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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!

Methods which Methods which Methods which

avoid or replace minimise the minimise suffering

the use of animals number of animals and improve animal
used per experiment welfare

Replacement Reduction Refinement
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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!
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Rapid Expansion of the Zebratish ‘Model’

Web of Science and PubMed Publications Per Year.
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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’
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A New System for the Rapid Collection of Large Numbers The Effect of Stocking Densities on Reproductive
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Rapid Expansion of the Zebratish ‘Model’
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This material is from the 4th edition of The Zebrafish Book. The 5th edition is.
available in print and within the ZFIN Protocol Wiki.
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fisheries research.

*Older literature referred to zebrafish as Brachydanio rerio. Recent work (Meyer et al., Proc. Roy. Soc. Lond252:231-236, 1993) and a consensus vole atthe 1993
Zebrafish Meeting at the Cold Spring Harbor Laboratory suggest that Danio rerio should now be used.
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Enrichment - too much focus?
MIXED VIEWS

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

* Practicality of employing enrichment
* Unknown impact on research?
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Table 1

Enrichment - too much focus?

Summary of reports investigating effects of environmental enrichment on zebrafish

Study Enrichment Rearing Social context Age of fish  Measures Results
envirenment at start of
prior to Before During study  study
study study
Schroeder  Gravel, sand Barren tanks Mixed-sex  Pairs and 9 months Preference for Pairs preferred substrate
etal (2014) image of groups of  groups of 8 enrichments and over barren tanks, no
gravel, image 10 combinations of preference for
of sand enrichments submerged plants versus
artificial plants barren area
(floating and Groups preferred
submerged), air substrates and plants
stone over baren areas
strongest preference for
gravel and images of
gravel, males preferred
floating plants to
submerged plants, air
stones not preferred
von Krogh  Stones (4-9 Barrentank  Mixed-sex  Single males  Adult Latency to feed Compared to control
etal (2010) mm)as group of lecomotor activity, group, fish housed in
substrate, 100 cortisol levels, enriched tanks showed
plastic plants neurogenesis no difference in latency
to feed. lower locomotor
activity, higher cortisol
level, increased
telencephalic
proliferatation
Langen, Gravel, small Similar to Mixed-sex  Groups of 20 Shealing: 4  Shoaling preferences| Rearing envirenment did
E.M.A. rocks, real and  study groups females months response to novel not affect shoaling
(2012) plastic plants,  environment novel object preferences or response
piece of object: § to a novel object
flowerpot months
T\
Basquill &  Black plastic Barren tanks Groups of  Groups of 3 Juvenile Levels of aggression| Levels of aggression and
Grant (1998) strips (26x 2 25 (1 large, 1 menopolisation of food monopolization by
cm) to simulate medium and 1 resources dominant fish were lower
vegetation small) in the complex habitat
Maximinc et Hiding places Same as Not Not reported  Not Exploratory behaviouf Fish reared in enriched
al. (2010) rocks, study reported reported in dark/light tanks were more
vegetation and  enironment preference test exploratory and showed
natural decreased anxiety-like
substrate behaviour (BCF transient
swimming or freezing)
compared to fish reared
\_in plain tanks /
Carfagnini  Artificial plants Bare tanks  Single-sex  During mating 8 months Levels of aggression ( Reduced aggression in \
et al. (2009) anchored with groups of  sessions and fecundity females in complex
aquarium 4 females, groups of 2 f aquaria; in complex
gravel 20 males and 2 m were aquaria, no relationship
placed in between aggression and
breeding fecundity; in bare tanks,
tanks females with highest
retumed to aggression showed
single-sex \_reduced fecund ity /

Delaney et
al_ (2002)

Hamilton &
Dill (2002)

Kistler et al
(2011)

Spence et
al. (2007)

Spence et
al. (2011)

Wilkes et al
(2012)

Wafer ef al
(2018)

Bhat ef &l
(2015)

Artificial plants

‘Vegetaticn'
black plastic
strips (10 x 1
cm)

‘Cover
overhead mesh
cover

Sand
substrate,
plants, clay
pots

Gravel, silt,
gravel and
plants, silt and
plants

Artificial plants

Black opaque
glass rods to
simulate
vertical stems
of plants

Plastic grass,
plastic leaves

Plastic plants,
water flow

Not reported

Bare tank

Bare tanks

Not reported

Same as
study
environment

Bare tanks

Bare tanks

Bare tanks

groups after

spawning
Not Group of 4
reported males and 4
females
Group of Groups of 3
60
Not Groups of 6-
reported 9, gender
undefined
Not Group of 4
reported males and 4
females
Groups of  Groups of 3
12 familiar
individuals
Not Groups of 6
reported
Groups of  Pairs
Groups of  Groups of 6
15-20

10 months

reported

Not
reported

Not
reported

6 months

35 dpf

90-180 dpf;
06 dpf

Unreported;
2 wild

populations,

1 lab reared

Choice of planted or
non-planted areas of
aquarium

Choice of habitats,
levels of aggression,
monopolisation of
resources

Cheice of structured
of bare habitat;

behaviour(exploration,

foraging, social
behaviour)

Choice of spawning
sites, egg survival

Adult learning rate
(performance in maz:
task), body length

Levels of activity ang
aggression, shoaling
density, whole-body
cortisol

Fertility, fecundity,
survivership of larvae

Latency to feed,
aggression, shoal
distance

Fish spent 99% of their

time in areas containing
plants

Covered habitats used
more than bare enes; no
difference in use of
vegetated and bare
habitats; levels of
aggression did not differ
between habitats;
monopolisation of
resources was greater in
bare habitats than in
covered, but not
vegetated, habitats.

Structured habitat
preferred over bare
habitat

No difference in
behavioural diversity
between habitats

Gravel substrate
preferred by both males
and females and
vegetation preferred over
non-vegetation; egg
survival greatest in gravel

Fish raised in bare tank
had slower rate of
leaming than those
reared in complex
environment; fish rearad
in complex environment
were smaller than those
reared in bare tanks

Activity and shoaling
density showed no
response to tank
structures, aggression in
control tanks declined
faster than in structured

tanks, cortisol levels did
not vary between control
and structured tanks

More eggs spawned on

‘grass’ than on ‘leaves’;

no effect of enrichment

on survivorship of fry to
& dpf

Vegetation increased
aggression; water flow

decreased latency to
feed




Enrichment - too much focus?

» Concerned with impact on research - ultimately drives change!

Comams fists avallable ar ScienceDirect

Physiology & Behavior

* forebrain cell proliferation >
in enrichment environments

journal homepage: www.elsavier.com/locate/phb

Forebrain cell proliferation, behavior, and physiology of zebrafish, Danio rerio, kept in
enriched or barren environments

* Mmeasure Of neural plaStICIty Kristine von Krogh?, Christina Serensen ", Goran E. Nilsson ", @yvind @verli “*

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

Ethology
y
Rearing Environment Affects the Brain Size of Guppies: -
Lab-Reared Guppies have Smaller Brains than Wild-Caught | o M
Guppies ’ ' ;
James G. Burns, Arthy Saravanan & F. Helen Rodd " Darren Croft. University of Exeter Telencephalon
{a) B ) B ' serves -
. 1.004 1.504 t 1
NE fg 1.404 Spa la
£ 0301 £ memor
H -;' 1.304 y
z 0.80 1 i 1901
5 .
2 ool 3 110 Optic Tectum
& £ 100] serves - visual
S 060 = .
ﬁ o 090 processing
0.50 0.80
Mother Daughter Mother Daughter
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Enrichment - too much focus?

 Habitat complexity affected brain development in salmonids:

* Cerebellum size: wild>complex>simple 0131 g
* Cerebellum involved in locomotion £ 012 L
. . O
* Bigger cerebellum = better maintenance = ol 1
tank position 2
8 0.10- [
The Journal of Experimental Biology 209, 504-509 E
wimo oot ij 0.091
Early rearing environment impacts cerebellar growth in juvenile salmon 0,08
Rebecca L. Kihslinger* and Gabrielle A. Nevitt River Complex Simple

Section Neurobiology, Physiology and Behavior, UC Davis, Davis CA, USA

* 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..... ’

Applied Animal Behaviour Science

Volume 139, [ssues 1-2, June 2012, Pages 143-150 ﬁ

:
1
L 1
5 f_'L :
[
I
i

Does structural enrichment for toxicology studies improve
zebrafish welfare? L[

£ sl

Luanne Wilkes™"™ & & Stewart F. Owen®, Gareth D. Readman®, Katherine A Sleman®, Rod W. Wilson®

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!

7 Annual International Zebrafish Husbandry
Meeting



Enrichment - too much focus?

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

*,n_r!\',"_-,“ Available online at www.sch m
o - APPLIED ANIMAL
European Journal of Neuroscience, Tol. 20, pp. 1341-1347, 2004 @ Federation of European Ne ience Societies  ~ ScienceDirect ngg:gg"
ELSEVIER Applied Animal Behaviour Science 102 (2007) 163-188

Environmental Enrichment Delays the Onset _ _ o _ s elvicrsomooneppm
of Miemiors Deficitoand Redires Environmental enrichment in mice decreases anxiety,

Y ) - attenuates stress responses and enhances natural killer Wity atid Ko shiiid sve se e al
Neuropathological Hallmarks in a Mouse cell activity y and now'sHould. We use ervironmenta

. . . enrichment to tackle stereotypic
Model of Alzheimer-Like Neurodegeneration behaviour?

N. Benaroya-Milshtein,’ N. Hollander,” A. Apter,® T. Kukulansky,® N.Raz” A. Wilf," I Yaniv* and C.G. Pick'

G. Mason ™, R, Clubb, N, Latham, S. Vickery
Nicoletta Berardi* !, Chiara Braschi®!, Simona Capsoni®', Antonino Cattaneo®! and : ¥

Lamberto Maffei™"

* 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, ]f (2005).
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Model of Alzheimer-Like Neurodegeneration

Nicoletta Berardi®"*!, Chiara Braschi®', Simona Capsoni"', Antonino Cattaneo®*! and

Enrichment - too much focus?

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

,"@f"; o Available online at www.sch m
ol = i .
Ewropean Journal of Newroscience, Vol 20, pp. 1341-1347, 2004 ® Federation of European Ne ience Societies # 3 .“ ScienceDirect AP%E{\;??:‘Q?L
. . ELSEVIER pplicd Animal Behaviour Science 102 (2007 163188
Environmental Enrichment Delays the Onset _ _ . _ g eEE—— I eewtvnieveoiiin
of Maitiory Deficitsand Redaes Environmental enrichment in mice decreases anxiety,
y el - attenuates stress responses and enhances natural killer Wi sitid B kil ) » al
Neuropathological Hallmarks in a Mouse cell activity y; dnc HoW SHOULCG-WE LISE ENVITOnMmEnts

enrichment to tackle stereotypic
behaviour?’

N. Benaroya-Milshtein,’ N. Hollander,” A. Apter,® T. Kukulansky,® N.Raz” A. Wilf," I Yaniv* and C.G. Pick'

G. Mason ™, R, Clubb, N, Latham, S. Vickery

Lamberto Maffei™"

* 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 anjm =tre-mestimportant aspect of clinical ethology is its
' adewig,]f. (2005).

Our focus?
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“and We

® Is there a need for support staff fnr@i-‘hninhﬁi- . :l l
® 2016 RSPCA Rodent welfare report

5 P —————
& Human behaviour - can change improve animal welfare?

® Cooked food for primates
® Congress 2017 Posters - Part 1

Official Journal of the Institute of Animal Technology
and European Federation of Animal Technologists

@;}; —————— September2017.3%

pAPER REVIEW

Happy Animals Make Good Sci
10 Years Later —

Matt Bilton on behalf of the jaT Animal Welfare Group

in 1 497 Trevor Poole f_mm the Universities Federation for Animal welfare
published "Happy Animals make good science” in Laboratory Animals (1997)
31, pp116-124, The paper questioned whether it is better for the animal to be

ham:ar.jhut does the state of mind of the animal potentially influence scientific
results?

The paper begins by setting the scene by stating what happy animals are. it

defines a *happy animal’ as one that is alert and busy, able to rest in a relaxed

7 Annual International Zebrafish Husbandry
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Take a step back and reflect on current practices
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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
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

7 Annual International Zebrafish Husbandry
Meeting



We actually know some of this

stutf already - published work!
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Density Effects

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

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!

Typical Density

Low De%srcy

7 Annual International Zebrafish Husbandry
Meeting



Low Density - elevated aggression: Activation of “stress axis’ in brain

Physiological and health consequences of social status in zebrafish (Danio rerio)

Amy L. Filby **! Gregory C. Paull®', Emily ]. Bartlett ?, Katrien J.W. Van Look ®?, Charles R. Tyler ?

# School of Biosciences, University of Exeter, Hatherly Laboratories, Prince of Wales Road, Exeter, Devon EX4 4PS, United Kingdom
b Institute of Zoology, Zoological Society of London, Regent's Park, London NW1 4RY, United Kingdom
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Rapid - Day 1 - pre-cursor to cortisol production

7% Annual International Zebrafish Husbandry
Meeting



Low Density - elevated aggression: Activation of “stress axis’ in brain

Physiological and health consequences of social status in zebrafish (Danio rerio)

Amy L. Filby **! Gregory C. Paull®', Emily ]. Bartlett ?, Katrien J.W. Van Look ®?, Charles R. Tyler ?

# School of Biosciences, University of Exeter, Hatherly Laboratories, Prince of Wales Road, Exeter, Devon EX4 4PS, United Kingdom
b Institute of Zoology, Zoological Society of London, Regent's Park, London NW1 4RY, United Kingdom
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Overcrowding/high density - stressor?
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Social interactions can affect physiological
consequences of exposure to toxicants
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Density Effects

Newly Accumulated Copper (ng/g tissue/h)

1 reater uptake of copper in
subordinate vs. dominant fish
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Sloman et al. (2002) — ET&C 21:1255-1263
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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?

Handling Effects
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A SAMPLE FISH
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Better understanding how zebrafish respond to minutes post-net-stress

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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Physiological consequences of housing practices

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

= Completely isolated
females
= Jsolated by dividers
= Mismatched pairs
= Female biased populations
Fig.2. Female zebrafish before (upper panell and aft:ar b;&'tng = Not jU.St a zebrafish

honsed alone for three weeks (lower panell. The mean + 5D bl
belly height of the females increazed, by 69 + 24% (N = 10, probiem

Egg bound

Spence et al., The behaviour and ecology of the
zebrafish. 2008
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Physiological consequences of housing practices

» Stickleback In Vitro Fertilisation Protocol

* Important:

* As well as for the purposes of IVF, strippir(lig 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,
raS}laberry-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 causin
damage to the female, the fish will usually recover well. However, if atresia is
too advanced (usually when eg%s have formed a hard mass inside the female) it
may be too difficult to remove them without causinlg damage to the fish, and the
fish should be euthanised by a schedule 1 method. Regular observation and
stfriﬁping of females can prevent this occurring, and this is the responsibility
of the user.
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What do the demands of modern facilities and today’s
researchers mean for fish welfare?

Growth

/ Feeding
» Stress ﬁmune function

Human-anima
interaction done badly
- Interplay between

physical and social
environment

Reproduction

Metabolism

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

" Limited information on “best practice’ guidelines for pair-wise mating,

genotyping, screening

B Tmx1f; 2mx1f; 1mx2f; small groups of random sexes; size of spawning
chamber; duration left for; volume of water; size and age of fish used

B exposing fish to confinement - stressor!

B exposing fish to aggression - stressor!

" Often no records kept of how often fish are used /handled
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Identifying quick wins for
improving the welfare of our
animals!
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Identifying quick wins for imp
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roving the welfare of our animals!

i
I I b '
B a E  control

c

7" Annual International Zebrafish Husbandry

Meeting



[dentifying quick wins for improving the welfare of our animals!

® Pair-wise mating (or any occasion fish housed at low density) can invoke aggressive

behaviour in zebrafish, invoked particularly by larger males.
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[dentifying quick wins for improving the welfare of our animals!

*  Unlike for females, subordinate males showed less signs of stress and importantly no physical

damage even when females were dominant.
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[dentifying quick wins for improving the welfare of our animals!

Simple tank enrichment and size matching mitigated levels of

aggression
30 - 20
3 v
E 18 /
8 25 = G 16 /
3
g § r
o 20 - 512 / / # F Dominance Line
& 53 Vi
7} & s 10
(2]
213 4 EE 8 B Survivorship Line Bare
ta.: fn - ) Tank
& 10 3 .
© % 1 / !/ A Survivorship Line With
q>J 2 Enrichment
< 5 - & 2 , G
7}
o« 0 T
0 - 0.2 0.3 0.4 0.5 0.6
T
Male Weight (Grams
Grass No Grass el )

¢ Often the best principle is to avoid extremes....
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Identifying quick wins for improving the welfare of our animals!

Novel approaches to husbandry practices!

* 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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Conclusion

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

\ -~ ol
Do some of your own experiments? R p— —— \i
The response “That is how we have always done it’ *.If,'*'_;"'f-ii' S %ﬂi!}l y
doesn’t mean that it is best practice today! v\ = ""' R F__“;
. .. S - rmceagm—
Publish your findings! e § ! /
B e
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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

IIIIIIIIIIII




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 1s likely
that fish can feel pain & studies designed accordingly
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