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ABSTRACT
The welfare of fishes and aquatic invertebrates is important, and several jurisdictions have 
included these taxa under welfare regulation in recent years. Regulation of welfare requires 
use of scientifically validated welfare criteria. This is why applying Mertonian skepticism 
toward claims for sentience and pain in fishes and aquatic invertebrates is scientifically sound 
and prudent, particularly when those claims are used to justify legislation regulating the 
welfare of these taxa. Enacting welfare legislation for these taxa without strong scientific 
evidence is a societal and political choice that risks creating scientific and interpretational 
problems as well as major policy challenges, including the potential to generate significant 
unintended consequences. In contrast, a more rigorous science-based approach to the welfare 
of aquatic organisms that is based on verified, validated and measurable endpoints is more 
likely to result in “win-win” scenarios that minimize the risk of unintended negative impacts 
for all stakeholders, including fish and aquatic invertebrates. The authors identify as supporters 
of animal welfare, and emphasize that this issue is not about choosing between welfare and 
no welfare for fish and aquatic invertebrates, but rather to ensure that important decisions 
about their welfare are based on scientifically robust evidence. These ten reasons are delivered 
in the spirit of organized skepticism to orient legislators, decision makers and the scientific 
community, and alert them to the need to maintain a high scientific evidential bar for any 
operational welfare indicators used for aquatic animals, particularly those mandated by 
legislation. Moving forward, maintaining the highest scientific standards is vitally important, 
in order to protect not only aquatic animal welfare, but also global food security and the 
welfare of humans.

Introduction

Some countries, including the United Kingdom (UK), 
have recently passed legislation recognizing fish and 
selected aquatic invertebrates (decapod crustaceans and 
cephalopods) as “sentient beings” requiring protection 
under animal welfare regulations (Birch et  al. 2021; 

Crump et al. 2022; Moylan 2022). Given their important 
ecological and food production roles (Golden et al. 2021; 
FAO 2022; Tigchelaar et  al. 2022), more interest in fish 
and aquatic invertebrate welfare is welcome. Nevertheless, 
extending welfare legislation to more and more animal 
groups, often following intense lobbying by activist 
non-government organizations (NGOs) is problematic, 
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as the evidence used to support this move includes 
advocacy-based reviews (not meta-analyses) which pro-
vide contentious interpretations of a limited body of 
scientific evidence that has significant technical and 
interpretational flaws (reviewed in Rose et al. 2014; Key 
2015; Browman et  al. 2019; Diggles 2019; Mason and 
Lavery 2022; Hart 2023). In fact, the reviews of Birch 
et  al. (2021) and Crump et  al. (2022) are being inter-
preted so broadly and so uncritically in certain 
policy-making circles that legislators risk following a 
path ending with all animals including insects and even 
plankton, eventually being included in welfare legislation 
(Gibbons et  al. 2022; Crump et  al. 2022, 2023). The 
ramifications of these developments on food production, 
and on how humans interact with animals, would be 
profound and far reaching (Browman et  al. 2019).

Historically, most animal welfare legislation worldwide 
was based on a suffering-centered framework focussed 
on the needs of individual terrestrial vertebrates in food 
production or laboratory settings, specifically those that 
are sentient and, therefore, may suffer during experi-
mentation, husbandry, and slaughter (Arlinghaus et  al. 
2009; Browman et  al. 2019). Bringing aquatic species 
under the same suffering-centered legislation frameworks 
might seem logical at first, but it risks a rush to legislate 
that may sideline many well-established physiological, 

pathological, nutritional, and health-related performance 
indicators that are currently used to operationally define 
welfare for these animal groups (i.e., criteria used by 
the functional, pragmatic approach to aquatic animal 
welfare, see Arlinghaus et al. 2009; Browman et al. 2019). 
Given the uncertainty surrounding the quality and inter-
pretation of the available science (see Michel 2019; 
Mason and Lavery 2022 for detailed accounts), applying 
suffering-centered criteria to the welfare of fishes and 
aquatic invertebrates under existing legislative frame-
works presents major policy challenges and has the 
potential to generate significant unintended consequences 
for both animal and human welfare (Browman et  al. 
2019). The risk of unintended consequences to food 
security is already being recognized in some countries, 
leading to societal reluctance and political unwillingness 
to enact the revised legislation (e.g., https://www.bbc.
co.uk/news/science-environment-65691321; https://www.
politico.eu/article/uk-conservatives-abandon-plan-protect- 
animal-welfare/)

Presented here are ten scientifically sound and pru-
dent reasons to maintain skepticism (in the Mertonian 
sense) when the topics of sentience and pain in fish 
and aquatic invertebrates are used to justify inclusion 
of these organisms in legislation governing their use 
in the wild, food production or research (Table 1). 

Table 1. ten reasons to be skeptical about fishes and invertebrates being sentient and feeling pain.
Reason General principle examples consequences and outcomes

1. changing 
definitions

Deviation from accepted 
definitions of pain.

Development of 
“sentience criteria” 
based on “confidence 
levels".

Replacing ethological terms with loaded 
human psychology terms.

Promoting “the idea of pain” without 
considering alternative explanations for 
observed behavior.

Philosophical/political risk analysis 
approach to defining sentience.

“shifts the goalposts” to pain definitions which no 
longer discriminate between nociception and pain. 

lowers “evidential bar” to include behaviors that do not 
even require nociception. 

encourages anthropomorphism which invites false 
equivalence between the experience of animals and 
that of human pain.

2. ignoring or 
dismissing 
conflicting or 
contradictory 
evidence

selectively ignoring data 
or studies that are 
inconsistent with the 
pain hypothesis.

Accepting evidence that is context specific 
as being broadly representative of all 
taxa without consideration of the full 
range of available evidence.

ignoring existence of “no effect” studies.
ignoring the very low % of c type 

nociceptors in teleosts (absent in 
elasmobranchs), circa 5 times less than 
humans with some forms of congenital 
insensitivity to pain.

ignoring letters and reviews highlighting 
significant fundamental flaws in 
research methodology/ interpretation.

Role of “Guest editors” ensuring 
publication of biased reviews used 
during activist campaigns.

Bias and overinterpretation of context specific data with 
few/no alternative explanations presented or 
considered.

Asymmetrically ignoring studies that report contradictory 
outcomes.

use of overly emotive language.
invoking a double standard by accept pain as “animals 

response to stimuli that would be painful for humans” 
while ignoring behaviors alien to humans like 
autotomy, autophagy, auto-mutilation and limb 
regrowth. 

erosion of normal scientific standards of peer review and 
publication ethics. 

Paucity of rigorous, unbiased and transparent systematic 
reviews of the relevant literature that include critical 
appraisal of the evidence base.

3. lack of replicable 
empirical 
evidence

Results “consistent with 
pain and/or 
sentience” are not 
replicable or 
independently 
verifiable by multiple 
research groups.

Grooming and rubbing of prawn antennae 
exposed to vinegar, bases and 
anesthetics not repeatable.

Rocking and rubbing behavior in rainbow 
trout not repeatable.

claims of emotional fever in zebrafish as 
supporting consciousness in fishes not 
repeatable and shown to be false.

Mischaracterization of possible grooming and/or 
chemosensory behavior in crustaceans as evidence of 
“pain”. 

Mischaracterization of possible experimental artifacts (e.g., 
recovery from anesthesia in fishes) as evidence of “pain”. 

Overinterpretation of behavioral studies that cannot be 
replicated by independent research groups.

Potential for new feelings-based operational welfare 
indicators in fish and crustaceans to be inconsistent, 
unreliable and/or unverifiable outside the laboratory.

(Continued)

https://www.bbc.co.uk/news/science-environment-65691321
https://www.bbc.co.uk/news/science-environment-65691321
https://www.politico.eu/article/uk-conservatives-abandon-plan-protect-animal-welfare/
https://www.politico.eu/article/uk-conservatives-abandon-plan-protect-animal-welfare/
https://www.politico.eu/article/uk-conservatives-abandon-plan-protect-animal-welfare/


REvIEWS In FISHERIES SCIEnCE & AquACuLTuRE 129

Reason General principle examples consequences and outcomes

4. Ad hominem 
attacks on 
skeptics

Attempts to discredit 
skeptical scientists 
who highlight flaws 
in evidence base.

Attacks in pseudo journals or the popular 
media.

labeling skeptical scientists as “deniers”, 
“creationists” or “racists”.

Promoting the “bandwagon effect” , to 
claim a manufactured “consensus” in 
biased, unrepresentative unreviewed 
forums or online.

Attempting to silence scientific debate upon the need 
for reliable empirical evidence for decision making. 

erroneous claims of “scientific consensus”.
Asymmetrical, ad hominem public attacks on those 

seeking replicable evidence.
“cancel culture” reminiscent of animal rights activism 

generating “lose-lose” scenarios instead of a balanced 
“win-win” approach to solving welfare issues in fish 
and invertebrates.

5. testing of 
unfalsifiable 
hypotheses 

testing hypotheses that 
are unfalsifiable 
negates the 
fundamental 
self-corrective aspect 
of the scientific 
method.

utilizing pain definitions that encompass 
any “non-normal” behavior or any 
behavior deemed “consistent with the 
idea of pain”.

claims that pain will be expressed 
differently not only between species 
but even between individual animals 
of same species.

ignoring important differences between 
stress, nociception and pain.

switching burden of proof.
Promoting pain definitions which encompass any 

behavioral changes (whether from a specific noxious 
stimulus or not).

using unfalsifiable criteria to underpin legislation means 
any abnormal behavior could be interpreted as 
“painful”, resulting in infringement and prosecution 
(with no foreseeable way to prove ones innocence).

using unfalsifiable criteria to determine whether 
organisms are sentient will mean all organisms could 
meet criteria for sentience.

6. Arbitrary 
application of 
criteria 

selective application of 
sentience criteria.

Application of sentience criteria to 
decapod crustaceans but not copepods.

Application of sentience criteria to 
cephalopod molluscs but not bivalves 
or gastropods.

Apparent unwillingness to apply the same 
sentience criteria to protozoans, and 
microorganisms.

highly permissive criteria mean that all animals (and 
possibly even plants) meet threshold for alleged 
sentience at some level.

Arbitrary application of criteria will be required to 
maintain relevance and meaning of welfare concept.

these outcomes bring the validity of the criteria 
themselves into serious question.

if criteria are accepted, further arbitrary decision making 
will be required to exempt certain activities to 
preserve the human population’s food supply.

7. Dilution/
devaluation of 
the welfare 
concept

welfare protection being 
extended from 
terrestrial vertebrates 
and fishes into 
crustaceans, insects 
and other 
invertebrates, even 
plants.

if all organisms are considered "sentient" 
based on alleged pain perception, this 
severely devaluates the feelings based 
welfare concept itself, because 
everything (and therefore nothing) is 
special all at the same time.

inability to classify “non-suffering” issues 
which threaten biodiversity (e.g., 
endocrine disruption) as a welfare 
concern.

A need for widespread noncompliance with welfare 
legislation to avoid “lose-lose” scenarios for animal 
and human welfare, and to ensure global food 
security.

workable animal welfare frameworks need to be able to 
align with ecological reality in the natural world.

need to reframe pragmatic animal welfare principles 
within an integrated “One health” approach that 
encompasses welfare as a “win-win” linked with 
ecological sustainability and global food security.

8. high risk of 
unintended 
consequences

Dangers of application 
of unvalidated 
welfare criteria to 
new animal groups 
under 
suffering-centered 
animal welfare 
legislation 
frameworks.

ignoring proven functional welfare 
indicators in favor of “new” unvalidated 
feelings based operational welfare 
indicators.

threatening fines/prosecution of people 
housing live crabs because crabs had 
claws tied to body.

Demanding bans on eyestalk ablation in 
broodstock penaeid shrimp.

Banning electric pulse trawling due in part 
because of damage to some larger fish.

“lose-lose” scenarios, including retrograde welfare 
outcomes for both animals and humans.

Banning ablation conflicts with 3R’s by requiring use of 
10-20 times more broodstock shrimp to achieve same 
levels of larval production.

endangering larval supply of entire aquaculture 
industries would threaten regional/global food 
security.

Prosecution of innocent people.
stifling of innovation which could reduce environmental 

impacts and improve sustainability.
9. Dangers of the 

precautionary 
approach 

invoking the 
precautionary 
approach to act 
before validated 
operational welfare 
criteria have been 
established.

Misleading claims of equivalence between 
aquatic species and terrestrial bird and 
mammalian farm animals.

need for the suffering-centered welfare 
approach to consider individual 
sentient animals.

Application of suffering-centered welfare 
frameworks to predator/prey situations 
results in inability to feed predatory 
aquatic taxa.

Potential bans on live feeding of larval aquatic animals 
would impact welfare of fed animals and could shut 
down entire aquaculture industries overnight, 
threatening regional/global food security.

unnecessary bans on farming new taxa (e.g., 
cephalopods) increase risk of overexploitation of wild 
populations. 

stifling of innovation which could reduce environmental 
impacts and improve sustainability.

10. the need for 
organized 
skepticism and 
critical thinking

scientists must 
understand the 
limitations of the 
scientific method and 
must speak up when 
the scientific method 
is being misapplied 
or ignored.

Misapplication of the scientific method in 
the context of fish and invertebrate 
sentience, pain and welfare. 

internet misinformation, “alternative facts” 
and Ai written research which 
fabricates its own references.

Blurring/inflation of the science boundary.

Pseudoscience, if left unchallenged, promotes 
lysenkoism-like activity which harms society.

high risk of “lose-lose” scenarios involving retrograde 
welfare outcomes and unintended consequences.

need for organized skepticism and critical thinking to 
ensure limitations of the scientific method are not 
exceeded and avoid a rapid downward spiral in 
scientific rigor.

Robust science is needed to generate reliable empirical 
data for evidence-based decision making on 
important topics that affect food security and 
livelihoods.

Table 1. continued.
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To be absolutely clear, the authors identify as sup-
porters of animal welfare: this article is not about 
choosing between no welfare, and welfare for the ani-
mal groups involved. Including more animal taxa 
under welfare legislation is a societal choice that can 
be undertaken without firm scientific evidence using 
the precautionary approach. To do so while avoiding 
significant unforeseen consequences to food security 
and human welfare, however, requires reliable, scien-
tifically proven operational welfare indicators that 
uphold the fundamental principles and standards 
required of the scientific method (Table 2). These ten 
reasons are presented not as an exhaustive review of 
the relevant literature, but as a guide to scientists and 
policy makers to raise awareness of the limitations of 
the available science about sentience and pain in 
aquatic animals (Sutherland et  al. 2013), and to 
encourage application of higher scientific standards 
of evidence to any new operational welfare indicators 
for aquatic taxa which may be prescribed in welfare 
legislation. Each of the ten reasons is anchored in 
case studies or relevant literature and based on 
real-world examples.

The discussions presented here are underpinned by 
the philosophy that science advances by conjectures and 
refutations (Popper 1963). If it is hypothesized that fish, 
crabs or octopuses are sentient, then predictions must be 
derived from that hypothesis and tested by experimenta-
tion. Only when the various predictions have passed the 
appropriate tests can it be said that the null hypothesis 
has been disproven, although complete certainty may 
never be achieved. The nature of consciousness as expe-
rienced by humans is such that testing predictions in 
animals which are evolutionarily far removed from 
humans is particularly challenging (Hart 2023). As will 
be explored in what follows, there is still a long way to 
go before a satisfactory consensus can be reached regard-
ing sentience of fishes and aquatic invertebrates.

Ten reasons to be skeptical

i. Changing definitions

As will become apparent, it is important to establish 
a common baseline for several definitions. The mean-
ing of “pain” in English has been relatively consistent 

Table 2. summary of replicability, accuracy and reliability for a range of operational welfare indicators for aquatic organisms 
(excludes molecular, environmental and nutritional parameters).

taxa

welfare 
indicator 
category welfare indicator type Parameters measured Replicable

verified 
accurate Reliability as operational welfare indicator

Finfish Disease status external lesions/ 
deformities

injury/infection ✓ ✓ high

internal/microscopic lesions injury/infection ✓ ✓ high
Parasitic infection infection ± ± low/Moderate (depends on parasite)
Diagnostic pathogen 

testing
infection ✓ ✓ low-high (depends on pathogen)

toxicology testing contamination ✓ ✓ Moderate
Performance condition factor nutritional status ✓ ✓ high

Food conversion rate nutritional efficiency ✓ ✓ high
specific growth rate weight/size ✓ ✓ high
survival rate survival ✓ ✓ high

Physiology Blood glucose Activity ✓ ✓ high
Blood lactate/ph Activity ✓ ✓ high
cortisol (blood/excreted) stress ✓ ✓ high
haematocrit/ cell counts immune status ✓ ✓ high
heart rate Many factors ± ± Moderate
immunoglobulins, 

antibodies, peptides
immune status ✓ ✓ high

Behavior Acoustic activity Alertness ± ± Moderate
electric activity Alertness ± ± Moderate
Feeding Appetite ✓ ✓ high
General activity Many factors ± ± Moderate
Moribund/lethargic Death ✓ ✓ high
Opercular beat /gill 

ventilation rate
Many factors ± ± Moderate

Pain unknown x x ?
Reproduction Fecundity/fertilisation ✓ ✓ high
Righting/tail grab reflex Alertness, exhaustion ✓ ✓ high
Rubbing Many factors ± ± low
Rocking unknown x x ?
swimming activity Many factors ± ± Moderate
vestibulo-ocular reflex Alertness, exhaustion ✓ ✓ high

(Continued)
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taxa

welfare 
indicator 
category welfare indicator type Parameters measured Replicable

verified 
accurate Reliability as operational welfare indicator

crustaceans Disease status external lesions/deformities shell disease/injury x ± low/Moderate (may indicate predator 
activity)

internal/microscopic lesions injury/infection ± ± low/Moderate (depends on pathogen)
Parasitic infection infection ± ± low/Moderate (depends on parasite)
Diagnostic pathogen 

testing
infection ✓ ± low to high (depends on pathogen)

toxicology testing contamination ✓ ✓ Moderate
Performance Autotomy injury/stress ± ± low/Moderate (context dependent)

Food conversion rate nutritional efficiency ✓ ± Moderate (diet dependent)
Moulting Growth ✓ ✓ high
specific growth rate weight/size ± ✓ Moderate (variable in captivity)
survival rate survival ✓ ✓ high

Physiology crustacean hyperglycemic 
hormone (chh)

hormonal status ± ± Moderate (varies throughout molt cycle)

Differential hemocyte 
count

infection, immune 
status

± ± low/Moderate (highly variable)

haemolymph colour/
clotting

infection ± ± low/Moderate (context dependent)

haemolymph glucose Activity, molt status ± ± low/Moderate (context dependent)
haemolymph lactate Activity, molt status ✓ ± Moderate (context dependent)
haemolymph protein Molt status ✓ ✓ Moderate (varies throughout molt cycle)
heart rate Many factors ± ± Moderate (context dependent)
heat shock protein Many factors ± ± low/Moderate (context dependent)

Behavior Autotomy Many factors ± ± low (context dependent)
Feeding Appetite ± ✓ low/Moderate (varies throughout molt 

cycle)
General activity Many factors ± ± Moderate
Grooming Many factors x x low
Moribund/lethargic Death ✓ ✓ high
Pain unknown x x ?
Reproduction Fecundity/fertilisation ✓ ✓ high
Righting reflex vitality ✓ ✓ high
tail flipping Many factors ± ± low (context dependent)
ventilation rate Many factors ± ± low (context dependent)

Molluscs Disease status external lesions injury/infection ± ± low/Moderate (may indicate predator 
activity or senescence)

internal/microscopic lesions infection ± ± low/Moderate (depends on pathogen)
Parasitic infection infection ± ± low/Moderate (depends on parasite)
Diagnostic pathogen 

testing
infection ± ± low to high (depends on pathogen)

toxicology testing contamination ✓ ✓ Moderate
Performance Food conversion rate nutritional efficiency ± ± low/Moderate (diet dependent, difficult to 

ascertain in filter feeders)
specific growth rate weight/size ± ± Moderate (depends on species)
survival rate survival ✓ ✓ high

Physiology Differential hemocyte 
count

infection, immune 
status

± ± low/Moderate (highly variable)

heart rate Many factors. ± ± low (highly variable)
haemocyanin Activity, air exposure ± ? low (context dependent)
haemolymph colour/

osmolality
infection, stress? ± ? low (context dependent)

haemolymph glucose Activity ± ? low (context dependent)
haemolymph lactate Activity ? ± ? low (context dependent)
haemolymph ph Activity, air exposure ± ± low (context dependent)
lysozyme Activity ? ± ? low (context dependent)

Behavior Autophagy/Automutilation Damaging/eating 
oneself (in 
cephalopods)

± ? low (context dependent)

colour colour change (not 
applicable to 
bivalves)

± ? low (context dependent and highly 
variable)

Grooming Many factors ± ± low (context dependent)
inking expulsion of ink (not 

applicable to 
bivalves)

± ± low (context dependent)

Pain unknown x x ?
Reproduction Fecundity/fertilisation ✓ ✓ high
ventilation rate Many factors ± ± low (context dependent)
Righting reflex vitality (cephalopods, 

gastropods)
✓ ✓ high

✓ = yes, x = no, ± = variable or context specific, ? = unknown/unreliable.

Table 2. continued.
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throughout history, referring to physical suffering or 
discomfort caused by illness or injury. A formal defi-
nition of the word “pain” was established to describe 
the human emotional experience that is often, but 
not always, associated with trauma or injury (https://
www.iasp-pain.org/resources/terminology/). The most 
recent definition endorsed by the International 
Association for the Study of Pain (IASP) in 2020 
describes pain as “An unpleasant sensory and emo-
tional experience associated with, or resembling that 
associated with, actual or potential tissue damage”. This 
wording was revised from the previous definition 
because it could have excluded those unable to ver-
bally articulate their pain such as infants, elderly peo-
ple, and non-human animals (Raja et  al. 2020; IASP 
2020). Pain is, therefore, the ability of an individual 
to experience an emotional response to tissue damage 
or trauma that is detected via a process called noci-
ception. Here nociception is defined as the 
non-conscious processing of noxious stimuli by the 
peripheral and central nervous system (Tracey 2017).

Pain and nociception are different phenomena (Rose 
et  al. 2014; Tracey 2017). Pain is but one (of many) 
potential responses to nociception, and merely observ-
ing an animal’s detection of and response to a stimulus 
cannot automatically be interpreted as pain. For this 
reason, the IASP specifically notes that “Pain cannot 
be inferred solely from activity in sensory neurons” (IASP 
2020). Nevertheless, some researchers working in the 
field of fish and invertebrate pain and welfare have 
developed their own criteria for defining and assessing 
animal pain based on a range of neurological, behav-
ioral and motivational criteria that they believe is con-
sistent with “the idea of pain” (Sneddon et  al. 2014; 
Walters 2018a; Elwood 2021; Sneddon and Roques 
2023). These unconventional definitions “shift the goal-
posts” considerably, as many of the criteria (e.g., avoid-
ance behavior) cannot discriminate between nociception 
and pain, with some behaviors (e.g., those arising from 
exposure to chemicals in water) not even requiring 
nociception. These inconsistencies undermine confi-
dence that interpretation of animal behavioral reactions 
“consistent with pain” is analogous to how the word 
pain is defined, used, and understood by humans in 
accordance with the IASP definition. This has been 
particularly problematic in the fish and crustacean wel-
fare literature in which any behavior in response to 
noxious stimuli is usually interpreted as "consistent 
with pain" (e.g., Elwood 2021; Sneddon and Roques 
2023), with few, if any, of the several other alternative 
explanations being considered (see Rose et  al. 2014; 
Key 2015; Diggles 2019; Browman et  al. 2019 for 
detailed accounts).

The gold standard for pain is verbal reporting. For 
humans unable to communicate (such as infants, or 
patients with dementia), pain is assessed by examining 
motor responses and brain activity in response to 
noxious stimuli known to produce pain in healthy 
adult subjects. Similar comparative approaches are 
often adopted when attempting to infer pain in 
non-human animals. Use of the word “pain”, however, 
becomes progressively less defensible as taxa further 
and further away in evolutionary and morphological 
terms from humans are considered, because it becomes 
progressively less plausible that there is an equivalent 
psychological experience across those taxa. 
Philosophically speaking, humans struggle to “read 
the minds” of evolutionarily distant animals (Mameli 
and Bortolotti 2006), as it is very easy to overinterpret 
their reactions from a human perspective (Hart 2023). 
This is particularly so for invertebrates because the 
neuroanatomy and physiology of insects, crustaceans 
and molluscs are vastly different to those of mammals 
(Eisemann et  al. 1984; Zullo and Hochner 2011; 
Walters 2018b; Key et  al. 2021), but the same issues 
also apply to the > 33,000 species of fish which have 
evolved a vast array of highly specialized sensory sys-
tems (Nelson et  al. 2016). The closest common ances-
tor between the invertebrates and early chordates is 
thought to have lived more than 550 million years 
ago (Walters 2018b), and while fish do possess a cen-
tral brain for processing information, in the various 
aforementioned invertebrate groups many behaviors 
occur via peripheral processing in multiple neural 
centers without requiring involvement of a central 
brain (e.g., Ayali 2009; Derby and Thiel 2014; 
Smarandache-Wellmann 2016; Kuuspalu et  al. 2022; 
Chang and Hale 2023). For these reasons, it is rea-
sonable to ask how analogous (if at all) their experi-
ences to noxious stimuli are to the human experience, 
and thus how relevant phylogenetically retrospective 
use of the word pain becomes in these groups 
(Derbyshire 2016; Walters 2018a, 2018b, 2022; Diggles 
2019; Hart 2023). Furthermore, an evolutionary pre-
requisite for pain in these taxa is not necessarily 
required, as nociception (or other sensory pathways 
through which an organism can impart nocifensive 
reactions or learn avoidance responses to noxious or 
life-threatening stimuli), is sufficient to guarantee fit-
ness and be selected upon. Importantly, since current 
legislation regulating the welfare of animals is based 
on pain (or related concepts such as suffering) and 
not nociception, caution must be applied when the 
word pain, or the phrase “consistent with pain”, is 
transposed with nociception without unequivocal jus-
tification (see Browman et  al. 2019).

https://www.iasp-pain.org/resources/terminology/
https://www.iasp-pain.org/resources/terminology/
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The discipline of ethology has developed an exten-
sive set of terms intended to avoid anthropomorphism 
and observer bias when describing animal behavior 
(e.g., Bolgan et  al. 2015). For example, when it is 
uncertain that a particular animal group is sentient 
or can feel pain and psychologically suffer, the term 
nociception is used (Mason and Lavery 2022). Using 
the word pain in association with behaviors for which 
nociception may not necessarily be required (such as 
avoidance behavior), in species where sentience is 
impossible to unequivocally prove, is therefore not 
scientifically appropriate. This is because transposing 
“pain” for nociception is a “red herring” (Mason and 
Lavery 2022), in that it presupposes sentience. It is 
particularly inappropriate to make such a transposi-
tion when interpreting experiments that are used to 
assess whether a particular animal group is sentient. 
For these reasons, all due skepticism should be applied 
to research on the welfare of fishes and invertebrates 
that uses terms that unnecessarily stray from etho-
logical neutrality and replaces them with loaded words 
or terms used in human psychology. All of this is an 
extravagant form of anthropomorphism (Rose et  al. 
2014) that invites false equivalence between the expe-
riences (if any) of those animals and that of human 
pain (Derbyshire 2016; Hart 2023).

Sentience is the “what it is like” experience of sen-
sory stimuli (e.g., feeling pain and pleasure) (Nagel 
1974). Fish and aquatic invertebrates such as molluscs, 
decapod crustaceans, as well as their arthropod relatives 
the insects, have a variety of sensory organs that allow 
them to respond to various stimuli (food odors, pred-
ator cues, pheromones etc.) in their environment and 
to learn from them to maintain fitness (survival and 
reproduction) under natural selection. Nevertheless, 
their responses to potentially life threatening stimuli 
do not necessarily demonstrate awareness or prove 
pain, consciousness or sentience. For example, the reac-
tion of certain fish species to olfactory detection of 
chemical alarm cues is usually manifested as flight and 
hiding behavior, accompanied by physiological stress 
(Rehnberg and Schreck 1987; Rehnberg et  al. 1987; 
Wisenden 2015). Despite all these behaviors, there is 
no reason to believe that fish reacting to chemical 
alarm cues experience pain or suffering. Even so, some 
political scientists and philosophers have recently intro-
duced “eight sentience criteria” to assess the presence 
of pain and sentience based on “confidence levels” 
which supposedly consider both the amount of evi-
dence for a claim, and the reliability and quality of the 
scientific work behind the evidence (e.g., Birch et  al. 
2021; Crump et  al. 2022, 2023). There are many prob-
lems with this approach, including difficulties 

associated with deciding whether, for example, a rub-
bing behavior (e.g., Sneddon 2003; Dickerson 2006) is 
self-protective when that behavior might be reflexive, 
like the stridulation by spiny lobsters after harmless 
capture (Bouwma and Herrnkind 2009). Loose inter-
pretation of behaviors, combined with the high number 
of criteria used, essentially means that there is a very 
high chance that no organism will fail to meet their 
threshold for “some evidence of sentience” simply 
through their ability to sense the surrounding environ-
ment (Walters 2022). This type of sentience framework 
is tautological and, as such, violates the scientific 
method, because it cannot be refuted. These examples 
demonstrate that in the socio-political world of decision 
making about which animal groups should be protected 
under animal welfare regulations, “The devil is in the 
definitions”.

ii. Ignoring or dismissing conflicting or 
contradictory evidence

One characteristic of the literature claiming to support 
the existence of sentience and pain in fishes and 
invertebrates has been a certain tendency to ignore 
studies that either do not support this conclusion, or 
which fail to replicate certain experimental outcomes 
(Hart 2023). For example, Birch et  al. (2021) con-
cluded that cephalopods and decapod crustaceans are 
sentient, feel pain, and suffer. Yet in the case of crus-
taceans those authors did not mention the 
evidence-based reviews of Browman et  al. (2019) and 
Diggles (2019) that concluded the opposing view, and, 
more importantly, ignored the many scientific prob-
lems and unresolved issues identified therein that 
greatly weaken the evidence used to support their 
conclusions. Rather, two newly published reviews that 
concluded crustaceans are sentient and feel pain 
(Conte et al. 2021; Passantino et al. 2021) were quickly 
embraced by activist NGOs during the “Crustacean 
Compassion” campaign and were cited by Birch et  al. 
(2021), despite the fact that they also selectively 
ignored studies that do not support their conclusions, 
and overinterpreted and misrepresented other litera-
ture (including using strawman arguments). 
Purportedly authoritative and comprehensive reviews 
that “cherry-pick” literature to support their narrative 
fall well short of the scientific rigor that is needed to 
underpin policy decisions that have widespread impli-
cations. It is equally important to consider where such 
papers were published, because some journals have 
different editorial criteria, processes, and publication 
standards (Beall 2017; Grudniewicz et  al. 2019; 
Crosetto 2021; Oviedo-Garcia 2021).
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Similarly, a recent review paper on anesthesia in 
decapod crustaceans (Valente 2022) also excluded or 
misrepresented some of the literature, and used biased 
and emotive language, including an abstract which 
began with the statement “Decapod crustaceans are 
sentient beings, not only responding to noxious stimuli 
but also being capable of feeling pain, discomfort, and 
distress”. To avoid a downward spiral in scientific 
objectivity, rigorous and transparent systematic 
meta-analyses should be employed using structured 
methods that are routine in biomedicine and the bio-
logical sciences (Mulrow 1994; Dobrow et  al. 2004; 
Aromataris and Pearson 2014; Clements et  al. 2022). 
These methods have not yet been widely applied in 
the fish and invertebrate welfare literature (see 
Dawkins 2006; Cooke 2016).

Similar problems of excluding contradictory evi-
dence also occur in the fish welfare literature. The 
widespread anecdote that hooking fish during angling 
is painful and hook removal requires analgesics stems 
from a relatively small body of scientific work 
(Sneddon 2003; Sneddon et  al. 2003; Mettam et  al. 
2011). This anecdote is contradicted, however, by 
the studies of Eckroth et  al. (2014), Pullen et  al. 
(2017) and Hlina et  al. (2021) which found no sig-
nificant differences between control and treatment 
groups of Atlantic cod (Gadus morhua), northern 
pike (Esox lucius) or bluegill sunfish (Lepomis mac-
rochirus) (respectively) exposed to fishing hooks and/
or chemicals injected into the mouth. Hlina et  al. 
(2021) found that bluegill that were hooked and then 
unhooked under controlled laboratory conditions did 
not significantly differ in their behavior compared 
with control fish that were not hooked at all. Only 
those bluegill that were hooked and retained the 
hook differed in behavior from controls, exhibiting 
increased use of a shelter. Similarly, hooked Atlantic 
cod exhibited head shaking but otherwise no other 
measurable response (Eckroth et  al. 2014), which 
was mirrored by the result of Pullen et  al. (2017) 
who found that northern pike with retained lures 
did not show behavioral or physiological reactions 
that differed from controls. The studies of Eckroth 
et  al. (2014), Pullen et  al. (2017) and Hlina et  al. 
(2021) all indicate that these fish are resilient and 
do not significantly alter their behavior in response 
to acute tissue damage associated with hooking 
injury to the mouth. This is a consistent result found 
by disparate research groups that is largely ignored 
in the suffering-centered fish welfare literature (e.g. 
Sneddon and Roques 2023 which does not cite 
Eckroth et  al. (2014), despite the two papers sharing 
at least one co-author).

Perhaps these contradictory studies are being 
ignored in certain literature because they indicate the 
behavioral criteria being advocated for defining “pain” 
behavior in fishes (as well as crustaceans and other 
invertebrates) are context specific, and, therefore, 
likely to be inconsistent and unreliable, especially 
under real world conditions outside of the laboratory. 
For example, some individual carp (Cyprinus carpio), 
which experience stress from catching by hook and 
line can remember this event for some time. This 
occurs through a process of insight learning, however 
this ability varies with different strains of carp as well 
as other factors (Beukema 1970a), while the memory 
of the experience itself is only transitory (Czapla et  al. 
2023). Northern pike also have the ability to learn 
hook avoidance, but only if they are caught on an 
artificial lure; such a memory is not formed if they 
are caught using live bait (Beukema 1970b). Moreover, 
the same protective insight learning occurs in many 
other fish species after a single exposure to a com-
bination of a previously indifferent stimulus with a 
chemical alarm cue, an odor signal that cannot cause 
pain (Wisenden 2015). In yet other fish species 
(including some salmonids), recognition of predator 
chemical cues is innate and this instinctive response 
requires no learning process, while other species 
(including fathead minnows Pimephales promelas) 
show varying degrees of innate bias (Wisenden 2015).

The relative indifference to trauma to the mouth 
of fishes during angling (at least compared to a nor-
mal human exposed to a similar situation) has been 
recognized for centuries (Cholmondeley-Pennell 1870) 
and appears remarkable at first glance, but may be 
explained by neurological evidence. Studies have 
shown that the trigeminal nerves of teleost fishes have 
a very low (4–5%) percentage of unmyelinated “C 
type” or “C fibre” nociceptors (Sneddon 2002) which 
are responsible for transmitting nociceptive informa-
tion that may result in sustained and diffuse burning 
or dull pain in humans (Rose et al. 2014). Furthermore, 
in elasmobranchs it appears that C type fibers may 
be absent altogether (Snow et  al. 1993; Smith and 
Lewin 2009), even though sharks show similar behav-
iors to teleost fish (e.g., fleeing reaction) when hooked 
by anglers. The latter is also a widely recognized 
observation known for centuries, which again calls 
into question referring to pain states from behav-
ior alone.

In contrast to fishes, around 80% of the cutaneous 
nerve fiber population in normal mammalian nerves 
are C type fibers. In some types of congenital insen-
sitivity to pain in humans, however, C type fibers are 
reduced to around 20% of the axon population, with 
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the remainder being the A-delta type (Rosemberg 
et  al. 1994; Guo et  al. 2004). Rose et  al. (2014) dis-
cussed the functional significance of this extremely 
small percentage of C fibers in teleosts, which is 
around five times less than in humans with complete 
insensitivity to pain and up to 20 times less than a 
normal human. They concluded that “It appears most 
logical to assume that in teleosts, at least those species 
that have been studied, A-delta afferents serve to signal 
potentially injurious events rapidly, thereby triggering 
escape and avoidance responses, but that the paucity 
of C fibers that mediate slow, agonizing, second pain 
and pathological pain states (in organisms capable of 
consciousness) is not a functional domain of nociception 
in fishes” (Rose et  al. 2014). The conclusions of Rose 
et  al. (2014) remain valid, and provide context to the 
available evidence from Eckroth et  al. (2014), Pullen 
et  al. (2017) and Hlina et  al. (2021) as well as that 
of the saline injected fishes from Sneddon (2003), 
Sneddon et  al. (2003) and Mettam et  al. (2011), all 
of which also exhibited no “pain behaviors”.

Rose et  al. (2014) noted that “Embedding a fish 
hook is comparable with the mechanical tissue damage 
caused by embedding a needle of similar size, but with-
out the saline injection”. The above cited studies which 
demonstrate a minimal and often even no impact of 
fish hooks on fishes represent a consistent body of 
evidence that debunks the theory of fish pain from 
hooking. This evidence also calls into question any 
definition which accepts pain as “an animal’s response 
to stimuli that would be painful for a human” (e.g., 
see Fiorito et  al. 2015). The latter is clearly a “double 
standard”, especially considering that invertebrate taxa 
like crustaceans and cephalopods naturally undertake 
behaviors that are completely alien to humans, such 
as autotomy (shedding of limbs), autophagy (eating 
ones’ own body parts), auto-mutilation during essen-
tial processes such as reproduction (e.g., Budelmann 
1998), as well as regrowth of lost limbs (Murayama 
et  al. 1994; Mariappan et  al. 2000).

To summarize, quality evidence-based decision- 
making weighs all scientific evidence for a particular 
hypothesis in a rigorous, critical, balanced, transpar-
ent, and systematic manner. It does not overinterpret 
context-specific findings (Rose et  al. 2014; Hart 2023), 
exclude valid studies that report contradictory out-
comes (Eckroth et  al. 2014; Pullen et  al. 2017; Hlina 
et  al. 2021), or fail to consider alternative 
well-established neurological or behavioral mecha-
nisms which are often not controlled for, yet could 
also explain the results obtained (Diggles et  al. 2017; 
Walters 2018a; Diggles 2019; Kuuspalu et  al. 2022; 
Chang and Hale 2023). Nor does it recognize as valid 

studies that have fundamental experimental design 
flaws such that their conclusions are not warranted 
(Cooke 2016; Smaldino and McElreath 2016; Key 
et  al. 2017).

iii. Lack of replicable empirical evidence

High quality scientific research produces results that 
are replicable and independently verifiable by multiple 
research groups. The “replication crisis” (Ioannidis 
2005; Camerer et  al. 2018; Clark et  al. 2020; Yang 
et  al. 2020, 2023) is also relevant to the fish and 
invertebrate welfare literature (Rose et  al. 2014; 
Browman et  al. 2019; Diggles 2019; Walters 2022; 
Hart 2023).

In the crustacean welfare literature, a typical exam-
ple of replication failure was demonstrated by Puri 
and Faulkes (2010). These researchers failed to rep-
licate an earlier study by Barr et  al. (2008) who 
described grooming and rubbing of prawn antennae 
exposed to acids (vinegar), bases and an anesthetic 
as “consistent with the idea of pain”. Indeed, Puri and 
Faulkes (2010) failed to find any evidence that crayfish 
or shrimp antennae even had nociceptors that detect 
acids or bases, suggesting that Barr et  al. (2008) had 
mischaracterized normal grooming (Bauer 1981; Puri 
and Faulkes 2010), or even other behaviors normally 
initiated by chemosensors (such as olfaction or gus-
tation, see Johnson and Ache 1978; Derby and 
Weissburg 2014; Diggles 2019) as evidence of noci-
ception and “pain”. It is notable that this lack of ver-
ification did not dissuade Birch et  al. (2021) from 
retaining grooming as a welfare criterion for crusta-
ceans, or even acknowledging the ambiguity of the 
interpretation of Barr et  al. (2008). Similar experi-
mental methods and behavioral “pain criteria” have 
also been applied to cephalopods (e.g., Crook 2021), 
however the relatively nascent state of research on 
cephalopod nociception means that the conclusions 
of Crook et  al. await confirmation by other research 
groups. This is particularly important because all of 
the same issues and problems with interpretation and 
replication discussed above for crustaceans (and below 
for fishes) also apply to cephalopods, especially con-
sidering that it is well known that individual cepha-
lopods can react to the same stimulus with quite 
different responses (Borrelli et  al. 2020).

In the case of fishes, Newby and Stevens (2008, 
2009) failed to replicate several key results of early 
fish “pain” research conducted by Sneddon (2003) 
and Sneddon et  al. (2003), something that continues 
to be ignored by some (e.g., Elwood 2021; Sneddon 
and Roques 2023). More recently, Rey et  al. (2015) 
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claimed that they found evidence for “emotional 
fever” (stress induced hyperthermia, SIH) in zebrafish 
(Danio rerio) and stated that “… this finding removes 
a key argument for lack of consciousness in fishes”. 
Although these extraordinary claims received consid-
erable media coverage at the time, many technical 
and interpretational problems meant that the study 
failed to provide the evidence required to support 
such claims (Key et  al. 2017). The concerns of Key 
et  al. (2017) were later confirmed by Jones et  al. 
(2019), who found no evidence of stress-induced 
hyperthermia in zebrafish. Importantly, a recent study 
that used the same tank array as Rey et  al. (2015) 
also failed to replicate stress induced hyperthermia 
in zebrafish (Vera et  al. 2023), while curiously not 
citing the critical work by Jones et  al. (2019). It is 
notable that the scientific self-correction process that 
rectified the wildly overinterpreted claims of Rey 
et  al. (2015) took nearly five years. It is relatively 
easy to make an unfounded claim, but usually far 
more difficult to scientifically refute it through fur-
ther experimentation. This demonstrates the asym-
metry of this process, especially in the spotlight of 
the modern media cycle where the initial headlines 
vastly overshadow the small font used for any even-
tual correction or retraction.

Rose et  al. (2014), Browman et  al. (2019) and 
Diggles (2019) provide many other examples from the 
fish and invertebrate welfare literature where subse-
quent studies failed to replicate earlier results obtained 
through use of unverified and unvalidated welfare 
indicators. Efforts to draw attention to these instances 
of overinterpretation are notable because the research 
community can usually predict which results are 
unlikely to be replicable (Camerer et al. 2018), because 
they can identify “low-powered research coupled with 
bias selecting for significant results for publication” 
(Camerer et  al. 2018; see also Clark et  al. 2020; 
Clements et  al. 2022; Yang et  al. 2023).

In summary, it is vitally important that any new 
operational welfare indicators used to underpin leg-
islation which defines best practice guidelines for the 
welfare of fish and invertebrates are valid, robust, 
measurable, consistent under varying environmental 
conditions (particularly in the real world outside the 
laboratory) and independently replicable and verifiable 
(Table 2).

iv. Ad hominem attacks on skeptics

Ad hominem attacks, while common, are a fallacious 
form of argumentation that should not be part of 
science. When the evidence for fish and invertebrate 

pain was found wanting (see Reasons 2 and 3 for 
selected examples), some of the researchers who con-
clude that fish are sentient and feel pain attempted 
to direct attention away from the evidence that con-
tradicted their assertions by discrediting skeptical 
scientists and labeling them “deniers” (see Diggles and 
Browman 2018), “creationists” (Sneddon 2013) or even 
“racists” (Vettese et  al. 2020). Demeaning and factually 
incorrect attacks in pseudo-journals, online, or in the 
popular media are cleverly potent, because they are 
often repeated unquestioningly by those unfamiliar 
with the underlying science, particularly in social 
media forums, special interest groups and the press. 
Unfortunately, such activities also lead to completely 
unacceptable outcomes, including attempts at public 
shaming by activist groups, and even anonymous 
threats of violence and intimidation which create a 
climate of fear amongst skeptics, who understandably 
wish to avoid such constant attacks. Most concerning, 
however, is a recent example in an undergraduate 
textbook (Orth 2023) where several demonstrably false 
statements were attributed to “skeptics”, including that 
fish were “incapable of complex cognitive abilities", and 
that skeptics "oppose the need for regulations governing 
the welfare of fish". These fallacies are strawman argu-
ments that distort an opposing position into an 
extreme or weakened version of itself, so that propo-
nents can argue against the newly manufactured 
position.

Another example is a critique of evidence for fish 
pain (Key 2016a) in Animal Sentience, a publication 
established in 2015 by the Humane Society of the 
United States. Responses to Key’s invited critique from 
the readership of that publication included many 
attacks on the author, rather than his arguments. What 
is often misunderstood during these asymmetrical, ad 
hominem attacks and the subsequent unfounded claims 
of “scientific consensus” about fish pain, is that repro-
ducible science eventually triumphs. Science does not 
advance simply by counting the number of attackers 
(also colloquially known as a “pile on” or the “band-
wagon effect”, see Key 2016b) in order to claim “con-
sensus” in an unrepresentative and unreviewed forum 
(Brown 2016). Instead, scientific advancement depends 
on the merits of solid, replicable evidence (Abbot 
et  al. 2023).

Attempts to silence scientific debate over the need 
for reliable empirical evidence for decision making is a 
form of “cancel culture” which has increasingly pervaded 
public debate in recent years. An underlying cancel cul-
ture theme can be detected in the article by Crump 
et al. (2022) where they advocate for bans on cephalopod 
aquaculture and the sale of live decapod crustaceans to 
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private individuals, as a “low-cost intervention to improve 
welfare”. Logically, such a position would also result in 
legal problems for fishers possessing live cephalopods 
or crustaceans they have caught, and could initiate bans 
on sale of live crustaceans and cephalopods in the orna-
mental (pet) aquarium industry and in public aquaria. 
It is unfortunate to see calls for such bans being repeated 
in the literature (e.g., see Wuertz et  al. 2023). If similar 
standards were applied to the handling of ornamental 
fishes, birds or mammals, it would eliminate these com-
panion animal industries overnight, resulting in increased 
numbers of euthanized, stray or uncared-for animals, 
while depriving humans of the many health benefits 
arising from their pets (Beck and Meyers 1996; Brooks 
et  al. 2018) in what could only be described as a 
“lose-lose” scenario for animals and humans alike. It is 
important to remember that often the most ardent sup-
porters for welfare of animals are the users of those 
animals, which for aquatic animals includes recreational 
anglers (Shephard et  al. 2023).

Indeed, banning certain animal uses as advocated 
by Crump et  al. (2022) is a hallmark of the animal 
rights movement, which is intrinsically opposed to all 
animal use (Arlinghaus et  al. 2009; Arlinghaus and 
Schwab 2011). Interrogating the ethics of how animals 
are treated by humans is a philosophical endeavor. In 
contrast, animal welfare is based on objective scientific 
evidence which enables principles to be derived that 
allow animal use for human benefit, whilst recogniz-
ing the need for ethical treatment of those animals. 
This is achieved by providing people and industries 
with the tools and guidelines to maximize animal 
welfare (Arlinghaus and Schwab 2011; Stoner 2012; 
Fiorito et  al. 2014, 2015; Diggles 2016). True animal 
welfare thus provides the potential to develop 
“win-win” scenarios that benefit both humans and 
animals, unlike the high potential for generating 
“lose-lose” scenarios inherent in the application of 
animal rights ideology. Therefore, to avoid far-reaching 
“lose-lose” consequences of adopting an animal rights 
approach to cephalopod aquaculture and the handling 
of live crustaceans, a more balanced science-based 
welfare-oriented approach provides advice to industry 
and consumers on best practice for rearing, handling 
and dispatch methods for these taxa (as has already 
been done for fishes, e.g., Cooke et  al. 2013; Cook 
et  al. 2015; Diggles 2016). The latter approach cer-
tainly has a lower cost to the economy and liveli-
hoods, while supporting the human right to avoid 
hunger (Golden et  al. 2021; FAO 2022; https://www.
un.org/sustainabledevelopment/hunger/), all without 
adding unnecessary burden to handling or processing 
of fresh seafood.

v. Testing of unfalsifiable hypotheses

As was emphasized at the start of this article, an 
important cornerstone of the self-corrective aspect of 
the scientific method is hypothesis falsifiability 
(Popper 1963). This is an important point, because 
most of the research conducted on fish and inverte-
brate sentience, pain and suffering tests hypotheses 
that are unfalsifiable (Browman and Skiftesvik 2011). 
For example, Sneddon and Roques (2023) state that 
“Responses to “painful treatment” will differ between 
species and between individuals”. Sneddon and Roques 
(2023) also state:

General indicators, such as the overall physical condi-
tion of the fish, the presence of lesions, demeanor, 
and body or fin posture, make a contribution to the 
assessment of pain, but they alone do not determine 
whether the animal is in pain. Pain is inherently 
stressful and, as such, physiologic indicators of stress 
can assist in understanding the extent to which pain 
affects welfare and homeostasis. More importantly, 
changes in biological function traits can be used more 
effectively to determine if an animal is pain-free; if 
the animals exhibit normal behavior and demeanor, 
no significant stress responses, are healthy and 
disease-free, reproduce normally, and grow normally, 
then there is likely no pain.

These statements suggest that, by these definitions, 
virtually any behavioral changes in fish could be inter-
preted as indicating “pain”, whether from a specific 
noxious stimulus or otherwise. This position ignores 
important differences between nociception, stress, and 
pain (Stevens et  al. 2016, also see Reason 1) and 
makes the question of pain in fishes a non-falsifiable 
hypothesis. In other words, Sneddon and Roques 
(2023) argue that any deviation from what an observer 
believes is “normal” behavior for that particular indi-
vidual fish is a result of pain. This approach basically 
assumes that all “normal” behaviors in each fish spe-
cies are known and quantifiable, that there are known 
ranges of “normal” and “painful” behavior for indi-
vidual fish, and that there are no explanations other 
than pain for any behavioral deviations from “normal”.

The same problems also occur in the crustacean 
literature where, for example, some behaviors deemed 
“consistent with the idea of pain” (Barr et  al. 2008; 
Elwood 2021) are most likely an overinterpretation 
or misrepresentation of normal grooming or chemo-
sensory behaviors (Puri and Faulkes 2010; Diggles 
2019). Experiments on cephalopods have also revealed 
a tendency for individual animals to react to the same 
stimulus with quite different responses, such that stan-
dardization of testing protocols is urgently required 
(Borrelli et  al. 2020) if there is to be any chance of 

https://www.un.org/sustainabledevelopment/hunger/
https://www.un.org/sustainabledevelopment/hunger/
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consistent application of the scientific method toward 
validating welfare criteria for these animals.

This is not a trivial issue. If unfalsifiable hypotheses 
based on unvalidated criteria are used as the basis 
for drafting welfare legislation encompassing fishes, 
crustaceans and other invertebrates, any activities that 
an observer believes deviates from their qualitative 
idea of “normal” behavior could be interpreted as 
“painful”, and hence could meet legislative criteria for 
infringement and prosecution. Similarly, if unfalsifi-
able criteria are used to judge whether organisms are 
sentient or feeling pain, it is difficult to see how any 
organism would fail to meet criteria requiring their 
protection under welfare legislation, unless the criteria 
were arbitrarily applied.

vi. Arbitrary application of criteria

The criteria advocated by Birch et  al. (2021) to ascribe 
sentience to animals are being applied arbitrarily. For 
example, Birch et  al. (2021) argue, based on their 
criteria, that all cephalopods and decapod crustaceans 
should now be considered “sentient beings”, yet within 
the Mollusca they do not extend their analyses to 
other groups such as bivalves (e.g., scallops, oysters) 
and gastropods (e.g., abalone, snails). These taxa also 
react in response to visual, chemical, noxious and 
environmental cues (e.g., Barnhart et  al. 2008; 
Wesołowska and Wesołowski 2014; Siemann et  al. 
2015; Hochner and Glanzman 2016; Walters 2018b, 
2022) including alleged “avoidance learning” (Selbach 
et  al. 2022), and share similar neuroanatomical net-
works to the Cephalopoda. Moreover, within the 
Crustacea, members of the Copepoda have similar 
physiology and neurological networks to the Decapoda 
and also react in response to visual, chemical, noxious 
and environmental cues. Based on the criteria of Birch 
et  al. (2021), copepods, bivalves, and gastropods would 
appear to satisfy at least three or four of their eight 
criteria with reasonably high certainty, leading to a 
potentially erroneous conclusion of “some evidence” 
or “substantial evidence” of sentience in these groups 
(Walters 2022).

Perhaps these criteria are being applied arbitrarily 
because taking their consistent application to its log-
ical conclusion would be extremely problematic. For 
example, sea lice (Lepeophtheirus spp., Caligus spp.) 
are ectoparasitic copepods that cost the global salmon 
farming industry hundreds of millions of dollars 
annually to control (Abolofia 2017; Stene et  al. 2022). 
This cost is incurred in large part to satisfy animal 
welfare concerns over the impact of lice infestation 
on the welfare of wild and cultured salmon (Macaulay 

et  al. 2022), but without any regard for the impact 
of the treatments on the welfare of the sea lice 
(Moccia et  al. 2020). Similarly, extending the same 
sentience analysis to bivalve molluscs could result in 
bans on the consumption of fresh, live oysters.

The problems with the criteria of Birch et al. (2021) 
do not stop there. Single cell protozoans exhibit noci-
ception yet they have no cell-based nervous system; 
changes in behavior during predator avoidance are 
triggered by changes in bioelectrical activity within 
cell membranes (Naitoh 1974; Valentine and Van 
Houten 2022) or by response to chemical gradients 
(King and Insall 2009). Even bacteria exhibit not only 
quorum sensing but also learning behavior “similar 
to Pavlovian conditioning” (Hopkin 2008), while slime 
molds are alleged to exhibit learning and 
problem-solving behaviors (Bonner 2010; Boussard 
et  al. 2019). Indeed, such behavior is not restricted 
to microorganisms from the animal kingdom, given 
that plants make sounds when stressed by dehydration 
(Khait et  al. 2023; Marris 2023).

Essentially, all of this means that if the criteria 
used by Birch et  al. (2021) were universally applied, 
there is a high chance that few, if any, organisms 
would fail to meet their threshold for “some evidence 
of sentience” (Walters 2022). Such an outcome brings 
the utility and validity of the criteria themselves into 
serious question; if all organisms are considered "sen-
tient", this severely devalues the feelings-based welfare 
concept itself into irrelevance, because everything (and 
therefore nothing) is special all at the same time 
(Birch 2017). Thus, at some stage there would still 
be a need for further arbitrary decision making 
regarding which groups deserve welfare protection, 
and where or when exemptions must be applied to 
preserve the human population’s health and food sup-
ply systems (e.g., in wild capture fisheries, use of 
insecticides to protect crops or control mosquitoes to 
combat malaria or other vector-borne diseases). 
Sentience is a “hard problem” (Gray 2004; Humphrey 
2022; Mason and Lavery 2022), and these severe 
shortcomings of the sentience criteria used by Birch 
et  al. (2021) highlight why their utility is questionable, 
as is more broadly, application of the feelings-based 
suffering-centered approach to the welfare of fish and 
aquatic invertebrates. Instead of arbitrary application 
of intangible, context-dependent concepts that may 
selectively serve certain ethical positions (no use of 
animals at all) at the cost of others (sustainable use 
of animals), pragmatic functional or nature-based 
operational welfare indicators with quantifiable end-
points that are scientifically validated, reliable and 
straight-forward to interpret should be used 
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(Arlinghaus et  al. 2009; Diggles et  al. 2011; 
Barragán-Méndez et  al. 2019; Browman et  al. 2019; 
Table 2).

vii. Dilution/devaluation of the welfare concept

A broad definition of sentience is being extended 
from terrestrial vertebrates into not only fish, crus-
taceans, molluscs, and other invertebrates including 
insects (Crump et  al. 2022, 2023; Gibbons et  al. 
2022), but also plants (Calvo et  al. 2017; Chamovitz 
2018; Baluška and Mancuso 2021) and cell cultures 
(Niikawa et  al. 2022). Most of this discussion is phil-
osophical in nature, since measuring “pleasure” and 
“pain” in these groups in any scientifically valid con-
text remains challenging and riddled with inconsis-
tencies, technical problems (e.g., Bennett et  al. 2009; 
Borrelli et  al. 2020) and subjective anthropomorphic 
assumptions (e.g., for fishes see Rose et  al. 2014; 
Mason and Lavery 2022; Hart 2023; and for plants 
see Brown and Key 2021).

The major problems with assuming all animals (and 
increasingly plants) are sentient until proven otherwise 
were identified by Birch (2017) as being “unscientific 
or anti-scientific”, and that such a position would make 
“the science of animal sentience more or less irrelevant 
to the scope of animal protection law: all animals would 
be assumed sentient unless proven otherwise, and it is 
hard to see how research could prove otherwise” (Birch 
2017). This proposition by Birch would require prov-
ing a negative, almost an impossibility, but properly 
done research could determine if a species failed to 
meet sound, testable criteria for sentience if they were 
to become available.

The argument that bees are sentient is illustrative 
of some of the problems of adopting this approach. 
If the potentially unfalsifiable hypothesis that bees are 
sentient is accepted (Gibbons et  al. 2022; Crump et  al. 
2023), ignoring the fact that their behaviors can be 
replicated by robots (Adamo 2019), it follows that all 
insects are potentially sentient and should therefore 
be theoretically protected under welfare regulation. 
This situation would lead to widespread noncompli-
ance with welfare legislation when farmers need to 
protect their crops from predatory insects. A likely 
(and presumably unintended) consequence of such an 
event would be severe constraints on crop production 
imposed by bans on insecticides to protect insects 
and regulation of tilling the soil because of all of the 
sentient animals displaced and killed in doing so. 
Issues would also arise when trying to protect bees. 
For example, parasitic mites (arachnid arthropods) 
have been implicated in the worldwide collapse of bee 

colonies. Can mites be killed using allegedly “painful” 
procedures if it helps save bees? What if mites turn 
out to be more sentient than bees? (Reber 2017).

Given that arthropod parasites (including crusta-
ceans) and other microorganisms are common disease 
agents (or vectors for diseases) of animals and humans, 
it appears extremely implausible that any laws would 
ever be passed to protect their welfare. What would 
be the impact on animal welfare of treatments for 
arthropod parasites such as bedbugs, mosquitoes, 
headlice, fleas, skin mites and ticks? If sentience, and 
therefore, welfare protection were extended to hel-
minth parasites such as nematodes and cestodes, the 
deliberate poisoning of intestinal worms would raise 
ethical issues that would need to be ignored by those 
afflicted. As would the more mundane problems of 
killing tens of thousands of allegedly sentient beings 
when mowing the lawn or driving your car along a 
country road.

Less obvious threats to biodiversity would also 
arise. For example, the culture of the critically 
endangered freshwater mussel would raise animal 
ethics issues because the larval stage of this bivalve 
mollusc is an obligate parasite on the gills of fresh-
water fish (Barnhart et  al. 2008). Is it still ethical 
to save the mollusc by deliberately exposing or 
directly infecting fish? The latter strategy has been 
widely accepted since the beginning of the twentieth 
century in an attempt to prevent loss of biodiversity 
(Buddensiek 1995).

If the intent of sentience proponents is to protect 
more animal taxa under welfare legislation, there is 
no need to dilute welfare concepts, and generate 
“lose-lose” situations for animals and humans while 
denigrating the scientific method in the process. As 
already pointed out, these taxa can be included in 
welfare frameworks under pragmatic functional or 
nature-based welfare definitions (Arlinghaus et  al. 
2009; Diggles et  al. 2011) which can make welfare a 
“win-win” scenario for both animals and humans 
alike. Otherwise, how can welfare for fishes or inver-
tebrates be considered in instances such as endocrine 
disruption, for example, where it has been demon-
strated that entire populations of fishes can collapse 
(Kidd et  al. 2007) when exposed to estrogenic chem-
ical pollutants? Individual animals affected by endo-
crine disruption do not necessarily “suffer” in a 
conventional sense (Diggles et  al. 2011), so a suffer-
ing centered approach to welfare will not suffice.

Poor water quality and damaged habitat can lead 
to complete loss of fish or invertebrate populations. 
No fish or invertebrates means no fish or invertebrate 
welfare. Solving this equation for fish and 
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invertebrates, however, yields the following: water 
quality and habitat = fish and invertebrate welfare, 
thus providing a potential “win-win” for both humans 
and animals. As demonstrated by the biodiversity 
crisis and endocrine disruption problems, in practice, 
workable animal welfare frameworks need to be able 
to align with ecological reality in the natural world. 
To achieve this in the Anthropocene, animal welfare 
needs to be reframed as ecological welfare with an 
integrated approach to general ethical principles that 
also encompass ecological, environmental and societal 
issues (Fox 2006) such as biodiversity protection, 
human and animal health and food security (Golden 
et  al. 2021; FAO 2022; Macaulay et  al. 2022; Troell 
et  al. 2023; Allen et  al. 2023). If food webs collapse, 
so will human society, at which point nothing is 
served by demanding a welfare status for an individ-
ual animal, be it a fish, crab, snail, cephalopod or 
insect. The “One Health” approach to sustainable food 
system design advocated by the World Health 
Organization appears to be an appropriate starting 
point signaling the way forward in this regard 
(Stentiford et  al. 2020).

viii. High risk of unintended consequences

There are always risks of unintended consequences 
when governments regulate, and welfare legislation is 
no exception. A notable example followed the inclu-
sion of decapod crustaceans in welfare regulations in 
Victoria, Australia in June 2019 (Supplement 1). In 
this case, Royal Society for Prevention of Cruelty to 
Animals (RSPCA) field officers threatened fines and 
prosecution of a restaurateur who was housing live 
mud crabs (Scylla serrata) in a display aquarium, 
because the crabs had their claws tied to their bodies. 
This was considered a breach of the Prevention of 
Cruelty to Animals Act 1986 as the RSPCA inspector 
considered that the crabs “needed to be allowed to 
move their arms freely.” The tying method used had 
been implemented by the live mud crab industry for 
many decades based not only on occupational health 
and safety concerns (to prevent people from getting 
their fingers and hands crushed by crabs), but also 
the fact that free claws greatly increase claw autotomy 
rates and allows the mud crabs to injure, kill and eat 
other mud crabs held in the same display tanks due 
to their naturally cannibalistic nature.

This case study highlights how unvalidated, anthro-
pomorphic, feelings-based welfare criteria applied to 
new animal groups under suffering-centered animal 
welfare legislation frameworks can result in retrograde 
“lose-lose” welfare outcomes for the animals involved, 

as well as injury and prosecution of innocent people. 
Crump et  al. (2022) appeal for “more research into 
appropriate stocking densities, environmental conditions, 
and methods to prevent aggression and injury” in cap-
tive decapod crustaceans. This is laudable, however 
they overlook the fact that decades of practical expe-
rience in “quality management” have already devel-
oped that information as well as many other reliable 
physiological, pathological, nutritional, and health 
related welfare indicators for holding live decapod 
crustaceans (e.g., Paterson and Spanoghe 1997; 
Davidson and Hosking 2004; Shields et  al. 2006). This 
large body of existing evidence underpins animal 
health, survival and profitability in many fisheries and 
aquaculture industries; hence it should not be ignored 
in a rush for “new” feelings-based welfare criteria for 
decapod crustaceans.

Eyestalk ablation to boost larval production from 
penaeid shrimp broodstock has also emerged as a 
welfare issue in recent years. Diarte-Plata et  al. (2012) 
suggested that ablation was “painful” based on tail 
flicking and leg or antennal rubbing as welfare indi-
cators. Neither tail flicking nor rubbing are validated 
or reliable pain indicators in crustaceans, however, as 
shown by Puri and Faulkes (2010) in the case of 
rubbing and Weineck et  al. (2018) who demonstrated 
that tail flicking is a reflex that also occurs in tran-
sected shrimp abdomens separated from the head. 
Nevertheless, eyestalk ablation affects several other 
easily quantifiable functional welfare metrics such as 
broodstock survival and larval quality; hence alterna-
tives to ablation are used by the shrimp aquaculture 
industry when they are available (Magaña-Gallegos 
et  al. 2018).

Recent studies of the shrimp Penaeus vannamei 
have found alternatives to eyestalk ablation that can 
result in equal or better quality and quantity of larvae 
for that species (Zacarias et  al. 2019, 2021). This result 
is not universal, however, and to date no alternatives 
to ablation have been found for other important cul-
tured shrimp species such as Penaeus monodon (see 
Uddin and Rahman 2015). Demands by certain inter-
est groups to ban eyestalk ablation in all shrimp farm-
ing would result in the use of ten to twenty times 
more P. monodon broodstock to meet industry needs 
for post larvae. This would immediately have the 
unintended consequence of requiring many more P. 
monodon broodstock, another “lose-lose” situation as 
it conflicts with one of the basic 3Rs welfare principles 
of reduction of numbers of animals used. Such a move 
would also increase fishing pressure on wild stocks, 
while the lack of reliable larval supply would threaten 
entire aquaculture industries in countries where P. 

https://doi.org/10.1080/23308249.2023.2257802
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vannamei is not available, threatening livelihoods and 
regional and/or global food security.

Similar issues have arisen in the regulation of com-
mercial fishing in the European Union (EU). For 
example, attempts to increase gear selectivity and 
reduce the environmental impact of beam trawling 
for flatfishes in the Netherlands resulted in develop-
ment of electric pulse trawling (Kraan et  al. 2020; 
Penca 2022). Instead of using tickler chains which 
damage sensitive benthic habitats, the electric pulse 
trawl method uses a suspended hydrofoil generating 
pulsed electric fields (up to 60 volts, 30–45 Hz) within 
the net area to generate galvanotaxis of benthic fishes 
and increase the potential for their capture in the 
trawl net without interacting directly with the sedi-
ment (Kraan et  al. 2020). Intensive scientific scrutiny 
found electric pulse trawling was more selective for 
flatfish and brown shrimp (Verschueren et  al. 2019; 
Poos et  al. 2020), reduced bycatch and benthic dis-
turbance, and also reduced fishing time and fuel con-
sumption/CO2 emissions, resulting in higher 
sustainability scores compared to fishing with tradi-
tional beam trawls (Kraan et  al. 2020; Penca 2022). 
Paradoxically, despite this, animal welfare concerns 
were amongst the reasons provided when electric 
pulse trawling was banned by the EU in 2019 (Court 
of Justice of the European Union 2021; Penca 2022).

The precautionary approach (see Reason 9 below) 
as well as political and socio-economic considerations 
relating to encroachment of the pulse trawl fleet into 
areas historically fished by low impact netting meth-
ods, were some of the main drivers of the decision 
(Penca 2022). Nevertheless, intense activity from activ-
ist NGOs also highlighted perceived welfare concerns 
for flatfish as well as larger Atlantic cod which may 
experience spinal damage during capture when 
exposed to the electric pulses (Kraan et  al. 2020). 
Atlantic cod typically have a low survival rate if they 
are caught in trawls, so the issue of spinal damage 
was considered irrelevant from a fisheries sustainabil-
ity perspective (Kraan et  al. 2020), assuming of course 
that the fishery itself is appropriately managed. 
Nevertheless, the court decision was upheld upon 
appeal, supported by false and misleading claims by 
activist NGOs who “compromised the basic principles 
of ethical conduct in scientific research” (Kraan et  al. 
2020). Some aspects of this decision were considered 
likely to stifle technological innovation in the fisheries 
sector which would otherwise improve conservation, 
reduce overfishing, and improve fisheries sustainability 
(Kraan et  al. 2020; Penca 2022).

Another “lose-lose” example is the banning of 
catch-and-release angling in some countries, such as 

Germany and Switzerland. In both these countries, 
voluntary catch and release of legal-sized fish by 
anglers was considered by some members of the com-
munity to be unethical and cruel, as the caught fish 
could be eaten rather than released (Arlinghaus et  al. 
2012). After intensive lobbying by animal rights 
groups, mandatory catch-and-retain regulations were 
implemented, which result in more fish being killed 
by anglers (Arlinghaus et  al. 2012). Increased fishing 
mortality can result in potential reductions of both 
recruitment and sustainability in fisheries which gen-
erate substantial socio-economic activity and provide 
a range of human health benefits (Arlinghaus et  al. 
2007). A mandatory catch-and-retain policy based on 
animal rights ideology therefore paradoxically results 
in reduction of not only the welfare of populations 
of fish (due to the removal of fish that would other-
wise continue to live), but also a reduction in human 
welfare as well.

All of the above examples provide glimpses into 
the range of unintended consequences and potential 
“lose-lose” scenarios that could be expected if a 
suffering-centered approach, fueled by animal rights 
advocacy, is allowed to influence welfare legislation 
for fishes and aquatic invertebrates, and that legisla-
tion is subsequently enacted in the absence of a firm 
scientific basis.

ix. Dangers of the precautionary approach

Various definitions of the precautionary approach 
exist, using wording such as “Where there are threats 
of serious or irreversible damage, lack of full scientific 
certainty shall not be used as a reason for postponing 
cost-effective measures to prevent that damage” 
(Principle 15 of the 1992 Rio Declaration). The deci-
sion to invoke the precautionary approach is generally 
associated with risk assessment of both the seriousness 
and magnitude of the supposed threat whilst consid-
ering any inherent uncertainties (Krebs 2011). As 
shown in Reasons 6–8, however, the precautionary 
approach is often invoked by activist NGOs in order 
to more aggressively weaponize their campaigns 
for change.

What needs to be understood by policy makers 
is when the precautionary approach is used to pri-
oritize the welfare needs of individual (allegedly 
sentient) species which are ecologically lower in the 
food chain (such as smaller fishes and aquatic inver-
tebrates which are natural prey items for larger pred-
atory fishes or aquatic invertebrates), several predator/
prey conundrums arise. In aquaculture, one issue is 
the use of live feeds. The use of crustacean 
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zooplankton (i.e., Artemia, copepods) as live feeds 
is an essential prerequisite for the health, welfare 
and survival of virtually all larval fish, decapod crus-
taceans and cephalopods. A pragmatic science and 
nature-based approach to fish and invertebrate wel-
fare supports live feeding on the grounds that live 
feeds form the basis of natural food webs, and hence 
provide the best nutrition, health and welfare out-
comes for larval fish and invertebrates. Provided that 
live feed cultures are biosecure, microbially clean 
and disease free, they are accepted as necessary and 
critical for replicating natural feeding processes that 
underpin the entire global aquaculture industry 
(Støttrup and McEvoy 2003).

In stark contrast, Crump et  al. (2022) use what are 
essentially animal rights definitions to identify live feed 
as a welfare problem for the prey animals. This shows 
how the precautionary use of a suffering-centered welfare 
framework does not mirror reality in any predator/prey 
situation that supports natural trophic pathways (i.e., in 
natural environments, wild fisheries or aquaculture nurs-
eries), because it only recognizes the needs of individual 
animals (“dots”), but it is unable to “join the dots” 
together via trophic pathways into a coherent working 
ecosystem (Fox 2006). “Joining the dots” also involves 
humans, who are part of the same natural world where 
we are all inextricably linked to the other dots through 
our health, welfare and food security needs (Allen et al. 
2023). Regulating live feeding for fisheries or aquaculture 
under a suffering-centered welfare framework, usually 
leads to circular arguments about benefits for predators 
versus prey. This argument is eventually self-limiting, 
however, because animal rights definitions eventually 
conclude that to resolve the conundrum the solution is 
to humanely kill all predators (Fox 2006; Bramble 2021), 
or genetically engineer them to become vegetarian (Fox 
2006). Of course, in the real world, both so called “solu-
tions” would undermine essential trophic and evolution-
ary processes and risk global ecological collapse (Allen 
et  al. 2023).

Similar animal rights-based arguments are also 
being made against fish feeds based on insect meal1, 
despite this natural protein source resulting in better 
welfare for carnivorous fish than feeding them terres-
trial plant-based diets (Alfiko et  al. 2022). Recent calls 
by animal rights groups and others to ban farming 
of octopus and other cephalopods, allegedly based on 
welfare grounds (Schnell et  al. 2022), also invoke the 
precautionary approach, to the arguable detriment of 

1https://thefishsite.com/articles/anti-insect-ingredient-farmed 
-salmon-standard-tops-new-welfare-benchmark

overexploitation of wild cephalopod populations 2. 
Utilizing the precautionary approach to advocate for 
banning aquaculture production of predatory fish and 
invertebrates based on perceived welfare issues with 
live feeds under suffering-centered welfare frameworks 
would result in immediate global food insecurity 
(Golden et  al. 2021; Tigchelaar et  al. 2022; Troell et  al. 
2023). On the other hand, playing devil’s advocate 
with the very same precautionary approach could lead 
to an argument that to reduce these clear risks to 
global food security and avoid other presumably unin-
tended consequences, all aquatic taxa should be 
removed from all animal welfare protection. Of course, 
this extreme example would likely be unacceptable to 
society, as well as potentially counterproductive to the 
health and welfare of aquatic animals. But as pointed 
out by Arlinghaus and Schwab (2011), the precau-
tionary approach or “benefit of the doubt”, can neu-
tralize everything, including common-sense.

x. The need for organized skepticism and critical 
thinking

The scientific method is based upon observations, 
hypotheses to test and in turn understand the obser-
vations, data collection, and analysis of repeatable 
empirical evidence for or against the hypotheses. The 
method then requires rigorous skepticism regarding 
the empirical evidence (Huxley 1866; Popper 1963), 
and self-correction through defining specific criteria 
for falsifying the hypotheses (Trevors 2010; Abbot 
et  al. 2023). As such, science is best seen as orga-
nized skepticism: “a journey, over time, toward con-
tingent understanding guided by experimental tests 
and skeptical questioning" (May 2011).

The examples in the previous nine points demon-
strate that the scientific method is being regularly 
misused, misinterpreted, or ignored in the fish and 
invertebrate sentience and pain literature. Moreover, 
some of this literature (and other associated publica-
tion activities) contains evidence of organized activ-
ism. The strategies being used by some groups to 
advocate for legislative changes ignore several of the 
Mertonian principles of science (Abbot et  al. 2023). 
This pathway usually leads to pseudoscience, which 
if left unchallenged, promotes Lysenkoism-like activity 
(Gordin 2012; Kolchinsky et  al. 2017) leading to a 
slippery slope which unravels the fundamentals of all 
sciences, regardless of discipline.

2https://www.theguardian.com/environment/2023/jun/25/a-symbol 
-of-what-humans-shouldnt-be-doing-the-new-world-of-octopus- 
farming
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One of the most important defenses against pseudo-
science is critical thinking. A good way to explain critical 
thinking is via a worked example. Imagine Ms. B. Leave 
and Ms. A. Gainst are engaged in a discussion about the 
existence of the tooth fairy. Ms. B. Leave starts by affirm-
ing the existence of the tooth fairy with evidence that 
her teeth placed on the bedside table at night are replaced 
with a gold coin the next morning. This didn’t happen 
only once, but many times, and was also verified by other 
friends who experienced similar events. Wanting direct 
proof, Ms. A. Gainst proposed to stay awake overnight 
and witness the tooth fairy for herself, however, Ms. B. 
Leave exclaimed that the tooth fairy will never come if 
there is a chance it will be seen. Not surprisingly, Ms. A. 
Gainst remained skeptical of this non-falsifiable hypoth-
esis. She suggested perhaps there was a more parsimoni-
ous explanation, that being Ms B. Leaves’ parents were 
the entities responsible for the tooth/coin swap.

The above scenario reveals how four important 
questions can help guide critical thinking: first, what 

is the proposed hypothetical mechanism underpinning 
the phenomenon? i.e., the tooth fairy replaces the 
tooth with a gold coin. Second, does the evidence 
support the mechanism? – neither the gold coin nor 
hearsay is evidence for the tooth fairy. Third, is the 
mechanism biologically or physically plausible? - flying 
fairies carrying gold coins are inconsistent with known 
scientific principles; and fourth, are there other more 
parsimonious alternative explanations for the phenom-
enon? e.g., the tooth fairy is instead a real person. 
These four questions demonstrate the basis of orga-
nized skepticism.

Application of organized skepticism and critical 
thinking to the various scientific issues highlighted 
here is vitally important if policy makers are to inter-
pret the limited data available (Sutherland et  al. 2013) 
and develop sound policies which avoid the potential 
“lose-lose” situations and unintended consequences 
which could otherwise arise (Figure 1). In this age 
of internet misinformation, “alternative facts” and 

Figure 1. conceptual diagram of the interactions between the ten reasons to be skeptical about fishes and aquatic invertebrates 
being sentient and feeling pain. Problems with scientific rigor hinder interpretation of the outcomes, which results in significant 
policy challenges during development of legislation regulating welfare. to avoid the potential dangers and unintended conse-
quences which can arise from these issues, organized skepticism and critical thinking must be applied to the underlying scientific 
problems and policy challenges that arise.
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Artificial Intelligence (AI) written research which fab-
ricates its own references (Davinack 2023), it is also 
important to maintain and cultivate in our schools 
and higher education systems a scientific culture of 
healthy, rigorous, organized skepticism, to protect us 
from pseudoscience so scientists can continue to gen-
erate reliable empirical evidence upon which to base 
important decisions that affect the future of human-
kind and animal life (Krebs 2011; May 2011; O’Brien 
et  al. 2021; Abbot et  al. 2023). Clearly, the current 
uncertain state of fish and invertebrate welfare science 
demands a skeptical view (Mason and Lavery 2022; 
Hart 2023) to ensure that the scientific record gen-
erates reliable knowledge to support evidence-based 
decision making on this issue of global importance.

Conclusion – a suggested way forward

The ten reasons outlined above emphasize why any 
new operational welfare indicators used to define best 
practice guidelines for fish and aquatic invertebrates 
under suffering-centered welfare frameworks need to 
be closely scrutinized for their scientific robustness, 
relevance and applicability. This means they should be 
held to a scientifically validated evidential standard 
which makes them measurable, replicable under all 
conditions (rather than being specific to certain labo-
ratory contexts), reliable and hence equivalent to the 
well-established physiological, pathological, nutritional, 
and health-related welfare indicators already used to 
define current best practice for these animals under 
the pragmatic animal welfare approach (Table 2). If 
they are not, it is doubtful that inclusion of fish and 
invertebrates in animal welfare legislation will generate 
any meaningful welfare improvement for these animals, 
at a high risk of “lose-lose” scenarios involving retro-
grade welfare outcomes and unintended consequences 
to both humans and aquatic animals alike.

Extending legal protection to fish and aquatic inver-
tebrates is a societal choice (Browman et  al. 2019) and 
politics is the method used in Western democracies to 
influence that choice (Krebs 2011; Moylan 2022). 
Nevertheless, science, not politics, is the method best 
equipped to identify reliable, replicable, and effective 
operational welfare indicators that can improve welfare 
outcomes for fish and invertebrates. Effective welfare 
can be a “win-win” scenario for both aquatic animals 
and humans alike. Yet without application of organized 
skepticism, verification and critical thinking to this 
subject, there is a high risk of invoking a rapid down-
ward spiral in scientific rigor, with potentially signifi-
cant unintended consequences. This situation would 
be at odds with the high evidential bar historically 

applied to the majority of science underpinning devel-
opment of modern aquaculture and fisheries science 
and management. With global food security, liveli-
hoods, and the human right to be free from hunger 
and poverty in play, the stakes are very high. To para-
phrase Sir Winston Churchill,

Never before in the field of human food security, has so 
much been put at risk for so many, based on so few 
verifiable facts
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