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Abstract
Cephalopods are the first invertebrate class regulated by the European Union (EU) under Directive 2010/63/EU
on the protection of animals used for scientific purposes, which requires prospective assessment of severity of
procedures. To assist the scientific community in establishing severity classification for cephalopods, we under-
took a web-based survey of the EU cephalopod research community as represented by the participants in the
European COoperation on Science and Technology (COST) Action FA1301, CephsInAction’. The survey consisted
of 50 scenarios covering a range of procedures involving several cephalopod species at different life stages.
Respondents (59 people from 15 countries) either allocated a severity classification to each scenario or indicated
that they were unable to decide (UTD). Analyses evaluated score distributions and clustering. Overall, the UTD
scores were low (7.0� 0.6%) and did not affect the severity classification. Procedures involving paralarvae and
killing methods (not specified in Annexe IV) had the highest UTD scores. Consensus on non-recovery procedures
was reached consistently, although occasionally non-recovery appeared to be confused with killing methods.
Scenarios describing procedures above the lower threshold for regulation, including those describing behav-
ioural studies, were also identified and allocated throughout the full range of severity classifications. Severity
classification for scenarios based on different species (e.g. cuttlefish vs. octopus) was consistent, comparable
and dependent on potentially more harmful interventions. We found no marked or statistically significant dif-
ferences in the overall scoring of scenarios between the demographic subgroups (age, sex, PhD and cephalopod
experience). The COST Action FA1301 survey data provide a basis for a prospective severity classification for
cephalopods to serve as guide for researchers, project assessors and regulators.
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Introduction

Prediction of the likely effects of experimental scientific
procedures on live animals is a requisite of the
European Union’s (EU) Directive 2010/63/EU for the
protection of animals used for scientific purposes.1

When planning experiments, all procedures considered
to be above the lower threshold for regulation should
be classified into the categories ‘non-recovery’, ‘mild’,
‘moderate’ or ‘severe’ (as required by Article 15 of
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Directive 2010/63/EU). Prospective assessment and
assignment of severity based on the worst expected out-
come for any animal undergoing the procedure must be
included in applications for project authorisation,1,2

and the actual severity experienced by each individual
animal which has undergone the procedure must be
documented and reported accordingly (as required by
Articles 38, 39 and 54).

Severity assessment is also an essential aspect of the
3Rs (reduce, refine, replace) principle, which is at the
core of the Directive (Article 1) and is considered fun-
damental for experimental biology.3 Adequate assess-
ment of severity classification is an important element
in promoting good animal welfare, but it is also import-
ant for scientific validity of the study, since physiological
and behavioural responses to any putative suffering, if
not adequately assessed, may affect data quality and
outcomes. Prospective severity classification is pivotal
for good scientific study and fundamental to inform
the harm–benefit analysis undertaken by regulatory
bodies and ethical and institutional review committees.4

The inclusion of live cephalopods (nautiloids, cuttle-
fish, squid and octopus) in Directive 2010/63/EU1

brought, for the first time, a class of invertebrate ani-
mals (PhylumMollusca: Class Cephalopoda) within the
scope of legislation regulating the use of animals for
scientific and educational purposes. The term ‘live
cephalopod’ operationally includes all species
(�800 known)5–7 from hatching.2,8–10 In Europe, a lim-
ited number of cephalopod species are currently uti-
lised, including the common cuttlefish Sepia officinalis,
the bobtail squid Euprymna scolopes, the European
squid Loligo vulgaris and the octopuses Octopus vul-
garis, Eledone cirrhosa and Eledone moschata.11

Analysis of cephalopod research assessing the potential
impact of Directive 2010/63/EU identified multiple stu-
dies, including procedures which would now fall within
the scope of the Directive.12

Directive 2010/63/EU (Article 3) defines the threshold
for regulation as a procedure ‘which may cause pain, suf-
fering, distress or lasting harm equivalent to, or higher
than that caused by the insertion of a hypodermic needle
in accordance with good veterinary practice’.1 There is
clear evidence that cephalopods may be utilised for scien-
tific purposes in a large number of studies in which this
regulatory threshold is likely to be exceeded.2,9,12

Although the European Commission Working
Group guidance on severity classification13,14 is of gen-
eral applicability to cephalopods, the illustrative exam-
ples are exclusively based on laboratory mammals,14

and this is also the case for the FELASA/ECLAM/
ESLAV Working Group report published in 2018.4

For fish, the paucity of guidance on severity classifica-
tion was recognised in 2009 by the Norwegian
Consensus-Platform for the 3Rs (Norecopa) that

established a Working Group to produce guidance on
severity classification for scientific procedures involving
fish.15 Even in the UK, where O. vulgaris has been
regulated since 1993,11 neither in the current transpos-
ition of the Directive nor in the Code of Practice for the
Housing and Care of Animals Bred, Supplied or Used
for Scientific Purposes is there information on severity
classification applicable to any cephalopod (https://
www.gov.uk/government/uploads/system/uploads/atta
chment_data/file/388535/CoPanimalsWeb.pdf).

Similarly to what was achieved by Norecopa,15 the
COST Action FA1301 ‘A network for improvement of
cephalopod welfare and husbandry in research, aqua-
culture and fisheries (CephsInAction)’ initiated an
activity specifically designed to derive a preliminary
guidance document on prospective severity classifica-
tion of procedures (within the meaning of Directive
2010/63/EU) for cephalopods to facilitate and act as a
reference for project applications to the National
Competent Authority (NCA). This initiative was car-
ried out as part of those planned within the aims of
COST Action FA1301-Working Group 4
(Cephalopod Welfare) dedicated to facilitate and pro-
mote a collaborative framework for increasing know-
ledge on biological, physiological and behavioural
aspects of cephalopods’ welfare. Different from the
approach used by Norecopa (a meeting with a pub-
lished consensus statement),15 COST Action FA1301
CephsInAction launched a Prospective Assessment of
Severity Survey (PAS-C Survey), applying a Delphi
methodology in the initial stages in order to develop a
consensus on prospective severity classification of regu-
lated procedures using cephalopod molluscs
(www.cephsinaction.org/activities/projects/pas-c/). The
PAS-C Survey comprised 50 scenarios, each giving a
brief description of a procedure based on the literature.
Scenarios contained sufficient information to make an
assessment, and supporting notes and definitions were
provided to help respondents identify the main issues to
consider in making the assessment.

Here, we report and analyse the outcomes of the
PAS-C Survey in order to (a) identify examples of pro-
cedures in cephalopods in each of the prospective sever-
ity categories, (b) identify procedures where severity
classification may be difficult and (c) provide research-
ers, project reviewers and regulators with examples of
procedures in each severity category to inform alloca-
tion of prospective severity classifications.

Methods

The approach followed here differs from the approach
adopted by Norecopa15 by using a PAS-C Survey with
the initial survey design inspired by the Delphi
method,16,17 that is, which aims to obtain a reliable
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opinion consensus on draft scenarios from a group of
experts by subjecting them to a series of questionnaires
interspersed with controlled opinion feedback. As
described below, we carried out rounds of a modified
Delphi process to develop the survey scenarios.17

Scenarios are based on data derived from a non-
systematic review of the use of live cephalopods in
studies published between 1940 and 2014, including
biochemistry, physiology, immunology, neuroscience,
eco-toxicology and behavioural sciences. Procedures
were selected for inclusion in the scenarios by the
senior authors of this paper with the intention of
encompassing the full range of possible severities, and
were also based on a preliminary list in Fiorito et al.12

A critique of the methodology is included in the
Discussion.

Survey development

Proof of concept (first round of Delphi
approach). The principle of using hypothetical scenarios
based upon the literature was tested on four national
regulators (the UK and the Irish Republic) using a pilot
of 10 scenarios. Responses and feedback were assessed
and informed the drafting of additional scenarios.

Drafting and revision of scenarios for the survey
(second round of Delphi approach). Sixty-three scen-
arios and guidance notes were piloted on a group that
included a graduate student studying animal welfare
(the UK), a postdoctoral cephalopod researcher
(Italy), a regulator (the UK), two veterinarians (the
UK and Italy), an aquarium technician (the UK) and
established researchers (France, Italy, Norway,
Portugal and the UK). Scenarios with >60% consensus
in any severity category were included in the final
survey, with modifications as required. Questions with
<60% consensus were redrafted based on feedback and
sent out for further review. Fifty scenarios were selected
for the final PAS-C survey with the intention of cover-
ing the full range of severity classifications.

Scenarios included examples from 12 cephalopod
species, including Nautilus, S. officinalis, L. vulgaris,
Doryteuthis pealeii, O. vulgaris and a number of other
octopuses and other species also encompassing different
life stages (Table 1).

Killing is not a regulated procedure under Directive
2010/63/EU provided that Article 6 and Annexe IV are
followed. However, as Annexe IV does not specify any
method for cephalopods, we included four examples of
killing methods in the scenarios to obtain a view from
the community about their likely severity and to inform
discussions of amendments to Annexe IV.

All the scenarios were considered to contain sufficient
information to make a judgement about the procedure

described. Variations around the same scenario were
used to obtain insights into the factors influencing sever-
ity classification and to check internal consistency.

Unable to decide category

This category was used to help identify scenarios where
there was unintended ambiguity in the question or
inadvertent omission of sufficient information to
make a decision despite careful screening or where
respondents felt that they were really unable to make
a clear judgement.

Guidance notes

To help and inform recipients of the survey, guidance
notes were provided (see Supplemental Material).
These included:

1. Instructions. These indicated that only one answer
should be given and that if it was not possible to
reach a clear decision about a category, then the
‘unable to decide’ (UTD) category should be used.

2. Emphasis on making the prospective classification
based upon the ‘highest severity anticipated for any
animal’.

3. Definitions of the severity classifications. Definitions
of sub-threshold, non-recovery, mild, moderate and
severe classifications were provided based on Annex
VIII of Directive 2010/63/EU.4,13,14,18 The list of def-
initions provided as guidance is included in Table 2.
An upper threshold category was included to pro-
vide an insight into procedures which the respond-
ents considered to exceed the severe classification
and hence may not be acceptable or justifiable (see
Table 2). It should be noted that procedures with
this classification would not normally be authorised
(see Directive Article 55.3). The inclusion of an
upper threshold aligns with the range of classifica-
tions used in the Norecopa report on severity assess-
ment in fish.15

4. Factors to take into account. This was based on
Directive 2010/63/EU Annexe VIII and the EC
Severity Assessment Framework.14

5. A list of general assumptions. This broadly covers con-
tingent suffering and includes handling of the animal,
methods of anaesthesia and postoperative recovery.
The assumed competence of all personnel caring for
the animals or performing procedures was also noted.

Personal profile

Personal information requested from respondents
included age, sex, academic and professional
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qualifications, number of publications (overall and
cephalopod specific), current position or role and
research experience with cephalopods. Survey respond-
ents were not identifiable in any other way. Analysis
was carried out on fully anonymised personal profile
information (see also Results).

Online PAS-C survey

Fifty scenarios, ranging in length from 18 to 292 words
(median 108 words), were delivered online via the COST
Action FA1301 website (www.cephsinaction.org/activ-
ities/projects/pas-c/; see Supplemental File 2).

Scenarios were presented in 10 tabs, with five scenarios
per screen page. The guidance and definitions pages
were always accessible. Scenarios could be completed
in any order and answers saved and modified at any
time until submission.

The survey was accessible to all COST Action
FA1301 CephsInAction participants who were emailed
directly to inform them of the survey launch. This activ-
ity and the general principles included in the PAS-C
survey were approved by the COST FA1301 manage-
ment committee. Consent by the COST Action FA1301
CephsInAction participants was implied by responding
to the survey.

Table 1. List of cephalopod species and relative life stages included in the 50 scenarios of the COST Action FA1301 PAS-C
Survey.

Species

Life stages
Total number
of scenariosEggs Paralarvae Hatchlings Juveniles Adults

Nautilus pompilius 1 1

11

Sepia officinalis 1 3 8 7 16þ 1a

3 20,b 26, 40,b 1, 5, 7, 13, 20,b

21, 40,b 49
12, 15, 18, 34,
36, 4,a 46

Loligo vulgaris 1 2 3

14 28, 33

Doryteuthis pealeii 2 2

4, 6

Watasenia scintillans 1 1

27

Grimpoteuthis spp. 1 1

45

Argonauta argo 1 1

42 c

Octopus vulgaris 3 15 18

22, 31, 50 8, 9, 10, 16, 19, 24,
25, 30, 32, 35, 37,
38, 41, 47, 48

Octopus hummelincki 1 1

23

Abdopus aculeatus 1 1

39

Hapalochlaena lunulata 1 1

44

Eledone cirrhosa 3 3

2, 17, 29

For each species, the total number of scenarios (and their survey scenario number, in italics) where the species has been included and
the relative life stage (egg, paralarva, hatchling, juvenile and adult) is reported. The species are listed in taxonomic order following
Sweeney and Roper.57

aCuttlefish species not specified.
bSame scenario; animals were analysed from hatchlings to juveniles.
cLife stage not specified, presumably adult.
COST: COoperation on Science and Technology; PAS-C: Prospective Assessment of Severity Survey
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The online platform including the survey was open
for three months (July–September 2015) with several
reminders sent. At the end of the time, the online
survey was closed, and all responses and personal pro-
file information were downloaded from the website and
processed into a form suitable for numerical analysis.
Any individual identifiers were not included in the
download. Initial processing was by personnel not
involved in the analysis of the data. The sorted anon-
ymised raw data were then analysed.

Analysis of data

Demographics of respondents

The limited set of personal data (i.e. personal profile
information) was used to investigate whether there
was any relationship between the overall severity clas-
sification (see below) for scenarios and age, sex, posses-
sion of a PhD, number of publications or experience
with cephalopods (as defined in the survey).

The subgroups for the dichotomous variables of sex,
PhD and cephalopod experience were fortuitously rea-
sonably balanced, with almost equal numbers in the
subgroups. To generate balanced subgroups for the

continuous variables of age and publication number,
we used a median split. Seven respondents had a veter-
inary qualification, but this subgroup was too small for
a meaningful subgroup analysis (seven respondents
with veterinary qualification vs. 52 without; see
Supplemental Data).

Population responses to individual
questions

For each scenario, we initially analysed the percentage
of respondents answering in each of the seven (UTD,
sub-threshold, non-recovery, mild, moderate, severe
and upper threshold) answer categories. The scores
were used to classify a scenario using dendrogram ana-
lysis (see ‘Allocating procedures to severity categories’
below) and the scenario score profile (by bar and radar
plots; see below).

Although non-recovery is in the list of prospective
severity classifications, it is not part of a graded
sequence of severity from sub-threshold (below the
lower threshold for regulation) to the upper threshold.
Therefore, we recalculated the percentage responses for
all scenarios (except the three scenarios assessed as non-
recovery) excluding the non-recovery scores for the 47

Table 2. Definitions of severity classifications adopted in the COST Action FA1301 PAS-C survey (see also Supplemental
Information).4,13,14,18

Severity classification Definition

Sub-threshold The use of an animal which does not meet the Directive threshold for regulation of a
procedure which may cause the animal pain, suffering, distress or lasting harm
equivalent to or higher than that caused by the introduction of a needle in accordance
with good veterinary practice

Non-recovery Procedures which are performed entirely under general anaesthesia from which the
animal shall not recover consciousness

Mild Procedures on animals as a result of which the animals are likely to experience short-
term mild pain, suffering or distress, as well as procedures with no significant
impairment of the well-being or general condition of the animals shall be classified as
‘mild’

Moderate Procedures on animals as a result of which the animals are likely to experience short-
term moderate pain, suffering or distress, or long-lasting mild pain, suffering or
distress, as well as procedures that are likely to cause moderate impairment of the
well-being or general condition of the animals shall be classified as ‘moderate’

Severe Procedures on animals as a result of which the animals are likely to experience severe
pain, suffering or distress, or long-lasting moderate pain, suffering or distress, as well
as procedures that are likely to cause severe impairment of the well-being or general
condition of the animals shall be classified as ‘severe’; note that the Competent
Authority will require retrospective assessment of projects involving ‘severe’
procedures

Upper threshold Although not specifically a severity level, it is described as a level of severity greater than
that described by the definition of ‘severe’; it is defined as a ‘procedure involving severe
pain, suffering or distress that is likely to be long-lasting and cannot be ameliorated’;
Article 55 indicates that a Member State may allow such procedures under ‘exceptional
and scientifically justifiable reasons’
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scenarios that were clearly not in this category.
Subtraction of the non-recovery scores had no signifi-
cant impact on the mean scores in each category over
all 47 scenarios not in the non-recovery category (data
not shown). The scores for 47 scenarios without the
non-recovery scores were used in radar plots and also
to calculate a single score for each scenario to enable
comparison between subgroups and ranking of scen-
arios (see ‘Allocating procedures to severity categories’
and ‘Numerical scoring of scenarios for comparison of
subgroups’ below).

Allocating procedures to severity categories

Three approaches were used to allocate scenarios to a
particular severity classification. First, two authors
(G.C. and P.A.) independently reviewed the radar
plots and the score profiles for each scenario. This
allowed classification of scenarios where this was clear
from the dominant category score and distribution of
scores in adjacent categories. In the case of ambiguity,
intermediate classifications (e.g. sub-threshold/mild,
mild/moderate, moderate/severe) were allocated ini-
tially. Any scenario where allocation was not possible
was placed initially in an ambiguous category.

Second, the distribution of the percentage scores in
each of the main and intermediate severity classes was
averaged for each group of scenarios and the distribu-
tion of scores plotted.

Third, although the method above reflects the way in
which a committee or project evaluator might arrive at
a decision, it could be argued that it involves some
degree of subjective judgement. So, dendrograms were
constructed following an average linkage method19,20

by using PASW Statistics for Windows v18.0 (SPSS,
Inc., Chicago, IL). The average linkage method was
applied to the percentage scores in each of the cate-
gories for each scenario, and this allowed clustering
of the data (i.e. scenarios).

Numerical scoring of scenarios for
comparison of respondent subgroups

Comparison of the responses to each of the scenarios
between the demographic subgroups requires a single
numerical score for each scenario.

In brief, we recalculated the percentage responses,
excluding the non-recovery scores for the 47 scenarios
that were clearly not in this category. To derive the
single numerical score for each scenario, we used the
percentage score in each category and multiplied it by 1
for UTD (the impact of the UTD score is minimal for
most scenarios), 3 for sub-threshold, 5 for mild, 7 for
moderate, 9 for severe and 11 for upper threshold, and
then we summed the scores. This transformation had

no significant impact on the overall severity score for
the scenario. Thus, if all (100%) respondents were
UTD on a severity category, the score would be 100.
Similarly, for complete agreement on a scenario
describing a sub-threshold study, it would be 300, and
for mild, it would be 500. The highest possible score for
any scenario would be 1100 if all respondents agreed
that the scenario was in the upper threshold category.

The summed scores ranged from 332 (scenario 2) to
940 (scenario 43; the maximum possible score being
1100). These single values for each scenario: (a) have
been utilised exclusively for comparison of demo-
graphic subgroups and to rank scenarios and (b) have
not been used to determine severity classifications,
which are only allocated using the original percentage
responses in the survey (see ‘Population responses to
individual questions’ and ‘Allocating procedures to
severity categories’ above).

Statistics and data analysis

Descriptive statistics were used to describe participants’
demographic characteristics and responses to scenarios.
Further information on data processing and analysis
are provided above and in particular for the analysis
of (a) demographic data (see ‘Personal profile’ and
‘Demographics of respondents’) and (b) responses and
their allocation to severity categories (see ‘Population
responses to individual questions’, Allocating proced-
ures to severity categories’ and ‘Numerical scoring of
scenarios for comparison of subgroups’). Whenever
appropriate, we reported the number of respondents
to a particular scenario, personal profile question or
number of scenarios (indicated as n), unless otherwise
stated. In addition, the average responses are expressed
as the mean� standard error of the mean (SEM),
unless otherwise indicated. For the non-dichotomous
subgroups (i.e. age and number of publications), we
utilised a median split to compare matched size
groups above and below the median values (age and
number of publications, respectively). Further subdiv-
ision of the population was not possible, as the sub-
groups became too small for meaningful analysis. The
processing of the raw survey data (e.g. grouping, sort-
ing) was carried out using Microsoft Excel (2016). Data
are non-normally distributed (after Shapiro–Wilk test)
and only non-parametric tests were used for any statis-
tical comparisons. Graph plotting, descriptive statistics
and correlations were carried out using GraphPad
Prism v7 and 8 for Windows (GraphPad Software,
Inc., La Jolla, CA). In particular, we calculated mean
and median, SEM and standard deviation (SD). We
also used the Mann–Whitney U-test to evaluate differ-
ences in overall severity scores, and Spearman’s rank
correlation for the analysis of demographic subgroup
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correlations. PASW Statistics for Windows v18.0
(SPSS, Inc.) was used for cluster analysis (dendrogram
construction) following an average linkage method.19,20

Statistical significance was set at p< 0.05.

Results

Fifty-nine people from 15 EU countries and partici-
pants of COST Action FA1301 responded to the
PAS-C survey, giving an overall response rate of
33.5% (see Supplemental Tables S1 and S2 for details
and demographics of respondents). Due to the biased
distribution among EU countries of people either
involved or potentially interested in cephalopod
science, it is not surprising that responses primarily
originated from five countries: Italy (21.2%), the
UK (21.2%), France (13.5%), Portugal (11.5%) and
Spain (5.8%).

Scores in the UTD category

For all 50 scenarios, the scores in the UTD category
ranged from 3.4% to 25.9% of respondents, with a
mean of 7.0� 0.6% (Supplemental Figure S1).
Eighty-six percent of scenarios had UTD scores
<10% (64% of scenarios: <5% UTD). There was no
correlation between the overall severity score for each
scenario and the UTD score.

Seven scenarios (i.e. scenarios 10, 22, 27, 30, 31, 41
and 48; see Supplemental Information) had UTD
scores >1 standard deviation from the mean (i.e.
>11%). Of these, three involved studies of O. vulgaris
paralarvae (i.e. scenarios 22, 27 and 31), one studied an
analgesic (i.e. scenario 10), one a chronic brain lesion
(i.e. scenario 30), one a general anaesthetic (i.e. scenario
48) and one a killing method (i.e. scenario 41). Scenario
22 had the highest UTD score (25.9%) and the most
diverse range of responses of all 50 scenarios (see
below).

Identification of scenarios describing
non-recovery procedures

Three scenarios (i.e. scenarios 5, 29 and 46) had a score
in the non-recovery classification of 65.5� 3.1% with a
UTD score of 5.7� 0.5%. Figure 1 illustrates the indi-
vidual scores for these three scenarios and in each case
shows the highest score in the non-recovery category
compared to all other categories. As the sub-threshold
score for these three scenarios was <2%, respondents
clearly recognised that these scenarios all came within
the scope of Directive 2010/63/EU and allocated them
‘correctly’ to the non-recovery classification.

As an independent measure of the accuracy with
which the non-recovery scenarios were assessed and

also to identify factors that may lead to an erroneous
classification, we analysed the non-recovery scores for
the remaining 47 scenarios that clearly did not meet the
Directive definition of non-recovery. The score in the
non-recovery classification for scenarios that are clearly
not in this category was 3.4� 0.6%, but for three scen-
arios (i.e. scenarios 22, 26 and 28), the score was> 10%
(M� SEM¼ 16.1� 2.3%; range 13–20%). These three
scenarios, with erroneous high non-recovery scores, all
described a method for killing a cephalopod with no
other procedure involved; one involved an octopus
paralarva (scenario 22), one a cuttlefish hatchling (scen-
ario 26) and one an adult squid (scenario 28).

It is interesting to note that the final clustering of the
overall percentage scores (Figure 2) indicated that
the three non-recovery scenarios appeared in a single
cluster (A in Figure 2). Additionally, three scenarios
(i.e. scenarios 22, 26 and 28) with non-recovery scores
>10% (see above) were outside the non-recovery clus-
ter A and clustered in C2 (Figure 2).

Identification of scenarios below and around
the lower threshold for regulation

For four scenarios (i.e. scenarios 2, 32, 38 and 42), the
sub-threshold score was >68% (range 68–79%;
M� SEM¼ 72.7� 2.4%), with a clear separation of
the sub-threshold from scores in the mild category
and higher classifications (Figure 3a). The radar plot
for these four scenarios also supports the allocation

Figure 1. Distribution of scores (% responses) for three
individual scenarios (i.e. scenarios 5, 29 and 46), with the
highest scores in the non-recovery category. UTD: unable
to decide category. See text for definitions.
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to the sub-threshold classification (Supplemental
Figure S2). For these four scenarios, the UTD score
was 4.3� 0.5% and so had no impact on the overall
classification. These four scenarios cluster together
(sub-cluster B1) in the dendrogram (Figure 2).

Whilst the survey population scored four scenarios
predominantly below the threshold for regulation (sub-
threshold), we also assessed how often the remaining 46
scenarios (i.e. all scenarios except sub-threshold scen-
arios 2, 32, 38 and 42) were also scored as sub-
threshold.

The percentage of the survey population assessing
the remaining scenarios as sub-threshold was
11.2� 2.4%, and for 16/46 (35%) scenarios, this value
was <5% of the survey population. However, for 13
scenarios (i.e. scenarios 3, 8, 11, 12, 13, 16, 20, 22, 23,
27, 31, 34 and 40), >10% (range 10.3–52.6%) of the
survey population considered each of these scenarios to
describe procedures that were sub-threshold. Of these
13 scenarios, five involved behavioural studies (i.e.
scenarios 3, 12, 13, 16 and 34), three involved growth/
feeding in paralarvae/hatchlings (i.e. scenarios 20, 27
and 40), two involved killing paralarvae (i.e. scenarios
22 and 31), one involved a non-invasive procedure per-
formed under general anaesthesia with recovery (i.e.
scenario 8), one involved a digestive tract transit
study (i.e. scenario 11) and one was a study of post-
reproductive senescence (i.e. scenario 23). The individ-
ual scores for eight of these scenarios are plotted in
Figure 3b–c together with the scores from the four
sub-threshold scenarios (Figure 3a) to illustrate the
gradual shift from high sub-threshold scores to reduced
sub-threshold scores with increased scores in mild or
more severe categories.

Five scenarios (i.e. scenarios 3, 12, 23, 34 and 40;
Figure 3b–c have a distribution of scores indicating
that they should be considered as describing procedures
which are on the borderline for regulation (i.e. on the
sub-threshold-‘lower’ mild borderline), whereas for the
other eight scenarios, the balance shifts to scores in

Figure 2. Relationship between scenarios deduced after
cluster analysis utilising the average linkage method. In
the dendrogram, the distance between two clusters is
defined as the average distance between all pairs of the
two clusters’ members and is shown as rescaled distance
(%). The clustering algorithm was applied to scores for all
50 scenarios (numbers refer to the scenario identifier in
the original survey). For clarity, the groupings of scenarios
clusters have been colour coded to indicate the severity
category using the same colour coding as used in all fig-
ures: sub-threshold ( ), non-recovery ( ), mild ( ),
moderate ( ), severe ( ) and upper threshold ( ).
Scenario 22 is an outlier in the dendrogram, reflecting that
this was the only scenario for which it was not possible to
assign a severity classification (see text for details). The
final assigned severity classification derived from all data

(continued)

Figure 2. Continued
(see text) is indicated, although in the cluster some scen-
arios are on category borderlines. For example, B2 was
assigned to mild but on the sub-threshold/mild border and
so clusters close to sub-threshold, B1; C1A* was assigned
to moderate but on the mild/moderate border and so
clusters close to mild C1A**; C1B** was assigned to severe
but on the mild/severe border and so clusters close to mild
C1B*. Note that the two scenarios in the upper threshold
category cluster together (C2B and C2A close to the severe
scenario grouping). See also Figure 4 (and Supplemental
Figures S2 and S3) for additional data used in making final
severity classifications.
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severity classes predominantly above the lower thresh-
old for regulation (see Figure 3c for examples).

In Figure 2, scenario 23 (with a sub-threshold score
of 43%) describing a non-invasive observational study
of senescing octopuses is allocated to the same cluster
(B2) as scenarios 3, 12, 34, and 40, therefore just within
the mild category. Cluster B includes closely related
sub-clusters (B1) with sub-threshold scenarios and B2
with scenarios assessed as around the regulatory thresh-
old (sub-threshold/mild borderline). However, as the
scores in the sub-threshold category and the sum of
scores for all categories above the lower regulatory
threshold (sub-threshold 48.1� 1.5% vs. above lower
threshold 48.4� 1.8%, n¼ 5; see Figure 3b and
Supplemental Figure S2 for radar plot profiles) in a
prospective classification, it is appropriate to allocate
these scenarios to the mild category applying the pre-
cautionary principle.

The above score profile of the scenarios considered
to be around the lower regulatory threshold differs
markedly from all other supra-threshold scenarios
(sub-threshold score 5.9� 1.1% vs. sum of supra-
threshold scores 87.7� 1.2%, n¼ 40; p< 0.0001).

The remaining scenarios identified above (i.e. scen-
arios 8, 20 and 27) cluster with scenarios in C1A**
(Figure 2) which are clearly above the lower threshold
for regulation, and are therefore considered to describe
procedures which should also be regulated under the
Directive.

Identification of scenarios in mild, moderate
and severe classifications and around
borderlines

As depicted in Figure 2, some scenarios have been allo-
cated to the mild and higher severity classes (see also
score profiles in Supplemental Figures S2 and S3).
Below, we also identify scenarios attributed by
respondents to borderline categories. These scenarios
are allocated to the higher severity classification class
according to the precautionary principle which should
be applied to prospective assessment of severity.

Mild. Scenarios in this category are identified in the
groupings B2 and C1A** in the clustering (Figure 2).
The scenarios (i.e. scenarios 3, 12, 23, 34 and 40) on the
sub-threshold/mild borderline in B2 (Figure 2 and
Supplemental Figure S3) should ultimately be included
with scenarios identified above in the mild category
(C1A**; sub-cluster including scenarios 8, 11, 13, 20,
27) using the precautionary principle (see Figure 4 for
a summary).

Sub-cluster C1A* adjacent to C1A**, both included
in the main cluster C1A, identifies four scenarios (i.e.
scenarios 1, 7, 17 and 48) with a predominant score

Figure 3. (a) The distribution of scores (% respondents) in
each severity category for four scenarios (i.e. scenarios 32,
42, 38 and 2) with dominant sub-threshold scores. (b) and
(c) The change in the distribution of scores from scenarios
with predominantly sub-threshold scores but increasing
scores in severity categories above the regulatory thresh-
old (i.e. scenarios 40, 3, 43, 12 and 23). The bars illustrate
scenarios around the threshold for regulation to scenarios
with dominant ‘mild’ scores (scenarios 8 and 20) and
increasing moderate scores (scenario 11), indicating
scenarios which should be considered supra-threshold.
See text and Supplemental Information for definitions.
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in the mild category, but also with scores in higher, but
not lower, severity categories. The overall scenario
scores for the five scenarios in the C1A** sub-cluster
(i.e. scenarios 8, 11, 13, 20 and 27) are lower than
those in the C1A* cluster (i.e. scenarios 1, 7, 17 and
48; see also Appendix 3 for individual scores).

Scenarios 1, 7, 17 and 48 have relatively high mild
scores and scores in higher severity categories, placing
them on the mild/moderate borderline (Supplemental
Figure S4). For these latter scenarios, the individual
survey scores in the mild category are similar to those
in the moderate and higher categories (mild 43.3� 2.2%
vs. higher 44.7� 1.8%; see Supplemental Figure S3). So,
using the principle outlined above, they should be allo-
cated to the moderate category (Figure 4).

Moderate. Cluster C1B (Figure 2) identifies scenarios
with high scores in the moderate category (C1B*) and
scenarios with moderate but also higher severity scores
(C1B**). The overall scores (see Methods) for the 15
scenarios in the C1B* sub-cluster (i.e. scenarios 4, 10,
15, 16, 18, 19, 21, 24, 31, 33, 35, 36, 37, 45 and 49) are
lower than the six scenarios (i.e. scenarios 6, 25, 39, 44,
47 and 50) in the C1B** sub-cluster (662� 8.7 vs.
757� 12.8; p< 0.0001).

The percentage scores in each severity category for
scenarios in the moderate category and for scenarios
with high moderate scores, but also with scores in
more severe categories, are shown in Supplemental
Figure S3. Analysis of the individual percentage
scores in the C1B** sub-cluster (i.e. scenarios 6, 25,
39, 44, 47 and 50) shows that these six scenarios are
at the upper end of the moderate category. Hence, they
are in cluster C1 as opposed to cluster C2 (severe and
upper threshold). However, based upon the distribution
of scores and adopting the precautionary principle,
these should be classified as severe (see below).

Applying the precautionary principle, the scenarios
identified above on the mild/moderate borderline (sub-
cluster C1A*; i.e. scenarios 1, 7, 17 and 48) should be
included with the scenarios identified above in the mod-
erate category (C2B sub-cluster; i.e. scenarios 4, 10, 15,
16, 18, 19, 21, 24, 31, 33, 35, 36, 37, 45 and 49; see
Figure 4 for a summary).

Severe and upper threshold. All remaining scenarios
were allocated by cluster analysis to grouping C2
(Figure 2) with sub-clusters C2A (i.e. scenarios 9, 14,
28, 30, 41) and C2B (i.e. scenarios 26 and 43). Scenarios
26 and 43 (C2B) have high and comparable scores in the

Figure 4. The distribution of scores (% respondents; mean� standard error of the mean) in each severity category for
scenarios allocated to the categories defined in Directive 2010/63/EU. Numbers in parentheses indicate the scenario
number in the original survey. See text for details of method of allocation.
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severe and upper threshold categories and so these are
classified as upper threshold, while scenarios in sub-
clusters C2A (i.e. scenarios 9 and 14) and C1B (i.e. scen-
arios 6, 25, 39, 44, 47 and 50; see ‘Moderate’ above) are
classified as severe (Figure 4).

Overview of scenario allocation to severity
categories

The cluster analysis (Figure 2) identified groupings and
subgroupings of scenarios which were used to allocate
them to sub-threshold (B1), mild (B2 and C1A**), mod-
erate (C1A* and C1B*), severe (C2A and C1B**) and
above upper threshold (C2B) categories. The original
percentage severity scores for all scenarios allocated
to the severity categories, as defined in Directive
2010/63/EU, are plotted in Figure 4 in which scenarios
on borderlines between categories (see also
Supplemental Figure S2) have been allocated to the
higher severity category as described above and adopt-
ing the precautionary principle.

An unclassifiable scenario

Scenario 22 (‘Newly hatched paralarvae of O. vulgaris
(<1mm, DML) will be killed by immersion in liquid
nitrogen for subsequent biochemical analysis’) falls into
a category of its own based on two criteria. First, it had
the highest score of any scenario in the UTD category
(25.9%), with a sub-threshold score of 25.9%, a non-
recovery score of 20.7% and an aggregate score of
26.6% in the supra-threshold severity categories.
These values give it a unique profile (see
Supplemental Figure S2). Second, it stands alone in
the dendrogram (Figure 2). In contrast to all other
scenarios, no predominant category could be identified.

Examples of procedures in cephalopods
derived from the survey analysis

Using the classification of the scenarios from the den-
drogram (Figure 2), the severity allocation based on per-
centage category scores and their distribution (Figure 4
and Supplemental Figure S2), the scenarios used in the
survey are listed in rank order, with the assigned severity
classification indicated, to provide examples of the pro-
spectively assessed severity of procedures in cephalopods
(Appendix 3). The main procedures have been also
extracted from the full scenario descriptions to provide
concise examples in each severity category (Table 3).

Discussion

This paper reports the first attempt to allocate regu-
lated procedures in cephalopods prospectively to

severity categories. An integrated cephalopod commu-
nity, with people working either directly or indirectly in
cephalopod science, as represented by the participants
in COST Action FA1301 CephsInAction, allocated
consistently scenarios describing procedures (a) below
and above the lower threshold for regulation defined by
Directive 2010/63/EU, and (a) across the entire range of
severity classifications. Furthermore, respondents
recognised that severity classification applies to all
cephalopod life stages post hatching and species.

Critique of methodology

A discussion of the limitations of the Delphi method is
outside the scope of this paper, but here we overview
some of the issues that may have influenced the out-
comes of the survey.

Potentially, a survey can gather views from a larger
and more diverse group than may be possible in a
round-table discussion, and can include those either
unable to attend or not invited to a ‘self-selected’
expert group meeting. The survey views are independ-
ent (assuming no collusion), equivalent and anonym-
ous, minimising the impact of group dynamics and
responses can readily be linked to personal profiles to
assess variations between subgroups. In the survey, we
included a UTD option, whereas in a round-table meet-
ing of ‘experts’, peer pressure may make it be difficult
for an individual to give this as their opinion. With an
online survey, the time pressure to reach a decision is
reduced compared to a meeting, and modification of
response is possible until submission.

In our case, the PAS-C survey facilitates engagement
of the cephalopod community in responding to
Directive 2010/63/EU, as the opinions are representa-
tive of the community rather than views imposed by
those more familiar with this type of assessment in ver-
tebrates. This is of particular relevance, since it has
been suggested that the Directive attempted to apply
a ‘mammalocentric’ approach to cephalopods.21

However, there are also negative factors to consider.
The PAS-C Survey was based on a selected series of

short scenarios to focus attention on the procedures
used and avoided including any justification. So, the
judgement was based on the scenario procedures and
not the scientific or other justification. Scenarios
included in the survey were based on data derived
from a non-systematic review of published works span-
ning from 1940 to 2014 that utilised cephalopods in
studies including biochemistry, physiology, immun-
ology, neuroscience, eco-toxicology and behavioural
sciences. The use of methods sections from published
works publications was not considered practical for our
aims because of (a) the need for extensive copyright
clearance, (b) respondents recognising the original

Cooke et al. 11



Table 3. Outline examples of procedures utilising living cephalopods classified by severity (prospective) category: sub-
threshold (green), mild (yellow), moderate (orange) and severe (red).

Severity Key procedures from scenario Scenario no.

Sub-threshold Testing behaviour in adult octopus using measurement of attack latency,
alertness and response to a threat; each test session lasts approximately
five minutes and is repeated five times a day over five days

2

Sub-threshold Food deprivation of an adult octopus for up to 24 hours in their home tank,
followed by feeding their normal diet, including an inert marker and col-
lection of faeces

32

Sub-threshold Comparative study of natural behaviours of singly housed octopus in tanks
(compliant with Guidelines) with different environments (rocky vs. sandy
bottom) mimicking two different natural environments

38

Sub-threshold Investigation of preference in adult octopus for a range of natural foods in
comparison to an artificial diet that has been used successfully in a related
species

42

Mild Comparison of growth rate in cuttlefish from one month of age using groups
fed on the natural diet and comparator groups on three artificial diets that
fulfil the nutritional needs; 3D video recording of behaviour and for meas-
urement of growth

40

Mild Ultrasound imaging of the arm and brain in adult octopus under short-
duration (<30 minutes) general anaesthesia with recovery on a single
occasion

8

Mild Food deprivation for five days in Nautilus, followed by administration of a
barium sulphate marker in the food and measurement of oro-anal transit
time using hourly X-rays over the next 12 hours, followed by humane killing

11

Mild Exposure of juvenile cuttlefish to a predator for 60 minutes but with complete
physical separation and a refuge for the cuttlefish to hide

13

Mild Exposure of hatchling cuttlefish to images of predators in a tank with escape
refuges and substrate

3

Mild Consecutive daily testing (five days) of the predation/attack response of adult
cuttlefish to a prawn placed in a tube so that it inaccessible

34

Mild Comparison of growth rate in cuttlefish from one month of age using groups
fed on the natural diet and comparator groups on three artificial diets that
fulfil the nutritional needs; weekly anaesthesia over four weeks to permit
detailed morphometry and cuttlebone density measurement using
ultrasound

20

Mild Taste aversion paradigm in adult cuttlefish using quinine-treated crabs in
adult cuttlefish

12

Mild Investigation of efficacy of novel synthetic diets in squid hatchlings over one
month; efficacy assessed by daily mortality, but study terminated if >20%
(preset humane end point)

27

Mild Observation of post-reproductive female octopus until death by natural causes
or euthanasia after loss of >20% body weight/cataracts/skin lesions

23

Moderate Removal of a small piece of anterior fin from juvenile cuttlefish under general
anaesthesia, followed by anaesthesia every five days for 30 days to permit
microphotography and high-resolution ultrasound

1

Moderate Weekly haemolymph sampling under general anaesthesia for a period of four
weeks in an adult octopus

17

Moderate Administration of an experimental drug into the stomach of adult squid using a
semi-rigid feeding tube inserted into the stomach via the beak with the
animal manually restrained; groups of animals will be killed humanely at
30-minute intervals over the next 12 hours to investigate drug
pharmacokinetics

4

Moderate Exposure of juvenile cuttlefish to a predator for 60 minutes but with a perfo-
rated partition between the tanks that allows water (but not animal)
exchange between tanks; the cuttlefish tank does not contain a refuge

49

(continued)
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Table 3. Continued.

Severity Key procedures from scenario Scenario no.

Moderate Implantation of data logging tags (<1% of body weight) into the cuttle-
bone of adult cuttlefish under general anaesthesia with recovery for one
month

15

Moderate Training regime involving reward or aversive stimuli (brief noxious electric
shock to an arm) in adult with a daily intramuscular injection of vehicle or
study drug into an arm on each of seven days of the study after which the
animals are killed humanely

37

Moderate Sedation of newly hatched octopus paralarvae with progressively chilled sea
water until movement and breathing stop, followed by substitution of the
sea water with isotonic chilled formalin

31

Moderate Removal of a 2 mm portion of arm tip from octopus without general
anaesthesia

45

Moderate Food deprivation of adult cuttlefish for a period of seven days, followed by
humane killing

36

Moderate Investigation of the potential general anaesthetic effects of a substance not
previously investigated in cephalopods using immersion of octopus in
escalating concentrations

48

Moderate Investigation of opiate analgesia in octopus using subcutaneous administra-
tion of vehicle, opiate agonist or antagonist in a Latin square design with a
week between test which involve noxious levels of mechanical stimulation
to the arm and dorsal mantle

47

Moderate Investigation of potentially agonistic interactions between either sexually
mature male and female octopus or cuttlefish with or without refuges

16, 18

Moderate Surgical removal of 10% of an arm in adult octopus under general anaesthesia
with or without application of local anaesthetic

25, 50

Moderate Investigation of the potential effects of an anxiolytic drug on escape behaviour
in juvenile cuttlefish using a crossover design and intramuscular injections
of drug or vehicle

21 (cf.17)

Moderate Exposure is sub-adult squid to low frequency ultrasound for a period of two
hours at an intensity sufficient to cause permanent damage to the
statocysts

33

Severe Exercising adult squid in a flume to exhaustion (�45–60 minutes); at the point
of exhaustion, animals are killed humanely for metabolic analysis of tissues

6

Severe Surgical removal of the distal 1% of the tip of an arm in adult octopus without
general anaesthesia and followed by recovery for 24 hours after which the
animal is killed humanely

9

Severe Removal of the distal 50% of one arm under general anaesthesia in adult
octopus with prior nerve block using injection of local anaesthetic; after 24
hours, the animal will be killed humanely

47

Severe Induction of arm autotomy by crushing injury in octopus followed by recovery
from one to seven days, followed by humane killing

39

Severe Fertilised eggs from squid are reared at higher temperatures to simulate
climate change with the expectation that �25% of hatchlings will have a
malformation that impairs the ability to feed but will survive for the four
weeks of the study after which they will be humanely killed

14

Severe Exposure of newly hatched octopus paralarvae to a range of concentration of
ammonium or nitrite ions to identify the median lethal concentration

50

Severe Transection of one mantle connective in adult octopus under general anaes-
thesia, followed by recovery over a period of three months with weekly high-
resolution video recording of the mantle with the animals previously trained
to enter the smaller recording chamber

44

(continued)
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paper and hence being influenced by the authorship, (c)
the length of many methods sections, which would
make the time required to complete the survey imprac-
tical. We are aware that the amount of information
given in the scenarios is limited. However, the outcomes
indicate that this was sufficient to reach a decision, as
overall scores in the UTD category were low.

The survey outcomes are obviously dependent on the
respondents. However, the respondents were a self-
selecting sample of a population (the COST Action
FA1301 participants) whom it is assumed are a repre-
sentative sample of the EU cephalopod research com-
munity. We recognise that the respondents comprise a
number of subgroups (Supplemental Tables S1 and S2)
which it was not possible to analyse separately because
of the subgroup sizes. However, we used a median split
for the main subgroups (age, sex, PhD, cephalopod
experience and publications), and this did not reveal
any major differences in overall assessment of the scen-
arios, but this analysis may not have sufficient reso-
lution to identify more subtle differences. The answers
given by the respondents assume diligence (e.g. reading
the Guidance notes) and honesty (e.g. giving an inde-
pendent view), with participants needing to be suffi-
ciently altruistic to spend about a couple of hours to
complete the survey. By not selecting just ‘experts’ to
participate, the responses will depend on the respond-
ents’ knowledge and understanding of the Directive,
knowledge of some basic biology relevant to each ceph-
alopod species, comprehending the experimental meth-
ods in scenarios, their level of relevant expertise and
possibly their ‘emotional’ response to the scenario
(e.g. descriptions of surgical procedures may be challen-
ging for researchers who may only be involved in
behavioural studies). In deriving the overall severity
assignments, objective criteria have been used based
on the survey responses, but the process by which indi-
vidual respondents reached their assessments is likely to
include both objective and subjective elements.

Whatever the approach used by the respondents,
there is a high degree of consensus for many scenarios.
In addition, we were unable to identify any major sys-
tematic differences in the overall assessments between
the demographic subgroups.

Finally, we should highlight that the survey was only
delivered in English, but COST Action FA1301 has
participants from many EU states, and English is not
the first language for many, although meetings were
conducted in English. We are unable to assess the
impact of language on the results, but it may have
reduced the number of respondents.

Overall classification and comparison of
scenarios: internal validity

To identify the major factors influencing the responses,
we have focused on the scenarios involving either
S. officinalis (12 scenarios) or O. vulgaris (16 scenarios),
as they provide the largest number of scenarios for
direct comparison.

General anaesthesia and/or surgery. All scenarios
involving anaesthesia with recovery, irrespective of
any other intervention, were assessed as above the
lower threshold for regulation in both species. This
was also the case for comparable scenarios involving
the less studied species such as E. cirrhosa and
Hapalochlaena lunata. For example, scenario 40
described a feeding/growth study over the first month
of life in cuttlefish which was assessed at the lower end
of the mild category and considered by a high percent-
age of respondents to be sub-threshold (see Figure 3b).
However, addition of weekly, brief, general anaesthesia
to this scenario (scenario 20) moved the assessment to
the upper end of the mild category (see Figure 3c) and
increased the overall scenario score (378 vs. 489).
Similarly, scenario 8, involving brief general anaesthe-
sia combined with non-invasive ultrasound, is in the

Table 3. Continued.

Severity Key procedures from scenario Scenario no.

Severe Administration of a parasite to adult octopus followed every 10 days by
behavioural monitoring and haemolymph sampling under brief general
anaesthesia for a period of three months; the parasite is expected to cause
skin lesions in 50% of the animals after two months

25

Severe Surgical removal of the entire supra-oesophageal brain from octopus under
general anaesthesia with recovery and investigation of the sensitivity to
noxious stimuli

30

Upper threshold Exposure of adult cuttlefish to a potential pollutant to identify LD50 43

Allocation to a particular category utilises the analysis of the survey data (see text for details). The original scenario numbers from the
survey are also reported; the full scenarios (see ‘Scenarios’ in Supplemental Information) should be consulted for details. Non-recovery
scenarios (i.e. scenarios 5, 29 and 46) and scenarios only describing a method for killing a cephalopod (i.e. scenarios 22, 26, 28 and 41) are
not included in this table but are discussed in text and are shown in full in the Supplemental Files.
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middle of the mild category, but a similar procedure
(scenario 1) involving surgery with recovery and mul-
tiple periods of anaesthesia for ultrasound increased the
overall scenario score (470 vs. 581) and placed the scen-
ario in the lower half of the moderate category.

When scenarios included more major surgical pro-
cedures, they were allocated to moderate (e.g. data
logger implantation, scenario 15) and higher categories
(e.g. partial arm amputation, scenario 24; supra-oeso-
phageal brain removal, scenario 30).

We deliberately included four scenarios in O. vul-
garis describing arm amputation because of the resur-
gence of interest in regeneration studies.22–24 Although
there was little difference in the overall severity classi-
fication between the scenarios describing amputation
carried out under general anaesthesia, with or without
local anaesthesia, the scenario describing 10% amputa-
tion without anaesthesia (scenario 9) was clearly in the
severe category, with an overall severity score in the
upper decile. Interestingly, a comparable scenario
(scenario 45) involving removal of 2mm of the arm
from the Dumbo octopus for molecular profiling
(analogous to rodent tail tip sampling) was clearly
assigned to the moderate category, whereas induction
of arm autotomy in the octopus Abdopus aculeatus by
crushing without anaesthesia was assigned to the severe
category (scenario 39).

Substance administration or haemolymph
sampling. Repeated sampling of haemolymph under
general anaesthesia over four weeks (scenario 17) in
octopus was scored in the mild/moderate borderline
and so was finally allocated to the moderate category.
Multiple drug injections (subcutaneous or intramuscu-
lar) to investigate analgesic (scenario 37) and anxiolytic
(scenario 21) effects in cuttlefish were placed directly in
the moderate category. The latter scenario (21) is iden-
tical to scenario 7, with the exception that scenario 21
involves multiple drug injections; scenario 7 is in the
mild/moderate sub-cluster (C1A* in Figure 2), whereas
scenario 21 is in the moderate sub-cluster (C1B* in
Figure 2), and the overall scenario scores differ by 85
points (564 vs. 649). Gavage for drug administration in
squid (scenario 4) was judged to be moderate probably
because of the risk of brain damage during the passage
of the tube.25,26

Behavioural interventions. Behavioural studies that
may potentially cause distress above the threshold for
regulation were recognised as falling within the
Directive. Scenarios 13 and 49 are identical in describ-
ing exposure of juvenile cuttlefish to a predator in a
divided tank. However, the scenario in which the cuttle-
fish are able to hide and where there is no water
exchange was categorised in the sub-threshold/mild

group, whereas if there was no refuge and the partition
perforated to allow water exchange, the scenario was
assessed as moderate. Interestingly, scenario 3, describ-
ing exposure of newly hatched S. officinalis to images of
predators, was also considered to be on the sub-thresh-
old/mild borderline.

We propose that if the cephalopod is able to hide
from the predator and there is no physical or chemical
contact with the predator, then the procedure should be
considered to be sub-threshold. However, if such stu-
dies are undertaken, the actual severity should be moni-
tored to provide objective data to support this
prospective assessment.

In cuttlefish, experimental induction of escape reac-
tions (scenario 7) and investigation of agonistic social
interactions in a small tank (scenario 18) were assessed
as mild and moderate, respectively. The latter is con-
sistent with a classification of moderate severity for an
agonistic social interaction study in O. vulgaris (scen-
ario 16).

Scenarios 19 and 37 describing a training paradigm
of O. vulgaris involving brief electric shocks as negative
reinforcements were assessed as moderate, but the scen-
ario which additionally involved daily injections (scen-
ario 37) was also assessed as moderate, although at the
upper end of the score range. A recently published
study of serial visual reversal learning in octopus
using only positive reinforcement reported that the
study was classified as ‘mild’,27 although it is unclear
whether this was prospective or actual severity.

Food deprivation. Deprivation of food in a juvenile/
adult animal within the duration likely to be normally
encountered in the wild was not considered to fall
within regulation (e.g. scenario 32), but extended food
deprivation was. For example, seven days of food
deprivation in adult S. officinalis was considered to
fall within the moderate category (scenario 36), and
this aligns with recent proposals for the severity classi-
fication of different periods of food deprivation in
cephalopods.25

A comment about scenarios allocated to the
upper threshold classification

Two scenarios (i.e. scenarios 26 and 43) were allocated
to the upper threshold category (i.e. higher than severe,
and hence should not be authorised except under
‘exceptional and scientifically justifiable reasons’;
Article 55; see also Table 2). These scenarios were clus-
tered (C2B in Figure 2) with scenarios allocated directly
to the severe category (C2A in Figure 2), suggesting that
it may be more accurate to view these scenarios at the
upper end of the severe category. It is notable that one
of the scenarios (26) describes a method for killing
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cephalopods which does not comply with the general
principles outlined in Annexe IV of Directive 2010/63/
EU, and this is discussed in more detail in a specific
section below.

An LD50 study in adult cuttlefish (scenario 43) was
also considered to be upper threshold (i.e. above the
upper limit defined in Article 15) and had the highest
overall scenario score. As described, such a study
should not be authorised, but with appropriate refine-
ment and well-defined humane end points, the pro-
spective assessment could change to severe – the
classification allocated by 35.6% of respondents.

Prospective severity classification of
procedures in cephalopods

Scenarios around the regulatory threshold. The deci-
sion regarding whether a procedure is likely to exceed
the threshold for regulation is a critical one, but the
regulatory boundary may not be obvious. The progres-
sive shift in the score profile from sub-threshold to mild
categories is illustrated in Figure 3 (see also
Supplemental Figure S3). Applying the precautionary
principle, we allocated scenarios on the borderline to
the mild category. For example, scenario 40, describing
the effect of artificial diets on growth of hatchling
cuttlefish, was considered to be mild. However, it is
likely that assessment of actual severity would show
that the study described was sub-threshold.

This precautionary approach is further supported by
the Annual Statistics of Scientific Procedures on
Living Animals for the Great Britain28 which reported
in 2016 that 12% of procedures performed in the UK
were sub-threshold, although the prospective classifica-
tion and application to the NCA must have indicated
that they were considered above the regulatory
threshold.

Scenarios most likely to be considered below the
lower threshold for regulation (sub-threshold) by a sig-
nificant minority of the respondents involved either
behavioural or dietary manipulation/growth studies.
As behaviour is among the most studied aspects of ceph-
alopod biology29–32 and metabolic studies are also
important for research informing cephalopod aquacul-
ture,25,26,33,34 we recommend that specific guidance is
developed to assist researchers in assessing severity in
such studies. However, it should be emphasised that if
there is any doubt about whether a proposed procedure
is below or above the lower threshold for regulation, the
default position is that the procedure should be regu-
lated and evidence gathered on its actual severity to
inform future applications.

Non-recovery scenarios. Three scenarios fitting the
Directive definition of non-recovery were readily

identified. However, three other scenarios had relatively
high scores (13–20%) in the non-recovery category,
although not fitting the definition. These scenarios
described a method for killing a cephalopod with no
other intervention. This observation suggests that
although the Directive 2010/63/EU definition of non-
recovery4 is precise (see Table 2), some additional guid-
ance notes to avoid confusion with killing methods may
be required.

Scenarios describing methods for killing
cephalopods

Killing an animal is not a regulated procedure under
Directive 2010/63/EU provided that the general prin-
ciples outlined in Article 6 and Annexe IV §§1 and 2 are
followed and a method described in the table in Annexe
IV §3 is employed. Alternatively, under Article 6 §§4a
and b, the NCA may grant an exemption based on an
assessment that the proposed method is at least as
humane as those in Annexe IV §3 or that based on a
scientific justification the purpose of the procedure
cannot be achieved by methods given in Annexe IV.
However, the table in Annexe IV §3 does not give any
method for killing cephalopods, and in the recent
European Commission review of the objectives, fitness
for purpose and currency of Directive 2010/63/EU
(https://eur-lex.europa.eu/legal-content/EN/TXT/HT
ML/?uri¼CELEX:52017DC0631&from¼EN), the lack
of standardised appropriate methods for killing ceph-
alopods was recognised as an omission. The only infor-
mation relevant to killing cephalopods is in Annexe IV
§§1a and 2 which specifies that methods other than
those in the table in Annexe IV may be used only if
the animal is unconscious and killing is completed by
one of five methods; proposals for methods compliant
with these principles have been published.2,35

However, unconsciousness, particularly if induced
by a general anaesthetic or cranial trauma, may not
be compatible with the scientific objectives of a project,
and an inspection of the cephalopod literature identi-
fied several methods which would not be compliant
with the principles in Annexe IV §1a if used now.
Four scenarios describing a killing method were
included in the survey to obtain the views of the
COST FA1301 community on the prospective severity
of these methods should a researcher apply for author-
isation (or if an exemption under Article 6 §§4a and b is
sought) to use them. Scenarios describing decapitation
of an adult squid (scenario 28) and mechanical destruc-
tion of the brain using a miniature captive-bolt in a 1.5
kg octopus (scenario 41) were classified as ‘severe’. It is
interesting to note that the table in Annexe IV §3 iden-
tifies decapitation as acceptable for birds (<250 g) and
rodents (if other methods not possible) and captive bolt
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as acceptable for larger reptiles (size not specified), rab-
bits and large mammals.

The scenario describing killing a hatchling cuttle-
fish by immersion in formalin without prior anaesthesia
was considered to be upper threshold and hence
should not be authorised (see above and Table 2 for
definition) – a view consistent with previous
recommendations.2,35

A final scenario describing killing newly hatched
octopus paralarvae (<1mm, DML) by immersion in
liquid nitrogen was the only one of the 50 scenarios
to be impossible to classify. Of particular note is that
�25% of respondents considered this to be sub-thresh-
old, but this scenario also had the highest UTD score.

The results of the survey show that amending
Annexe IV to give appropriate methods, not involving
prior loss of consciousness,2,35 for killing cephalopods
represents an urgent challenge for both legislators and
the EU-based cephalopod community.

Special considerations for the classification
of severity of procedures when using
cephalopods

There are more than 800 living cephalopod spe-
cies,5–7,36 all marine, living in a wide range of habitats
from coastal waters to deep sea. Despite being limited
in number, when compared to the very populous
phylum Mollusca37 to which they belong, cephalopods
are an astonishing example of diversity of forms and
functions. Cephalopods have a molluscan Bauplan but
illustrate how evolution can generate great complexity,
including sophisticated behavioural repertoire and
neural plasticity and organisation.29,38,39 Thus, as
Hawkins et al. noted for fish,15 considering cephalo-
pods as a single ‘unit’ has little meaning, as would
also be the case if one attempted to produce severity
guidance for all mammals. The impact of a given pro-
cedure on an animal may differ, depending on the spe-
cies to which it belongs. So, prospective assessment of
severity should take full account of species-specific
characteristics. For example, the impact of restraint
may vary widely between the shelled Nautilus, cuttle-
fish, squid and octopus because of their markedly dif-
ferent levels of locomotor activity. Removal of a
cephalopod from water may induce stress responses40,41

and therefore may increase the severity of a procedure,
but the response to hypoxia differs considerably
between species (e.g. Nautilus,42 cuttlefish, 43 squid44

and octopus45). So, the impact of a period in air (e.g.
during weighing, injection or gavage) needs to be
assessed for each species. An additional example is pro-
vided by the effects of food deprivation on welfare
(reviewed by Sykes et al.25) where assessment of the
impact requires an understanding of the diverse

nature of the natural diets and feeding habits of
cephalopods.46

For cephalopods, as with other regulated species,
when assessing severity classification, the duration of
a procedure or its repetition must also be considered
in the context of the biology of the species under study.
This may move a given procedure from one severity
classification to another.4

In addition to the large interspecific diversity, many
cephalopods are known for significant changes in their
physiology as part of their life history.47 Currently,
species-specific guidelines on care and use of cephalo-
pods for experimental purposes are missing. However,
for example, Fiorito et al.,2 under the aegis of
FELASA, the Boyd Group and the COST Action
FA1301, provided the first general guidelines on the
care and welfare of these animals when used for scien-
tific research. In the guidelines, a series of indicators are
recommended to assess animals’ health and welfare
regularly and identify factors that may cause deviations
from optimal status.2 Key parameters are proposed to
evaluate animal behaviour and appearance, and these
are recommended to be supplemented by measurement
of a number of physiological ‘biomarkers’. Fiorito
et al.2 also identified possible signs, proposing a grad-
ation as an indication of an escalation from mild to
moderate and severe responses/conditions. These
include: (a) appearance (physical state, seven indica-
tors), including skin colour, texture and its integrity,
abnormal body appearance (e.g. arms unaligned or
dangling); (b) behaviour (psychological state, 12 indi-
cators), including unprovoked behaviours (e.g. with-
drawal, abnormal motor or locomotor coordination,
grooming, wound-directed behaviour), responses to
food and provoked behaviours (defaecation, inking,
etc.); and (c) clinical (physiological/biochemical state,
eight indicators), including reduction in body weight
and changes in the rates of ventilation or heart-beat
frequency. As recommended, these indicators should
be observed and recorded daily.2

Evidence is emerging for interspecific differences in
the response to noxious stimuli which, if confirmed and
extended, will impact severity assessment across ceph-
alopod species.48–53 Techniques to manage pain in
cephalopods, apart from local and general anaesthe-
sia,2,40–41 are not established, and therefore there is an
urgent need to develop methods to both assess and alle-
viate pain for the commonly used species (about 30
according to Smith et al.11). Finally, there is evidence
that cephalopod species may differ in their reaction
to the same anaesthetic agent,2,54,55 further emphasis-
ing the need to assess the impact of procedures on a
species-by-species basis.

The further development and validation of welfare
indicators will ensure accurate assessment of actual
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Table 4. List of possible procedures using live cephalopods (not an exhaustive list) as deduced from the set of scenarios
included in the COST Action FA1301 PAS-Survey.

Sub-threshold procedures
Behavioural studies that do not cause pain, suffering, distress or lasting harm exceeding the lower threshold for regu-

lation (e.g. choice of shelter or backgrounds and enrichment mimicking the natural environment; measurement of
predatory attack latency where there is no risk of the prey attacking the predator)

Feeding studies where food restriction does not cause any harm (e.g. food preferences)
Feeding a diet (we refer here to diets that meet the full nutritional requirements of the animal or that have been used

successfully in a closely relateda species)
Food deprivation (i.e. withdrawal of food) for a short interval relative to normal food intake and to the life stage
Adding inert markers in the diet to follow the passage of digesta to be estimated through collection of faeces
Manipulations of housing parameters (e.g. water temperature, photoperiod, water gases and ion levels) within the ranges

experienced by the species in its natural habitat where the speed of change is such to be known to be tolerated by the
species and where such changes may occur gradually

Mild procedures
Behavioural studies involving short-term exposure to an artificial predator (e.g. pictures or movies of predators)
Non-invasive imaging of animals (e.g. ultrasound) with appropriate sedation or general anaesthesia
Induction and maintenance of short duration general anaesthesia (<30 minutes) with recovery on a single occasion using

an appropriate agent and concentration for the species and life stage (e.g. weigh and measure a cephalopod for a
scientific purpose)

Feeding cephalopods on modified diets (fulfilling animals’ nutritional needs according to life stage, and assuming no
reduction in quantity or quality of the diet compared to normal feed); use of non-invasive or minimally invasive methods
for the evaluation of behaviour and growth

Feeding cephalopods with modified diets that do not meet all of the animal’s nutritional needs where daily mortality would
be assessedb

Studies involving short-term food deprivation followed by administration of a marker in the food and measurement of oro-
anal transit time

Daily testing (e.g. five days) of the predation and/or attack response of adult cephalopods to an inaccessible prey
Studies of taste aversion in adult cephalopods in behavioural/training paradigms
Studies of post-reproductive senescence until death by natural causes (this assumes that humane end points are in place,

veterinary advice is sought throughout and treatment given if appropriate and is compatible with the aims of the study)
Haemolymph sampling under general anaesthesia on a single occasion with recovery (volumes and techniques are limited

to those recommended in published guidelines2 and/or national legislation)
Moderate procedures
Repeated haemolymph sampling (e.g. weekly sampling for a given period) under general anaesthesia within acceptable

limits for haemolymph removal for the species and life stage
Surgery under general anaesthesia (e.g. removal of a small piece of fin; removal of 10% of an arm; implantation of data

logging-tags; see also Fiorito et al.2,12) with recovery where the surgical intervention is likely to result in mild to
moderate impairment of normal function

Food deprivation of adult cephalopods for prolonged times beyond the normal interval between meals (e.g. five days in
adult O. vulgaris22) followed by humane killing

Exposure to substances with unknown biological effects in cephalopods (e.g. a potential general anaesthetic substance
not previously investigated using immersion of the animal in escalating concentrations)

Exposure of sub-adult animals to a given sound frequency for a period of two hours at an intensity known to cause tissue
damage resulting in abnormal behaviourc

Removal of a portion of arm tip (e.g. for genotyping) from an animal without general anaesthesia
Behavioural studies that are expected to cause moderate aversive reactions or distress or moderate interference with

normal behaviour
Pharmacokinetic studies where a single dose of an experimental drug is administered to a cephalopod using a semi-rigid

feeding tube inserted via the beak with the animal manually restrained; the pharmacokinetic part of the study will
require repeated haemolymph sampling under sedation(see above)

Training protocols involving an inescapable aversive stimulus in an adult cephalopod and a daily intramuscular injection of
vehicle or drug (not longer than seven days at the end of which the animals are humanely killed)

Investigation of an opiate analgesic using subcutaneous administration of vehicle, opiate agonist or antagonist (appro-
priate experimental design should be applied) and a noxious level of mechanical stimulation to parts of the body of the
animal

(continued)
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severity of procedures and objective measurement of
the impact of interventions to alleviate pain, suffering
and lasting harm. Data on actual assessment of proced-
ures will in turn enable more accurate assessment of the
prospective severity of procedures.

A final special consideration for cephalopods is that
animals for research may be taken from the wild (e.g.
Nautilus pompilius, L. vulgaris, O. vulgaris) as described
in Article 10 of Directive 2010/63/EU. In all the survey
scenarios, capture and transport were not considered as
part of the project. So, their impact does not contribute
to the overall severity assessment. However, if a study
was undertaken in which capture and transport were
part of the scientific objectives of the project, then
their impact would need to be included in the overall
assessment of any procedure performed on arrival in
the laboratory.4 For example, if a study compared dif-
ferent methods of capture from the wild on the
response to a battery of behavioural tests in the labora-
tory, then the overall severity assessment would be
based on the methods of capture, transport and the
behavioural tests.

Concluding comments

The results of this COST Action FA1301 PAS-C
Survey provide a framework to assist cephalopod
researchers in assessing the prospective severity of pro-
cedures used in research and in guiding their applica-
tion to the NCA.

The prospective classifications of the procedures
proposed here (Tables 3 and 4) should be regarded as
a starting point, requiring regular review and modifica-
tion as information on actual severity assessment
becomes available for procedures performed on ceph-
alopods under Directive 2010/63/EU. For vertebrates
in general and mammals in particular, there is a body of
experience (e.g. regulators, ethical review committees,
veterinarians and animal technologists) that can be
accessed by project applicants to guide severity assess-
ment, and this is facilitated by a number of publica-
tions on the topic (e.g. for fish15). However, for
cephalopods, there is no history of regulation which
can be consulted, although this will change with time
as Directive 2010/63/EU takes effect and regulated stu-
dies are published. The principles of severity classifica-
tion applicable to cephalopods were reviewed in
preparation for regulation,11,12,35 but these now need
to be developed further into guidelines using the evi-
dence gathered here.

The experience of the cephalopod community
in responding over the last five years to the multiple
challenges resulting from the EU-wide regulation of
an entire invertebrate class provides a model, should
regulation be extended to other invertebrates (e.g. deca-
pod crustacea; see Norwegian Regulation on the use
of animals in research that is currently protecting
living vertebrates, decapod crustaceans and cephalo-
pods https://lovdata.no/dokument/SF/forskrift/2015-
06-18-761).2,12,56 The EU-wide research community

Table 4. Continued.

Severe procedures
Surgery or other procedures carried out under general anaesthesia which are expected to result in severe or persistent

moderate postoperative pain, suffering or distress, or severe and persistent impairment of the general condition of the
animal followed or not of humane killing (e.g. removal of the distal 50% of one arm in adult cephalopods with prior
nerve block using injection of local anaesthetic; induction of arm autotomy by crushing injury; removal of the entire
supra-oesophageal mass from adult with recovery and investigation of the sensitivity to noxious stimuli)

Surgical removal of the distal the tip of an arm without general anaesthesia and followed by recovery for 24 hours (after
which the animals is killed humanely)

Toxicity testing where death is the end point or fatalities are to be expected, or severe pathophysiological states/mal-
formations are induced (e.g. exposition of fertilised cephalopod eggs to higher temperatures to simulate climate
change that might affect hatchlings; exposure of newly hatched paralarvae or juvenile cephalopods to a range of
concentration of ammonium or nitrite ions to identify the median lethal concentration)

Forced swimming tests with exhaustion as the end point
Disease studies where the disease or parasite in question is known to cause death or skin lesions and where the study

cannot be controlled to avoid mortality

See text, Table 2 and also examples provided by Fiorito et al.2,12 Procedures are allocated to a prospective severity category.
Non-recovery and upper-threshold procedures using cephalopods (e.g. exposure of a cephalopod to a potential pollutant to identify LD50)
are not included in this list.
aCaution should be exercised when transposing a procedure between different species, considering the wide biological and physiological
divergence that characterise cephalopods.
bIf high mortality rates, depending from assessed values for the species and life-stage, are observed (e.g.> 10%), the study will be
terminated using a preset humane end point.
cSee, for example, Sole et al.58,59
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approach using web-based assessment of scenarios that
we have taken here has wider applicability to obtaining
views about severity assessment in other research areas.

Acknowledgements

We thank all respondents and colleagues who provided com-
ments in the pilot stage of the survey, particularly Professor

A. Olsson (Portugal), Dr J. Lenehan (Irish Republic) and
Dr A. O’Keeffe (Irish Republic).

This study was performed under the auspices of COST

Action FA1301, benefited from its networking activities and
is considered a contribution to the European COoperation on
Science and Technology (COST) Action FA1301 ‘A network

for improvement of cephalopod welfare and husbandry in
research, aquaculture and fisheries’ (www.cephsinaction.org/).
The authors wish to thank Stefania Grella for assistance in

web enabling the survey and preliminary extraction of data
from the survey responses. We also wish to thank all those
who responded to the survey and sent comments, as well as
colleagues who asked insightful questions at various prelim-

inary presentations of the data and which were considered in
drafting the manuscript. Dr T. Shaw is thanked for assistance
with the initial dendrogram analysis.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship and/or publication of this article.

ORCID iD

Gavan M Cooke https://orcid.org/0000-0001-7997-0998

Supplemental material

Supplemental material for this article is available online.

References

1. European Parliament and Council of the European Union.

Directive 2010/63/EU of the European Parliament and of

the Council of 22 September 2010 on the protection of ani-

mals used for scientific purposes. Strasbourg, France:

Council of Europe, 2010.
2. Fiorito G, Affuso A, Basil J, et al. Guidelines for the care

and welfare of cephalopods in research – a consensus

based on an initiative by CephRes, FELASA and the

Boyd Group. Lab Anim 2015; 49: 1–90.
3. Sneddon LU, Halsey LG and Bury NR. Considering

aspects of the 3Rs principles within experimental animal

biology. J Exp Biol 2017; 220: 3007–3016.

4. Smith D, Anderson D, Degryse A-D, et al. Classification

and reporting of severity experienced by animals used in

scientific procedures: FELASA/ECLAM/ESLAV

Working Group report. Lab Anim 2018; 52: 5–57.

5. Jereb P and Roper C. Chambered Nautiluses and Sepioids
(Nautilidae, Sepiidae, Sepiolidae, Sepiadariidae,
Idiosepiidae and Spirulidae). Rome, Italy: FAO, 2005,

p.262.
6. Jereb P and Roper C. Cephalopods of the world. An anno-

tated and illustrated catalogue of species known to date.
Volume 2. Myopsid and Oegopsid squids. Rome, Italy:

FAO, 2010, p.605.
7. Jereb P, Roper C, Norman M, et al. Cephalopods of the

world. An annotated and illustrated catalogue of species

known to date. Volume 3. Octopods and vampire squids.
Rome, Italy: FAO, 2016, p.370.

8. Von Boletzky S. Biology of early life stages in cephalopod

molluscs. Adv Mar Biol 2003; 44: 143–203.
9. Sykes AV, Baptista FD, Gonçalves RA, et al. Directive
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Résumé

Les céphalopodes sont la première classe d’invertébrés réglementés par l’Union européenne en vertu de la
directive 2009/34/UE sur la protection des animaux utilisés à des fins scientifiques, qui exige une évaluation
prospective de la gravité des procédures. Afin d’aider la communauté scientifique à établir une classification
de la gravité chez les céphalopodes, nous avons entrepris une enquête en ligne au sein de la communauté de
recherche sur les céphalopodes, telles que représentée par les représentants du projet COST (European
COoperation on Science and Technology) Action FA1301-CephsInAction. L’enquête comportait 50 scénarios
couvrant une gamme de procédures impliquant plusieurs espèces de céphalopodes à différents stades de
leur vie. Les répondants (59 personnes provenant de 15 pays) ont attribué une classification de la gravité à
chaque scénario, ou ont indiqué qu’ils étaient incapables de décider (UTD). Les analyses évaluaient les scores
de distributions et les regroupements. Dans l’ensemble, les scores UTD se sont avérés peu élevés
(7,0� 0,6%) et n’affectaient pas la classification de la gravité. Les procédures faisant appel à des méthodes
d’abattage et impliquant des post-larves (non spécifiées à l’Annexe IV) obtenaient les scores UTD les plus
élevés. Le consensus était pour ainsi dire unanime quant aux procédures de non-réanimation, bien que la
non-réanimation apparaisse parfois confondue avec les méthodes d’abattage. Les scénarios décrivant des
procédures supérieures au «seuil inférieur» en matière de réglementation, y compris ceux qui décrivent les
études comportementales, ont également été identifiés et répartis dans toute la gamme des classifications de
gravité. La classification de la gravité des scénarios basés sur différentes espèces (p. ex., la seiche par
rapport au poulpe) était cohérente, comparable et dépendait d’interventions potentiellement plus nocives.
Nous n’avons trouvé aucune différence marquée ni statistiquement significative dans les scores globaux
attribués aux scénarios au sein des sous-groupes démographiques (âge, sexe, doctorat, expérience de
céphalopodes). Les données de l’enquête COST Action FA1301 fournissent une base de classification pro-
spective de la gravité chez les céphalopodes pouvant servir de guide à l’attention des chercheurs, des
évaluateurs de projets et des organismes de réglementation.

Abstract

Kopffüßer sind die erste Wirbellosenklasse, die von der Europäischen Union gemäß Richtlinie 2010/63/EG
zum Schutz von Tieren, die für wissenschaftliche Zwecke verwendet werden, reguliert wird, womit eine
vorausschauende Bewertung des Belastungsgrades der Verfahren erforderlich wird. Um die
Wissenschaftler bei der Festlegung der Schweregradklassifizierung für Kopffüßer zu unterstützen, haben
wir eine webbasierte Umfrage unter den mit Kopffüßern befassten EU-Forschern durchgeführt, die von den
Teilnehmern der COST-Aktion FA1301-CephsInAction (Europäische Zusammenarbeit auf dem Gebiet der
Wissenschaft und Technologie) vertreten werden. Die Umfrage bestand aus 50 Szenarien zu einer Reihe
von Verfahren, an denen mehrere Kopffüßerarten in unterschiedlichen Lebensphasen beteiligt waren. Die
Befragten (59 Personen aus 15 Ländern) haben jedem Szenario eine Schweregradklassifizierung zugeordnet
oder angegeben, dass sie keine Entscheidung treffen konnten (unable to decide: UTD). Analysen bewerteten
Scoreverteilungen und Clustering. Insgesamt waren die UTD-Werte niedrig (7,0� 0,6 %) und beeinflussten die
Schweregrade nicht. Verfahren mit Paralarven und Tötungsmethoden (nicht in Anhang IV aufgeführt) hatten
die höchsten UTD-Werte. Es bestand durchgängig Konsensus über die Verfahren ohne Wiedererwachen,
obwohl diese Verfahren gelegentlich mit Tötungsmethoden verwechselt zu werden schienen. Szenarien,
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die Verfahren oberhalb der Ðunteren Schwelle‘‘ im Sinne der behördlichen Genehmigung beschreiben,
einschließlich jener, die Verhaltensstudien beschreiben, wurden ebenfalls identifiziert und über die gesamte
Bandbreite der Schweregradeinstufungen verteilt. Die Schweregradklassifizierung für Szenarien, die auf
verschiedenen Arten basieren (z. B. Tintenfisch vs. Krake), war konsistent, vergleichbar und abhängig von
potenziell schädlicheren Interventionen. Wir fanden keine ausgeprägten oder statistisch signifikanten
Unterschiede in der Gesamtbewertung von Szenarien zwischen den demografischen Untergruppen (Alter,
Geschlecht, Promotion, Kopffüßer-Erfahrung). Die Erhebungsdaten der COST-Aktion FA1301 bilden die
Grundlage für eine vorausschauende Schweregradklassifizierung von Kopffüßern, die Forschern,
Projektbeurteilern und Regulierungsbehörden als Leitfaden dienen soll.

Resumen

Los cefalópodos son la primera clase de invertebrados regulados por la Unión Europea en virtud de la
Directiva 2010/63/UE relativa a la protección de los animales utilizados para fines cientı́ficos, que exige
una evaluación prospectiva de la gravedad de los procedimientos. Para ayudar a la comunidad cientı́fica a
establecer una clasificación de la gravedad de los cefalópodos, realizamos una encuesta en Internet sobre la
comunidad de investigadores de cefalópodos de la UE, representada por los participantes en la Acción COST
(Cooperación Europea en Ciencia y Tecnologı́a) FA1301-CephsInAction. El estudio consistió en 50 escenarios
que abarcaban una serie de procedimientos en los que intervenı́an varias especies de cefalópodos en difer-
entes etapas de su ciclo de vida. Los encuestados (59 personas de 15 paı́ses) asignaron una clasificación de la
gravedad a cada escenario, o indicaron que no podı́an decidir (UTD, por sus siglas en inglés). Los análisis
evaluaron las distribuciones de puntuaciones y agrupaciones.
En general, las puntuaciones de UTD fueron bajas (7,0� 0,6 %) y no afectaron a la clasificación de la gravedad.
Los procedimientos que implican paralarvas y métodos de matanza (no especificados en el Anexo IV) tuvieron
los puntajes más altos de UTD. El consenso sobre los procedimientos de no recuperación se alcanzó de
manera consistente, aunque ocasionalmente la no recuperación parecı́a confundirse con métodos de
matanza. También se identificaron y asignaron escenarios que describı́an procedimientos por encima del
«umbral inferior» para la regulación, incluidos los que describı́an estudios de comportamiento, a lo largo de
toda la gama de clasificaciones de la gravedad. La clasificación de la gravedad de los escenarios basados en
diferentes especies (por ejemplo, sepia vs. pulpo) fue consistente, comparable y dependiente de interven-
ciones potencialmente más dañinas. No se encontraron diferencias marcadas o estadı́sticamente significa-
tivas en la puntuación global de los escenarios entre los subgrupos demográficos (edad, sexo, doctorado,
experiencia con cefalópodos). Los datos de la encuesta de la Acción COST FA1301 proporcionan una base para
una clasificación prospectiva de la gravedad de los cefalópodos que servirá de guı́a para investigadores,
evaluadores de proyectos y reguladores.
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