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(President of the BVA) cradling a large and very fine looking salmon 
via our web site (link active till the end of 2014). As a result the past-
president of the BVA Peter Harlech Jones has taken up the issues of 
availability of medicines for aquatic species in Europe. BVA has also 
raised the profile of fish vets with both the UK and Scottish govern-
ments and has also sought our opinion on several fish related issues. 
This is definitely a step in the right direction.

 As always I have to thank the committee for their tremendous efforts.  
Willie Wildgoose for keeping or finances under control and despite a 
lot of provocation always being polite and good humoured when chas-
ing us up for fees etc. Stuart Becker working with Temerity Media to 
keep the web site current. Mark at Temerity has done a great job for us 
but the software that runs the website is now getting a bit long in the 
tooth so a revamp will have to be considered in the near future. David 
Sutherland for producing this publication, a job that requires consider-
able persistence and tact. The Senior and Junior vice presidents Peter 
Scott and Neil Robertson for all their advice and deputising for me on 
several occasions. This year I should have stepped down as president; 
you will be glad to hear this is not a bid for a permanent position but 
rather I have agreed to stay on for one more year while Neil deals with 
some pressures from his day job. And finally Fiona MacDonald has 
stepped down as secretary after many years – I am too polite to say 
how many. It would be impossible to overstate Fiona’s contribution to 
the Fish Vet Society. I am confident it would not even exist if it had not 
been for her efforts. She was presented with an engraved quaich or 
friendship cup on your behalf at the end of the AGM. She has agreed 
to stay involved in an advisory role but she leaves a lot of work behind 
her. So much work that we have created a conference committee to 
organise next year’s conference and also elected a new secretary: 
Christiane Quernel. I would like to welcome Christiane to the committee 
and assure her we will all do our best to support her while she tries to 
come to terms with all the many responsibilities of that role.

 With that I would like to wish you all the best for the coming year.

Jimmy Turnbull
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President’s Reflections

Jimmy Turnbull
Institute of Aquaculture, University of Stirling.

Welcome to another edition of the Fish Veterinary Journal. Again I 
am glad to report positively on many aspects of the society. I am 
especially pleased with our efforts to encourage younger members 
and to work more actively with the BVA.

 Yet again our two-day annual meeting (henceforth conference) was a 
great success with an international line up of excellent speakers.  The 
diversity and quality of the speakers was matched by the active partici-
pation of the audience; the quality of the discussion at our conference 
is as good as I have seen anywhere and is a credit to our Society. 
In addition to all the familiar faces I was delighted to see some new 
faces at the conference and again this year our sponsors (Pharmaq, 
Novartis, the Fish Vet Group and Aqualife) kindly provided free places 
for seven undergraduate or post-graduate vet students in addition to 
their regular support. I must also thank our other sponsors Skretting, 
MSD Animal Health and Aqua Pharma for their valuable support.

 For several years members of our society have given the odd lecture at 
many of our vet colleges but we have now established a final year fish elec-
tive for Glasgow and Edinburgh vet colleges. This is a three or four week 
rotation with time at Stirling, on farms, with the Fish Vet Group, ending 
up with case study report. We have one student on the elective this year, 
Morag Clinton who was also a recipient of one of the sponsored places at 
our conference.  Early indications are that there are several students inter-
ested for next year and some already interested for the year after.

We have continued to engage with veterinary politics and have made 
some excellent progress. Why should we bother? Because there are 
many aspects of veterinary politics that have a direct influence on our 
members and a voice in decisions which affect us is very important. 
A visit to the Institute of Aquaculture and a number of farms was 
arranged for the BVA board by Ronnie Soutar. Many people and 
companies contributed their time and it appears to have been a great 
success, raising the profile of aquaculture and fish vets with the BVA.  
You can see a report of the visit with a picture of Robin Hargreaves 
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Editor’s Comments

David Sutherland
Westside Veterinary Surgery, Bixter, Shetland ZE2 9NA

Another Fish Veterinary Journal! This one has the same number as the year, 
which is handy. Hopefully we can keep that up!

One of the farm managers I work with said that there is a new disease every 
year, or at least one every generation. The “new” disease for us has been 
Amoebic Gill Disease (AGD), although certainly not for some parts of the 
world, such as Tasmania. This has meant adding regular gill scores to the 
farm routine, as well as hydrogen peroxide treatments (lots of peroxide treat-
ments!). We haven’t opted for the freshwater option much at this side of the 
world, although we have a plentiful natural supply (especially this winter!). 
The increase in the incidence of AGD cases lead to the inaugural meeting of 
the Gill Health Initiative in January last year in Stirling, where amoebae were 
the main talking point. Hamish Rodger summarises this disease in this issue. 

One new cultured species is the humble lumpsucker, which has been 
recruited in the battle against sea lice. This fish has long been familiar as an 
uninvited guest in salmon cages, and has always struck me as looking more 
like a bathroom toy than a real fish! But anything that can help against sea 
lice is a good thing, so we await the result of trials with interest. No doubt 
they will challenge us with new disease conditions!

The highlight of the Fish Veterinary Society’s year is our annual meeting at 
Norton House near Edinburgh. In this meeting, there were a lot of presenta-
tions on the subject of laboratory fish, and how to improve their welfare. The 
little zebrafish is the most popular fish for laboratory use in the UK, and Paul 
Schroeder and J.P. Mocho tell us about the veterinary aspects of their husbandry.

 Professor Felicity Huntingford will also look at how behaviour can affect 
fish health, and how we can modify the former to improve the latter. To pro-
vide variety, Bernice Brewster writes on coarse fisheries, and how changes 
to this sport present challenges for fish welfare.

My thanks, as usual, go to the contributors, to Mike Williams for being such 
a patient publisher, and to our sponsors.

David Sutherland 
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Behaviour and the health of cultured fishes

F.A. Huntingford & F.J.E. Howarth1

Institute of Biodiversity, Animal Health & Comparative Medicine,
Faculty of Medical, Veterinary & Life Sciences, University of Glasgow

1Current academic address: Institute of Aquaculture, University of 
Stirling, Stirling FK9 4LA

Abstract
In this article, which was first presented as a talk at the Fish Veterinary 
Society’s annual conference in March 2012, we consider how the natural 
behaviour of fishes determines the extent to which they are exposed to patho-
gens, their susceptibility to pathogens once these are encountered and their 
patterns of recovery from disease once fish are infected. We then give a few 
examples of how the natural behaviour of fish can be used to reduce disease 
and ill health in culture systems.

1. Introduction

The last couple of decades have seen an increasing interest in using what 
biologists know about behaviour to improve production and welfare in 
aquaculture and to reduce its environmental impact (Huntingford et al. 
2012a). Both these aspects of fish culture can be improved or compromised 
by fish health, whether fish are being cultured for food, for release into the 
wild, for the ornamental trade or for scientific research. Fish veterinarians 
are responsible for the health of fish cultured in all these contexts, hence 
there was an invitation to talk on the topic of behaviour and the health of 
cultured fish at the Fish Veterinary Society’s conference in March 2012. 
The many and complex ways in which fish behaviour and fish health are 
linked makes a huge topic, so in this paper we concentrate on how behaviour 
influences interactions with pathogens in cultured fish. The paper starts by 
considering how the natural behaviour of fish determines the extent to which 
they are exposed to pathogens, their susceptibility to pathogens once these 
are encountered and their patterns of recovery from disease once fish are 
infected. We then consider how the natural behavioural responses in fish 
can be used to reduce disease in culture systems, giving just a few of many 
possible examples. Many readers of this journal will already be familiar 
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with some of the issues and examples used, but we hope that none will have 
heard it all before.

2. Behaviour and disease

2.1. Exposure to pathogens and other sources of ill health
2.1.1 Habitat choice
In nature the habitat choices that animals make determine, among other 
things, the extent to which they are exposed to pathogens. For example, 
Arctic charr Salvelinus alpinus commonly exist in two or more sympatric 
forms within the same water body, in many cases specialising on different 
kinds of prey (Noakes 2008). These different patterns of foraging involve 
morphological, physiological and behavioural specialisations. For example, 
in Loch Rannoch, Scotland at least two forms of Arctic charr coexist, spe-
cialising for feeding on either benthic or on pelagic invertebrates (Adams & 
Huntingford 2002, 2004). Specialising on a benthic as opposed to a pelagic 
diet takes these fish into different parts of the water body, potentially expos-
ing them to different parasite communities. An analysis of parasite burdens 
in these two trophic morphs shows that fish of the pelagic form are preferen-
tially infected with cestodes whose intermediate hosts are themselves pelagic 

(such as Diphyllobothrium spp). In contrast, charr of the benthic-feeding 
form are preferentially infected with cestodes such as Diplostomum, whose 
intermediate hosts live on the substratum (Figure 1: Dorucu et al. 1995). 
Thus in wild fish, habitat selection dictates exposure to and infection by 
parasites. In fish culture as well, expression of natural habitat preferences 
can dictate the extent to which fish are exposed to pathogens. For example, 
infective stages of the sea louse are strongly attracted to light and so during 
the day are normally found at higher densities in shallow water. Holding 
farmed fish in deep cages allows them to avoid infection by moving into the 
deeper parts of the cage. Atlantic salmon Salmo salar stimulated to swim 
at 4–12m by artificial lights have lighter sea lice infestation than do those 
swimming in shallower water (0–4m, Figure 2: Hevrøy et al. 2003).

2.1.2 Feeding preferences
Feeding preferences of fish have been fine tuned by natural selection acting 
over millions of years and favouring those individuals that are most effective 
at finding nutritious food. For example, in many fish species amino acids 
found in natural food, including alanine, cysteine, serine, glutamine, glycine 
and proline, act as feeding stimulants (Hara 2006) and in many species 
visual cues are also used to find food (Utne-Palm 2002). As an example of 
how such preferences can dictate the pathogens to which fish are exposed, 
many visually foraging fish are attracted to movement, contrast and (in 
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Fig. 1 The percentage of Arctic charr from Loch Rannoch, Scotland of the benthic 
feeding (dark bars) and pelagic feeding (light bars) form that were infected 
by the cestodes Diplostomum spp. (infective forms found near the substra-
tum) and Diphyllobothroum spp (infective forms pelagic). Plotted from data in 
Dorucu et al. 1995.
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normal light regimes (-. Dark bars) or (+. Light bars) with additional light. 
Adapted from Havrøy et al. 2003.
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shoaling prey) to oddity (Ohguchi 1978). Copepods acting as intermediate 
hosts for parasites look odd, behave oddly and are easier to capture (Figure 
3: Pasternak et al. 1995). Cultured fish share many of the natural feeding 
preferences of their wild counterparts. When exposed to infected prey, as 
juvenile salmonids may be when held in cages, such preferences could 
increase their probability of being exposure to pathogens.

Behaviour and the health of cultured fishes

2.2.3 Fighting, fin damage and infection
Fighting in animals is not abnormal behaviour; instead it is an adaptive 
response to limited resources, with winners gaining preferential or exclu-
sive access to such resources. Like other animals, fish adapt their aggres-
sive behaviour to the costs and benefits of fighting, being more aggressive 
when food is less abundant (and hence more valuable in fitness terms) and 
when it is clumped (and hence easier to defend: Damsgaard & Huntingford 
2012). These behavioural rules mean that, even when plenty of good quality 
of feed is provided, cultured fish may well fight over access to this if it is 
clumped in space and predictable in time. For example, in larval Atlantic 
cod Gadus morhua between 30 and 60 days after hatching held at produc-
tion densities, attacks towards smaller companions occur at a rate of 2.6 per 
fish per hour, which multiplies up to a high rate (Forbes 2007). Aggression 
in culture systems has many adverse effects on fish health, including the use 
of energy that could be put into growth, physiological stress and impaired 
immunocompetence (Damsgaard & Huntingford 2012). Most obvious, 
however, is the risk of injury, with dorsal fin damage being a common con-
sequence of aggression in farmed salmonids (Moutou et al. 1998, Turnbull 
et al. 1998: Figure 4). Besides the adverse effects of injury itself, broken 
skin provides an entry route for viral, bacterial and parasitic pathogens 
(El-Matbouli et al. 1995).
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Fig. 4 Scanning electron microscope image of the dorsal fin of a farmed Atlantic 
salmon parr showing damage caused by biting attacks. Inset: schematic rep-
resentation of the region of the fin shown in the micrograph. Reproduced with 
permission from J. Turnbull, University of Stirling.
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2.2 Susceptibility to pathogens and other sources of ill health
Once exposed to pathogens, behavioural traits can influence the susceptibility 
of fish to subsequent infection. An extensive and growing literature on all the 
main vertebrate groups, and some invertebrates, tells us that within a species, 
population and cohort, individuals often differ strikingly and consistently in 
their behavioural and physiological responses to challenge (Korte et al. 2005, 
Koolhaas et al. 2010). This suite of differences is sometimes summarised by 
the term “stress coping style”. At one end of the spectrum are so-called pro-
active individuals that take risks in various contexts and, in terms of physiol-
ogy, show a predominantly sympathetic and adrenergic response to challenge. 
In contrast, so-called reactive individuals avoid risk and their stress response 
is typically based on the parasympathetic system and on release of cortisol.

In fish, stress coping styles have been most fully documented in rainbow 
trout (Schjolden et al. 2005), but the phenomenon exists on other species 
(Huntingford et al. 2012b). By way of example, common carp show con-
sistent differences in risk taking (willingness to explore a novel, potentially 
dangerous, environment); these differences are predictive of an individual’s 
ability to compete for clumped food (risk takers are better competitors), of 
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stress physiology (risk avoiders have more cortisol receptors in both brain 
and head kidney) and in respiratory physiology (risk takers have a higher 
resting metabolic rate) (Figure 5: Huntingford et al. 2010). Differences in 
physiological responsiveness will determine the extent to which fish are 
stressed by routine husbandry practices. In addition, perhaps as a conse-
quence of their higher metabolic rate, risk-taking, proactive carp have a 
larger and more exposed gill surface (Jenjan 2011), which may determine 
their vulnerability to poor water quality.

2.3. Recovery from disease
Stress coping style is likely also to influence recovery from disease, since 
proactive and reactive animals differ in their immune responses (Korte et al. 
2005). For example, in common carp exposed to a simulated bacterial infec-
tion, proactive fish upregulate Tumour Necrosis Factor (TNF), whereas reac-
tive fish marginally down regulate it (MacKenzie et al. 2009). Zebrafish, like 
other ectotherms, show behavioural fever following simulated viral infection 
This has a major effect on gene expression patterns. Thus fish with access 
to a thermal gradient and hence able to express behavioural fever show a 
strong, co-ordinated anti-viral response; in contrast, infected fish without 
access to a thermal gradient show a generalised stress response (Simon 
McKenzie et al. submitted).

Another example of an effect of behaviour on recovery from disease can be 
seen in the case of cleaner fish and their clients. The term refers to a number 
of species of fish, for example the wrasse Labroides dimidiatus, that feed 
by removing ectoparasites from larger fish that come to so-called cleaning 
stations for this purpose (Cote 2000). Cleaner fish may also eat damaged 
tissue, but occasionally remove scales and mucus from their clients. The 
cleaning interaction involves some quite complex behaviour, including 
both visual and tactile displays by the cleaner towards potential clients 
(Bshary & Würth 2001). Reef fish allowed access to cleaners have better 
body condition, lower cortisol levels and lower antibody titres following a 
disease challenge (Figure 6: Ros et al. 2011). Cortisol levels in surgeonfish 
Ctenochaetus striatus exposed to tactile stimulation by a cleanerfish model 
were less than half those found in fish not given this experience (Soares et 
al. 2011). Thus both removal of ectoparasites by cleaner fish and the asso-
ciated behavioural interactions reduces stress, removes the need for active 
immune responses and frees resources for allocation to other functions (Ros 
et al. 2011).
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Fig. 5 Mean (+SE) resting metabolic rate (mg O2/kg/h) in common carp classified 
as risk taking and risk avoiding on the basis of time taken to emerge from 
shelter to forage in an unfamiliar, potentially dangerous arena (Huntingford et 
al. 2010).
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3. Exploiting behaviour to reduce disease and promote fish health

Cleaner fish have been used in aquaculture to help reduce sea lice levels in 
farmed fish, forming part of a louse control programme and reducing the 
need for chemical treatments (Costello 1996). Knowledge of the behaviour 
of both cleaners and clients can potentially be used to make this more effi-
cient. For example, salmon cages often lack identifiable landmarks at which 
wrasse can establish cleaning stations and the salmon also lack the spatial 
information needed to allow them to seek the attention of the wrasse for the 
removal of ectoparasites (Treasurer 1996, Deady et al. 1995). Provision of 
appropriate structures in production cages might improve the effectiveness 
of using cleaner fish in louse control programmes. Still on the subject of sea 
lice, one of the natural behavioural responses of salmon to lice infestation 
(jumping through the water surface) could potentially be used to allow the 
fish to self-medicate. Twenty four hours of submergence of a sea cage below 
the water surface reliably stimulates Atlantic salmon to jump at the surface 
once the cage is raised to refill their swim bladders (Dempster et al. 2011); 
this is particularly the case in fish with lice infestations. A film of oil-infused 
pyrethrum (an effective form of louse treatment that is banned from normal 
use because of its adverse environmental effects) can be contained by float-
ing barriers at the surface of sea cages and can be recovered at will. Brief 
exposure when leaping through an oil film causes more uptake of oil by lice 
(which have lipophillic skin) than in salmon (which have lipophobic skin). 
Two seconds exposure to oil infused pyrethrum kills 90% of attached sea 
lice (Boxaspen & Holm 2001). Using a small amount of pyrethrum in an 
oil film, in combination with natural jumping responses of fish amplified by 
24h submersion, means that this chemical could potentially be used to treat 
louse infestations at the cage level with much reduced adverse effects on the 
environment.

As described above, aggressive interactions can be quite frequent in fish cul-
ture systems and can have detrimental effects on fish health through direct 
injury, through unequal access to feed and through enhanced stress levels. 
Drawing on the behavioural literature, it is possible to cut the incidence of 
fighting in fish production systems by reducing the benefits gained by fight-
ing. For example, when Atlantic salmon are fed on demand by smart feeders 
that continue to deliver feed as long as there are hungry fish to eat it, there is 
much less scrambling for food (Andrew et al. 2002) and few fish have dam-
aged dorsal fins (Noble et al. 2008). It is also possible to reduce the incidence 
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keyhole limpet hemocyanine in reef fish populations with and without access to 
bluestreak cleaner wrasse (Ros et al. 2011).

Fig. 6B
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of fighting in production systems by making this behaviour more costly. For 
example, in Arctic charr induced by a current to swim steadily at a speed 
of between 1 and 2 body lengths per second (Christiansen et al. 1992) and 
in Atlantic salmon induced to swim at the same speed by a light stimulus 
(Herbert et al. 2012), aggression, injury and cortisol levels are all reduced, 
and growth rates and feed conversion efficiency increased (Davison 1997). 
Fighting can also be decreased by exposing fish to a perceived threat. For 
example, in small groups of juvenile Nile tilapia (Oreochromis niloticus) the 
incidence of attacks falls from 3.95 per group per min to 2.38 per group per 
min when the fish are exposed to the sight of a larger conspecific swimming 
nearby behind glass (Figure 7: Howarth, unpublished data). A similar effect 
has been demonstrated in juvenile Atlantic salmon held at high densities in 
experimental tanks (Adams et al. 2000) and may be responsible for the coun-
terintuitive observation that in sea cages Atlantic salmon that experience 
relatively frequent disturbance during routine husbandry show less aggres-
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sion and enjoy better welfare (measured by a combination of fin and body 
condition and plasma cortisol and lactate levels) compared to fish held in 
otherwise identical conditions that are rarely disturbed (Adams et al. 2007).

4. Conclusions

Clearly, fish veterinary medicine is a key discipline when it comes to 
protecting the health of cultured fish. However, we hope to have demon-
strated in this article that an understanding of behavioural biology could 
complement veterinary expertise in this context. An extensive and growing 
literature on the behaviour of cultured fish (Huntingford et al. 2012) tells 
us that, in spite of the very different conditions prevailing in intensive fish 
culture and in the wild and the well documented effects of captive rearing 
and domestication on behaviour, the fish we culture intensively have very 
much the same behavioural systems in aquaculture as their wild counter-
parts. This means that behavioural mechanisms that in the fishes’ natural 
habitat determine exposure to pathogens (habitat selection and feeding 
preferences, for example), susceptibility to pathogens (stress coping styles, 
for example) and recovery from pathogens (use of cleaning stations, for 
example) are likely to be expressed in farmed fish as well. The overall simi-
larity in behavioural systems between wild and cultured fish also means that 
fundamental understanding of why wild fish act as they do can be used to 
develop behaviourally-informed solutions to various problems in aquacul-
ture, including in the current context, threats to the fish and to the industry 
posed by disease and injury.
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(Salmo salar) in Europe
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Abstract
Amoebic gill disease (AGD) emerged in marine Atlantic salmon farming 
in France, Ireland and Scotland as the major infectious disease challenge 
during 2011 and 2012. The causal parasite, Neoparamoeba perurans, causes 
focal to multifocal gill hyperplasia and lamellar fusion leading to severely 
compromised gill physiology and function. Affected fish suffer respiratory 
distress, increased susceptibility to stress at movement or bathing (for lice 
treatment) and mortality. Fish can be monitored for the condition through 
weekly gross gill score assessment, complimented with laboratory tests such 
as gill smears, histopathology or RT-PCR. The disease can be treated with 
freshwater or hydrogen peroxide baths taking into account environmental 
conditions and degree of gill pathology.

Introduction
Amoebic gill disease (AGD) has remained the most serious health and welfare 
challenge for marine farmed salmonids in Australia since the 1980s and the 
control of this disease contributes at least an additional 10 to 20% to the cost of 
production for the Atlantic salmon (Salmo salar) farming industry in Tasmania 
(Nowak 2012). In addition to Australia the disease has been reported in coho 
salmon (Oncorhynchus kisutch) in Washington State, USA (Kent et al. 1988), 
rainbow trout (O. mykiss) in Australia (Munday et al. 2001) and Atlantic salmon 
in Chile (Bustos et al. 2011) and previous outbreaks have also been reported 
in Atlantic salmon in France, Ireland, Norway and Spain (Rodger & McArdle 
1996, Steinum et al. 2008). AGD has also been described in non-salmonid spe-
cies including turbot (Psetta maxima), sea bass (Dicentrarchus labrax) and ayu 
(Plecoglossus altivelis) (Nowak 2012). AGD re-emerged in Europe in 2011 and 
2012 to be the most serious infectious health challenge for the marine salmon 
farming industry with Ireland, France and Scotland all affected. AGD can cause 
lethargy, loss in growth and high mortalities of up to 10% of livestock per week 
reported in cases in Tasmania in the 1980s if untreated (Munday et al. 2001). 
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The aetiological agent of AGD is the protist Neoparamoeba perurans, a 
recently described parasitic and free-living amoebae (Young et al. 2007, 
Crosbie et al. 2012). This parasite is approximately 40 to 56µm in diameter, 
multiplies by division, and has one or more Perkinsiella amoebae-like organ-
isms adjacent to the nucleus, known as parasomes. Crosbie et al. (2012) cul-
tured the pathogenic species of amoeba and were able to induce AGD from 
laboratory cultures for the first time, demonstrating that N. peruans was the 
causal agent of the disease. Earlier experimental work with partially purified 
amoebae from the gills of salmon demonstrated that infection of the gills and 
resultant AGD can be induced with as low a level as 10 cells/l (Morrison et 
al. 2004). It has been described that the Neoparamoeba sp. induce a triphasic 
host response, including localised host response to adhered parasites, non-
specific immunoregulatory cell infiltration and advanced hyperplasia with 
epithelial stratification (Adams & Nowak 2003).

Treatment and control in Australia involves regular monitoring of gross 
gill appearance and prophylactic baths of the fish with freshwater for two 
to three hours (Taylor et al. 2009b). Fish in some regions of Tasmania may 
be treated up to 15 times during their marine grow-out cycle (S. Percival, 
personal communication). A plethora of alternative bath and in-feed rem-
edies have been investigated but freshwater remains the treatment of choice 
in Australia. No commercial vaccine is available although screening of 
candidate antigens has been undertaken by various groups (Nowak 2012), 
however, a significant heritable component in AGD resistance has been 
demonstrated in Atlantic salmon in Tasmania (Taylor et al. 2009a). This note 
records some of the experiences and findings from the re-emergence of AGD 
in northern Europe.

Amoebic gill disease in European salmon farming
The first recorded outbreak of AGD in salmon farms in Europe was report-
ed in Ireland when in 1995 eight farm sites were affected, with salmon farm 
sites also affected in Spain and France of that year (Rodger & McArdle 
1996). At that time it was considered that the prolonged high sea tempera-
tures and low rainfall in 1995 were major risk factors in the development 
of the disease, as elevated temperatures and high salinities had been identi-
fied as major risk factors in Tasmania (Clark & Nowak 1999). From 1995 
through to 2010 there have only been sporadic, infrequent and relatively 
minor impacts from AGD in marine salmon farms in Europe with two sites 
affected in Scotland in 2006 to 2007, four sites in Norway in 2006 (Steinum 
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et al. 2008) and two to three pens affected in two to three sites every three 
to four years in Ireland. This situation changed, however, in 2011 and 2012 
when over 25% of the marine salmon sites in both Ireland and Scotland 
were affected by AGD. The impact included mortalities, loss in growth, 
an increase in percentage of low condition fish, increased susceptibility 
to other disease and mortalities during either bath treatments (for sea lice) 
or livestock movements as a result of compromised gills. Although sea 
temperatures around the UK and Ireland have been rising at the rate of at 
least 0.3 to 0.4°C per decade since the 1980s (The Scottish Government 
2011) it appears that the role of elevated ambient sea temperature as a 
risk factor for AGD may not be so significant as previously considered 
(Douglas-Helders et al. 2001, Rozas et al. 2012). However, high salini-
ties do appear to be a significant risk factor and these have been rising in 
the north-west of the UK possibly as a result of climate change (MCCIP 
2010). Data collated from marine farms in Scotland at the time of new 
cases of AGD indicates that sea temperature was on average 11.3°C, but 
ranged from 13.5 down to 7.5°C. In 2011 the first indications of AGD were 
from France in July, Ireland in August and then Scotland in September, 
however new cases were still occurring in Ireland and Scotland in January 
and February 2012, during the periods of lowest water temperature. The 
disease persisted through 2012 in all regions in both Ireland and mainland 
Scotland and was then confirmed for the first time in August 2012 in both 
the Orkney and Shetland Islands. In Scotland in 2011 of the 88 marine 
salmon sites screened for AGD, 26 were confirmed positive, however, 15 
of the 26 (58%) were reported to have had some form of prior gill disease 
before clinical AGD. It was considered that at least some of these prior gill 
disease conditions may have been related to harmful algal blooms, such 
as Chaetocerus sp. or Karenia mikimotoi, which appear to be increasing 
in frequency and impact (MCCIP 2010, Rodger et al. 2011). However, in 
Ireland in the 12 of the 23 marine sites affected by AGD in 2011 only one 
had any prior gill disease and these sites would have been screened on a 
regular basis (through gross and histological examinations).

Presumptive diagnosis of AGD in Europe is based on the typical clinical signs 
(lethargy, elevated body position in the water column, increased respiratory rate 
and increased range of opercular movement with white or grey mucoid spots 
or patches on the gill surface) and presence of amoeba on fresh gill smears by 
microscopy (Figure 1). Confirmation of AGD is through histopathology where 
the criteria of hyperplasia, lamellar fusion, presence of vesicles and presence 
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of amoeba (with parasomes) is considered the basis for the histological case 
definition (Clark & Nowak 1999) but oedema and mucus cell proliferation 
are also characteristic (Figure 2). Fresh gill smears can also be stained by 
Romanowsky-type stains to highlight the amoeba and parasomes using com-
mercially available kits (Zilberg et al. 1999) and a duplex quantitative Taqman 
real-time PCR has now also been developed (Fringueilli et al. 2012). In some 
cases of AGD in both Scotland and Ireland significant liver histopathology in 
the form of multifocal necrosis has also been a feature of the disease (Figure 3).
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Fig. 1 Fresh gill smear from Atlantic salmon showing N. perurans with obvious pseu-
dopodia (ringed) (x 400).

Fig. 2 Gill histopathology of Atlantic salmon affected by AGD presenting with extensive 
epithelial hyperplasia and lamellar fusion, vesicles and some amoeba present 
(arrows) (H & E x200).
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Monitoring for the condition is now practised by the majority of farms in 
Ireland and Scotland through weekly examinations of gills for any spots or 
patches indicative of gill pathology and can usually be undertaken when sea 
lice counts are made. This usually involves 5 to 10 fish examined per pen and 
each pen examined (or at least a minimum of five pens per site) each week. 
In summer months some companies are screening the gills twice a week and 
most use a gill score system where each fish is scored from 0 to 5, using a 
visual score adapted from Taylor et al. (2009b) (Figure 4) and is based on the 
presence and extent of grey/white patches on the gills. Significant variations 
in the development of the condition have been observed between pens in the 
same marine sites and this may be due to local environmental conditions, 
genetic factors, fish sizes, other risk factors which remain to be determined, 
or a combination of these. The development of clinical disease can be rapid 
(within 1 to 2 weeks at summer temperatures) and hence early detection 
and preparation to treat are crucial to reduce the impact of the parasite and 
prevent significant clinical impact. When farms are observing 30 to 40% of 
fish with a score 2 or above then the majority of farms will have initiated 
treatment and if they are seeing fish with gill scores of 4 and 5 then mortali-
ties will be starting to occur. 

The traditional Australian treatment of freshwater for AGD has been used 
in Scotland and Ireland, however, the lack of an established infrastructure 
to hold and access sufficient freshwater for regular bath treatments has 
focused the search for alternative treatments. For effective freshwater treat-
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ment of AGD the fish require to be bathed for 2 to 3 hours and the salinity 
requires to be 3ppt or less, with softer freshwater of more benefit than water 
with high total hardness (Roberts & Powell 2003). Freshwater baths have 
been used in Ireland in plastic pen liners and in well-boats and although the 
technique is time consuming and labour intensive, clearance of amoeba and 
recovery of the fish has been excellent with behaviour improving within a 
day of treatment and gill scores decreasing within a week. A large part of 
the salmon farming industry in Europe has a history of experience in the use 
of hydrogen peroxide to treat and control sea lice and this experience was 
utilised to treat AGD. Initial trials with hydrogen peroxide to treat AGD in 
Tasmania had not proven successful; possibly due to the water temperatures 
encountered, however, recently published preliminary work has indicated 
that the chemical could be an effective alternative to freshwater (Adams et 
al. 2012). Farms in Scotland and Ireland used hydrogen peroxide to success-
fully control AGD during 2011 and 2012 at dosage levels ranging from 1000 
to 1400mg/l for 18 to 22 minutes, however, once water temperatures rise to 
above 13.5°C the use of peroxide becomes increasingly hazardous. Further 
if the fish have gills with widespread lamellar fusion and hyperplasia (scores 
of 3 or above) then their ability to cope with hydrogen peroxide as a therapy 
is also compromised, so the combination of elevated sea temperatures and 

Fig. 3 Multifocal necrosis in the liver of Atlantic salmon affected by AGD (H & E 
x200).

Figure 4. Gross gill scores used to monitor AGD from 0 (healthy, no spots or patch-
es) to 5 (extensive lesions covering most of the gill surface) as adapted from 
Taylor et al. (2009b)
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gill pathologies means that peroxide is not a safe or recommended option 
in certain regions or sites. Formalin (200ppm for 30 to 60 minutes) has 
been used in Ireland and Scotland in the past to treat AGD, however, results 
have been equivocal or reinfestation with amoeba has been rapid (Rodger 
& McArdle 1996). Chloramine-T was trialled in Australia (10mg/l for one 
hour) and was considered as effective as freshwater but is not in commercial 
use (Harris et al. 2004). Other observations with clinical AGD in Ireland and 
Scotland have been that the more established or advanced the disease is i.e. 
the higher the gill scores, the more difficult it is to treat, again emphasizing 
that early intervention with treatment is the preferred course of action. Also 
pen environment appears to have an impact on the course of the disease as 
heavily fouled pens, or those with poorer water exchange, and those where 
mortality removal is less frequent have been observed to have had more 
clinically significant AGD. Other Neoparamoeba sp. have been reported to 
survive on net biofouling and indeed multiply on mortalities (Tan et al. 2002, 
Douglas-Helders et al. 2000) and these may act as significant reservoirs for 
reinfestation. Therefore as part of farm management for AGD in Ireland and 
Scotland fish are only returned to clean nets after bath treatments and mor-
talities removed on a daily basis. Following bath treatments (multiple baths 
in most cases) the majority of sites have seen fish improve in behaviour with 
reduced gill scores, however, there are some that have recovered from AGD 
but then progressed to a more proliferative-type gill disease with no amoeba 
present. The cause/s for these proliferative or hyperplastic-type gill diseases 
remains to be established and in some cases they may be an end-stage of 
multiple pathogen and environmental challenges. Any fish present in AGD 
affected populations that were also affected with either jaw deformities or 
opercular shortening were also observed to be more susceptible to respira-
tory failure or elevated mortality at times of transport or bath treatments 
and this was considered due to impairment of the buccal pump mechanism, 
which when combined with impaired or diseased gills leads to very chal-
lenging respiration.

There are many gaps in our knowledge of this disease, both within a 
European and a global context, including aspects of the epidemiology of the 
disease, risk factors for clinical disease, the reservoirs for the pathogen, the 
biology and life cycle of the parasite and aspects of the immunological and 
pathological response in salmon to the parasite as well as the pathogenesis 
and recovery from the disease. These areas and others such as alternative 
methods of treatment and/or supportive therapies, selection for and improve-
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ment of genetic tolerance to AGD, vaccine candidates and supportive nutri-
tion are all the focus for investigation and collaborative research applications 
at the time of writing.
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Abstract 
Whilst coarse fish angling has increased in popularity, the numbers of people 
fishing traditional river or canal venues have declined in favour of lakes 
and still waters. Over the years the management policy in many commercial 
lake and still water fisheries has been to increase stock densities, in order to 
guarantee a catch irrespective of angler ability or experience. Whilst many 
angling clubs and societies have resisted member pressure and maintain 
their fisheries with an optimum stocking density others have stocked their 
waters heavily with resulting implications for the health and welfare of the 
fish and a negative impact on the aquatic environment.

Coarse fish is the term used to include those species found in the warmer 
waters of lowland rivers, lakes and ponds; examples include carp, bream, 
roach, rudd, tench, gudgeon and crucian carp. In England, recreational fish-
ing for coarse fish is regarded as one of the most popular pastimes, although 
based on Environment Agency rod licence sales, a slight decline in the 
number sold was experienced in 2012. Angling for coarse fish is historically 
catch and release, through the formation of Angling Associations in the late 
1800s in order to reduce unlimited poaching (Bradfield 1883).

Traditionally, coarse fishing has been associated with rivers and canals but 
in the latter part of the twentieth century, as fishing increased in popular-
ity, angling interests switched to lakes and still waters, that is lakes with no 
connection to any other water course or floodplain. The increased trend in 
angling has given rise to business opportunities for commercial fisheries, 
farm diversification, equipment and bait sales, benefitting employment and 
allowing greater availability of fishing.

Both commercial fisheries and angling clubs or societies operate ‘day ticket 
lakes’ open to all anglers, and operate on a pay for the number of hours 
fished basis. Similarly, match fishing takes place within commercial fisher-
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ies and angling clubs or societies, with fishing over six hours, during which 
time each angler retains the caught fish in a keep net. At the end of the match 
the captured fish are weighed and the angler achieving the greatest weight of 
fish declared the winner. A further revenue source for all fisheries is through 
sale of memberships, where only subscribed anglers may fish at a particular 
venue. Membership is often associated with access to ‘specimen’ lakes, 
stocked with a limited number of target species. Specimen lakes are usually 
stocked with carp and tend to be maintained at low stocking densities to 
promote growth, whilst cropping of non-target species takes place to reduce 
competition for resources.

Concomitant with the increase in angling popularity, attitudes within society 
have changed towards one of instant gratification and this has been reflected 
in approaches to fishing. Irrespective of an angler’s ability or experience, 
there is an expectation that every visit to a fishery must result in catching 
fish, although most specimen lakes tend to be the exception. By the early 
1990s many commercial fisheries were introducing fish stocks in excess of 
the generally recommended 75–100kg per hectare of water (Templeton 1995) 
with these fisheries overseen by a full time fishery manager. The expectation 
of catching fish has lead to pressure from anglers not only to increase fish 
stock density on commercial fisheries but also local angling clubs and socie-
ties, which rely on membership subscription, with volunteer part-time fishery 
managers. Fisheries stocked with 500kg per hectare were considered to be 
heavily stocked but currently, 2000kg per hectare is regarded as acceptable 
(Brewster 2009) with some sites now approaching 3000kg per hectare, levels 
which might be encountered on many fish farms. In most instances it is match 
fishing lakes that are stocked to over capacity with a mix of coarse fish spe-
cies but most favoured are a hybrid fish, known as ‘F1’ whose parental strains 
appear to be carp (Cyprinus carpio) and goldfish (Carassius auratus). These 
hybrids attain a maximum weight of about 2kg which is preferred for matches 
as large numbers of fish may be caught. These strains are preferred because it 
is perceived the hybrid has the hardiness and tolerance of each parental strain. 
The requirement for hardiness implies surviving repeated capture, handling 
and containment in a keep net, tolerance an ability to live in an impoverished 
environment. Twenty or more years ago, many fishing matches were won on 
bags of 9kg but expectations have changed and it is anticipated a minimum 
weight of 54kg is an expected catch. Following fishing matches it is common 
to find dead fish on the match lakes, probably due to compression injuries 
from the numbers of fish and anoxic conditions which prevail in the keep net. 

The angler’s perceived view that by increasing the numbers of fish stocked 
to densities in excess of 2000 kg per hectare in the day-ticket lakes will 
improve the likelihood of a successful fish catch is unfounded. High stock 
density leads to increased competition for resources, notably dissolved 
oxygen concentration in the warmer months and food. Inadequate dissolved 
oxygen concentration causes fish to cease feeding and therefore the catch 
rate declines. Low dissolved oxygen concentration on heavily stocked fish-
eries is often further affected by climatic conditions such as hot weather or 
low air pressure, which may result in repeated short episodes of anoxia, or 
total oxygen depletion leading to significant fish mortalities or outbreaks of 
disease such as Koi Herpes Virus.

Competition for food in densely stocked fisheries results in the fish migrat-
ing from open water into aquatic vegetation, usually in isolated areas of the 
margins, where there is greater opportunity of finding aquatic insect life, 
fish eggs or fry on which to feed. Even though anglers may add substantial 
amounts of bait to the lake, the fish remain amongst the aquatic vegetation 
and the catch rate is poor. The concentration of the fish stocks in the margins 
favours the spread of certain parasites such as the gill maggot, Ergasilus 
species and even clinical white spot, Ichthyophthirius multifilis (pers. obs.). 
Resource competition and the effect of increased parasite intensity leads to 
stress, rendering the fish inappetitive and numbers of fish caught very low. 
Once the catch rate declines, many anglers will apply pressure to the fishery 
manager or angling club to further increase the fish stock, blaming loss of 
stock to predators such as cormorants (Phalacrocorax carbo sinensis) or 
otters (Lutra lutra).

Prey availability is the factor which attracts fish predators to most fisheries 
and where there is a readily accessible food source they will make repeated 
visits. Many of the heavily stocked fisheries are open waters, with no islands 
or obstructions, much preferred by the anglers as there are no refuges where 
the fish might escape or tackle may become ensnared. These open waters are 
ideal hunting grounds for the cormorant, allowing these birds to freely chase 
and herd the fish in order to catch them. Fish species such as carp or bream, 
are benthic feeders and present in a lake in large numbers cause the water 
to become turbid. Cormorant have a preference for hunting in turbid water, 
often working in groups where the poor visibility makes it easier for these 
birds to herd the fish into the margins and catch them (Kirby et al. 1996). The 
introduction of artificial reefs or floating islands can significantly reduce the 
impact of cormorant predation, even on heavily stocked fisheries.
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The otter population in England has gradually recovered and now otters are 
found in all catchments although poorly represented in Sussex and Kent 
(Environment Agency, 2010). Otters will catch fish according to prey avail-
ability (Kruuk, H. 2006) and are attracted to heavily stocked fisheries, often 
targeting the large carp in these waters. Over recent years otters have increas-
ingly becoming a target for anglers’ frustration over fish losses as it can be 
extremely difficult to protect them from predation. Whilst otters have indeed 
made a significant recovery in numbers and distribution, American mink 
(Mustela vison) has probably had a greater impact on many fisheries over 
the years. Mink are voracious fish predators, often inflicting quite serious 
injury on the fish which manage to escape. It is difficult for many amateurs 
to differentiate between signs of mink or otter predation, both take fish, 
particularly favouring large carp and leave tell tale signs of scales or broken 
mussel shells around the banks. Otters mark their territories with spraints but 
these can be easily overlooked.

Because angling tends to be a fair weather sport, many fisheries are devoid 
of people through the colder months of the year. This allows for predators 
to take advantage and hunt undisturbed. Furthermore, most rivers become 
difficult to hunt in the winter and these heavily stocked fisheries provide 
much easier fishing.

Heavily stocked fisheries also impact on the aquatic environment. Ammonia 
pollution from the fish nitrogenous waste impacts on the health of the fish 
and inhibits aquatic plant growth. Aquatic plants utilise ammonia directly 
as a source of nitrogen, therefore when concentration affects the plant 
activity, the net result is to allow the level of this pollutant to increase. The 
nutrient load produced by the fish leads to eutrophication and dense phyto-
plankton blooms, which may contribute to de-oxygenation of the water. In 
many waters the phytoplankton comprise almost exclusively cyanobacteria, 
popularly termed blue-green algae. Zooplankton discriminately feed on 
phytoplankton in preference to cyanobacteria. Dense blooms of the latter 
have a negative impact on the trophic status of the lake. Certain species of 
cyanobacteria are also toxic to mammals.

Most anglers prefer fishing in the summer, when the weather is preferable for 
such an outdoor pursuit, although there is a small, hard core of anglers who 
fish year round. The fish in many of these fisheries are entirely dependent 
on anglers’ bait for nutrition, thus when the anglers stop visiting, the food 
source ends. If there is a wet autumn and prolonged spring, as typical of the 

years 2012 to 2013 many of these fish will endure months with little available 
food. It is also questionable whether anglers’ bait should be considered as a 
continuous source of nutrition as it is not intended as a balanced diet and Rapp 
et al. 2008 have demonstrated that preservatives used in making the popular 
bait, known as boilies, are toxic to fry. Many commercial fisheries, angling 
clubs or societies are deterred from feeding manufactured fish feeds because 
of the cost. Some angling clubs or societies soak wheat or barley to feed the 
fish in the winter months but interestingly, Ćirić et al. 2013 found the use of 
these cereals promotes blue green algae blooms, whereas use of pelleted feeds 
increased numbers of larger zooplankton and benthic macroinvertebrates. 

Possibly such high stocking densities are related to a poor public perception 
of fish welfare, which may even be regarded as contradictory, given the 
requirements for the welfare and slaughter of farmed food fish compared 
with treatment of non-farmed species. Amongst the angling public there is 
a preferred concept that fish cannot feel pain, endorsed by the most recent 
publication of Rose et al. 2012 but that should not be allowed to compromise 
the way fish are managed or handled in sport fisheries. Considering stocking 
density and welfare of fish on farms Turnbull et al. 2008 concluded if the 
management of the system was satisfactory, then stock densities can be high 
without any detriment to the fish. Without doubt, management is the key to 
the welfare of fish on fisheries but often the most heavily stocked are those 
with the minimum structured management. 

The solution to stock density and fish welfare issues on many fisheries, lies 
in engaging with the managers and through education. In the past a scheme 
to award fisheries for good management has been initiated through the 
Environment Agency (EA) and The Institute of Fisheries Management (IFM) 
but quickly stalled, possibly because the EA is regulatory and IFM is viewed 
as having strong links with the EA. To engage and educate the angling public 
there should be greater co-operation from all interested parties, including the 
Fish Veterinary Society, Angling Trust, Institute of Fisheries Management 
and the Environment Agency. Persuading the angling public that lowering 
stock densities will ultimately give rise to healthier, faster growing fish and 
a good days sport can only be achieved through working together and over 
time. In the short term, there is no obvious quick fix.

Finally, it is worth emphasizing that although there are overstocked fisheries 
with poor management strategies, there still remain a majority of angling clubs 
and societies which are well managed with optimum stocks of healthy fish. 
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Abstract
Zebrafish (Danio rerio) are now the second most popular experimental 
model in the UK, yet veterinary expertise is still patchy, with the role of the 
Named Veterinary Surgeon (NVS) arguably less well defined than for mam-
malian research species. Scientific procedures and daily husbandry routines 
can impact zebrafish welfare in several areas while the ongoing refinement 
drive aims to curtail these welfare costs. This includes improvements in 
anaesthetic procedures and the development of least-invasive analgesic 
regimes as well as health monitoring and biosecurity measures consistent 
between different research facilities. Standard procedures such as fin clip-
ping should be reviewed regularly addressing methods of reducing their 
aversive effect. It may also be prudent to re-evaluate aquarium enrichments 
in the light of recent publications describing how barren tank compartments 
are avoided by zebrafish.
Accordingly the generation of empirical data in order to elucidate the wel-
fare needs of zebrafish remains a priority. It is also hoped that veterinary 
involvement in the refinement of the increasing number of scientific proce-
dures will aid better clinical understanding of this species.

Introduction

With more than 500,000 procedures carried out in 2012, fish are the UK’s 
second most popular research model (Home Office 2013). An exact species 
breakdown is still unavailable but it is safe to assume that the overwhelming 
majority of these are on zebrafish (Danio rerio). Like all other vertebrates 
used in scientific procedures they are protected both under the Animals 
(Scientific Procedures) Act 1986 (A(SP)A) and the new Directive 2010/63 
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EU. This means that the breeding, husbandry and scientific use of these ani-
mals are strictly regulated.

Any establishment hosting scientific procedures needs to nominate a Named 
Veterinary Surgeon (NVS), for advice on ethical, clinical and welfare issues. 
Regardless of species, veterinary procedural advice could inform anaesthetic 
setup, aseptic technique, perioperative analgesic regimes, monitoring and 
design of recovery environment, alongside everyday husbandry issues, in 
order to minimise the impact on the animal’s welfare and to promote the 3Rs 
(Replacement, Reduction, Refinement).

The European College of Laboratory Animal Medicine (ECLAM) was 
founded in 2000 as central institution to accredit and promote expertise and 
professional development in research veterinarians, although arguably, its 
focus has not necessarily been on aquatics. Knowledge of fish physiology 
and fish welfare expertise has yet to match the severity of procedures and 
stressors to which these organisms are exposed (Nordgreen, Garner et al. 
2009). The following text aims to give a research clinician’s perspective 
on how this mismatch between clinical understanding and scientific use is 
perceived and managed, with special regard to zebrafish.
 
Use of anaesthesia and analgesia in procedures

In laboratory animal medicine the development of anaesthetic and analgesic 
regimes has been an integral part of the refinement drive. Mammalian pro-
tocols can draw from a wealth of knowledge from veterinary practice, with 
inhalational and injectable agents often combined to synergic effect, produc-
ing balanced anaesthesia. This is integrated with perioperative multimodal 
analgesia. As for aquatic species, the Home Office (2011) issued the follow-
ing guidance: “There is compelling evidence that fish have the capacity to 
experience pain. All users should be guided by the cautionary principle and, 
if required, apply appropriate anaesthetic and analgesic regimes.” Since the 
use of anaesthetics and analgesics is prescribed for all protected species, it 
is mandatory for all project license applicants involving fish to elaborate on 
prospective anaesthetic, and especially, analgesic protocols.

Research on the pain system in fish is ongoing and there have already been 
numerous publications on anatomic and behavioural evidence for a higher 
level response to nociceptive stimuli (Sneddon 2003, Ashley et al. 2007, 
Mettam et al. 2012). There are far fewer publications diametrically opposed 
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to the idea that fish experience pain (Rose 1999, Rose 2007; Rose et al. 
2012). Yet there is a risk that licensees ignore the evidence presented in the 
former and view the latter as “carte blanche” to avoid the use of analgesics 
altogether. This underlines the need to raise researchers’ awareness of their 
legal obligation under A(SP)A to perform the most refined procedure. This is 
partially addressed by integrating seminars on fish anaesthesia and analgesia 
with the mandatory Home Office Module 3 course for Personal Licensees.

For zebrafish, their relatively small size (usually less than 1g), means intra-
muscular or subcutaneous injections become difficult to administer without 
undue trauma, as opposed to larger fish where this is the most effective route 
for perioperative analgesia (Lewbart et al. 1998). Intraperitoneal injections, 
particularly in smaller fish entail the risk of site specific adverse effects 
(Håstein et al. 2004). In such cases the analgesic regimen may elicit more 
stress and trauma than it aims to eliminate, at which point any researcher can 
justify the absence of an analgesic protocol from their project license.

Owed to the small size of the fish immersion may seem the most intuitive 
way of delivering the analgesic. Absorption varies between drugs – lipophilic 
compounds diffuse across gill membranes while ions do not (Treves-Brown 
2000). Choice of agents is also limited by water solubility. For perioperative 
immersion analgesia trials with low dose lidocaine immersions (2–5mg/l, 
<1% of anaesthetic dose) have yielded promising behavioural data while dose 
dependent whole body uptake could also be validated (Schroeder & Sneddon 
2014).

Anaesthesia is prerequisite to most invasive procedures in zebrafish. As in 
all other animals the efficacy of anaesthetics is assessed on their therapeutic 
index and on the degree to which they satisfy the triad of narcosis, analgesia 
and muscle relaxation. Narcosis in fish is normally judged on the successive 
loss of reflexes, culminating in the lack of responses to tactile stimuli and a 
drop in ventilation rate and depth. On the other hand muscle relaxation and 
quality of analgesia are much harder to determine in zebrafish. The only agent 
(buffered tricaine methanesulfonate, Tricaine®Pharmaq) currently licensed 
as a fish anaesthetic in the UK has been shown to be aversive to zebrafish, 
as has 2 – phenoxyethanol (Readman et al. 2013) and the same authors sug-
gest that agents such as etomidate should become anaesthetics of choice. 
However, since etomidate inhibits adrenal steroidogenesis which has been 
shown for mammalian (Wagner et al. 1984) and aquatic species (Ross et al. 
2008) it may be regarded as source of interference in experimental models.
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Finally, there is little published data on the efficacy of euthanizing agents 
but we have found 2-phenoxyethanol more suitable than benzocaine and 
tricaine methanesulfonate. Comparing like for like (i.e. as a 4–5 times 
overdose in relation to normal anaesthetic dose), with 2-phenoxyethanol 
there is faster immobility, termination of opercular movements and fewer 
escape movements at the start of the immersion (Schroeder 2013).The use 
of submersion in chilled water (2–4C°) to achieve humane killing fast and 
reliably (Matthews and Varga 2012) highlights inconsistencies between 
European and North America in lab animal welfare legislation. This method 
is not endorsed by Directive 2010/63 EU and it is not listed on the Schedule 
1 of A(SP)A as an appropriate method of humane killing, yet it has been 
approved by the American Veterinary Medicine Association (AVMA 2013), 
after studies suggested that this method for zebrafish euthanasia causes less 
distress than tricaine (Wilson et al. 2009; Chen et al. 2013).

Licensing

Named Veterinary Surgeons are consulted before applications for new 
project licenses, license amendments and ethical review of existing 
licenses. Specific veterinary focus is on identification and mitigation of all 
adverse effects to the animal (including husbandry methods and scientific 
procedure) as well as the installation of appropriate humane endpoints. 
From these factors, the magnitude of the animal’s adverse experience is 
deduced resulting in a severity limit. With the acknowledged expertise 
gap, an informed quantification of pain, distress and suffering in zebrafish 
may be more difficult to obtain. A number of studies have addressed this, 
focusing on zebrafish behavioural patterns associated with pain (Reilly et 
al. 2008, Maximino 2011) and anxiety (Maximino et al. 2010, Maximino 
et al. 2010). This is complemented by freely available information such as 
the Liverpool University webpage on fish welfare (Institite for Integrated 
Life Sciences 2014).

Health monitoring and husbandry

Health is a core welfare issue when juvenile or adult fish are used as animal 
models with fish, eggs and frozen sperm moved between facilities for col-
laborative research. In nature, fish live with a bacterial and parasite load 
that may or may not affect their health . Stress is a risk factor triggering 
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clinical disease and the laboratory environment has the potential to induce 
such stress through regulated procedures. This puts the aquarium at risk of 
importing pathogens that would impair the health of fish or staff and bias 
research (Kent et al. 2012). Interference between unwelcome pathogens 
and experimental outcomes may lead to an increase in animal usage which 
is an ethical concern. To mitigate these risks, stakeholders need to agree 
on a list of pathogens to test for a reliable Specific Pathogen Free (SPF) 
status. Diagnostic laboratories propose PCR panels but epizootic data and 
pathogenicity in laboratory zebrafish are not fully understood. For exam-
ple, in one of the facilities under our care, zebrafish tested positive (PCR) 
for Mycobacterium haemophilum yet there was no significant mortality, 
contradicting the findings by Whipps et al. (2007). Difficulties with cultur-
ing made it impossible to differentiate our pathogen from the one identified 
in that study. We cannot rule out that the differences in mortality were actu-
ally due to different husbandry regimes, and that there is an inherent lack 
of tools to reliably assess how well an aquarium is run.

Fin clipping is an issue which raises concerns with regard to welfare, 
husbandry and ethical concerns, therefore showing considerable scope for 
refinement. As discussed above, there is the question whether any surgical 
intervention requires analgesia: Roques et al. (2010) have made a good 
case for the potential algesiogenic impact of a fin clip. Post-op, animals 
are often kept in small isolation tanks without flow-through or filtration, 
awaiting genotyping results. This is to ensure traceability by housing the 
zebrafish singly or with a partner of the opposite gender. The in vitro work 
takes usually 48 hours (one working day to extract DNA, one working 
day for the PCR). As a consequence water quality decreases. For animals 
with a fresh wound this becomes a concern which may be exacerbated by 
their isolation, as zebrafish are naturally a shoaling species (Engeszer et al. 
2007). One solution would be to tag the fish so that they are identifiable 
and can be returned to the cleaner and more welfare-friendly group tanks. 
Tagging for identification is usually performed under veterinary agreement 
as a non A(SP)A regulated procedure. The size of a Pit tag compared to the 
size of a juvenile zebrafish at fin clipping age and the adverse effects of 
the tag implantation may escalate higher welfare concerns even more than 
current isolation practice. In our facilities, a number of systems have been 
developed for specific projects but application at a bigger scale would raise 
some practical and ethical issues.
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Tank design and environmental enrichment

Many zebrafish facilities keep animals in barren tanks throughout their lives. 
From a pure welfare perspective this long-term exposure to a structurally 
monotonous environment constitutes an issue for many captive species. It is 
associated with “suffering in the absence of disease” (Fox 1989) or “contin-
gent suffering” (Richmond 2002), where animals are well catered for yet are 
also in poor welfare, even without invasive procedures.

Some findings have suggested that the addition of sanitizable artificial plants 
as standard practice in zebrafish facilities can be beneficial (Lawrence 2012). 
Studies have investigated the behavioural response of zebrafish to increased 
structural complexity using a binary choice chamber. Zebrafish spent twice 
as long in a compartment equipped with artificial plants and clay pots com-
pared with a barren compartment. No significant differences were observed 
in terms of aggressive and sociopositive behaviour (Kistler et al. 2011). 
When specific enrichment designs and items were explored, gravel substrate 
and combinations thereof elicited the strongest preference behaviour in 
males and females. Perhaps more importantly, pictures of gravel substrate 
alone were equally attractive to zebrafish of both sexes. This offers insight 
into how refinements in zebrafish housing may be achieved, not least with 
the substrate images representing a simple and hygienic pathway for provid-
ing environmental enrichment (Schroeder et al. 2014).

A(SP)A guidance suggests a maximum of four zebrafish/litre but does not 
prescribe a minimum tank size. In its annex the new EU Directive 2010/63 
does not prescribe any specific stocking density for fish used in or bred for 
scientific procedures, although it demands that this should be set according 
to their needs in terms of “health and welfare” with sufficient water volumes 
for swimming, taking into account size, age and feeding method. In fact, 
zebrafish have proven resilient to crowding stress. Even with stocking den-
sities as high a 40 zebrafish per litre, there was no increase in whole body 
cortisol, as long as animals were fed ad libitum (Ramsay et al. 2006),

Conclusion

Named Veterinary Surgeons have the professional obligation to ensure the 
health and welfare of a wide range of research species, including fish and 
cephalopods. Since fish may be considered to be less advanced in evolution-
ary terms than birds and mammals, some may interpret this as a reason to 

A veterinary perspective on laboratory zebrafish welfare

treat them with less consideration (Branson and Southgate 2008). The lack 
of empirical data on many aspects of zebrafish welfare makes the species no 
less deserving of our attention. In fact, the steady rise in invasive zebrafish 
procedures should be utilized to collate post-nociceptive data, to improve 
the understanding of pain-associated behavioural patterns and develop 
efficacious analgesic regimes. As already seen in mouse models, future sci-
entific challenges will require standardization of health status and welfare 
provisions. Veterinary surgeons should play a key part in the application of 
the 3Rs in zebrafish research facilities. For this they need a comprehensive 
understanding of the latest diagnostic technique, the animal’s physiology and 
welfare requirements.
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Heart pathology is a consistent finding in enteric 
redmouth (ERM) Disease of Rainbow Trout 
(Oncorhyncus mykiss) 
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119 Park Drive Avenue, Dublin 15, Ireland 

Abstract
Enteric redmouth (ERM) is a serious bacterial disease of salmonids, par-
ticularly farmed rainbow trout (Oncorhyncus mykiss).The disease is caused 
by Yersinia ruckeri, a member of the Enterobacteriaceae group. Seventeen 
outbreaks of the disease were investigated by the author between 2000 and 
2014. Apart from observing previously described pathology associated with 
the disease, significant heart pathology was observed in clinically affected 
fish in all seventeen outbreaks of the disease, including recrudescences, 
investigated. Heart pathology in ERM has received little attention in the fish 
disease literature, a fact recently highlighted by the author in the general 
veterinary literature (McArdle 2014) and expanded on in this paper.

Enteric redmouth disease (ERM) is one of a number of bacterial diseases in 
fish primarily causing a haemorrhagic septicaemia and was first recognised 
in the USA in the 1950s in rainbow trout. It is now considered a global 
disease. The disease can be treated using broad-spectrum antibiotic therapy 
and prevented using immersion and oral whole-cell killed vaccines and 
through good husbandry (Furones et al. 1993). This communication reports 
some of the principal disease findings, including significant heart pathology, 
observed in seventeen outbreaks of the disease, including recrudescences, 
investigated by the author in Ireland between 2001 and 2014. 

In the cases investigated in Ireland, the disease occurred in freshwater-reared 
rainbow trout varying in size from fingerling trout up to large, table-sized fish and 
at most times of the year, though more usually in the warmer months. Diagnosis 
of the disease was based on clinical signs, isolation of Y. ruckeri in pure culture 
from the kidney of clinically affected fish confirmed by rapid serological identifi-
cation using a commercial agglutination test kit (Mono-Yr®, Bionor Laboratories 
AS) which agglutinates Y. ruckeri serotypes 01, 02 and 03, the most common 
serotypes, and by histology. Liver, spleen, kidney, heart, gut and gills from 
approximately 6–8 moribund fish per outbreak were routinely fixed in 10% buff-
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ered formalin and processed to produce haematoxylin and eosin-stained sections. 
Treatment of disease outbreaks was based on antibiotic sensitivity testing carried 
out from time to time on Y. ruckeri cultures isolated from suspect fish. Florfenicol 
(Aquaflor®) was found to be effective in many cases. Immersion and oral vac-
cination against ERM was carried out to prevent disease occurrence though it was 
never found to be fully effective in preventing disease outbreaks.

Clinically affected fish became slow-swimming and lethargic, dark in colour 
and swam close to the water surface of fish ponds (Fig.1). Examination of 
affected fish typically showed bilateral exophthalmos, corneal opacity, pano-
phthalmitis, sometimes swollen abdomens and petechial haemorrhages on the 
skin, particularly in the area of the pectoral fins (Figs 2, 3 and 4). The vent 
often appeared dark in colour. The classical ‘red mouth’ due to congestion in 
the mouth region and described in early papers was not a prominent feature 
in these outbreaks. Internally, clear or blood-stained fluid was frequently 
present in the abdomen and petechial haemorrhages were present on a number 
of abdominal organs such as the liver, swim bladder and adipose tissue sur-
rounding the pyloric caecae and pancreas and on the muscle wall. The spleen 
was usually enlarged and the kidney often moderately swollen. Sometimes 
there was excessive fluid or blood in the pericardium and the colour of the 
heart could vary from dark to pale or normal in colour (Fig.5).

The clinical signs and pathological changes observed in the outbreaks inves-
tigated appeared to be generally fairly typical of those previously reported 
in the literature. There was necrosis and loss of haematopoietic tissue in the 
spleen and kidney and oedema and fatty degenerative changes in the liver 
as well as haemorrhages (Figs. 6 and 7). In addition to these previously 
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Fig. 1 Dark, lethargic, blind 1+ Rainbow Trout affected by enteric redmouth disease 
(ERM) showing exophthalmos and corneal opacity

J. McArdle

Fig. 2 1+ Rainbow trout showing 
petechial haemorrhages near 
the base of the pectoral fins and 
close to the opercula

Fig. 3 1+ Rainbow trout affected with 
ERM showing eye infection and 
corneal opacity. Eye lesions 
were often bilateral

Fig. 4 1+ Rainbow trout affected with 
ERM showing swollen abdomen

Fig. 5 1+Rainbow Trout affected with 
ERM showing blood-filled peri-
cardium and pale heart 

Fig. 6 Histopathological section of rain-
bow trout spleen showing loss of 
haematopoietic tissue, necrosis 
and haemorrhage. H & E x 200

Fig. 7 Histopathological section of 
Rainbow trout liver showing 
haemorrhage and oedema. 
H & E x 160
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described histological changes observed in ERM, significant heart pathology 
was a consistent finding in all the cases investigated being particularly obvi-
ous in the endocardium of the ventricle and sometimes of the atrium with the 
underlying trabecular muscle being usually involved. The pathology varied 
from a strong cellular inflammatory reaction in the endothelium to less dra-
matic changes such as swelling and proliferation of endothelial macrophages 
and sometimes bulging and separation of the endothelium from the underly-
ing muscle. The trabecular muscle underlying the endothelium often showed 
degenerative changes and sometimes even necrosis (Figs. 8 and 9). The heart 

Heart pathology is a consistent finding in enteric 
redmouth (ERM) Disease of Rainbow Trout (Oncorhyncus mykiss)

Fig. 8 Rainbow trout affected by enteric 
redmouth (ERM) strong cel-
lular inflammatory reaction in 
endothelium of the trabecular 
muscle in the ventricle. 
H & E x 100.

Fig.  9 Rainbow trout affected by enteric 
redmouth (ERM) showing swell-
ing and bulging of endothelium 
and degenerative changes in 
trabecular muscle. 
H & E  x 160.

Fig. 10 Rainbow trout showing hypercellularity of 
epicardium and dilatatation of blood vessels. 
H & E x 100

pathology observed was quite diffuse and thus obvious on histology. Changes 
were also sometimes observed in the compact muscle layer of the ventricle 
and included haemorrhage, degenerative changes and sometimes a loss of 
the architecture of the muscle, giving the muscle a loose, open appearance, 
although the compact muscle often appeared normal and unaffected. In some 
cases there also appeared to be an increased cellularity of the epicardium (Fig. 
10). It is planned to publish more details of the pathology separately. Because 
of the consistent, generalised and very obvious heart pathology observed in 
ERM outbreaks, the histology provided a useful diagnostic tool when inves-
tigating the occurrences of the disease. 

The histological changes observed in the ERM investigations carried out in 
Ireland were broadly similar to those described by other authors. However, 
in most histological descriptions and reviews of ERM in the fish disease 
literature, heart pathology is usually only mentioned among a list of organs 
affected in the disease and not discussed (e.g. Tobback et al. 2007, Furones et 
al. 1993). Wobeser (1973) investigated an ERM outbreak in Saskatchewan, 
Canada and published a detailed histological description of the disease in that 
outbreak. However, he only found myocardial haemorrhage in one fish out of 
11 sampled and only included this finding in a table of histopathology find-
ings without discussion. A study of experimental infection of rainbow trout 
with Yersinia ruckeri from Turkey described heart changes, including swell-
ing and activation of the endothelium of the ventricle but none of the heart 
changes were mentioned in the discussion and the authors did not include 
heart changes in their list of the most important pathological findings in 
ERM disease in rainbow trout (Avci & Birincioĝlu 2005). In a more recently 
published pathological study of natural infection of ERM in rainbow trout in 
Iran, heart changes, particularly cellular infiltration, oedema and myocardial 
degeneration were found. However, the heart pathology is not discussed in the 
paper (Mahjoor & Akhlaghi 2012). And in another recent case study of ERM 
in rainbow trout in Romania, hearts were not sampled for histology, further 
indicating the lack of consideration given to the possible role of the heart in 
ERM (Lazar et al. 2010).

Nonetheless, the crucial involvement and vulnerability of the fish heart in 
bacterial and other infections has long been appreciated by veterinary fish 
pathologists and is discussed in several authoritative standard textbooks 
(Ferguson 2006, Roberts 2012). The trabecular muscle layer of the ventricle 
and its endothelial lining form a spongy meshwork, which provides an enor-
mous surface area for contact between pathogens present in the bloodstream 
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and the endothelium. The endocardium of the teleost heart is phagocytic 
(though the salmonid ventricle is not generally considered to be as highly 
phagocytic as in some marine teleost fish species) and because of this and 
its large surface area it is vulnerable to attack and damage when significant 
pathogens are encountered and pathological lesions in the endocardium can 
severely affect normal heart function (Poppe and Ferguson, 2006). 

From the literature surveyed it seems clear that heart pathology in ERM has 
received little or no consideration as having a role in the pathogenesis of the 
disease. So finding significant heart pathology so consistently in outbreaks of 
the disease in Ireland suggests that the heart is more important in this disease 
than was previously recognised and would seem to be an important target organ. 
Disabling effects on normal heart function could help explain some particular 
clinical features of ERM (e.g. slow swimming, swollen abdomens, lethargy, and 
exophthalmos) and add to our understanding of the disease.
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Press release

New European colleges for aquaculture and 
emergency care
Brussels, May 2014 – Veterinary specialists in aquaculture or in 
emergency and critical care now have their own European college. 
The European College of Aquatic Animal Health (ECCAH) and the 
European College of Emergency & Critical Care (ECECC) were provi-
sionally accepted by the European Board of Veterinary Specialisation 
(EBVS) during its annual general meeting, held in Brussels on 11 and 
12 April. This brings the total number of Colleges to 25.

An initiative to set up a European College of Veterinary Microbiology 
– including virology, bacteriology and mycology – was met favourably 
and a full proposal will be presented at the AGM next year (to take 
place on 17 & 18 April 2015).

The European Board of Veterinary Specialisation is the governing 
body for veterinary speciality boards in Europe.

 The main objectives and duties of the EBVS are to:

- recognise new speciality colleges

- set up and maintain a register of European veterinary 
specialists

- assure the quality of these specialists by monitoring the 
colleges

- encourage and promote the enhanced utilisation and 
availability of speciality services to the public and the 
veterinary profession

 For more information, please contact EBVS at info@ebvs.org
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Shetland Isles, Scotland. D. Sutherland

Back issues are priced at £10 (No.2) and £15 (Nos.3–11). Post and packing: 
no charge in UK. For overseas orders, add £5 for single copies and £10 for 
two or more copies. Payment must be made in £s sterling and cheques made 
payable to ‘The Fish Veterinary Society’. D. Sutherland, Fish Veterinary 
Society, Westside Veterinary Surgery, Bixter, Shetland ZE2 9NA. 
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Fish Veterinary Society
The Fish Veterinary Society is an organisation for veterinary surgeons, fish 
health professionals, and veterinary students with an interest in fish. It seeks 
to promote the health and welfare of fish, whether farmed commercially, in 
public aquaria, or kept as ornamental pets, and the interests of those who 
look after them. 

Fish Veterinary Society:

• Holds two days of scientific meetings annually, where a wide variety 
papers relevant to fish health are presented, and includes a “Clinical 
Club”, where interesting cases can be discussed. It is also a chance to 
meet fellow professionals in a relaxed atmosphere.

• Publishes the Fish Veterinary Journal, a peer-reviewed journal of 
papers based on presentations in our meetings as well as other submit-
ted papers.

• Produces other publications, such as “Fish Welfare”, edited by our late 
past president Edward Branson.

• Sends out a newsletter to members, with a report on our meetings, plus 
any other relevant news items.

• Lobbies government and other bodies on matters relevant to fish health 
and welfare.

• Acts as a discussion forum for the professional problems and issues of 
members

• Hosts a website for members and promotes the Society to the wider 
public. It includes a members forum, news items, has past issues of the 
Fish Veterinary Journal and other publications, a list of vets interested 
in treating fish, as well as other features.

Membership is open to veterinary surgeons with a veterinary degree in the 
UK, or the equivalent abroad, as well as fish health professionals with an 
appropriate degree.

Membership is FREE to bona fide veterinary students. 

For further details please visit our website (www.fishvetsociety.org.uk) 
or contact our secretary by e-mail (secretary@fish-vet-society.org.uk). 


