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From January 2013 scientific projects involving cephalopods became regulated by Directive 2010/63/EU, but at
present there is little guidance specifically for cephalopods on a number of key requirements of the Directive,
including: recognition of pain, suffering and distress and implementation of humane end-points; anaesthesia
and analgesia, and humane killing. This paper critically reviews these key areas prior to the development of guide-
lines and makes recommendations, including identifying topics for further research. In particular: a) Evidence on
how cephalopodsmight experience pain is reviewed; and a draft scheme of behavioural and physiological criteria
for recognising and assessing pain, suffering and distress in cephalopods used in scientific procedures is presented
and discussed. b) Agents and protocols currently used for general anaesthesia and analgesia are evaluated.Magne-
sium chloride, ethanol and clove oil are themost frequently used agents, but their efficacy and potential for induc-
tion of aversion need to be systematically investigated, according to the species of cephalopod and factors such as
body weight, sex and water temperature. Means of sedating animals prior to anaesthesia should be investigated.
Criteria for assessing depth of anaesthesia, including depression of ventilation, decrease in chromatophore tone
(paling), reduced arm activity, tone and sucker adhesiveness, loss of normal posture and righting reflex, and loss
of response to a noxious stimulus, are discussed. c) Analgesia should be provided for cephalopods used in scientific
procedures, whenever this would be the case for vertebrates. However, research is needed to evaluate effective
agents and administration routes for cephalopods. d) Techniques for local anaesthesia need to be defined and eval-
uated. e) Currently used methods of killing and criteria for confirmation of death in cephalopods are evaluated.
Based on present knowledge, a protocol for humane killing of cephalopods is proposed. However, further evalua-
tion is needed, alongwith development of humanemethods of killing that will not compromise study of the brain.
On humane grounds: i.mechanical (as opposed to chemical) methods of killing should not be used on conscious
cephalopods (unless specifically authorised by the national competent authority); and ii. hatchlings and larvae
should be killed by overdose of anaesthetic and not by immersion in tissue fixative.
Key gaps in current knowledge are also highlighted, so as to encourage research that will contribute to the
evidence base needed to develop guidelines to the Directive.
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1. Introduction

There are strong ethical, legal and scientific obligations to avoid, rec-
ognise, and alleviate any pain, suffering and distress caused to animals
used in scientific procedures.

The ethical obligation is reflected in legal requirements to minimise
suffering, such as those enshrined in EU Directive 2010/63/EU
(European Parliament and Council of the European Union, 2010). This
new law replaces EU Directive 86/609 and, for the first time, includes
“all live cephalopods” within its scope (in addition to vertebrates).

The scientific imperative to reduce animal suffering arises because
adverse effects such as pain and distress are likely to confound experi-
mental results, especially if they are unrecognised. There are many stud-
ies showing that physiological responses to discomfort, pain, stress and
distress can affect the quality of data obtained in studies involving verte-
brates (e.g.: Hurst and West, 2010; Karelina et al., 2009; Roedel et al.,
2006) and this is highly likely to be the case in cephalopod studies too.

Similar considerations apply when animals are humanely killed to
obtain tissue for in vitro studies where suffering should be minimised
on ethical, legal and also scientific grounds, as the physiological con-
dition of the tissue may be affected by suffering around the time of
killing.

A degree of sufferingmay be unavoidable in the experimental proto-
col (e.g. surgery, administration of substances or adverse reactions in
toxicology procedures), or may itself be the object of the study, for ex-
ample in some aspects of psychology or pain research. Whatever the
cause, suffering should be recognised and assessed in order that it can
be minimised at all times and so that pre-set “humane end points”
can be implemented (see below).

This paper reviews some of the evidence on whether cephalopods
experience suffering, proposes an objective approach for assessing
suffering in an experimental setting, and reviews approaches to anaes-
thesia, analgesia and humane killing.

It should be emphasised that there is still muchwork to be done in all
of the areas discussed in this paper.We anticipate that implementation of
Directive 2010/63/EUwill stimulate research to address someof theques-
tions raised in relation to pain, suffering, distress, anaesthesia and eutha-
nasia as well as questions discussed by Smith et al. (2013–this volume).

2. Evidence of the capacity for cephalopods to experience pain

A review of the published literature for evidence of nociceptors and
for the perception of pain in cephalopods can be summarised as “absence
of evidence rather than evidence of absence”. As pointed out by Smith et
al. (2013–this volume), the time for debate about the rationale for includ-
ing cephalopods within the scope of EU legislation on animal experi-
ments has passed and the new law assumes that these animals can, and
do, experience pain, suffering and distress. Nevertheless, there is a pauci-
ty of robust data in many key areas relevant to suffering in cephalopods,
and so there is merit in examining the arguments put forward by the Sci-
entific Panel on Animal Health and Welfare (AHAW) on the Revision of the
Directive (EFSA Panel on Animal Health andWelfare, 2005), which advo-
cated inclusion of cephalopods in the legislation, and other published lit-
erature discussing this topic in order to highlight the major ‘knowledge
gaps’ that limit the ability to make objective assessments about some as-
pects of cephalopod welfare.

It must be remembered that there are many causes of suffering, in-
cluding stress, distress, hunger, fear, anxiety, sensory deprivation and
frustration (e.g. resulting from physical confinement), as well as pain
(Andrews, 2011). However, in this section we focus on pain, for two rea-
sons. First, the capacity of cephalopods to experience psychological dis-
tress has not been evaluated to a significant extent. Second, AHAW
(EFSA Panel on Animal Health and Welfare, 2005) regarded pain as “a
particularly important formof suffering”, which is pivotal tomanydiscus-
sions of welfare, and pain caused by animal experiments using inverte-
brates is an area of longstanding concern and controversy (Fiorito, 1986).

In considering evidence for an animal's “capacity to experience
pain”, it is important to recognise that there are two components to
pain responses: i. nociception (the physiological detection and response
to painful stimuli); and ii. the experience of pain (a conscious, emotional
sensation, which, in humans, is mediated by the “highest” part of the
brain, the cerebrum); and that nociceptive (reflex) responses can
occur without any conscious sensation of pain.

A Working Party of the Institute of Medical Ethics (Smith et al.,
1991) identifies seven criteria that, taken together, might provide evi-
dence for pain experience in animals. The seven criteria are listed
below, and we discuss evidence relevant to cephalopods against each
item in turn (taking criteria 6 and 7 together). In essence, the criteria
cover: possession of appropriate nervous receptors and pathways for
nociception; involvement of brain centres that could have the capacity
to generate pain sensation,with the possibility ofmodulation by endog-
enous and/or exogenous opioids; behavioural responses to noxious
stimuli that are functionally similar to those of humans; and evidence
of learning in relation to painful stimuli. Note that the AHAW report
(EFSA Panel on Animal Health andWelfare, 2005) utilised these criteria
in a slightly modified form.

It should be noted that over the last 10 years the fish research
community has dealt with a number of the issues now confronted
by the cephalopod research community. For example, the sensory ex-
perience of fish exposed to a noxious stimulus is contentious (for con-
trasting views see: Braithwaite and Boulcott, 2007; Rose, 2007), but
in contrast to cephalopods there is good neurophysiological evidence
for the existence of nociceptors in fish (Mettam et al., 2012; Sneddon,
2009; Sneddon et al., 2003).

2.1. Criterion 1: Possession of receptors sensitive to noxious stimuli, located
in functionally useful positions on or in the body and connected by nervous
pathways to the lower parts of the nervous system

2.1.1. Presence in cephalopods: likely but not proven
The International Association for the Study of Pain (IASP) defines a

nociceptor as “a high-threshold sensory receptor of the peripheral so-
matosensory nervous system that is capable of transducing and
encoding noxious stimuli” (IASP Task Force on Taxonomy, 2011). A
noxious stimulus is one which is potentially or actually damaging to
the organism, but note that the definition implies nothing about the
conscious sensation (“what the animal may feel”) resulting from ac-
tivation of a nociceptor. Nociceptors are usually identified by neuro-
physiological studies, but indirect evidence may also come from
ultrastructural studies (e.g. unspecialised afferent nerve terminals
may be a characteristic of nociceptors) and behavioural studies
(e.g. withdrawal of the animal in response to a noxious stimulus,
possibly combined with a blunting of the response by an analgesic).
A start has beenmade in identifyingmolecular signatures for nociceptors
(e.g. TRPV1, ASICs; Smith and Lewin, 2009) and this may be an approach
to resolving this question for cephalopods. An understanding of the
properties of nociceptors (mechanical threshold, chemical sensitivity,
capacity for sensitisation) in cephalopods will contribute to assessment
of the severity classification of experimental procedures.

There is good neurophysiological and behavioural evidence for
nociceptors sensitive to mechanical stimulation in the mollusc Aplysia
californica (Illich and Walters, 1997). There is also evidence for
nociceptors in the land snail Cepaea nemoralis (Kavaliers et al., 2000)
and the sea-slug Tritonia diomedia (Getting, 1976). Although there
have been no comparable studies on cephalopods, from a phylogenetic
perspective this would make it likely that they possess a nociceptive
system. The evidence that a receptor structure and its associated affer-
ent axon is a “nociceptor” is essentially based on characterisation of
the afferent discharge in response to graded stimuli. The EFSA (2005)
report concluded that cephalopods “have nociceptors in their skin”
(Section 2.4.5, p. 34 in the report) citing Wells (1978) to support this
(but see below).
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