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ABSTRACT: This paper first explores 3 philosophical bases for attitudes to invertebrates, Contractarian/Kantian, Utilitarian, and Rights-based, and what they lead us to conclude about how we use and
care for these animals. We next discuss the problems of evaluating pain and suffering in invertebrates, pointing out that physiological responses to stress are widely similar across the animal kingdom and that most animals show behavioral responses to potentially painful stimuli. Since
cephalopods are often used as a test group for consideration of pain, distress and proper conditions
for captivity and handling, we evaluate their behavioral and cognitive capacities. Given these capacities, we then discuss practical issues: minimization of their pain and suffering during harvesting for
food; ensuring that captive cephalopods are properly cared for, stimulated and allowed to live as full
a life as possible; and, lastly, working for their conservation.
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INTRODUCTION
Human attitudes towards and values placed on animals are both varied and differential, depending on
the animal evaluated. The fundamental anthropocentrism of humans acts against consideration of invertebrates and is a major factor in the present crisis in
invertebrate conservation—we are losing populations
and species (New 1993). Even though they constitute
99% of all species on earth, invertebrates are not
sufficiently understood or highly valued by people
(Ponder 1992, Kellert 1993, Nash 2004). Our belief in
a ‘scala naturae’, an evolutionary continuum leading
inevitably to humans at its peak, is well explored by
Eddy et al. (1993), who inadvertently demonstrated
this anthropocentrism by their choice of animal species to be evaluated—only 3 of 30 were invertebrates.
Both they and Bekoff (1994) found that animals
judged to be more cognitively competent and those
we could potentially bond with were presumed to be
worth more consideration. Sadly, many people continue to show fear of and aversion towards invertebrates (Kellert 1993, Nash 2004). This fear tends to be
centered in particular on arthropods, which make up
*Email: mather@uleth.ca

perhaps half the animal species in the world and are
mostly land animals (Hardy 1988), but humans in
general seem indifferent at best to animals unlike us
(Ponder et al. 2002).

PHILOSOPHICAL APPROACHES
It is useful to look at the philosophical bases of judgments about animals to see how these beliefs might
affect attitudes towards and treatment of marine invertebrates. They can perhaps be grouped into 3
value systems: Contractarian/Kantian, Utilitarian, and
Rights-based (Nussbaum 2001). Each system looks at
animals from a different viewpoint and each would
treat invertebrates differently, depending on the
circumstances.
The first system, Contractarian/Kantian, is perhaps
the ultimate in anthropocentrism and is based on older
views, particularly those of Descartes, who said that
animals were no better than automata and we ought
not to consider their worth at all (quoted in Kellert
1993). This view separates us completely from the natural world, remains to some extent in Judeo-Christian
© Inter-Research 2007 · www.int-res.com
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philosophy (Bourdeau 2004), and denies what we
might call dignity to animals. Essentially, according to
this philosophy we can do what we like to animals; this
view is fortunately no longer prevalent. The only
redeeming aspect of this system is the viewpoint that
our humaneness is of value to us, and that we therefore
degrade or impoverish ourselves if we treat animals
poorly (Rollin 1985) or ignore them. Kellert’s (1997)
book reflects these attitudes as he emphasizes we must
encourage and develop our biophilia. He cites E. O.
Wilson, defining biophilia (Kellert & Wilson 1995) as an
‘inherent human affinity for life and lifelike processes’
and emphasizes the values of exploitation. Aesthetics,
animals as metaphor, kinship with them, mastery and
finding meaning in our relationship with them are
things we can get from invertebrates.
The second system is the Utilitarian, which dictates
that we should act to get the best overall consequences
from our actions, and therefore that we must balance
consequences for all involved. This viewpoint tends to
be narrow, as it requires us to balance total pleasure
and pain. This position then brings up the issue of what
animals ‘feel’ and whether we can ignore animals such
as invertebrates with little cognitive ability; it also
looks at the wider view and not the value of the
individual. In practice, Utilitarianism seems to supply
many of the arguments for those who would value
invertebrates more highly. They often point out their
ecological value (Kellert 1993, New 1993) and their
important role in biological diversity; for example,
coral reefs are important as the backbone of a major
marine ecosystem (Ponder et al. 2002). In addition,
mollusks as a group are the most seriously endangered
animals in North America (Nash 2004). Benkendoff
(1999) takes this approach to the conservation of
molluscan resources and Kellert (1993) expands on this
approach by pointing out the value of invertebrates in
waste decomposition, for food, as indicators of environmental quality and as sources of drugs to treat our
illnesses. Presumably losses in terms of pain caused to
the animals would be outweighed by our gains. This
also brings up a topic that will be evaluated below —
how much pain and/or suffering do invertebrates
endure, and in what situations?
The third philosophical system is the Rights-based
one. Regan (2003) proposes that both agent and
patient have value and thus the right to respectful
treatment. This viewpoint focuses on the individual,
and extends the rights that animals ought to have to
include bodily integrity and bodily liberty, thus looking
much more widely at what animals themselves are
experiencing. Although it values animals proportionate to their level of awareness, it assumes that the
rights of an animal are not totally dependent on its
awareness and that all animals, presumably including

all invertebrates, have the right to careful and respectful treatment (Regan 2003). Nussbaum (2001) suggests
that we should care about an animal’s life, health, bodily integrity and emotional well-being. This approach
raises many difficult questions, such as whether aquariums, which deprive marine animals of their freedom,
ought to exist. In its demands for rights for all animals,
it leaves researchers with some difficult questions. For
instance, one of my colleagues asked whether we
should consider the host or the parasite, when their
interests differ. And this viewpoint also requires that
we understand the basic physiology of the animals
themselves. How can we protect the rights of the clam,
the brain coral or the euphausiid crustacean when we
understand very little about their lifestyle, behavior
and sensory ecology? Davis et al. (1999) point out the
problem of our lack of understanding with ascidians as
an example.
Since both the Utilitarian and Rights-based viewpoints emphasize that we must make some assessment
of pain, suffering, pleasure and thriving in order to
know how to act towards animals, it is these approaches which are the basis of our evaluation of invertebrates in order to best benefit them. Of all the marine
invertebrates, the cephalopod mollusks are best studied and most highly regarded in terms of their intelligence and possible consciousness. Perhaps it is best to
evaluate the following: what do we know about octopuses and squid in terms of their ability to suffer, individuality, cognitive capacity, consciousness and emotionality? Understanding them and evaluating their
treatment in light of these abilities will be a place to
start for the invertebrates.

ASSESSMENT OF SUFFERING
Any discussion of consideration of animals’ lives has
to first look at the issue of pain and suffering because
these are what we want to avoid. Pain is a term coined
by humans and often presumed to apply only to us;
pain is a sense but one in which emotions and cognitions are heavily involved (Matlin & Foley 1997).
Merskey’s (1986) definition underlines this evaluative
capacity, as he defines it as ‘information about actual
or potential tissue damage, or interpreted in terms of
such damage’ to cover the central representation of
pain signals. Human experiences are full of examples
such as wartime wounds that are not painful until after
the battle, or Pain Disorder (American Psychiatric
Association 2000) that is not associated with any actual
damage or is only triggered by it. Kavaliers (1988) suggests that one way to avoid the cognitive attribution is
to describe the sensory information as nociception and
the perceptual assumption as pain. Of course, just
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because an animal does not have the awareness of situations across time does not mean that nociceptive
stimuli are not felt, and Bekoff (1994) points out that
such stimuli might be less bearable (i.e. the suffering
might be greater) if an animal had no rich cognitive life
with which to remember the past or plan for and anticipate the future.
Stefano et al. (2002) note that the stress response system, which is present in invertebrates and vertebrates,
is neuronally and endocrinologically similar in all
animal phyla. They emphasize that these are normal
reactions to stress or perturbation, that these shortterm adjustments are universal, and that cognitive
responses are just an additional coping strategy beside
the physiological ones. They give data on the immediate rise in immunocytes and later increase in opiates in
mussels subjected to trauma or cold water shock, and
note a similar response in leeches — pointing out that
these are the same physiological changes as are seen
in humans after coronary artery bypass surgery. In
addition, these animals have ACTH (adrenocorticotrophic hormone) down-regulation of immunocyte
activation, which is similar to that of mammals and an
obvious way to reduce the intensity of ‘perturbation’
(Stefano et al. 2002). These responses are also situation-specific. Juvenile queen scallops Aequipecten
opercularis had heart rate increases under predation
threat only when on a substrate with no refuging
potential (Kamenos et al. 2006). The heart rate of mussels Mytilus edulis similarly increased when they were
in contact with effluent of their predator, dog whelk
Nucella lapillus (Rovero et al. 1999), perhaps indicating arousal.
It is not just the physiology that is similar; animals of
many phyla have behavioral responses that are consistent with pain in a human. Mather (2001) mentions
that sea anemone clones have ‘wars’ and these cause
tissue damage and withdrawal responses by the
polyps. The stinging nematocysts of sea anemones
also cause learned avoidance in crustaceans as well
as in octopuses (Mather 2001). The latter animals use
a variety of techniques to capture hermit crab prey
(Boycott 1954), which themselves pick up anemones
off the rocks and place them on top of their borrowed
mollusk shells when exposed to chemical stimuli indicating that octopuses are in the vicinity (Ross & Boletzky 1979). Thus, a variety of invertebrates have not
only physiological but also behavioral responses to
aversive stimuli. A more appropriate question than
‘Do invertebrates feel pain?’ (Fiorito 1986) would be:
How and to what extent and in response to what stimuli (see Smith 1991, Advocates for Animals 2005) do
different invertebrate species feel pain? And this, of
course, must be linked to their brain structure and
presumed cognitive capacity.
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ASSESSMENT OF LEARNING
One necessity for the approach of evaluating ethics
for invertebrates is to see animals as individuals. After
years of lumping together all animals of the same species or in the same situation, scientists have once again
begun to take into account the individuality of their
experimental subjects (Gosling 2001), a trend that
would provide a firmer basis for a rights approach to
consideration of the individual animal. Bekoff (1994)
points out that we ought not to evaluate octopuses, lobsters or nereid worms as a group, but as individuals.
Evaluation of self-awareness by the mirror test (Gallup
et al. 2002) has particularly come under fire for species
lumping, as they tested only a few individuals, and
then considered them representative of their species.
Unfortunately, cephalopods are the only invertebrate
group that has been assessed for such variation. There
were striking differences in the reactions of octopuses
to a standard situation, leading Mather & Anderson
(1993) to sort them into 3 personality dimensions, those
of activity, reactivity and avoidance. Further work by
Sinn et al. (2001) revealed developmental trends in
these dimensions. Thus, early experience might shape
temperament into personality in a similar process to
that of vertebrates including humans (Berk 2000), a
trend that was emphasized by Dickel et al.’s (2000)
finding that early enrichment enhanced later behavioral variation in cuttlefish Sepia officinalis and Darmaillaq et al.’s (2006) finding of apparent early prey
imprinting in the same species. Early-triggered developmental limitations (see Mather 2006 for a review)
would have implications for animal welfare. Even
though cephalopods live short lives (Hanlon & Messenger 1996), what happened to an individual (perhaps in captivity) in early life could affect its adult
behavioral repertoire and present a distorted view of
the animal’s behaviour to aquarium visitors.
Numerous studies over many years have established
that octopuses can ‘think’ and learn as a result of feedback about consequences of their behavior. Wells
(1978) and his colleagues conducted a long series of
learning studies with Octopus vulgaris in Naples
and found not only that they could learn but also that
individual brain regions were specialized just to store
either visually based or tactile learning. The ablation
studies in this series suggested that octopuses store
information quantitatively, as do vertebrates. Loss of
half the optic lobe of the brain meant that an octopus
learned, but more slowly. Cutting of the central
commissure before a learned discrimination showed
that they stored information first in one side of the
brain and then transferred it to the other. Such bilateral
brain organization is another parallel with mammals.
Octopuses have not yet been proven able to learn to
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discriminate oddity (Boal 1991), although they may
have a primitive understanding of quantity (see
Mather 1995, for a review). Such ability to learn about
the consequences of actions would mean octopuses
need consideration under both the Utilitarian and the
Rights-based ethical approaches.
Octopuses, despite their learning capacity, are not
lab rats. Thus, Papini & Bitterman (1991) pointed out
their difficulty with the standard learning situation. An
octopus would learn to make the correct response to
the positive stimulus for a reward, but it would fail to
make the standard 80% of these positive choices that
is used as the normal criterion for learning. The ecological reason behind this may be that octopuses are
short-term occupants of small home ranges in which
they are generalist central place foragers (Mather
1991a). They shelter in a central ‘home’ and go on
short-term foraging trips, return to the home indirectly
and not by retracing their foraging paths (Mather
1991b). This uses spatial memory (Shettleworth 1998)
and tests of direction choice have begun to be used as
a test of learning in the laboratory (Boal et al. 2000).
What looked at first like limitations on learning is
instead a memory system nicely adapted to the octopus’ natural history and one that needs to be considered when we are looking at issues of housing, confinement and feeding. Octopuses are notorious escape
artists in the lab, so use of these natural movement patterns can put them at risk of dying on the lab floor (see
Anderson 1997).
Learning is often seen as a simple stimulus-response association and, according to behaviorists, this
does not assume any central cognitive capacity or
decision-making. Some recent information about
octopuses suggests quite the opposite. Exploration,
defined by Hutt (1966), as extracting information from
the environment, is a major force in octopus behavior,
and these animals show the trio of explorationlearning-forgetting that makes learning adaptive
(West-Eberhard 2003). More than that, when given a
floating jar in the laboratory, octopuses initially
manipulated it, then habituated to its presence over
the short term. After that some began to blow the jar
back and forth across their tank over the period of a
week, doing what we would call play if we saw it in a
mammal (Mather & Anderson 1999). Further evaluation of this play-type behavior by Kuba et al. (2006)
showed that it was confined to non-food items, did not
(unlike in mammals) peak in early life and was shown
most about the fifth day of testing. As octopuses are
natural explorers and active at extraction of information from their environment, theorists from the Rightsbased point of view (Regan 2003) would argue that
they had a right to a wide variety of stimuli or enrichment. Putting octopuses in barren tanks might bring

up the problem often discussed in keeping vertebrates in captivity, that of boredom (Anderson &
Wood 2001).
One set of learning studies also brings up the issue of
awareness and control of information extraction,
whether an octopus has a ‘central monitor’ (Baars
1997) to evaluate situations. Sutherland (1960) (see
summaries in Wells 1978, Mather 1995) wanted to
evaluate the octopus as a ‘simple visual system’ and
find its ‘rules’ for assessment of visual shapes. He
initially varied shapes on horizontal and vertical
extents and found that not only could octopuses learn
this discrimination but they were, as vertebrates also
are (Matlin & Foley 1997), better at vertical versus
horizontal than on obliques. Continuing to assess
shape discrimination, he tried ratio of edge to area as a
dimension and octopuses could learn that one too. As
they could also discriminate between figures rotated
90 degrees and by an internally reduplicated pattern
of black and white bars (octopuses cannot perceive
color), they seemed to have no simple visual assessment rule. Muntz (1970) devised a pair of complex
shapes that could not be discriminated by any of the
6 simple shape processing rules and concluded that
the octopuses were not using a single or simple rule for
encoding. They were rather figuring out what features
of the stimulus they should pay attention to. This
variety of information extraction and assessment
would obviously factor in to any evaluation of what
Bekoff (1994) calls the richness of cognitive life for the
animals involved.

ASSESSMENT OF AWARENESS
Until Griffin (2001) challenged animal behavior
researchers to think about the subjective content of
animal minds, the area was unstudied, and even now it
is both the most difficult aspect of animal behavior to
contemplate and the most difficult from which to draw
conclusions. What do animals know about themselves,
and what do they know about other individuals, both
of their own species and others? These questions obviously factor into our care and treatment of any animal
but they are most difficult to answer when we cannot
even contemplate tenuous parallels between ourselves
and them, as we might for mammals. Bekoff & Sherman (2004) suggest we can evaluate a continuum of
animal selves, from self-referencing to self-awareness
and self-consciousness. They argue that an animal’s
place on this continuum would be dictated more by the
behavioral ecology of a species than by its brain size or
phylogenetic location, which would suggest that the
solitary octopus might be a less informative species to
test than the more social squid.
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Self-referencing is a matching of a target individual to
oneself, not necessarily by conscious decisions. The
capacity of knowing what oneself is would have to be
present in order to accept or reject potential mates as the
right species or the right sex, something which is essential for survival. At present we have pitifully little information about how octopuses carry on this process,
though somewhat more information about other cephalopods. Octopuses of the California sibling species
Octopus bimaculoides and O. bimaculatus, which are visually separable only with difficulty by humans, reject
potential mates of the other species while accepting O.
hummelincki from Florida (Wodinsky pers. comm.).
Sepia officinalis cuttlefish females given a choice of
males in a Y-maze chemical cues test did make clear
choices but preferred not the larger male, as expected,
but one that had recently mated (Boal 1998). Sepioteuthis sepioidea squid exchanged typical male or female skin patterns to indicate sex and status. Young
adult males sometimes produced a ‘stripe’ or ‘flicker’
display to a conspecific of the wrong sex, to be answered
by an agonistic ‘zebra’; by the time they were adults,
they did not make this mistake (J. A. Mather unpubl.).
All this suggests self-referencing and assignment of self
to species and sex.
Self-awareness is the discrimination of oneself from
others and one’s own possessions from theirs. Since
octopuses do not defend territories, they cannot be said
to have this sense of ‘mine,’ but their foraging strategies clearly argue for a non-possessive version of this
capacity. When an octopus went foraging, it easily
returned home and did not repeat coverage of an area
it had hunted in during the last few days (Mather
1991b). If diverted from its homeward path, an octopus
could still return by a detour, suggesting a primitive
spatial map. The decision whether to return home to
consume a prey item or to eat it locally in hiding was
only significantly dictated by the distance to home —
perhaps the octopus knew ‘how far it was to go’. All
these pieces of evidence suggest a monitoring of one’s
position in space and relative position to home that
would probably qualify them for this capacity.
Self-consciousness, a sense of one’s own body as self
and thinking about one’s actions in relation to others, is
the highest of Bekoff & Sherman’s (2004) 3 levels of
self-cognizance. Gallup et al’s (2001) mirror test has
been used as the acid test of an animal’s self-awareness of its own body and thus self. An animal is given a
mark on its face, unbeknownst to itself, and allowed to
look into a mirror. If it touches or otherwise manipulates the spot after seeing it in the mirror, it is assumed
to have self recognition. So far, only primates and perhaps porpoises (who have the problem of not having
manipulative arms) have passed this test. R. C. Anderson & J. A. Mather (unpubl.) gave the mirror test to
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several octopuses, who increased their activity and
produced a variety of color patterns but gave no
irrefutable evidence that they ‘knew it was themselves’. Bekoff & Sherman (2004) mention 2 problems
that need consideration here. Despite years of lab testing learning with visual stimuli (e.g. Wells 1978) and
showing excellence in visual processing, octopuses in
the wild are not heavily dependent on visual information and may not ‘care about’ their visual image in a
mirror. Second, while octopuses did respond, we have
no idea what these asocial animals would do if they
visually recognized conspecifics or themselves.
More evidence for self-consciousness — deception —
is emphasized in Guzeldere et al.’s (2002) discussion of
levels of deception. While deception clearly results in
misleading or confusing information, it can be produced on many different levels. Thus, animals with
concealing camouflage patterns or colors, such as the
dorid nudibranch mollusks and crustacean kelp crabs,
deceive without ‘planning’ to do so. A higher level of
deception would be shown if the animal produced this
concealment by altering its appearance at the right
time and in response to the appropriate target, an ability well known in cephalopods including the octopus
(Mather 2004). However, there is no proof that this is
anything other than reflexive action; cuttlefish have
countershading skin patterns that are in fact reversed
when the animal is turned upside down (Messenger
2001), so no awareness is involved.
Deception that is intended to mislead and is planned
by the individual involved would fit Bekoff & Sherman’s (2004) level of self-consciousness as well as
Guzeldere et al’s (2002) highest level of deception.
Bekoff & Sherman’s (2004) suggestion that behavioral
ecology would play a role in the evolution of this
behavior makes sense here; the solitary octopus is
unlikely to engage in much behavioral manipulation of
conspecifics. A better subject is the Caribbean reef
squid Sepioteuthis sepioidea, which spends all its life
in small groups (Moynihan & Rodaniche 1982). The
males indicate status to each other by exchanging
zebra skin displays. The display intensity is usually an
honest signal of resource holding power except in one
situation (Mather 2006). When a male and female are
about to mate, a sub-adult male often rushes in and
challenges the paired male, who breaks off his
courtship to return the challenge and chase the
intruder away. In these cases, the intensity of the subadult male’s zebra display is often greater than that of
the higher-status courting male. Such deception about
one’s ability is relatively common in courting and competing animals as it only pays off to be relatively honest. Whether the intruder has a higher level of deception and knowingly manipulates the display will not be
known until lab testing allows stimulus manipulation.
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ETHICAL IMPLICATIONS
Regardless of whether one takes a Utilitarian or a
Rights-based approach, cephalopods demand an evaluation of our values of and ethics toward them. The
practical aspects of 3 situations, i.e. harvesting for food,
displaying in captivity, and conservation of invertebrates, will be the subject of this section of the paper.
There are profound ethical implications of aspects of
harvesting marine animals, including cephalopods.
Millions of cephalopods are harvested each year for human consumption (Roper et al. 1984) and for use as bait
to catch fish (Paust 1988). Fewer cephalopods are collected live for public and private aquariums and by
shell collectors. We would hope that all marine animals
are harvested by humans in such a way as to minimize
pain and suffering but, sadly, that is not so. Even socalled higher marine animals such as fish are thrown
live into dry holds of harvest ships to die of asphyxiation, while little or no concern is given to invertebrates
unless they need to be kept alive. In light of the physiological indicators of distress found in invertebrates (Stefano et al. 2002), all harvested invertebrates, including
cephalopods, should ideally be quickly and humanely
euthanized before being prepared for human consumption. This would also prevent stress-induced degradation of food quality and taste, a Utilitarian argument.
While there is little consideration for any poikilotherm
animal during harvest, the necessity for consideration of
the welfare of invertebrates is increasing in research laboratories, where scientists are being held accountable for
the ethical treatment of their animals. Scientists have
long been held responsible for keeping ‘higher’ vertebrates in the laboratory under good conditions and treating them ethically (Shapiro 1999). Now several regulatory agencies (Canadian Council for Animal Care 1993)
have realized that at least some invertebrates, especially
cephalopods, should be given similar considerations.
Moltschaniwskyj et al. (2007) review the requirements
for different cephalopod groups and Boyle (1991) gives a
basic guide for care and management. In order to have
their results published in many scientific journals, researchers have to sign an affidavit stating that their research subjects were treated ethically (Canadian Council for Animal Care 1993).
Considerations of care can limit subject selection for
research. Most cephalopods held for testing are octopuses and cuttlefish, as open ocean nautiluses and
squid require much more advanced husbandry techniques than a normal research lab can provide. Nautiluses require a changing regime of water temperatures that match their diurnal depth migrations in the
wild (Carlson 1987) and squid require large darkwalled tanks designed to prevent their hitting the walls
(Hanlon et al. 1983). In contrast, Wells (1961) said that

octopuses had outstanding virtues as experimental
animals since they are intelligent, the right size, easy
to keep in laboratories and to feed and have a large
brain with acute sensory organs to supply it with information. Octopuses have high visual acuity (Hanlon &
Messenger 1996) in spite of their inability to discriminate colors (Messenger 2001). But these practical limitations of research to only a few species may give us a
distorted view of ‘the’ cephalopod.
Why should these particular invertebrates be subject
to ethical consideration when we keep them in captivity? Bekoff (1994) found that animals judged cognitively competent merited more consideration, and the
evidence presented in this paper surely proves the
cognitive ability of cephalopods. Their lens-based eyes
may focus our interest, as it gives us a point of commonality with an animal otherwise so alien to us
(Anderson & Wood 2001), as the ancient lineages that
lead to octopuses and humans diverged more than a
billion years ago (Wray et al. 1996). It is also because of
the octopuses’ eyes and the manipulative capacity of
their arms, so similar to ours, that they are first among
the invertebrates in terms of popular support for their
ethical treatment.
Given all the information presented earlier in this
paper, we believe that octopuses held in laboratories
should be given ethical treatment. What does this treatment comprise? They need a tank to live in that is large
enough to allow them free movement, but more important is a varied and rich environment with tasks to accommodate their natural exploratory tendencies (Anderson & Wood 2001). Cuttlefish Sepia spp. and squid
require a proportionately larger tank than octopuses
since they swim by explosive jet propulsion (Hanlon &
Messenger 1996). There should be natural or novel objects in the tank that octopuses can explore and play
with (Mather & Anderson 1999) and there should be a
den or materials such as rocks with which to construct a
den (Anderson & Wood 2001), as octopuses sleep (D. A.
Meisel et al. unpubl.) in a protected area. Food,
whether live or dead, should be high quality both for
selection by the animals and for enhancement of water
quality. Although frozen food is adequate for octopus
health (Anderson 1987, 1997), occasional live food
should be presented to stimulate natural predatory
activity and for enrichment, though this brings up the
issue of suffering by the intended prey. For people
holding cephalopods in labs away from the ocean and
unable to obtain marine organisms for food, research
shows that octopuses will eat many live freshwater fish
and crustaceans and gain adequate nutrition from them
(Anderson & Wood 2001). Live prey also stimulates
natural predatory responses such as the webover
method of capturing food described by Mather (1998).
Water quality and dissolved oxygen must remain high

Mather & Anderson: Ethics and invertebrates

as cephalopods excrete ammonia (see also Boyle 1991).
Experiments should be designed and conducted to
avoid injury and any possible suffering, which is difficult given our current lack of knowledge of exactly
what constitutes pain and suffering for these animals.
Appropriate housing for any animal will also be that
which minimizes injury. The sides of any tank must
remain smooth since octopuses, squid and cuttlefish
can swim into the sides of the tank (Hanlon et al. 1979,
Wood 1998) and develop injuries and infected sores
from the skin damage on their posterior ends (they
normally swim backwards). The skin damage can lead
to bacterial infections and death. Housing must also
be appropriate in terms of inclusion of conspecifics;
solitary octopuses may injure or kill each other if
housed together (Mather 2001), but schooling squid
should be kept together. Similarly, many individuals of
crustacean species can be kept in an aquarium with
sufficient shelter, but territorial stomatopods may need
to be kept singly or require wide spacing (Caldwell
& Dingle 1975).
During the last several decades, zoos and aquariums
have come to realize, perhaps belatedly, that animals
kept in captivity also need environmental enrichment
for their well-being (Seidensticher & Forthman 1998).
Early zoos and aquariums tried to show as many animals as possible; hence, their exhibits were frequently
small and bare to permit easy viewing, cleaning and
sterilization. Now we have come to realize that captive
animals, including invertebrates, need environmental
enrichment both for their health and for the education
of the public and to meet the increased expectations of
visitors to zoos and aquariums.
What is environmental enrichment? Shepherdson
(1998) defines it as an animal husbandry principle that
aims to improve the quality of captive animal care
necessary for the best possible physiological and psychological health by identifying and providing the
necessary environmental stimuli. Mench (1998) points
out the importance of exploratory behavior: ‘…housing
systems should incorporate enrichment that allows
animals to engage in their species-typical patterns of
information gathering’. Since octopuses explore their
environment (Mather & Anderson 1999) and often
escape from small tanks, this is particularly important
for them.
There are 5 reasons why enrichment is needed for all
captive animals based on their behavior in captivity, 3
of which are closely related. The first of these is to
maintain healthy activity levels, the second to alleviate
the effects of confinement, and the third to change a
deviant behavior back to a normal one. In other words,
captive animals should be physically and mentally
healthy (and see Regan 2003, for an animal’s right to
be so). In the wild, octopuses spend 25% of their time
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acquiring and preparing food (Mather 1988) while at
the same time avoiding predators. In a captive environment, food and mates (if available) are often obtainable without much effort and predation pressure
is usually non-existent. This environmental change
can leave captive animals without the activities that
normally take up their time.
We know that intelligent animals and social ones get
bored (Wemelsfelder 1993). Some common symptoms
of boredom resulting from close confinement in an
animal are: repetitive route retracing, constant
attempts to break out of its confinement or abnormal
sleep or rest patterns. However, in a captive animal
boredom is usually exhibited by destructive behavior,
which can be directed against its enclosure, against
the contents of its enclosure or against itself, its tank
mates or its keeper. The simple solution of enlarging
an animal’s enclosure often brings its behavior back to
normal. What might a bored octopus do? A case was
described by Anderson (2005) where a presumably
bored octopus attacked her tank repeatedly by moving
rocks around the tank, scratching the glass, blowing
gravel from the bottom, biting through the nylon ties
holding the bottom water filter together and breaking
it into pieces which were found by a frustrated keeper
in the morning. Such an animal kept in captivity obviously needed enrichment to keep her occupied and
avoid such destructive activities. Environmental
enrichment has also proved beneficial for common
cuttlefish Sepia officinalis, as living in a complicated
environment increased the learning ability of the
animals (Dickel et al. 2000).
A fourth (and Utilitarian) reason for enrichment of
the lives of animals in aquariums is to meet the expectations of the public. The design of zoo and aquarium
enclosures must be considered from the public’s perspective. Barnacles and limpets may settle easily on
smooth black plastic surfaces (boat owners know that
barnacles can grow on pretty well anything), but
aquarium visitors do not see black plastic as ‘real’ and
are more comfortable seeing them on surfaces that
resemble rocky shores. Likewise, since knowledge of
the intelligence of octopuses is expanding (Tennesen
1999, Anderson 2005), the public expects more enrichment for them. Aquariums are emphasizing enclosures
that resemble natural habitats, for the comfort and
expectations of their customers as well as for the comfort of the animals (Baker 1999). Popular sea horses
and sea dragons kept in captivity should have sea
grasses and kelp to rest on and camouflage with, likewise cuttlefish that bury (see Mather 1986) should
have suitable smooth-grained sand for the comfort of
the animals as well as the public.
The fifth reason for enrichment, which follows from
the Rights-based moral approach, is to prepare ani-
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mals for reintroduction to the wild; a popular marine
example of pressure for reintroduction is Keiko the
killer whale. Reintroduced animals need to be able to
cope with natural environmental conditions and hazards (Miller et al. 1998), such as daily or seasonal variations in temperature and food supply, predators, and
parasites. They may need to be able to cope with competition among cohorts, or to migrate at certain times
of the day or year, and they must be able to avoid
predators. Hatchery-reared salmon are notoriously
unaware of predators and suffer higher than normal
predation loss because of this naiveté (Brown & Day
2002). Some salmon hatcheries have tried placing a
predator in with the salmon to make them better at
predator avoidance when they are released into the
sea (Berejikian 1995). We have few examples from the
cephalopod group, but there is one example of an octopus being released to the wild with successful results
(Anderson 2000).
The routine release of a captive-reared giant Pacific
octopus Enteroctopus dofleini from the Seattle Aquarium afforded an opportunity to make observations on
the survival and behavior of the released animal
(Anderson 2000) and showed the reaction of the public
to it. There are few such long-term observations of E.
dofleini in the wild (but see Hartwick et al. 1978).
Ursula was a small giant Pacific octopus when she was
donated to the Seattle Aquarium. As she got larger she
was placed on display at the Aquarium in a larger
octagonal tank. She was released after being fed live
crabs for several weeks prior to being returned to the
ocean. She was growing too large for a tank to easily
contain her and the release gave her a chance to reproduce in the wild (see the Rights-based approach for her
‘right’ to live a full life and reproduce).
In addition to being watched by Aquarium customers, her release was covered by TV, radio and
newspapers, attesting to the popularity of such an
event (Anderson 2000). She was watched by divers
during the release and followed for 4 mo. Remains of
prey outside the den as is normal for this species
(Hartwick et al. 1978) showed her to be capturing and
eating normal prey items of 3 species of crabs, proving
she was hunting successfully. At the time of her last
sighting, there were 3 male octopuses within 100 m of
her den. This shows the ability of the successful release
of a captive-reared octopus to hunt and feed in the
wild and to attract potential mates. It also shows how
the public is fascinated by such releases and willing to
be educated about such enrichments for the octopus
and to learn about octopus natural history. Keeping
these animals in captivity opened a window for the
public and allowed them to imagine life in the wild.
All wild animals live in complex and dynamic environments and all have adaptations to those environ-

ments (Krebs & Davies 1993). The unspoken rule
seems to be to apply enrichment only to animals
thought of as social and/or intelligent and, of course,
this is why it is being done by cephalopod keepers. But
while the complexity of animals’ cognitive lives may
affect public interest in their care (Bekoff 1994), there
is no reason why professionals should neglect ‘simpler’
animals. Cephalopods gain obvious benefits from
enrichment (Anderson & Wood 2001) but snails,
cleaner shrimp and nereid worms likely would too.
Until we know which animals enrichment benefits, it
should also be applied to all animals. The ethics of confinement and appropriate enrichment for all species of
invertebrate animals kept in captivity should be considered (Nussbaum 2001).
Perhaps the most important aspect of animal ethics is
ensuring their survival in the wild (see New 1993, Cassis 1999), and our consideration of the survival of invertebrates is sadly lacking, since more invertebrates such
as mollusks have become extinct in the last 200 yr than
all mammals and birds combined (Nash 2004). To date
there are only a few success stories among the invertebrates. The Banff Hot Springs snail Physella johnsoni,
which only lives in 5 clustered hot springs in Canada,
is being protected by laws prohibiting disruptive
bathing in several of these springs (Struzik 1999) and
Partula taeniata snails, which are endangered on many
of their endemic islands in the South Pacific, are being
saved from extinction by American zoos (Pearce-Kelly
et al. 1995). Of course, one of the biggest problems
with ensuring that invertebrates do not become extinct
is lack of knowledge about them — what the species
are, where populations live and what their ecology
might be. Davis et al. (1999) discuss this problem with
reference to the ascidians, and the project Census of
Marine Life (Myers et al. 2006) is a recent attempt to
find out what animals exist in the many marine habitats before human activity directly or indirectly extinguishes them. Here, education is the key (Cassis 1999)
to assuring consideration of invertebrates.
So far no cephalopods have been declared endangered, but this is probably due to a lack of knowledge
rather than conservation efforts. Nautiluses are being
trapped for their shells in the Philippines and Palau
and are now being found in much smaller numbers
than historically (Monks 2002). The recently described
mimic octopus of Indonesia (Norman & Hochberg
2005) is now rarely seen due to over-collection by local
divers to sell for the aquarium trade (Caldwell & Shaw
2002). However, since no one is doing any population
studies on these cephalopods, they may become
extinct without our realizing it. One success story, as
far as preserving a cephalopod species, is the giant
cuttlefish of Australia (Sepia apama). These cuttlefish
migrate to one small area to mate and lay eggs and this
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area has now been declared a preserve for the continuation of the species (Bavendam 1995).
Perhaps it all comes down to education. We extend
ethical consideration to mammals because they are like
us, we know about and can empathize with them (Eddy
et al. 1993, Bekoff 1994). Ethical consideration is being
extended to the cephalopod mollusks because researchers are in the process of learning about their intelligence and cognitive abilities and making this information public (see Hanlon & Messenger 1996). Scientists
are beginning to learn about not only the scope and diversity of the marine invertebrates (Cassis 1999) but the
extent to which their responses to stress are similar to
ours (Stefano et al. 2002). Such knowledge of what they
are and why they matter to us (Kellert 1993) will be critical to conservation of and ethical behavior toward invertebrates. Beyond this, it is obvious that education of the
general public (Meehan 1995) can change the overall
negative view held about invertebrates (Kim 1993). The
public will begin to see that if we hold these animals in
high regard and respect their existence, caring about
them enriches our own lives as well as theirs.
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