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Abstract

In several arenas—Ilegislative, academic, corporate, advocacy, and scientific—the welfare of fish has
increasingly attracted attention due in part to the expansion of the aquaculture industry, as well as the growing
understanding that many handling methods, management systems, and slaughter practices can induce pain and
therefore reduce animal welfare. Unlike other animals raised for human consumption, however, general
consensus has not always afforded fish the presupposition that they are, in fact, capable of feeling pain. The
typical arguments in support of or against attributing pain capacity to fish revolve around their neuroanatomical
development, behavioral and cognitive complexity, physiology, and anatomy. After reviewing the current
scientific evidence and exploring the many arguments, it is irrefutably substantiated that fish are capable of
experiencing pain.

Introduction

Aquaculture, as defined by the National Oceanic and Atmospheric Administration (NOAA) of the U.S.
Department of Commerce, is “the propagation and rearing of aquatic organisms in controlled or selected
environments for any commercial, recreational or public purpose.” Described as the fastest-growing food
production sector in the world, aquaculture’s growth is expected to continue.” Indeed, simply to satisfy current
worldwide fish consumption, the Food and Agriculture Organization of the United Nations predicted in 2006
that worldwide aquaculture production must nearly double in the next 25 years.” In the last two decades, the
aquaculture industry’ has expanded approximately 8% per year, and it is expected that the number of farmed
fish will continue to rise,* perhaps surpassing the number of wild-caught animals from the world’s fisheries.

Given the scale and growth of the global aquaculture industries, increasing concern for the treatment of farmed
fish has resulted in extensive scientific review of fish welfare and stress,‘:”6’7’8’9’10’11’12’13’14’15’16’17 as well as debates
on pain and consciousness in fish,'®!%20-212223.24.23

" Dr. Yue received her Ph.D. in 2005 from the University of Guelph and served as a consulting farm animal welfare
scientist for the Humane Society of the United States in 2007 and 2008..
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The Function of Pain

Pain is an evolutionary adaptation that helps individuals survive, providing a signal that gives animals the
opportunity to remove themselves from damaging situations, thereby increasing their chances of passing on their
genetic makeup to future generations.”® Negative experiences incentivize avoiding similar future occurrences to
prevent further damage. Teleologically, pain has both survival and adaptive value.””*®

An extremely rare human disorder, congenital insensitivity to pain, highlights the protective benefits of pain.
Sufferers experience severe tissue damage, bone fractures, and joint deformities, among other injuries, as a
result of sustaining and/or not avoiding physically damaging activities and behaviors.”

Evolutionary evidence suggests no radical discontinuity between humans and other vertebrate animals,” and, as
such, a trait like pain perception is not likely to suddenly disappear for one particular taxonomic class. A
comparison of empirical data from human and non-human animals has shown that non-human animals begin to
exhibit escape behavior at approximately the same stimuli intensity that human subjects first report pain.’’
Animal scientists have argued that the pain system should be viewed as an old evolutionary trait, not a recent
one.”>** All emotions, including the negative emotional experience of pain, may originate from the most
phylogenetically ancient part of the brain—which is reptilian—indicating fish should also have the ability to feel
pain.* Pain perception in fish makes Darwinian and biological sense.

Pain and Nociception

According to the International Association for the Study of Pain (IASP), publisher of the scientific journal
PAIN, pain is defined as “[a]n unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage.”* IASP cautions that the “inability to communicate
verbally does not negate the possibility that an individual is experiencing pain and is in need of appropriate pain-
relieving treatment” and notes that “[p]ain is always subjective” and “is that experience we associate with actual
or potential tissue damage. It is unquestionably a sensation in a part or parts of the body, but it is also always
unpleasant and therefore also an emotional experience.”*® In contrast, “[a]ctivity induced in the nociceptor and
nociceptive pathways by a noxious stimulus is not pain, which is always a psychological state, even though we
may well appreciate that pain most often has a proximate physical cause.”’

Simply put, pain is a negative sensory and mental experience, an emotional feeling of distress, suffering, or
agony, whereas nociception is the physical, unconscious response to noxious stimuli that results in a behavioral
or physiological change.” Consider the following example: If one were given local anesthesia before a dentist
extracted a tooth, one’s nociceptors—nerve fibers that produce the sensation of pain when they are stimulated
by tissue-damaging or noxious stimuli—would respond to the tissue damage, yet the feeling of pain would be
blocked. Physiologically, one’s body would respond (e.g., inflammation), but pain would not be experienced
until the anesthesia dissipated.

In humans, the conscious, negative experience is an intrinsic component of pain.39 In fish, however, some
scientists and laypersons have questioned whether it is reasonable to assume that pain can explain some of the
avoidance responses by fish to various noxious stimuli, such as being hooked, netted, electrically shocked,
clubbed, cut, or mutilated. That is, debate has arisen, and research undertaken, to examine the capability of fish
to feel pain.

The Neuroanatomical Argument

In an interview with Gord Ellis, fishing editor of Ontario Out of Doors Magazine, University of Wyoming
Professor of Zoology and Physiology James D. Rose reportedly said:
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It’s generally agreed upon among scientists who study pain that the actual experience of pain is a
psychological thing and that it’s completely separate from the behavioural reactions....The key issue is
the distinction between nociception and pain. A person who is anaesthetized in an operating room, or
has had a bad head injury, will respond physically to external stimulation, but he or she will not feel
pain. Anyone who has seen a chicken with its head cut off will know that, while its body can respond to
stimuli, it cannot be feeling pain....Some fish species certainly do have nociceptive neurones similar to
those found in a human. However, this means only that these animals are capable of sensing noxious
stimuli; it provides no evidence for the psychological experience of pain.*
In 2002, Rose published “The Neurobehavioral Nature of Fishes and the Question of Awareness and Pain,”41 a
literature survey conducted at the behest of the American Fisheries Society.** In his paper, Rose argues that fish
cannot feel pain because they do not posses the neocortex, a neuroanatomical structure that, in humans, is
associated with conscious awareness. As fish do not possess a neocortex, he concludes that avoidance and pain-
like behaviors exhibited by fish are mere unconscious, reflexive responses, akin to the automatic, knee-jerk
response humans perform when tapped on the knee. Further, neocortically damaged humans have no
consciousness, yet noxious stimulation applied to the faces of these impaired patients can evoke facial grimaces
and flinches reminiscent of a person in pain, though the patients are unaware of their own reflexive responses.
Similarly, Rose contends that when a fish darts away from an electric shock or the sharp teeth of a predator, for
example, that avoidance behavior is not caused by pain, but rather is a behavioral response to negative
stimulation—a reflexive, unconscious display of pain-like behavior.*

While Rose was not the first to introduce the idea of fish insentience due to a structural brain difference,** his
2002 paper was widely received and is currently a frequently cited reference used by those arguing against the
concept of fish pain. In contrast, however, research scientists have presented counterarguments to the
neuroanatomical debate, revealing fundamental flaws in Rose’s reasoning.****’

Rose’s comparison of normal, healthy, fish brain anatomy to a pathological, vegetative state in humans is
logically and scientifically unsound, and his assertion that the neocortex is the sole means by which pain can be
experienced suggests that it is the seat of consciousness. However, a cursory review of the neurobiology of
consciousness*******! shows both the complexity of the phenomenon of consciousness and that conscious
phenomena, such as pain, are not restricted to any one location in the brain.”> Additionally, the neocortex is
unique to mammals. Were the presence of a large, considerably developed neocortex the requirement for
experiencing pain, as Rose suggests, his theory would eliminate birds, amphibians, other non-mammalian
animals, and even some mammals from having the capacity of feeling pain,” which is unfounded.”*>”°

An international consortium funded in part by the National Institutes of Health published a report in the
February 2005 issue of Nature Reviews Neuroscience that found that the “brains of birds appear to be more
similar to those of mammals than previously thought....Previous opinion held that the malleable behavior of
mammals required the higher-order neocortex found in mammals. But collected genetic, behavioral, and
molecular evidence shows that, although the structures are organized differently, areas of the avian brain
perform functions similar to those of the mammalian neocortex, which is responsible for performing sensory
information processing.”’ Similarly, scientific studies have shown that although fish do not possess the exact
brain structures that humans do, their brains are both homologous (derived from a common ancestor) and
functionally analogous (functioning in a like manner) to the mammalian brain.”®** For example, in teleost fish,
the lateral and medial pallia are proposed to be homologous to the mammalian hippocampus (the brain region
primarily responsible for memory)and amygdala (a region in forebrain and part of the limbic system involved in
the production of emotional responses like fear), respectively.®*®"**% Studies have found that lesions to the fish
lateral pallium result in significant deficits in learning and memory, while lesions to the medial pallium disrupt
avoidance learning and fear conditioning, evidence that fish possess functionally analogous brain structures to
more derived vertebrate mammals.** Findings also indicate that some fish forebrains have functionally distinct
regions and that these are homologous to some major mammalian brain structures.”” The brains of many fishes
undergo a developmentally different process from the mammalian brain in that the mammalian neural tube, the
embryological structure from which the brain and spinal cord develop,® folds in on itself, while the teleost fish
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neural tube folds outward.®” This difference in neurological development means that in comparison to the
mammalian brain, the major fish forebrain structures develop in reverse order.*® Irrespective of the placement of
many of the main structures in the fish brain, their existence, most importantly, has been confirmed.

Through a variety of scientific techniques, researchers have found many similarities in neuroanatomical
structure between fish and land-based vertebrates, from gross regional structures to finer neuronal structures,”
and neurobiological evidence proposes that there is strong structural conservation throughout evolution.”
Dunlop and Laming extended the idea of investigating brain structures and examined the central nervous system.
Recordings were taken from the spinal cord, cerebellum, tectum, and telencephalon of goldfish and trout after
the animals were exposed to various stimuli, including noxious pin-prods and heated prods, as well as such
neutral sensory stimuli as being stroked with a paint brush. Neuronal responses were elicited in each of these
regions of the central nervous system, and, as responses were detected from the spinal cord up to the
telencephalon, the scientists determined the existence of an ascending nociceptive pathway. Indeed, responses
confined to the dorsal root ganglion, would suggest simple reflexive nociception. However, activity in the higher
brain centers, such as the telencephalon, suggest the ability of pain perception.”’ The researchers propose that
the fish telencephalon may therefore be a center for processing pain information, as the neocortex does in
mammals. As a primary question regarding pain perception is whether nociceptive responses are simply
reflexive responses, this finding provides evidence of the awareness of pain, not merely an unconscious,
physical reaction.

The Physiological Argument

Historically, lack of information pertaining to pain perception in fish, coupled with the few early studies that
attempted to investigate nociception in some lesser-derived fish species, suggested that the aquatic animals did
not have nociceptors and therefore were unable to experience pain.”> This supported the belief that the concept
of fish pain was both speculative and subjective.”

The interest in fish welfare has resulted in an expansion in fish pain research. Neville Gregory,” professor at the
University of London’s Royal Veterinary College,”* helped spawn the scientific inquiry into developing what he
considered to be the criteria for the assessment of pain in fish:

1. to establish whether fish have the neurotransmitter, neuron types, and brain structures known to convey
information about pain in mammals;

2. to expose fish to what humans would consider painful stimuli, evaluate their responses, and then
determine whether these pain-like responses can be suppressed with analgesic drugs that, in turn, can be
suppressed by analgesic blockers; and

3. to investigate whether fish can learn to associate aversive stimuli with neutral conditioned cues and
whether the animals would then respond with appropriate avoidance behavior when exposed only to
those cues, providing evidence that fish are be capable of anticipation and that avoidance responses are
less likely to be governed by reflexive mechanisms stimulated only by the presence of the negative
stimulus itself.”

With respect to the first criterion, Sneddon et al.’s ground-breaking study on fish pain revealed that fish do
indeed possess nociceptors capable of detecting tissue-damaging stimuli such as mechanical pressure (e.g.,
physical force), excessive temperature (e.g., hot prod), and chemical irritation (e.g., acetic acid). (See Figure 1
below.®) This study not only discovered the physical location of the nociceptors on the rainbow trout’s head, but
also that the nociceptive nerves have some identical properties to those described in the pain system of more
derived vertebrate animals. Fish nociceptors, similar to those in mammals, are linked to two categories of nerve

* Dr. Gregory also serves as chair in Animal Welfare Physiology jointly supported by the Royal Veterinary College and the
Biotechnology and Biological Sciences Research Council, and has authored more than 290 scientific papers
¥ Reprinted with permission. Sneddon LU, Braithwaite VA, and Gentle MJ. 2003. Do fishes have nociceptors? Evidence for
the evolution of a vertebrate sensory system. Proceedings of the Royal Society of London 270(1520): 1117.
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fiber that arise as free nerve endings in the skin and differ in diameter and information transmission speed. The
A-delta fibers, small in diameter and myelinated, are associated with immediate or “pricking” pain, whereas the
even smaller, unmyelinated C fibers are associated with dull, aching, or chronic pain. In the rainbow trout, out
of the four different types of nerve fibers, A-delta and C fibers act as nociceptors: A-delta fibers comprise about
25% and are more abundant than C fibers, which

comprise approximately 4%. In contrast, C fibers can
compose up to 50% of all fiber types in mammals.”®’’
This proportional difference in the presence of A-
delta compared with C fibers between fish and
mammals is of unclear significance, but may be
merely a reflection of evolutionary divergence.
Nonetheless, a nociceptive system similar to the
mammalian system has been found to exist in fish.
Thus, fish such as trout possess the necessary
neuroanatomy and neurophysiology to transduce and
process information that would be regarded as painful
in humans.”

Chervova et al addressed Gregory’s second criterion
in research studies conducted more than a decade ago.
The scientists found that fish demonstrated strong

aversive tail-flick responses to electric shock, fin Figure 1. P OSitiog of p}?lymoldal meChanorgceptorS or
pinching, and needle pricking, and that their pain-like | 2CS/C®PIOrS, MECIANOTACIMAL rCEprors an

. R . mechanochemical receptors on the head and face of the
response decr?a.sed in strength ‘w1tl71918rolcre.asmg rainbow trout, Oncorhynchus mykiss (triangles, polymodal
dosages of opioids and analgesics.””™ With respect to | nociceptor; diamonds, mechanothermal nociceptor;
reversing the effects of opioid drugs, studies have hexagons, mechanochemical receptor).

shown that the delivery of naloxone, an opioid

receptor blocker, reverses the analgesic effect of morphine in different species of fish.*"** Likewise, exogenous
analgesic compounds like morphine has been shown to increase pain tolerance in fish who are subjected to
painful stimuli.**® These results are consistent with the fact that opioid receptors and endogenous opioids are
found in the spinal cords and brains of fish.*

Numerous scientific studies have fulfilled the third and final criterion outlined by Gregory, determining that fish

are capable of learning avoidance tasks. Many types of fish species can learn quickly to associate neutral stimuli

with aversive stimuli and consequently use these cues to anticipate and therefore avoid the negative stimuli
86,87,88,89

completely.”™""™"

It is well-established that fish experience chemical and physiological stress responses in a manner similar to
mammals. Fish produce the same stress hormones and release them within a similar physiological pathway.””®'
Like mammals, fish show a generalized stress reaction that can be categorized into its primary, secondary, and
tertiary responses. The primary response consists of neuroendocrine responses, which include the rapid release
of stress hormones such as adrenaline and cortisol. These stress hormones can then activate metabolic pathways
in the secondary response phase, which can alter blood chemistry and hematology (e.g., changes in blood
glucose concentration). The tertiary response reflects changes in the whole animal; examples include negative
effects such as lowered immune function and decreased growth and reproductive capacity.” This general
physiological stress response is almost identical to that found in the mammalian system.”

Indeed, non-human animals, with their similar underlying physiology, have been used in
psychopharmacological studies investigating emotional states and predicated upon the assumption that the
animals used are sentient individuals able to experience feelings like pain, anxiety, and fear, similarly to human
beings.”* Studies of broiler chickens suffering from leg problems have shown that they will preferentially choose
diets laden with analgesics,” indicating that the birds were attempting to alleviate their leg pain, and studies of
rats have shown that they will self-administer pychostimulant drugs like amphetamine, cocaine, morphine, and
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heroin after having experienced them before.”**"****'% Similarly, fish have been used in studies that investigate
the hedonic effects of addictive drugs. Having similar dopaminergic pathways to mammals, research has shown
that fish will seek out the effects of cocaine after initial exposure to the drug.'”!

In fish, as in mammals, dopaminergic cell bodies and Substance P terminals are found in the nervous
system.'*>'"*'™ Substance P is a peptide neurotransmitter that modulates pain sensitivity by activating the
neurokinin-1 (NK-1) receptor, which is expressed by groups of neurons throughout the central nervous system.
The Substance P peptide is produced by small-diameter sensory pain fibers and is released into the dorsal horn
of the spinal cord following noxious peripheral stimulation, promoting an increased sensitivity to pain.'”
Substance P, which is associated with pain transmission, has been found in the central nervous system of fish,
with the highest concentrations found in the hypothalamus and forebrain.'® The similar pain pathways and
biochemical mediation of nociception are in many ways similar to those of land-based vertebrates, suggesting
the capability of pain perception.'”” As such, it follows that fish show pain responses in nociceptive behavioral
tests much as mammals do. The convincing body of physiological evidence shows that fish do have the ability
for subjective experiences such as pain.

The Behavioral Argument

Traditionally, fish have been viewed by some as simplistic animals'®—unintelligent and with a limited
behavioral repertoire and severely compromised memory—Ieading to the discounting of their ability to feel pain.
In reality, however, fish are neither behaviorally deficient nor cognitively impaired. Fish do not have the ability
to make facial expressions and, relative to mammalian animals, have a limited ability for postural changes and
vocalizations. Therefore they do not exhibit familiar mammalian responses such as screaming, crying,
whimpering, flattening their ears, tucking their tails between their legs, or raising their hackles when threatened.
Fish react to threatening or stressful stimuli in more subtle ways such as color changes,'®''*!"" alterations to
their level of movement by swimming rapidly or becoming immobile,'"*'"* and water column utilization by
swimming in the upper, middle, or bottom depths of the water.''*'"> Cautioned Michael Stoskopf, Professor of
Aquatics, Wildlife, and Zoologic Medicine and of Molecular and Environmental Toxicology at North Carolina
University, “It would be an unjustified error to assume that fish do not perceive pain in these situations merely
because their responses do not match those traditionally seen in mammals subjected to chronic pain....”""°
Indeed, even a cursory scientific literature search reveals an abundance of data devoted to behavioral and
cognitive study of fish.'”-!"#!1?

In one such study, pain perception in goldfish and rainbow trout was investigated by using flexible learning
ability. Researchers used spatially cued behavioral responses of the fish to noxious stimuli. Individual fish were
placed into a test tank, and, whenever an animal swam into a particular region of the tank, electric shocks of low
or high intensities were administered to the skin where nociceptors are known to be located. In response to the
electric shocks, both species of fish showed escape and avoidance behaviors, such as becoming immobile and
erratic, high-speed “panic” swimming, and eventually learned to avoid the electrified areas. The scientists found
that this escape and avoidance behavior changed significantly when a conspecific, a fish of the same species,
was put into the tank with them. Rather than avoiding the zone where low-shock intensity was delivered,
rainbow trout elected to stay in the electrified area for the opportunity to be near a conspecific. In contrast,
goldfish were unwilling to spend time either in the low- or high-electrical stimulating zones in order to be near a
conspecific, despite having spent a significant amount of time in these zones during periods of non-stimulation.
The researchers explained this difference in behavior as illustrating the difference in social habits of the two
species: Goldfish are not truly social animals, whereas trout may have a need for shoaling (swimming in a
synchronous group), particularly during threatening situations. The findings of this study show that painful
shock avoidance in fish is not purely a reflex response; fish have purposeful control over their own behavior.'*

The behavioral component of Sneddon et al.’s nociceptor study also suggests that the trout’s behavioral
responses to noxious stimulation are modulated by higher cognitive function. The researchers designed a
feeding experiment to quantify the animals’ level of motivation to eat after undergoing presumably painful
treatments.'?' Motivational states are often considered to be affective states (those that describe an animal’s
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mental state or mood),'** and changes in emotional state result in changes in cognitive processing and

behavior.'”'** To investigate how pain affects motivational states, the scientists put trout in tanks containing a
food-dispensing apparatus. Before the experiment began, fish were trained to swim to the dispenser to retrieve
food pellets upon a light cue. Once fish had learned this task, they were divided into four groups: The fish in one
group received no treatment, those in the second group had their mouths injected with saline, the third had their
lips injected with acetic acid solution, and the animals in the fourth group were given bee venom. Acetic acid
solution and bee venom are known to cause inflammation and irritation in mammals, and constituted the
noxious treatments. When given the chance to feed upon light cue again, the trout treated with the noxious
stimuli showed significantly prolonged suppression to regain feeding behavior compared to the control groups.
The researchers also noticed dramatically increased opercula beat rates (gill or ventilation rates), which
indicated physiological stress.'* Abnormal behaviors were observed as well. Fish in the two noxiously treated
groups rocked from side to side on their pectoral fins while resting on substrate, indicating a negative emotional
response or discomfort.**'*’ Fish whose lips were treated with acetic acid were also observed rubbing their
snouts against tank walls and bottom substrate. These behaviors were not seen in the two control groups. The
researchers interpreted these results as a reflection of not only underlying changes in physiology, but also the
demonstration of the experience of pain.'*®

In another behavioral study, Sneddon et al. investigated the interaction of avoidance behavior and fear to better
understand the phenomenon of pain perception in fish. It is known that trout are typically neophobic, showing
fearful avoidance behavior towards novel objects, and either stay away from or require a significant amount of
time to approach an unknown object. Sneddon et al. investigated the trout’s attentional state by placing a novel
object, in this case a brightly colored plastic object, into the holding tanks and comparing the avoidance
responses of control fish who had been injected in the snout with innocuous saline and test fish who had been
injected in the snout with noxious acetic acid. While the control group avoided the novel object, thereby
behaving as expected given trout’s neophobia, the test fish treated with the noxious acid spent more time closer
to the plastic object. The researchers explained this difference in behavior as an impairment of attentional state
or avoic}azlgnce behavior by the test fish due to their distractions caused by the experience of noxious stimulation,
or pain.

This theory begged the question as to what would happen if the fish were given an analgesic. The researchers
were able to show that the attentional deficit was reversed with intramuscular injection of morphine sulfate, a
pain reliever. That is, once the test fish who had been injected with noxious acetic acid received an analgesic,
both the control and test groups demonstrated comparable levels of avoidance behavior towards the novel object.
Sneddon’s team suggested that the provision of analgesia reduced pain, which therefore reinstated attention and
fear toward the novel object and thereby diminished the impairment of the avoidance response in the test fish.'*’
Very similar results have been seen in the human scientific literature, as it is known that pain can interfere with
cognitive tasks. For example, patients suffering from painful fibromyalgia can suffer from concentration and
memory deficits.””' Sneddon et al. concluded that their results, along with the growing body of literature in fish
welfare, provide sufficient evidence to show the fulfillment of criteria for animal pain, at a minimum with
regard to rainbow trout.'*?

Conclusion

On the basis of scientific evidence, fish have the capacity for experiencing and feeling pain. In a review of fish
nociception and pain, Sneddon followed a set of pain criteria developed by Patrick Bateson, emeritus professor
of ethology at the University of Cambridge and president of the Zoological Society of London,'* and
successfully determined multiple scientific examples from fish data that fulfilled each requirement,"**'*>'%
similar to the way in which Gregory’s criteria for pain have been addressed."’

Indeed, the typical arguments against fish pain perception are easily refutable. For some time, a challenge in
understanding non-human animals’ emotions and behaviors was steeped in our inability to communicate
verbally with them, thereby making the lack of common language a primary barrier. However, behavioral tests
have allowed animals to express their perceptions, preferences, aversions, and prioritization of desires. This
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enables conscious experiences to be accessible for scientific investigation."*® Said Marion Stamp Dawkins,
Professor of Animal Behavior at the University of Oxford and Vice-Principal of Somerville College, behavioral
tests allow animals to “vote with their feet”'* or, in this case, with their fins.

Ample behavioral, physiological, neurobiological, and pharmacological evidence exists to support the thesis that
fish are capable of suffering from pain.'**'*! Posited Gregory, “The appropriate question appears not to be do
fish feel pain? but rather, what types of pain do fish experience?”"**
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