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Simple Summary: Our knowledge of fish welfare is still scant relative to the enormous demands
created by aquaculture expansion and focuses primarily on preventing poor health without considering
provision of environments conducive to positive experiences. We are far from understanding what
individuals of the different species classified under the umbrella term “fish” need to experience good
lives. The aquaculture industry has been expanding swiftly, and fishes belonging to hundreds of
very different species are now farmed by the billions. Informed by terrestrial animal welfare science,
this article aims to set a framework for making progress in investigating how to provide farmed fish
with good welfare.

Abstract: This article aims to use contemporary (terrestrial) animal welfare science as a lens to
evaluate the state of knowledge concerning welfare in fish species, focusing on farmed fishes.
We take advantage of the vast expertise—including previous pitfalls and accomplishments—in the
investigation of welfare in terrestrial vertebrates, borrowing questions and methodologies from
terrestrial animal welfare science in order to (1) better understand the challenges and opportunities in
the study of welfare in fish species, and (2) propose strategies for filling knowledge gaps.
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1. Introduction

The global aquaculture industry has been expanding at an unprecedented rate. Figures reveal that
in 2015 the number of individual farmed fishes probably exceeded the number of chickens produced
for meat, the most farmed terrestrial vertebrates [1-3]. An estimated 51 to 167 billion farmed fishes
were slaughtered for food in 2017, a 4-6% increase from 2015 [4]. Unlike chickens farmed for meat
(a single species), farmed fishes span hundreds of species that live in different environments and have
different needs. Thus, we are far from understanding their unique and specific welfare requirements.
As it was the case with chickens and other farmed terrestrial animals, we now have key evidence
supporting the hypothesis that fishes are sentient and, therefore, deserving of moral consideration.
Filling the gaps in our knowledge of their welfare is urgently needed to ensure that harms against
them are minimized and our ethical responsibilities are met.

2. An Updated Concept of Animal Welfare

Evaluating the current state of welfare science for farmed fish species requires a clear, contemporary
discussion framework. Donald Broom provided an early and insightful definition of animal welfare in
1986: “The welfare of an animal is its state as regards its attempts to cope with its environment” [5],
that is, how successful is an animal when trying to cope with her or his environment”. Later, Marian
Dawkins developed complementary operational criteria: “Improvements in animal welfare can be
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based on the answers to two questions: Q1: Will it improve animal health? and Q2: Will it give
the animals something they want?” [6]. Most recently, animal welfare scientists expanded on these
foundations by recognizing the need to aim beyond a mere reduction of suffering and have instead
begun to explore what might constitute a “good life” for individuals of a particular species [7,8].
Interest in this good-life/positive-welfare approach has surged in recent years, with numerous reviews
on the topic published in the last year alone [9-19].

Prior to this most recent development, much of animal welfare had focused on alleviating negative
states, such as fear, pain, and frustration. While the precise contours of the good-life/positive-welfare
approach are still being developed, at its core, this new wave of scholarship acknowledges that negative
framing will not lead to satisfactory welfare outcomes and that the range of topics explored by animal
welfare scientists must be expanded [10,19]. Interestingly, a similarly radical frameshift is evident
in human psychology [20]. The “positive psychology” literature includes the important insight that,
in addition to understanding psychological distress and pathologies, we must ask questions about what
makes a life “worth living” [8]. Moreover, recent work in positive psychology stresses that a good life
involves more than simply feeling “good” emotions all the time; a more dynamic and complex view is
required [21]. Lomas and Ivtzan, in their paper on human psychology, write that “there is a movement
away from a simplistic binary view that unreservedly classifies phenomena as either positive and
negative, valorizing the former while condemning the latter, towards a more nuanced appreciation
of the dialectical complexities of flourishing” [12]. Similar patterns are evident in nonhuman animal
welfare as well. For example, in addition to wanting good material outcomes (e.g., good food,
adequate shelter), many animals want to engage in challenges [22] and decision-making (e.g., learning,
choosing) [23,24]. According to years of literature on animal welfare in zoos [25], agency, choice, control,
cognitive stimulation, meaning, and challenge are crucial welfare dimensions to consider [19,26-29].

In sum, this brief history of terrestrial animal welfare science cautions that biological health and
alleviation of negative states are in most cases insufficient to prevent poor welfare. Thus, welfare
schemes must focus not only on coping and good health but on in-depth knowledge of a species’ full
behavioral repertoire and what individual members of the species may want. Within this framework,
animal welfare must be understood as “a continuum that varies from very good to very poor” [30].
In turn, this framework emphasizes that being healthy does not imply good welfare—that is, good
health is a necessary but not sufficient prerequisite in the good-life equation, a consideration that is
crucial to advancing fish welfare. These observations set the basic criteria for evaluating the current
state of fish welfare in aquaculture.

Consider, for instance, one of the first and most popular scientific protocols for assessing fish
welfare: the SWIM protocol for Atlantic salmon (Salmo salar) farmed in sea cages [31]. The SWIM 1.0
welfare protocol takes into account a number of welfare-related inputs and outputs: water temperature,
salinity, stocking density, lighting, disturbance, daily mortality rate, appetite, sea lice infestation
ratio, condition factor, emaciation state, vertebral deformation, maturation stage, smoltification state,
fin condition, and skin condition [31,32]. Complementarily, SWIM 2.0 adds the need to attend to
eye condition, cardiac condition, abdominal organs, gills, opercula, skeletal muscles, vaccine-related
pathology, aberrant fishes, necropsy, and active euthanasia [33]. These types of indicators—including
the ones in the most recent protocols available [34]—are validated tools for making inferences about the
health of an individual. None of these, however, addresses Dawkins’s second question—are we giving
animals something they want—let alone questions regarding what constitutes a good life for Atlantic
salmon. Are these individuals able to express patterns of behavior they show strong motivation to
perform? Are we providing them with resources they find valuable? Do they have the opportunity
to make choices? Yet the SWIM protocol is a forward-thinking improvement on the total absence of
protocols for the majority of farmed fish species [35]. The paucity of knowledge about fish welfare is a
consequence of several key hurdles discussed below.
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2.1. Underwater Lives

Fishes are aquatic animals, and most species spend their entire lives underwater, making their
behavior more challenging to observe than that of terrestrial vertebrates. For instance, although Atlantic
salmon is one of the most studied farmed fish species, and we know that most Atlantic salmon migrate
from freshwater to the ocean after smolting, we know very little about the crucial phase of their
post-smolt lives that they spend in the oceans [36-39]. Despite this, these animals are among the
most important farmed species. Although very far behind the fish species farmed in the largest
numbers, such as Nile tilapia (Oreochromis niloticus) and some carp species, between 280 and 653 million
of salmons were farmed in 2017 [3,4]. To account for the very different stages in a salmon’s life,
farmed salmon are most often raised in land-based freshwater tanks and then transported to sea
cages after smolting. However, this husbandry system does not accommodate their normal migratory
behavior. Since variation exists both at the population and individual level [40] and some salmon do not
migrate at all [41,42], we must consider the hypothesis that this activity is not necessarily a behavioral
priority for salmon. However, to our knowledge, no one has investigated whether farmed salmon show
a strong preference to migrate when given the choice. More importantly, no one has assessed the impact
of being unable to migrate on salmon welfare. Salmon producers have not genetically selected salmon
from non-migrating populations, so the possibility that the welfare of farmed salmon is negatively
impacted by this behavioral restriction is viable. To further complicate husbandry decisions, we do not
know what salmon need, much less what they want, in their ocean environment. Eel aquaculture is
another example where migratory fishes are farmed without understanding what these animals need
in order to experience good welfare. These aquaculture practices are depending on wild populations
of glass eels (Anguilla spp.) that are caught while migrating upstream and kept in captivity. These are
just two instances of how aquaculture has prematurely created husbandry systems—before securing
the knowledge necessary to ensure good welfare.

2.2. Fish Hodgepodge: A Great Phylogenetic Variability

A second fundamental hurdle is that, from a phylogenetic viewpoint, fish species compose an
immense group, characterized by great variability across the species under the umbrella concept of
“fish” [43]. For instance, Actinopterygii, commonly known as ray-finned fishes, constitute half of all
living vertebrate species [44]. Most ray-finned fishes are teleosts, and teleost species are dominant in
marine and freshwater vertebrate faunas [45].

This vast phylogenetic variability has major implications for the study of welfare in fish species.
Beyond sharing some very basic needs, such as food and dissolved oxygen, fishes belonging to
different species have very specific needs that must be fulfilled in order to experience good welfare.
As obvious as it seems, continued emphasis on this point is very important. Animal welfare scientists
do not make imprecise generalizations regarding the welfare of various farmed terrestrial vertebrate
species; they conduct specific research on swine, cattle raised for meat, cattle used for dairy, chickens
raised for meat, and chickens farmed for eggs. For similar reasons, scientists must keep conducting
species-specific research aimed at unveiling the needs and preferences of individual fish species [46].
After all, “what you call a fish may be as different as a mouse and a moose” [47].

In addition, it is crucial to address the specific needs related to each developmental stage these
aquatic animals go through during their life cycles. Diadromous fishes, for instance, undergo very
distinct life stages that typically take place in extremely diverse ecosystems. This is best exemplified
by species with complex life cycles, such as the steelhead trout (Oncorhynchus mykiss), who in the
wild typically migrate between freshwater and saltwater environments several times throughout their
lives [48]. Thus, farming a species such as steelhead trout is particularly problematic. We must ask
why these animals migrate between these very different environments. Is this a behavior inherent
to good welfare, or do steelhead trout simply seek resources in different environments that could
be provided in one? We do not know the answers to such questions. Accordingly, as with farmed



Animals 2020, 10, 1585 40f 11

terrestrial vertebrates, research on fish welfare must be specific not just to each species but to every life
stage under farming conditions.

2.3. Fish Domestication?

Compared with domestication of terrestrial animal species, domestication of fish species is still in
its early stages [49,50]. Indeed, although aquaculture is an ancient practice, domestication of most
farmed fish species started only in the last century [51,52]. This has important consequences for
the study of these animals” welfare. Both our folk and scientific knowledge of most fish species are
still poor, especially when compared with our knowledge of domestic terrestrial species. Moreover,
knowledge acquired through observation and study of wild populations does not necessarily reveal
the specific welfare needs of the same fish species as exploited in aquaculture, for farmed fishes
have withstood strong artificial selection processes focused primarily on production-related traits [49].
In addition, key personality-related attributes that have proven essential for enhancing the welfare
of terrestrial vertebrates under captivity, such as temperament, are not still a priority in farmed fish
selective breeding [40].

2.4. Fish Cognition and the Sentience Controversy

Only recently have scientists started to delve deeper into the cognitive capabilities of fish species.
The focus had been on fish cognition in general, which was similar to investigating mammalian cognition
on the assumption that moose and mice see the world similarly. Species-specific efforts are not only
essential to better understanding these animals” worlds, needs, and preferences but to gathering key
evidence to support a scientific answer to a fundamental question: Are fish sentient [53]? Despite the
elaborated arguments against this notion [54,55], the great variability across fish species and our dearth
of knowledge about most of them, current behavioral and neurophysiological evidence support the
hypothesis that teleosts—and perhaps all fish species—process information at the conscious level and
are capable of suffering from psychological stressors in addition to physiological stressors [56—60].
In light of this body of evidence, we should err on the side of caution and, as with other vertebrates,
such as nonverbal mammals and birds, treat fishes as sentient animals whose specific welfare needs
must be addressed.

3. Same Mistake Twice? Learning from Farmed Terrestrial Vertebrates

Even under the best available aquaculture practices, for the sake of financial profit, we risk
repeating the mistakes that created serious welfare problems for farmed terrestrial vertebrates [54,61].
To shed light on this issue, let us reexamine research in laying hen welfare.

We now know that laying hens are strongly motivated to forage, a need they must fulfill to
experience good welfare. Animal welfare scientists reached this conclusion by observing the behavioral
patterns typical of this species and then asking themselves the right questions. They arrived at these
determinations: (1) the provision of ad libitum feed does not eliminate hens’ natural need to forage,
and (2) even in the presence of free food, hens choose to work in order to display foraging behavior,
a concept termed “contra-freeloading” [62,63]. Through similar studies, inspired by behavioral
observation (e.g., activity budgets) and cognitive findings [64], we have also learned that chickens are
strongly motivated to perform many other patterns of behavior related to accessing larger areas and
exploring [65], roosting [66,67], wing stretching [68], nesting [69-72], and dustbathing [73,74].

These studies have enabled us to better understand which environments provide these animals
with resources and conditions they prefer and with opportunities to express patterns of behavior they
are motivated to perform. Additionally, we have investigated the effects of each type of husbandry
system (i.e., battery cages, enriched cages, cage-free facilities, and free-range facilities) on the animals’
physical health, taking into account the preferences that these animals have expressed. Importantly,
these efforts have led to some significant regulatory changes, such as the Council Directive 1999/74/EC
that effectively banned conventional battery cages in egg production systems in the European Union [75].
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Only through this varied and extensive research can we now start making strong inferences on how
to best provide these animals with conditions in which positive experience strongly outweighs
negative—that is, with good lives.

In light of this, scientists working on farmed fish welfare must avoid the serious mistakes made
in connection with farmed terrestrial vertebrates. Indeed, this challenge is paramount. For instance,
only after most of the egg industry moved hens into battery cages and most of the dairy industry
moved cattle into zero-grazing systems did animal welfare scientists learn of the health and welfare
risks associated with these behaviorally restrictive systems [76-78]. The pork industry increased
productivity by moving gestating sows into crates without considering the risks to health and
welfare [79]. Animal agriculture as a whole has made the mistake of using breeds genetically selected
for increased productivity but not welfare [80-84].

The aquaculture industry has the advantage of a more complex understanding of animal welfare
science to inform its growth. There is a great variability among aquaculture systems, some of which
could potentially provide farmed fishes with good lives. However, in order to maximize profit,
and potentially at the expense of positive welfare, current aquaculture practices are leaning towards
intensification. With that trend, producers may be disposed to errors analogous to those of terrestrial
animal agriculture, such as (1) preventing or disrupting expression of behavioral patterns key to
enhancing these animals” welfare [85], (2) not providing resources these animals show motivation for,
let alone providing opportunities for choice and control in their environments [86,87], and (3) using
breeds genetically selected to enhance productivity but prone to health and welfare problems [88].

4. Positive Fish Welfare: Unveiling What Fishes Need and Like

For more than a decade, there has been a gradual shift from classic paradigms focused mostly on
improving farmed animal welfare by minimizing negative states—best exemplified by the influential
Five Freedoms [89]—towards what is coined “positive animal welfare” [10,90,91]. This latter concept
aims to maximize the positive aspects of welfare; thus, it is a more ambitious and challenging approach
to investigating farmed animal welfare. Despite the noted challenge of making valid inferences
regarding these animals’ various affective states and the relative novelty of the concept, the positive
welfare framework has now been applied to farmed terrestrial vertebrates, such as chickens [7]
and pigs [92]. However, we still lack comparatively robust, species-specific scientific knowledge
about positive welfare in farmed fish. The scientific tools currently used to assess farmed fish
welfare are still mostly focused on evaluating these animals’ physical health, which is inadequate for
gathering the knowledge required to go beyond health and provide farmed fishes with positive welfare.
Nevertheless, the investigation of welfare in fish species has seen clear advances. Several important
publications covering these broader conceptions of welfare have emerged in recent years [93-96],
including exciting empirical work on positive experiences in gilthead sea bream (Sparus aurata) [97]
and novel behavioral indicators of welfare and positive emotion in zebrafish (Danio rerio) [98,99].
However, with rare exception [100], only very recently have animal welfare scientists started to pay
attention to the challenge of investigating species-specific positive welfare in farmed fish species [9,101].
The publications examine the current evidence and provide areas for future research on this topic.
The challenge remains monumental, and until we collect the necessary evidence, we must seriously
consider the possibility that we cannot provide fish species with good lives under financially viable
farming conditions.

5. The Ultimate Frontier: Welfare as an Individual Attribute

Another crucial challenge is that welfare is an individual attribute, an idea more easily applied to
animals in zoos [102,103]. While investigating welfare at the individual level is easy when dealing
with, for instance, three grizzly bears, it is much harder—if not impossible—to consider individual
welfare under, among other farming conditions, high stocking densities. Farmed animals are often
forced to live in environments very different from those in which their species evolved. Aquaculture is
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no exception, and our goal is to understand which environmental conditions, stocking densities, and
management practices can provide every individual with a good life.

To achieve positive welfare for every farmed animal, we should look to the welfare literature
on animals in zoos, which focuses more heavily on behavior and physiological markers of stress
as indicators of affect and, hence, welfare [104]. Despite the impossibility of investigating the
welfare of each of tens of thousands of salmon in an open net pen, scientists have begun to devise
sampling strategies that allow for welfare assessment that goes beyond health and focuses on the
individual [105-107]. This research should be expanded and replicated in other farmed fish species,
focusing primarily on which behavioral patterns are red flags for poor welfare (e.g., stereotypies) [108]
and how these behaviors relate to physiological markers of stress [109,110]. We can continue to improve
video behavioral monitoring tools [111,112] and combine behavioral data with glucocorticoid levels
taken from water samples. As the knowledge on positive fish welfare increases, protocols such as
Welfare Quality®—which include key behavioral assessment tools or can be used in tandem with
qualitative behavior assessment, and have been developed to assess individual welfare in farmed
terrestrial animals—should be adapted to measure a sample of farmed fish at the animal level [113].
The aim is to assess the range of welfare states on any one farm and determine how husbandry practices
influence that range, and to do this for each species being farmed.

6. Conclusions and Next Steps

The aquaculture industry is still in its infancy despite its rapid growth, and considering the
hundreds of fish species now being farmed in multiple husbandry systems, the research on farmed fish
welfare is still scant. We are at a pivotal point in the growth of this industry; we can look to the welfare
literature on both farmed terrestrial animals and animals in zoos not only to avoid repeating mistakes
but also to inform progress as the industry grows. Rather than work to enhance only productivity
and health, fish welfare scientists can play a key role in working towards positive welfare for every
farmed fish.
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