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ABSTRACT 
Animal welfare is an important concern in modern society. The most common ethical underpin-
ning of animal welfare is the concept of sentience. However, there is no agreement yet on the 
definition of sentience and on which features are essential for a species to be classified as sentient. 
Unsurprisingly, hot debates flare up periodically about whether a certain species could be con-
sidered as sentient and thus on whether its welfare should be granted. In the present paper, we 
outline the repetitive tendency of such debates, using fish and arthropods as an example. Up to 
now, these debates tend to end with the vast majority of researchers either recognising sentience 
in the target species or advising the use of the precautionary principle and thus tentatively act as 
if the species is sentient in order to take decisions regarding its welfare status. The debate then 
usually moves to a species progressively less similar to humans and the cycle of the ‘sliding scale’ 
begins anew. In view of this tendency, we discuss whether it would be advisable to reject the idea 
of a sliding scale when welfare relevant decisions are at stake.  
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INTRODUCTION 

Animal welfare is at the centre of growing concern in society today and has re-

ceived much scientific and ethical interest in the last decades, generating an inter-
disciplinary approach to it 1. Although there is disagreement on whether access to 

 
1  See Håstein, Scarfe and Lund, 2005; Fraser, 2008. 
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welfare should be linked to consciousness or just sentience2, the most common 
ethical underpinning of animal welfare is based on the concept of sentience. If there 

are scientific evidences supporting that an animal is sentient, it deserves ethical con-

sideration3 and its welfare can be impaired.  

Of course, this link between ethics and animal welfare depends on how sentience 

is conceived. Different definitions of sentience imply different moral considerations 

for different animals. The absence of a universally agreed upon definition of sen-
tience and of consciousness and of the differences between the two, does not help 

in this matter4. In this paper, we will refer mainly to sentience, deeming it outside 

the scope of the argumentation to discuss in depth the relationship between it and 

higher ‘degrees’ of consciousness5.  

Unsurprisingly, hot debates flare up periodically about whether a certain species 

could be considered as sentient and thus on whether we have any obligations to 

grant it a life worth living. In a recursive trend, reminiscent of one of the social 
behaviour themes Rosnow identifies in Gianbattista Vico’s writings6, most of the 

sentience debates tend to develop through a similar pattern. They tend to go from 

unawareness regarding the issue, trough hot scientific and ethics debates, to a final 

stage in which there is a near consensus on the matter, and up to now usually sen-

tience has been recognised. Of course, even in this final stage, some authors irre-

ducibly disagreeing could still be found, and the implementation of equal welfare 

consideration in practice can still need time even if sentience has been agreed upon. 
The debate then tends to move on to concern a non-human animal type progres-

sively less similar to human being, regarding which the cycle begins anew.  

In more or less recent times, such a debate has concerned even mammals and 

human infants, also deemed until recently to have only reflective responses due to 

nociception7. However, the repetitive pattern of sentience debates is becoming 

more and more evident in recent times when debates are not so far apart in time. 
A good example is the recent controversy concerning arthropods (e.g., insects, crus-

taceans, arachnids)8, which closely resembles the not so temporally distant one con-

cerning fish9 and is undermined by the same controversies10. 

 
2  See Dawkins, 2017. 
3  As defined in Bovenkerk and Meijboom, 2012. 
4  See, for example, Yue Cottee, 2012. 
5 At least since the Cambridge Declaration (see Panksepp et al., 2012) it seems there is a general 

agreement about the idea that feelings that are involved in the perception of pain, suffering and pleas-

ure need not necessarily be referred to as the presence of a higher/access consciousness, which is able 

to elaborate a notion of self. Notwithstanding, the controversy still remain. See below for some hints.  
6 See Rosnow, 1978. 
7 See Bellieni, 2012. 
8  See, for example, Broom, 2013; Carruthers, 2007; Horvath et al., 2013; Mason 2011; Perry and 

Baciadonna, 2017. 
9 See, for example Sneddon et al., 2018. 
10 See, for example, Porcher, 2018. 
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1. SENTIENCE AND ANIMAL WELFARE: THE CASE OF FISH AND AR-

THROPODS 

Researchers in animal welfare science have made it progressively evident that 
animal welfare strongly depends on how an animal feels and responds to its living 

conditions11: sentience appears to be the step from which to start studying animal 

welfare. For the animals traditionally admitted in the realm of sentience, animal 

welfare has been investigated ad a state of the individual animal12, and to determine 

it, it has been investigated not only its functional and physiological responses, but 

also its ethological and cognitive responses. In this sense, the observation of the 
animal’s subjective needs has turned out to be not only a professional demand, but 

also a moral one, giving the animal an inherent value and telling us how it perceives 

its living conditions from its perspective13. As an expression of good science and 

social responsibility, in 2009 the Farm Animal Welfare Council (FAWC), the most 

important international organization for an independent research on animal wel-

fare, proposed to define animal welfare as a ‘life worth living’ for the animals14. 

Echoing ethical reflections on animals’ dignity and inherent value15, this definition 
shifts the focus of scientific research from measuring external parameters and the 

environment in which animals live to the animals themselves, using animals’ indica-

tors to evaluate their living conditions16. Animals have become subjects of their life, 

as Tom Regan has already stated in animal ethics in the Eighties17, and animal wel-

fare science and research need to focus directly on individual animals in order to 

evaluate their responses in terms of welfare. To be the subject of its own life for an 

animal it means that its life may be better or worse to it, regardless of the objective 
and external measurements and judgements we can formulate.  

What to do, then, regarding animals about whom there is no consensus on their 

status as sentient beings? In past times, this question has justified the a priori exclu-

sion of some categories of animals, for example fish, from being granted the same 

animal welfare status of other species. The debate on whether it was ethically and 

scientifically legitimate to include fish in the realm of sentience flared in the first 

decade of the 21st century. At present, most scientists/academics either acknowledge 
fish sentience or state that there is enough evidence to say that some fish may be 

 
11 See, for instance, Duncan, 1993, 2016; for a general overview on animal welfare research see 

Fraser, 2008, 2009. 
12 See Broom, 1991. 
13 See Stamp Dawkins, 1980; 1990. 
14  See FAWC, 2009. 
15 See, for instance, Van de Veer, 1983; Regan, 1983. 
16  On the development of animal indicators as a tool to assess animal welfare, e.g., Whay et al., 

2003. 
17  See Regan, 1983. 
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sentient and thus justify the use of the precautionary principle18. Also the majority 
of the general public now tends to deem fish as sentient beings19, and hot debates, 

such as that sparked by Key’s denial of fish ability to feel pain, still flare up20.  

The main objection to fish sentience has always been that fish lack the neocortex, 

a six layered type of cortex present only in mammals, which is involved in human 

capacity for conscious awareness21. A similar, stronger, objections stands for arthro-

pods, which have a simpler nervous system, consisting of less neurons, located in 
several distributed ganglia, which is deemed likely to limit advanced information 

processing22. However, there is no known minimum brain size requirement for the 

emotional experience of pain23, and convergent evolution (i.e., the fact that in dif-

ferent species different structures evolve for the same function) is well accepted24. 

Moreover, both fish and arthropods present nervous system differentiation25. 

Analogies between fish/arthropods and mammals can be found also at other lev-

els. A neuro-endocrine stress response analogous to that in mammals, resulting in 
the liberation of adrenaline and noradrenaline and of cortisol, is found in teleost 

fish26 and it is influenced by stressor predictability as is in other animals27. A stress 

hormone, called the Crustacean Hyperglycaemic Hormone (CHH), converting gly-

cogen into glucose and causing increased lactate concentration, as corticosteroids 

do in vertebrates, has been found in decapods28. A rapid rise in glucose and lactate 

in response to tissue damage, analogous to the vertebrate stress response was found 

in the edible crab (Cancer pagurus)29.  
 

 
18 See, for instance, EFSA, 2009; Braithwaite et al., 2013; Bshary & Brow, 2014; Bshari, Gingins 

& Vail, 2014; Smith, 2014; Brown, 2015; Feinberg & Mallat, 2016; Seber, 2016; Lucon-Xiccato & 

Bisazza, 2017; Vila Pouca & Brown, 2017; Woodruff, 2017; Demin et al., 2018; Graham, von Key-

serlingk & Franks, 2018a,b; Knutsson and Munthe, 2018; Sneddon et al 2018; Colson et al., 2019. 
19 See, for instance, Santiago Rucinque, Oliveira Souza &.Maiolino Molento, 2017. However, 

disagreement remains (e.g., Rose et al., 2014; Key, 2015, 2016; Rose, 2016). 
20  See Key 2016. 
21  See Rose, 2002. 
22  See Bullock et al., 1977. 
23  See Adamo, 2016a. 
24 See Yue Cottee, 2012; Edelman, 2016; Jones, 2016. 
25  For fish, regarding lateralization, dopaminergic connections and pallium specialized areas: 

Bisazza, Pignatti & Vallortigara, 1997; Portavella, Vargas, Torres & Salas, 2002; Broglio et al., 2005, 

Portavella and Vargas, 2005; Vargas, Bingman, Portavella, López, 2006; De Santi, Sovrano, Bisazza 

& Vallortigara, 2001; Karenina, Giljov & Malashichev, 2013, O’Connell, Fontenot, & Hofmann, 

2011. For arthropods, regarding the specialized high-order associative functions of the mushroom 

bodies in the supraesophageal ganglia: Strausfeld, 2002; Avarguès-Weber and Giurfa, 2013; Giurfa, 

2013. 
26  See Sumpter, 1997; Brydges, Boulcott, Ellis, Braithwaite, 2009. 
27  See Galhardo, Vital, Oliveira, 2011a. 
28  See Lüschen et al., 1993. 
29  See Elwood, 2012. 
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Nociception and Pain in fish and arthropods 

What seems immediately obvious is that, if we are scientifically justified in apply-

ing the notion of sentience and, consequently, of welfare also to fishes, our moral 

obligation to the protection and promotion of their welfare applies first and fore-

most to the thorny question regarding their ability to experience pain and suffering. 
As famously stated by Jeremy Bentham, “the matter is not ‘Can they reason? Can 

they talk?’ rather ‘Can they suffer?”30.  

The third of the well-known Five freedoms, which constituted a landmark in the 

animal welfare scientific literature until recently31, explicitly underlined that to pro-

mote the welfare of animals the ‘freedom from pain and suffering’ is crucial, as is 

the ‘freedom to express normal behaviour and to have pleasurable experiences’. In 

general, pain, though very well investigated, is still a very difficult topic to be under-
stood, both from the phylogenetic point of view and in accordance to its ‘evolution-

ary’ aims. Is an objective evaluation of it even possible? Though it may seem easy 

to interpret it according to the survival of the individual being, the impact of its 

chronic symptoms are not easy to interpret, and so are the ways of occurrence in 

the different animal species. Furthermore, pain may be of different kinds: it may be 

acute or chronic, mild or severe, but most of all it is a subjective experience, which 
can be shown on both sensorial and emotional grounds, and consequently needs to 

be investigated not only from a neurophysiological standpoint, but also a behav-

ioural one.  

Thus, if today, in the light of the development of research, we might refer to pain 

as an unpleasant experience, not only sensorial but also emotional, we must look at 

the issue of suffering in order to complete its meaning and its importance32. With 

reference to the emotional sphere, what pain as a subjective experience can cause, 
is in primis a suffering condition (which, however, can emerge independently of 

pain), as well as a psychological disease condition, whose chronicity may change 

according to the variation in both internal and external conditions. 

From an ethical point of view, the scenario gets even more complicated: if welfare 

mainly concerns the way an animal feels, the state of suffering and feeling pain (but 

also pleasure) determines, on the emotional ground, a qualitatively relevant change 

in its life condition, i.e. in the subjective quality of individual existence. Therefore, 
if we recognize that an animal with an even slight perception of pain and pleasure is 

the subject of its own life, its subjectivity acquires a crucial importance in demanding 

it to be considered. The main interest of animals capable of feeling pleasure and 

 
30  Bentham, 1907, p. 312. 
31 The Five Freedoms is the official definition of Animal Welfare that was offered in 1979 by 

FAWC, the Farm Animal Welfare Council, the same Institution that in 2009 has defined welfare as 

“a life worth living”. Cfr. Farm Animal Welfare Council, 1979. 
32 Pain is currently defined as an unpleasant sensory and emotional experience associated with 

actual or potential tissue damage. Cfr. IASP 1979. 
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pain, seems to be that of not feeling pain and suffering, and to experience pleasure 
instead33.  

The argument here does not evidently require us to deal with issues that are 

harder to consider, such as those concerning their supposed – or not – belonging 

to the moral community, the recognition of rights for them, their having (or not 

having) consciousness, and so on. Rather, the appeal is directed to our obligation to 

respect and provide them for a life worth living. As stated in 2010 by C. Whates, 
President of the FAWC, paraphrasing Bentham, “‘The question is not just, “Do 
they suffer?” nor, “Are their needs met?” but rather, “Do they have a life worth 
living?” ’ ”34. It becomes crucial, therefore, from both a scientific and ethical point 

of view, to understand their perspective and to acquire an access, even indirectly, to 

their subjective experiences. 

The presence of functional nociception mechanisms and pathways and of the 

related behavioural responses is generally recognised to both fish and arthropods35. 
More debated is whether fish and arthropods feel pain, especially the emotional 

component of it. Already in 2003, Sneddon, Braithwaite and Gentle, however, sup-

ported the hypothesis that fish could also have pain perception, as a negative mental 

state36. They found irritants injected trout showed reduced neophobia when ex-

posed to a novel object compared to controls injected with saline, whereas a third 

group of trout, also acetic acid-injected, but then also administered morphine, acted 

more similar to controls. The authors interpreted their findings as suggesting that 
fish had pain perception because higher order behaviour patterns, such as attention, 

were changed by the administration of the noxious stimulus37. Other studies sup-

porting the ability of teleost fish to feel pain were performed in the following years, 

mostly using the fear induced avoidance learning paradigm38. This paradigm con-

sists in training fish to form classical associations between neutral stimuli and nega-

tive (unconditioned) experiences (usually either being electric-shocked or being net-
ted) and then measure their avoidance of the conditioned stimulus in absence of 

the negative one to which it had been associated. Fish also showed modulation of 

their avoidance response to have access to a resource39. Such modulation was influ-

enced by a cost/benefit ratio40, using food as the resource and varying both food 

 
33  See Boissy et al., 2007. 
34  Whates, 2010, p. 469. 
35  See for fish: Dunlop and Lamig, 2005; Taylor et al 2017; Nordgreen et al., 2007; Sneddon, 

Braithwaite and Gentle, 2003a; Braithwaite, 2010; Sneddon, 2002; Roques et al. 2012; for arthropods: 

Johnson & Carder, 2012 Lozada et al. 1988; Walters, 2018. 
36  See Sneddon, Braithwaite and Gentle, 2003b. 
37  See Braithwaite, 2010, p 51. 
38  See Yue et al., 2004; Dunlop, Millsopp, and Laming, 2006; Milsopp and Laming, 2008; Millot 

et al., 2014. 
39 See Dunlop, Millsopp, and Laming, 2006. 
40 See Millsopp and Lamig, 2008. 
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deprivation levels and shock intensities, supporting the idea that shock avoidance 
in fish is not purely a reflex action, but an elastic response subjected to trade-off 

phenomenon41. In 2012, Martins and co-authors, revising the cited evidence, could 

state that it suggested that fish respond to stimuli in manners that indicate that they 

are likely to find and perceive them as unpleasant, thus showing the capacity of 

experiencing negative affective statuses, such as pain and fear.  

Evidence of nociceptive sensitization and pain-like states in arthropods have 
been also accumulating42. Already in 1988, Denti and co-authors trained crabs 

(Chasmagnathus granulatus) with a paradigm similar to that used to induce inhibi-

tory avoidance in vertebrates, finding that crabs learned to avoid entering a light 

compartment in which they had previously been shocked, and retained learning for 

at least for 3 hours43. Perrot-Minnot and colleagues induced an anxiety-like state 

(expressed through increased sheltering behaviour in the absence of predation risk) 

in Gammarus fossarum using electric shocks44. Increasing the number of electric 
shocks increased also refuges’ use and delayed behavioural recovery. The effect was 

mitigated by pre-treatment with a metabotropic glutamate receptor group II/III ag-

onist. Elwood and Appel found that the response of hermit crabs (Pagurus bern-
hardus) to a noxious stimulation was not solely reflexive in nature (i.e., due to noci-

ception) 45. The crabs’ responses were traded off against other motivational require-

ments (retaining a preferred shell), and the experience resulted in future avoidance 

of the situation, suggesting the experience was remembered and had a negative con-
notation attached to it.  

2.  THE DEFINITION OF SENTIENCE AND THE CASE OF FISH AND 

ARTHROPODS 

Even in the light of such evidence, for a long time, a scientific ideology 46 has 
characterized the way in which science evaluated subjective experiences in animals, 

denying evidence of pain, suffering and pleasure, and of any form of consciousness, 

or at least stating that mental states could not be scientifically investigated in ani-

mals47. In 2012, a group of neuroscientists signed the well known Cambridge Dec-
laration on Consciousness, unmistakably declaring that “convergent evidence indi-

 
41 See Dunlop et al., 2006. 
42 See Walters, 2018. 
43 See Denti, Dimant and Maldonado, 1988. 
44  See Perrot-Minnot, Banchetry and Cézilly, 2017. 
45  See Elwood, Appel, 2009. 
46 See Rollin, 1989. 
47  See Dawkins, 2015. 
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cates that non-human animals have the neuroanatomical, neurochemical, and neu-
rophysiological substrates of conscious states along with the capacity to exhibit in-

tentional behaviors”48.  

Researchers, like Ian Duncan or Marian Stamp Dawkins among others, starting 

at least from the Eighties, devoted their studies to developing ways to access animals’ 

subjective states. They developed tools for ‘asking questions to animals’ interpreting 

behavioural responses to painful and pleasurable experiences from the animals’ 
point of view. These tools included preference tests or consumer demand studies, 

thus progressively providing indirect access to their inner states49. Recent qualitative 

behavioural assessments have enhanced these researches by attempting to consider 

the animal as a whole and not only for isolated behavioural responses50.  

All these researches highlight the importance of considering animals in accord-

ance to the Cambridge Declaration: the idea of an automata animal, as it was at-

tributed to René Descartes (emblem of the scientific revolution of the Seventeenth 
century) more and more has set the pace towards the Darwinian revolution. How-

ever, to decide what animals are sentient seems to depend on the definition of sen-

tience that is adopted: to what extent is it necessary to refer to awareness or con-

sciousness to understand sentience, in order to explain pain, suffering and pleasure 

in animals? 

It seems clear that, in the presence of a central nervous system, as well as of the 

development of the thalamo-cortical system of a certain kind, and of ways of trans-
mitting feelings and emotions similar to ours, we are in some way forced to recog-

nize similarities in the ways in which pain, suffering and pleasure are perceived. As 

Voltaire vigorously stated during the Eighteenth century, addressing the mechanist, 

“you discover in it the same organs of feeling that are in you. Answer me, oh mech-

anist, has hence nature arranged all the feeling springs inside it for it not to feel?”51. 

But what about animals that are not equipped in the same way? 
It is undeniable that the debate around the issue of an animal’s capacity of per-

ceiving pain, suffering and pleasure has frequently been affected by the resorting to 

an ambiguous theory of consciousness. The difficulties concerning the definition of 

animal consciousness have given rise to a literature which is often characterized by 

prejudices. Starting at least with J. Griffin in the Seventies52, the development of 

studies concerning animal cognition helped clarify such a complex issue, but the 

problem of having a ‘practical’ definition of sentience and consciousness, able of 
dealing with specific issues of welfare remained unsolved.  

 
48  See Panksepp et al., 2012. 
49  See Duncan and Dawkins, 1983. 
50  See Wemesfelder, 2001. 
51 Voltaire, 1968, p. 108. 
52 See Griffin, 1976. 
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Different ways to approach the problem have been developed53. One way has 
been to accept the idea that consciousness is, basically, ‘a living aid’, an extremely 

important ‘adaptation phylogenetically acquired in the course of evolution’54. Doing 

so, it is not hard to share the assumption that the degrees of consciousness we can 

attribute to animals differ from species to species, and that the feelings that are in-

volved in the perception of pain, suffering and pleasure need not necessarily be 

referred to as the presence of a higher consciousness which is able to elaborate a 
notion of self 55. By consciousness it is sufficient to denote the subjective and interior 

states of an individual in regards to feelings, emotions and attitudes, thus referring 

to various degrees of mental complexity to which various ways of pain, suffering and 

pleasure perceptions correspond.  

Another approach has been that of focusing on sentience alone as something 

specific and different from consciousness, and linking welfare to it as its essential 

component56. Dawkins takes it further by arguing that we should leave the problem 
aside and focus on a consciousness-free definition of animal welfare instead: “Ani-

mal welfare can be defined objectively in terms of animal health and what animals 

want”. Such a definition, from her point of view, is “practical enough to point out 

what factual scientific information is needed in any given case”57.  

The debate is far from resolved58, but regardless of that, what is important is to 

recognize a special dignity – and, as a consequence, admit a moral obligation – to 

the living entities being capable (independently of the degree of such a capacity) of 
perceiving pain and pleasure, and of having memory of pleasurable or painful ex-

periences. Which features are essential for a species to be classified as capable of 

perceiving pain and pleasure, and eventually of having memory of pleasurable or 

painful experiences? If sentience is deemed to correspond to phenomenal con-

sciousness (i.e., awareness of feelings)59, there could be some disagreement on, for 

example, whether the ability of forming mental representation and of thinking about 
one own actions are relevant features for it. Braithwaite in her milestone book about 

fish pain, listed three feature as the most cited for being essential for sentience60: the 

ability to experience mental states (i.e., sensations and emotions), the ability to form 

mental representations, and the ability of thinking about one own actions. Interest-

ingly enough, although some pioneer advocated insect sentience already in 198761, 

 
53 As already stated, for the purpose and extent of this paper, this question will only be touched 

on and not discussed in depth. 
54 See Morton 2000. 
55 See Panksepp 2005. 
56 See Duncan 2016. 
57 Dawkins, 2016, p. 1. 
58 See, for example, Broom, 2014; Birch, 2017. 
59 See Dawkins, 2015. 
60 See Braithwaite, 2010. 
61  See Lokwood, 1987. 
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investigation of all these features in fish and arthropods peaked from the last years 
of the 20th century. 

 

2.1 Mental states (i.e., sensations and emotions) in fish and arthropods 

It has been noted that emotions are likely to have evolved in fish for the same 
function as in other vertebrates62, and behavioural variables routinely employed to 

investigate subjective mental states in other vertebrates have been successfully 

demonstrated in fish63. The results of the already mentioned studies using fear in-

duced avoidance learning or showing the fish ability to use ‘trade-offs’64 together to 

the existence of limbic structure analogues in the fish brain together with dopamin-

ergic connections65 further bear on this topic. Fish have also been shown to have 

preferences66, motivational states67, appraise relevant aspects of the environment68, 
and show play behavior69 and social modulation of welfare challenges’ conse-

quences70. Interestingly, Yue, Duncan and Moccia successfully supported the pres-

ence of the negative emotion “fear” in the rainbow trout using the conditioned-sup-

pression paradigm, an approach commonly used to assess levels of anxiety or fear 

in other vertebrates71. This procedural paradigm consists of the suppression, by 

means of a fear-evoking, conditioned stimulus, of a stable and repetitive operant 
behaviour that is maintained by positive reinforcement. Emotion-like states have 

been studied also in bees and other insects. Perry and colleagues72 found out that 

pre-test sucrose affected a dopamine-modulated response of bumblebees to an am-

biguous cue to reward as well as a response to a simulated attack73. Authors reliably 

controlled for confounding so that the finding are suggestive of sucrose inducing a 

positive mental state in the bees, which altered subsequent responses. Gibson and 

colleagues74 found that flies’ (Drosophila) defensive responses to moving overhead 
translational stimuli (i.e., ‘‘shadows’’) were not purely reflexive, but had characteris-

tics which suggested they expressed underlying emotion states (scalable responses, 

persistency, delay in resuming previous activities proportional to number of negative 

 
62  See Kittilsen, 2013. 
63  See Yue Cottee, 2012. 
64  See Yue, Moccia and Duncan, 2006; Milsopp and Laming, 2008. 
65  See O’Connell, Fontenot, Hofmann, 2011. 
66  See, for instance, Kistler et al., 2012; Sullivan, Lawrence and Blache, 2016) 
67  See Galhardo et al., 2011b. 
68  See Galhardo et al., 2011a. 
69  See Burghardt, 2013. 
70  See White et al 2017. 
71  See Duncan and Moccia, 2008. 
72  See Perry et al., 2016. 
73  See Plowright, 2017. 
74  See Gibson et al., 2015) 
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stimuli), suggesting a graded decaying internal defensive state, possibly analogous to 
fear in mammals. 

 

2.2  Mental representations  

Already in 1990, fish had been found to have the ability to differentiate between 
a cooperative and a non-cooperative partner fish, adjusting their behaviour accord-

ingly75. In 1999, Mizukami and co-authors76, designed a study to investigate whether 

goldfish could make abstract mental representation, pairing a food reward to a situ-

ation in which no food was visible and vice versa. The author reasoned that in this 

paradoxical setting, the fish needed to make the conceptualisation food=no food 

and vice versa in order to solve the task successfully. The fish succeeded in solving 

the task, choosing the compartment in which there was no visible food over the one 
in which they could see it. In the same year, Topál and Csányi used a conditioned 

fear paradigm and showed interactive learning in paradise fish, which appeared able 

to associate two temporally distinct, uncorrelated events (shock and view of an un-

familiar potentially predator fish) to construct a mental representation of a ‘poten-

tially dangerous predator’ and acted accordingly77. Grosenick Clement and Fer-

nald78 showed that fish (Astatotilapia burtoni) had the ability of for transitive infer-
ence in social contexts, making inferences about the relative rank of two other fish 

that had never been paired before, based on the fact that one of them had won and 

the other had lost when paired with the same other fish. The authors’ interpretation 

of the findings was that the fish had formed an abstract representation of the hier-

archy among the other individuals. Fish have also shown to have the ability for quan-

tity discrimination79. However, the most frequently cited examples of mental repre-

sentations in animals are spatial maps80. Fish have been shown to be able of spatial 
orientation and to use it to approach places where appetitive stimuli have been 

found and avoid those where aversive stimuli have occurred81. As far as arthropods 

are concerned, bees have well known spatial orientation abilities82 and studies on 

social transmission of spatial orientation in bees were at the basis of Karl von 

Frisch’s Nobel Prize already in 1973. Using an elegant experiment, in which a group 

of displaced bees were anesthetised for several hours in order to induce a shift in 

the sun compass, Chesemann and colleagues83 gave further support to the already 

 
75  See Milinski, Kullin and Kettler, 1990. 
76 See Mizukami et al., 1999. 
77 See Topál and Csányi, 1999. 
78 See Grosenick Clement and Fernald, 2007. 
79 See Stancher et al., 2013; DeLong et al., 2017. 
80 See Braithwaite, 2010. 
81 See Broglio, Rodriguez and Salas, 2003; Lee et al., 2012. 
82 See Menzel et al., 2006. 
83 See Chesemann et al., 2014 
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extensive evidence for the use of a metric cognitive map in bees, ruling out the sun-
referenced home-vector alternative hypothesis. From the point of view of the pre-

sent paper, about the tendency of some sort of debate to repeat itself with different 

animal species, it is interesting to note that the authors write that “half a century ago, 

the claim that any non-human animal had a cognitive map was deeply controversial 

[…] Now that it is well established by behavioural and neurobiological evidence that 

rodents have a metric cognitive map, the question of whether insects do is a frontier 
question”84. Abstract representation in bees is not limited to maps85. Bees have been 

found to learn abstract concepts such as sameness/difference, above/below, 

right/left and combinations of above/below or right/left with sameness/difference86. 

Bees were also successful in discriminating both face-like and non-face-like stimuli 

and categorized appropriately novel stimuli into these two classes using configural 

information87.  
 

2.3 The ability of thinking about one own actions in fish and arthropods 

Bshary Horner, Ait-el-Djoudi and Frickle described non-random cooperative 
hunting (an ability deemed to have high cognitive requirements), including the use 

of signals, between grouper fish (Plectropomus pessuliferus) and a giant moray eel 

(Gymnothorax javanicus) to hunt prey which has found refuge in holes in the reef 

to which the grouper had no access to88. Their finding support the idea that fish 

were likely to be able to think abstractly about their actions89.  

One way to investigate the ability to think about one own actions is assessing 

metacognition. Metacognition can be defined as the knowledge of one’s internal 
representations (i.e., the knowing to know) and is investigated by paradigms, which 

evaluate whether animals perform introspective evaluation of their knowledge be-

fore engaging or not in a difficult task, behaviourally “asking” the animal to report 

on its own degree of confidence in its behaviour90. Already in 2013, Perry and Bar-

ron, in a carefully controlled study, found out that honeybees displayed metacogni-

tive-like processes, selectively avoiding (i.e., “opting-out”) difficult tasks (i.e., ones 
for which they lacked the information allowing them to successful solve a discrimi-

nation)91. They were also able to transfer the concept of opting out to a novel task.  

 
84  Ivi, p. 8949. 
85 As reviewed by Avarguès-Weber and Giurfa, 2013. 
86 See Giurfa et al. 2001; Muszynski and Couvillon, 2015. 
87 See Avarguès-Weber et al., 2010. 
88 See Bshary Horner, Ait-el-Djoudi and Frickle, 2006. 
89 See Braithwaite, 2010. 
90 See Giurfa, 2015. 
91 See Perry and Barron, 2013; Giurfa, 2015. 
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Notwithstanding, as the scientific evidence that fish express behaviour suggestive 
of their experiencing affective states using mental representations and possibly 

thinking about their actions was accumulating92, a new challenge arose. 

3.  THE ARTIFICIAL INTELLIGENCE (AI) CONTROVERSY AND THE 

LIMITS OF SENTIENCE AS A CRITERION FOR MORAL CONSIDER-

ATION 

Artificial Intelligence (AI) studies have developed rapidly in recent years. They 

showed that AI have modifiable pain systems, can show complex learning and mo-

tivational responses to nociception without having (as far as we know) the related 

subjective experience that are usually inferred from the former93. Some robots even 

have circuits mimicking emotions by altering their responsiveness to inputs and thus 

produce context dependent behaviour94. As a consequence, Adamo stated that 
presence of the aforementioned abilities in fish could not be used to infer sentience 

in these animals95. The debate is increasing. However, AI is programmed by peo-

ple, for example using a programming code telling the AI to express a series of 

responses leading to the termination of a certain situation the AI is programmed to 

detect. Even programs composed of artificial neural networks, which have been 

shown to be able to learn to play games by experience alone, without explicitly feed-
ing them a program code of the rules/strategies to follow, still depend on some initial 

programming to function. Inert matter does not become AI without human inter-

vention. So, the question become the following: if AI are programmed (more or 

less directly) to function in a way that causes them to show the behavioural correlates 

of mental states, how are fish programmed/induced to behave in a way suggestive 

of pain perception, fear and other mental states? In an evolutionary perspective, 

emotions/mental states are thought to have an adaptive function and to have evolved 
to aid in decision-making and thus motivating behaviour that is advantageous in 

terms of fitness96. In a sense, if we still want to use the analogy with AI, and simpli-

fying things for sake of clarity, emotions/mental states are exactly the programming 

sequence/code/language that give a (flexible) instruction to animals on how to be-

have in a certain situation. It is therefore not surprising that, together studies on 

patterns of neural activities using modern precision techniques97, the understanding 

 
92 See Chandroo, Duncan and Moccia, 2004. 
93 See Adamo, 2016a,b, 2018. 
94 See Adamo, 2016. 
95 See Adamo, 2018. 
96 See Kittilsen, 2013; Perrot-Minnot et al, 2017. 
97 See Adamo, 2018; Storm et al., 2017. 
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of the evolutionary role of mental states and emotions in various kinds of animals 
is advocated as the way to give a final answer to the question of sentience98. 

However, apart from the AI controversy, other, more or less obvious, factors 

should be considered. First, sentience, being an inner feature is an elusive entity, so 

it is unlikely (even impossible) that any scientific study can give absolute certainty or 

proof/evidence of its existence, even in other humans99. Considering the existence 

of such ultimate evidence as a requirement for granting some kind of animals wel-
fare-oriented protection is not even scientifically correct. It is straightforward that we 

should allow fish and arthropods, or even other kind of beings, to be considered 

sentient if they show the same behavioural and physiological correlates for sentience 

that had been accepted as supporting that other kind of animals (e.g., mammals) 

had it. Therefore, and as said by many100 if there is “sufficiently qualified uncer-

tainty”101 regarding a species’ sentience, or its ability to be affected by the quality of 

its life, it should be enough to consider that species as worth be granting moral status 
and welfare protection under a “precautionary principle”.  

Second, often sentience (in the form of its correlates) is denied to a species only 

because the issue has not been investigated properly. When appropriate carefully 

controlled experiments are performed, often animals, even the ones deemed to be 

“less cognitively developed”, show responses that support the hypothesis that they 

are likely to have the requirements that the scientific world has established to be 

indicative of sentience. In this regard, it is important that scientific evidence be ex-
amined to rule out methodological weaknesses102 or confounding variables103, for 

example regarding the possibility that a supposed pessimistic bias in bees was in-

deed only a mechanical effect on octopamine levels. The latter is usually done in 

reference to the Lloyd Morgan’s canon, saying that in no case may we interpret an 

action as the outcome of the exercise of a higher psychical faculty, if it can be inter-

preted as the outcome of the exercise of one which stands lower in the psychological 
scale104. In the context of the animal sentience debates, Lloyd’s canon is often in-

voked to deny animals “higher” mental abilities (i.e., those linked to sentience) when 

findings could be explained by “lower” ones. However, this often-misinterpreted 

canon105, does not say that one can rule out the existence of a “higher” mental fac-

ulty when findings can be explained as the outcome of a “lower one”, but just that 

one cannot say that that animal has such higher faculty. As many authors support106, 

 
98 See Kittilsen, 2013. 
99 See, for example, Wadiwel, 2016; Woodruff, 2017; Birch 2017. 
100 See Birch, 2017. 
101 Knutsson and Munthe, 2017, p. 214. 
102 See, Diggles, 2018 for crustacean. 
103 See, for instance, Giurfa,2013; Bateson et al., 2011. 
104 See Morgan, 1903. 
105 See Thomas, 2001. 
106 See, for instance, Edelman and Seith, 2009. 
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“absence of evidence” does not need to be, and should not be accepted to be, “ev-
idence of absence” in regard to animal sentience. If a person absentmindedly 

touches a hot iron, and immediately retracts his/her hand, we can easily explain the 

response in terms of a nociceptive reflexive response (i.e., a “lower” faculty than 

pain perception), but we cannot use this finding to support that humans do not have 

pain perception. What is ridiculously straightforward in humans tends not to be 

applied when “lower” animals are concerned.  
Third, do “less sentient” animals always suffer less? Another approach to deny 

“lower animals” access to the moral protection granted to “higher animals” in the 

face of their fulfilling the requirements of sentience is advocating a difference “not 

in kind”, but “in degree” of sentience between animal species, and using it to justify 

different treatment. This approach is also used in the 3R Tenet107, where substitut-

ing animals that are deemed to have lower degree of sentience to ones with a higher 

ones whenever possible, constitutes a requirement, in terms of ‘replacement’, for 
acceptability of a scientific research108. Does a “lower degree” of sentience actually 

mean that that animal suffers less? Paradoxically it could be the opposite, at least in 

some situations. If today a human should endure a day of hardship, he/she can 

think about the abstract idea of a better tomorrow, make plans to reach it and have 

hopes about it. Even just thinking about better days can be a form of distraction. If 

the present is all a given animal is able to feel, perceive and think about, would not 

a harsh present be worse for him/her than for a human who can escape it at least in 
his/her thoughts? One would say that the inability to have hopes, or even just 

thoughts of something different from a dreadful eternal present is likely to make the 

harsh situation even harder, not easier, for the “less sentient” animal. In this situa-

tion, under an Unequal Interests Model of Degrees of Moral Status the experiential 

well-being of the “less sentient” being becomes more morally relevant than the anal-

ogous situation in a “higher sentient” one109.  
Fourth, is sentience the limit? What we call sentience is a set of mental abilities 

that make humans able be deeply affected by situations and to assess whether a set 

of situations, a life, is “worth living” or not. What if animals, the ones we do not 

consider sentient, or not sentient enough, have another method, a method we can-

not even imagine, to assess whether something is worth living? What if they are as 

deeply affected by the result of their “detection” method as humans are, when, using 

sentience, they assess the situation as not worth living? Is this reliance of sentience 
to grant moral status to animals the ultimate frontier of anthropocentrism?110   

 

 
107 See, for instance, Fenton, 2012. 
108 See The European Parliament and the Council Directive 2010/63/EU of 22 September 2010 on 

the protection of animals used for scientific purposes. 
109 See De Grazia, 2008. 
110 See Fenton, 2012. 
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4. CONCLUSION. FISH AND ARTHROPODS’ WELFARE AS A MATTER 

OF OVERRIDING THE SLIDING SCALE AND OF ADOPTING A PRE-

CAUTIONARY PRINCIPLE 

As said previously, there is a tendency to repeat the same pattern when sentience 

is investigated in a species in order to decide whether it should be granted the same 

welfare concern as others, which have already gone through the process and been 

recognised as sentient. It is symptomatic that these debates are “progressive”, i.e., 

tend to focus each time on beings which are perceived to be lower on the so called 

“scala naturae” schema, than the ones previously investigated. The “scala naturae” 
is an anthropocentric construct, ranking animals for cognition and sentience, which 

scientists and general public tend to conform to, but which has no evolutionary/sci-

entific logic111. Unsurprisingly, the ranking tends to be influenced by how similar an 

animal species is to a human being (e.g., primates) and/or how familiar and emo-

tionally important it is to humans (e.g., dogs). As stated, such a scale is reflected in 

the official norms suggesting replacement in laboratory experiments and in a corre-

sponding view that conceives of moral considerability as a sliding scale112.  
The scientific validity of the “scala naturae” has been rejected by the scientific 

community, because all existing species have had the same success on evolutionary 

terms. One wonders whether it is time to grant equal moral consideration to all 

beings for which there is “sufficiently qualified uncertainty”113 about their ability to 

be affected, even slightly, by the quality of their life114. Thus, we could focus less on 

debates that give the idea of a search for beings that we could be morally allowed 

not to protect, and devote more resources on improving the life of the animals we 
“use” for our purposes. Much avoidable pain and suffering is still caused to animals 

in human care. Ethical commitment to animal welfare ought to be considered a 

common and essential objective, aimed at unifying the different perspectives, and 

urge an ongoing debate around society. The welfare and treatment of the animals 

we use for our interests need to be conceived with no hesitation as a matter which 

we are compelled to account for in ethical terms, and not only in scientific, econom-

ical or professional ones. 
 

 

 
111 See Morris et al., 2012; Fenton, 2012. 
112 Fenton, 2012; Meijboom and Bovenkerk, 2013. 
113 Knutsson and Munthe, 2017, p. 214. 
114 Of course, in this paper we have focused on a sentientist approach to moral importance and we 

have investigated the moral importance of animals on the basis of the fact they may be able to have morally 

relevant negative mental states. As stated by De Grazia, a capacity to feel pain, as it implicates a capacity to 

be harmed and to fare badly, may not confer high moral status, but it does confer some moral status (see 

DeGrazia 2008). 
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