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Abstract 
While invertebrates make up the majority of animal species, their welfare is overlooked 
compared to the concern shown to vertebrates.  This fact is highlighted by the near absence 
of regulations in animal research, with the exception of cephalopods in the European 
Union. This is often justified by assumptions that invertebrates do not experience pain 
and stress while lacking the capacity for higher order cognitive functions. Recent research 
suggests that invertebrates may be just as capable as vertebrates in experiencing pain and 
stress, and some species display comparable cognitive capacities.  Another obstacle is the 
negative view of invertebrates by the public, which often regards them as pests with no 
individual personalities, gastronomic entities, or individuals for scientific experimentation 
without rules. Increasingly, studies have revealed that invertebrates possess individual 
profiles comparable to the personalities found in vertebrates.  Given the large economic 
impact of invertebrates, developing certain attitude changes in invertebrate welfare may 
be beneficial for producers while providing higher welfare conditions for the animals.  
While the immense number and type of species makes it difficult to suggest that all 
invertebrates will benefit from increased welfare, in this review we provide evidence that 
the topic of invertebrate welfare should be revisited, more thoroughly investigated, and 
in cases where appropriate, formally instituted.
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Introduction
Invertebrates are a diverse and influential group that 

compose more than 90% of the estimated 10 million-
plus animal species, mainly arthropods [1]. They are 
widely used in research, aquaculture, farming, and as 
displays in aquaria or insectariums [2]. Invertebrates 
such as shrimps, clams, squids, locusts, termites, 
grasshoppers, and beetle grubs, as well as honey from 
bees serve as a major source of human food worldwide 
[1]. Several species are farmed, while, more recently, 
some economically relevant species such as lobsters 
are reared for restocking purposes to replenish over 
fished areas or areas with habitat degradation [1, 3]. 
In these cases welfare issues are crucial for farming 
and restocking success. Invertebrates are also valued 
for their ability to make luxuries such as silk, pearls, 
and shells, and the preserved or live bodies of 
invertebrates like butterflies are used for decorative 
or artistic purposes [1]. Additionally, the diversity, 
short generation time, large number of offspring, and 
availability of invertebrates make them scientifically 
important [1]. For instance, research utilizing 

invertebrates includes everything from field research 
on biodiversity and conservation to use as laboratory 
models for the biological systems of other animals, 
including humans [2, 4].

Despite their importance, there is a general lack of 
concern for the treatment of invertebrates, and compared 
to vertebrates, they are often maintained with minimal 
animal care and oversight [5]. The general public 
tends to express feelings of aversion or fear towards 
most invertebrates due to concerns of disease and 
stings from some species, being pests/invasive species 
that eat people’s food, or by being highly unattractive 
animals, which is the case for octopuses and others 
[1]. The scientific community even values the minimal 
ethical concerns for invertebrates which make them 
easier to use as models for many experiments in place 
of vertebrate animals, which receive greater ethical 
considerations [6].

However, this sentiment is beginning to change. There 
is a growing public concern about the welfare of some 
invertebrate species. For some, the concern is related 
to the organism’s ecological importance. Environmental 
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concerns are substantial given the importance of 
invertebrate species in maintaining ecosystems and 
their role in natural food chains. As an example, 
commercially important aquatic invertebrates must 
be caught from the wild to meet production demands, 
because captive breeding programs are unsuccessful 
[7]. Removing animals from the wild impacts both 
ecosystem structure and the population of not only 
the species removed, but also the populations of 
the other species inhabiting the same environment 
including endangered and protected vertebrate species 
[7]. Public concern is also economically motivated. 
For example, the increased occurrence of colony-
collapse disorder in honey bees has led to increased 
research into bee health and welfare, because of 
their importance in producing honey and pollinating 
crops [8]. But the most striking example of the 
public’s increased concern about invertebrate welfare 
is the growing dialogue on the welfare of decapod 
crustaceans during live cooking [5, 9].

Currently, most countries do not have ethical 
guidelines or regulations for the use and handling of 
invertebrates in research or for other purposes [7]. A 
major recent exception is directive 2010/63/EU of the 
European Parliament, which includes cephalopods in 
animal use protection legislation [10]. Cephalopods 
are similarly protected in Canada, but protection in 
Australia and the United States is not national and 
instead is limited to institution specific guidelines [7]. 
Drafting legislature for animal welfare involves knowing 
the specific species’ capacity to suffer, understanding 
the practical considerations for implementing positive 
welfare for the species, and developing the philosophical 
reasons for promoting it. In this review, we will question 
whether invertebrates meet similar criteria for ethical 
concern as vertebrates for each of these aspects and 
comment on some of the improvements in invertebrate 
welfare that could be implemented.

THE CAPACITY TO SUFFER
The European Union raised the minimum standards 

of care for animals based on scientific evidence that 
vertebrate animals have a higher capacity to experience 
pain, suffering, and distress than previously thought. 
Directive 2010/63/EU of the European Parliament 
requires that animals experience the minimum 
amount of pain, suffering, or distress when used for 
research or other purposes [10]. Additionally, animals 
with the lowest capacity for pain, suffering, or distress 
should be selected when the choice is available [10]. 
However, the directive defines “animals” as non-
human vertebrates, independently feeding larval 
forms of vertebrates, foetal mammals in the last 
trimester of development, and live cephalopods [10]. 
Invertebrates, with the exception of cephalopods, are 
not included in this description arguably due to the 
belief that they do not experience pain, suffering, or 
distress. However, similarities in behaviour between 
invertebrates and vertebrates suggest that pain, stress, 
cognition, and personality traits are similar between 
the two groups, including their ability to suffer (e.g. 
crustaceans, [11, 12]).

PAIN
A main challenge to including invertebrates in animal 

welfare legislation is the debate on whether invertebrates 
have the capacity for pain and suffering or if they simply 
exhibit nociception [4]. The International Association 
for the Study of Pain defines pain as “an unpleasant 
sensory and emotional experience associated with actual 
or potential tissue damage, or described in terms of such 
damage” [13]. On the other hand, nociception refers to 
the ability to detect and respond to a noxious stimulus 
and does not require the emotional perception of pain [5, 
13]. Nociceptive responses are reflexes that do not change 
regardless of motivational priorities [5]. Pain, however, 
involves a negative emotional state that motivates an 
animal to rapidly learn to avoid a noxious stimulus and 
thus prevent a second exposure [14]. Consciousness 
is not always necessary for an animal to avoid noxious 
stimuli or obtain a motivational state [14].

Many cite the vastly different physiologies of 
invertebrates as a reason why they do not experience 
pain.  However, the high conservation of nociceptive 
processes means that molluscs, which have some of the 
most complex nervous systems among invertebrates, are 
used as a model for the pathways that may be involved 
in the human experience of pain. In these studies, the 
molluscs are exposed to noxious stimuli that would be 
considered painful in vertebrates [14]. However, some 
molluscs lack a centralized nervous system, myelinated 
nerves, and have different synapses than vertebrates, 
which could cause a difference in experience [14]. 
However, some physiological differences may not make 
a difference in the experience of pain. In fact, some 
invertebrates have the capacity for complex visual 
processes even with the absence of a centralized visual 
cortex and if pain mechanisms work similarly, then a 
centralized nervous system may not be necessary for 
the perception of pain [14].

Researchers use behavioural indicators to determine 
whether invertebrates have the capacity for pain, 
because their nervous systems are so different from 
that of vertebrates [15]. One type of experiment 
used is modelled after drug tests for pain medication 
in vertebrates, where a drug is considered effective at 
decreasing pain when it changes an animal’s behavioural 
responses to noxious stimuli after administration [6].  
Using similar methods to those used with vertebrates, 
Manev and Dimitrijevic [6] found that Drosophila 
respond similarly to rats both in the ability to have 
nociception blocked by action against the GABAB 
receptor system and in behavioural responses to heat. 
They also found that effective analgesics in mammals 
cause anti-nociceptive effects in Drosophila. Similarly, 
other authors [18] found that prawns show nociceptive 
behaviour when a noxious stimulus is applied to one 
of their antennae. Benzocaine prior to administration 
of a noxious stimulus eliminated escape behaviour in 
prawns and later reduced location specific grooming and 
rubbing of the treated area [18]. Specific grooming and 
rubbing may act as a pain coping strategy for prawns and 
it also suggests that a higher level processing is involved 
in pain mediation other than simple reflex [18]. 

Another method of behavioural assessment of a 
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nociceptive reflex against a pain experience is by testing 
the motivational priorities of an animal against a noxious 
stimulus. A severe electric shock to the abdomen will 
cause a hermit crab to evacuate its shell and start 
grooming the shocked area [15]. Again, directed 
grooming of an affected area is a consistent indicator of 
pain. Hermit crabs were more likely to move to a new 
shell after receiving a shock, and when moving into it, 
they spent less time examining the new shell, suggesting 
an increased motivation to leave the shell where they 
experienced the shock [15]. Exhibiting a motivation to 
leave their shell and rapidly enter a new one suggests 
that the hermit crabs experienced a pain-like sensation 
rather than just a nociceptive reflex [16].

The ability to experience pain increases an individual’s 
ability to survive and reproduce [5]. The sensation 
of pain predicts tissue damage from noxious stimuli, 
which could make it a common process with similar 
mechanisms in varied complex biological systems 
[17]. However, the only way to prove that an animal 
exhibits pain, not just nociception, is through subjective 
experience. This is not possible in invertebrates or any 
vertebrates other than humans.  Instead, responses to 
drugs, behavioural changes, and motivational changes 
are used to determine whether animals experience pain. 
Using these methods for testing pain, the invertebrates 
mentioned previously and possibly others exhibit 
similar results to those shown by many vertebrates 
suggesting that some invertebrates have the capacity 
for nociception if not also the emotional experience 
of pain. Regardless of whether invertebrates have the 
capacity to experience pain and suffer emotional stress, 
they should receive an analgesic when subjected to any 
procedure that could cause pain [19]. Invertebrates, 
just like vertebrates, display withdrawal or escape 
behaviours when exposed to mechanical, chemical, 
or electrical stimuli [19]. Anaesthetic and analgesic 
agents can prevent withdrawal and escape behaviours 
in invertebrates. For example, anesthetizing Aplysia 
prevents neuronal sensitization, which can then interfere 
with studies on neuronal plasticity [14]. The types of 
anaesthetic agents used on invertebrates are similar to 
those used in vertebrates, but can cause differences in 
effect due to physiological differences. Carbon dioxide 
is a controversial anaesthetic agent for both vertebrates 
and invertebrates; instead, volatile anaesthetic agents 
such as isoflurane are less controversial and more 
effective [19]. Diluted lidocaine can act as a post 
surgery topical analgesic to reduce any postoperative 
pain or stress [19]. Reducing postoperative pain can 
potentially increase recovery time, animal welfare, and 
increase scientific validity.

STRESS AND COPING
Stress acts as an adaptive response to environmental 

conditions outside an animal’s normal physiological 
range, disease, or threatening stimuli [5]. A stress 
response in vertebrates involves a coordinated cascade 
of behavioural, autonomic nervous system (ANS), 
and neuroendocrine reactions in the hypothalamic-
pituitary-adrenal axis [20]. Catecholamines released 
from the adrenal medulla by the actions of the ANS 

in vertebrates act as a fast stress response to fight or 
flight situations [20]. The vertebrate stress response 
system originates in the invertebrate nervous system 
[21]. While invertebrates do not possess the same 
structures as vertebrates, they similarly release biogenic 
amines in response to acute stressors followed by a 
neuroendocrine factor [22].

Exposure to chronic stress typically increases 
basal levels of stress hormones in both vertebrates 
and invertebrates [22]. A stress response in animals 
acts as a short term adaptive coping mechanism, but 
can inhibit normal functions when prolonged [20] 
Chronic stress decreases feeding, increases weight 
loss, and increases basal hemolymph in crickets [23]. 
Scorpions exposed to stress by prolonged desiccation 
also show a decrease in body mass and an increase in 
carbohydrate catabolism [24]. Purple sea urchin larvae 
(S. purpuratus) delay metamorphosis when exposed 
to thermal stress, which potentially promotes their 
survival in constantly changing intertidal regions [25]. 
Even sponges (I. basta) when exposed to handling stress 
exhibit tissue regression as a response mechanism [26]. 
Exposure to acute stressors results in the release of 
crustacean hyperglycaemic hormone (CHH) and heat 
shock proteins in the American lobster [27]. CHH 
works similarly in crustaceans as glucocorticoids work 
in vertebrates [5]. Catecholamines promote energy 
mobilization, blood vessel dilation, and increase 
muscle contractility, cardiac output, and respiratory 
rate in response to stressors [20], which makes their 
concentrations a useful indicator of sublethal stress in 
aquatic invertebrates [28].

Invertebrates exhibit a similar stress response to 
vertebrates after experiencing pain (see previous 
section). Morphine and pathways using morphine 
that limit nervous and immune functions have been 
found in invertebrate tissues making opiates and 
opioid signalling a conserved endogenous signalling 
process [21]. Opioid peptides stimulate immunocyte 
mobilization in both invertebrates and vertebrates [21].  
The sensing receptors HmTLR1 and HmNLR involved 
in neuroimmune responses in leeches (H. medicinalis) 
have similar activities and distributions as in vertebrate 
species [29]. Also, adrenocorticotropin controls 
immunoregulation and some signalling processes, which 
makes it part of a stress response in organisms with at 
least 500 million years of divergence in evolution [21].

COGNITION
The public believes that invertebrates are capable 

of experiencing pain, but do not possess advanced 
cognitive processes [1]. The exception to this thought 
is that bees are believed to have a robust and plastic 
working memory and capacity for decision making 
[30]. However, it is cephalopods, not bees that have 
gained legislative protection due to their advanced 
cognitive abilities. Indeed, cephalopods have the 
ability to solve complex tasks and puzzles that many 
vertebrate species are unable to solve. Octopuses have 
the ability to learn by various methods and benefit 
from environmental enrichment [31]. For example, 
Octopus vulgaris discriminates between different 
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objects and learns through operant conditioning and 
observational learning [32]. Giant Pacific octopuses 
discriminate individual humans [33], while Octopus 
vulgaris recognise and remember a familiar conspecific 
for at least one day [34]. Providing enrichment and 
increasing the amount of experiences an octopus 
encounters will increase its ability to cope if released 
into the wild [35]. It is this apparent cognitive capacity 
and ability to learn that has led to increased legislative 
protection for the use of cephalopods in some 
countries.

Social learning in some vertebrates suggests a higher 
level of awareness; however, this idea usually does not 
translate to invertebrates that display similar cognitive 
capacities [36]. Social learning tends to develop in 
animals that have parental care, interactions between 
multiple generations, and frequent interactions with 
other conspecifics [37] and allows animals to learn 
about their environment quicker [38]. Adult desert 
locusts show local enhancement when feeding [37].  
Bumblebees also exhibit local enhancement with flower 
choice by preferring flowers that other conspecifics visit 
[38]. Fruit flies use social learning to determine which 
substrate to lay their eggs [39]. Social enhancement 
may not necessarily require higher cognitive abilities; 
however these observations suggest that some social 
invertebrates have the capacity for social learning, 
which does not exclude more complex forms of social 
cognition.

An animal that experiences a motivational trade-off 
must use some form of processing system in which the 
needs of the animals are weighed against each other 
[5]. When an animal makes a trade-off between a 
requirement such as food and an escape response to a 
noxious stimulus, then it is more likely to involve some 
sort of central processing rather than being purely a 
reflex response [16]. In the case of hermit crabs, they 
choose to remain in a high quality shell even after 
receiving an electric shock, because the quality of the 
shell outweighs the pain of the shock [16]. Similarly, 
hermit crabs evacuate low quality shells at a lower 
shock threshold. Hermit crabs evacuated a shell when 

the shock was highly aversive, suggesting they would 
rather risk a vulnerable, naked state than remain in a 
protected state with the potential for more electrical 
shocks [16]. Behavioural observations of some hermit 
crabs after being shocked suggest an awareness of the 
site of the problem since they would investigate the 
shell attempting to remove the adverse stimuli, much 
as they do when sand is caught inside the shell. The 
hermit crabs will choose to change their shell even if 
the opportunity to move into a new shell is delayed 
suggesting the crabs have a memory of the event [16].

Self-referencing refers to the ability of an individual 
to match a target individual to themselves [40]. The 
ability to know oneself from another is needed for 
survival by allowing an individual to determine whether 
other individuals are the right species or sex to mate 
with, thus having self-awareness allows an individual to 
discriminate between oneself and others [40]. Hermit 
crabs have the ability to look at another hermit crab and 
make a decision to enter a competition for the available 
resources [41]. Information gathered by the crabs prior 
to contesting resources include assessing internal volume 
of a competitor’s shell based on visual cues such as shell 
size and shell fit of the other crab and prior experience 
with the type of shell involved [41]. The hermit crab 
then compares information about its own shell and 
information gathered from a competitor’s shell and 
makes a decision on whether to initiate competition for 
the shell [41]. In this sense, hermit crabs and potentially 
other invertebrates have the ability to self-reference 
through their ability to determine information about 
themselves and other hermit crabs.

Other invertebrates have increasingly been tested 
in similar manners to vertebrates and cephalopods to 
determine their capacity for higher order cognition 
despite the general lack of a centralized nervous 
system. Honeybees exposed to vigorous shaking show 
a pessimistic cognitive bias towards an intermediate 
stimulus [42]. Decapod crustaceans form complex 
associations between two or more stimuli and respond 
to these stimuli adaptively while maintaining the 
memory of association for a long time [12]. Pit building 

Figure 1 
Juvenile European lobsters (Homarus gammarus) reared in enriched environment (left) approach a shelter sooner than 
individuals reared in non-enriched environment during a behavioural test of exploration (right). Photo by M. Della Gala
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antlions use associative learning as sedentary predators 
to efficiently detect and capture prey [43]. Associative 
learning increases the fitness of the antlions by decreasing 
prey capture time and increasing feeding efficiency, 
which results in faster growth for the individual [43]. In 
the previously mentioned study by Barr and colleagues 
[18], directed grooming and rubbing by prawns after 
experiencing a noxious stimulus suggests a higher level 
processing than a simple reflex response. Fruit flies 
exhibit relief learning when presented with an odour that 
predicted the end of a traumatic experience [44]. Relief 
learning helps to show the behavioural consequences an 
animal experiences in response to a painful or traumatic 
experience [44]. Fruit flies also learn through operant or 
classical conditioning to avoid noxious stimuli [17]. The 
ability to learn and show complex behaviours is used as 
evidence that Drosophila is complex enough to be used 
in pain research [17]. By these measures, it is clear that 
many invertebrates show similar levels of cognition as 
many vertebrate species.

INDIVIDUAL DIFFERENCES 
AND PERSONALITIES

In animal research, personality refers to behavioural 
and physiological clusters of traits that characterize 
individuals of the same species, independent of age 
and sex, when they are consistent over time. Animal 
personalities may develop early in life, possess an 
epigenetically regulated basis, neuroendocrine 
correlates, and are comparable to human personality 
traits [11, 45, 46]. Invertebrates may seem unlikely to 
possess personalities but some species typically exhibit 
consistent individual differences in behaviour and 
evidence is accumulating in this respect [47]. Studies 
have found evidence of the presence of personality 
in invertebrates such as squid, octopus, spiders, ants, 
crustaceans, snails, and sea stars [11, 46-48]. Honeybees 
have shown evidence of not only having individual 
personalities, but also a collective colony personality 
[49]. Practical experience handling crustaceans such as 
crabs reveals differences in individual reactions of the 
animals towards handlers within a range of hyperactivity 
or aggression to freezing [11].

Ignoring the effect of personality traits may cause 
differential results in scientific research and other 
uses of animals [11]. Individuals react differently to 
stress and artificial housing conditions, which can lead 
to differences in the welfare of individuals [45]. One 
example can be seen in captive breeding programs. 
Crustaceans raised in a captive breeding program 
will not be subjected to predation risk making bolder 
animals more likely to have reproductive success in 
captivity [11]. When the offspring of these animals are 
released into the wild, their genetic profile will favour 
a bold personality, which will also increase their risk of 
predation resulting in a reduced reproductive success 
in the wild [11]. Bold individuals tend to have more 
high-risk foraging strategies that expose them to greater 
predation risk [48].

Also, the presence of multiple personalities in a 
population will increase the ability of the species to 
survive changes to their environment [11]. Bridge 

spiders show personality polymorphism and behavioural 
plasticity, and their success in high density groups 
in urban environments seems due to the presence 
of a balanced mix of both aggressive and tolerant 
individuals [50] with a population consisting of high 
between-individual and low intra-individual variability 
in behaviour [50]. Black turban snails (C. funebralis) 
and ocher sea stars (P. ochraceus) exhibit a predator-
prey relationship that alter personality types in both 
populations between bold or shy prey and active or 
inactive predators [48]. This predator-prey personality-
type feedback can be seen among many predator-prey 
interactions resulting in multiple personality types in 
both populations [48].

Personality can change across an individual’s 
development [45]. Personality studies of firebugs across 
ontogeny suggest that firebugs have more consistent 
behaviours during adulthood and show more boldness 
through decreased latencies to explore, more thorough 
explorations, and greater activity [51]. A study on field 
crickets showed that bold individuals become shy and 
shy individuals become bold when exposed to a predator 
[52]. This suggests that different personality types have 
different strategies for predator avoidance. However, in 
a control setting, cricket behaviour was more consistent 
suggesting that context plays a role in the expression of 
a bold personality [52].

The ability to see personalities in animals has made 
them popular with the general public and has increased 
the public’s desire to protect charismatic animals. When 
octopuses were first displayed in aquaria, they changed 
public opinion of them from that of a scary monster to 
one of wonder through their movements and ability to 
camouflage [53]. Octopuses then became more popular 
in research due to their dual nature as a “simple” animal 
capable of performing complex behaviours [53]. 

PRACTICAL CONSIDERATIONS 
AND ADVANTAGES FOR PROMOTING 
INVERTEBRATE WELFARE

The practicality involved in promoting invertebrate 
welfare is difficult to assess due to the large number of 
species involved. The lack of information about many 
species makes efforts to increase the welfare of all 
invertebrates as a whole difficult. Standard guidelines 
and methods of euthanasia for invertebrates need 
to be developed and implemented to ensure humane 
endpoints [4]. For example, one problem with using 
anaesthetic agents on cephalopods is that the depth 
of anaesthesia is difficult to assess [19]. Standardizing 
guidelines would ensure that invertebrates would receive 
the most humane care based on the most up to date 
research available.  The amount of invertebrates used in 
research is not generally recorded due to difficulties in 
counting certain species such as Drosophila, C. elegans, 
or Artemia [4]. The methods of husbandry, breeding, 
disease monitoring and treatment, and transportation 
vary between the species used in research [4]. Some 
species of invertebrates are easy to acquire, whereas the 
methods of acquiring some species may be questionable 
as to the ethics and environmental impact involved in 
acquisition [4]. While review of invertebrate research is 
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not required, with the exception of cephalopods in some 
countries, it should be included as a part of protocols to 
maintain high standards of research and the three R’s 
(replace, reduce, refine) involved in any animal use [4].

Increasing animal welfare in commercial invertebrate 
production can provide many benefits. Removing 
stressors or reducing the effect of stressors will benefit 
invertebrates in production settings. For example, 
reducing handling stress in oysters including the 
use of a rest period will improve the effect of any 
anaesthetics administered [19]. Mather and Anderson 
[40] recommend quick and humane euthanization for 
cephalopods harvested for human consumption for 
both ethical concerns for the welfare of the animals and 
to prevent stress from reducing the quality of the meat 
harvested. Removing farmed abalones (Haliotis sp.) 
from substratum for commercial production requires 
using mechanical force, which can result in a slow 
recovering injury or death to the animal [19]. In this 
instance, the use of a muscle relaxant or anaesthetic 
agent could prevent both stress and mechanical injuries 
to the abalones [19]. By preventing stress and injury, 
the farmed abalone will be more likely to reach the 
proper size for harvest faster with a lower mortality rate 
for the whole operation, which could potentially benefit 
farmers economically.

Restocking captive bred invertebrate populations 
into the wild highlights the need for increased captive 
welfare.  Restocking of lobster species has occurred in 
many areas to replenish natural stocks that have been 
damaged by overfishing [3]. When rearing lobsters for 
release, it is important that hatchery reared animals 
have the ability to survive in the wild [3]. They must 
develop normal feeding, anti-predator, and reproductive 
behaviours, otherwise restocking efforts will result in 
economic loss or failure [54]. Higher welfare conditions 
in captive breeding facilities through methods including 
enrichment (e.g. shelters in young lobsters, Figure 
1) and exposure to the risk of predation may provide 
invertebrates with important early experiences that 
shape the individual behavioural profiles and potentially 
increase the likelihood of survival when released into 
the wild [55].

Invertebrates benefit the environment through 
ecosystem stabilization, energy and nutrient transfer, 
trophic level maintenance, plant protection, and by 
providing habitats for other organisms [1]. The diverse 
interactions between invertebrates and the environment 
increase ecosystem stability. Invertebrates accelerate 
the decomposition of waste materials, which, in turn, 
increases nutrient availability in soil for plant production 
[1]. Invertebrates are useful indicators of environmental 
quality and are increasingly used to monitor water 
pollution and heavy metal contaminations in aquatic 
ecosystems [1, 56]. Molluscs, for example, are both 
environmentally and economically important due to 
their ability to filter water and debris and also act as 
a source of food, pets, display animals, and research 
animals [19]. Invertebrates help with plant pollination 
and seed dispersal, which is essential for most forms of 
agricultural production [1]. Honeybees, in particular, 
are important for agriculture by pollinating important 

food crops as well as providing honey, wax, and other 
hive products [8]. Due to the essential functions that 
invertebrates serve, there should be at least some 
ethical concern about their treatment to maintain the 
ecosystem services they provide.

CONSIDERATIONS ON CONSCIOUSNESS 
IN INVERTEBRATES

Arguments including whether invertebrates have 
minds or consciousness, arguments-by-analogy, and 
physiological differences are used as ethical dividers 
to prevent invertebrates from being covered under 
legislation. Directive 2010/63/EU of the European 
Parliament states that animals have an intrinsic value 
and they should be treated as sentient creatures [10]. 
The presence of a mind would make an animal capable 
of suffering and worthy of the same sympathy one would 
show to another human, however, the general public 
does not believe that invertebrates have minds [57]. 
Some invertebrates show behaviours consistent with 
those expressed in having a mind such as navigation in 
bees and advanced planning in jumping spiders [57]. 
However, Carruthers [57] argues that feelings of concern 
are not necessarily required, even though invertebrates 
may possess similar minds as humans. While Carruthers 
[57] disagrees that invertebrates require concern, the 
criteria he uses to justify some invertebrates having 
minds is consistent with justification used to provide 
welfare legislation for vertebrates.

Invertebrates are considered substitutes to vertebrates 
for use in biomedical research such as physiological, 
genetic, behavioural, ecological, and toxicological 
studies [2]. Evolutionary conservation of physiological 
processes is used as a justification for using “lower” 
animals to study processes that will then be applied 
in “higher” animals such as humans [14]. However, 
if evolutionary conservation has made the processes 
so similar, it would suggest that “lower” animals 
would experience suffering similarly to the “higher” 
animals and in this sense, snails, octopuses, mice, and 
chimpanzees all have the same potential to suffer [14]. 
Due to its status as a “lower” animal, the fruit fly is 
used to discover new genes and the systems involved 
in the genes’ behavioural output, which are then used 
to determine whether a human correlate of the genes 
exists [58]. There may be some homologous genes 
and neurotransmission systems between fruit flies and 
humans, but there are differences in the behaviours of 
fruit flies and humans [58]. Due to differences between 
insects and humans, using Drosophila as a model 
for pain would cause some drugs to be ineffective in 
humans that would be effective in insects and vice versa 
[17]. For example, anger and aggression in fruit flies 
and humans may share some basic genetic mechanisms, 
but the expression of the behaviour is different between 
the two [58]. These differences would require that any 
drugs found effective in Drosophila would then have to 
be tested in various vertebrate species anyway before a 
trial version was available to humans, because, in some 
cases, compounds may cause the opposite or different 
effects in vertebrates that occur in invertebrates as is 
the case with some sexual hormones [59].
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Consciousness is believed to be a widespread 
phenomenon that is unique to every individual animal 
based on experiences that make that animal what it 
is [60]. However, no evidence of conscious affective 
states exists in many invertebrate species [61]. Many 
invertebrates such as zooplankton or coral polyps most 
likely do not have a nervous system that would generate 
conscious emotion or have a lifestyle that would require 
them to develop any form of it [61]. But, if a human is 
not able to perceive an environment, for example, in 
the way that a bat does through sonar, it does not mean 
that a bat does not have consciousness [60]. While 
it is impossible to determine whether invertebrates 
experience emotion, it is likely that emotions evolved, 
and while invertebrates may not feel anger the same 
way humans do, it is possible that they experience 
some form of analogous experience [58]. A consistent 
use of argument-by-analogy for assessing the capacity 
of non-human animals to suffer would suggest that 
invertebrates have the capacity to suffer unless there 
is strong evidence suggesting otherwise [36]. The 
experience of pain or nociception may differ in some 
ways, but as long as it leads to a negative mental state, 
then suffering still occurs. As Sherwin states, the 
“absence of evidence is not evidence of absence,” and 
until sufficient evidence of absence exists, invertebrates 
should be given the same consideration as any other 
animal species [36].

CONCLUSION
Currently, little concern is shown for the welfare 

of invertebrates unless there is a need to keep them 
alive [40]. Even “more advanced” marine animals 
such as fish face minimal welfare concerns as they 
die from asphyxiation as they are harvested from the 
ocean [40, 62]. Evidence suggests that some, if not 

all, invertebrates have the potential to suffer through 
current practices that do not take into consideration 
that invertebrates may experience something like 
pain and stress and have the capacity for advanced 
and unexpected cognitive abilities. Further, a recent 
review highlighted that interest in many aspects of 
invertebrate cognition such as social recognition 
systems is just beginning to gain momentum [63]. The 
negative feelings people have towards invertebrates 
makes conservation and welfare efforts challenging 
to introduce [1]. While it is unlikely that humans will 
develop affinities for many invertebrate species, public 
understanding of invertebrate science and education 
depicting the contributions invertebrates make to 
humans will help reduce negative perceptions of 
invertebrates [1].

Acknowledgements
We (wholeheartedly) dedicate this paper to Francesca 

Gherardi for her outstanding work on invertebrate 
behavioural biology and her encouragement and support 
to our ongoing projects. Alessandro Carlini, Marco Della 
Gala, Riccardo Delle Fratte and Rossana Giannarini 
provided practical experience and positive attitudes 
towards invertebrates. This work is part of the Master 
thesis of KH. The “Fondazione Cassa di Risparmio di 
Civitavecchia” (CaRiCiv) partially supported this study.

 
Conflict of interest statement

There are no potential conflicts of interest or any 
financial or personal relationships with other people or 
organizations that could inappropriately bias conduct 
and findings of this study.

Received on 10 September 2012.
Accepted on 11 January 2013.

Kellert SR. Values and perceptions of invertebrates. 1.	
Conserv Biol 1993;7:845-55. DOI: 10.1046/j.1523-
1739.1993.740845.x
Carere C, Woods JB, Mather J. Species differences in 2.	
captivity: where are the invertebrates? Trends Ecol Evol 
2011;26(5):211. DOI: 10.1016/j.tree.2011.01.003 
Agnalt A. Fecundity of the European lobster (3.	 Homarus 
gammarus) off southwestern Norway after stock 
enhancement: do cultured females produce as many eggs 
as wild females? ICES J Marine Science/Journal Du Conseil 
2007;65(2):164-70.
Harvey-Clark C. IACUC challenges in invertebrate 4.	
research. ILAR Journal 2011:52:21320.
Elwood RW, Barr S, Patterson L. Pain and stress in 5.	
crustaceans? Appl Anim Behav Sci 2009;118:128-36. DOI: 
10.1016/j.applanim.2009.02.018 
Manev H, Dimitrijevic N. Drosophila model for 6.	 in vivo 
pharmacological analgesia research. Eur J Pharmacol 
2004;491:207-8. DOI: 10.1016/j.ejphar.2004.03.030 
Moltschaniwskyj NA, Hall K, Lipinski MR, Marian 7.	
JEAR, Nischiguchi M, Sakai M, Shulman DJ, Sinclair B, 
Sinn DL. Ethical and welfare considerations when using 
cephalopods as experimental animals. Rev Fish Biol Fisheries 
2007;17:455-76. DOI: 10.1007/s11160-007-9056-8
Evans JD, Schwarz RS. Bees brought to their knees: 8.	

microbes affecting honey bee health. Trends Microbiol 
2011;19:614-20. DOI: 10.1016/j.tim.2011.09.003
Roth B, Øines S. Stunning and killing of edible crabs 9.	
(Cancer pagurus). Anim Welf 2010;19:287-94.
The European Parliament and the Council of the European 10.	
Union. Directive 2010/63/EU of the European Parliament 
and of the Council of 22 September 2010 on the protection 
of animals used for scientific purposes. Official J Eur Union 
2010;53:33-79.
Gherardi F, Aquiloni L, Tricarico E. Behavioural plasticity, 11.	
behavioural syndromes and animal personality in crustacean 
decapods: An imperfect map is better than no map. Curr Zool 
2012;58:567-79.
Gherardi F. Behavioural indicators of pain in crustacean 12.	
decapods. Ann Ist Super Sanità 2009;45:432-8.
International Association for the Study of Pain. IASP 13.	
Taxonomy. 2012. Available from: http://www.iasppain.
org/Content/NavigationMenu/GeneralResourceLinks/
PainDefinitions/default.htm.
Crook RJ, Walters ET. Nociceptive behaviour and 14.	
physiology of molluscs: Animal welfare implications. ILAR 
Journal 2011;52:185-95.
Elwood RW, Appel M. Pain experience in hermit crabs? 15.	
Anim Behav 2009;77:1243-6.
Appel M, Elwood RW. Motivational trade-offs and potential 16.	

References



Kelsey Horvath, Dario Angeletti, Giuseppe Nascetti and Claudio Carere

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

1716 1716

pain experience in hermit crabs. Appl Anim Behav Sci 
2009;119:120-4. DOI: 10.1016/j.applanim.2009.03.013
Manev H, Dimitrijevic N. Fruit flies for anti-pain drug 17.	
discovery. Life Sci 2005;76:2403-7. DOI: 10.1016/j.
lfs.2004.12.007 
Barr S, Laming PR, Dick JTA, Elwood RW. Nociception or 18.	
pain in a decapods crustacean? Anim Behav 2008;75:745-
51. DOI: 10.1016/j.anbehav.2007.07.004 
Lewbart GA, Mosley C. Clinical anesthesia and analgesia 19.	
in invertebrates. J Exotic Pet Medicine 2012;21:59-70. DOI: 
10.1053/j.jepm.2011.11.007
Broom DM (Ed). Coping with challenge. Welfare in 20.	
animals including humans. Dahlem Workshop Report 87. 
Berlin: Dahlem University Press; 2009. 
Stefano GB, Cadet P, Zhu W, Rialas CM, Mantione K, 21.	
Benz D, Fuentes R, Casares F, Fricchione GL, Fulop 
Z, Slingsby B. The blueprint for stress can be found in 
invertebrates. Neuroendocrinol Lett 2002;23:85-93.
Adamo SA. The effects of the stress response on immune 22.	
function in invertebrates: An evolutionary perspective on 
an ancient connection, Horm Behav 2012 [Epub ahead of 
print]. DOI: 10.1016/j.yhbeh.2012.02.012
Adamo SA, Baker JL. Conserved features of chronic stress 23.	
across phyla: The effects of long-term stress on behaviour 
and the concentration of the neurohormone octopamine 
in the cricket, Gryllus texensis. Horm Behav 2011;60:478-
83. DOI: 10.1016/j.yhbeh.2011.07.015
Kalra B, Gefen E. Scorpions regulate their energy 24.	
metabolism towards increased carbohydrate oxidation 
in response to dehydration. Comp Biochem Physiol A 
2012;162:372-7. DOI: 10.1016/j.cbpa.2012.04.013
Díaz-Pérez L, Carpizo-Ituarte E. Effect of thermal stress 25.	
on survival and delay of metamorphosis in larvae of the 
purple sea urchin Strongylocentrotus purpuratus. Ciencias 
Marinas 2011;37:403-14.
Lutter HM, Whalan S, Webster NS. The marine sponge 26.	
Ianthella basta can recover from stress-induced tissue 
regression. Hydrobiologia 2012;687:227-35. DOI:10.1007/
s10750-011-0887-x
Chang E. Stressed-out lobsters: Crustacean hyperglycemic 27.	
hormone and stress proteins. Integr Comp Biol 2005;45:43-
50. DOI:10.1093/icb/45.1.43
Lansing MB, Gardner WS, Eadie BJ. Catecholamines 28.	
as potential sub-lethal stress indicators in Great Lakes 
macrobenthic invertebrates. J Great Lakes Res 1993;19:569-
81. DOI: 10.1016/S0380-1330(93)71242-3
Cuvillier-Hot V, Boidin-Wichlacz C, Slomianny C, Salzet 29.	
M, Tasiemski A. Characterization and immune function 
of two intracellular sensors, HmTLR1 and HmNLR, in 
the injured CNS of an invertebrate. Dev Comp Immunol 
2011;35:214-26. DOI: 10.1016/j.dci.2010.09.011
Zhang S, Bock F, Si A, Tautz J, Srinivasan M. Visual working 30.	
memory in decision making by honey bees. Proc Natl Acad 
Sci 2005;102: 5250-5. DOI:10.1073/pnas.0501440102
Mather JA, Anderson RC, Wood JB. Octopus: The 31.	
ocean’s intelligent invertebrate. Portland, Oregon: 
Timber Press; 2010.
Fiorito G, Scotto P. Observational learning in 32.	 Octopus 
vulgaris. Science 1992;256:545-7.
Anderson RC, Mather JA, Monette MQ, Zimsen SRM. 33.	
Octopuses (Enteroctopus dofleini) recognize individual 
humans. J Appl Anim Welf Sci 2010;13:261-72. DOI: 
10.1080/10888705.2010.483892.
Tricarico E, Borrelli L, Gherardi F, Fiorito G. I know my 34.	
neighbour: Individual recognition in Octopus vulgaris. PLoS 
ONE 2011;6:1-9. DOI: 10.1371/journal.pone.0018710.
Anderson RC, Wood JB. Enrichment for giant pacific 35.	
octopuses: Happy as a clam? J Appl Anim Welf Sci 

2001;4:157-68. DOI: 10.1207/S15327604JAWS0402_10
Sherwin CM. Can invertebrates suffer? Or, how robust is 36.	
argument-by-analogy? Anim Welf 2001;10:103-18.
Lancet Y, Dukas R. Socially influenced behaviour and 37.	
learning in locusts. Ethology 2012;118:302-10. DOI: 
10.1111/j.1439-0310.2011.02014.x
Leadbeater E, Chittka L. The dynamics of social learning 38.	
in an insect model, the bumblebee (Bombus terrestris). 
Behav Ecol Sociobiol 2007;61:1789-96. DOI:10.1007/
s00265-007-0412-4
Sarin S, Dukas R. Social learning about egg-laying substrates 39.	
in fruitflies. Proc Roy Soc Biol Sci 2009;276:4323-8. 
DOI:10.1098/rspb.2009.1294
Mather JA, Anderson RC. Ethics and invertebrates: a 40.	
cephalopod perspective. Dis Aquat Org 2007;75:119-29.
Hazlett BA. Assessments during shell exchanges by the 41.	
hermit crab Clibanarius vittatus: the complete negotiator. 
Anim Behav 1996;51:567-73.
Bateson M, Desire S, Gartside SE, Wright GA. Agitated 42.	
honeybees exhibit pessimistic cognitive biases. Curr Biol 
2011;21:1070 DOI:10.1016/j.cub.2011.05.017
Guillette LM, Hollis KL, Markarian A. Learning in 43.	
a sedentary insect predator: Antlions (Neuroptera: 
Myrmeleontidae) anticipate a long wait. Behav Processes 
2009;80:224-32. DOI: 10.1016/j.beproc.2008.12.015.
Yarali A, Niewalda T, Chen Y, Tanimoto H, Duerrnagel S, 44.	
Gerber B. ‘Pain relief’ learning in fruit flies. Anim Behav 
2008;76:1173-85. DOI: 10.1016/j.anbehav.2008.05.025
Carere C, Eens M. Unravelling animal personalities: 45.	
how and why individuals consistently differ. Behaviour 
2005;142:1155-63. DOI: 10.1163/156853905774539436
Briffa M, Weiss A. Quick guide: Animal personality. 46.	
Curr Biol 2010;20(21):R912-R914. DOI: 10.1016/j.
cub.2010.09.019 
Mather JA. Why (and how) personalities in invertebrates? 47.	
Curr Zool 2012;58(4): 566.
Pruitt JN, Stachowicz JJ, Sih A. Behavioral types of 48.	
predator and prey jointly determine prey survival: Potential 
implications for the maintenance of within-species 
behavioural variation. Am Nat 2012;179:217-27. DOI: 
10.5061/dryad.190pk253
Wray MK, Mattila HR, Seeley TD. Collective personalities 49.	
in honeybee colonies are linked to colony fitness. Anim Behav 
2011;81:559-68. DOI: 10.1016/j.anbehav.2010.11.027 
Kralj-Fiser S, Schneider JM. Individual behavioural 50.	
consistency and plasticity in an urban spider. Anim Behav 
2012;84:197-204.  DOI:10.1016/j.anbehav.2012.04.032
Gyuris E, Feró O, Barta Z. Personality traits across 51.	
ontogeny in firebugs, Pyrrhocoris apterus. Anim Behav 
2012;84:103-9. DOI: 10.1016/j.anbehav.2012.04.014 
Niemelä PT, Di Rienzo N, Hedrick AV. Predator-52.	
induced changes in the boldness of naïve field crickets, 
Gryllus integer, depends on behavioural type. Anim Behav 
2012;84:129-35. DOI: 10.1016/j.anbehav.2012.04.019 
Sio FD. Leviathan and the soft animal: Medical humanism 53.	
and the invertebrate models for higher nervous functions, 
1950s-90s. Medical History 2011;55:369-74.
Svåsand T, Skilbrei OT, Van Der Meeren GI, Holm M. 54.	
Review of morphological and behavioural differences 
between reared and wild individuals: Implications for 
sea-ranching of Atlantic salmon, Salmo salar L., Atlantic 
cod, Gadus morhua L., and European lobster, Homarus 
gammarus L. Fisheries Manag Ecol 1998;5:473-90. DOI: 
10.1046/j.1365-2400.1998.560473.x
Carere C, Della Gala M, Saraga E, Grignani G, Delle 55.	
Fratte R, Carlini A, Angeletti D, Alleva E, Mather JA, 
Nascetti G. The shelter matters: effect of rearing conditions 
on the behavioural profiles of juvenile lobsters (Homarus 



1716
Invertebrate welfare

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

1716

gammarus) bred for restocking purposes. In: Carere et 
al. (Eds.). Abstract book XXV Meeting of The Italian 
Society of Ethology (SIE), Department of Ecological and 
Biological Sciences, University of Tuscia, Viterbo, Italy, 
2012. p. 80.
Angeletti D, Sebbio C, Carere C, Cimmaruta R, Nascetti 56.	
G, Pepe G, Mosesso P. Terrestrial gastropods (Helix spp) 
as sentinels of primary DNA damage for biomonitoring 
purposes: a validation study. Env Mol Mutagenesis 2013; 
in press.
Carruthers P. Invertebrate minds: A challenge for ethical 57.	
theory. J Ethics 2006;11:275-97. DOI: 10.1007/s10892-
007-9015-6
Pain SP. Signs of anger: Representation of agonistic 58.	
behaviour in invertebrate cognition. Biosemiotics 
2009;2:181-91.

Sláma K, Lafont R. Insect hormones – ecdysteroids: 59.	
their presence and actions in vertebrates. Eur J Entomol 
1995;92:355-77.
Nagel T. What is it like to be a bat? 60.	 Philosoph Rev 
1974;83:435-50.
Mason GJ. Invertebrate welfare: where is the real 61.	
evidence for conscious affective states? Trends Ecol Evol 
2011;26:212-3. DOI: 10.1016/j.tree.2011.02.009
Manciocco A, Coluccio P, Passantino A. Considerations 62.	
on psychophysical welfare of fish employed in scientific 
procedures and on Recommendation 2007/526/EC. 
Ann Ist Super Sanità 2010;46:198-203. DOI: 10.4415/
Ann_10_02_14
Gherardi F, Aquiloni L, Tricarico E. Revisiting social 63.	
recognition systems in invertebrates. Anim Cogn 
2012;15:745-62. DOI: 10.1007/s10071-012-0513-y


