation of heartbeat. For a guidance
protocol, see Table 4 and ensure the zebrafish is held at
>26�C up until immersion in ice chilled water at <2�C.
In the experience of the working group, these temper-
atures are easily reached in practice and allow compli-
ance with the amended Directive 2010/63/EU.22 If the
fish holding tank is not warm enough, there is a risk the
difference of water temperatures may not suffice to
induce a shock and a prompt death. Studies have
shown that adult zebrafish kept at >26�C lose reflexes
and/or die in 30 seconds following sudden immersion
into ice chilled water.19,21 However, a proportion of
fish (39%; Wilson et al., 2009)15 display adverse
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behaviour for a few seconds.6 This suggests this
method of euthanasia is not ideal. Indeed, there is no
knowledge on the experience of the adult zebrafish or
potential distress, suffering, or pain until loss of con-
sciousness. Following immersion in ice chilled water,
zebrafish movements and the lack of movements there-
after may be triggered by hypothermic shock, indepen-
dently of consciousness.

Hypothermia is only a fast method of euthanasia in
adult zebrafish. Early developmental stages require
prolonged exposure to ice chilled water, or they may
recover (e.g. more than one hour for zebrafish at least
up to 7 dpf).18,19 Considering that aversive behaviour is

detected in zebrafish immersed in ice chilled water at
4 dpf,18 we do not recommend using this technique for
the euthanasia of larval zebrafish. Wallace et al.
(2018)19 showed that hypothermic shock efficacy
varies significantly along the third and fourth weeks
post fertilization, with 14 dpf zebrafish requiring at
least one hour of exposure when 30 seconds might be
enough for 28 dpf zebrafish. It is to be noted that
acquisition of metamorphosis may explain the differ-
ence of required exposure length. Metamorphosis time
scale depends on strain, feeding and temperature.
Therefore, when the technique is to be used during
the third or fourth week post fertilization (from

Table 3. Ideal euthanasia versus hypothermic shock in zebrafish.

Requirements

With good practice, it is possible to
fulfil the requirement:

Justification/commentsAlways
Most of
the time Sometimes

1.1 Stress-free events leading to
the procedure

� Fish must be moved

1.2 Procedure is appropriate for
species, size, and develop-
mental stage of the individual
animal

� Only adapted to adult zebrafish

1.3 Procedure induces rapid
unconsciousness

� In adult zebrafish, consciousness is
lost in less than 30 seconds

1.4 Death is achieved without sign
of panic, pain, or suffering

� Adverse behaviour is displayed

1.5 Procedure does not allow
recovery

� Prolong exposure for a few minutes
in adult until non-recovery is
ensured

Not suitable for larvae because a
few hours of exposure in aversive
conditions would be required

1.6 Outcome of procedure is reliable
and reproducible

� Husbandry differences between
facilities may impair
reproducibility

2.2 Procedure is a simple
mistake-proof process, easily
and reliably performed in
stressful conditions

� Only need to control temperatures

2.3 Procedure uses simple
equipment not requiring
advanced maintenance

� Only need an ice maker and a
thermometer

2.4 Training and competency for the
procedure is easily reachable
for everyone in all conditions

� Simple protocol to learn and follow

2.5 Emotional effects for operators
are limited

� Fast loss of consciousness is visible

2.6 Procedure is safe for the
operator

� No hazard involved

2.7 Process does not induce
significant environmental
contamination

� No chemicals used

6 Laboratory Animals 0(0)
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17 dpf),22 acquisition of metamorphosis should be
assessed, and the efficacy of the euthanasic technique
and its averseness trialled prior routine use.

Electrical stunning

Building an electrical stunning device requires sound
competency in electronic engineering and being well
conversed and experienced with the effects of electric
waveforms and electric fields on fish welfare. Failing
this, the device might constitute a hazard for the fish
and the operator. The method is currently limited in its
practical application in laboratories as only a few spe-
cies are documented for electrical treatment (mainly
farmed fish). Further, there is no international data-
base collating success and failure data that would
help optimizing good practice protocols, and the effects
of electricity on the physiology of the fish remain large-
ly unknown and may potentially compromise sample
quality for some scientific purposes. However, electri-
cal stunning is a chemical-free method and presents
advantages compared with other methods. It is recom-
mended for the slaughter of farmed fish destined for
humane consumption and is also a useful method in
laboratories.24,25 For example, zebrafish eggs and
larvae (<5 dpf) can be killed in oneminute with the
appropriate device. This is particularly relevant consid-
ering the lack of efficacy of other methods for early
developmental stages.18 Similar efficacy has been dem-
onstrated in other fish species embryos (e.g.
Oncorhynchus mykiss).26 Table 5 lists how electrical
stunning meets requirements for an ideal euthanasia.
Nonetheless, the experience of the fish during the pro-
cedure remains unknown. Therefore, it is required that
the stun induces a loss of perception and consciousness
(electro-narcosis) in less than one second. The brief
latency to loss of consciousness is the ethical argument
balancing the potential discomfort due to the stun. If

this loss of consciousness is not achieved in less than
one second, then that electrical stunning device may
not be refined enough to be recommended.24,25 The
stun may induce an initial body reaction, possibly due
to electricity-induced muscle contractions. The current
administration is then prolonged until animals die and
are unable to recover. The voltages used for electrical
stunning should not result in animal injuries such as
broken spine and haemorrhages.

Concussion/percussive blow to the head

Concussion or percussive blow to the head should only
be carried out by experienced personnel capable of
doing this in a way that the fish immediately loses con-
sciousness.20 Prior to using the technique on a new spe-
cies, recognition of anatomical structures for correct
placement of the blow should be performed by dissec-
tion of a cadaver’s cranium and with the help of avail-
able graphics such as https://www.ikijime.com/all-fish/
and Figure 2.27 This method is suitable for calm, slow,
and easily handled species. To aid this in some species
(e.g. cod and trout), a wet cloth can be used to cover
the eyes of the fish. For other species, sedation, or other
means of restraint, may be used to set the animal steady
before percussion. Immediately after the blow, death
must be completed rapidly by a secondary method
before the animal recovers consciousness, e.g. by decap-
itation or pithing of the central nervous system (i.e.
inserting a sharp instrument into the cranium to destroy
the brain by rotated and back and forth movements).
When performed competently, this method is fast and
valuable, as discussed in Table 6 and detailed in Table 7,
and can be used in all circumstances not requiring intact
central nervous system samples.28,29 The method is
rarely used on smaller fish such as zebrafish but can
be performed as described in Table 8.

Decapitation

Used alone (i.e. without prior loss of consciousness),
decapitation is generally not an acceptable method of
euthanasia unless the procedure is ethically justified
with a harm-benefit analysis of the programme of
work considering the aims of the experiment and prac-
ticalities due to challenging conditions. For example,
decapitation may be justifiable when the aim of the
killing process is to collect fresh brain samples, uncon-
taminated by chemicals, in species unsuitable for hypo-
thermic shock and docile enough not to require
chemical sedation. The main caveat is that the fish
brain may remain conscious for a longer period com-
pared with concussion. Decapitation consists of the
severing of the central nervous system, as close as pos-
sible to the brain, and of major blood vessels, inducing

Table 4. Protocol for hypothermic shock of adult zebrafish.

1. Keep fish in warm recirculating water >26�C until the ice
chilled water is ready and euthanasia is imminent

2. Add ice to tank water until the water is at 0–2�C; confirm
with thermometer

3. Set partition between ice and water so that fish will not
get in contact with ice

4. Net zebrafish out of warm water recirculation (>26�C)
and promptly immerse it in the ice chilled water (<2�C)

5. Check fish has lost all reflexes in maximum 30 seconds
6. Leave the fish in the ice chilled water for at least 10

minutes (or for 2 minutes if a fresh sample is required
(and authorized)22)

7. Remove the fish from the ice chilled water, decapitate it
or complete death another way before disposing of the
carcass or taking a sample
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rapid loss of consciousness and exsanguination.
Decapitation is mainly used as a technique to confirm
death following the killing of the fish. Cervical
dislocation, spinal transection, and spinal ablation

are neurologically speaking no different to decapita-
tion, but they induce a slower death due to the slower
bleeding; these are therefore not recommended
methods.

Table 5. Ideal euthanasia versus electrical stunning.

Requirements

With good practice, it is possible
to fulfil the requirement:

Justification/commentsAlways
Most of
the time Unknown

1.1 Stress-free events leading to
the procedure

� Fish must be moved

1.2 Procedure is appropriate for
species, size, and develop-
mental stage of the
individual animal

� The device must be developed and
tested for the specific purpose

1.3 Procedure induces rapid
unconsciousness

� Likely less than one second

1.4 Death is achieved without sign
of panic, pain, or suffering

� Intensity of welfare impairments are
unknown but would stop promptly

1.5 Procedure does not allow
recovery

� Stun is prolonged enough to ensure no
recovery

1.6 Outcome of procedure is
reliable and reproducible

� Husbandry differences between
facilities may impair reproducibility

2.2 Procedure is a simple mis-
take-proof process, easily
and reliably performed in
stressful conditions

� Just need to set fish in device

2.3 Procedure uses simple
equipment not requiring
advanced maintenance

� Control screens help monitor current

2.4 Training and competency for
the procedure is easily
reachable for everyone in
all conditions

� Simple protocol to learn and follow

2.5 Emotional effects for
operators are limited

� Fast loss of consciousness is visible

2.6 Procedure is safe for the
operator

� Electric fields contained within device

2.7 Process does not induce sig-
nificant environmental
contamination

� No chemicals used

Figure 2. Outline of a trout head with the brain location circled in dotted red: (a) Lateral view and (b) Dorsal view.

8 Laboratory Animals 0(0)
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� Likely less than one second
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Overdose of anaesthesia

Considerations for all species

Despite the lack of publications demonstrating species-
specific dose efficacy, euthanasia of laboratory fish can
be performed by immersion in an overdose of anaes-
thetic. The operator must choose the suitable com-
pounds, concentration, and exposure length, which all
vary between fish species and are further confounded
by a variety of physiological parameters (e.g. develop-
mental stage, weight, body condition, species-specific
behaviour) and environmental conditions (e.g. water
temperature, hardness, pH, dissolved oxygen,

salinity).5,20,30,31 The choice of compound depends as

well on reported or detectable averseness of the com-

pound for the species.3 For a description of the most

commonly used anaesthetics, readers are referred to the

literature.30,31 When immersion is impractical or dan-

gerous to operators (e.g. large fish), anaesthetic solu-

tions can be applied directly to gills, with care to

prevent unnecessary suffering due to restraining or

high local concentrations.30 The major disadvantages

of overdose anaesthesia in large species are the slow

speed of the process and the residue left in the fish

(potentially compromising sample and data) and the

environment. Apart for inducing an overdose,

Table 6. Ideal euthanasia versus concussion followed by pithing of the brain.

Requirements

With good practice, it is possible
to fulfil the requirement:

Justification/commentsAlways Sometimes

1.1 Stress-free events leading to the
procedure

� Fish must be taken out of water and
handled by competent operators

1.2 Procedure is appropriate for
species, size, and develop-
mental stage of the individual
animal

� May not be suitable for smaller
larvae

1.3 Procedure induces rapid
unconsciousness

� Likely less than one second

1.4 Death is achieved without sign of
panic, pain, or suffering

� Induction of concussion induces a
very brief shock

1.5 Procedure does not allow
recovery

� Brain is destroyed before animal
recovers consciousness

1.6 Outcome of procedure is reliable
and reproducible

� When cranial tissues are not
required

2.2 Procedure is a simple mistake-
proof process, easily and reli-
ably performed in stressful
conditions

� With good training and competency

2.3 Procedure uses simple equip-
ment not requiring advanced
maintenance

� Pithing device must be sharp

2.4 Training and competency for the
procedure is easily reachable
for everyone in all conditions

� Difficult technique to learn that can
be challenging depending on fish
species and conditions and may
demand operator physical
strength

2.5 Emotional effects for operators
are limited

� Fast loss of consciousness is visi-
ble. However, this method being
manual, the operator may have to
bear a higher emotional burden
than with other methods

2.6 Procedure is safe for the
operator

� In larger fish, the tool used to
induce concussion may constitute
a hazard

2.7 Process does not induce signifi-
cant environmental
contamination

� No chemicals used
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anaesthetics can be used to sedate fish prior to eutha-

nasia by another technique, such as a physical method

(e.g. concussion and decapitation) followed by a com-

pletion method.

Specificities for adult zebrafish

As mentioned above, the most common method for

fish euthanasia is an anaesthetic overdose, with tricaine

being the most utilized compound by far.2,4 For zebra-

fish, this is not ideal because tricaine can trigger aver-

sive behaviour such as increased activity, piping,

twitching, and erratic swimming when inducing anaes-

thesia and therefore euthanasia.15,17 Alternatives to tri-

caine have now been identified, allowing a more

reliable, less aversive, and faster induction of anaesthet-

ic overdose.7 Indeed, adult zebrafish immersed in lido-

caine hydrochloride (1 g/L) buffered with sodium

bicarbonate (2 g/L) (with or without 50mL/L ethanol

96%) lose opercular beat, righting and startle reflexes

in less than 2minutes. However, this protocol is only

efficient when the pH of the anaesthetic bath is above
7.7, ensuring non-ionized lidocaine is available in high
enough concentrations. The same study also revealed
the relevance of monitoring the startle reflex and not to
rely solely on more visibly obvious reflexes, because
some drugs (e.g. tricaine, etomidate) only inhibit the
startle reflex severalminutes after cessation of other
reflexes. Finally, signs of aversion with the buffered
lidocaine were detected in less than 10% of adult zebra-
fish in these experiments and in only 2% of fish when
ethanol was added to the anaesthetic solution. See
Table 9 for details on how overdose of buffered lido-
caine with ethanol meets requirements for ideal eutha-
nasia of zebrafish. A protocol for adult zebrafish is
proposed in Table 10.

Applications to zebrafish embryos and
larvae

In the first days post fertilization, zebrafish gills are not
fully functional and chemicals are mainly absorbed
through the skin.32 This limits the absorption of
many compounds, compared with adults. Also, some
compounds may not easily reach unhatched embryos.
Therefore, anaesthetics used routinely in adult zebra-
fish may show different efficacy in early developmental
stages. While few studies assess these differences, a
recent study examined different methods of euthanasia
for zebrafish embryos (<12 h and 24 h post fertilization
(hpf)) and larvae (4 dpf), utilizing multiple laboratories
across Europe to ensure reproducibility.18 This con-
firmed that one hour immersion in lidocaine hydro-
chloride (1 g/L) buffered with sodium bicarbonate
(2 g/L) and with 50mL/L ethanol 96% added is so
far the most reliable and least aversive protocol for
overdose of anaesthesia in zebrafish <5 dpf. This sug-
gests that the lidocaine protocol with added ethanol
could be used in zebrafish of all developmental
stages. However, immersion length would have to be
adapted to the developmental stage.

Comparison of euthanasic methods

For early developmental stages, considering that hypo-
thermic shock is inefficient, and concussion is not an
option, only electrical stunning seems suitable when
samples uncontaminated by anaesthetics are required.
There is thus a need to understand better how electrical
stunning may interfere with the quality of such sam-
ples. Taking the example of zebrafish, the main caveat
with overdose of anaesthesia for embryos and larvae is
the latency: one hour immersion does not allow fresh
sampling. There may be room for improvement and
shortening of protocols. Moreover, when fresh samples

Table 7. Protocol for concussion followed by pithing of the
brain of adult trout.

1. When available, a mechanical device in good working
order will be preferred to a manual percussive blow

2. Net trout out and cover its eyes with a wet cloth
3. Identify the correct location for the blow and the pithing

of the brain
4. Make sure the animal is immobile when administering

the blow
5. The blow is delivered to the top of the head just behind

the eyes with sufficient force to cause immediate loss of
consciousness lasting until death is completed

6. Confirm fish is immobile and concussed
7. Insert a sharp instrument into the back of the head to

destroy the brain by rotated and back and forth move-
ments prior to fish regaining consciousness and taking
sample

Table 8. Protocol for concussion followed by pithing of the
brain of adult zebrafish.

1. Prepare a wet sponge or tissue to restrain fish and a 25
gauge needle to pith the brain

2. Net zebrafish out and restrain it on wet sponge or tissue
3. Flick firmly with the middle finger to the back of the head

where the brain is located
4. Confirm fish is immobile and concussed
5. Insert the 25 gauge needle into the back of the head:

directly behind and in between the eyes at a 45 degree
angle

6. Pith the brain to destroy it prior to fish regaining con-
sciousness and taking sample

10 Laboratory Animals 0(0)
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are not required, one hour immersion is acceptable

only if fish do not show signs of discomfort. In prac-

tice, eggs and larvae could be left in the anaesthetic

bath for hours before completion. An alternative is to

use chemical destruction (e.g. bleach, ethanol, hydro-

gen peroxide). That may be suitable for very early

developmental stages (e.g. zebrafish eggs) but not for

larvae for which signs of aversion can be detected.
For adult fish, the choice of method (e.g. concus-

sion, electrical stunning, and overdose of anaesthesia)

should mainly depend on species characteristics and

whether samples are required and for which purpose.

Of course, the disadvantage of any anaesthetic protocol

lays on fish and personnel exposure to chemicals. When

experimental endpoints require anaesthetic-free

Table 10. Protocol for overdose of adult zebrafish with
buffered lidocaine and ethanol.

1. Mix 1 g/L lidocaine hydrochloride with 2 g/L sodium
bicarbonate and 50mL/L ethanol 96% in system water

2. Check the pH of the anaesthetic mix is >7.7. If not, add
sodium bicarbonate until pH >7.7

3. Net zebrafish out and promptly immerse it in the
anaesthetic mix

4. Check fish has lost all reflexes in maximum 2 minutes
(check solution preparation and pH otherwise)

5. Leave the fish in the anaesthetic mix for at least 10
minutes (or for 5 minutes if a fresh sample is required)

6. Remove the fish from the anaesthetic mix to decapitate it
or complete death another way before disposing of the
carcass or taking a sample

Table 9. Ideal euthanasia versus overdose of buffered lidocaine with ethanol in zebrafish.

Requirements

With good practice, it is possible
to fulfil the requirement:

Justification/commentsAlways
Most of
the time

1.1 Stress-free events leading to the
procedure

� Fish must be moved

1.2 Procedure is appropriate for spe-
cies, size, and developmental
stage of the individual animal

� Efficacy was demonstrated on embry-
os, larvae, and adult zebrafish

1.3 Procedure induces rapid
unconsciousness

� Anaesthetic immobility is reached in
less than 10 seconds in adult
zebrafish

1.4 Death is achieved without sign of
panic, pain, or suffering

� Only 2% of adult zebrafish display
aversive behaviour, no aversion is
seen in 4 dpf larvae

1.5 Procedure does not allow recovery � Prolong exposure until non-recovery is
ensured

1.6 Outcome of procedure is reliable
and reproducible

� Husbandry differences between
facilities may impair reproducibility

2.2 Procedure is a simple mistake-
proof process, easily and reliably
performed in stressful conditions

� Chemicals must be weighed and mix

2.3 Procedure uses simple equipment
not requiring advanced
maintenance

� Scale, pipette and pH-meter are
required

2.4 Training and competency for the
procedure is easily reachable for
everyone in all conditions

� Simple protocol to learn and follow

2.5 Emotional effects for operators are
limited

� Fast loss of consciousness is visible

2.6 Procedure is safe for the operator � Use gloves and avoid skin contact
2.7 Process does not induce significant

environmental contamination
� All involved chemicals are commonly

used in humans. Environmental
toxicity data predict insignificant
risks to the environment
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samples, a physical method of euthanasia should be

considered, such as concussion or electrical stunning,

depending on species, local experience, and available

equipment. In the case of adult zebrafish, hypothermic

shock may also be considered.
For that particular species, the performance of the

lidocaine protocol opens the debate of comparison

between methods. Hypothermic shock may constitute

a refinement to tricaine overdose, but lidocaine pre-

pared as described above presents similar speeds to

hypothermic shock (immobility or loss of equilibrium,

respectively, is reached in less than 10 seconds).7,21 An

added welfare benefit is that the fish experience is

known and controlled with lidocaine: it is an induction

of anaesthesia (i.e. analgesia, muscle relaxation, and

loss of consciousness) and not a state of shock. As to

whether hypothermic shock is at least as humane as an

overdose of anaesthesia, the answer depends on the

anaesthetic protocol at hand.
Regarding environmental impacts, the full life cycles

of devices (e.g. ice maker and electrical stunner) and

chemicals (i.e. raw material extraction, manufacturing,

consumable distribution, use, disposal, end of life, and

transport in between each step) remain under-

investigated. For lidocaine, the environmental impact

has been studied for its common use in humans, when

the Predicted Environmental Concentration must remain

inferior to the Predicted No Effect Concentration, below

which no adverse effects on the environment are

expected.33,34 There is also evidence that lidocaine is

degraded in surface water, that it does not infiltrate

into groundwater, and that its n-octanol/water partition

coefficient indicates a low potential to bio-accumulate

and to transfer from the aquatic environment into organ-

isms in the wild.35–37 Finally, it is possible to carbon filter

waste medicated water in the laboratory to control release

of anaesthetics to the environment.38,39

Conclusion: how to apply these
recommendations

The key to scientific progress is reproducibility of

results. As euthanasia protocols may bias experimental

data, standardization of methods across the interna-

tional arena is crucial. One method of fish euthanasia

does not suit all species, developmental stages, and

experimental needs. Strain and water condition differ-

ences may also occur. All protocols must therefore be

validated in-house before upscaling and set as standard.

These protocols must consider all requirements for ideal

euthanasia and completion. The overall aim is to apply

the most humane methods in a standardized way.
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M�ethodes d’abattage sans cruaut�e des poissons de laboratoire: recommandations du
Groupe de Travail FELASA
R�esum�e

À la demande de la FELASA (Federation of European Laboratory Animal Science Associations), ces recom-
mandations du groupe de travail d�efinissent les exigences pour parvenir à une mise à mort humaine des
poissons, comparent les m�ethodes d’euthanasie, en recommandent en fonction du contexte et d�etaillent les
protocoles menant à de bonnes pratiques. En s’appuyant sur un examen des pratiques actuelles concernant
les poissons de laboratoire et sur la litt�erature disponible pour guider les recommandations, la discussion
porte sur le concept d’euthanasie id�eale et le dilemme d’une mort rapide mais stressante par rapport à une
exp�erience lente mais sans stress. Il faut noter que le contexte de la mise à mort des poissons varie
consid�erablement, que ce soit pour satisfaire aux exigences de la directive europ�eenne, pour des raisons
d’efficacit�e relatives aux esp�eces et/ou aux stades de d�eveloppement, pour les besoins scientifiques, pour la
sant�e et la s�ecurit�e ou pour le bien-être animal. Les exemples figurant dans les recommandations sont
bas�es sur les esp�eces de poissons de laboratoire les plus courantes, telles que le poisson-z�ebre Danio rerio,
et sur les m�ethodes de mise à mort les plus couramment utilis�ees, telles que la surdose d’anesth�esie, le
choc hypothermique, l’�etourdissement �electrique et la commotion c�er�ebrale – coup à la tête. Des applica-
tions pratiques permettant l’euthanasie, des perfectionnements et des protocoles de bonnes pratiques sont
propos�es pour tous les stades de d�eveloppement et en fonction du devenir potentiel de la carcasse en tant
qu’�echantillon scientifique.

Methoden zur tierschutzkonformen T€otung von Laborfischen: Empfehlungen der
FELASA-Arbeitsgruppe
Abstract

Gem€aß dem von der Federation of European Laboratory Animal Science Associations ergangenen Auftrag
definieren diese Empfehlungen der Arbeitsgruppe die Anforderungen an eine tierschutzkonforme T€otung von
Fischen, vergleichen T€otungsmethoden, empfehlen kontextabh€angige T€otungsmethoden und beschreiben
Protokolle für eine gute Praxis. Im Rahmen eines €Uberblicks über die derzeitigen Praktiken in Fischlabors
und die verfügbare Literatur, an denen sich die Empfehlungen orientieren, wird das Konzept einer idealen
Euthanasie er€ortert und das Dilemma zwischen einem Tod, der schnell, aber stressreich ist, und einem Tod,
der langsam, aber stressfrei ist, aufgezeigt. Es ist festzustellen, dass der Kontext der Fischt€otung sehr
unterschiedlich ist, sei es, um die Anforderungen Europ€aischen Richtlinien zu erfüllen, sei es, um die
Wirksamkeit für die jeweilige Art und/oder das jeweilige Entwicklungsstadium zu gew€ahrleisten, sei es
aus wissenschaftlichen Gründen, aus Gründen der Gesundheit und Sicherheit oder aus Gründen des
Tierschutzes. Die Beispiele in den Empfehlungen beziehen sich auf die g€angigsten Laborfischarten wie
den Zebrab€arbling (Danio rerio) und die h€aufigsten T€otungsmethoden wie €Uberdosierung von
Narkosemitteln, hypothermischer Schock, elektrische Bet€aubung und Kopfschlag. Praktische
Anwendungen der T€otungsverfahren, Verbesserungen und Protokolle für gute Praktiken werden für alle
Entwicklungsstadien und je nach dem m€oglichen Verbleib des Kadavers als wissenschaftliche Probe
vorgeschlagen.
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M�etodos para el sacrificio digno de peces de laboratorio: recomendaciones del grupo de
trabajo de la FELASA
Resumen

Por encargo de la Federaci�on Europea de Asociaciones de Ciencia Animal para la Investigaci�on, las reco-
mendaciones de este grupo de trabajo definen los requisitos para lograr un sacrificio digno de los peces,
comparan los m�etodos de sacrificio, sugieren m�etodos de sacrificio en funci�on del contexto y detallan los
protocolos para buenas prácticas. Considerando las prácticas actuales en los laboratorios de peces y la
bibliograf�ıa disponible para orientar las recomendaciones, el grupo de trabajo aborda el concepto de euta-
nasia ideal y plantea el dilema entre una muerte rápida pero estresante y una experiencia lenta pero sin
estr�es. Cabe destacar que el contexto del sacrificio de los peces var�ıa mucho en funci�on de los requisitos de
la directiva europea a cumplir, la eficacia para las especies y/o las etapas de desarrollo, las necesidades
cient�ıficas, la salud, la seguridad o el bienestar animal. Los ejemplos de las recomendaciones se basan en
las especies de peces de laboratorio más comunes, como el pez cebra (Danio rerio), as�ı como en los m�etodos
de sacrificio más utilizados, como la sobredosis de anestesia, el choque hipot�ermico, el aturdimiento el�ec-
trico y la concusi�on (golpe percusivo en la cabeza). Se proponen aplicaciones prácticas para la muerte
completa, mejoras y protocolos de buenas prácticas para todas las etapas de desarrollo y en funci�on del
posible destino del cadáver como muestra cient�ıfica.
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