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Invertebrate welfare: where is the real evidence for
conscious affective states?
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My paper discussing the benefits of a comparative ap-
proach to studying captive animal welfare [1] focused on
vertebrates because most captive species are vertebrates;
their responses to captivity are well studied; and birds
and mammals have neuroanatomies and behavioural
responses consistent with having some forms of conscious
affective state, e.g. abilities to feel pain and fear [2]. These
abilities to suffer make considering their well-being legiti-
mate, and ethically important. Carere and colleagues [3]
are right that using comparative approaches to identify
causes of variation in invertebrates’ captive performance
could help improve their management (suchmethods could
similarly help improve the success with which plants – and
other taxonomic groups – are cultivated). However, Carere
and colleagues also argue that this is important for reduc-
ing invertebrate suffering. As evidence that invertebrates
can suffer, they report impressive displays of cognitive
ability, especially in Octopus; the similarity of neuroendo-
crine stress responses across animal phyla; and that many
invertebrates show responses to tissue-damaging stimuli
that are consistent with pain (for similar arguments see
[3]). But is this true evidence for conscious affective states?
Impressive problem-solving and stimulus recognition
skills are not evidence for abilities to suffer: if they were,
we would worry about the well-being of computers. Fur-
thermore, this holds true even if such abilities do indeed
reveal primary consciousness (‘sentience’) as some argue
(e.g. [4]). This is because sentience is necessary, but not
sufficient, for conscious affective states to occur. Good
evidence for conscious affective states should come specifi-
cally from responses to stimuli that elicit approach and
positive reinforcement, or avoidance and negative rein-
forcement, since in humans, and perhaps other home-
otherms, these give rise to positive and negative
feelings. Furthermore, these responses must be ones that
homeotherms demonstrably need consciousness for.

If fully-anaesthetized vertebrates can be assumed not to
be conscious, we can use their reactions to this type of
stimulus to identify responses that do not require con-
scious feelings. If we also assume that in vertebrates,
conscious affective states emerge within the brain, then,
similarly, responses that can occur without involvement of
the brain can be ruled out as indicating consciousness.
Physiological stress responses to tissue damage in humans
and other mammals occur during surgery, despite subjects
being under deep anaesthesia [6]. Furthermore, in
humans, specific types of incision or analgesic regime that
reduce reported subjective feelings of post-operative pain,

often leave patients’ post-operative physiological stress
responses undiminished [2]. Thus on their own, neuroen-
docrine stress responses to tissue-damaging stimuli are
not signs of conscious suffering. The same is true for
avoidance reactions to potentially harmful stimuli. Cats
and rats that have been spinally transected so that their
hindlimbs and rump are disconnected from the brain, will
still withdraw their back feet or tails from electric shocks,
and show hindlimb stepping actions when the tail is
pinched [2]. Spinally transected rats can even learn to
avoid painful stimuli and elevate their hindlegs for pro-
gressively longer periods of time to avoid shocks [2]. Fur-
thermore, fully anaesthetized rats can also learn some
associations, for instance the pairing of a tone with electric
shock [7]. Thus the withdrawal responses and simple
associative learning often argued as signs that inverte-
brates can experience states like pain [3–5] are not actually
sufficient evidence for inferring conscious affective states.

The function of conscious affective states in home-
otherms is controversial, but many argue that they medi-
ate certain forms of flexible behavioural decision-making,
such as motivational effects (modifying the strengths of
competing appetitive behaviours according to their rela-
tive costs and benefits), and types of goal-seeking/harm-
avoidance that require innovation or planning [8,9]. If this
is correct, to date a few invertebrate cases do potentially
‘fit the bill’. For instance, octopuses (species unspecified)
anecdotally show high behavioural flexibility when trying
to predate a hermit crab whose shell is armed with a
stinging anemone [5]; jumping spiders (Portia spp.) plan
routes towards their prey [10]; and hermit crabs (Pagurus
berhnardus) show evidence of motivational trade-offs dur-
ing shell choice [11]. Furthermore, if their brains are
implanted with electrodes, garden snails (Helix aspersa)
will learn to displace a lever, an action new to their
behavioural repertoire, to stimulate those neural regions
involved in sexual behaviour [12]. None of these represent
concrete evidence of conscious emotion, but they at least
suggest that if cephalopods are to now be protected across
Europe, then arachnids, decapod crustaceans and gastro-
pods should be too. However, for the tens of thousands of
other invertebrate species, including the microscopic (e.g.
zooplankton) and the sessile (e.g. coral polyps and
sponges) there is no evidence of conscious affective states,
and most probably have neither the nervous systems to
generate these nor the types of lifestyle that require them.
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Book Review

Art and illusion
The Artist and the Scientists: Bringing Prehistory to Life by Peter Trusler, Patricia Vickers-Rich and Thomas H. Rich. Cambridge
University Press, 2010. £27.99/US$48, pbk (320 pages) ISBN: 978 0521162999.
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The artifice of the human world is some-
thing we take for granted. The bowl into
which you pour your cornflakes of a morn-
ing, the spoon, the cup whence you sup
your coffee, even the precise size and
shape of the carton of milk, right down
to the tiniest details of the replaceable
cap, all have been designed. If one can
never fail to be startled by such a revela-
tion, then the designers of our world have

done their job well. No more is this true than for art. Not
necessarily the fine art that advertises itself as such (for if
such art has its purposes, they can usually be discerned),
but the graphic art that surrounds us; art that seems, on its
surface, to be reportage, a portrait of reality. What is more,
the closer to reality it appears, the greater the artist’s skill
not as reporter, but as illusionist.

Peter Trusler is a skilled natural-history artist who has
beenworking closelywithpalaeontologistsPatriciaVickers-
Rich and Thomas H. Rich for more than 30 years. Rather
than just using photographers (although they have these,
too), the palaeontologists have employed Trusler’s artistic
eye to document the fossils that they find, both as pure
reportage, and to bring the many fossil forms to life. The
Artist and the Scientists is a series of portfolios, as artist and
scientists tackle a range of projects, from the detailed depic-
tion of a few fossil specimens, to the restoration of extinct
forms in life-like poses for use in everything from research
papers to exhibition catalogues and postage stamps.

For the artist, there is no one-size-fits-all approach. Each
project creates its ownquestions.Themostobviousare those
posed by commissions in which the artist has to reanimate
fossils of extinct creatures, such as the Precambrian

Ediacara fauna, that have no modern counterparts and
no models. Such undertakings demand a great deal of
detective work, as the artist assembles every possible scrap
of information that might bear on the subject. Trickier,
however, is when an artist has to bring dinosaurs back to
life. Everyone thinks that they know what dinosaurs were
like,andyet any such impressionsare creatednot by real life
(for, believe it if you can, nobody has ever seen a dinosaur
alive) but by layerupon layer of artistic reconstruction, some
of which draw on themost inappropriatemodels. Why, asks
Trusler, do dinosaur-obsessed film-makers have their crea-
tions roar like lions and bears? Is there any justification for
this? Or are artists driven, perhaps, by deeper rooted cul-
tural imperatives? Might it not be better for dinosaurs to
squawk like chickens, or perhaps make no noise at all? As
the man said, whereof one cannot speak, thereof one should
be silent.

I was surprised, however, that such considerations
preoccupy artists who are being asked, simply, to record
what they see in front of them, be it a tooth, or a scrap of
bone. That the camera has not killed such purely repre-
sentational art is a testament to its necessity. It is proba-
bly a caricature to say that drawing is to photography
what reading is to photocopying, but perhaps the best way
to get to know a specimen is to draw it. Palaeontologists
must be good draughtsmen. I spent the first few weeks of
my PhD project as a trainee palaeontologist working on
fossil bison and cow bones, doing nothing but drawing
bones: every single element of the skeleton of Daisy the
Cow, from all different angles. No amount of photography
could have trained me in the recognition of bones, their
shapes, their heft, their surface details or their ‘boneness’.
It is the insight brought by such painstaking work that
makes Trusler very much the equal of the scientists he
serves.Corresponding author: Gee, H. (h.gee@nature.com).
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