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Abstract

Vast numbers of decapods are used in human food and currently subject to extreme treatments and there is concern that they might
experience pain. If pain is indicated then a positive change in the care afforded to this group has the potential to produce a major
advance in animal welfare. However, it is difficult to determine pain in animals. The vast majority of animal phyla have a nociceptive
ability that enables them to detect potential or actual tissue damage and move away by a reflex response. In these cases there is no
need to assume an unpleasant feeling that we call pain. However, various criteria have been proposed that might indicate pain rather
than simple nociception. Here, with respect to decapod crustaceans, four such criteria are discussed: avoidance learning, physiolog-
ical responses, protective motor reactions and motivational trade-offs. The evidence from various experiments indicates that all four
criteria are fulfilled and the data are thus consistent with the idea of pain. The responses cannot be explained by nociception alone
but, it is still difficult to state categorically that pain is experienced by decapods. However, the evidence is as strong for this group as
it is for fish but the idea that fish experience pain has broader acceptance than does the idea of decapod pain. A taxonomic bias is
evident in the evaluation of experimental data.
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Introduction
The number of crustaceans captured or farmed for human

consumption is vast. For example, the number of tiger

prawns (Penaeus monodon) used in 2008 is estimated at

214 billion (ie 214 million, million) animals. As this species

comprises about 12% of the number of crustaceans used per

year the total number is over 1,600 billion animals, a

number that vastly exceeds the combined numbers of

chickens, pigs, sheep and cattle killed. The following is an

attempt to put the numbers into perspective. A person who

eats a 200 g portion of beef every day will consume

25 animals over a lifetime of 80 years. If that person has a

prawn cocktail as a starter for just one meal, more than

25 animals could be consumed in one day. 

Live crustaceans are often transported for days, with claws

either bound or mutilated so they are non-functional. Some

crab fisheries involve the claws being pulled off and

retained whilst the animal is thrown back to the sea alive but

unable to feed (Patterson et al 2009). When whole animals

are landed the method of killing is usually by placing in

boiling water. Despite these treatments, our understanding

of the potential for suffering within this group has been

largely neglected (Kellert 1993; Sherwin 2001). Here, by

applying specific criteria (Bateson 1991; Sherwin 2001;

Elwood 2011), coupled with an experimental approach

(Patterson et al 2007; Barr et al 2008; Appel & Elwood

2009a,b; Elwood & Appel 2009; Barr & Elwood 2011) we

ask if these animals experience pain. The substantial

numbers of them used in the food industry and the extreme

treatments to which they are exposed should indicate the

potential for improved welfare if evidence of pain is found. 

Pain or nociception?
Within the United Kingdom, all vertebrates have been

protected in scientific research since 1986 (Animal

Scientific Procedures Act), despite considerable disagree-

ment about which vertebrate taxa might experience pain

(Rose 2002; Braithwaite 2010; Carere et al 2011; Mason

2011). Recent work, however, has been influential in the

greater acceptance that pain occurs in fish (reviewed in

Sneddon 2009; Braithwaite 2010). Invertebrates are

generally excluded from such protection (apart from

Octopus vulgaris) because their protective reactions are

viewed as nociceptive reflexes (see below) rather than

involving pain. Legislation in the UK has been proposed to

widen protection to some other species of cephalopods, but

not decapod crustaceans. To understand why some animals

have been protected whereas others are excluded we need to

be clear about the definition of pain.
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Pain in humans is described as:
an unpleasant sensory and emotional experience associ-

ated with actual or potential tissue damage, or described

in terms of such damage (IASP 1979). 

The problem with studying pain in animals is that they

cannot describe their emotional experiences and thus other

definitions have been proposed. One commonly used defi-

nition is:
an aversive sensory experience caused by actual or

potential injury that elicits protective motor and vegeta-

tive reactions, results in learned avoidance and may

modify species specific behaviours, including social

behaviour (Zimmerman 1986). 

A shorter definition that excludes the criteria by which pain

may be assessed is “an aversive sensation and feeling asso-

ciated with actual or potential tissue damage” (Broom

2001). Thus, pain is a centrally organised emotional inter-

pretation of the effects of a noxious stimulus and is a strong

motivation to get away from or otherwise stop the effects of

the noxious stimulus. 

As a first step in understanding pain we have to be clear

about the mechanisms by which the noxious stimulus is

initially perceived. These sensory systems are termed noci-

ceptors (Sherrington 1906) and nociception is defined as

“the neural processes of encoding and processing noxious

stimuli” (Loeser & Treede 2008) or “the capability of

animals to detect and react to stimuli that may compromise

their integrity” (Besson & Chaouch 1986). There is no

suggestion that nociception involves an unpleasant feeling

and there is no implication that central processing and

decision-making are involved in responses. Rather, nocicep-

tion involves a reflex response that helps minimise tissue

damage. In some taxa, however, the input from nociceptors

is experienced as pain but that does not mean that nocicep-

tion leads to pain in all animal taxa. 

Nociception has a clear function in that it protects the

animal from continuing tissue damage and should thus

enhance fitness. Nociception is thus widespread and

virtually universal amongst animal phyla (Elwood 2011). If

animals typically have this nociceptive protection we may

ask what further fitness enhancement is provided by the

emotional unpleasant feeling of pain? Presumably, pain

provides a mechanism of long-term awareness of the

noxious stimulus and tissue damage and a strong motivation

to avoid that stimulus in the future (Bateson 1991; Elwood

2011). Thus, nociception provides immediate action

whereas pain enables long-term protection.

Elwood (2011) lists eight criteria suggested by various

authors (Bateson 1991; Sherwin 2001; Broom 2007) that

might be used to indicate pain. That paper suggests that four

commonly used criteria, specifically: 1) the presence of

nociceptors; 2) a ‘suitable’ central nervous system; 3)

decreased responses with analgesics or opioids; and 4) high

level of cognitive ability, allow only limited insights into

whether or not an animal might experience pain. However,

it concludes that greater insights might be gained from

studies on the remaining four, specifically: 5) avoidance

learning; 6) physiological changes; 7) protective motor

reactions; and 8) trade-offs between pain responses and

other motivational requirements. Here, recent experiments

are concentrated on these latter four criteria and the extent

to which the data are consistent with the notion pain is

indicated. I also suggest other approaches that might help to

determine if pain is likely in decapod crustaceans.

Avoidance learning 
As noted above, the function of pain seems to be that the

high motivation to avoid that experience enhances

avoidance learning and protects the animal from future

damage. Thus, we expect that taxa that experience pain

should show rapid avoidance learning and there have been

several experiments on this topic in decapods. Denti et al
(1988) used an inhibitory avoidance technique on the crab,

Chasmagnathus granulatus. Each subject was placed in a

dark compartment and allowed to walk to a light area and

some then received a shock. When the crabs were tested

again the latency to enter the light compartment was greater

for those that received a shock than for the control group.

The association from a single trial between the shock and

the light chamber persisted for up to 3 h. Crayfish

(Procamarus clarki) were able to associate a light signal

with a shock and learned to avoid the shock by walking

forward to the other end of a shuttle box but would not learn

to tail flick when the light was presented if facing away

from the other end of the shuttle box (Kawai et al 2004). 

A recent study used the shore crab (Carcinus maenas)

which typically avoid light and seek dark spaces under

rocks or weed (Magee & Elwood, unpublished). In the labo-

ratory, we allowed crabs to select one of two dark shelters

within an otherwise light area. Crabs quickly and reliably

entered a shelter to avoid the light. Some crabs were

randomly selected to receive a shock when they entered the

shelter and received further shock if they remained in that

shelter. Other crabs were not shocked in the first chosen

shelter. After 2 min, the crabs were returned to the central

start point in the light and allowed to select a shelter again.

For this and subsequent trials those that received a shock in

the first shelter would receive a shock in that shelter again

but not in the alternative shelter and the reverse would occur

for those that did not receive a shock in the first shelter. We

found that most crabs went back to the shelter selected in

their original trial and whether or not they had received a

shock did not alter that choice. However, a change in

response to the shock subsequently became evident because

those that received a shock in the second trial were more

likely to switch shelters in the third trial compared to those

that had not received a shock in the second trial. Thus, the

crabs quickly learned to discriminate between the two

shelters and avoided the shock shelter. 

Crabs will also learn to move a single appendage. This was

shown in Ocypode ceratophthalma by applying a shock to a

single leg whenever the crab lowered that leg into water.

The animal learned to hold the leg above the water and thus

avoid shock (Hoyle 1976) and similar leg avoidance

movement was described in Carcinus maenas (Barnes &
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Dunn 1981a,b). Using intact mud crabs

(Eurypanopeus depressus), Punzo (1983) showed that leg

avoidance learning was accompanied by increases in RNA

and protein synthesis in the brain and that disruption of the

protein synthesis also disrupted learning. This study identi-

fied specific areas of the protocerebrum within the brain as

being involved in the learning of this avoidance. Curiously,

‘debrained’ crabs also show the ability to learn to lift their leg

to avoid shock, suggesting that the thoracic ganglia of these

animals play a role (Hoyle 1976; Barnes & Dunn 1981b).

Another approach was employed with hermit crabs

(Pagurus bernhardus), some of which received a shock to

the abdomen within the shell (Appel & Elwood 2009b;

Elwood & Appel 2009) and all were later offered a new

shell. Shocked crabs approached the new shell more quickly

and showed a much quicker investigation of the new shell

before moving into it. Quick investigation is typical of crabs

that are in shells of very poor quality (Elwood & Stewart

1985) suggesting that the shocked crabs perceived their

shells as being of particularly low quality. They showed a

high motivation to move out of the shell even 24 h after the

shock (Appel & Elwood 2009b). These studies indicate

rapid avoidance learning and persistent memory of a

noxious stimulus.

Physiological changes 
Corticosteroids are elevated after acute noxious stimuli are

applied to vertebrates and there is a range of other physio-

logical responses to potential pain. These include changes in

heart rate, pupil dilation and blood gases (Short 1998;

Sneddon et al 2003a). Decapods also have a stress hormone

called the Crustacean Hyperglycaemic Hormone (CHH) (as

well as specific biogenic amines) that function in a way

similar to corticosteroids in vertebrates in that glycogen is

converted to glucose and also causes elevated lactate (eg

Lüschen 1993). In the edible crab (Cancer pagurus),

forceable removal of a claw (a practice used in some

fisheries) in a way that causes tissue damage induced a rapid

rise in glucose and lactate, whereas those induced to auto-

tomise their claw did not show these effects (Patterson et al
2007). That is, tissue damage results in a marked physiolog-

ical stress response.

Protective motor reactions 
Vertebrates show prolonged licking, grooming or rubbing of

an area of the body subject to a noxious stimulus (Weary

et al 2006). For example, a rat or mouse injected with acetic

acid or formalin on the forelimb licks and grooms that area

and this is one of a number of standard ‘pain tests’

employed to test the effectiveness of analgesics (Shibata

et al 1989). Trout injected in the lip with acetic acid also rub

the lip in the gravel of a tank (Sneddon et al 2003a). This

approach was taken with the glass prawn (Palaemon
elegans) by brushing acetic acid (or sodium hydroxide) onto

one antenna when the animal was out of water and then

replaced in the water. This caused a marked increase in

grooming, and also rubbing the antenna against the wall of

the tank compared to control animals brushed with water

(Barr et al 2008). This grooming was directed at the treated

antenna rather than the untreated antenna and there was no

overall increase in activity that could explain the response.

It has been suggested that the response could be just a

grooming response rather than a nociceptive response (Puri

& Faulkes 2010) presumably simply to clean the area. Of

course, the same could be said of similar observations on

rodents but those observations are regarded as valid

evidence of pain (Sherwin 2001). We have also noted

prolonged abdominal grooming at the site of a shock in

hermit crabs that evacuate their shells (Appel & Elwood

2009a,b), which we have not seen when crabs are cracked

out of their shell by a bench vice or removed from their

shells during a shell fight (Dowds & Elwood 1985).

Prolonged grooming and rubbing indicates an awareness of

the specific site of the noxious stimulus and is not easily

explained as a reflex.

Trade-offs between pain responses and other
motivational requirements
A key feature of pain is that it is a strong motivational factor

to terminate and avoid stimuli that give rise to the pain

(Elwood 2011). Pain is thus not all or nothing but, in

humans at least, can be graded. If pain is part of a motiva-

tional system then we would expect that pain responses

would be traded-off against other motivational requirements.

Thus, fish subject to shock whilst feeding are less likely to

give up feeding to avoid the shock if they have been deprived

of food (Millsopp & Laming 2008). In that case the response

to the shock cannot be a reflex because the response depends

on other motivational requirements. This general approach

allows for a number of inferences. First, some form of central

processing must be involved so that the different motivational

requirements can be assessed and a decision made. Second,

we can use the giving up of a resource as a measure of the

noxiousness or unpleasantness of the potential pain-inducing

stimulus. We might expect mild pain not to stop a hungry

animal from feeding whereas severe pain would cause the

animal to move away from the food. Third, a minor shock

might not cause an animal to give up a desired resource but it

might give up a less desired resource.

Taking this approach we have tested hermit crabs by

shocking them within their shells and shocked crabs might

evacuate their shells. Hermit crabs show strong preferences

for particular species of shell as determined by shell choice

experiments (Elwood et al 1979) and the tendency to fight

for new shells (Dowds & Elwood 1983). To test for motiva-

tional trade-offs, crabs were shocked repeatedly within the

shells starting with a low voltage and increasing the voltage

with each subsequent shock. There was no effect of shell

species on the voltage that caused the crab to first respond

in terms of a brief jerking movement but those in the less

preferred species got out of their shell at a lower voltage

than did those in the preferred species (Appel & Elwood

2009b). A subsequent experiment used a single shock at a

voltage, judged to be just below that which would cause

crabs to evacuate (Elwood & Appel 2009). Nevertheless,

some crabs did evacuate but more did so from the less
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preferred species. A third experiment used a single species

of shell but some crabs were tested while the odour of a

predator was present and these evacuated at a higher voltage

than did those in the absence of an odour (Magee &

Elwood, unpublished). Thus, it is clear that hermit crabs

trade-off competing demands in their responses to electric

shock in a way that cannot be explained by a nociceptive

reflex response. 

Shocked hermit crabs show two curious responses apart from

just evacuating shells or grooming their abdomen. For

example, a number of crabs that evacuated the shell then felt

deep into the shell in a way that is consistent with them

searching for the source of the noxious stimulus (Appel &

Elwood 2009a,b). Further, although the shell is an essential

resource and these are typically in very short supply in the

natural habitat, some crabs walked away from the shell after

getting out and some appeared to attempt to climb the wall of

the observation chamber. Note we also found that shore crabs

will leave a dark shelter if shocked even though a dark shelter

is an important resource for these animals. These observa-

tions of hermit crabs abandoning shells or shore crabs leaving

dark shelters are consistent with giving up a highly valuable

resource in order to escape the noxious stimulus.

Animal welfare implications and conclusion
The studies noted above are consistent with the concept of

pain and demonstrate that the responses to noxious, poten-

tially tissue damaging stimuli go beyond that predicted by

nociceptive reflex. However, there is still a resistance to the

idea of pain in decapods (Brathwaite 2010) although others

are more open to the idea (Carere et al 2011; Mason 2011).

It is worth noting that the evidence for pain in decapods and

fish is rather similar. However, there is considerably more

acceptance for pain in fish, a clear case of the argument by

analogy not being applied equally among taxa (Sherwin

2001). Both fish and decapods show swift avoidance

learning (Denti et al 2004; Dunlop et al 2006), specific

stress responses (Chandroo et al 2004; Patterson et al 2007),

motivational trade-offs (Millsopp & Laming 2008; Elwood

& Appel 2009) and prolonged rubbing or grooming

(Sneddon et al 2003a; Barr et al 2008). Based on the

evidence, fish and decapods would seem to have a similar

likelihood of pain experience (Elwood 2011). Whilst the

data for both are consistent with the idea of pain that is not

the same as stating that they definitely do experience pain,

however, I am prepared to argue that there is a strong possi-

bility. As such, both taxa should be treated as though they

are able to experience the negative affective state of pain. 

There is a case for further research to attempt to resolve the

issue of pain in decapods. I have argued that showing

analgesic effects of morphine and effects of local anaes-

thetics add little to the concept of pain because both

interfere with nociceptive input (Elwood 2011). However,

much  more persuasive are studies in vertebrates that

demonstate that subjects develop a preference for food or

water containing analgesics when noxious stimuli are

applied (eg Danbury et al 2000). I am not aware of such

approach in any invertebrate, but a demonstration of a shift

in preference for analgesics would be strong evidence for a

negative affective state. Second, a demonstration of CHH

release and heart-rate change after shock would support the

idea of pain in crustaceans. Further, it would be interesting

to examine such physiological change to conditioned

stimuli that were subsequently applied in the absence of

unconditioned noxious stimuli. If such changes were

demonstrated it would suggest anticipation of the noxious

stimulus in a way predicted if the animal could experience

pain. Third, examples in which the animal was distracted

from attending to the noxious stimulus and then showing a

reduced response would be consistent with the idea of pain.

Also, studies in which ‘pain’ distracts from other important

stimuli, as shown by a decrease in neophobia in fish

(Sneddon et al 2003b), should be applied to decapods.

Depending on the findings, these approaches have the

potential to weaken or strengthen the case for pain in

decapods but, regardless, the arguments by analogy should

be applied equally to vertebrates and invertebrates if

welfare science is to make progress.
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