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1. Introduction

Although most animal species on earth are insects (Mora et 
al., 2011; Stork, 2018), welfare issues related to invertebrates 
have not received a lot of attention. This oversight has to 
do with assumptions that invertebrates do not experience 
pain and stress, reinforced by the public’s negative view of 
invertebrates (Horvath et al., 2013).

For more than four millennials insects have been 
domesticated, notably the silkworm and the bee. Insects 
are now also reared for a number of other purposes (Boppré 
and Vane-Wright, 2019): research, pollination, insect pest 
and weed management such as biological control and sterile 
insect technique, recreation and entertainment, medicine 
(e.g. maggot therapy) and as food for humans and feed for 

animals. In many tropical countries, insects have been 
harvested for food for centuries. However, it is only in the 
last ten years that the interest in using insects as food for 
humans and feed for animals has increased exponentially 
(Van Huis, 2020). This is because insects are increasingly 
being considered as a high-quality, efficient, and sustainable 
alternative protein source for both the food and feed sector. 
This means that billions of insects are and will be farmed, 
often in industrial settings.

Public concerns about the current livestock industry 
focusses on the conditions in which livestock are reared, 
transported, and slaughtered. For insects farmed as mini-
livestock similar concerns are being expressed. This has a 
lot to do with the question of whether insects are considered 
‘sentient beings’ (beings with consciousness). Therefore, 
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Abstract

The recent interest in using insects as food and feed is based on their capacity to be a sustainable alternative to other 
protein sources. When farmed as mini livestock, the question is raised as to whether they are ‘sentient beings’ (self-
conscious)? In researching this topic, the problem is that humans often expect animals to have the same subjective 
experience as we do (anthropomorphic) and consider themselves as the centre of the universe (anthropocentric). 
We discuss insects’ sentience by looking at their brain, behaviour, and communicative abilities. The miniature brains 
of insects seem to be arranged in a very efficient functional way due to their very long evolutionary history. As for 
their behaviour, insects are capable of social and associative learning. Even dopamine, a neurotransmitter involved 
in reward and pleasure, plays a role. Human communication is mainly verbal, while for insects other means of 
information exchange are more important, such as tactile, chemical, visual, and vibrational. The distinction needs to 
be made between nociception and pain, the latter being an emotional experience. It is difficult to prove that insects 
can experience pain, although they have a large repertoire of withdrawal and defensive behavioural responses. The 
philosophical attitudes deal with how we view insects and their relations to humans. This also determines the ethical 
attitude and how we should treat them. Are they just there for our benefit or do we consider them as co-animals? 
Insects as food requires that many insects must be killed. However, the number killed may not be different when 
one chooses a plant-based diet. It is concluded that insects should be farmed and killed using the precautionary 
principle, which assumes that they can experience pain. To discuss the consequences for the industry sector that 
produces insects for food and feed, we used Brambell’s five freedoms as a framework.
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welfare issues need to be addressed. For example: what are 
the requirements of rearing specific insects, what about 
their health, and how can they be killed ‘humanely’? (Pali-
Schöll et al., 2018).

There is also a discussion on how to manage insect welfare 
in experimental research. However, we will not deal with 
this here but instead refer the reader to publications on this 
topic (Drinkwater et al., 2019; Moltschaniwskyj et al., 2007; 
Pollo and Vitale, 2019; Wilson-Sanders, 2011).

The problem when discussing the question of whether 
insects have feelings, is that insects are viewed in an 
anthropomorphic manner. We expect animals to have the 
same subjective experiences as a human. Words often used 
in this context are consciousness and sentience. For that 
reason, we wish to define those words. Consciousness has 
been defined as ‘the quality or state of being aware of an 
external object or something within oneself ’1 while sentient 
has been defined as ‘responsive to or conscious of sense 
impressions’. Consciousness, or simply the presence of 
subjective experience, can be studied in humans in three 
different ways: neurological, behavioural and verbal (Barron 
and Klein, 2016). Each of these topics will be discussed for 
invertebrates below. We will then discuss whether insects 
would be able to experience pain, before embarking on some 
philosophical theories. Based on the earlier deliberations, 
we are faced with the ethical issue of how to deal with 
insects. Lastly, we will discuss how the insect food and 
feed industry should deal with insect welfare.

2. Neurological arguments

Invertebrates have an evolutionary history of 500 million 
years, while humans (Homo spp.) have a history of 2.5 
million years. Conscious processes have probably arisen 
independently on many occasions during the evolution 
of vertebrates and invertebrates (Le Neindre et al., 2017: 
119). According to Budelmann (1995) the nervous system 
of cephalopods and insects has the highest degree of 
centralisation (‘cerebralisation’) for any invertebrate. This 
considerably reduces the time for information processing 
between stimulus reception and behavioural reactions. 
Barron and Klein (2016) and Klein and Barron (2016) 
contend that the integrative functional arrangements in the 
insect brain have many parallels with that of the vertebrate 
midbrain and the insect brain is thus capable of the same 
neural modelling, and hence of conscious experience. 
The question is whether neuron numbers by themselves 
are critical for the neural implementation of sentience. 
There is the a priori and maybe erroneous assumption that 
small brains are unlikely to support cognition or sentience 

1 https://www.merriam-webster.com/dictionary/
consciousness?src=search-dict-box.

(Mikhalevich and Powell, 2020). The number of neurons 
in the brain of the bee, considered to have an impressive 
behavioural repertoire, is 960,000 (Menzel and Giurfa, 
2001), compared to 75 million for a mouse (Herculano-
Houzel et al., 2006) and 85 billion (Herculano-Houzel, 
2009) for a human. The estimated number of neurons 
in the brains of a mealworm was estimated to be only 
25,000 (Scherer et al., 2017). However, if sentience is a 
function of structural arrangements of neural operations, 
neuron numbers may not be the most important criterion. 
Sentience may then be present in brains of different 
sizes. The mechanism of sentience even in large brains 
may require more than a subset, even a small subset, of 
available neurons (Merker, 2016). The miniature brains of 
insects exhibit a sophisticated behavioural repertoire and 
cognitive capabilities often go beyond simple associative 
learning (Giurfa, 2013). Andrews (2011) mentions how 
difficult it is to identify functionally analogous pathways 
in invertebrates with fundamentally differently organised 
central nervous systems such as in vertebrates. Tomasik 
(2019) even wonders whether smaller animals have faster 
subjective experiences than larger ones, considering their 
greater temporal resolution of vision. Would a higher brain 
metabolic rate (neuronal firing being one component) relate 
to moral weight of the mind?

3. Behavioural arguments

In a 1986 review by Carew and Sahley (1986) on 
invertebrate learning and memory, the belief was stated 
that the distinction between vertebrate and invertebrate 
learning and memory will diminish as our understanding 
of underlying mechanisms increases. Social learning 
(acquiring new behaviours by observing and imitating 
others) may not be restricted to large-brained animals, 
which are often assumed to possess superior cognitive 
abilities. Insects are capable of social learning (Coolen et 
al., 2005): take the example of wood crickets (Nemobius 
sylvestris) using congeners’ behaviour by hiding under leaves 
to avoid wolf spiders (Pardosa spp.). Associate learning has 
also been demonstrated in different insect groups such as 
honeybees (Leadbeater and Chittka, 2007), ants and moths 
(Giurfa, 2013). Many experiments have been done with 
associative olfactory and visual learning in the fruit fly 
Drosophila melanogaster (Guo and Guo, 2005), and how 
dopamine is involved (Karam et al., 2019). In humans the 
neurotransmitter dopamine is involved in motivational 
processes as well as reward, pleasure and addiction. Perry 
et al. (2016) demonstrated that bumblebees’ behaviour is 
influenced by dopamine. Bees learned to fly quickly to one 
colour/cylinder location to obtain sucrose and slowly to a 
different colour/cylinder location that contained only water. 
When bees were induced with a positive affective state 
(giving them an unexpected 60% sucrose reward) they flew 
faster to a cylinder with ambiguous cues than non-rewarded 
bees. These behavioural changes disappeared with topical 
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application of the dopamine antagonist fluphenazine. It has 
also been shown that bees are able to distinguish between 
human painting styles or to recognise faces (Mikhalevich 
and Powell, 2020).

However, whether ‘emotion-like’ states in insects are 
accompanied by emotional feelings is a question that 
remains unanswered (Mendl et al., 2011; Mendl and Paul, 
2016). Also, according to Mason (2011), the problem-solving 
and stimulus-recognition skills of invertebrates, and their 
cognitive abilities like responses to tissue-damaging stimuli 
and escape mechanisms, are no evidence for conscious 
affective states and the ability to suffer. Otherwise, he states, 
we should be worrying about the well-being of computers.

In mobile, spatially-orienting animals there should be a 
central convergent interface for behavioural decision-
making for target and action selection, and motivational 
ranking, and there is often a delay between target selection 
and goal acquisition (Merker, 2016; Paul and Mendl, 2016). 
Barron and Klein (2016) mention examples of how insects 
process topographically organised visual information. For 
example, Tarsitano (2006) showed that the jumping spider, 
Portia labiate, can make complete detours in which it moves 
away from a goal (i.e. prey) before approaching it. Decision-
making occurred gradually, during both the scanning and 
the locomotory phases in the form of vicarious trial and 
error attempts.

Giurfa (2013) issues a warning about experimental designs 
to study insect behaviour in which the restricted animal 
can only do what the experimenter allows it to do.

4. Verbal arguments

The effectiveness of human communication is often 
mentioned as evidence of humans being the most unique 
and highly-evolved animals. It is commonly assumed 
that there is no equivalent to human language in other 
animal species. Identifying meaning in non-human 
animal communication is probably the most difficult task 
in linguistics because of our limited ability to infer the 
real goals and intentions of non-human animals (Prat, 
2019). One problem with effective communication is that 
tests are conducted in the expectation that animals will 
perform in a similar way to humans (Lockwood, 1987). In 
animal tests dealing with auditory communication, Prat 
(2019) considered it bothersome that humans in tests are 
assumed to be unique and superior, while studies of non-
human animals’ vocal communication provided results 
like those expected if similar methods were to be applied 
to human vocal behaviour. Human communication centres 
on vocal and visual means. However, insects not only have 
these communication means, but also use other means of 
exchanging information more than humans do, e.g. tactile, 

chemical (smell and taste), and vibrational (Hedwig, 2014; 
Roitberg, 2018; Yack, 2016).

5. Can insects experience pain?

In invertebrates the discussion centres on the difference 
between pain and nociception. The definition of pain 
according to the International Association for the Study 
of Pain is ‘an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage’, while 
nociception has been defined as ‘the ability to detect stimuli 
that elicit damage to the body or the potential for such 
damage’, the difference being ‘pain has both an emotional 
and a sensory component, and this latter component, 
nociception, refers specifically to the detection of damaging 
or potentially damaging stimuli’ (Burrell, 2017). These 
nociceptive signals in vertebrates are processed by the 
central nervous system and perceived as pain. Some authors 
believe that insects cannot experience pain. Eisemann et al. 
(1984) was one of the first who embarked on the question 
and concluded that ‘the evidence from consideration of the 
adaptive role of pain, the neural organisation of insects and 
observations of their behaviour does not appear to support 
the occurrence in insects of a pain state, such as occurs 
in humans.’ They conducted an oft-cited experiment in 
which a locust continued to feed while itself being eaten 
by a mantis. However, Sherwin (2001) was not impressed 
because vertebrate prey species may also have a selective 
advantage in not showing pain or injury to a predator. 
Nociception often causes a withdrawal response, and a 
number of examples can be given such as the defensive 
responses of Manduca sexta larvae as a response to noxious 
stimuli (Walters et al., 2001) or the directional rolling of 
Drosophila larvae to escape the attack of the parasitoid 
wasp Leptopilina boulardi (Hwang et al., 2007), noxious 
heat or harsh mechanical stimulation (Im and Galko, 2012; 
Tracey et al., 2003).

Bateson (1991) points to the fact that the less animals are 
like humans, the more difficult it is to assess pain in them. 
According to Elwood (2011) the rapid learning to avoid pain, 
coupled with a prolonged memory, seem to indicate that 
central processing is involved rather than simple reflexes. 
According to this author, invertebrates are capable of using 
complex information, suggesting a cognitive ability to have a 
fitness benefit from a pain experience. Although evidence is 
not conclusive, this seems to indicate that there is more than 
just nociception. Sneddon et al. (2014) have put forward 
an interesting idea: the principle of triangulation. They 
argue that when the neurological, behavioural, and verbal 
arguments are taken in isolation, it cannot be considered 
as definitive evidence of ‘pain’ in animals, but when using 
a multimodal approach it may well be. h
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6. Philosophical theories

Human empathy for insects in general is low, maybe 
because ‘invertebrates look far less like us’ (Smyth, 1978). 
Another reason could be that in Western cultures insects 
are considered dirty, disgusting, and dangerous (Looy et 
al., 2014) and this negative attitude is reflected in idioms, 
proverbs, and slogans about insects (Meyer-Rochow 
and Kejonen, 2020). Mikhalevich and Powell (2020) also 
believe that the moral exclusion of invertebrates is caused 
by the distorting influence of the empathy gap and disgust 
response. In general, in the animal kingdom invertebrates 
are considered at the ‘lower end’ and humans at the extreme 
‘upper end’ (Andrews, 2011). This is reinforced by the 
reputation of some insect species, like malaria mosquitoes 
or the desert locust, which can have a dramatic negative 
influence on human well-being. Others, such as houseflies, 
are considered a nuisance. The threat of insects to human 
welfare has already been mentioned in very early articles 
(Gossard, 1909).

The importance of insects has only been highlighted 
very recently because of the decline of insect biomass 
in protected areas of Europe (Hallmann et al., 2017) and 
other parts of the world (Van Klink et al., 2020). This has 
drawn attention to the importance of the ecological services 
that insects provide, such as pollination. Crop production 
to the value of 235-577 billion US$ is at risk because of 
pollinator loss (IPBES, 2019). Natural biological control by 
predators, parasitoids and entomopathogens of crop pests 
provides a value of 400 billion US$ per year (Costanza et 
al., 1997). In addition, there are other services relating to 
provisioning (e.g. insects as nutrients), supporting (e.g. 
recycling) and cultural (e.g. recreation and bio-indicators). 
We humans may have to be a bit more modest given that 
Homo sapiens have only been around for half a million 
years, while insects have a history of 400 million years. 
There are about 5.5 million species of insects, of which 
one million have been described (Stork, 2018). Insects 
are very successful because of their design and processes 
(Van Huis, 2014). The American entomologist Edward O. 
Wilson indicated ‘… we need invertebrates, but they don’t 
need us’ and ‘… if invertebrates were to disappear, I doubt 
that the human species could last more than a few months’ 
(Wilson, 1987). Considering the importance of insects in 
our ecosystem, they deserve our respect.

Homo sapiens and the fruit fly D. melanogaster had a 
common ancestor approximately 783 million years ago. 
A total of 15% of human genes and 46% of fly genes have 
orthologs (genes in different species that descended from 
the same ancestral sequence) to one or more fly and human 
genes, respectively (Shih et al., 2015). Insights gained 
from model genetic systems such as D. melanogaster 
can be applied immediately to vertebrate systems, by for 
instance analysing the function of human disease genes 

(Bier, 2005). Many of the genetic pathways that guide basic 
developmental processes in vertebrates and invertebrates 
have remained largely intact during evolution.

According to Lestel and Taylor (2013), Westerners have 
lived in a culture that has constantly insisted on the man/
animal opposition. According to these authors, ‘It is 
wrong to say that we live with animals; it is more correct 
to say that we are animals and animals are us.’ They quote 
Dominique Lestel: ‘each species that disappears is a part of 
our imagination that we amputate perhaps irreversibly’. In 
their view, the major challenge is ‘how we might consider 
the specificity of the human in proximity to other living 
beings (including plants and fungi) rather than setting 
strict boundaries.’

This brings us to the philosophical attitudes towards 
invertebrates. Mather (2011) mentions three: contractarian 
(animals are very different from humans; they are just 
machines and can be used for human benefit); utilitarian 
(looking at gains versus losses, e.g. bees should be protected 
as they assure pollination); and the rights-based approach 
(experiences and awareness of animals should be taken into 
account). Here comes the difference between animal welfare 
and animal rights. In animal welfare, animals have interests, 
but these can be traded away when human benefits justify 
that sacrifice if ‘humane’ guidelines are followed. In animal 
rights these interests cannot be sacrificed or traded away 
just because it might benefit others. Jena (2017) writes that 
in the animal welfare concept animals are provided with 
some comfort and freedom of movement in the period prior 
to being killed. However, there is no concern for the rights 
of animals; nor is there an interest in keeping the animals 
alive. For her, mere ‘freedom’, as formulated by Brambell 
(1965), is not sufficient and she opts for combining animal 
welfare and rights if the aim is to ensure their actual welfare.

Do insects have intrinsic value? This refers to an integrity 
that is independent of the animal’s utility or use to humans 
(RDA, 2018). The consequence is that all instances of 
keeping and using animals must be justified in a manner that 
takes the animals’ interests into account. In the Netherlands 
invertebrates fall under the Animals Act2 as soon as they 
are farmed for production purposes. This means that the 
government formally acknowledges their intrinsic value, 
thereby imposing clear welfare requirements (Section 1.3.2 
and 1.3.3), such as the five freedoms of Brambell (1965): 
freedom from hunger and thirst, from discomfort, from 
pain, injury or disease, from fear and distress, and freedom 
to express normal behaviour.

2 https://wetten.overheid.nl/jci1.3:c:BWBR0030250&z=2013-01-
01&g=2013-01-01.
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7. Ethics

Ethics, also called moral philosophy, deals with concepts 
such as good and evil, and right and wrong. Therefore, the 
term ‘food ethics’ have been coined, which deals with animal 
welfare, the environment, health and fair trade (Barnhill 
and Doggett, 2018; McEachern, 2018; Nordgren, 2012). The 
consumption of animal products is rapidly growing in many 
developing countries because of increasing populations, 
urbanisation, and wealth. However, the livestock industry 
is considered an inefficient way of producing calories and 
nutrients (Alexander et al., 2017) and is associated with 
environmental, welfare, and health problems (McClements, 
2019). So, what about alternative more sustainable protein 
sources, such as insects?

Some people have moral objections to insect consumption. 
This may have to do with the uncertainty as to whether 
insects are ‘sentient beings’ or with the very large number of 
insects that have to be killed compared to, for example a pig, 
making it unethical (Knutsson, 2016; Scherer et al., 2017). 
Therefore, plant-based diets may be preferred, although 
billions of insects need to be killed in order to allow for 
plant-based diets (Fischer, 2016, 2019).

There is also a question as to whether invertebrates or 
insects are taken as a group or whether we should have 
a species-specific approach considering the emotional 
and cognitive abilities and specific behavioural needs of 
certain insects (Gjerris et al., 2015; Mather and Carere, 
2019). This may influence informed decisions regarding 
insect welfare and the ability of legislators to formulate 
accurate regulations. Also, Schukraft (2020) discusses 
whether there are degrees in the moral status of animals: 
e.g. are there differences in self-awareness, intelligence, 
autonomy, communicative ability, creativity, sociability, etc? 
This would particularly apply to insects with an enormous 
diversity (even between larvae and adults) and probably 
differ in moral status and capacity for welfare. Just consider 
the number of neurons in mealworms (30,000) compared 
to a cockroach or bee (about one million).

When it comes to eating insects, Waltner-Toews and Houle 
(2017) indicate the complexity of the problem. On the one 
hand, they indicate that we do not want to cause pain or 
suffering to an animal in our care. On the other hand we 
are often unable to avoid causing their death: stepping on 
them when walking outside, eating fruits and vegetables 
that could have kept them alive, or eating them directly or 
inadvertently.

For economic reasons insect companies will try to put 
the insects in optimal conditions to obtain the highest 
production possible. So, normally, insect welfare is 
guaranteed. Increased insect welfare and economics can 
go together as shown by Adámková et al. (2017) when 

rearing mealworms: (1) death by freezing, compared to 
boiling, was found to be better from both a welfare and 
a nutritional perspective; and (2) nutritional deprivation 
affected ‘welfare’, but also negatively influenced the 
nutritional value and economics.

The ethical proposal put forward by Lockwood (1987) 
is that ‘we ought to refrain from actions which may be 
reasonably expected to kill or cause nontrivial pain in 
insects when avoiding these actions has no, or only trivial, 
costs to our own welfare’.

8. Farmed invertebrates

Justification

There are insects that are harvested from nature, which 
is a traditional way of collecting food. What about when 
insects are reared for use as food or feed? This was practised 
in the Western world mainly to provide feed for reptiles, 
zoos, etc. However, over the last ten years there has been a 
steep rise in the number of companies that rear insects to 
produce food for humans and feed for animals. As discussed 
in food ethics, this is partly to do with all the problems 
associated with the current livestock production, which 
is not considered sustainable. Insect production is more 
sustainable than the production of beef, pork and poultry 
(Smetana, 2020; Smetana et al., 2015; Tapanen, 2018; Van 
Huis, 2019; Van Huis and Oonincx, 2017). Furthermore, 
insects can contribute to a circular economy because 
certain insect species can be reared on organic side streams 
(Bortolini et al., 2020; Cappellozza et al., 2019; Heckmann 
et al., 2019; Nava et al., 2020); this is important, considering 
that one third of our food and agricultural produce is wasted 
(FAO, 2014).

Precautionary principle

Then there is the question of how to deal with insects 
from an animal welfare’ perspective. Some vegetarians 
may eat insects if insect welfare is guaranteed. However, 
when an animal rights approach is used, people may 
refrain from consuming them. But how are we to deal 
with the uncertainty that insects may experience pain? 
There are indications that insects experience pain but 
extensive scientific knowledge on the issue is lacking. In 
these cases, politicians use the precautionary principle, 
giving them the benefit of the doubt, using the aphorism: 
‘Absence of evidence is not evidence of absence’. This has 
been mentioned by a number of authors discussing the 
welfare of farmed invertebrates (Adamo, 2016; Birch, 2000; 
Elwood, 2011; Fischer, 2019; Knutsson and Munthe, 2017), 
although Birch (2017) introduces the concept of ‘appropriate 
burden of proof for sentience’, which may have not been 
attained for many orders of arthropods. Monsó (2018) 
argues that insect sentience may not matter that much. 
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The first argument is that sentience of insects does secure 
them a right not to be raised and slaughtered for food. The 
second argument put forward is that pain in insects may be 
less severe or less harmful than that in vertebrates, which 
would favour consuming the first rather than the latter (for 
her numbers do not matter). The third argument is that a 
commitment not to harm other types of animals, such as 
mammals, may imply an obligation to consume insects. 
Meyers (2013) also mentioned that it is not only morally 
acceptable to eat insects but that it can be morally good 
to do so. This is because industrial farming of livestock is 
detrimental to livestock species while that of mini livestock 
is not, or much less so.

Farmed insects and Brambell’s five freedoms

It we consider the five freedoms of Brambell (1965), we 
can make the following remarks about insect farming for 
food and feed.

1. �Freedom from hunger and thirst, by ready access to water 
and a diet to maintain health and vigour

Ready access to fresh water and sufficient diet is normally 
provided, to get them into optimal shape and maintain 
their full health and vigour. The house fly will die of 
dehydration within days if water is not provided, and will 
cease reproducing if food of insufficient quality is provided 
(Erens et al., 2012). However, optimal production does not 
automatically mean species-appropriate conditions. For 
example, abiotic conditions (humidity, temperature, light) 
and biotic conditions (diet, crowding) may be modified to 
tailor the insect nutritional values to specific requirements 
of quantity and quality of the end product; these conditions 
may not be appropriate for the animal’s well-being.

Starvation, i.e. one- or two-day fasting, is recommended 
to empty the insect gut before they are used as food or 
feed. Farmers want to sell insects, not the manure. This 
starvation should not be too long, as the animals may turn 
cannibalistic (for food safety reasons, starvation does not 
seem to be necessary (Wynants et al., 2017)). The question 
should also be asked, when rearing insects on cheap organic 
side streams, whether the development will not be too 
long such as with black soldier fly on manure (Oonincx et 
al., 2015) and/or survival too low such as with crickets on 
municipal-scale food waste and diets composed largely of 
straw (Lundy et al., 2015).

2. �Freedom from discomfort, by providing an appropriate 
environment

Insect housing must be such that it allows for species-
specific movement needs, such as means of locomotion 
(crawling, walking, jumping, flying); social interaction 
(including cannibalism); reproduction; and concealment 

opportunities. Insects sometimes have specific pupation 
and egg-laying requirements, and food must not only have 
the right form and nutritional/other composition, but 
hygiene is also important (RDA, 2018). Live insects could 
be stored under cool conditions, and should be transported 
under appropriate abiotic conditions.

Normally, insect farming companies make sure that 
conditions for growth are optimal as this assures highest 
production, but as in livestock farming, crowding is an 
important issue. In insect farming, larvae (such as those 
of mealworms and the black soldier fly) are reared under 
crowded conditions, but often in higher densities than 
in a natural setting (Boppré and Vane-Wright, 2019). 
Mealworms produce metabolic heat and therefore the 
density (and with it the temperature) for optimal growth 
should not be too high or too low (Erens et al., 2012). A 
dilemma raised by Boppré and Vane-Wright (2019) is that 
the plasticity of living conditions in commercial mass 
rearing is lower for insects than for common production 
animals, meaning that appropriate (a)biotic conditions are 
more crucial for the survival of the animals.

3. �Freedom from pain, injury, or disease, by prevention or 
rapid diagnosis and treatment

What companies fear most is disease, as this may 
compromise their whole enterprise (Eilenberg et al., 2017). 
To maintain a healthy stock, they will do their utmost by 
rearing insects under strict hygienic and optimal rearing 
conditions. The problem is that not much is known about 
pests and diseases when rearing insects. Veterinary science 
for insects is virtually absent, although there are now 
projects that are trying to mediate this (WUR, 2020).

As regards killing the insect, the main reason for choosing a 
particular killing method is often the quality of the product, 
e.g. for crickets the sensory qualities and physiochemical 
properties (Farina, 2017) and for the black soldier fly the 
lipid oxidation, colour and microbial load (Larouche et al., 
2019). However, these reasons do not necessarily coincide 
with the well-being of the insect. Hakman et al. (2013) 
recommended in a report to the Dutch government that in 
insect-rearing either for food or feed, killing methods should 
be quick and effective. The methods proposed were freezing 
(insects are cold blooded), heating (cooking or blanching), 
and shredding. Most companies do not reveal how they 
kill their insects, but some take into account their cold 
bloodedness and cool them before shredding. Putting them 
in the fridge is often considered more ‘humane’ (putting 
them to sleep) than freezing them (they die) and therefore 
cooling may precede freezing (Bear, 2019). In addition to 
these killing methods, Zhen et al., (2020) used carbon 
dioxide and vacuum, and a method they called humane, i.e. 
carbon dioxide treatment followed by blanching.
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It has been suggested that because of the large numbers of 
small insects on insect farms, farmers would be emotionally 
and ethically detached when killing (Bear, 2019). It is true 
that for small animals in large numbers it is more likely 
that the group rather than the individual is taken into 
consideration.

4. �Freedom to express normal behaviour, by providing 
sufficient space, proper facilities, and appropriate company 
of the animal’s own kind

When comparing how insects live in nature and how 
they are reared, Boppré and Vane-Wright (2019) argue 
that on insect farms ‘natural stresses’ are eliminated as 
optimal (a)biotic conditions are offered. But the question is 
whether those benign conditions can be considered natural. 
Normally, an insect production facility has a reproduction 
unit, delivering the eggs or larvae for the production unit. 
In the production unit the animals are not allowed to 
reproduce as they themselves are the commercial product.

There may also be a question about the use of strains or 
mutants. There are several mutants of the housefly (Hoyer, 
1966), one mutant being the curly winged fly (Nickel and 
Wagoner, 1975) used as feed for captive pets such as frogs 
and lizards. Curly refers to the deformed wings preventing 
the animal from being able to fly. The mutant is also blind 
so that enemies can no longer be seen. Curly winged flies 
are very active and only make small jumps. They do not 
hide, and they bump into everything, making them easy 
prey. Companies that sell them say that they are ‘farm bred 
in ethical conditions’. The question is whether the rearing 
of these mutants can be considered ethical.

The industry also produces mealworms that are artificially 
treated with juvenile hormones. This influences the 
moulting of the larvae, which induces them to grow beyond 
their normal length. They are called ‘Mighty mealies’ and 
are used as pet food. Does this constitute normal behaviour 
for the animal, and should it be classified as unethical?

The rearing conditions of locusts in cages severely limits 
their ability to fly when they would normally migrate over 
hundreds of kilometres. The aggregated way of rearing 
will cause them to occur only in the gregarious form, 
as the solitary form requires the rearing of the insects 
individually. The rearing of locusts severely limits their 
normal behaviour.

5. �Freedom from fear and distress, by ensuring conditions 
and treatment that prevent mental suffering

There has been a discussion about how difficult it is 
to measure fear, mental suffering, pain, and stress in 
invertebrates. If the precautionary principle is used, then 

we act as if they would be able to experience pain. Insects 
show stress responses that include the release of stress 
hormones/neurohormones (such as adipokinetic hormone) 
to maintain optimal immunity (Adamo 2012, 2017). Stressed 
animals, for example those that have received too little food, 
may become weak; this will lower their immune status 
and make them susceptible to opportunistic pathogens 
causing disease (Joosten et al., 2020). For example, stressed 
larvae of the super worm Zophobas morio are cannibalistic 
and rapidly spread the pathogen Pseudomonas aeruginosa 
(Maciel-Vergara et al., 2018). A higher incidence of the 
Acheta domesticus densovirus in the house cricket was 
observed under stress vectors such as crowding, waste 
accumulation, low protein diets, temperatures above 35 °C, 
and high relative humidity (Szelei et al., 2011).

Guidelines for ethical behaviour

In 2018 the Council of Animal Affairs of the Netherlands 
wrote a report entitled ‘The emerging insect industry: 
invertebrates as production animals’ (RDA, 2018). They 
recommended treating invertebrates as sentient beings, 
as future research may show that some species are indeed 
sentient. They considered investments in the welfare of 
invertebrates to be in the interests of the producer: ‘To 
adapt farms to suit the needs and developmental stages 
of certain species as much as possible not only increases 
production, but is also important for the social acceptance 
of the insect industry.’ The International Platform of Insects 
as Food and Feed, representing the interests of the insect 
production sector to EU policy-makers, states that all insect 
producers should adhere to high standards of animal welfare 
and ensure insect well-being (IPIFF, 2019).

Bear (2019) carried out a survey among insect farmers in 
the United Kingdom, mainly about killing insects. Farmers 
were concerned, not so much because they believe in the 
intrinsic value of insects, or that insects are ‘sentient beings’ 
or may experience pain, but more because of the way in 
which consumers may perceive this. However, all farmers 
were aware that they need to act in the face of scientific 
and ethical uncertainties. According to Bear (2019) further 
exploration of the understanding of ‘good insect welfare’ 
is necessary among farmers and their practices and actual 
or potential consumers.

Boppré and Vane-Wright (2019) propose creating an 
international Insect Welfare Charter – a framework that 
could be used to evaluate our current and future ‘handling’ 
of insects, based on species-appropriateness and respect 
towards all organisms while also considering environmental 
issues.
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9. Conclusions

The farming of insects as feed and food has been gaining 
momentum for the last ten years, exemplified by the 
increase in start-up companies and the number of scientific 
publications. This is because insects are increasingly being 
considered as a high-quality, efficient, and sustainable 
alternative protein source. Insect production has a lower 
environmental impact than the production of livestock 
and insects can bio-transform poor quality organic waste 
streams, contributing to a circular economy. However, the 
rapid increase in this newly emerging agricultural sector 
prompts questions about insect welfare and the ethics 
involved.

However, invertebrates do not enjoy a lot of empathy and 
this has to do with their negative reputation as being a 
nuisance (e.g. houseflies) and/or being dangerous (e.g. 
malaria mosquitoes). Then there is the anthropocentric 
attitude of human beings who consider themselves the most 
significant entity in the universe, while invertebrates are at 
the lower end of evolution. Grimaldi and Engel (2005) have 
put this in perspective in their book about the evolution of 
insects: ‘People gladly imagine a life without insects. But 
if ants and termites alone were removed from the earth, 
terrestrial life would probably collapse’. They go on to 
mention the hazardous consequences for planet earth of 
removing these insect groups. Moreover, invertebrate brains 
seem to comprise more than 99% of the brains that exist on 
earth, which is one reason why invertebrate cognition and 
sentience deserve attention (Mikhalevich and Powell, 2020).

Baracchi et al. (2017) feel that caution is needed when 
dealing with interpretations of emotions in invertebrates 
as they are often anthropocentrically biased. Appropriate 
emotion-related terminology may be required through 
careful experiments objectively analysing invertebrate 
behaviour. The word ‘anthropodenial’ has been coined, 
which is a blindness to the human-like characteristics of 
animals or the animal-like characteristics of ourselves 
(Jones, 2020). Sneddon et al. (2018) suggest that there 
may be motivational issues involved: ‘sentience is at the 
heart of the decision about whether to provide animals 
with legislative protection’. For fish, sentience was denied at 
first, but there now seems to be enough evidence to suggest 
that they can experience positive and negative emotions. 
If we have underestimated the moral value of vertebrates, 
Schukraft (2020) believes that we may have to redirect 
resources to invertebrates.

In general, the precautionary principle should be used, 
whereby we assume that invertebrates can experience 
emotions. This has consequences for the insect industry, 
which should take the necessary precautions so that insects 
are well treated. According to Browning and Veit (2020), 
granting invertebrates moral status does not imply that 

we must make large sacrifices on their behalf, although it 
is open to question where a threshold of ‘too demanding’ 
should be set. This applies to how they are raised as well 
as the way in which they are killed.

The industry for insects as food and feed is in its infancy 
and the related welfare issues are increasingly being 
highlighted. This may require an international effort to 
propose guidelines or standards of care to the industry 
for the well-being and slaughter of farmed invertebrates 
involving both the biological and social sciences. As almost 
all research published to date on the welfare perception of 
invertebrates concludes that too little is currently known, 
an increased research effort on the cognitive and emotional 
capacity of invertebrate species is required.
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