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Animals have quick-acting nociceptive reflexes that protect them from tissue
damage. Some taxa have also evolved the capacity for pain. Pain appears to
be linked to long-term changes in motivation brought about by the aversive
nature of the experience. Pain presumably enhances long-term protection
through behaviour modification based, in part, on memory. However, crustaceans have long been viewed as responding purely by reflex and thus not
experiencing pain. This paper considers behavioural and physiological criteria that distinguish nociception from potential pain in this taxon. These
include trade-offs with other motivational systems and prolonged motivational change. Complex, prolonged grooming or rubbing demonstrate the
perception of the specific site of stimulus application. Recent evidence of fitness-enhancing, anxiety-like states is also consistent with the idea of pain.
Physiological changes in response to noxious stimuli mediate some of the
behavioural change. Rapid avoidance learning and prolonged memory indicate central processing rather than mere reflexes. Thus, available data go
beyond the idea of just nociception. However, the impossibility of total
proof of pain described in ways appropriate for our own species means
that pain in crustaceans is still disputed. Pain in animals should be defined
in ways that do not depend on human pain experience.
This article is part of the Theo Murphy meeting issue ‘Evolution of mechanisms and behaviour important for pain’.

1. Introduction to pain, nociception and reflexes
Acute pain is thought to comprise two main components. First, there are the
neurons that detect tissue damage, called nociceptors [1]. When these fire information about the damage is passed to the central nervous system where it is
assessed and, at least in humans, results in an extremely unpleasant experience.
This second component is the aspect that we typically consider when we say we
are in pain. The feeling is generated in the brain but is often experienced with
respect to the part of the body that has been damaged. For example, a finger
that has been hit with a hammer is said to hurt as if the pain was in the
finger. Some talk of ‘pain perception’ as if the nociceptors transfer the feeling
of pain to the brain. It is worth remembering, however, that the pain is in the
brain not in the finger.
Nociceptors, however, have another mode of action and enable a reflex
response involving relatively few synaptic junctions [1]. The specific fibres
involved in this response in vertebrates are larger and myelinated and transmit
the information more quickly than those involved specifically in pain. The result
is that the reflex movement is initiated before any information gets to the brain.
Thus, the reflex does not necessarily result in any level of awareness and is separate
from what we would talk of as pain. This reflex response poses difficulty in studies
on the possibility of pain in animals because if the animal responds to a noxious
stimulus by withdrawing all or just the damaged part of the body that might
occur without pain [2]. Some authors have rejected the idea of pain in all but
© 2019 The Author(s) Published by the Royal Society. All rights reserved.

When an animal decides to engage in a specific activity, it is
typically influenced by the motivation to engage in other
activities. For example, a zebra might approach a waterhole to drink but its tendency to drink might be influenced
by the danger posed by the presence of potential predators.
This is termed a motivational trade-off [6]. By contrast, a
reflex should be the same irrespective of other motivational
requirements and not be influenced by information that
might affect other motivations. Thus, if immediate responses
to a noxious stimulus can be shown to be influenced by information relevant to other requirements then those responses
cannot be mere reflexes and must, instead, involve some
form of central processing.
For example, when hermit crabs, Pagurus bernhardus,
receive electric shock within their shells, some quickly abandon their shells in a manner that superficially looks like a
reflex. However, shell evacuation has been shown to be
traded-off against other, competing, motivational requirements. Hermit crabs were less likely to evacuate their shells
if the odour of a predator was present [7], and those subjected
to the increasing intensity of shock abandoned shells of a preferred species at a higher intensity than did those in poor
quality shells [8]. If subjected to shocks of a single intensity
hermit crabs were more likely to abandon shells of a less preferred species [9]. Thus, although evacuating from a shell
might seem a relatively simple behaviour, it is clearly influenced by other motivational requirements, and thus a
product of central decision-making. The response to the noxious stimulus is traded-off against the need to avoid predators
or the need to maintain a quality shell and is not a pure reflex.

3. Protective behaviour: prolonged rubbing and
grooming/wound guarding
Wounded animals often show activities such as rubbing,
guarding of wounds and limping, and these activities are
interpreted as being consistent with pain [10]. They indicate
an awareness of the site of a wound (not necessarily implying
consciousness but at least some perception of the afflicted site)
and maybe an attempt to alleviate pain. Similar activities have
been reported for crustaceans. For example, sodium hydroxide
or acetic acid (both known to induce pain in mammals)
applied to a single antenna of the glass prawn, Palaemon

4. Long-term motivational change
A reflex is a simple, short-term response so any complex
long-term response cannot be regarded as reflexive, rather
it demonstrates an extended alteration of motivational state.
An example is that of hermit crabs shocked within the
shells at an intensity below that which typically elicits shell
evacuation, compared with crabs that did not receive shock
[9]. Crabs were subsequently offered a new shell of the
same species that they were inhabiting. Those that had
been shocked showed a much higher motivation to obtain a
new shell as shown by the probability and time taken to
take the new shell [15,16]. They were more likely to contact
the offered shell and more likely to move into the new
shell. Furthermore, of those that completed these activities,
the shocked crabs contacted the shell with a shorter latency,
spent less time investigating the new shell before moving in
and used their chelipeds (clawed appendages) less often in
examining the new shell (figure 1). These data indicate that
crabs receiving a shock within the shell subsequently
valued that shell less than did crabs that were not shocked
[15,16]. In this experiment, the new shell was offered 20 s
after the cessation of shock (or an equivalent time for the
non-shocked group) and the altered motivation was noted
during the sequence of activities after that time. Thus, the
altered response cannot be a reflex response to the shock.
An additional experiment, however, used longer times
between shock and the offering of the shell [13] and this provided evidence of a memory of the aversive shock that lasted
at least 1 day. Crabs tested at this time were more likely to
approach the shell and used fewer probes of the chelipeds
prior to moving in if they had been shocked the previous
day. This strengthens the conclusion that the change in behaviour is owing to a long-term motivational change indicating
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2. Motivational trade-offs

elegans, resulted in prolonged grooming and rubbing of that
specific antenna [11]. The grooming involved repeatedly pulling that specific antenna through the small chelipeds (claws)
or through the mouthparts, whereas rubbing was pressing
and moving that antenna against the side of the tank. Pinching
one antenna with forceps did not affect grooming rate but did
increase rubbing. The responses were directed at the treated
antenna significantly more than the untreated antenna, indicating an awareness of the specific location of the noxious
stimulus. Furthermore, the application of sodium hydroxide
to one eye of a glass prawn caused high levels of grooming
of that specific eye with either one or both first walking legs.
This behaviour was not seen if just seawater was applied [6].
Also, shore crabs, Carcinus maenas, use their claws to scratch
at their mouthparts if that is brushed with acetic acid [12]
and hermit crabs, shocked on the abdomen, groom at the
site of the shock, an activity not seen without the noxious
stimulus [8,13]. Furthermore, edible crabs, Cancer pagurus,
that have had a clawed appendage twisted off in the manner
used in some fisheries [14] held their remaining claw over
the wound during a competitive interaction. Manually
declawed crabs also touched their wound and picked at the
broken exoskeleton with their remaining claw and sometimes
showed a ‘shuddering response’. These manually declawed
crabs showed a lower motivation to compete for a female
and seemed to be more engaged in self-defence than were
those induced to autotomize, indicating that the change was
owing to the wound rather than the lack of a claw per se [14].
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some mammals and have insisted that the responses of
crustaceans to tissue damage are purely reflexive [3].
The aim of the current paper is to examine this proposition and to determine if crustaceans react only by
nociceptive reflex or if there is evidence of responses that
go beyond that expected of reflex. The focus will be on
short-term behavioural responses that clearly involve
decision-making rather than reflex, or longer-term changes
involving motivational change. In addition, physiological
changes that mediate these activities will be noted. Further,
there is an evolutionary expectation that pain should produce
long-term, fitness-enhancing, behavioural modification
beyond that achieved with just an immediate reflex [4,5].
After reviewing the evidence on the aspects noted above
there is a discussion of non-reflexive behaviour and what
that might tell us about pain.
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Figure 1. Mean ± s.e. of (a) time taken to approach (s), (b) duration of
investigation (s) and (c) number of cheliprobes by crabs in either L. obtusata
or G. cineraria shells that had been shocked (open squares) or not shocked
(filled squares) (from [9]).
that the perceived value of the original shell is reduced after a
shock is received within that shell.

5. Anxiety and survival
Pain should function to increase survival and we expect
animals subjected to noxious, potentially painful stimuli, to
become risk averse. This has been termed anxiety [17],
which is another long-term motivational change that cannot
be described as a reflex. A particularly interesting example
of this increased wariness comes from work on crayfish,
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Procambarus clarkii [17]. These decapods tend to prefer dark
to light environments and when placed in a cross maze
with two light and two dark arms they prefer the dark
arms. However, if they are the first subject to the repeated
electric shock that induces escape responses, they show a
much stronger avoidance of the light arms. Because a light
environment might normally pose a greater risk to crayfish,
they appear to become risk averse and are described as showing anxiety. This ‘anxiety’ was accompanied with higher
levels of serotonin (5HT) in the brain [17,18]. Furthermore,
animals that were not shocked but injected with 5HT
showed similar levels of anxiety to those that were shocked.
If pre-treated with a 5HT antagonist, however, they did not
show the anxiogenic effect of 5HT [18]. There were also
close correlations between 5HT levels and behavioural indicators of anxiety thus providing further evidence for a role
of 5HT in anxiety. Surprisingly, when shocked crayfish were
given chlordiazepoxide (CDZ), a drug that reduces anxiety
in humans, it reduced signs of anxiety in crayfish [18]. However, CDZ did not alter 5HT levels in crayfish, suggesting
that the effect of the anxiolytic is independent of the biogenic
amine [18]. CDZ modulates GABA type A receptors in vertebrates and, in crustaceans, GABA acts as an inhibitory
neurotransmitter, the receptors of which are sensitive to anxiolytics [18]. Similarly, the anxiolytic LY354740 given to
amphipods, Gammarus fossarum, subject to shock, reduced
the time spent hiding in a dark shelter [19].
Crustacean hyperglycaemic hormone (CHH), which elevates haemolymph glucose concentrations, is also released
during noxious stimulation [20–22]. CHH is analogous to
the stress hormones of vertebrates, in that it mobilizes intracellular glycogen and converts it to glucose [23] but it also
causes elevated lactate. Removing one claw of edible crabs
by twisting and breaking, but not by induced autotomy,
caused a significant increase in lactate and glucose [24],
suggesting that the physiological effects were predominantly
owing to tissue damage.
There is, however, a potential confounding variable when
examining stress hormones following noxious stimulation.
Often noxious stimulation, such as electric shock, causes
vigorous escape behaviour and this behaviour rather than
the shock might cause the physiological change [25]. For
example, in the studies of Fossat et al. [17,18], crayfish were
given numerous shocks that induced vigorous, tail-flipping
escape responses. To investigate if the behavioural responses
to shock or the shock per se might cause the apparent physiological stress response, Elwood & Adams [25] shocked shore
crabs and compared their behaviour and physiology with
non-shocked crabs. As expected, the shocked crabs showed
greater activity than non-shocked crabs, with some showing
escape and threat responses. By contrast, some of the nonshocked crabs remained still during the experiment. Nevertheless, some crabs in each experimental group simply walked
about the observation tank. When just these crabs that
showed the same walking behaviour were examined the lactate levels of shocked crabs was significantly higher than
that of the non-shocked crabs, indicating that the physiological
stress response was caused by the noxious stimulus and not by
behavioural differences. These data support the conclusions
about physiological stress responses mediating anxiety [17,18].
The stress responses and increased anxiety, however, are
anticipated to have some benefit to the animals and this
was demonstrated in an experiment on amphipods [19].

6. Avoidance learning

7. Are responses purely reflexive or are they
more complex?
The examples given here clearly demonstrate that crustacean
responses to noxious stimuli frequently go beyond nociceptive reflexes. Of course, some responses are likely to be
reflexive such as the tail flick of glass prawns immediately
after the antenna is pinched or treated with a noxious chemical [11], or the tail-flick response to shock seen in crayfish
[35]. Puri & Faulkes [36] described rapid tail-flick withdrawal
from a hot probe by crayfish, P. clarkii, consistent with
nociceptive reflex. The crayfish, however, also showed other
activities and appeared to engage in brief attacks on the hot
probe with coordinated use of both claws, which was also
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Avoidance learning alters future behaviour in a way that
reduces future tissue damage. It cannot be regarded as a
reflex and is consistent with the idea of pain. The aversive
experience is predicted to increase the salience of the stimulus
situation and thus results in rapid avoidance learning [26].
This is important because the animal could markedly
reduce future tissue damage only if the learning occurred
within a few trials. In one example, shore crabs were repeatedly placed into the centre of a brightly lit enclosure that had
a dark shelter at each end [27]. On the first trial, each crab
moved quickly to one of the shelters and the crab had been
preselected to either receive shock every 5 s while in the
first choice of shelters or not to receive shock in the first
selected shelter. The alternative shelter resulted in no shock
or shock, respectively. If the crab received shock it could
avoid further shocks in that trial by emerging into the light.
After 2 min, the crab was removed from the enclosure and
then placed again in the centre so that the effects of having
been shocked on the choice of the two shelters could be determined. On the second trial, the choice of the shelter was not
affected by having received shock or not in the first trial.
Rather, crabs showed a strong preference for the same shelter
as selected previously. On the third trial, crabs that had not
been shocked in trial two still showed a preference for the
previously used shelter. By contrast, those that had received
shock in the previous trial were significantly more likely to
switch to the alternative shelter. That is, it took only two
trials for the initial preference of a shelter to be overcome
and for the crabs to avoid the shock shelter. Over subsequent
trials, fewer crabs selected the shock shelter and a preference
for using the non-shock shelter emerged. Further, over 10
trials, an increasing proportion of crabs that entered the
shock shelter emerged during the 2 min, which suggests
another form of learning or a sensitization to the shock
(sensu [28]). No crab ever emerged from the non-shock shelter
showing that the shock is aversive.
During these trials, the crab was always oriented the same
way such that it walked either to the left or right to make its
choice of shelter. Furthermore, cards with black and white
stripes oriented either horizontally or vertically were placed
above the shelters. In final trials, these features were reversed
for some of the crabs and that demonstrated that crabs used
response learning rather than place learning and were not
affected by the stripe orientation [27]. That is, if they previously
had walked to the left to reach the safe shelter they continued
to walk to their left even when turned around by 180° and thus
walked to the shelter that had previously resulted in shock.
A second experiment by Magee & Elwood [29] used a
different paradigm that represents a more cognitively challenging task [30]. That is, during the trials, a barrier
separated the two halves of the tank such that the crab had
access to only one shelter at a time. When tested after 10
such trials, they were tested without the barrier, but the

animals showed no preference for the non-shock shelter.
Rather, they employed different tactics to reduce the number
of shocks during the initial trials. Over the five training
trials involving shock, there was an increase in the number
of crabs exiting that shelter after receiving shock (as happened
in Magee & Elwood [27]). Further, they exited the shelter after
fewer shocks in later trials. This is consistent with the idea of
pain but increased sensitivity might play a role (sensu [28]).
However, the main conclusion from Magee & Elwood [29]
was that no associations were formed between the location
of shock and either egocentric or allocentric cues. In this
respect, there is no support for the idea of pain, rather it
appears that crabs lack the cognitive skills required for this
type of discrimination [26]. However, with less demanding
paradigms, rapid avoidance learning is evident [27,31].
A different paradigm involves crabs raising one leg out of
shallow water to avoid an electric shock [32–34]. Shocked
crabs decrease the number of times they lower their leg compared with non-shocked controls or yolked controls that
receive shock whenever a ‘master’ crab is shocked. However,
crabs with the brain destroyed also show some capacity casting doubt on pain being involved [33]. Indeed, one might
argue that avoidance learning has not occurred in these preparations. The number of shocks per minute declined from
1500 shocks in the first minute but the animal still received
400 shocks per minute after 10 min, which is not a strong
example of avoiding shock [33]. Rather than an example of
avoidance learning without a brain and without the possibility of pain, this appears to be a different type of process
and provides little help in discrimination between reflex
and non-reflexive responses to noxious stimuli.
The nature of the response required to avoid shock might
also influence the speed of learning. For example, crayfish
placed in a shuttle box could avoid shock if they moved
from one compartment to another after a light signalled the
imminent shock [35]. Some animals were tested while
facing towards and others away from the safe compartment.
In early trials, all animals showed a tail-flick escape response
to the shock, which took those facing away from the safe
compartment backwards into the safe area. By contrast,
those facing towards the safe compartment darted backwards
deeper to the shock compartment. Nevertheless, these animals slowly learned to walk to the safe area when the light
came on, thus avoiding the shock. However, those that had
trials when facing away rapidly learned to walk to safety
when turned to face the safe area. That is the ability to
learn was constrained by the response required [35].
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These animals showed more hiding in a dark shelter after
shock treatment and when a predatory fish was introduced
to the observation tank, the shocked animals showed
improved survival compared to the non-shocked amphipods
[19]. Because the electric shocks occurred 10 min before the
predator was introduced, the improved survival could not
be owing to a reflex response to the shock.

The idea of pain in crustaceans was traditionally rejected
because they were thought to respond to noxious stimuli
purely by reflex. This is clearly not the case but that does
not mean that pain is proved. There may be alternative explanations that do not depend on the idea of negative feelings
commonly implied in studies of human pain. We simply do
not know, and probably never will know, what crustaceans
feel when exposed to noxious stimuli.
What can be said with confidence, however, is that the
data for crustaceans are broadly consistent with criteria for
pain [4] but again that is not the same as claiming proof.
However, some authors have been critical of studies on
potential pain in crustaceans and have been confused by
the meaning of ‘data being consistent with the idea of
pain’. For example, Rose et al. [3] stated that Appel &
Elwood [13] claimed ‘that their results proved that the crabs
felt pain’. This is despite the repeated comments in Appel
& Elwood [13] that proof is not possible, and no proof
being claimed. Stevens et al. [37, p. 1] wrote of Elwood &
Adams [25] in the following terms ‘We contend that their
conclusion that crabs experience pain (as summarized in
the title and abstract) is unfounded’. However, Elwood &
Adams [25] made no such statements, and instead affirmed
the impossibility of proving pain in any animal [38]. Further,
Diggles [39] argues that studies on potential pain in crustaceans are of low quality and should not be used as
evidence to change the way that crustaceans are used in
science or fisheries/aquaculture industries. Diggles [39] also
disagrees about which, if any, criteria of pain might be
used in evoking the use of a precautionary principle. He
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specific area [11,12,14]. There are long-term behavioural modifications such as hermit crabs showing motivational changes
24 h after being shocked within their shell [9,13]. There are
indications of a broad change towards risk aversion, discussed as anxiety [17–19], and improved survival when a
predator is present [19]. There are physiological stress
responses that mediate some of these behavioural changes
[17,18,25]. Further, there may be rapid avoidance learning so
that the exposure to noxious stimuli is markedly reduced
[27]. Thus, the idea of crustaceans merely responding to noxious stimuli by reflex reactions can be unequivocally rejected.
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