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Abstract

The ornamental fish trade is an industry of significant size and scope, trading
over 1.5 billion fishes each year, and worth approximately over 370 million USD.
Ornamental fishes are kept world-wide, and are one of the most popular pets in
UK households. The industry is currently experiencing steady growth, and has
done since the FAO began keeping records in the 1970s. Despite this, the
welfare of fishes within the industry remains one of the least-studied areas in
the field of animal welfare. Mortality rates of fishes within the industry are
debated, with estimates ranging from less than 2% to over 70%; however, a
lack of clear data means that the accuracy of these figures is difficult to
determine. Where mortality is believed to be high, stressors in the supply chain
are thought to be a significant contributing factor. In this thesis, | explored some
possible interventions designed to reduce the stress experienced by ornamental

fishes.

Stress in fishes can be measured in a variety of ways, but the most
common way is probably measurement of cortisol release rates. However,
cortisol has often previously been measured in fishes by taking a blood sample
— a technique which cannot be applied to many ornamental species as they are
too small to obtain enough blood. Instead, cortisol released by small fishes can
be measured in the fish holding water. | carried out a study to validate the use
of this method in my study species and found that cortisol can be detected in
the holding water of all three species, although | did not find clear differences
between stressed fishes and controls. This highlighted the importance of using
a variety of measures of stress, including behavioural measures, which are one
of the most cost-effective ways to assess stress, and can easily be

implemented in the ornamental fish supply chain.

Based on the literature, personal observations of industry practices, and
the results of my analyses, a number of interventions intended to help reduce
stress in ornamental species were developed. These involved training handlers
to catch fish more effectively, providing neon tetras with environmental choices
to allow them to select conditions which might promote welfare, and
conditioning guppies to associate handling events with a reward or a predictable
signal. | found fish which were not handled but were exposed to trained
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handlers showed fewer behavioural signs of stress than those exposed to
untrained handlers, and that neon tetras showed preferences for particular tank
backgrounds over others. However, | did not find any evidence that trained
handlers caused less stress in handled fish, or that conditioning led to lower

stress in handled fish.

The results of this project suggest that there are a number of sources of
stress and poor welfare in the ornamental fish industry which may be
contributing to high mortality rates. However, many of these sources can be
addressed, either through application of current best-practice guidelines or by
introduction of training programmes which encourage understanding and
empathy for fishes. Further work aimed at developing interventions including
enrichment strategies, conditioning regimes, and other areas of research, will

likely help to further reduce stress and mortality, and improve fish welfare.
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Chapter 1: General Introduction

Abstract

The ornamental fish trade is estimated to handle up to 1.5 billion fishes annually
and is worth between 800 million and 30 billion USD per year. Transportation
and handling of fishes imposes a range of stressors that can result in mortality
at rates of up to 73%. However, these rates vary hugely and can be as low as
2%, because they are generally estimated rather than based on experimental
work. Given the numbers of ornamental fishes traded, any of the estimated
mortality rates potentially incur significant financial losses and serious welfare
iIssues. Industry bodies, such as the Ornamental Aquatic Trade Association
(OATA), have established standards and codes of best practice for handling
fishes, but little scientific research has been conducted to understand the links
between stress, health and welfare in ornamental species. In aquaculture, many
of the same stressors occur as those in the ornamental trade, including poor
water quality, handling, transportation, confinement, poor social and physical
environment, and disease, and in this sector directed research and some
resulting interventions have resulted in improved welfare standards. This
introduction considers the concept of ‘welfare’ in fishes and evaluates reported
rates of mortality in the ornamental trade. It assesses how the stress response
can be quantified and used as a welfare indicator in fishes. It then analyses
whether lessons from aquaculture can be usefully applied to the ornamental fish
industry to improve welfare. Finally, this analysis is used to suggest how future
research might be directed to help improve welfare in the ornamental trade.

1.1 Introduction

Ornamental fishes are popular pets globally, with over 4500 freshwater species
and 1450 marine species traded worldwide (Table 1.1) (Miller-Morgan, 2009).
The trade in ornamental fishes is an important source of income for many
countries, worth billions of USD annually (Saxby et al., 2010; Ploeg, 2013).
Accurate information on the numbers of fishes transported each year or the
economic value of the industry, however, is lacking. Reflecting this some
commonly presented figures on trading in the industry are 10 years or more out
of date, e.g. FAO (1999) cited in Helfman et al. (2009) and Bartley (2000) cited
in Saxby et al. (2010); Sloman et al. (2011). Estimates of the total value of the

industry range between 800 million and 30 billion USD annually, and between
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350 million and 1.5 billion live fishes are thought to be traded (Ploeg, 2007b;
Saxby et al., 2010). In contrast, the estimated value of the global aquaculture
industry in 2012 was 137.7 billion USD (FAO, 2014). Mortality rates in the
ornamental trade are most often based on estimates rather than empirical
studies, and they vary considerably, ranging between 2% and 73% (Olivier,
2001; Ploeg, 2007a). This potentially represents both a major welfare issue and
a significant economic cost to the industry. However, despite attention from the
hobbyist literature (Butcher, 1992; Pasnik et al., 2010) very limited scientific

research has been conducted into mortality and welfare in ornamental fishes.

Table 1.1. The most common families of fishes sold within the ornamental fish
industry (Olivier, 2003; Wabnitz et al, 2003; UNEP-WCMC, 2007).

Habitat Family

Marine Pomacentridae (damselfish, clownfish)
Pomacanthidae (angelfish)
Acanthuridae (surgeonfish)
Labridae (wrasses)
Gobiidae (gobies)
Chaetondontidae (butterflyfish)
Syngnathidae (seahorses, pipefish, sea dragons)
Freshwater Cyprinidae (cyprinids)
Poeciliidae (livebearers)
Cichlidae (cichlids)
Callichthyidae (armored catfish)
Characidae (characins)
Gasteropelecidae (hatchetfish)

Loricariidae (catfish)
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Figure 1.1. The cumulative number of papers related to stress and welfare

in aquaculture and ornamental fish between 1985 and 2017. Number of

papers were obtained from a literature search on the Web of Science

database. Search terms were: aquaculture + fish + stress (- — - -),
aquaculture + fish + welfare (- — —), ornamental + fish + stress (- - +) and
ornamental + fish + welfare (——).

Interest in fish welfare has increased considerably in recent years, shown

by improved production standards, growing public interest, and a scientific

debate over fishes’ capacity for suffering. However, research into fish welfare

has largely concentrated on species in aquaculture (Figure 1.1) (Huntingford et
al., 2006; Ashley, 2007; Braithwaite and Ebbesson, 2014). Ornamental fishes,

like all captive animals, are exposed to various stressors which may contribute

to poor welfare and mortality. Controversy remains over whether fishes feel pain

or ‘suffering’ (Sneddon, 2009; Rose et al., 2014), nevertheless, there is

recognition of the detrimental and potentially lethal effects of stress and

reducing mortality rates is a priority within the industry.
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Efforts to reduce mortality rates and fish welfare concerns are reflected in
directives designed to improve welfare in aquaculture (e.g. EU Directive
98/58/EC), and in scientific research (e.g. EU Directive 2010/63/EU). However,
there is a lack of legislation addressing pet fishes. For example, in the UK fishes
are covered by the Animal Welfare Act 2006, but this legislation provides no
guidelines beyond prevention of suffering. For retailers, bodies such as
Ornamental Fish International (OFI) and the Ornamental Aquatic Trade
Association (OATA) exist and promote high welfare standards and set out
codes of conduct, particularly for factors like water quality which is a key
determinant of good fish health. They also provide training courses and
advocate for improvements in fish handing and welfare (OATA, 2014).
Membership of these organisations however, is not compulsory (OFI, 2014),
and the global trade has no regulatory body. A greater understanding of
mortality rates and welfare of ornamental fishes is urgently required to direct
research efforts towards improving living conditions for fishes in the ornamental

trade.

The introduction to this thesis first addresses the concept of welfare in
fishes. It then reviews research into stress and welfare in fishes to understand
whether lessons learnt from aquaculture can be usefully transferred to the
ornamental fish industry, with a focus on the supply chain. From this analysis,
key areas for future research are identified, which could help to better protect
the health and welfare of fishes in the ornamental trade. More focussed
research and improved integration between the ornamental and scientific
communities should lead both to improved welfare standards and decreased
mortality rates, and also economic gains in the ornamental fish trade.

1.2 Fish welfare

Animal welfare is difficult to both define and assess. Definitions include ‘quality
of life’ (Duncan and Fraser, 1997), whether the animal has good health and can
obtain ‘what it wants’ (Dawkins, 1998; 2006), or whether the animal has good
health, can express natural behaviour and is not experiencing negative
emotions (Farm Animal Welfare Council, 2009). The definition chosen for
welfare therefore inevitably affects how welfare is assessed and measured.
Welfare in fishes is further complicated by debates over whether fishes

experience pain and suffering, or even experience consciousness.
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Consciousness is currently poorly understood even in humans and the
existence of consciousness in fish, as well as pain perception and suffering, is
much debated within the literature (Sneddon, 2003b; Arlinghaus et al., 2007,
Sneddon, 2009; Rose et al., 2014; Key, 2016; Sneddon et al., 2018). It is
argued that as fish lack a neocortex, known to play a role in human
consciousness, they cannot be capable of consciousness (Rose et al., 2014),
although this kind of information may simply be processed though different
neural pathways in fish (Braithwaite and Huntingford, 2004). It has also been
suggested that the fish telencephalon is functionally homologous to the
mammalian limbic system and thus involved in emotions, as they contain
several counterpart structures (e.g. the mammalian amygdala and fish
amygdaloid complex) (Portavella et al., 2002; Chandroo et al., 2004).
Furthermore, nociceptors have been found in the head regions of rainbow trout
Oncorhynchus mykiss, behind the operculum in goldfish Carassius auratus, and
around the tail base in Atlantic salmon Salmo salar, indicating that fish can
detect noxious stimuli, but not necessarily perceive pain (Sneddon et al., 2003;
Dunlop and Laming, 2005; Nordgreen et al., 2007). For scientific research
within the EU fishes are assumed to feel pain and accordingly are protected
animals (EU Directive 2010/63/EU). Adopting the precautionary principle and
assuming that fishes do feel pain is arguably the only ethically acceptable
approach given this uncertainty. There is no question that fishes experience
stress, which can be measured in a variety of ways, as illustrated below.
Measures of stress therefore are a useful way of assessing welfare in fishes. It
is known that stress has impacts on fish health and condition (Wendelaar-
Bonga, 1997), which affects mortality, thus decreasing stress is likely to result in
fewer economic losses due to lower mortality rates, better food conversion and
growth rates, better reproductive rates and output, a more positive public
perception of the industry, more attractive colouration, fins and body shape and

improved disease control (Ashley, 2007).

1.3 The stress response

Stress is a coordinated suite of physiological and behavioural responses to any
perceived challenge to homeostasis (or, more recently, allostasis) (Korte et al.,
2007; Braithwaite and Ebbesson, 2014). The stress response has three

successive stages. The first stage involves two hormone secretory axes, the

17



hypothalamic-sympathetic-chromaffin cell (HSC) axis and the hypothalamic-
pituitary-interrenal (HPI) axis. These axes produce various hormones, most
importantly catecholamines — adrenaline and noradrenaline — from the HSC
axis and cortisol from the HPI axis (Iwama, 1998; Flik et al., 2006). Cortisol
helps maintain homeostasis but also regulates the stress response, rising
quickly after the detection of a stressor (Barton and lwama, 1991; Wendelaar-
Bonga, 1997; Mommsen et al., 1999).

The secondary stage of the stress response involves the effects of these
hormones on tissues. Catecholamines and cortisol can alter hydromineral
balance, oxygen uptake and blood chemistry and mobilise energy sources,
including plasma free fatty acids and liver glycogen, increasing plasma glucose
(Johnson et al., 1992). Some changes are closely linked with immune system
function, including an anti-inflammatory effect of glucocorticoids on immune
cells (Galhardo and Oliveira, 2009).

The tertiary stage of the stress response involves the integrative effects
on the whole organism (Pasnik et al., 2010). Costs associated with prolonged
stress may cause the fish to reallocate energy resources, directing them into
essential processes such as metabolism. Effects may include inhibited growth
and reproduction, loss of body condition and compromised immune function,
leaving the fish more vulnerable to pathogens. Tertiary responses also include
behavioural and psychological changes based on the appraisal or perception of
the stressor and the coping abilities of the individual (Barton, 2002; Galhardo
and Oliveira, 2009). Fishes often cease feeding or movement, and may display
the ‘fight-or-flight’ response — either by showing aggression to the stressor, or
fleeing, hiding or shoaling (Galhardo and Oliveira, 2009). Fishes may go on to
show erratic swimming patterns, reduced feeding, increased territoriality, social
isolation, shelter-seeking and anti-predator behaviour (Pasnik et al., 2010).
Stereotypies may also manifest — repetitive behaviours that have been linked to

poor welfare in other captive animals (Dawkins, 1998).

Whilst the acute stress response is usually adaptive, chronic, severe or
repetitive stress can be damaging to health and welfare and result in poor
growth, disease, and potentially death. For example, in Atlantic salmon,

repeated handling stress over 4 weeks lead to impaired immune function as
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measured by macrophages isolated from stressed fish that, when exposed to
pathogens, had lower survival than those from unstressed fish (Fast et al.,
2008). Similarly, repeated chasing and handling has been shown to cause
immunosuppression in goldfish, rendering them more susceptible to disease
(Eslamloo et al., 2014). This is of particular relevance in the ornamental
industry, where each step of the supply chain may inflict a new stressor on the
fish, which may be brief but can have severe consequences. Whilst it is
accepted that transport and handling will impose stress in fishes that cannot be
avoided completely, reduction of chronic stress is likely to reduce mortalities

and improve welfare.

1.4 Measures of stress

A wide variety of physiological and behavioural measures have been used to
quantify stress in fishes, but the most common method is to measure cortisol.
Cortisol measures can be obtained using a variety of body tissues and exudates
including blood plasma, faeces, homogenates of the whole body, or by
measuring the water in which the fish is held (Pottinger and Carrick, 2001;
Turner et al., 2003; Ellis et al., 2004; Ramsay et al., 2006). Measuring cortisol in
the water has increased in popularity as it is non-invasive. Furthermore, in an
enclosed tank, cortisol levels in the water have been shown to be well
correlated with plasma cortisol concentrations (Ellis et al., 2004). This method is
particularly useful for small species where extraction of a blood sample is
difficult, and it has been applied to various species, including ornamental
species, e.g. rainbowfish Melanotaenia duboulayi (Zuberi et al., 2011), zebrafish
Danio rerio (Felix et al., 2013) and guppies Poecilia reticulata (Fischer et al.,
2014). Recently, techniques that measure cortisol from gill biopsies (Gesto et
al., 2015) and fish scales have been developed (Aerts et al., 2015). Different
species have different natural baseline levels of cortisol, and differences in their
sensitivity to stressors, so using cortisol as an endpoint measure for stress has
to be developed for the species of interest (Barton, 2000). Other measures that
have been used to assess stress and its effects include plasma glucose (Barton
et al., 2005), plasma lactate (Davis and Schreck, 1997), immunological status
(Endo et al., 2002), disease occurrence (Davis et al., 2002), expression of
genes related to the stress axis, growth and reproduction (Filby et al., 2010),

19



and mortality (Ramsay et al., 2009c). Each of these methods and endpoints

have their merits and shortfalls.

Behavioural measures of stress may be observed more quickly and/or
more easily than physiological signs and without the requirement (for the most
part) of invasive sampling. However, measures of behaviour are not necessarily
easy to interpret. Whilst a physiological measure might fall outside acceptable
limits, behaviours are subject to the interpretation of the viewer. Furthermore,
most ‘normal’ fish behaviours have not been well characterised. However, there
are some general features of fish behaviour that clearly signal for signs of
stress, which include ‘flashing’ (scratching body surfaces on objects), gasping at
the water surface, fin clamping, colour changes, changes in ventilation rate,
social isolation, changes in activities such as feeding behaviour and neophobia
(Pasnik et al., 2010; Martins et al., 2011). These behaviours are more easily
measured compared with many physiological endpoints, and therefore are
potentially especially useful for application in aquaculture and ornamental
fishkeeping settings.

1.5 The aquaculture and ornamental industries

Among the major challenges that captive fishes may face within the supply
chain are inappropriate holding conditions, poor water quality, handling,
transport, confinement, crowding, poor diet or feeding methods, and disease
(Huntingford et al., 2006; Pasnik et al., 2010). Some of the ways in which
information on (and manipulation of) these factors could be used to improve

welfare of ornamental fishes are discussed below.

1.5.1 Physical environment

One of the most important environmental stressors for captive fishes is poor
water quality. Water quality encompasses salinity, pH, temperature, ammonia,
nitrate, nitrite, dissolved oxygen, hardness and carbon dioxide (Andrews et al.,
1988; Portz et al., 2006). If any of these variables falls outside the normal range
for a particular species it may cause stress, leading to a reallocation of the fish’s
energy budget to facilitate metabolic processes to allow the fish to cope with
increased physiological demand (Barton and lwama, 1991). More specific
effects depend on the stressor. For example, low dissolved oxygen alters

respiratory and metabolic activity, blood chemistry and heart rate (Barton and
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Taylor, 1996). However, there is no one-size-fits-all approach; a challenge for
ensuring the appropriate water quality is that ranges, tolerances and adaptive
capabilities are diverse and vary strongly among fish species. For example,
normal pH for different freshwater fishes can range from 5.0 to over 10.0 (Portz
et al., 2006). Minimising stress from poor water quality must therefore be guided

by knowledge of the ‘natural’ conditions for the species in question.

Monitoring water quality variables and ensuring that changes in physical
conditions, such as temperature, occur gradually to avoid shock are essential
for minimising stress. However, in the ornamental industry this is not always
possible. During transportation, most fishes are kept in plastic bags with no
filtration, in some instances for 12 hours or more (Portz et al., 2006). The
alternative of tank-based transport would make water quality variables easier to
monitor, but this would greatly increase shipping weights and costs, therefore is
unlikely to be adopted in the future (Berka, 1986; Lim et al., 2003). Techniques
such as adding slow-release oxygen tablets to water, or reducing the volume of
water in the bag and filling the rest with pure oxygen, can help maintain water
quality, which is particularly important for warm-water ornamental species as
water holds less dissolved oxygen at higher temperatures (Portz et al., 2006).
To reduce waste build-up, fishes can be starved and water temperatures
reduced: Piper et al. (1982) recommended starving fishes under 10cm in body
length for up to 2 days, fishes over 10cm in body length for at least 48 hours
and fishes over 20cm in body length for at least 72 hours to protect against
ammonia build-up. Reducing fish biomass per bag in transport also reduces the
risks of metabolic waste build-up. However, it is difficult to give general
recommendations for optimal fish densities as many of the variables that make
up water quality interact with each other. The status of the fish also complicates
recommendations on what might constitute an optimised approach. For
example, levels of ammonia excretion depend on the species, how recently the
fish has been fed, the level of activity, and on ammonia levels that have already

accumulated in the water (Randall and Tsui, 2002).

At the retailer or consumer some fishes are placed into ‘community’
tanks with other species. These different species may have different optimal
ranges for water quality variables and thus members of one species may be

exposed to mild but prolonged stress if the variables are unsuitable — they may
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survive, but not necessarily thrive. Mixed tank species should therefore be

chosen carefully with these ranges in mind.

The appropriateness of the physical environment extends beyond water
quality and may include lighting and photoperiod, tank size, substrate, or
enrichment. Light intensity, duration or wavelength may provoke different
physiological responses in different species, depending, for example, on the
stage of development and natural light levels in that species’ normal habitat
(Boeuf and Le Bail, 1999). The ability of photoperiod to manipulate fish
condition is known from aquaculture where artificial photoperiods are used to
improve growth rates (e.g. for an extended photoperiod (20L:4D) in turbot,
Scophthalmus maximus (Stefansson et al., 2002)), control the phasing of sexual
development, or induce spawning (Biswas et al., 2010; Sarameh et al., 2012).
In some species altered photoperiod manipulation appears to induce little or no
stress (Biswas et al., 2006) but, in others, reduced growth rates, increased
cortisol levels and immunosuppression have been shown to occur (Stefansson
et al., 2002; Leonardi and Klempau, 2003). The light spectrum may also have
an effect on fish health. Head and Malison (2000) found that yellow perch Perca
flavescens had better growth rates when reared under red or full-spectrum light
compared with blue light. However, growth rates were also less affected by
disturbance stress when perch were reared under blue light. Similar findings
have been reported for rainbow trout, together suggesting red light might be
useful in intensive rearing, where other stressors are minimal, and blue light
may be useful in the ornamental trade for mitigating against the effects of stress
(Karakatsouli et al., 2008).

Tank shape and size may affect behaviour and welfare. As an example,
male swordtails Xiphophorus helleri in tall, narrow tanks showed less
intraspecific aggression than males in long, shallower tanks of the same
volume. This effect may have come about because dominant individuals are
less likely to view submissive individuals in the horizontal plane (Magellan et al.,
2012). Similarly, it is possible that tanks that are wider from front to back could
provide fishes with more space to retreat from disturbances caused by
fishkeepers or viewers, which might be less stressful than narrower tanks.
Larger tanks are likely to be more stable in terms of the physicochemistry of the
water.
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Provision of substrates and structures that provide refuges for fishes are
less common in aquaculture and laboratory settings compared with in
ornamental fishkeeping, where environmental enrichment is common. There is,
however, an increasing level of interest in the benefits that tank enrichment may
offer for captive fish health and welfare (Naslund and Johnsson, 2016). Various
laboratory studies have reported that fishes can show a strong preference for
certain tank features. For example, in environmental choice experiments
zebrafish show a strong preference for enriched rather than barren tanks
(Schroeder et al. 2014). Kistler et al. (2011) found both zebrafish and checker
barbs Oliotius oligolepis showed a significant preference for a structured tank
compartment (one with plants and clay pots) compared with an empty
compartment. Batzina et al. (2014) found that gilthead sea bream Sparus aurata
reared in tanks with blue gravel had higher cortisol responses to stressors than
those reared without gravel, but also were quicker to recover brain serotonergic
activity, had higher growth rates and lower levels of aggression, indicating

quicker recovery from stress and better overall performance.

1.5.2 Handling

Fishes are stressed by handling and in some cases significantly so. This can
occur frequently in the ornamental trade. Handling fishes for capture or
husbandry reasons may mean removing them from water, and this elicits a
strong stress response. Handling for as little as 30 seconds has been found to
increase cortisol, plasma glucose, haemoglobin and haematocrit in a number of
fish species, as well as increasing the fish’s metabolic rate (Barton, 2000;
Falahatkar et al., 2009). Handling stressors also tend to be repetitive (Burnley et
al., 2012). Furthermore, handlers throughout the supply chain may vary greatly
in their competency. Development of new techniques and training of handlers in
these techniques could reduce the effects of handling as one of the most

common stressors.

Techniques that can reduce stress include handling fishes with wet,
gloved hands, using nets that are designed not to disrupt scales or the skin
surface mucous layer, and ensuring that nets are not overcrowded when lifted
from the water (Conte, 2004; Ashley, 2007; EFSA, 2009). In aquaculture, fish
pumps are often used to avoid removing the fishes from water when moving

large numbers, but this is less practical for small ornamental species in the pet
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trade. However, the type and nature of the apparatus used can have a bearing
on how stressful the netting process is to fishes. For example, Brydges et al.
(2009) found that using a small, darkened scoop to move three-spined
sticklebacks Gasterosteus aculeatus and Panamanian bishops Brachyrhaphis
episcopi reduced the stress response, measured as opercular beat rate. More
severe handling events can be managed by sedating fishes, with anaesthetics
such as clove oil or tricaine methanosulphonate (MS-222) as part of the
procedure. Sedation methods however are not without their own inherent risks
for the fishes as often appropriate dosing is not well established for the different
species and repeated exposure to sedatives can become a stressor itself
(Wagner et al., 2003). These sedatives are now commonly used in the capture
of wild ornamental fishes, having replaced the more stressful technique of

cyanide fishing (Rubec et al., 2000).

In addition to the use of sedatives, a number of water conditioning
products are commercially available which may be used after handling or other
stressful procedures. These products claim to have a variety of functions,
including reducing stress, buffering water pH, removing unwanted substances
such as heavy metals from water, maintaining electrolyte balance, and helping
to maintain the fishes’ mucus layer (Harmon, 2009; Harnish et al., 2011;
Vanderzwalmen et al., 2018). Although the mode of action by which these
products might directly reduce stress is unclear, they may nonetheless indirectly
contribute to reduced stress by maintaining better water quality, or by reducing
the possibility of fishes sustaining injuries or infections that are more likely to
occur when the mucus layer is depleted. For example, Swanson et al. (1996)
found that survival in transported delta smelt Hypomesus transpacificus was
approximately 27% higher when NovAqua (Kordon LLC) was added to the
transport water, and Snellgrove et al. (2007) found that Stress Coat (API
Aquarium Pharmaceuticals Inc.) reduced the cortisol release rate in goldfish by
40% after a netting stressor. However, research into the efficacy of these
products is limited, and more exploration of their effects would be useful to

establish how they affect fish stress.

1.5.3 Stocking density

For ornamental fishes, as with aquaculture species, densities of fishes need to

be chosen with their social tendencies and tank size in mind, although little is
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known about the effects of long-term confinement (Huntingford et al., 2006).
Zebrafish, a popular pet and research species, have been shown to have
significantly elevated cortisol in crowded conditions (Ramsay et al., 2006).
Crowding of fishes can also result in reduced growth rates, which is an issue for
some species where they might only be sold after reaching a certain size. Also,
smaller fishes tend to be more vulnerable to stress. For instance, Jha (2010)
found that rainbow sharks Epalzeorhynchus frenatus took significantly longer to
reach a marketable size of 4g and experienced significantly greater mortalities

and deformities stocked at 1.0 fishes L™ compared to at 0.3 fishes L™.

1.5.4 Exporting and importing

For ornamental fishes, welfare issues are complicated by the organisational
structure of the industry. Fishes are captured or bred, flown to their destination
country in journeys that may have several legs and last many hours, and
collected by a wholesaler or distributor before reaching the retailer (Wabnitz et
al., 2003). ‘Middlemen’ may be involved at each stage, as generally occurs
between the fish farmer and the exporter. The continual changing of hands for
each shipment of fishes makes it difficult to know exactly what has happened to
the fishes at each stage of the journey. During their transportation, fishes may
be placed in poorly packed containers, experience sudden changes of
temperature, or experience events such as being dropped in their shipping
boxes or loss of water through damaged and leaking bags (Ploeg, 2007a).
Unusually high mortalities (around 50%) of cardinal tetras Paracheirodon
axelrodi have been observed in a small number of shipments from Brazil, and
this was linked to rough handling during water changes and temperature
changes (Tlusty et al., 2005). While various national and international guidelines
exist for shipping fishes (OATA, 2015), handlers often are not fish specialists
and therefore fishes are not always handled with appropriate care (Walster,
2008).

1.5.5 Disease

Chronically or repeatedly stressed fish experience immunosuppression and as
a consequence are more at risk of disease (Wendelaar-Bonga, 1997). High
stocking densities and transportation of fishes can exacerbate these risks by

contributing to stress and facilitating disease spread. Many diseases of
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ornamental fishes are caused by pathogens that are extremely common, and
tend to manifest opportunistically in times of stress (e.g. whitespot or ‘ich’,
caused by the protozoan Ichthyophthirius multifiliis) (Noga, 2010). This increase
in disease susceptibility of stressed fishes has been seen in both aquaculture

(Iguchi et al., 2003) and ornamental fishes (Ramsay et al., 2009c).

Disease prevention procedures (e.g. injecting fishes with vaccines) and
disease treatments can inflict stress on fishes, particularly where fishes are in
mixed communities and infected individuals are not isolated from healthy ones
(Sgrum and Damsgard, 2004). There are trade-offs, but generally it is likely that
the benefits of disease prevention and treatment will outweigh the stress
inflicted, provided an appropriate treatment is chosen and applied correctly
(Midtlyng, 1997). As an illustrative example, the application of chlorine dioxide
to transport water of guppies to kill bacterial pathogens before shipping was
found to decease mortality rates (Lim et al., 2003). Selectively breeding fishes
with higher levels of disease resistance has been attempted for some
aguaculture species (Silverstein et al., 2009), but has not been a focus for the
ornamental fish trade. This is probably because implementing any program of
this kind within the industry currently is unlikely to be either practical or cost-
effective (Midtlyng et al., 2002). Efforts to prevent disease through good
husbandry and biosecurity and by minimising stress should be a priority, with
research efforts focussed on increasing disease resistance through areas like

improved nutrition.

1.5.6 Social environment

Social factors such as bullying and social ranking can inflict stress (Huntingford
et al., 2006). For example, Filby et al. (2010) found that social ranking affected
zebrafish stress, immune function and body condition after only 5 days. These
effects may have been exacerbated by the experimental design, where fish
were kept in pairs and it is possible that fish kept in larger groups would result in
less marked negative effects. Ornamental species may face further complexity
with regards to their social environment as, in some cases, fishes may be
housed in community tanks by retailers or consumers. Fishes may find
themselves in direct or visual contact with incompatible species, or even
predators. In zebrafish this has been found to significantly increase stress as

measured by whole-body cortisol (Barcellos et al., 2007). For shoaling species,
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group size may play a role: Saxby et al. (2010) found that neon tetras
Paracheirodon innesi and white cloud mountain minnows Tanichthys albonubes
shoaled more, were less aggressive and performed less darting behaviour in
larger groups. In contrast, angelfish Pterophyllum scalare and tiger barbs
Puntigrus tetrazona showed greater aggression and more darting behaviour in
larger groups, although they also had a greater tendency to shoal. The
composition of mixed-species groups must also be considered: when angelfish
were added to groups of neon tetras or white cloud mountain minnows, there
were fewer interspecific interactions, which was suggested to indicate improved
welfare (Sloman et al., 2011). However, the authors noted that this
interpretation should be considered with caution, as it is possible that the
behavioural changes were the result of neon tetras and white cloud mountain

minnows fearing the angelfish.

1.5.7 Genetics and domestication

It is known that genotype can have a major bearing on stress resistance;
however, little research has addressed this in ornamental species. Research
into aquaculture species has shown that fishes may consistently differ in their
stress response (Pottinger et al., 1992; Sadoul et al., 2015) and that these
differences are heritable (Pottinger and Carrick, 1999). Research has also
suggested that selective breeding or domestication can lead to improved stress
resistance (Pottinger and Carrick, 1999; Lepage et al., 2000; @verli et al., 2002;
Douxfils et al., 2011). Such breeding, however, can lead to maladaptive
changes in behaviour and physiology (Pottinger and Carrick, 2001; @verli et al.,
2005; Mayer et al., 2011).

Zebrafish captured from the wild in Bangladesh and subsequently bred in
the laboratory show reduced behaviours associated with stress on human
disturbance over four successive generations (C. Tyler, 2014, pers. comm.). On
the other hand, changes in stress resistance due to domestication are not
always the result of heritability and may be developmental; first generation
captive Atlantic cod Gadus morhua had larger hearts and smaller brains than
their parental wild types, and were less robust in their ability to withstand stress
(Mayer et al., 2011). It was suggested that lack of environmental enrichment

caused the reduction in brain size, while heart enlargement was attributed to
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increased swimming activity — commonly seen in captive fishes relative to wild

fishes due to high stocking densities.

Little attention has been paid to breeding stress resistance in ornamental
fishes. Some species have been domesticated by aquarists, and some have
been selectively bred for attractive colouration and fin shapes (Balon, 2004).
There is economic interest in domesticating new species for the ornamental
trade (Nunez, 2009), and selective breeding may have great potential to
Improve stress resistance in ornamental fishes. However, the focus for selective
breeding in the ornamental trade has been on appearance and, as yet, not for

reducing stress.

1.5.8 Nutrition and feeding

The diets provided for fishes influence biological functioning and can cause
stress, or affect stress resistance of fishes, if they do not meet specific
nutritional requirements, and this may vary according to life stage or species
(Strange, 2009; Oliva-Teles, 2012). Dietary supplementation can be used to
ensure the correct balance of nutrients is delivered for optimal welfare. For
example, vitamins A, C and E have all been linked to improved immune system
function in fishes (Sakai, 1999). When gilthead sea bream were fed diets low in
vitamin E they had higher mortality rates when exposed to repetitive and
chronic stress, which was thought to be due to the effect of a lack of vitamin E
on several immune system functions (Montero et al., 2001). Among ornamental
species, vitamin C was found to enhance the ability of guppies to tolerate
osmotic stress, as cumulative mortality rates were lower in groups fed a vitamin
C-enriched diet (Lim et al., 2002b). Diets can also be supplemented with
prebiotics or probiotics, which may contribute to improved growth, survival and
gut microbiome health; in mammals, processes carried out by symbionts in the
gut microbiome have been linked to health and disease and similar interactions
may occur in fishes (Kinross et al., 2011). Ferguson et al. (2010) found that Nile
tilapia Oreochromis niloticus fed a diet containing a probiotic, the bacterium
Pediococcus acidilactici, had their gut colonised by the bacteria and had a
stimulated nonspecific immune response and higher survival than the group not
fed the probiotic. Supplementation with Bacillus spp. was found to improve

growth, survival and immune function in olive flounder Paralichthys olivaceus
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(Cha et al., 2013) and in guppies, mollies Poecilia sphenops, common platies

Xiphophorus maculatus and swordtails (Ghosh et al., 2008).

Live feeds may also be beneficial for ornamental fishes, particularly for
larvae; decapsulated brine shrimp cysts were found to increase resistance to
osmotic stress in the fry of guppies, black neon tetras Hyphessobrycon
herbertaxelrodi, swordtails and mollies (Lim et al., 2002a). Fish larvae may also
be more likely to eat live feeds than formulated diets, as live feeds are thought
to be easier for larvae to see, more easily available to larvae as they swim in
the water column rather than float or sink like many formulated diets, and may

be easier for larvae to digest (Conceicao et al., 2010).

It is important to be aware of the differences between feeding
approaches in aquaculture and ornamental species — for example, the amount
of food provided to fishes in aquaculture is often carefully calculated, motivated
by a desire to attain optimal food conversion efficiency and growth rates, while
the amount of food for ornamental species is usually at the discretion of the fish
keeper (Oliva-Teles, 2012). However, it is possible that research into nutrition

will provide multiple beneficial effects that can be applied to both industries.

The time and method of providing food can also affect stress levels in
fishes. For example, Sanchez et al. (2009) found that gilthead sea bream fed on
a schedule had lower plasma cortisol than those that were fed randomly. Endo
et al. (2002) found that Nile tilapia fed with fish-activated feeders had lower
plasma cortisol and improved immune systems compared to fish with a
scheduled feeding. Some timid species may be reluctant to leave cover to feed,;
therefore the use of ‘dither’ fishes (bolder species which are included in tanks to
encourage feeding and exploration in timid species), may reduce stress
(Loiselle, 1979). Starvation is common before handling and transport
procedures in order to reduce physiological stress levels by reducing metabolic
demand (Barton and Iwama, 1991). However, Ramsay et al. (2009a) found that
there was no difference in stress levels, measured as cortisol increase, in fed or

fasted juvenile rainbow trout exposed to a crowding stressor.

1.5.9 Interactive and cumulative effects

A final concern related to fish stress is the increased damage caused by

cumulative effects of multiple or sequential stressors compared to individual
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stressors alone (Jarvi, 1990; Mugnier et al., 1998). For example, Barton et al.
(2005) found that gilthead sea bream subjected to chronic confinement stress
had a reduced cortisol response to an acute handling stress. They suggested
this was due to impairment of the stress response, which left individuals ill-
equipped to deal with other acute stressors. Waring et al. (1997) found that
recovery periods may negate this, as the cumulative effects of handling stress
were removed when fish were given a 24 hour interval between each event.
However, in some scenarios repeated stressful events are difficult to avoid. A
potentially useful technique is conditioning. Various aquaculture species,
including Chinook salmon Oncorhynchus tshawytscha (Schreck et al., 1995),
Atlantic salmon (Bratland et al., 2010) and Atlantic cod (Nilsson et al., 2012),
have shown reductions in their response to stressors when they have learnt to
associate them with positive events, like feeding. This could be an easy
modification to make to current practices within the ornamental industry at
various points in the supply chain and even in home aquaria, which may help to

mediate any of a variety of stressors.

1.6 Conclusions

Welfare and mortality rates remain a major concern for the ornamental trade.
Simultaneously, the study of welfare is hampered by continuous debate over
the presence or absence of fish consciousness (Sneddon, 2009; Rose et al.,
2014). Whilst more research into the potential for fish pain perception and
suffering may produce more solid conclusions, a stress-focussed approach may
provide an easily measurable approach to studying welfare in the interim. This
approach has already been used to great effect within the aquaculture industry
as the result of a recent growing interest in welfare in that sector, and has been
applied to a lesser extent within the ornamental fish industry. The supply chain
within both industries involves multiple stressors which can affect fishes,
resulting in poor welfare, increased disease prevalence and death. Many of the
examples of interventions to improve ornamental fish welfare mentioned here
have originated from the methods used in aquaculture, such as starving fishes
to reduce metabolism before transportation or altering diets to enhance stress
resistance. Other interventions to improve welfare that have been in place in the
aquaculture industry for several decades have only partially been adopted

within the ornamental industry. For example, live feeds have long been used
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during larviculture of food fishes, but were adopted only recently in the rearing
of freshwater ornamental species. These can make a fundamental difference to
larval survival rates. More of the available knowledge in the aquaculture sector
on larval feeding applied to marine ornamental larviculture, could help
significantly in the captive breeding of more marine ornamental species,
reducing depletion of wild populations (Moorhead and Zeng, 2010). Other
avenues to explore in using knowledge gained in the aquaculture sector for the
ornamental industry include on handling techniques. It is now uncommon to
remove aquaculture fishes from the water when moving them, but the majority
of the handling of ornamental fishes, particularly small species, is still done
using dip nets, which is a highly stressful experience. It has to be accepted
however, that some procedures in the ornamental industry cannot be made
stress-free and thus there is a need for explorations into selective breeding for
more stress-resistant fishes, and for conditioning and habituation to decrease
the impact of the stress response (Table 1.2).

Despite the size of the ornamental industry, there is a conspicuous lack
of scientific literature that directly addresses ornamental fish welfare (Figure
1.1). However, there is a great deal of information available in the hobbyist
literature that represents a huge knowledge base, e.g. textbooks, health guides
and identification manuals (Andrews et al., 1988; Butcher, 1992; Baensch and
Fischer, 2007). A further wealth of knowledge is available online or in hobbyist
magazines such as Practical Fishkeeping. This knowledge could be
incorporated more into the scientific domain to provide directions for further

experimental work.

Table 1.2. Suggested future interventions and research into welfare in the

ornamental fish industry

Stressor Current Interventions Future research

Physical Provide structure and Impact of light levels, light

environment enrichment with plants, spectrum and photoperiod
shelter, etc. on stress.

Provide substrate rather than Impact of different types of

substrate or background
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Handling

Stocking
density

Transportation

bare tanks.

Monitor water quality
parameters regularly.

Ensure any change in water

conditions occurs gradually to

avoid shock.

Handle fish using wet, gloved

hands.

Minimise number of handling

events.

Add anaesthetic and/or water

conditioners to water if

necessary.

Choose densities according
to nature and social

tendencies of the species.

Starve fish before

transporting.

Cool holding water before

transporting.

Add anaesthetic and/or water

conditioners to water if

colour on long-term stress

levels.

Impact of different types of
tank enrichment on different
species, e.g. comparing
between plastic and real

plants.

Establish optimal water
quality parameters for

different species.

Effects of multiple handling

events.

Developing techniques for
handling fish without

removing them from water.

Use of conditioning and
habituation to reduce stress
response of fish to handling

stress.

Establish optimal densities
for different species for both
shipping and keeping in

tanks.

Establish optimal water
guality parameters for

different species.

Establish optimal stocking
densities for different

species.
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Social

environment

Nutrition

Disease

necessary.

Minimise density of fish per
bag to limit metabolic waste

build-up.

Choose species
assemblages according to

social tendencies of species.

Select diets based on
different species

requirements.

Include live feeds in fish

diets.

Ensure food is well-dispersed
when provided to minimise

competition.

Minimise stressors to
minimise immunosuppression

from stress.

Consider adding pre-emptive
treatments to water if

necessary.

Consider treating fish before

transportation.

Appropriate species
assemblages to decrease
social stress, aggression

and competition

Effects of tank conditions on
social behaviour, e.g. tank
dimensions or amount of
structure available in the

tank.

Dietary requirements for

different species.

Stress-reducing effects of
dietary supplements and

probiotics.

Role of gut microflora in

health and stress.

Increased understanding of
biological processes
underlying stress,
immunosuppression and
health in fish.

Selective breeding for
higher disease resistance;
also selective breeding for

higher stress resistance

33



may reduce opportunistic

infections.
Interactive/ Allow fish ‘rest’ periods Use of conditioning and
cumulative between stressful events. habituation to reduce
effects response of fish to stressful

events through positive
associations or by improving

predictability of stressors.

A significant factor when considering the ornamental industry is the
number and diversity of species that are traded. A ‘one-size-fits-all’ approach is
unlikely to be useful. Moreover, the extent to which research into stress and
welfare in one species of fish can be generalised to improve the welfare of
another species is questionable (Huntingford et al., 2006). Increased knowledge
of the biology and needs of individual species and their responses to stress is
vital in future to identify appropriate interventions for different species. More
welfare-focussed experimental techniques can supplement this information. For
example, choice experiments can be used effectively to ascertain optimal
conditions for welfare. More research into diseases and treatments, and
specifically diseases that are common in ornamental fishes could help
drastically reduce mortality rates. Furthermore, many physiological measures of
welfare, such as cortisol levels in water, plasma or faeces are not currently easy
to implement at most stages of the ornamental fish industry, as they require
specialist knowledge and equipment. Therefore, a major goal in improving
welfare and mortality must be to develop indicators that are usable by a non-
specialist (e.g. features of behaviour) and can be responded to on a case-by-

case basis in order to constantly monitor the welfare of fishes.

There is a second major issue to address to improve welfare in the
ornamental industry and this is the structure of the current system of trade. Little
regulation exists, and the supply chain can be long and complex. Therefore,
even if knowledge of ornamental fishes can be expanded, the integration of new
techniques into the system will present a significant challenge. Research must

be conducted recognising that costly interventions that save only a few fishes
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each shipment are highly unlikely to be adopted. In contrast there is significant
potential for cheaper interventions to be adopted, particularly if supported by

retailers.

Although the figures often quoted regarding the ornamental industry are
uncertain, the fact remains that millions of live animals are transported
worldwide every year (Ploeg, 2007b). Estimates of mortality rates are strongly
contested, ranging from between 2-3% (Ploeg, 2007a) up to 73% (Olivier,
2001), but even small percentage reductions in mortality would have
considerable beneficial impact, in both animal welfare and economic terms.
Furthermore, as interest in welfare increases, better standards will increase the
marketability of the hobby, potentially translating into greater profits. There is a
great need for more accurate statistics, improved husbandry standards and

more extensive research to improve welfare standards within the industry.

1.7 Chapter overview/aims of thesis

The first overall aim of this thesis is to identify sources of stress and poor
welfare within the ornamental fish trade. These sources of stress might be
contributing to mortalities within the industry, so by targeting research to try and
address these sources of stress, mortality may be reduced and welfare
improved. Therefore, the second overall aim of this thesis is to develop and test
some potential interventions that could be used within the ornamental fish

supply chain to reduce stress and improve welfare in ornamental fishes.

Stress in fishes can be assessed and measured in a variety of ways, as
discussed above. One of the most common ways to assess stress is to
measure cortisol levels in the blood plasma, the faeces, the whole body of the
fish, or in water in which the fish has been housed (Pottinger and Carrick, 1999;
Ellis et al., 2004; Ramsay et al., 2006). The last of these methods has a number
of benefits over other methods: it allows multiple samples to be taken over time
without inducing a handling effect, is non-invasive and non-intrusive. However,
a disadvantage of this method is that it requires validation when being applied
to a new species — for example, it must be established that stressors induce a
detectable rise in cortisol release rates as measured by this method, and the
time at which cortisol release rates peak after the onset of a stressor must be

identified (Scott et al., 2008). Therefore, in Chapter 3, | present a study of the
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time-course of cortisol release rates in three popular ornamental fish species
(the guppy, the molly and the neon tetra) after being exposed to a netting

stressor.

One of the most commonly-experienced stressors for fish at any point in
the supply chain is likely to be handling. Despite a move towards handling
techniques which do not involve removing the fish from water in other fields,
such as aquaculture or laboratory research, much handling in the ornamental
fish industry is still done using dip-nets (Conte, 2004; Brydges et al., 2009). In
addition to this, workers throughout the supply chain may vary greatly in skill
level and the level of training they have received in how best to handle fish. In
Chapter 4, | present the results of two experiments in which inexperienced fish
handlers were either presented with a short training video prior to handling
guppies, or a control video. | then measured cortisol release rates and used
behavioural measures to assess the stress levels of fish captured by handlers in

these two groups.

Much research into the welfare of captive animals focusses on the role of
environmental enrichment. Environmental enrichment, which refers to
modifications made to an animal’s environment with the aim of improving that
animal’s well-being, is often considered to promote good welfare (Young, 2013).
However, some studies have found that modifications intended to provide
enrichment were actually neutral or negative with respect to the animal’s
welfare (Landin, 2012; Wilkes et al., 2012). Modifications must therefore be
tested before being introduced into the environments of captive animals. A
popular experimental approach used to assess whether modifications might
promote good welfare is the use of choice tests, which is based on the
assumption that if animals spend more time in an area or interacting with an
item than alternatives, that area or item is providing the animals with something
they want. In Chapter 5, | use this approach to test the preferences of neon

tetras for different environmental conditions.

Whilst not all stressors can be eliminated from the lives of captive
animals, it is possible that the way an animal responds to a stressor can be
modulated by changing the animal’s appraisal of the stressor. In Chapter 6, |

test two interventions designed to change the way that guppies appraised a
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netting stressor using conditioning techniques. The first experiment aimed to
train guppies to associate netting with a positive event in the form of a food
reward; the second aimed to make netting more predictable by training guppies

to recognise that netting happened after being exposed to a red light cue.

Finally, in Chapter 7, | present a general discussion of the results of
Chapters 3-6, with specific emphasis on the interventions that have been
developed and introduced into the supply chain as a result of this work. | also
discuss potential future areas of research into the topics of ornamental fish

stress and welfare.
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Chapter 3: Detection of water-borne cortisol in three ornamental fish
species

Abstract

Corticosteroid release rates are commonly measured as an indicator of stress in
many taxa, including in teleost fishes. Previously, measurement of
corticosteroids required collection of a blood sample from fish, or else required
the fish to be sacrificed. However, methods have improved considerably in the
last 15 years with the increasing popularity of the water-borne method — a non-
invasive approach which allows steroid hormones to be quantified from samples
of fish holding water. However, the water-borne method requires a number of
validation steps to be carried out when it is applied to a new species to ensure
that corticosteroids can be reliably detected, are biologically meaningful, and
are sampled at the optimum time-point for the species in question (e.g. when
cortisol release rates peak after the onset of a stressor). This study aimed to
validate the water-borne method for cortisol detection in three popular
ornamental fish species, the guppy Poecilia reticulata, the molly Poecilia
sphenops, and the neon tetra Paracheirodon innesi. These three species are all
highly popular aquarium fishes, making up approximately 15% of fish sales for a
major UK pet retailer. Validating this method in these species therefore provides
a useful tool for studying potential causes of stress, poor welfare and mortality.
Water samples from the holding tanks of each of these species were collected
over several hours after a handling event, or from control tanks, and the cortisol
levels in the samples were quantified using a cortisol radioimmunoassay (RIA).
Cortisol was detected in the holding water of all three species. Release rates
were significantly higher over the first 30-minute interval in guppies and mollies
(guppies: 2.46 + 0.52 ng g h™*; mollies: 1.46 + 1.18 ng g* h™"), but had dropped
to consistently lower levels 2 hours after the start of the sampling period
(guppies: 0.44 + 0.20 ng g™ h™*; mollies: 0.13 + 0.06 ng g h™). These results
may indicate that these species showed a stress response. However, there
were no significant differences between net-stressed and unstressed individuals
in any species. This study therefore meets some of the objectives required in
order to consider the water-borne cortisol measurement technique validated in
guppies and mollies: there was no background activity in water provided to

fishes, extracts and standards diluted parallel to each other, and cortisol release
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rates were consistently detectable with the technique. The pattern of cortisol
release rate was less clear in neon tetras as there were no significant
differences in cortisol release rate over time or between treatment groups.
Therefore, further work comparing the release rates of cortisol in stressed and
unstressed guppies, mollies and neon tetras is required to consider this

technique fully validated.

3.1 Introduction

Interest in fish welfare as a research topic has been growing consistently over
the last 30 years, with the majority of studies focussing on fish in aquaculture
(see Fig. 1.1, Chapter 1) (Ashley, 2007; Huntingford and Kadri, 2009;
Braithwaite and Ebbesson, 2014). An increasing number of studies on stress
and welfare in aguaculture species have helped to explore the range of
stressors which may impact fish health and welfare, including transportation,
handling, confinement, inappropriate stocking densities, etc., but we cannot
always extrapolate from them to address questions in all fish species, or for all
areas in which fish are used (e.g. ornamental fish, research, public aquaria or
sport fishing) (Huntingford et al., 2006). For example, inappropriate stocking
densities can be a significant source of stress for fish, but appropriate stocking
densities are highly species-dependent — Arctic charr Salvelinus alpinus show
better growth and welfare at high stocking densities (=60 kg m™®) than low
stocking density (15 kg m™) (Jorgensen et al., 1993), whilst gilthead sea bream
Sparus aurata showed a greater stress response at a low stocking density
(approx. 10 kg m™®) than a high density (approx. 40 kg m®) (Montero et al.,
1999). The huge diversity of species across all of these fields means that, in
many cases, research into stress and welfare needs to be targeted to the
species and/or field in question.

One such area that would benefit from more research is the ornamental
fish industry. Although reported rates of mortality within the industry vary, some
reported figures are high. These high mortality rates indicate that there are likely
to be welfare issues within the trade that could be addressed to improve fish
health with direct benefits for the ornamental fish trade as a consequence (Ellis
et al., 2012). However, the concept of ‘welfare’ is difficult to define and measure
(see Chapter 1; Dawkins (2006); Carenzi and Verga (2009); Volpato (2009);

Broom (2011)), and in the case of fish the discussion is hampered by debates
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over the abilities of fish to suffer and/or feel pain (Rose, 2002; Sneddon, 2003b;
Braithwaite and Boulcott, 2007; Sneddon, 2015; Key, 2016). To circumvent this,
many authors have instead focussed on the stress response as a welfare
indicator (Conte, 2004; Arlinghaus et al., 2007). Stress, a coordinated suite of
behavioural and physiological responses to a challenge to homeostasis
(Wendelaar-Bonga, 1997), is more easily measured than welfare, and is known
to have potentially detrimental effects. For example, whilst the response to an
acute stressor is often seen as adaptive, stress that is chronic, repetitive, or
severe can lead to a decreased growth and reproductive rate and
Immunosuppression, which can in turn lead to higher mortality (Barton, 2002;
Fast et al., 2008; Eslamloo et al., 2014).

There are a variety of ways in which stress in fishes can be measured,
the most common of which is measurement of corticosteroid levels (Barton and
Iwama, 1991; Barton, 2002). Corticosteroids can be measured in blood plasma,
faeces, from gill biopsies, fish scales, homogenates of the whole body, or in the
water the fish has been housed in (Pottinger and Carrick, 2001; Turner et al.,
2003; Ellis et al., 2004; Ramsay et al., 2006; Aerts et al., 2015; Gesto et al.,
2015). The last of these involves using solid-phase extraction cartridges and
organic solvents to extract and concentrate the steroids in the water sample,
then using radioimmunoassays (RIAs) or enzyme-linked immunosorbent assays
(ELISAS) to quantify the amount of steroid present (Scott and Sorensen, 1994;
Ellis et al., 2004). It is an increasingly popular metric, as it is non-invasive, can
be sampled without disturbing the fish (i.e. is non-intrusive) and it allows
multiple measurements to be made over several time-points (Ellis et al., 2013).
It is particularly useful for small fish species, as many common model species
(e.g. zebrafish Danio rerio) are too small to extract a blood sample and
therefore are often sacrificed to obtain whole-body measures (Ramsay et al.,
2006; Felix et al., 2013). However, before this method can be applied to a new
species, it needs to be validated, as steroid release rates in different species
can vary due to differences in biomass, metabolic rate, preferred holding
temperature, steroid readsorption rate and gill surface area and permeability
(Scott et al., 2008; Felix et al., 2013).

In this study, a method for detecting water-borne cortisol by extracting

cortisol through solid-phase extraction cartridges and measuring amounts by
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radioimmunoassay was validated in three popular ornamental fish species: the
guppy Poecilia reticulata, the molly Poecilia sphenops and the neon tetra
Paracheirodon innesi. These three species were chosen as they are highly
popular ornamental fish species, representing approximately 15% of all fish
sales for a major UK pet retailer (Chapman et al., 1997; Bailey & Burgess,
2004). Although this method has been validated and used with guppies,
previous work has used wild-type guppies rather than domestic guppies (e.g.
Kolluru et al. (2015)), or looked only at females (e.g. Eaton et al. (2015)). The
latter case is important here because guppies in the ornamental fish trade tend
to be sold separately by sex. To the best of the author’s knowledge, this method
has also not been validated in common mollies (although it has been applied to
a congener — the sailfin molly Poecilia latipinna (Muraco et al., 2014)), nor has it
been validated in neon tetras. In order to validate this method in these species,
a number of procedures suggested by Scott et al. (2008) were carried out.
These were: measurement of background rates of cortisol in the water supplied
to the fish tanks, assessing for parallelism between extracts and standards to
ensure that there was no interference from other immunoreactive substances,
assessing whether fishes mounted a cortisol response to a stressor (i.e.
whether the results of this assay are biologically meaningful in these species)
and quantifying when cortisol release rates peaked after the onset of a stressor
to determine the optimum sampling time for measuring for a stress response

after application of a stressor to that species.

3.2 Methods

3.2.1 Animals and maintenance

Captive-bred adult guppies (60 males), mollies (20 males, 20 females) and
neon tetras (40 males, 40 females) were purchased from a UK-based
ornamental fish wholesaler. Fish were housed in a flow-through system in
barren 8 L glass tanks (150 x 240 x 295 mm) (6 guppies/tank; 2 male and 2
female mollies/tank; 4 male and 4 female neon tetras/tank). These stocking
densities were chosen as they were considered to represent the greatest
number of individuals for each species which could be housed in tanks of this
size without compromising fish welfare. Tanks were maintained at 25 + 1°C with
a photoperiod of 12L:12D hours and fed twice daily ad libitum with TetraMin fish

flake and once daily with live Artemia (brine shrimp) nauplii. Fish were given a
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minimum of 1 week to acclimatise to their surroundings before sampling took
place and all handling and feeding was carried out with gloves on to prevent

cortisol from human skin from contaminating the water (Ellis et al., 2013).

3.2.2 Water sample collection

Prior to sampling, the water flow rate into the tank was measured by filling a 50
mL measuring cylinder; the exact volume of water and the time taken to collect
that volume was used to calculate flow rate. Fish were not fed for approximately
18 hours prior to sampling as food intake can affect cortisol responses (Bry,
1982; Pickering and Pottinger, 1983). For each species, tanks were randomly
assigned to either an ‘unstressed’ condition (n = 5) or a ‘stressed’ condition (n =
5) to see whether a netting stressor would elicit a detectable increase in cortisol
release rate. A sample size of 5 tanks per condition was considered to be
appropriate based on previous published studies — many previous studies of
water-borne steroid hormones have studied 3 tanks of fish per condition (Ellis et
al., 2004; James et al., 2004; Ellis et al., 2007; Zahl et al., 2010; Zuberi et al.,
2011). At the beginning of the experiment, an initial water sample of
approximately 500 mL was collected from each tank in an acid-washed beaker
from the outflow of the tank to avoid disturbing the fish. This sample was used
to measure the amount of cortisol in each tank prior to the onset of a stressor
as fish continually release cortisol into the water, this measurement provided
the ‘baseline’ level of cortisol in each tank prior to the onset of a stressor,
against which subsequent samples could be compared. Fish in the ‘stressed’
condition were then immediately exposed to a stressor by being chased for 30s
with a net. A further water sample was collected from each tank in the same
way at 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours and 6 hours after the start
of the sampling period. A second measure of flow rate was then taken for each
tank to check that it was consistent with the flow rate at the start of the sampling
period. Each sampling period was started at approximately 9:30am (x 20 mins)
to minimise potential variation caused by cortisol levels naturally fluctuating
throughout the day (Wendelaar-Bonga, 1997). Four samples of the water
(approximately 500 mL each) that was supplied to aquaria were also collected
at the beginning of the sampling period to check for the presence of background

rates of cortisol — i.e. this water was collected before it went into tanks to detect
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whether there was any cortisol present in the water before the water came into

contact with the fish. All samples were processed immediately after collection.

3.2.3 Sample processing

Water samples were weighed before processing, and beakers were weighed
after the sample had been processed so that sample volume could be
determined gravimetrically. Samples were pumped through solid-phase
extraction cartridges (C18 Classic, Waters Ltd, UK) at c. 15 mL s™ using a
vacuum pump (Watson-Marlow 202 U/1). Before use cartridges were primed
with two washes each of 5 mL methanol and 5 mL distilled water pushed
through with a syringe. Once all the water sample had been pumped through
the cartridges, these were rinsed with 5 mL distilled water, and 40 mL air was
pushed through with a syringe to dry the cartridge. Cartridges were wrapped in
Parafilm and frozen at -20°C (freezing has been shown not to affect the
extraction of hormones (Ellis et al., 2004)). When all samples had been
collected, cartridges were defrosted and eluted with 4 ml of ethyl acetate into
test tubes. Air was pumped through the cartridge into the tube to remove
excess ethyl acetate. The eluted sample was dried under a stream of nitrogen,
then the resulting pellet was re-suspended in 1 mL of 0.5 M RIA buffer (buffer
solution made up of 8 g L* NaCl, 5.8 g L™* Na;HPO,4, 2 gL' BSA, 1.3 g L*
NaH,PO4-H,0, 0.3g L* EDTA and 0.1g L™ sodium azide), vortexed and frozen

at -20°C until samples could be assayed.

3.2.4 Cortisol radioimmunoassay

Radiolabelled cortisol was purchased from Perkin Elmer, UK, cortisol antibody
was purchased from abcam, UK, and standard cortisol was purchased from
Sigma Aldrich, UK. The amount of cortisol in each sampled was quantified by
radioimmunoassay (RIA), following the protocol of Ellis et al. (2004). 100 uL of
sample were added to tubes in duplicate, and a standard curve was created,
also in duplicate, using a known concentration of cortisol. The standard curve
ranged from 2 to 500 pg 100 pL™. A cocktail containing approximately 6000
dpm of radiolabelled cortisol, enough antibody to bind 50% radiolabelled cortisol
in the absence of sample cortisol, and RIA buffer was added to the tubes, which
were left overnight to bind (approx. 18 hours, 4°C). 1 mL dextran-coated

charcoal suspension was then added to tubes to separate out unbound steroid
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for 30 minutes on ice. Tubes were centrifuged at 2500 rpm for 12 minutes, and
the supernatant decanted into a scintillation vial. 7 mL of scintillation cocktail
(Ultima Gold, Perkin Elmer, UK) was added to each vial, and the tubes were
read in a Beckman-Coulter LS6500 liquid scintillation counter for 5 minutes
each. The standard curve was used to determine the amount of cortisol in each
tube, and measures were averaged across duplicate tubes. The biomass of the
fish was not recorded due to experimenter oversight, therefore the average
biomass of each species from a pilot experiment was used as an estimate for
further calculations. Cortisol release rate was calculated using the following

equation from Ellis et al. (2004):
Release rate = ((V(C, — Coe *)kt)/(1 — e *&) /W

where V = tank volume (L), Co and C; = concentration of cortisol at the start and
end of the sampling period, respectively (ng L™), k = instantaneous rate of loss
due to dilution (flow rate (L h™)/V), t = time interval and W = mass of fish. This
gives release rates in ng of cortisol per gram of fish body mass per hour (ng g™
h™), a standard unit used when reporting cortisol release rates to best allow
comparisons between different species (Ellis et al., 2004; Sebire et al., 2007,
Scott et al., 2008; Zuberi et al., 2011; Felix et al., 2013).

To assess whether extracts and standards diluted in a parallel manner,
aliquots of a number of randomly-selected samples for each species were
pooled. A dilution series of each of these pools (neat, 1:1, 1:2, 1:4, 1:8) was
then created in the same manner as the dilution of the standards and

radioimmunoassayed as described above.

3.2.5 Data analysis

Repeated-measures ANOVAs were used to examine the effect of netting stress
and time on cortisol release rate for each species. To assess whether the
sample extracts analysed diluted parallel with the standards, an ANCOVA was
used. To assess the intra-assay variation, the coefficient of variation was
calculated for the duplicates of all tube in each assay, and the mean of these
coefficients was calculated. To assess the inter-assay variation, a number of
randomly-chosen samples were run in different assays. The coefficient of

variation was calculated for the results of these samples, and the mean of these
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coefficients was calculated. All analyses were completed in R ver. 3.4.1 (R

Development Core Team, 2015).

3.2.6 Ethics

This study was conducted in accordance with Home Office guidelines under
project license PPL 3002868. Fish were monitored daily for signs of stress or
poor welfare. After the study was complete, the fish were health checked by the
named veterinary surgeon and when certified as disease free and in good

general health were rehomed into the ornamental fish trade.

3.3 Results

The average intra-assay variation in the study was 9.31%. The average inter-
assay variation was 7.79%. No cortisol was detected in the water supplied to

experimental aquaria.

The peak cortisol release rates found in this study were 2.46 £ 0.52 ng g
Yh'in guppies, 1.46 + 1.18 ng g* h™* in mollies, and 2.66 + 1.82 ng g*h™ in
neon tetras. There was a significant effect of sampling time point on cortisol
release rate in guppies (F1, 59 = 12.461, p < 0.001), but stressed and unstressed
fish did not differ in cortisol release rate (F1 59 = 0.171, p = 0.680) (Fig. 3.1).
There was also a significant effect of sampling time point on cortisol release
rate in mollies (F1, 60 = 6.685, p = 0.012), but no overall effect of treatment
(stressed vs unstressed) (F1, 60 = 2.968, p = 0.090) (Fig. 3.2). Mean cortisol
release rates did appear to be higher in unstressed neon tetras than stressed
neon tetras; however, neither treatment group nor time point had a significant
effect (treatment: Fy g1 = 0.537, p = 0.467; time point: F; 6 = 0.003, p = 0.958)
(Fig. 3.3). Examination of the raw data revealed that means appeared to be
higher in unstressed fish mainly due to unusually high cortisol release rates at
some time points in two tanks of ‘unstressed’ fish, but it was unclear whether
these high rates were due to an unexpected stressor affecting the fish, or
possible contamination of the samples. However, when this tank was removed
from the analysis, there was still no significant effect of treatment group or
sampling point on cortisol release rates (treatment: F; 45 = 0.004, p = 0.952;
time point: Fq 48 = 0.120, p = 0.731) (Fig. 3.4).
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There were no significant differences between the slopes of the dilution
curves for standard cortisol and cortisol released by guppies, mollies or neon
tetras (Fsz 12 = 0.679, p = 0.582), indicating that that extracts and standards

diluted in a parallel manner (Fig. 3.5).
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Figure 3.1. Mean * S.E. release rates of cortisol into the water in guppy tanks
(n =5 per treatment) after exposure to a handling stressor at Oh (open circles)
or no stress (filled circles). Values are plotted at the midpoint of the time

interval that release rates were measured over.
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Figure 3.2. Mean £ S.E. release rates of cortisol into the water in molly tanks (n
= 5 per treatment) after exposure to a handling stressor at Oh (open circles) or
no stress (filled circles). Values are plotted at the midpoint of the time interval

that release rates were measured over.
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Figure 3.3. Mean = S.E. release rates of cortisol into the water in neon tetra tanks (n
= 5 per treatment) after exposure to a handling stressor at Oh (open circles) or no
stress (filled circles). Values are plotted at the midpoint of the time interval that

release rates were measured over.
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Figure 3.4. Mean * S.E. release rates (without extreme values) of cortisol into the
water in neon tetra tanks after exposure to a handling stressor at Oh (open circles)
(n =5) or no stress (filled circles) (n = 3). Values are plotted at the midpoint of the

time interval that release rates were measured over.
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Figure 3.5. Parallelism between cortisol standard curve (open circles) and serial 1:1
dilutions of cortisol extracts from guppies (filled triangles), mollies (filled circles) and

neon tetras (open triangles).



3.4 Discussion

The concentration of cortisol in water samples collected from tanks containing
fish was consistently above the assay’s lower detection limit of 2 pg 100 pL™,
but no background activity (i.e. cortisol present in the water before coming into
contact with fish) was detected. The slopes of the cortisol standard curve and
the dilution curves of samples from water containing guppies, mollies or neon
tetras diluted parallel, indicating little interference from other immunoreactive
substances (Felix et al., 2013). Demonstrating a lack of background activity,
presence of detectable levels of cortisol, and parallelism between extracts and
standards are all considered key objectives when validating this method
according to Scott et al. (2008).

Both guppies and mollies in this study showed a clear peak in cortisol
release rate relative to the end of the sampling period within 30 minutes of
being exposed to a netting stressor, with release rates levelling out
approximately 1.5 hours after the beginning of sampling. However, no
significant differences were found between net-handled and unstressed groups
in either species. There are two possible explanations for this: either the group
which was exposed to the net stressor did not experience an increase in cortisol
release rate, and the measured rates simply reflect diurnal changes in cortisol
release rate, or the group which was not exposed to the net stressor
experienced some other form of stress during sampling and thus also showed
an increase in cortisol release rate. Of these two explanations, the second is
more likely: cortisol release rates over the first 30 minutes of sampling were
markedly higher than release rates between 2 and 6 hours after the beginning
of the sampling period for both guppies and mollies. This may suggest that
release rates peaked in response to stress, but that fish in ‘unstressed’ tanks
were responding to a different form of stressor. Whilst efforts were made to
ensure that fish in ‘unstressed’ tanks were not in visual contact with other tanks
or with the experimenter during the sampling procedure by placing barriers
between tanks and in front of tanks, it is possible that gaps in the barriers were
present, allowing the unstressed fish to view either stressed conspecifics or the
experimenter. Fish in unstressed tanks may also have responded to vibrations
or noise disturbance occurring during sampling, although attempts were made

to keep these to a minimum by only allowing the experimenter to enter the room
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where fish were housed during sampling and moving quietly whilst in the room.
Furthermore, personal observations of fish exposed to the netting stressor
indicated that fish showed behavioural signs of stress, such as darting and
freezing, and it is unlikely that these behavioural signs of stress would not be

reflected in cortisol release rates.

No significant differences in cortisol release rates were found between
treatment groups in neon tetras. Although this was initially thought to be due to
the presence of a number of samples with an unusually high concentration of
cortisol, removal of these extreme samples did not change this result. It is
possible that, as with the guppies and mollies, fish in the ‘unstressed’ condition
were responding to an unintended source of stress; however, it is more difficult
to establish whether this was the case as there was also no significant effect of
sampling time point. It is therefore not clear whether cortisol release rates
peaked soon after exposure to the netting stressor relative to the end of the
sampling period. Taken together, the results of this study go some way towards
validating the water-borne cortisol measurement technique in domestic guppies
and mollies, but further work would be needed to consider this technique

validated in neon tetras.

A substantial amount of variation in cortisol release rates, especially in
the ‘stressed’ groups, was seen in all three species in this experiment. Although
the sample size used here was higher than the sample size of 3 used in many
previously published studies (Ellis et al., 2004; James et al., 2004; Zahl et al.,
2010; Zuberi et al., 2011), larger sample sizes may have helped to clarify the
results. In particular, although the difference between ‘stressed’ and
‘unstressed’ mollies was not significant (p = 0.09), the pattern of release rates
shown in Figure 3.2 are similar to those that would be predicted if ‘stressed’

mollies had shown a response to a netting stressor.

The cortisol release rates found in this study are roughly within the scope
of release rates in stressed fish reported by other studies (e.g. 9.6 ng g*h™ in
zebrafish (Gronquist and Berges, 2013), 0.628 ng g™* h™ in rainbowfish
Melanotaenia duboulayi (Zuberi et al., 2011), 1.5 ng g h™ in sticklebacks
Gasterosteus aculeatus (Fiirtbauer et al., 2015), 0.13 pg g h™* in Panamanian

bishops Brachyrhaphis episcopi (Archard et al., 2012) and approximately 1.5 ng
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g h™ in rainbow trout Oncorhynchus mykiss (Ellis et al., 2004). However, direct
comparisons of release rates between studies are difficult due to variation in the
intensity of stressors, differences in units reported (e.g. some papers report ng
standard length™ h™* or ng fish* h™) and species differences. The higher release
rates seen in guppies in this study might suggest that the guppies experienced
a stronger stress response to the netting stressor than mollies did. However,
mortality tends to be more associated with the presence of chronic stress, and
this study focussed on acute stressors. The species in this study might have
different levels of responsiveness to chronic or repetitive stress. In all species,
the highest cortisol release rates were seen in the first 30 minutes after the
stressor, suggesting that the optimum time to sample these species after the
onset of a stressor is within the first 30 minutes. This peak occurs faster than
has been reported for various other species, except for zebrafish, which also
showed a cortisol peak in the first 30 minutes post-stressor (Felix et al., 2013).
In other species, peak cortisol release rate has been reached between 30
minutes and 1 hour after stress in rainbow trout (Ellis et al., 2004), between 1
and 1.5 hours after stress in sticklebacks (Sebire et al., 2007), and carp
Cyprinus carpio (Lower et al., 2005), approximately 2 hours after stress in wild-
caught rainbowfish, (Zuberi et al., 2011), between 2 and 4 hours after stress in
roach, Rutilus rutilus (Lower et al., 2005), or after more than 4 hours in captive-
bred rainbowfish (Zuberi et al., 2011). This variation in release rates may reflect
differences in metabolic rate, which is affected by factors such as fish body size
and temperature (Barton, 2002). The variation in peak cortisol release rate
across these different species also highlights the necessity of conducting time-

course studies in order to determine when best to sample fish.

Whilst the results of this study can help to increase the number of
techniques and approaches to studying stress in ornamental fish, there are a
number of considerations that must be made. As mentioned above, this study
examined the effect of a single, acute stressor on cortisol release rates.
However, immunosuppression and mortality are more usually thought to be
caused by chronic or repetitive stressors (Wendelaar-Bonga, 1997). Measuring
cortisol in holding water may therefore be of use when looking at the response
of fish to single, stressful events, such as transportation, but less so when

considering the effects of chronic stress, such as that caused by bullying.
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Indeed, some studies have shown that whole-body or plasma cortisol levels
were not significantly different from controls after chronic stress, an effect which
is likely to be mirrored in the water-borne cortisol release rates (O’Connor et al.,
2011; Aerts et al., 2015). Alternative approaches may therefore be needed to
examine the effects of chronic stress in fishes, such as cortisol content in in fish
scales (Aerts et al., 2015), or the presence of or changes in certain protein
biomarkers (Alves et al., 2010). Unfortunately, none of these approaches are
likely to be useful in the day-to-day monitoring of stress and welfare within the
supply chain, as they require specialist knowledge and equipment. Therefore,
behavioural measures of stress are also very useful when studying stress in
ornamental fish. Behavioural measures also have the advantage of being able
to indicate the valence of a response — an increase in cortisol release rate may
indicate arousal in response to a non-negative stimulus, such as anticipation of
feeding (Sanchez et al., 2009). Utilising a range of techniques appropriate to the
type of stressor being studied is therefore likely to be the best approach to

reducing stress in ornamental fish.

In conclusion, this study has shown that guppies, mollies and neon tetras
all show detectable levels of cortisol release after being exposed to a stressor,
that these extracts diluted parallel to standards, and that there was no
background activity in the water provided to fishes. Whilst the study did not find
clear differences between stressed and unstressed fish in cortisol release rate,
it is possible that the higher cortisol release rates in guppies and mollies in the
first 30 minutes of the sampling period reflects a stress response to a stressor.
We can therefore consider these results as helping to validate the water-borne
cortisol measurement technique in these species, although further work is
needed to assess release rates in stressed and unstressed fish. The results
were less clear for neon tetras as there was no clear peak in cortisol release
rate or clear difference in release rate between treatment groups, suggesting
that further work would need to be done before this procedure could be
considered validated in neon tetras. These results help to strengthen the range
of techniques that can be used to study stress in fishes, and may be of
particular use in expanding research into stress and mortality in the ornamental
fish trade.
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Chapter 4: The effect of a simple training instruction exercise on induced
handling stress in the guppy, Poecilia reticulata

Abstract

Fishes in the ornamental industry are frequently exposed to handling events.
These handling events, which can involve chasing, confinement, and removal
from water, can be deeply stressful, and it is possible that the stress response
to these events may be exacerbated if the handler is untrained or unskilled. This
study aimed to find whether a simple training procedure could improve handlers’
skills enough to reduce the stress experienced by handled guppies Poecilia
reticulata. Two experiments were conducted with slightly varying protocols. In
both experiments, participants with no experience of handling fish were asked
to watch either a short training video, which detailed best practice for capturing
and handling a fish, or a control video, which provided no information on how
best to capture the fish. Participants were then asked to catch fish from a tank.
Cortisol release rates and behavioural measures of stress, including duration of
freezing behaviour and latency to leave a refuge area, were measured in
captured fish. In the first experiment, there was no significant difference in
cortisol release rates. There were also no significant differences in stress-
related behaviours in fish handled by trained or untrained handlers. In the
second experiment there were no significant differences in behaviour of fish
handled by a trained or untrained handler and due to a technical difficulty
cortisol samples could not be processed. However, fish which were present in
the test tank, but were not handled themselves, showed significant differences
in stress-related behaviours between training conditions. These results suggest
that handling technigue may not have a major impact on stress in handled fish,
but may be important for the fish remaining in the tank. This may have
implications for fish in the ornamental industry, which are often housed at high
stocking densities but usually sold in small groups, and therefore may be

exposed to multiple handling events a day without being captured.

4.1 Introduction

Fishes in the ornamental industry are frequently exposed to handling events
(Huntingford et al., 2006; Pasnik et al., 2010). Handling occurs as part of many
routine husbandry procedures in the ornamental supply chain such as cleaning,

sorting, and packing for transportation between breeders, exporters,
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wholesalers, retailers and consumers (Wabnitz et al., 2003; Huntingford et al.,
2006; Prang, 2007). Handling is also necessary for less common practices,
such as isolating a fish for medical treatment, or removing a fish from a group
where bullying is occurring. However, handling events, which can involve
chasing, confinement, capture, and removal from water, can be highly stressful
to fish (Barton, 2000; Biswas et al., 2006; Ramsay et al., 2009b; Sneddon et al.,
2016).

Stress, a series of physiological, behavioural and psychological changes
experienced by a fish in response to a challenge to homeostasis (a stressor)
(Wendelaar-Bonga, 1997; Barton, 2002), is usually considered to be adaptive.
However, fishes may experience an acute behavioural or psychological
response (anxiety or fear-like responses) to a stressor that contributes to
reduced welfare (Schreck et al., 1997; Nilsson et al., 2012; Thompson et al.,
2016), and when stressors are particularly severe, repetitive, or long-lasting,
adverse physiological consequences such as reductions in growth and
reproductive rate, immunosuppression, and even death, due to decreased
disease resistance (McCormick et al., 1998; Davis et al., 2002; Iguchi et al.,
2003). Handling can induce both an acute, severe stress response to traumatic
handling events, and a chronic stress response due to the repetitiveness of
handling in fish husbandry (Pickering et al., 1982; Schreck et al., 2001;
Falahatkar et al., 2009; Ramsay et al., 2009b). These responses may be
exacerbated if the handler is untrained or unskilled. Handling may also cause
physical damage to the fish, including disruption of the scales or mucous layer
which can increase the likelihood of contracting infectious diseases (Conte,
2004).

To reduce these detrimental effects, moving fish under containment in
water has been suggested to best support fish welfare, and this approach is
adopted in some aquaculture practices, moving fishes though the use of pump
systems and transfer piping (Farm Animal Welfare Council, 1996; Ashley, 2007;
Robb, 2008). These techniques do not involve chasing and limit the amount of
confinement experienced by the fish. However, handling with dip-nets is still
commonplace for small ornamental species and fish in laboratory settings, as it
is an easy, cheap and convenient way to handle and move fishes. Therefore,

there is a need to develop interventions to reduce the stress associated with
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handling to improve the health and welfare of fishes used in the ornamental

trade and in research.

One way in which induced handling stress might be reduced is through
improved training of staff. The ornamental fish supply chain may involve many
different stages, and the handling conducted at each stage may be done by
workers who lack training or appropriate fish handling experience and
understanding (Wabnitz et al., 2003; Prang, 2007). This study therefore aimed
to find whether a short instructional video would be an appropriate training tool
for handlers in order to reduce stress in net-handled fishes. To investigate this,
participants with no previous experience of handling fishes were asked to catch
guppies Poecilia reticulata from a tank after viewing either a training video, or a
control video. Guppies were used in the experiment as they are a highly popular
ornamental species (P Carey, 2014, pers. comm.), but are also widely used in
laboratory research (Croft et al., 2003; Magurran, 2005; Fraser et al., 2011,
Zandona et al., 2017). It was predicted that fish that interacted with a trained
handler would show lower stress levels than fish exposed to an untrained
handler. Following netting by the handler | recorded both behavioural and
physiological signs of stress using a non-invasive measure of cortisol release
and direct behavioural observations of the test fish when exploring a novel
arena. In addition, it is possible that the remaining fish in the tank that were not
netted but were exposed to the netting event may experience increased stress
due to chasing with the net. Therefore, to investigate this, behavioural
measures of stress for fish that were left in the experimental tank after the
handling event took place were also taken (non-handled fish). A number of
behavioural measures were used in both experiments as, unlike physiological
measures, behaviours can provide information about the valence of a response.
For example, although food anticipatory behaviour is not necessarily considered
an indicator of poor welfare, it can lead to increased cortisol levels (Sanchez et
al., 2009). The behavioural measures used in this experiment included refuge
use, as increased latency to leave a refuge and greater use of a refuge is
associated with less risk-taking and more anti-predator behaviour, and therefore
may indicate higher stress levels (Templeton and Shriner, 2004; Brydges et al.,
2009; Saxby et al., 2010). Freezing behaviour, general activity levels and

number of erratic movements performed were all recorded, as both lethargy and
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hyperactivity (which often involves erratic, darting movements) are associated
with higher stress levels in fish (Pasnik et al., 2010). Thigmotaxis, or the
tendency of the fish to remain close to the walls of the tank, was recorded as it
is associated with searching for shelter or escape routes, so a greater duration
of thigmotaxis was thought to indicate higher stress levels (Champagne et al.,
2010). Finally, the latency of fish to feed after food was introduced into the tank
was recorded, as greater latencies to feed may indicate a greater perception of
risk, and thus, higher stress levels (Moretz et al., 2007).

4.2 Methods

Two experiments were conducted. In the first experiment (Experiment 1),
handlers watched either a training video detailing best practice for catching and
handling fish, or a control video which provided no information on how to best
capture the fish. Participants then captured three fish from a tank. The first of
these fish was placed into a novel arena for behavioural testing, the second was
placed into a beaker of water for cortisol collection, and the third was returned
to its home tank. In the second experiment (Experiment 2), the same approach

was adopted as the first, but with a number of modifications to the methodology.

Firstly, in Experiment 1, the fish had to be moved to a different room from
where they had been housed for the experimental testing, which was likely to
have been stressful. It was possible that the stress of transporting the fish might
mask the stress response caused by handling, therefore in Experiment 2, all

trials were run in same room in which the fish were housed.

Secondly, in Experiment 1, three fish were captured from the
experimental tank so that the effects of the repetitive handling procedure on the
fish which remained in the experimental tank could be measured. However, as
the third captured fish was returned to the experimental tank, it was possible
that its behavioural response to handling might have impacted the behavioural
responses of the non-handled fish. It was therefore decided that two netting
events would still cause non-handled fish to experience exposure to repeated
handling events, but would avoid causing undue stress to the third captured
fish. This would also avoid the behaviour of a handled fish influencing the non-

handled fishes’ behaviour.

57



Thirdly, new recordings of the training videos were produced for
Experiment 2. This was done due to concerns over the clarity of the explanation
of how to catch fish in Experiment 1. The voiceovers in Experiment 1 were also
recorded in the aquarium in which the fish were housed, therefore background
noise from aquarium pumps was present. The voiceovers for the videos in
Experiment 2 were recorded in a different room with no background noise, as

there were concerns that this noise may have been distracting to viewers.

Finally, behavioural observations in Experiment 1 were carried out for
three minutes for handled fish, three minutes for non-handled fish, and for three
minutes after introducing food to the non-handled fish. However, there were
concerns that this length of observation time would be too short to observe
differences in stress-related behaviours between fish in the different training
groups. For example, if fish in the different groups showed the same initial
behavioural responses to handling, but one group showed faster recovery, three
minutes might not be enough to capture these differences. Therefore, in
Experiment 2 the observation periods were extended to ten minutes for handled
fish, and five minutes for non-handled fish followed by five minutes after the

introduction of food for non-handled fish.

4.2.1 Experiment 1
4.2.1.1 Study species

The fish used were laboratory-bred guppies, the mixed-generation descendants
of wild-caught guppies collected in the lower part of the Aripo River on the
island of Trinidad (N 10°39°03”; W 61°13’40”). A total of 204 fish were size-
matched by eye and sorted into mixed-sex groups of 6 (3 males, 3 females per
group; 34 groups). Groups of fish were randomly allocated to either a ‘trained’
condition (n = 17), in which participants handling the fish first watched a training
video or a ‘not trained’ condition (n = 17), in which participants watched a
control video. Groups of fish were housed in aquaria measuring 230 x 160 x
175 mm at approximately 25°C, 12L:12D, and fed flake food and Artemia nauplii
ad libitum twice a day. They were allowed at least 7 days in these groups to
acclimatise to their new environment and each other before being used in the

experiment.
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4.2.1.2 Training videos

Two training videos were created, each 1.5 mins in length. The control video
showed a tank of six fish swimming freely, with a voiceover describing basic

aspects of guppy biology and behaviour. The experimental video showed the
same tank of six fish with a handler catching each fish in a net, one at a time.
The voiceover for the experimental video described best practice for catching

fish, such as using slow, calm movements and avoiding sudden movements.

4.2.1.3 Patrticipants and procedure

Participants were recruited voluntarily from staff and students within the
department of Psychology, University of Exeter. The majority (26/34) were first-
year undergraduates, the remainder were postgraduate students and members
of staff. Participants were not informed of the aims of the experiment but were
recruited with the stipulation that they should not have owned pet fish, or have
similar experience in handling fish (e.g. no experience working in a pet store or

working with fish as research animals).

Prior to the start of each trial, groups of guppies were moved from their
housing tank to an experimental tank (395 x 240 x 310 mm) containing a layer
of gravel and a small plastic plant. These conditions were chosen to mimic the
conditions that might be present in a pet shop fish tank, and also to present
enough of a challenge to participants that the fish would not be instantly caught.
The tank was marked with a grid dividing the tank into 15 equally-sized zones to
measure activity of the fish after each trial. Each group of fish was allowed a
minimum of ten minutes to acclimatise to the experimental tank before they
were handled — acclimatisation periods of two minutes have previously been
used in studies of guppies (Jacquin et al., 2016; Cattelan et al., 2017) and 5
minutes has been recommended for zebrafish and other small teleosts (Wright
and Krause, 2006), so a minimum period of ten minutes was thought to be

appropriate.

Participants were shown either the control video or the experimental
video. They were then presented with the experimental tank and asked to catch
three fish with a dip-net. One of these fish was then placed into a glass beaker
containing filtered water for cortisol collection, one was placed into a tank for

behavioural observations, and the third was returned to its home tank.
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4.2.1.4 Cortisol collection and analysis

Cortisol release rates of fish were measured non-invasively using the technique
described by Ellis et al. (2004). Briefly, this involved placing individual fish in
acid-washed glass beakers containing approximately 200 mL filtered water for
30 minutes (£ 3 minutes). The fish were kept in visual contact with other fish at
all times to minimise additional stress caused by isolation. After 30 minutes, the

fish were removed from the water and returned to their home tanks.

Cortisol was extracted from water samples using Sep-pak C18 solid
phase extraction cartridges. Cartridges were primed with a wash of 5 mL
methanol, followed by 5 mL distilled water. Samples were then pumped through
the cartridges using a Watson-Marlow vacuum pump at an approximate rate of
10 mL min*. After pumping, cartridges were washed with 5 mL distilled water,
then 40 mL of air was pushed through with a syringe to remove excess
moisture. Cartridges were wrapped in Parafilm and frozen at —80°C until they
could be eluted. To elute cortisol from the cartridges, they were thawed, then
rinsed with 4 mL ethyl acetate into a 4 mL silanized glass vial. The eluent was
dried under a nitrogen stream and the resulting residue was resuspended with 1
mL RIA buffer (0.5 M phosphate buffer with added sodium chloride, EDTA,

bovine serum albumin and sodium azide).

The amount of cortisol in each sampled was determined by
radioimmunoassays (RIA), following the protocol of Ellis et al. (2004). 100 pL of
sample were added to tubes in duplicate, and a standard curve was created
using a known concentration of cortisol. The standard curve ranged from 2 to
500 pg 100 pL™. A cocktail containing approximately 6000 dpm of radiolabelled
cortisol, enough antibody to bind 50% radiolabelled cortisol in the absence of
sample cortisol, and RIA buffer was added to the tubes, which were left
overnight to bind. The next day, 1 mL dextran-coated charcoal suspension was
added to tubes to separate out unbound steroid for 30 minutes, then tubes were
centrifuged and the supernatant decanted into a scintillation vial. 7 mL of
scintillation cocktail was added to each vial, and the tubes were read in a
Beckman-Coulter LS6500 liquid scintillation counter for 5 minutes each. The
standard curve was used to determine the amount of cortisol in each tube, and

measures were averaged across duplicate tubes. The exact duration of each

60



sampling period was then used to convert these measures to the amount of

cortisol released in ng fish™ hrt.

4.2.1.5 Behavioural observations

Fish that had been captured (handled fish) were moved to an open-field tank
(285 x 460 x 140 mm) in which one corner (142.5 x 115 mm) contained gravel
and a plastic plant to serve as a shelter area. The tank was marked with a grid
to divide it into 16 equally-sized zones to measure activity, and a line was
marked 20 mm from the edge of the tank to delimit the edge zone. Fish were
released into the shelter area and observed for three minutes (Figure 4.1).

Fish that were left in the experimental tank (non-handled fish) were
observed for three minutes after the end of the netting period, then were
provided with a small amount of aquarium flake food before being observed for

a further three minutes.

Videos of each trial were recorded and Solomon Coder software
(available at https://solomoncoder.com/) was used to extract several different
behavioural measures from the videos (Table 4.1). All behavioural measures
were chosen on the basis that they were used in other experiments on small
fishes to record anxiety-like or antipredator behaviours, or as measures of
boldness. For observations of non-handled fish, one of the three guppies
remaining in the experimental tank was selected at random and designated the

focal fish; behavioural measures were taken from observations of this focal fish.

Figure 4.1. Diagram of novel test arena for measuring stress-related
behaviours. Shaded area with plant indicates the refuge area. Dotted line was

used to measure thigmotaxis. Gridlines were used to measure activity levels.



Table 4.1. Behavioural measures of stress recorded for handled and non-

handled fish.

Measure

Description

Handled fish

Latency to leave refuge

Time spent in refuge

Duration of freezing

bouts

Thigmotaxis

The length of time between the fish being
introduced into the arena and the fish leaving the
refuge area. Higher latencies to leave a refuge are
thought to indicate lower boldness (i.e. lower
propensity to engage in risky behaviour), which may
be linked to higher stress levels (Brydges et al.,
2009; Jacquin et al., 2016).

The total amount of time the fish spent in the refuge
area. Shelter use has been shown to be an anti-
predator behaviour in guppies (Templeton and
Shriner, 2004), therefore greater time spent in the
refuge is thought to indicate higher stress levels.
Also, this area was the only enriched part of the
tank — environmental enrichment use may be
context-dependent, but as fish were introduced to
the tank here, may indicate a decreased tendency
to explore the tank, which also may be indicative of
stress (Saxby et al., 2010).

The length of time the fish spent without moving
except for gills (Egan et al., 2009; Archard et al.,
2012). Freezing behaviour is an anti-predator
response shown by guppies (Templeton and
Shriner, 2004) and has been shown to decrease in
Endler’s guppies Poecilia wingei in response to
exposure to citalopram, an anxiolytic (Olsén et al.,
2014). Greater durations of freezing bouts were
therefore thought to be indicative of higher levels of
stress.

The length of time the fish spent engaging in

thigmotaxis (the tendency to hug the walls of the
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Activity

Erratic movements

Non-handled fish
Activity

Duration of freezing
bouts

Latency to feed

tank), measured as the amount of time the fish
spent in the edge zone (Figure 4.1). Thigmotaxis is
associated with searching for shelter or escape
routes, therefore greater durations of thigmotaxis
are thought to indicate higher levels of stress
(Champagne et al., 2010).

The number of gridlines crossed by the fish during
the trial (Figure 4.1). Reduced activity levels are
thought to indicate higher levels of stress — for
example, in Panamanian bishops Brachyrhaphis
episcopi, fish from higher-predation populations
appeared to be less reactive to stress, as they had
lower cortisol release rates and were more active
than those from low-predation populations (Archard
et al., 2012).

The number of movements made by the fish that
showed a rapid change in direction or swimming
speed (Egan et al., 2009). This type of darting
movement may be associated with being chased or
avoiding a predator, and therefore is thought to

indicate higher levels of stress (Saxby et al., 2010).

As above.

As above.

The length of time between food being introduced
into tank and the focal fish beginning to feed.
Increased latency to feed may indicate lower
boldness and/or increased perception of risk
(Moretz et al., 2007; Saxby et al., 2010). Increased
latency to feed was therefore thought to indicate

higher levels of stress.
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4.2.2 Experiment 2
4.2.2.1 Study species

The fish used in this experiment were from the same population of laboratory-
bred descendants of wild-type fish as used in Experiment 1. A total of 250 fish
were size-matched by eye and sorted into mixed-sex groups of 5 (2 males, 3
females; 50 groups). Groups of fish were randomly allocated to either a ‘trained’
condition (n = 25) or a ‘not trained’ condition (n = 25), as above. Fish were

housed and fed according to the same procedures as for Experiment 1.

4.2.2.2 Procedure

The training videos used in this experiment were slightly shortened versions of
the videos used in Experiment 1 (1 min in length). Participants were also only
asked to catch two fish from the tank, rather than three (see above).

Behaviours of handled fish were observed for ten minutes, and
behaviours of non-handled fish were observed for five minutes, before flake
food was introduced and the fish observed for a further five minutes. All other
procedures were the same as in Experiment 1. Water samples for cortisol

collection were also collected.

4.2.3 Data analysis for both experiments

The difference in the time taken to catch the fish between trained and untrained
handlers in each experiment was analysed with an independent samples
Student’s t-test. Cortisol release rates were analysed with a generalized linear
model (GLM) assuming a Gamma distribution and log link for the response
variable as the response variable was continuous but zero-bounded (Thomas,
2015).

All behavioural measures were analysed using a multivariate approach to
avoid increased risk of making a type | error (Field et al., 2012). Multivariate
analyses were therefore carried out on the effects of training group on
behavioural measures in handled fish in Experiment 1, behavioural measures in
non-handled fish in Experiment 1, behavioural measures in handled fish in
Experiment 2, and behavioural measures in non-handled fish in Experiment 2.
The time taken for the handler to net the fish was included in each model, and

terms were added sequentially with netting time included first, therefore the
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results can be interpreted as the effect of training group after controlling for
netting time. In all cases, the data did not meet the assumptions of multivariate
normality and homogeneity of covariance matrices, therefore permutational
multivariate analyses of variance (PERMANOVA) were performed using the
‘adonis’ function in the ‘vegan’ package in R — this form of analysis can be
viewed as a non-parametric MANOVA (Anderson, 2001; McArdle and
Anderson, 2001; Oksanen et al., 2018). Where the results of the PERMANOVA
were significant, post-hoc univariate permutational ANOVAs were conducted in
the ‘adonis’ package to see the effect of training group on individual response
variables. All analyses were completed in R ver. 3.4.1 (R Development Core
Team, 2015).

4.2.4 Ethics

These experiments were approved by the University of Exeter College of Life
and Environmental Sciences Ethics Committee. Human participants were not
informed of the purpose of the study beforehand, but were fully debriefed once
the study was completed and were told of their right to withdraw at any time. An
experimenter remained close by whilst participants completed the study to step
in if the participant showed any signs of distress, but this was not necessary for
either experiment. Any trials in which netting took more than ten minutes were
terminated to avoid causing undue distress to fish — this occurred once for both
Experiments 1 and 2. Throughout this study, the ASAB/ABS Guidelines for the
treatment of animals in behavioural research were followed. Fish were

monitored daily for signs of stress or poor welfare.

4.3 Results

Netting time was not found to be a significant predictor of stress-related
behaviours in any model (p > 0.05). Trained handlers did take significantly
longer (212.7 s) than untrained handlers (54.1 s) to catch fish in Experiment 1 (t
= 3.716, df = 18.306, p = 0.002)(Fig. 4.2). However, in Experiment 2, there were
no significant differences between trained and untrained handlers (trained:
109.4 s, untrained: 77.5; t = 1.351, df = 37.479, p = 0.185).

4.3.1 Experiment 1
There was no significant effect of training group (GLM: F; 15= 0. 346, p = 0.582;

Fig. 4.3) on cortisol release rate. There was no effect of training group on
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behavioural measures of stress in either handled fish (PERMANOVA: F; 27 =
1.212, p = 0.320; Fig. 4.4) or fish that had not been handled (F; 19=0.129, p =
0.847; Fig. 4.5).

4.3.2 Experiment 2

The cortisol samples that were collected for this experiment could not be
analysed due to a freezer malfunction, so only behavioural measures are

presented here.

There was no effect of training group (F1 46 = 0.245, p = 0.808; Fig. 4.3)
on behavioural measures of stress in handled fish. However, there was a
significant effect of training group on behavioural measures of stress in fish that
had not been handled (F, 41 = 3.253, p = 0.039; Fig. 4.5). Separate univariate
permutational ANOVAS on the response variables showed that there was a
trend towards an effect of training group on activity levels in non-handled fish
(F1, 41 = 3.585, p = 0.064; Fig. 4.5a). There was a significant effect of training
group on total duration of time spent frozen in non-handled fish (F1 41 = 4.150, p
= 0.042; Fig. 4.5b), but no significant effect of training group (F1, 41 =1.330, p =

0.250; Fig. 4.5¢) on the latency to feed after food was introduced into the tank.
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Figure 4.2. Time taken for handlers to catch fish in Experiments 1 and 2. Light
blue bars show time taken for trained handlers (Experiment 1: n = 17;
Experiment 2: n = 25), dark blue bars show time taken for untrained handlers
(Experiment 1: n = 17; Experiment 2: n = 25). Bars represent means, error bars
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Figure 4.3. Cortisol release rate of fish handled by trained (light blue, n = 17) and
untrained (dark blue, n = 17) handlers. Differences between bars are not significant

at p = 0.05. Bars represent means; error bars represent + 1 S.E.
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Figure 4.4. Behavioural measures of stress in handled fish in Experiments 1 and 2.
Light blue bars show fish caught by trained handlers (Experiment 1: n = 17,
Experiment 2: n = 25), dark blue bars show fish caught by untrained handlers
(Experiment 1: n = 17; Experiment 2: n = 25). Latency to leave the refuge (a) is
presented as raw data as it was not affected by trial length. The amount of time spent
in the refuge area (b), the amount of time spent frozen (c), and the amount of time in
the thigmotactic area (d) are presented as proportions of total trial time. The number
of gridlines crossed (activity; e) and the number of erratic movements (f) were divided
by the length of the trial to give measures per minute. Bars represent means, error

bars represent £ 1 S.E.
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Figure 4.5. Behavioural measures of stress in non-handled fish in Experiments 1
and 2. Light blue bars show fish exposed to trained handlers (Experiment 1: n = 17,
Experiment 2: n = 25), dark blue bars show fish exposed to untrained handlers
(Experiment 1: n = 17; Experiment 2: n = 25). The number of gridlines crossed
(activity; a) was divided by the trial length to give the number of gridlines crossed
per minute, and the amount of time spent frozen (b) is presented as proportion of
total trial time. Latency to feed (c) is presented as raw data as trial length did not

affect this measure. Bars represent means, error bars represent + 1 S.E.

4.3.3 Comparing Experiments 1 and 2

As a significant effect of training group was found for non-handled fish in
Experiment 2, but not in Experiment 1, it was useful to compare these data. The
number of gridlines crossed in each experiment was divided by the length of the
trial, and the amount of time the fish spent frozen was converted to a proportion
of the total trial time for both experiments in order to allow direct comparisons
between the two experiments. The latency of the fish to feed was not converted
as this was not affected by the length of the trial. A further PERMANOVA on
behavioural measures of stress in non-handled fish in Experiments 1 and 2 was

then carried out.

There was a trend for behavioural measures of stress to differ between
Experiments 1 and 2 for non-handled fish; however, this did not reach statistical
significance (F1, 3 = 2.755, p = 0.057; Fig. 4.5).

69



4.4 Discussion

In Experiment 1, there were no differences in cortisol release rate between fish
handled by trained or untrained handlers, and no differences in behavioural
measures of stress for either handled or non-handled fish. In contrast, in
Experiment 2, there were no differences in behaviour of handled fish between
the training conditions, but there were differences in the non-handled fish — fish
exposed to trained handlers showed a trend toward higher levels of activity, and

a lower amount of time spent frozen than fish exposed to untrained handlers.

Cortisol release rates did not differ significantly between fish that had
been netted by trained or untrained handlers. This may be because handling,
which involves capture, confinement, and removal of the fish from water,
generally is highly stressful, therefore any effect of method of capture may be
outweighed (Davis and Schreck, 1997; Biswas et al., 2006; Falahatkar et al.,
2009; Ramsay et al., 2009b). These results are in agreement with those seen in
Chapter 3, which did not find significant differences between stressed and
unstressed groups of fish in cortisol release rate. This also appears to be in
agreement with the behavioural measures of stress in handled fish — in both
experiments, there were no differences in behaviour of fish handled by trained
or untrained handlers, suggesting that handling is stressful regardless of
technigue. However, this finding was unexpected — for example, in Panamanian
bishops, fish that experienced longer handling times had higher cortisol release
rates, which might suggest that handling technique can affect stress levels
(Archard et al., 2012). Furthermore, handling time did not predict behavioural
signs of stress in the same fish, indicating that the relationship between

hormones and behaviour is not always clear-cut.

Handling time did significantly differ between training groups in
Experiment 1, showing that the videos did result in a behavioural change in the
human participants and thus may be an effective training technique. However,
this also may affect a retailer’s willingness to introduce this procedure if there
might be concerns over efficiency. There were no significant differences in
handling time between training groups in Experiment 2, but as some differences
in fish behaviour were found between the training groups, this lack of significant
difference is more likely to be due to differences in how participants perceived

the instructions in the video, rather than being due to a lack of behavioural
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change. This is positive when considering the likelihood of retailers adopting
this training technique, as it shows that using this method of handling need not
result in slower transactions during sales. Furthermore, although data on the
techniques used by handlers was not collected, such as the number of times
handlers chased the fish, | did note a tendency for trained handlers to use
slower movements and to refrain from splashing, chasing and sudden
movements, further supporting that the training videos resulted in behavioural

changes in the human participants.

There were no differences in behavioural measures of stress for non-
handled fish exposed to trained or untrained handlers in Experiment 1, but
differences were found in Experiment 2. When these behaviours were
examined in univariate analyses, fish exposed to trained handlers were found to
spend less time showing freezing behaviour than those exposed to untrained
handlers, and there was a trend towards fish exposed to trained handlers
having higher activity, although this did not reach statistical significance.
Freezing behaviour is an anti-predator response in guppies (Templeton and
Shriner, 2004) and has been found to decrease in the presence of citalopram,
an anxiolytic drug (Olsén et al., 2014). Freezing behaviour, along with cortisol
response, has also been shown to be lower in fish that have been trained to be
able to predict a stressor based on visual cues compared with untrained fish
(Galhardo et al., 2011), and freezing behaviour and/or low activity are often
considered behavioural indicators of stress in fish (Pottinger, 2008; Pasnik et
al., 2010). A longer duration of freezing behaviour in this experiment was
therefore interpreted as indicating higher levels of stress. This result suggests
that handling technique can influence stress levels in fish even if they are not
themselves handled. This may be because some fish may be stressed if chased
by the handler, even if they manage to avoid being captured. Other fish in the
tank might, in turn, respond to behavioural cues from these fish, resulting in
higher stress levels (Giacomini et al., 2015). Stress may also be caused to non-
handled fish if chased or captured fish secrete chemicals into the water when
stressed which are detectable by other individuals (Barcellos et al., 2011;
Giacomini et al., 2015).

The effect size of differences in behaviour of non-handled fish in this

study was relatively small, but it is worth noting that this response was found
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after exposure to only two handling events. In the ornamental fish industry,
especially in pet shops, fish may be housed at high stocking densities but may
only be sold in relatively small groups; a fish may therefore be exposed to a
high number of handling events before being captured themselves. The
cumulative effects of these events may be more severe than those seen in this
study, and so adoption of handling techniques which minimise stress to non-
handled fish are likely to be of use within the ornamental fish industry.

The differences in the behaviour of non-handled fish between
Experiments 1 and 2 may be explained by the differences in pre-experimental
procedures; fish in Experiment 1 had to be moved from the aquarium in which
they were housed to the room in which trials took place, which was probably a
stressful experience, whereas fish in Experiment 2 were tested in the aquarium
in which they had been housed. Repeated stressors have been shown to have
a cumulative physiological effect in, for example, Chinook salmon
Oncorhynchus tshawytscha and rainbow trout (Barton et al., 1986; Ellis et al.,
2004), and a cumulative effect on behaviour in Chinook salmon (Sigismondi and
Weber, 1988). It is therefore possible that the additional stress experienced by
the fish in Experiment 1 masked any stress caused by exposure to handling for
non-handled fish. When comparing the results of Experiments 1 and 2, which
were adjusted according to trial length, there was a trend for non-handled fish to
differ in their behaviour. Although this trend did not reach statistical significance,
it indicates some support for differences in stress, as fish in Experiment 1
tended to spend more time showing freezing behaviour than fish in Experiment
2. This may also suggest that the prior experience of the fish is important — the
impacts of milder stressors may only be noticed if the fish has not already
experienced a more severe stressor, although when there are multiple more

severe stressors, the effect may be cumulative (Jarvi, 1990).

The results of this study may be of use in informing the development of
interventions to reduce stress in ornamental fish. As no evidence was found to
support the hypothesis that a training procedure can reduce stress in handled
fish, interventions which target some of the most stressful parts of handling,
such removal of the fish from water, need to be developed. For example, a
potential intervention that has been investigated is the use of scoops rather than

nets to ensure fish are not removed from water during handling — this technique
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was found to cause lower ventilation rates in sticklebacks Gasterosteus
aculeatus and Panamanian bishops but not in rainbow trout (Brydges et al.,
2009). This study has also shown that training may be of use in the ornamental
fish industry, as only a minor training procedure was needed to cause
differences in the behaviour of non-handled fish. Giving workers in the industry
more extensive and targeted training, could therefore have marked impacts and
help to reduce stress levels experienced by captive fish. Furthermore, handling
is a repetitive procedure, used at every stage of the supply chain — interventions
based around training workers throughout the supply chain could therefore have
strong cumulative effects on reducing stress and improving welfare. Overall, the
results of these studies suggest that training handlers before they catch fish can
lead to fewer behavioural indicators of stress in non-handled fish, although the
impacts of handling technique on fish may depend on the fish’s prior stress

levels.
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Chapter 5: Environmental preferences in neon tetras Paracheirodon innesi

Abstract

Environmental enrichment is a broad term which covers any modifications made
to the environment of a captive animal with the aim of improving that animal’s
welfare. Examples include provision of toys, a more structurally complex
environment, addition of social partners, or temporal changes to the
environment. It is widely recommended for animals in zoos, laboratories, and
other animal keeping institutions in order to promote good welfare, and has
been shown to reduce maladaptive behaviours, such as stereotypies, and
stress. However, some studies have shown that modifications intended to be
enriching can actually have neutral or negative effects on the animals. It is
therefore necessary to test whether a given set of conditions results in
behavioural or physiological indicators that suggest that those conditions are
beneficial to health or welfare. Fishes within the ornamental industry supply
chain may be held in barren tanks, or in tanks containing items selected to
appeal aesthetically to consumers rather than because they benefit the fish’s
welfare, therefore the identification and introduction of appropriate enrichment
may be an effective way to improve welfare. To identify conditions which may
promote good welfare, a study of the environmental preferences of neon tetras
Paracheirodon innesi, a popular ornamental species, was carried out. |
hypothesised that fish would show preferences when presented with choices of
environmental conditions. Groups of fish were presented with a series of
preference tests; these consisted of two-chambered tanks containing different
substrates, backgrounds or refuges. The location of the fish in each tank was
recorded at different points over several days and used to calculate a
preference index for condition within a pair. Neon tetras showed a preference
for a tank background with an image of stones over either a plain blue
background or a black background with images of plants, but did not show any
preferences for any tank substrate, including different types of gravel and
different colours, or any tank refuge, including a plastic plant, a pipe, and a
shelter. These results suggest that neon tetras do show preferences for certain
conditions over others, which might then inform future decisions about which

modifications should be included in tests of welfare benefits.
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5.1 Introduction

The presence of features considered to provide enrichment in the environments
of captive animals is widely recommended to promote good welfare
(Shepherdson, 2003; Young, 2013). Environmental enrichment can broadly be
defined as any modifications made to an animal’s environment with the overall
aim of improving that animal’s well-being (Newberry, 1995; Carlstead and
Shepherdson, 2000; Naslund and Johnsson, 2016). These modifications will
depend on the species or taxon of interest, but may include increasing the
environmental complexity, adding shelters or other structural interest, provision
of toys, different food options, sensory stimuli, addition of social partners, or

changes to the environment over time.

The addition of enrichment to animals’ environments can benefit welfare
in a number of ways, including reduction of negative behaviours (i.e. behaviours
associated with reduced welfare, or behaviours that may be maladaptive),
reduction of stress or increased ability to cope with stress, or promotion of
positive behaviours, such as increased space use in enclosures or a greater
number of non-aggressive social interactions (Masefield, 1999; Carlstead and
Shepherdson, 2000; Kells et al., 2001). These benefits have been observed in
many taxa, particularly birds and mammals (Young, 2013), but have
increasingly also been observed in fish species. For instance, increasing habitat
complexity by adding plants or woody debris has been associated with fewer
aggressive interactions in zebrafish Danio rerio (Basquill and Grant, 1998) and
brown trout Salmo trutta (Sundbaum and Naslund, 1998). Gilthead sea bream
Sparus aurata showed less aggression as well as better growth performance
and faster recovery from elevated serotonin, which is linked to acute stress,
when housed in tanks with blue gravel compared with those housed with no
gravel (Batzina et al., 2014). Lower physiological and behavioural signs of
stress have been observed in zebrafish provided with auditory enrichment
(classical music) (Barcellos et al., 2018), in Atlantic salmon Salmo salar
provided with shelter and plastic substrate, and in rainbow trout Oncorhynchus
mykiss housed with plants, gravel and shelter (Pounder et al., 2016).
Furthermore, benefits to captive animals from enrichment may go beyond
welfare: enrichment can help promote growth, cognitive ability and post-release

survival (Naslund and Johnsson, 2016).
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Although there are definite welfare benefits that can be achieved through
environmental enrichment, there are a number of potential problems associated
with environmental modifications. Some studies have found that modifications
intended to provide enrichment did not cause any change in behaviour, or led to
behaviours considered to be negative for welfare. For example, zebrafish
housed in tanks containing glass rods showed no differences in whole-body
cortisol, physical activity or shoaling behaviour compared with fish housed
without the rods (Wilkes et al., 2012). Female juvenile rainbow trout provided
with semi-transparent shelters showed greater signs of chronic stress than
those housed without shelters (Landin, 2012). Other results found in enrichment
studies which were not beneficial to the fish housed include higher stress and
mortality in zebrafish housed with air stones compared to those without (Wilkes,
2011), and smaller brain sizes in Eastern mosquitofish Gambusia holbrooki
housed in spatially enriched tanks as opposed to barren tanks (Turschwell and
White, 2016). In mice Mus musculus, some cases of intended enrichment have
been found to promote territorial or aggressive behaviours, possibly due to the
introduction of a desirable resource (Nevison et al., 1999; Howerton et al.,
2008), and similar effects have been observed in salmonid fish (I. Katsiadaki,
2015, pers. comm.) and ornamental species (Nijman and Heuts, 2000). More
broadly, modifications such as the presence of gravel substrate in fish tanks can
cause skin abrasions, harbour parasites or disease, or promote poorer water
quality by making tanks more difficult to clean (Williams et al., 2009). These
potential problems highlight the importance of establishing whether

environmental modifications actually have a positive impact on animals.

Despite the possibility that inappropriate environmental modifications can
have negative effects, and the large numbers of fishes used in the ornamental
fish trade, aquaculture and scientific research, enrichment for fishes has only
been explored by a few studies, and little is currently known about the needs of
individual species. Few studies have addressed enrichment for ornamental
fishes; modifications made to tanks in pet stores or in home aquaria are likely to
be chosen primarily to appeal aesthetically to the customer or the owner, rather
than being based on evidence that they improve welfare. One approach that
can be used to try and identify tank conditions that might promote welfare is the

use of preference tests. These tests provide fish with access to two or more
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different forms of enrichment — for example, different colours of gravel — and
allow the experimenter to see where fish preferentially spend most of their time.
If fish more frequently occupy an area containing a particular type of
enrichment, it can be assumed that this condition promotes better welfare than
the alternative conditions available to them (Volpato et al., 2007; Volpato,

2009). This approach is in accordance with the second of Dawkins’ (2008)
questions to help improve animal welfare: will it give the animals something they

want?

To try and identify conditions that would promote good welfare in a
common ornamental fish species, a series of preference tests were conducted
on neon tetras Paracheirodon innesi. Neon tetras were chosen for this study as
they are one of the most popular aquarium species, as they are relatively
robust, non-aggressive, appropriate for community tanks and have attractive
colouration (Chapman et al., 1998; Roberts, 2010). Groups of fish were housed
in two-chambered choice tanks, each chamber of which contained a different
environmental condition. Fish were allowed to swim freely between the
chambers, and their location in the tanks over several days was recorded. The
conditions used were chosen on the basis of discussions with the retailer, in
order to ensure that they would be relevant to fish in the ornamental fish trade.
It was predicted that chambers containing a form of substrate, refuge, or
naturalistic background (on the sides on the tank) would be preferable to barren

chambers, or chambers with brightly-coloured walls.

5.2 Method

5.2.1 Study species

Forty-eight mixed-sex neon tetras were purchased from an ornamental fish and
aguatics store and quarantined for 2 weeks prior to the start of the experiment.
The fish were then sorted into groups of six fish (3 males, 3 females per group;
n = 8) and moved into experimental tanks. Each experimental tank (395 x 240 x
310 mm) contained a translucent plastic divider with four circular holes (J = 58
mm) to divide the tank into two equal-sized chambers (Fig. 5.1). Groups were
housed in these tanks for 1 week without experimental conditions being
presented in order for them to acclimatise to the tanks. No evidence of a bias

for a particular side of each tank was noted during this time based on
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experimental observations and observing fish during feeding. All tanks were
maintained at 25 £+ 1°C, 12L:12D. Fish were fed commercial flake food twice a
day, with equal amounts of flake introduced simultaneously to each side of the

divided tank to avoid influencing fish preferences.

5.2.2 Experimental conditions

The experimental conditions presented to fish consisted of three different vinyl
tank backgrounds, five different substrates, and three types of structural
enrichment (Fig. 5.2). These conditions were chosen based on discussions with
the retailer over the forms of enrichment used in their stores. The tank
backgrounds consisted of a bright blue background which has previously been
used as the standard backdrop for fish tanks at retailer stores, a background
with a black base and pictures of plants which had been proposed as an
alternative background for introduction into stores, and a naturalistic
background depicting stones and rocks. The substrates consisted of white
gravel, brown gravel, a gravel image, white plastic and black plastic — these
were chosen as gravel is commonly used in retailer stores, but makes tanks
more difficult to clean. The refuges chosen were a pipe, a rock-shaped shelter
and a plastic plant as these are all forms of refuge seen in retailer stores. They
were presented as a choice alongside a barren chamber, and also as choices
between the different types of refuge, with the exception of the rock-shaped
shelter, which could only be used in one set of trials (shelter vs pipe) as it was
broken, and a similar alternative could not be found.

Figure 5.1. Diagram of the experimental tanks. Each tank was divided into two
chambers with a semi-transparent plastic divider. The divider had four holes in it to
allow free passage between the chambers. Fish were presented with pairs of
conditions to choose from, one in each chamber. In the case of the tank

backgrounds, these were attached to the walls labelled (a) and (b).
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Figure 5.2. Pictures of environmental conditions presented in preference tests:
a) backgrounds — plain blue, black planted and stone background; b) substrates

— white gravel, brown gravel, gravel image, white plastic and black plastic; c)

refuges — plastic plant, pipe, shelter.
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The pairs of conditions used in the experiment are presented in table 5.1.
Each group of fish experienced each set of conditions in a randomised order to
avoid any bias generated by possible ‘carryover effects’ of previous tests on the
behaviour, and the side of the tank containing condition 1 or condition 2 for

each pair was changed between groups of fish to account for any side bias.

Table 5.1. Pairs of environmental conditions presented to fish in choice tanks.

Condition 1 Condition 2
Backgrounds

Blue background Black planted background

Blue background Stone background

Black planted background Stone background
Substrates

White gravel Brown gravel

Brown gravel Gravel image

Gravel image White gravel

Gravel image Black plastic

Brown gravel White plastic
Refuges

Plastic plant Nothing

Pipe Nothing

Pipe Plastic plant

Shelter Pipe

5.2.3 Procedure

Each group of fish was removed from its experimental tank and placed in a
temporary holding tank (210 x 130 x 130 mm) whilst the experimental conditions
were added to the tank. Fish were then returned to their tanks, with three fish
re-introduced on each side of the divider. Groups were allowed two days to
acclimate before being observed. Observations took place over the following
four consecutive days, at 10.00 am and 4.00 pm (a total of eight sampling
periods). During the sampling period, the number of fish on each side of the

divider was recorded every 15 seconds for a total of 5 minutes.
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5.2.4 Data analysis

To calculate the preference of one group of fish for a particular chamber, the
proportion of fish in that chamber was calculated for each time point across all
eight sampling periods. The mean proportion of fish in that chamber across all
sampling periods was then calculated, and these values were used to calculate

Jacobs’ preference index (Jacobs, 1974), using the formula:

(r—p)
[(r +p) — 2rp]

] =

where r = proportion of fish in a chamber and p = proportion of space available
represented by that chamber (in this case, 0.5). Preference scores were
calculated in this way for each group of fish for each set of conditions.
Preference index scores can take a value between -1 and +1, with O indicating
no preference, therefore one-sample t-tests were performed on index scores to

detect significant differences from 0.

5.2.5 Ethics

Throughout this study, the ASAB/ABS Guidelines for the treatment of animals in
behavioural research were followed. Fish were monitored daily for signs of
stress or poor welfare. One group of fish was removed from the experiment
whilst experiencing their final set of conditions due to presence of whitespot
(Ichthyophthirius multifiliis). After the study was complete, the fish were health
checked by the named veterinary surgeon and when certified as disease free

and in good general health were rehomed into the ornamental fish trade.

5.3 Results

Neon tetras showed a significant preference for the background depicting
stones over either the bright blue background (t = 3.338, d.f. = 8, p = 0.010) or
the black planted background (t = 3.434, d.f. =7, p = 0.011; Fig. 5.3). They did
not show a significant preference for either the blue or the black planted
background when these were compared against one another (t = 0.682, d.f. = 7,
p = 0.517).

Neon tetras did not show any other significant preferences for any
substrates or refuge (p > 0.05; Fig. 5.4, Fig. 5.5).
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Figure 5.3. Jacobs' preference index for the use of different choice chambers
containing different backgrounds (n = 7 for the comparison between the
‘black+plants’ background and the ‘stones’ background; n = 8 for the other pairs of
conditions). Boxes represent the 25th and 75th percentile range and contain the
median line. Whiskers represent the most extreme values. The dashed line at 0
indicates no preference. Boxes which do not overlap this line indicate that

preferences were significantly different from 0 at p < 0.05.
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Figure 5.4. Jacobs' preference index for the use of different choice chambers
containing different substrata (n = 8 for each pair of conditions). Boxes represent the
25th and 75th percentile range and contain the median line. Whiskers represent the

most extreme values. The dashed line at O indicates no preference.
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Figure 5.5. Jacobs' preference index for the use of different choice chambers
containing different refuges (n = 8 for each pair of conditions). Boxes represent the
25th and 75th percentile range and contain the median line. Whiskers represent the

most extreme values. The dashed line at 0 indicates no preference.

5.4 Discussion

In this study, | found that neon tetras showed a preference for a tank
background with an image of stones over a plain blue background or a black
background with images of plants. However, they did not show any preferences
between the blue and the black planted background. Fish showed no
preferences for any of the refuge conditions, even when the different refuges
were compared against an empty chamber, nor did they show a preference for
any substrate over another. Two questions therefore need to be considered
here: why did the fish prefer one background over the others? And why did they
show a preference for a background but not for other the forms of enrichment

applied?

There are a number of possible explanations for the fish’s preference for
the stone background. One explanation may be that the fish were less likely to
spend time near the blue or black planted backgrounds because they were
more conspicuous there. To the human eye, neon tetras were least easy to see
against the stone background, and were more visible against the blue and black
planted backgrounds, therefore the fish may have perceived the stone
background as being a ‘safer’ environment. This explanation would appear to
be at odds with the presence of colouration on the sides of neon tetras — an
iridescent blue stripe and a bright red stripe — but a suggested function of this

colouration is to confuse aquatic predators by reflecting a mirror image onto the
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surface of the water (Ikeda and Kohshima, 2009). It is therefore possible that
neon tetras are subject to predation from aquatic predators in the wild, and
therefore might seek environments where they are less conspicuous.
Furthermore, this study found that neon tetras changed the intensity of their
colouration according to background colour and lighting, with the least intense
colours being produced when housed with a well-lit white background. This may
further support the idea that the preference for the stone background was driven

by a perception of this environment as making the fish less conspicuous

In contrast with the possibility that background preferences are
influenced by anti-predator behaviour, no preference for any refuge or substrate
was seen. If predator avoidance influences environment choice, | might have
expected to see fish choose a chamber containing a refuge over an empty one,
as the plant, pipe or shelter might have been perceived as providing safety.
Similarly, although neon tetras have duller colouration when viewed from above
than from the side, which was inconspicuous against the brown gravel
substrate, fish did not show any preference for brown gravel, or indeed any
aversion to white gravel or the white plastic base. Unfortunately, the predators
of neon tetras in their natural environment have not been characterised,
therefore the proportion of attacks from aquatic vs aerial predators is not known,
and so this suggestion is purely speculative. An alternative explanation for the
lack of preference for the refuges may relate to the social dynamics of the
group: the addition of structures has been suggested to reduce aggression in
groups of fish as they limit the amount of visual contact that takes place
(Basquill and Grant, 1998; Wilkes et al., 2012). In shoaling species, such as the
neon tetra, a reverse effect may occur: refuges may be less preferred as they

may limit contact with the rest of the social group.

Despite the possibility that the preference for the stone background
expressed by neon tetras was influenced by their natural environment, it is also
possible that these fish did not show the same kind of preferences as would be
shown by wild fish due to domestication effects. Over 95% of neon tetras in the
ornamental fish trade are bred in captivity (Chapman et al., 1997), and they are
considered to be a domesticated species (Balon, 2004). It is quite possible
therefore that some preferences based on natural habitat have been lost or

altered throughout the domestication process. Evidence that this occurs has
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been found in zebrafish: laboratory-reared zebrafish shared a preference for
gravel as a spawning site with wild-caught zebrafish, but also showed a
preference for vegetation which was not shown in the wild-caught fish (Spence
et al., 2007). However, looking at the natural history of species may provide a

good starting point when considering potential forms of enrichment.

The preferences expressed by fish in this study may also have been
influenced by their rearing environment. Early-life experiences have been
shown to affect social preferences in later life in a number of fish species,
including zebrafish (Spence and Smith, 2007), rainbowfish Melanotaenia
duboulayi (Kydd and Brown, 2009) and Arctic charr Salvelinus alpinus (Winberg
and Olsén, 1992), and can affect other behavioural, physiological and cognitive
factors, including foraging behaviour, spatial navigation, behavioural flexibility,
cerebellar growth and overall brain size (Brown et al., 2003; Braithwaite and
Salvanes, 2005; Kihslinger and Nevitt, 2006; Brown et al., 2007; Burns et al.,
2009). Furthermore, observations in the laboratory have shown that guppies
find a white tank base more stressful than a brown gravel substrate, unless
reared from birth with the white base (D. Croft, 2015, pers. comm.). It is
therefore possible that rearing experiences can influence environmental
preferences in later life. If the fish in this study were reared in conditions which
bore more resemblance to the stone background than either the blue or black
planted backgrounds, this may explain why they showed a preference for the
stone background. This may also explain why fish did not show preferences for
particular substrates or refuges — if these were absent in their rearing
environment, they may not have gained a preference for these items. This is
likely to be highly relevant when considering the impact of potential
interventions being introduced into stores based on this study. For example,
had the fish been purchased from one of the wholesalers which supplies the
retailer involved in this study, the fish would likely have experienced blue
backgrounds before, as these same backgrounds are used in the wholesalers’
tanks. This might have affected their preferences or aversions to particular

backgrounds.

Although it is difficult to establish exactly why the fish in this study
expressed particular preferences, the fact that some preferences existed

indicates that there are particular environmental conditions that may promote
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better welfare in neon tetras. This highlights that the technique of presenting
animals with a choice can be an effective way of helping to identify these
conditions. Furthermore, conditions for which fish expressed no preference can
also be informative and useful — for example, fish in this study expressed no
preference for gravel over other substrates, despite the fact that gravel is often
present in pet store tanks. Gravel can make tanks harder to clean, and may
harbour faeces, uneaten food, disease or parasites, therefore the fact that it
does not appear to be necessary for good welfare in this species means it need
not be present in pet store tanks (Williams et al., 2009; Lidster et al., 2017). The
overall welfare of the fish may then be improved by not including gravel, by
helping to maintain higher water quality and reducing the risk of disease.

Whilst preference tests may be an effective tool for helping to improve
animal welfare, some considerations must be taken into account when using
them. Firstly, it is important to note that when animals are presented with a
selection of choices, only the preferred condition out of those available can be
chosen, and while that condition may represent the best of those on offer, it
does not necessarily represent the best overall condition for welfare (Young,
2013). Preference tests would therefore be more effective if comparing a wider
range of conditions. Secondly, the exemplars used for each condition must be
carefully considered: a limitation of the study presented here is that only one
exemplar was used for each condition. It is therefore not possible to be certain
that preferences or aversions displayed in this study were not a response to a
specific feature of each exemplar (i.e. a particular characteristic which may not
be representative of the condition the experimenter intends to test). Future
studies employing this approach should therefore use several exemplars within
each condition to ensure that any preferences/aversions displayed by the test
animals are, in fact, for the conditions being presented by the experimenter, and
not for some idiosyncrasy of a single exemplar. Thirdly, the results of
preference tests, and the forms of enrichment that produce a welfare benefit,
are likely to be species-specific, depending on the natural history of the species.
Care should therefore be taken when attempting to extrapolate from one
species to another. Furthermore, although allowing animals to make a choice
and assuming this promotes good welfare is a widely used approach, it does

not actually test for differences in welfare when animals are housed under
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preferred and non-preferred conditions. This approach would therefore be
strengthened if a range of other welfare measures, such as behavioural
indicators of stress, or stress hormones, were measured after establishing
preferred conditions. Finally, simple choice tests as were applied in this study
cannot clearly indicate the relative value animals place on a particular condition.
Future work should therefore emphasise looking at a fish’s motivation to make a
particular choice. Studies looking at motivation for preferences in fish are rare in
the literature, but have been carried out — for example, Sullivan et al. (2016)
used increasingly strong water currents to test the degree of preference of

goldfish Carassius auratus for real or artificial plants.

In conclusion, this study has shown that some modifications made to
captive fish’s environments are seen as preferable, and therefore can be
considered to promote better welfare. It has also shown that some modifications
that might be expected to be valued by neon tetras are not preferred, and
therefore do not need to be included in tanks to promote good welfare. This lack
of inclusion may be more beneficial to the fish overall for practical reasons, such
as maintaining good water quality. Not all modifications provided to captive
animals should therefore be referred to as enrichment, and modifications should

not be assumed to be beneficial unless this has previously been demonstrated.
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Chapter 6: Conditioning techniques do not reduce signs of behavioural
stress in guppies Poecilia reticulata in response to husbandry procedures

Abstract

The response of a fish to a stressor depends not only on that stressor’s
properties (nature, intensity, duration), but on the fish’s appraisal of the stressor
and its own coping abilities. Many transportation and husbandry procedures for
ornamental fish will inevitably involve some stress, but interventions based on
altering the fish’s appraisal of the stressor may be able to reduce the degree of
stress the fish experiences. This study consisted of two experiments which
aimed to alter a fish’s appraisal of a stressor through conditioning techniques.
The first experiment aimed to see whether guppies Poecilia reticulata could be
trained to associate a stressful event, such as handling, with a positive event in
the form of a food reward in order to reduce the stress experienced by the fish.
Groups of guppies were subjected to a handling event three times a day over
eight days, which was immediately followed by presentation of a bloodworm
reward. Control groups also experienced handling, but were presented with
bloodworm up to an hour before or after the handling event. The second
experiment aimed to see whether guppies would be less stressed by handling if
they learned to associate the handling with a signal (a red light) before the
handling event happened. Groups of fish were exposed to the red light signal
and then immediately handled three times a day for eight days; control groups
were also handled but were exposed to the red light at unrelated times of day.
After the training period, behavioural observations were used to assess the
stress levels of fish immediately following a handling event. Neither the food
reward nor the light signal had any effect on behavioural measures of stress in
handled fish, suggesting that more research into training regimes is needed
before any can be applied in the ornamental fish industry.

6.1 Introduction

The stress response, a coordinated suite of physiological, behavioural and
psychological changes resulting from a challenge to homeostasis, is often
considered adaptive when the challenge, or stressor, is acute (Wendelaar-
Bonga, 1997). However, when stress is chronic, repetitive, or severe, it can
cause reduced reproduction and growth, suppression of the immune system,

and poor welfare (Moberg, 2000). The use of training techniques as a means of
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reducing stress, improving welfare, and increasing the ease of carrying out
certain procedures has been applied to many animals within zoos and
laboratories. In particular, these techniques have been applied with mammals —
training is used with various species to reduce stereotypic and stress-related
behaviours (O'Brien et al., 2008; Pomerantz and Terkel, 2009; Coleman and
Maier, 2010), to encourage individuals to move into different areas of an
enclosure of their own volition (Bloomsmith et al., 1998; Bloomsmith et al.,
2003), to promote positive social interactions and reduce aggression (Schapiro
et al., 2001; Bloomsmith et al., 2003) or to encourage individuals to tolerate
medical procedures such as blood sampling (Grandin et al., 1995; Coleman et
al., 2008). There are yet few examples of training being used with captive
fishes, but there is some evidence to suggest that these techniques can be an
effective means of reducing stress and improving welfare. For example,
Schreck et al. (1995) found that Chinook salmon Oncorhynchus tshawytscha
could be trained to respond less to transportation stress, which also resulted in
less susceptibility to disease and greater survival. Mozambique tilapia
Oreochromis mossambicus also showed a less pronounced stress response to
confinement when trained to associate it with a visual signal (Galhardo et al.,
2011).

There are a number of reasons why training may help reduce the
impacts of stressors. Firstly, more frequent presentation of a stressful stimulus
may result in habituation to the stressor. For example, oxygen consumption in
Atlantic salmon Salmo salar exposed to either a weak or strong stressor (15
seconds or 5 minutes of chasing) returned to baseline levels more quickly as
their experience of the stressor increased (Madaro et al., 2016). However,
repeated exposure to stressors can also have negative effects — gilthead sea
bream Sparus aurata, Atlantic salmon and goldfish Carassius auratus have
been shown to experience immunosuppression in response to repeated acute
stressors (Sunyer et al., 1995; Fast et al., 2008; Eslamloo et al., 2014). Training
may also help reduce the impacts of stress through physical conditioning; that
is, making the individual more physiologically capable of responding to the
stressor. Training regimes involving forced swimming as a means of providing
exercise have been shown to lead to lower circulating cortisol levels and faster

post-stress recovery of baseline cortisol in rainbow trout Oncorhynchus mykiss
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(Woodward and Smith, 1985), Atlantic salmon (Boesgaard et al., 1993) and
striped bass Morone saxatilis (Young and Cech Jr, 1993; 1994), and can have a
range of other benefits, such as increased growth and food conversion
efficiency (Davison, 1997). However, this type of training may only be beneficial
in the case of certain stressors which may be physiologically challenging to the

fish, such as chasing or removal from water.

A third way in which training may help to reduce an individual’s response
to a stressor is by changing the psychological component of the stress
response (Galhardo and Oliveira, 2009). Despite continuing debate on the
subject of whether fishes have some form of subjective internal experience, or
‘consciousness’ (Sneddon, 2003b; Arlinghaus et al., 2007; Braithwaite, 2010;
Rose et al., 2014; Sneddon, 2015; Key, 2016), there is much evidence to
suggest that fishes do experience some form of consciousness. For example,
fishes possess homologous brain structures to the mammalian limbic system,
which plays a role in memory, spatial and associative learning, fear and
emotional processing (Chandroo et al., 2004), can learn to avoid areas where
they have had negative experiences (Csanyi and Doka, 1993), learn by
observing others (Schuster et al., 2006), transitively infer information (McGregor
et al., 2001; Swaney et al., 2001), and some may even be able to pass the
‘mirror test’ for self-awareness (Ari and D’Agostino, 2016). This suggests that
fishes may therefore have some ability to psychologically appraise a stressor.
The stress response begins with the perception of a potentially threatening
stimulus, and this perception affects the rest of the stress response, regardless
of whether the stimulus is actually dangerous (Moberg, 2000; Schreck and Tort,
2016). If an individual’s perception of a stressor, or their own ability to cope with
that stressor can be changed, it may be beneficial to that individual’s stress

levels and welfare.

An individual's perception of a stressor, and how threatening it is,
depends on the properties of the stressor itself (nature, intensity, duration), but
also on the individual’s experience of the stressor, their assessment of their own
coping abilities, and modulators such as the predictability of the stressor
(Galhardo and Oliveira, 2009). For example, Hoglund et al. (2005) found that
crucian carp Carassius carassius housed in tanks without shelters had higher

serotonin activity and less efficient avoidance behaviour in response to
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exposure to skin extracts, and suggested it is possible that fish perceived that
they had more control over stressors due to the ability to hide when there was a
shelter present in the environment. Schreck et al. (1995) showed that Atlantic
salmon conditioned to associate a confinement stressor with food had lower
physiological responses to the stressor, recovered more quickly, and seemed
better able to cope with a different challenge (transportation) later on. This could
not be explained by habituation or physical conditioning alone, as fish exposed
to the same pattern of training without the reward did not perform as well.
Mozambique tilapia trained to associate a confinement stressor with a visual
cue (a patterned piece of card) being presented 5 minutes before the stressor
commenced, showed lower cortisol levels than those not trained to the visual
cue (Galhardo et al., 2011). Interventions focussed on changing an individual’s
perception of the stressor may therefore be an effective way to reduce stress

and improve welfare of fishes in a variety of captive environments.

In this chapter | test the effectiveness of training interventions to reduce
stress in ornamental fishes by modifying the perception of the stressful event
using two experiments. In the first experiment, guppies Poecilia reticulata
underwent a training procedure in which they were handled and immediately
presented with a food reward, whilst in the second, a red light was turned on to
signal to guppies before being handled. After the training phase, fish were
placed into behavioural arenas to examine behavioural signs of stress. Stress
was assessed using behavioural measures rather than physiological measures
because, unlike many physiological measures, behaviours can tell us about the
valence of a reaction. For example, fishes might show increased cortisol
release rates as part of food anticipatory behaviour prior to being fed, but this
behaviour is not necessarily associated with higher stress or reduced welfare
(Sanchez et al., 2009; Galhardo et al., 2011). The measures of stress chosen
were the same as those in Chapter 4 — the latency to leave a refuge and
amount of time spent in the refuge, freezing behaviour, general activity,
thigmotactic behaviour, and erratic movements (see Table 4.1 for details).
These measures were chosen as they can all be interpreted as being indicative
of stress — for example, in guppies, shelter use is known to be an anti-predator
behaviour (Templeton and Shriner, 2004), therefore greater reluctance to move

away from a shelter, and more time spent in a shelter area, are interpreted as
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being indicative of less propensity to engage in risky behaviour and higher
levels of stress. Guppies were chosen as the study species as they are one of
the most popular species in the ornamental fish industry (Chapman et al., 1997;
P. Carey, 2014, pers. comm.). Bloodworm was used as the food reward as
guppies in our laboratory have been observed to show high motivation to eat
bloodworm when presented, which | interpret as suggesting they have a
preference for this food. A red light cue was used as orange/red colourations
are known to be ecologically important to wild guppies, therefore it was hoped
that this colour cue would be notable to the guppies in the experiment
(Sandkam et al., 2015).The interventions tested in this study were predicted to
reduce signs of stress in handled fish by either increasing positive associations
with the handling event, or by increasing the predictability of the handling event
and therefore increasing the perceived degree of control the fish had over the

event.

6.2 Methods

6.2.1 The effect of a post-handling food reward on stress-related behaviours

6.2.1.1 Study animals

The experimental fish were mixed-strain male domestic guppies Poecilia
reticulata obtained from a local pet shop. Guppies were sorted into groups of
five (n = 25 per experimental condition; total fish = 50) and housed in 10L
aguaria (300 x 195 x 205mm) containing gravel and a plastic plant. Aquaria
were maintained at approximately 25°C, 12L:12D. Fish were fed flake food ad
libitum in the afternoons after all training sessions had been completed in order
to ensure they were motivated to feed before training began. All fish were
observed consuming flake food on all days of the experiment, suggesting they

were not fully satiated by the end of training.

6.2.1.2 Training phase

The training phase of the experiment lasted for eight consecutive days, with
three handling events occurring each day (a total of 24 training events). At least
three hours were left between each handling event to allow fish to recover from
the previous event. In the ‘rewarded’ group, all fish in each tank were captured
together in a dip net and held out of the water for ten seconds. They were then

returned to the tank and immediately received a few drops of chopped
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bloodworm. Control fish received the same handling procedure as the rewarded
fish, but received their bloodworm up to an hour before or after the handling
event. The duration of the training period was chosen as there is evidence that
guppies are capable of learning a task within this time period or within this
number of trials — guppies have been trained to locate a food patch when
trained three times a day for 6 days (Swaney et al., 2001), to forage from within
a plastic ring within 20 training events (Dugatkin and Alfieri, 2003) and to
complete a plus-maze task in 20 training events (Eaton et al., 2015).

6.2.2 The effect of a pre-handling light signal on stress-related behaviours

6.2.2.1. Study animals

The experimental fish were mixed-strain male domestic guppies obtained and
housed as in Experiment 1. Fish were fed flake food in the morning and Artemia
ad libitum in the afternoon.

6.2.2.2 Training phase

As in Experiment 1, the training phase of the experiment lasted for eight
consecutive days, with three handling events occurring each day and a
minimum of three hours between handling events. In the ‘signalled’ group, a red
light was turned on above the tank 5 minutes before handling, and remained on
until the beginning of the handling procedure. Fish were then handled as in
Experiment 1. Control fish received the same handling procedure as the
rewarded fish, but the red light signal was turned on up to an hour before or

after the handling event.

6.2.3. Test phase

On day 9 in both experiments, fish received the same handling procedure as
described above, before being individually transferred to test tanks to examine
behavioural indicators of stress. Fish were moved into new tanks rather than
observed in their home tanks to more closely mimic the type of procedure that
might happen in the ornamental fish trade. The test tanks used, and behavioural
measures recorded were the same as detailed in Chapter 4 (see Figure 4.1 and
Table 4.1). Briefly, this involved placing the fish in an open-field tank (285 x 460
x 140 mm) in which one corner (142.5 x 115 mm) contained gravel and a plastic
plant to serve as a shelter area. The tank was divided into 16 equally-sized

zones and was marked with a line 20 mm from the edge to aid behavioural
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measurements. Fish were released into the shelter area and observed for ten
minutes. Videos of each trial were recorded and analysed using Solomon Coder
software (available at https://solomoncoder.com/) to record the latency of the
fish to leave a refuge area, the amount of time spent in the refuge, the duration
of freezing bouts, overall activity, time spent showing thigmotactic behaviour,

and the number of erratic movements performed.

6.2.4 Statistical analysis

Multivariate analyses were used to avoid increased risk of making a type | error
(Field et al., 2012). In both experiments, results did not meet the assumptions of
multivariate normality and homogeneity of covariance matrices, therefore a
permutational multivariate analysis of variance (PERMANOVA) was performed
using the ‘adonis’ function in the ‘vegan’ package in R — this form of analysis
can be viewed as a non-parametric MANOVA (Anderson, 2001; McArdle and
Anderson, 2001; Oksanen et al., 2018). All analyses were completed in R ver.
3.4.1 (R Development Core Team, 2015).

6.2.5 Ethics

Throughout this study, the ASAB/ABS Guidelines for the treatment of animals in
behavioural research were followed. Fish were monitored daily for signs of
stress or poor welfare. After the study was complete, the fish were health
checked by the named veterinary surgeon and when certified as disease free
and in good general health were rehomed into the ornamental fish trade.

6.3 Results

6.3.1 The effect of a post-handling food reward on stress-related behaviours

There were no significant differences in stress-related behaviours between fish
trained to associate handling with a reward and fish that received rewards
separately from handling events (F1 45 = 0.333, p = 0.821; Fig. 6.1).

6.3.2 The effect of a pre-handling light signal on stress-related behaviours

There were no significant differences in stress-related behaviours between fish
trained to associate a light signal with handling and those that received the
signal at random times of day (F1, 47 = 1.273, p = 0.276; Fig. 6.2). Although

examination of graphs 6.2a and 6.2c suggested that trained and untrained
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groups of fish might differ in their latency to leave a refuge area and time spent
frozen, neither of these measures was significant in subsequent univariate
analyses (latency to leave refuge: F; 47 = 1.698, p = 0.235; time spent frozen:
Fi1 47 =3.198, p = 0.079).
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Figure 6.1. Behavioural measures of stress in fish trained to associate handling
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being handled (dark blue, n = 25). Bars represent means; error bars represent +1
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6.4 Discussion

Fish conditioned to receive a food reward after handling did not show any

differences in the signs of behavioural stress measured compared with fish not

conditioned to receive a reward. Fish conditioned to expect an imminent

handling event after the onset of a red light signal also did not show any

differences from controls in behavioural signs of stress.

There are several possible explanations as to why neither the food

reward nor the light signal appeared to reduce stress in handled fish. These

explanations include the stressors present in the study, the stimuli the fish were

conditioned to associate with handling, or the learning capabilities of the fish

themselves. In the first instance, it is possible that the severity of the stressors,

or presence of stressors other than those the fish were specifically trained with,

may have caused any reduction in stress from conditioning to be outweighed.
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For example, removing the fish from water as part of handling can be highly
stressful to fish and can elicit what has been termed a ‘maximal’ stress
response (Biswas et al., 2006; Brydges et al., 2009; Ramsay et al., 2009b). The
stressor in this study may, therefore, have exerted a strong enough
physiological challenge on the fish to mask any effects of psychological
modulators of stress. Similarly, as fish were conditioned only to handling, and
not to being placed in the novel test tanks used, the stress of being exposed to
a novel environment may have outweighed any potential reductions in stress.
Social isolation can be a cause of stress or anxiety-like behaviours in social
fishes (Earley et al., 2006; Galhardo and Oliveira, 2014; Shams et al., 2015),
therefore the fish may have been reacting to this rather than to the handling
stressor, regardless of experimental group. However, social isolation can also
help lead to a reduced cortisol response to stress — Giacomini et al. (2015)
found that zebrafish exposed to an acute stressor had lower cortisol responses
in isolation than in groups, which may be due to the fact that isolated fishes
could not be affected or influenced by the responses of conspecifics. If this
effect was present in the fish used in the current study, it may further have

obscured any effect of conditioning.

Another explanation for the lack of differences between conditioned and
control groups in this study might be that, even if the fish did learn to associate
stimuli with the handling stress, the impacts of these stimuli were not enough to
reduce the effects of stress. For example, if the value the fish placed on the
bloodworm was low, presentation of this may not have been rewarding enough
(i.e. enough of a positive experience) to lead to reduced levels of stress. In the
case of the light signal, it is possible that there was insufficient information
conveyed by this signal for these fish — predictability cues depend on factors
such as the duration between the onset of the signal and onset of the stressful
event, and the duration selected for this experiment may not have been
appropriate for these fish (Galhardo and Oliveira, 2009). The light signal may
even have caused anticipation of the stressful event and therefore increased
the stress levels of the conditioned fish — Nile tilapia Oreochromis niloticus
conditioned to associate a light cue with handling showed an increased cortisol
response when presented with only the light cue (Moreira and Volpato, 2004).
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Finally, the lack of differences in stress-related behaviours in fish in the
different experimental groups may be explained by a failure of the fish to learn
to associate the food reward or the light signal with the handling stressor. If this
were the case the fish would neither perceive the bloodworm as a reward, nor
would they be able to predict the onset of the stressor after being presented
with the light signal. However, this explanation is unlikely: guppies in this
experiment were trained three times a day for a period of eight days — 24 trials
in total. Guppies have been shown in a number of experiments that they are
capable of learning tasks in fewer trials than this — for example, guppies have
been trained to find a food patch in 18 trials (Swaney et al., 2001), to forage
from within a plastic ring in 20 trials (Dugatkin and Alfieri, 2003), and to solve a
plus-maze task in 20 trials (Eaton et al., 2015). Fewer trials have also been
needed for associative learning experiments in other fish species — Panamanian
bishops Brachyrhaphis episcopi learned to associate a light being turned on
with food being presented in 14 trials (DePasquale et al., 2014), rainbow trout
Oncorhynchus mykiss learned to forage from a feeding ring in an average of 5
trials for bold fish and 15 trials for shy fish (Sneddon, 2003a), and Atlantic
salmon became conditioned to associate food with strong light flashes after
about 19 days (Bratland et al., 2010). The training period used here was

therefore likely to be enough for fish to learn the association.

It is possible that the behavioural measures of stress selected were not,
in fact, good measures of stress for guppies and therefore any stress response
was not captured by the measures used - for. However, | suggest this is
unlikely. For example, Templeton and Shriner (2004) found that guppies used
shelter in the presence of predators, which is a stressful experience, therefore it
is reasonable to suggest that stressful experiences would lead to greater shelter
use. Furthermore, higher latencies to leave a shelter are thought to indicate
lower boldness (i.e. lower propensity to engage in risky behaviour), which may
be linked to higher stress levels (Brydges et al., 2009; Jacquin et al., 2016).
Although some doubt may be cast on this interpretation as neon tetras in
Chapter 5 were shown to not have a preference for shelter over any other
structural enrichment, this may have been because the neon tetras were not
exposed to a stressor and therefore may not have needed to use a shelter.

Furthermore, guppies held in the lab have been observed making use of
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refugia, especially if startled, therefore it seems unlikely that this was not a good

measure of stress.

The results of this study may indicate that the potential of conditioning
techniques to improve welfare within the ornamental fish industry is limited. If
fishes cannot be conditioned to perceive stressors differently and therefore
show reduced stress-related behaviour because stressors are too severe, this
may limit how conditioning techniques may be applied. However, it does
suggest that conditioning technigues may be useful when stressors are less
severe and more consistent from event to event, such as with tank cleaning. On
the other hand, if the lack of differences between experimental groups is best
explained by a lack of value or information provided by the reward stimulus or
the light signal, conditioning may yet be a promising area, but a great deal of
work would need to be done to find stimuli that provide the right level of
perceived reward or information to the fish. If the fish simply did not learn in the
timespan of this experiment, it suggests that particular care would need to be
taken when implementing training regimes. In the pet trade, once the fishes
have left the breeder, they might be moved through the supply chain too quickly
for a training regime to be effectively started, therefore training regimes would
need to start at the breeder, and ideally, be maintained throughout the supply

chain.

In conclusion, this experiment demonstrated that guppies did not show
reduced behavioural signs of stress when conditioned to associate a handling
stressor with either a food reward or a light signal. This suggests that, while
conditioning techniques may still be useful in reducing stress in ornamental
fishes, more work first needs to be done exploring which stressors they may be
effective for, and which stimuli are the most effective for eliciting differences in

the fish stress response.
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Chapter 7: General discussion

The ornamental fish industry has shown steady growth since the 1970s (when
the FAO began keeping records), and continues to do so, yet the stress and
welfare of the fishes traded remains understudied (Leal et al., 2016). The
overall aims of this thesis were to explore some of the potential causes of stress
and poor welfare in ornamental fishes to develop interventions to reduce stress,
improve welfare and decrease mortality rates. To address these aims, |
conducted experiments using both physiological and behavioural measures of
stress to explore how stress might be reduced in ornamental fishes, which may
help to lead to lower mortality rates. In this chapter, | present a critical analysis
of the main findings of this thesis, with discussion of their implications. | then
suggest some future directions for scientific research, and also for areas which

would benefit from development within the ornamental fish industry.

7.1 Summary of main findings

7.1.2 Cortisol produced by ornamental fishes is detectable in holding water but
differences in stress responses to challenges are unclear

Measuring cortisol levels in fishes is a common and useful approach for
assessing stress levels (Pottinger and Carrick, 2001; Turner et al., 2003; Ellis et
al., 2004; Ramsay et al., 2006; Felix et al., 2013). Although most popular
ornamental fish species are too small to take a blood sample from to measure
plasma cortisol levels, the water-borne cortisol measurement technique allows
cortisol in fish holding water to be measured non-invasively and non-intrusively.
This technique should be validated before being applied to a new species by
establishing that cortisol levels in water are detectable, that they increase in
response to a stressor (i.e. that cortisol increases are biologically meaningful),
that water provided to fish contains little or no background activity and that
extracts dilute parallel to standard cortisol (Scott et al., 2008). The study
presented in chapter 3 met a number of these objectives for guppies, mollies
and neon tetras — for all three species, cortisol levels in water samples were
consistently above the lower detection limit of the assay, background levels of
cortisol were negligible, and parallelism was found between extracts and
standards. However, higher cortisol release rates in response to a netting
stressor were not found for any of the study species, although differences in

release rates over time were found for guppies and mollies. The lack of
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differences between net-stressed fishes and controls in this study also means it
was difficult to establish exactly when cortisol release rates peak in these
species after the onset of a stressor, although the significantly higher cortisol
release rates in the first 30 minutes of the study for guppies and mollies suggest

that this is the optimum time to measure release rates.

The results of this study suggest that the water-borne cortisol
measurement technique can be a useful tool when evaluating the effects of
stressors on ornamental fish, although more work is needed to clarify the effects
of stressors on cortisol release rates. A modified methodology, using fish
sampled in static containers, was therefore used to assess the effects of
different handling techniques on fish in Chapter 4. In both chapters, no
differences were found in cortisol release rates in different treatment groups,
highlighting the need to integrate measures of stress, as cortisol measurements
are still limited when it comes to assessing stress and welfare. For example,
cortisol release rates may rise in response to an acute stressor, but may not do
S0, or may not be maintained at high rates in response to repetitive or chronic
stressors (Aerts et al., 2015). As chronic and repetitive stressors are most likely
to be linked to negative effects such as suppression of growth, reproduction and
immune system function, measurements of biomarkers that indicate stress
under chronic conditions are extremely important. Some attempts have been
made to develop methods for detecting long-term cortisol levels, such as
detecting cortisol content in fish scales (Aerts et al., 2015), but a wider range of
tools would be useful here. Furthermore, cortisol release rates as a measure of
stress and/or decreased welfare status may be misleading, as cortisol cannot
tell us about the valence of an animal’s experience. Cortisol release rates rise in
response to arousal, and the experiences which lead to arousal (e.g. food
anticipatory behaviour) may not be negative for welfare (Sanchez et al., 2009).
For this reason, behavioural measures of stress were gathered in Chapters 4
and 6.

7.1.3 Poor handling technique causes stress to non-handled fish

Handling with dip nets is an inevitable part of the life of an ornamental fish, and
often elicits a strong stress response (Barton, 2000; Brydges et al., 2009;
Ramsay et al., 2009b). Whilst attempts have been made in the aquaculture

industry, and in scientific research to introduce methods of handling fish which
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do not involve capture, chasing, or emersion, such as the use of pump systems
(Ashley, 2007), or removing fish from tanks once they have swum into
removable containers (personal observations), these methods may simply not
be practical within the ornamental fish supply chain. Research that focuses on
refining the techniques already used is therefore crucial to help reduce handling

stress in ornamental fish.

Whilst the study in Chapter 4 found no evidence that different handling
techniques affect the stress and welfare of captured fish, it did find evidence
that handling technique affects the fish which remain in the tank after the
handling event. This result was found after exposure to only two nettings,
whereas fish in a pet store tank may experience many more nettings than this
before they are captured and sold. This highlights the importance of having
properly trained workers in the supply chain, and making workers aware of the
potential impacts on poor handling on the fish. The handling training video used
in Chapter 4 has been provided to the industry partner to be incorporated into
training programmes for new employees that have fish handling responsibilities.
Monitoring the effectiveness of this video at reducing stress and mortality in the

commercial context provides an exciting opportunity for future work.

An area that was not explored by this study, and thus provides another
opportunity for future work, was the effects of the training videos on handlers’
behaviour over time. Although there was evidence that the handlers did change
their behaviour in response to watching the training videos, it is important to
note that handlers then caught fish immediately after viewing — had they
watched a training video some hours or days before being asked to catch a fish,
as might well happen if an employee was being trained to work in a store, the
effects might have been different. For example, if more time had elapsed
between watching the video, participants might have been more likely to forget
some of the instructions and revert to chasing the fish, causing more stress.
However, it is also possible that allowing some time between watching the video
and being asked to catch the fish might allow handlers to retain the key
messages of the video without becoming too fixated on copying the technique
exactly — as such, handlers might have displayed a more relaxed technique

which might even have reduced the stress of the fish yet more.
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Beyond the question of the effects of time between viewing the training
video and first catching a fish, there is also an effect of both time and
experience to be considered as handlers become more used to catching fish.
Whilst one might expect the adherence to the technique demonstrated to
decrease over time, as handlers become more experienced in catching fish,
they may develop their own techniques. It is unclear, however, whether the
techniques displayed by experienced handlers might be better for the fish’s
stress levels, or might merely reflect a pattern of behaviour most comfortable to
the handler. It would therefore be interesting to explore the relationship between
these two factors — for example, to find out whether the individual techniques
developed by handlers which have never been trained are comparable to those

developed by those who have been trained first.

7.1.4 Neon tetras express preferences for certain environmental conditions

A choice test, where animals are allowed to choose freely between two or more
environmental conditions, is a widely-used experimental approach in the animal
welfare literature, but remains little-used with fish (Van de Weerd et al., 1998;
Dawkins, 1999; Duncan, 2005). However, it provides an opportunity to try and
identify conditions which may promote better welfare. This study allowed the
preferences of fish for various conditions, some of which were requested to be
included by the retailer, to be tested. The results of the experiment presented in
Chapter 5 indicate that neon tetras showed a preference for a tank background
with a print of rocks over either a plain blue background or a black background
with a print of plants. It is possible that fish perceived themselves to be less
conspicuous against the rock background than the other backgrounds, which
may explain the preference. However, fish expressed no preferences for
different tank substrates or tank ornamentation, which might be expected if anti-
predator behaviour was influencing fish’s choices. It is therefore possibly more
likely that preferences were influenced by rearing environment. The results of
this study will be of use in decision-making regarding how best to house fishes
in store, as it supports the decision of the retailer not to include gravel in tanks.
It also supports the retailer’s decision to alter the plain blue background which
was previously used in all stores, but may indicate that the decision to introduce

the black background with plants may need to be reconsidered.
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The possibility that rearing environment influences preferences in later
life provides an interesting potential avenue of research, as it may be possible
to promote fish welfare by creating more consistency in tank conditions between
different stages of the supply chain. Furthermore, in other taxa, certain forms of
enrichment and environmental modification have been found to help increase
recovery rates after stressful events (Batzina et al., 2014). If interventions, such
as those tested in Chapters 4 and 6, cannot directly reduce the stress
associated with certain events, such as handling or husbandry, it may be
possible to design tanks according to fish preferences in order to better promote

recovery from stressful procedures.

Whilst preferences were found in this experiment, two important
questions were not answered: how much did the fish value their preferred
conditions? And does housing fish in conditions they have previously expressed
a preference for lead to lower stress levels? Future research should answer
these questions when using choice tests to identify better environmental
conditions in which to house fish. In the case of the first question, the amount of
value an animal places on a chosen condition is usually tested by making the
chosen condition harder to reach (Jensen and Pedersen, 2008). This type of
motivation test may be difficult to design for fish, but one proposed solution is to
present fish with increasingly strong water currents to swim against to reach
their preferred condition (Sullivan et al., 2016). Another option required fish to
push against transparent hinged doors to reach their condition of choice (Maia
et al., 2017). The second question — the degree to which an environmental
modification reduces stress — is key to establishing whether a modification can
be considered enrichment and whether it is beneficial for welfare. Aiming to
address both of these points also raises the interesting question of whether
fishes make adaptive choices for their welfare — i.e. are those conditions that
most promote welfare and reduce stress the ones that are most valued by the
fish?

A final important consideration for this experiment, which may also lead
to future work, is the role of context and its effects on the preferences
expressed. The fish in this experiment were housed in a quiet area of the lab,
were observed from a distance when data was collected, and had been allowed

time to acclimatise to their surroundings. This may be in contrast with many of
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the conditions that fishes may experience in a pet store, where there may be
noise, disturbances from customers, and little time to settle into their new tank.
As such, the preferences fish may express under these conditions might be
very different — for example, fish did not express a preference for any refuge in
this experiment, but under more stressful conditions they might show a
preference for the refuges. Future work could therefore explore how
preferences are influenced by context, and whether the preferences expressed

differ when fish are stressed or unstressed.

7.1.5 Guppies do not show less stress when handled, even if handling is
rewarded or predictable

Some events in the life of a captive animal are inherently stressful, and there is
probably no way to avoid this. However, the impact of stressors on that captive
animal may be lessened if the way the animal appraises the stressor, and its
own coping abilities, are altered. In Chapter 6, | presented the results of two
experiments aimed at reducing the stress experienced by handled guppies —
one in which handling was rewarded, and one in which handling was preceded
by a signal to make handling events predictable. Neither experiment found any
significant differences in behavioural signs of stress in handled fish. Whilst it is
possible that guppies were not trained for long enough to learn the associations
between the food reward and handling, or the light cue and handling, this
seems unlikely, as the number of training events the fish received was within
the scope of other published studies (Swaney et al., 2001; Dugatkin and Alfieri,
2003; Eaton et al., 2015). Instead, it may be that handling is too stressful an
experience for training interventions to reduce the amount of stress experienced
by a handled guppy. This may explain why fish in Chapter 4 did not show
differences in stress levels when handled by untrained handlers. However,
other studies have found evidence to suggest that conditioning techniques may
be of use in altering the stress levels experienced by captive fish (Galhardo et
al., 2011), therefore this may be a useful avenue of research to continue to
explore. That being said, the results of Chapters 4 and 6 both suggest that
handling is stressful, as fish showed behavioural signs of stress regardless of
treatment group. Pursuit of solutions aiming at altering the appraisal of a

stressor should not, therefore, be done at the expense of research into
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improving techniques and practices, even if it may be possible to completely

eliminate all stress associated with that technique or practice.

As well as considering the degree of stress that fish are exposed to in
future experiments of this nature, we must also consider the influence of the
stimuli themselves. As mentioned in Chapter 6, although the bloodworm reward
was chosen as guppies show high feeding anticipation, suggesting high
motivation to eat, and the red light signal was chosen to be ecologically
relevant, the true value which guppies might have placed on these stimuli is
unknown. As shown in Chapter 5, at least some ornamental fish species are
capable of expressing preferences for certain conditions. It may therefore be
possible to conduct some form of preference tests for the types of stimuli that
might be used in training, in order to ascertain which conditions — e.g. which
food types — are most preferred by the fish being studied. Identification of

preferred stimuli would be likely to improve the efficacy of training procedures.

7.2 Implications and future directions

Although this thesis has primarily discussed stress and welfare, this has been
done with the broad aim of helping to reduce mortality rates of fish in the
ornamental fish trade. Efforts to quantify mortality in the past have been
hampered by a lack of clear and accurate data,; it is therefore imperative that
more monitoring of the numbers of fish traded, and the numbers of fish lost, is
collected in order to better understand mortality rates and the possible causes
of mortality. Collection of this type of data would continue to help provide
direction for future research aimed at developing interventions to reduce

mortality.

As mentioned above, some interventions that may be introduced to
reduce stress and improve welfare reflect recommendations for best practice
within the industry. Ensuring that shipping bags and tanks are not over-stocked,
providing measures to ensure transported fish are adequately insulated, and
training workers in the supply chain to handle fish with care and empathy all
represent best practice, and are all relatively straightforward interventions to
introduce. In contrast, some interventions to reduce stress are less
straightforward to develop, either because the primary causes of stress and

mortality are unclear, or because potential interventions may conflict with
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practicality. For example, handling, especially when fish are removed from
water, is often considered to be a severe stressor, and some of the results in
this thesis may reflect this: in Chapters 4 and 6, no significant differences in
stress levels were found in handled fish regardless of experimental condition,
which may indicate that handling is a stressful enough experience to outweigh
any possible benefits of the interventions tested. Further interventions that may
be developed from the results of this thesis would require some more work
before they could be introduced, but provide some possibilities — using choice
tests to establish environmental conditions most preferred by ornamental fish
may allow identification of conditions which help to reduce stress and promote
welfare, especially if those conditions are consistently introduced along the
supply chain. Combining these choice tests with tests of motivation and stress
assays would be an effective approach to improving welfare. Similarly, there
may be potential for interventions based around conditioning fish to predict
stressors or associate stressors with positive events, but a great deal more
work would be needed to identify species, stressors, cues and rewards that this
may work for. Furthermore, as the evidence to support this approach to
improving welfare is limited, it should not be interpreted as a way to avoid trying
to improve practices and procedures which are known to be stressful.

The lack of current research into stress, welfare and mortality in
ornamental fish means that there is a great deal of scope for future research to
explore. At a fundamental level, more information on the basic biology of the
different species and their responses to common stressors would greatly help
develop this field. Even within the existing literature on fish stress and welfare,
over 30,000 fish species are represented by relatively few model systems.
Given the huge diversity in fish species, it is likely that what suits one species
will not be applicable to another, therefore more studies exploring the welfare
needs and behaviours of ornamental fish are needed. Beyond this, some

particular research areas may be particularly interesting to explore.

The first of these areas is the impact of early-life effects, including
maternal stress and rearing environment. Early-life effects can have long-term
impacts on physiology and behaviour — for example, maternal stress has been
shown to negatively impact offspring survival in wild sockeye salmon

Oncorhynchus nerka (Sopinka et al., 2014), whilst a structurally complex or
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variable early rearing environment can affect brain development in rainbow trout
Oncorhynchus mykiss, behavioural flexibility in cod Gadus morhua, and neural
plasticity and cognitive ability in Atlantic salmon (Braithwaite and Salvanes,
2005; Kihslinger and Nevitt, 2006). Effects of early-life experience can be seen
even when these experiences are relatively brief — for example, juvenile
rainbow trout reared in physically enriched tanks for two months showed greater
agility in a swimming test than those reared in barren conditions (Bergendahl et
al., 2016). Similarly, zebrafish Danio rerio exposed to varying structural
enrichment or daily net chasing for three months as juveniles showed better
learning capacity and less anxiety than controls, and these effects persisted
approximately 9 months later even though fish were not exposed to enrichment
or chasing after 3 months of age (DePasquale et al., 2016). In contrast to this,
sea bass Dicentrarchus labrax exposed to more husbandry-related stressors at
early life stages showed poorer survival and disease resistance as juveniles
(Varsamos et al., 2006). Stressors therefore appear to have a variety of
potential effects on resilience in later life. Exploring the impact of early-life
factors on captive-bred ornamental fish may allow identification of conditions
which may promote more resilience to stress, better disease resistance, and

lower mortality rates.

A second area which could be explored is the potential role of nutrition or
supplementation as a means of increasing resilience to stress in ornamental
fish. Provision of diets rich in vitamins C and E has been shown to enhance
stress tolerance in gilthead sea bream Sparus aurata (Montero et al., 2001) and
guppies (Lim et al., 2002b). Furthermore, Nile tilapia Oreochromis niloticus fed
a diet containing a probiotic showed greater survival than those not fed the
probiotic (Ferguson et al., 2010). Given that some stressors may be
unavoidable for captive animals, greater exploration of diets which may promote
stress resistance in fishes may therefore lead to lower mortality rates. This may
be particularly important for ornamental fish, as they are highly diverse, but are
usually fed flake or pellet diets designed to be generally appropriate for broadly-

defined groups of fish (e.g. ‘tropical fish’, ‘bottom-feeders’).

Finally, an area which could be explored to benefit the welfare of
ornamental fish is the impacts of the social environment. Many popular varieties

of ornamental fish are social, and many ornamental fishes will go on to live in
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community tanks containing multiple species (Saxby et al., 2010). It is therefore
possible that the social environment of these fishes may be highly stressful, as
fishes may be exposed to bullying, low social rankings, and high social
variability. For example, social ranking has been found to impact zebrafish
stress and immune function after only 5 days (Filby et al., 2010). Social stress
can impact metabolic rate (Sloman et al., 2000; Nadler et al., 2016), cortisol
response (Jeffrey et al., 2014) and immune system function (Peters et al.,
1991). Besides this, fish behaviour has been shown to be impacted by the
presence or absence of familiar individuals — many species of fish have been
shown to recognise and show a preference for familiar individuals over
unfamiliar ones which can lead, for example, to decreased aggression in groups
(Ward and Hart, 2003). Taken together, these two areas raise a potentially
interesting area of research — can the way in which social environments are
impacted by the supply chain be modified to reduce stress and improve welfare
in ornamental fish? In other taxa, disruption of an animal’s social environment
has been shown to lead to decreased welfare, e.g. in laboratory rodents and
non-human primates (Olsson and Westlund, 2007). It is therefore possible that
the frequent changes in social environment might have a similar effect in fish.
Studies combining social network analysis with welfare assays would be a way

to explore the effects of this disrupted social environment.

7.3 Final conclusions

This thesis aimed to identify sources of stress and poor welfare within the
ornamental fish trade, and to develop and test some potential interventions to
reduce stress and improve welfare in ornamental fishes. Whilst both of these
aims have been met, this thesis has also highlighted an important message: not
enough is known about the ornamental fish industry, in terms of numbers of fish
sold, numbers of fish dying, basic biology of the species and most potent

causes of stress.

Despite this message, the future perspective is positive. The growing
amount of attention being paid to the welfare of captive fish, including
ornamental varieties, is encouraging, and has helped to expand the types of
assays that can be used to assess fish welfare. Also, the ongoing debate over
the existence of consciousness and the capacity for pain and suffering in fish,

although it may never be won by either side, aids progress. Some areas which
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may become useful avenues of research to improve welfare in ornamental fish
might not have been considered as being relevant to fish had this debate not
taken place — for example, the potential for the development of psychological
interventions aimed at altering the appraisal of stressors. Continuing these
discussions may help to open up a range of possibilities that can be further

explored to improve fish welfare.
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