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The 3Rs – providing more humane animal research

Husbandry 
has its part 
to play – 3Rs 
not just for 
experimental 
work

?
Harder to 
quantify!
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Talk Outline:

• Rapid expansion of the zebrafish ‘model’ 

• Enrichment – too much focus?  

• What do the demands of modern facilities and today’s 
researchers mean for fish welfare?

• Identifying quick wins for improving the welfare of our 
animals!

7th Annual International Zebrafish Husbandry 
Meeting



Rapid Expansion of the 
Zebrafish ‘Model’

7th Annual International Zebrafish Husbandry 
Meeting



Rapid Expansion of the Zebrafish ‘Model’ 

• 1981, Streisinger published his pioneering work on mutagenesis

• 1993, ‘The Big Screen’. 4000 mutant phenotypes characterised. 37 papers in a special issue of 
Development, confirming the zebrafish as the foremost research model for development biology

• 2001, Wellcome Trust Sanger Institute began sequencing the entire zebrafish genome.  71% of 
human genes have a zebrafish orthologue and 82% of genes linked with human disease have a 
zebrafish equivalent. Genetic similarities made the zebrafish a valuable model for studying human 
development and disease and for discovering and screening new drugs

• 2013, implementation of advanced gene editing techniques such as CRISPR allowing us to better 
understand the function of affected genes and model human disease 
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Rapid Expansion of the Zebrafish ‘Model’ 

• Changing the way our fish facilities look 

• Large increase in tank numbers to cope with the number of zebrafish lines but without the 
concurrent increase in facility size

• Tank size has decreased and fish density has increased

• Behavioural/interactive restriction: Provision of sufficient space - freedom of movement
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Rapid Expansion of the Zebrafish ‘Model’ 

7th Annual International Zebrafish Husbandry 
Meeting



Rapid Expansion of the Zebrafish ‘Model’ 
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Rapid Expansion of the Zebrafish ‘Model’ 

Focus on rapid 

growth and higher 

fecundity – research 

driven



Rapid Expansion of the Zebrafish ‘Model’ 

Focus back on the 
life-experience of 

the fish in captivity

Focus on rapid 

growth and higher 

fecundity – research 

driven



Enrichment – too much focus?
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Enrichment – too much focus?

MIXED VIEWSW

• Problem of how we measure the impact of 
enrichment on fish welfare?

• Practicality of employing enrichment 

• Unknown impact on research?  
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Enrichment – too much focus?

• Concerned with impact on research - ultimately drives change!  

• forebrain cell proliferation >                                                                                                                            
in enrichment environments 

• measure of neural plasticity 

• maintenance of adaptive cognitive and emotional processes in mammal - altered brain cell 
proliferation in zebrafish should be further explored

Darren Croft. University of Exeter Telencephalon 
serves –
spatial 
memory

Optic Tectum 
serves – visual 
processing
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Enrichment – too much focus?

• Habitat complexity affected brain development in salmonids:

• Cerebellum size: wild>complex>simple

• Cerebellum involved in locomotion

• Bigger cerebellum = better maintenance                                                    of 
tank position

• Rearing environment can affect cognitive development & subsequent 
behaviour

• Potential impact on research using fish kept in bare/simple environments!
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Enrichment – too much focus?

• This study found no impact but…..

• Problem 1 - Regulatory toxicology strict criteria regarding holding conditions and 
experimental design 

• Problem 2 – What value do glass rods have to a zebrafish?

• No differences found in activity levels, shoaling density and levels of cortisol

• The addition of glass rod structures did not result in improvements in welfare

• Fit for purpose? - relevance, both, scientifically and to the life-history traits of the 
species in question!
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Enrichment – too much focus?

• Literature suggests a welfare benefit of enrichment for other lab animals. 

• Environmental enrichment should be regarded as an essential component of an 
overall animal care program, equally as important as nutrition and veterinary 
care. It is also important to evaluate the impact of enrichment on scientific 
outcome. Baumans, V. (2005).

• Understanding the relationship between group size and cognition in animals may 
yield practical animal management benefits and improved animal welfare. 
Croney, C.C. and Newberry, R. C. (2007). 

• As many behaviour problems are related to the way people house and handle 
domestic animals, possibly the most important aspect of clinical ethology is its 
focus on the human-animal interaction. Ladewig, J. (2005).
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What do the demands of 
modern facilities and today’s 

researchers mean for fish 
welfare?
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What do the demands of modern facilities and 
today’s researchers mean for fish welfare?

• Understand the life-
experience of our fish 
throughout its time in our 
facilities

• Fish are routinely moved 
between differing 
housing types and social 
groups

• Understand the impact 
this has on their welfare

• Observe and collect data 
and publish it

• Develop new husbandry 
methods based on new 
data

• Work with technology 
companies to drive best 
practice

Observation!
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We actually know some of this 
stuff already – published work!
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 Take a walk around your facility!

 Recommended stocking densities (5fish/L) but….

 Variation exists between facilities and between housing type 

 Continuous movement of animals - inevitable inappropriate groupings 

are left – welfare issue!

What do the demands of modern facilities and 
today’s researchers mean for fish welfare?

Typical Density Low Density
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Rapid - Day 1 – pre-cursor to cortisol production 
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Low Density – elevated aggression: Activation of ‘stress axis’ in brain 
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Day 5 health effects of being subordinate 

Activated immune system → health status/disease?
Reduced body 
condition
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Low Density – elevated aggression: Activation of ‘stress axis’ in brain 
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 Study by Ramsey et al, Whole-
body cortisol is an indicator of 
crowding stress in adult 
zebrafish  

 Crowding (40 fish/L) 4 fold 
increase in cortisol levels vs 
controls (0.25 fish/L) 

 Study by Sallin and Jazwinka, 
Acute stress is detrimental to 
heart regeneration in zebrafish

 Daily exposure to 
crowding impaired 
heart regeneration in 
78% of animals

Overcrowding/high density – stressor?



Sloman et al. (2002) – ET&C 21:1255-1263

Greater uptake of copper in 
subordinate vs. dominant fish
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consequences of exposure to toxicants 



Poor handling techniques: Activation of stress response 

 Users have widely different abilities/care

 Mitigate variable skill sets through provision of appropriate equipment

 Notably, provide appropriately sized nets and the correct number of 
nets for the different tanks in your facility

 Provide training! One net versus two?
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Fish were netted from their tanks, suspended in 
the air for 3 min, returned to their tanks to rest for 
3 min and subjected to a second 3 min net stressor. 
Ramsey et al, 2009. Whole-body cortisol 

24 h Study

1 h Study

Better understanding how zebrafish respond to 
handling will allow researchers to create a rearing 
environment for optimal health and reproduction 
while minimizing husbandry-associated sources of 
variation (Kent et al., 2009).  
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Isolated Pairs

 Atretic oocytes; poor 
spawners (quality &
quantity, frequency of 
spawning); health 
consequences

 Completely isolated 
females

 Isolated by dividers
 Mismatched pairs 
 Female biased populations
 Not just a zebrafish 

problem

Spence et al., The behaviour and ecology of the 
zebrafish. 2008

Egg bound
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• Stickleback In Vitro Fertilisation Protocol

• Important:

• As well as for the purposes of IVF, stripping eggs from females is an important 
husbandry technique to prevent atresia and damage to the fish. 

• When kept in dense groups, female stickleback will not lay eggs. They must be 
removed. If developed eggs remain in the ovary for too long, they may become                                                                       
atretic inside the female. Females should be observed regularly to identify when                                                                         
they need to be stripped to prevent ill health. An indicator of this is a bubbly, 
raspberry-like texture on the abdomen of the female, and when removed the eggs 
will look yellow and may feel hard and crunchy. 

• If atretic eggs can be removed without excessive force and without causing 
damage to the female, the fish will usually recover well. However, if atresia is 
too advanced (usually when eggs have formed a hard mass inside the female) it 
may be too difficult to remove them without causing damage to the fish, and the 
fish should be euthanised by a schedule 1 method. Regular observation and 
stripping of females can prevent this occurring, and this is the responsibility                                                             
of the user. 
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Human-animal 
interaction done badly 

– Interplay between 
physical and social 

environment

Growth

Feeding 

Immune function

Reproduction

Metabolism

Stress

 We know very little about the long-term/cumulative effects of repeated 

stressors from human-animal interactions & their impact on fish wellbeing 
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 Limited information on ‘best practice’ guidelines for pair-wise mating, 

genotyping, screening  

 1mx1f; 2mx1f; 1mx2f; small groups of random sexes; size of spawning 

chamber; duration left for; volume of water; size and age of fish used

 exposing fish to confinement - stressor! 

 exposing fish to aggression – stressor! 

 Often no records kept of how often fish are used/handled  

What do the demands of modern facilities and 
today’s researchers mean for fish welfare?
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Identifying quick wins for 
improving the welfare of our 

animals!
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Goolish et al., @ 200ml 
& 100ml only 48% & 
26% of control egg 
production (no effect > 
300ml)



Average chase in seconds
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• Unlike for females, subordinate males showed less signs of stress and importantly no physical 

damage even when females were dominant.
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• Simple tank enrichment and size matching mitigated levels of 

aggression

• Often the best principle is to avoid extremes….
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• Change matters?
• The importance of Environmental change for wellbeing and life history success

• Significant welfare benefits can be achieved through simple and practical 
husbandry practices

• Hypothesis: Enriched environments that don’t change maybe less stimulating over 
time than bare tanks that do change?

• Fish will be housed in bare tanks and at differing time points moved to identical 
clean bare tanks 

• Fish Condition

• Reproductive Performance

• Behaviour, e.g. activity (foraging, occupation of tank space, aggression, dominance hierarchies)

• Physiology, e.g. notably brain size and morphology

• Can we elicit the same levels of stimulation (behavioural and physiological) that 
have been reported in enriched environments? 
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 Refinement and Best Practice: 

 Reflect on current practices and technology and refine animal usage through a 
better understanding of human-animal interactions and fish behaviour 
dependent on the social or housing environment kept

 Simple changes may offer immediate improvements to fish welfare: E.g. do we 
always need to spawn in pairs or 2:1’s? Preference for small groups to reduce 
aggressive behaviour and the formation of extreme hierarchies. Preference for 
using larger spawning vessels that help maintain better water quality

 Look for alternate welfare solutions that are practical and more likely to be 
applied in large facilities

 Do some of your own experiments?

 The response ‘That is how we have always done it’                                                                        
doesn’t mean that it is best practice today!

 Publish your findings!
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 My happiest fish…….



Ethical Rationale

Can fish exposed to adverse conditions experience pain?

• Fish lack a neocortex, therefore they are believed incapable of 

consciousness and cannot appreciate pain nor suffer

• Homologous structures (involved in conscious experience) 

with mammalian neuroanatomy have been identified in fish

• Many studies show fish are capable of nociception –

noxious stimulus         electrical impulse         brain 



Ethical Rationale

• Fish can experience fear-like states and avoid situations in which 

they have experienced adverse conditions

• Currently the precautionary principle should be that it is likely 

that fish can feel pain & studies designed accordingly


