
Chapter 3
Welfare Dilemmas Created by Keeping
Insects in Captivity

Michael Boppré and Richard I. Vane-Wright

Abstract The challenging issue of animal welfare has focused mainly on furred and
feathered vertebrates. However, unnoticed by most people, literally billions of
insects are kept in captivity, in increasing numbers, and traded for a great variety
of purposes. Arguably the most successful animals on Earth, insects are ignored or
actively disliked by most people. Not just the different appreciation of insects by
humans but the diversity of insects, and the diversity of their ecosystem services,
shows that a discussion of insect welfare requires different criteria than vertebrate
welfare. Their biology is very different, and insects are far less tolerant of suboptimal
conditions. As a result, successful insect breeding programmes must necessarily
fulfil basic welfare requirements. Insect natural history illustrates the complexity of
practical welfare, even without fundamental consideration of insects as animals that
have intrinsic value and their own agency, and the extent to which they are conscious
or not and may or may not suffer pain. The great variety of insect lifestyles and lack
of accessible information about industrial breeding mean that it is impossible to set
general standards for insect welfare or provide meaningful evaluations of current
practices. The best guidance that can be offered is to ‘keep insects under as natural
conditions as possible’. However, even this cannot be adhered to. Conditions in live
butterfly exhibits involve compromises. Insects released in billions as biocontrol
agents often involve x-ray sterilisation or transgenic procedures and pose environ-
mental risks. For insects bred for human food and animal feed, euthanasia is a
pressing issue. Numerous questions and ethical and welfare dilemmas are raised.
Despite this, formulation of an Insect Welfare Charter based on respect, and the need
to pay more attention to insects, is encouraged, preferably also addressing insects
living in the wild.

M. Boppré
Forstzoologie und Entomologie, Albert-Ludwigs-Universität, Freiburg, Germany
e-mail: boppre@fzi.uni-freiburg.de

R. I. Vane-Wright (*)
Durrell Institute of Conservation and Ecology (DICE), University of Kent, Canterbury, UK

Life Sciences, Natural History Museum, London, UK

© Springer Nature Switzerland AG 2019
C. Carere, J. Mather (eds.), The Welfare of Invertebrate Animals, Animal Welfare 18,
https://doi.org/10.1007/978-3-030-13947-6_3

23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13947-6_3&domain=pdf
mailto:boppre@fzi.uni-freiburg.de
https://doi.org/10.1007/978-3-030-13947-6_3


3.1 Introduction

At first mention, insect welfare in captivity sounds a highly specialised subject,
relevant to few people. Moreover, while trillions of organisms, not just insects, are
killed by habitat destruction, pesticide use and other human activities, concern for
captive insects might seem naïve or even a dishonest distraction. Who cares about
insects anyway? However, encouraging more respect for insects in general could
create better awareness of the many insects in captivity and vice versa, as well as the
damage being done to the biosphere by relentless growth in resource consumption.
When the facts are set within an ecological framework, the subject becomes relevant
not only to scientists and philosophers but also the public. Yet, as we explore below,
the issue reveals numerous paradoxes and ethical dilemmas.

While discussing in some detail welfare of bred butterflies—‘good’ insects for
most of us—we mainly consider the multiple uses for which insects are nowadays
kept in captivity and bred in billions and the diverse welfare factors involved.
Although the issues go well beyond natural science, insights from insect physiology,
behaviour and ecology are essential for proper understanding.

Cultural differences affect attitudes towards insects. In advanced economies,
these differences are multifold, non-homogeneous and conflicting. Here we take a
largely European perspective. We have also chosen a focus on commercially used
insects in captivity. Working at the interface between philosophy, natural sciences
and the humanities, our arguments necessarily range from ‘soft’ to ‘hard’.

We do not have space to address all of the rich and complex aspects of insect
welfare in depth or comprehensively. We needed to restrict citations to a minimum
and—whenever possible—we preferably quote recent reviews. Unfortunately, numer-
ous current issues are not dealt with in formal publications, and relevant discussion is
often only available from web or grey literature sources. A major problem is the
lifestyle diversity of species in captivity in combination with a lack of sufficiently
detailed information necessary to permit assessment of their living conditions. Our
contribution thus illuminates the breadth or dimensions of the subject but cannot
provide proper welfare analyses. Needless to say, insects are animals, and welfare
issues discussed for vertebrates are applicable to insects, too—however, insects are in
many respects very different. Although final answers to the numerous questions raised
cannot be given, we hope to stimulate discussion by providing an overview together
with relevant basic ecology and entomology. We also highlight various ‘insect welfare
dilemmas’ that arise in this context.

Terminology
To appreciate the text, it is necessary to comment on two terminological matters:
(1) We differentiate various ways of keeping insect in human custody and call it
rearing when early instars of insects are collected in the wild and kept in captivity
until adulthood; breeding when several generations are continuously kept in captiv-
ity; farming when insects are kept outdoors but on plants especially provided for
them—in the literature these terms are not uniformly, often synonymously, used; and
also ‘culturing’ (which implies breeding) and ‘raising’ (which implies rearing).
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(2) We here subdivide antagonists (natural enemies of animals) into predators
(which kill and typically feed on more than one, mostly non-specific prey), parasites
(which live in or on one or more hosts and do some harm but without necessarily
killing them), parasitoids (in which each larva feeds on or in a single (typically
specific) host, which usually dies as a result) and pathogens (protozoans, fungi, bacteria
and viruses that cause diseases—in many cases these are transmitted by parasites).

3.2 Insects Around Us and Our Attitudes Towards Them

Everybody during his or her life kills many insects, intentionally and
unintentionally. Who will not smite a biting mosquito? As individuals we kill insects
when driving a car or playing on a meadow; as societies we destroy habitats of
insects and kill many in the course of pest management—not only target species but
also uncounted numbers of nontarget, often beneficial ones (‘collateral damage’ on a
vast scale). Even vegetarians (and vegans) among us cannot avoid consuming insects
accidentally (Gorham 1979). However, none of these facts invalidates the need to
address the issues of insect welfare.

Human attitudes to insects generally seem to fall into three categories:

Dislike: The great majority see insects as bad, dangerous and/or repellent (Kellert
1993)—they are feared or disliked because some sting and transmit diseases,
many are annoying and some destroy stored food or clothes, while others are
pests in gardens, agriculture and forestry. Many people are phobic of insects and
even find them ‘revolting’ (Lockwood 2013).

Like: A few insects, including colourful butterflies, scarabs, ladybirds and dragon-
flies, are appreciated and in various cultures receive not only aesthetic apprecia-
tion but also have spiritual associations (Hogue 1987; Kritsky and Cherry 2000;
Manos-Jones 2000) or are liked for their products (honey) or as ‘gardeners’
friends’.

Ignorance: The vast majority of insects play no acknowledged role in human life—not
even their existence is recognised. Taxonomists have only catalogued a fraction of
the several million insect species believed to exist (Stork et al. 2015), and in general
very little or even nothing is known of their biology. Admittedly, the majority are
small or tiny creatures with a cryptic appearance, often only apparent for short
periods of time, or generally not found or seen without special searching and
technical aids. This limited knowledge seems largely responsible for the fact that
insects do not get the attention they deserve. We share the planet with as few as
5500 species of mammals but over a million insects have already been named and
millions more will follow. Insects are different and extremely diverse (see Sect.
3.8), and so unsurprisingly there is much more consistency of opinion regarding
vertebrates than insects. Scientific names often reflect human attitudes—beautiful
butterflies named after Greek goddesses (e.g. Troides helena, Speyeria aphrodite),
flies named after disagreeable habits (e.g. Haematobia irritans, Calliphora
vomitoria).
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We conclude that most humans differentiate between some insects but usually
consider them only from a personal, anthropocentric view, unaware of their impor-
tance in the ecosystems on which all of us depend (Schowalter 2013). Insects play
vital roles in ecology and thus—although mostly indirectly—serve human interests
(‘ecosystem services’, e.g. Losey and Vaughan 2006; Stout and Finn 2015). Few
insects are in fact dangerous to humans. The biocentric view that every organism has
the right to live conflicts with the common opinion that the only good insect is a dead
insect. A unified view has never existed and likely will never be realised, making
consideration of insect welfare something of ‘a suicide mission’ almost bound to end
in failure. But a far better informed picture needs to be drawn, because insects are
nowadays more relevant to human life than ever before (see Sect. 3.4). We need to
pay insects far more respect and far more attention. It is thus good to note that their
importance was recognised by the Council of Europe (1986) in their Charter of
Invertebrates.

3.3 Insects in Captivity: Historical Changes

Many people worldwide have long made use of insects (Table 3.1), notably oppor-
tunistic gathering for food (see Sect. 3.10) and medicine (entomoceuticals; Dossey
2010; Cherniack 2010; Mishra and Omkar 2017a). Only two species have been kept
permanently in captivity: about 2500 BCE humans started to use silk and domesti-
cated the silk worm moth (Bombyx mori). Even earlier, wild honey was harvested
and the honeybee (Apis mellifera) subsequently domesticated (see Roffet-Salque
et al. 2015), originally for honey and beeswax and recently for assuring pollination
in orchards (see Sect. 3.10).

The use of insects as weapons of war, tools of terrorism and instruments of torture
has been a practice, even mentioned in the Bible, continued over many centuries
(Lockwood 2009, 2012). This represents a transition between wild insects and those
held in captivity, and a very obvious connection between welfare and ethics.

Humans live unintentionally with many insects under one roof: silverfish, house
flies, cockroaches, meal moths, rice weevils, clothes moths, etc. (Bertone et al.
2016). We now store an increasing diversity of food and other materials in our
homes, with the likelihood that additional insect species will become ‘uninvited
guests’. Such inquilines, like ‘pests’ in agriculture and forestry, are combated in
many different ways.

For many centuries the relations between humans and insects changed little.
People did not need to know much about insects because life was largely sustainable
(although the word had yet to be coined) and, despite the steady increase in land area
transformed for agriculture and forestry, environments remained essentially fully
functional for a long time. However, after the mid-eighteenth-century European
industrial and agricultural revolutions, followed by the mid-nineteenth-century
‘marriage’ of science and technology, the situation changed dramatically (White
1967; Berger 1980).
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Modern agriculture and silviculture have created superabundant crops, often in
the form of monocultures. Certain formerly unnoticed insects can now multiply
rapidly on these resources, and, as a result, they can become pest populations. This
has brought us into a new type of conflict with nature—albeit an altered nature
largely of our own making. The monocultures, supposedly necessary to feed our
burgeoning population, have encouraged the invention and widespread release of
poisons (pesticides): insecticides to kill insects directly, as well as herbicides to kill
‘weeds’—which for many insects are larval or adult hostplants. Further, keeping
stock in large numbers (e.g. sheep, cattle) brings disease-causing and disease-
transmitting insects into focus (e.g. flystrike, blue-tongue; see Sect. 3.10).

Over the same time period, more and more people live in cities—currently more
than 50%. City dwellers are increasingly alienated from nature, according to some
resulting in undesirable psychological conditions such as biophobia (Orr 2004) and
‘nature-deficit disorder’ (Louv 2005; Dickinson 2013).

Counter-intuitively, these changes have resulted in taking more and more insects
into human custody (Table 3.1). Widespread use of non-specific pesticides has
enormous impact on nontarget organisms (many of them beneficial) and even entire
biocoenoses. The search for more ‘environmentally friendly’means of biocontrol s.l.
includes industrial production of various antagonists (see Sect. 3.10), seen as
desirable not only to control outbreaks of native species but also invasive
exotics—themselves often moved around as a result of our ever-increasing global
trade. Honeybees, in many areas, having become slaves of crop industries, as well as
many other pollinators and insects in general are in decline, and a pollinator crisis is
being debated (Levy 2011; Martin 2015). We seek to support pollination by breed-
ing huge numbers of solitary bees and bumblebees in captivity for targeted release
(see Sect. 3.10).

With the human carrying capacity of the Earth arguably already exceeded, as a
result of this overexploitation, we face a food crisis, in particular a lack of protein
(Drew & Lorimer 2011). In response, it is suggested we produce insect protein on an
industrial scale for food and feed (see Sect. 3.10), and terms such as ‘minilivestock’
for mass breeding of insects are coined (Defoliart 1995, Paoletti 2004; see Sect.
3.10). More and more species of insects are now used in research, education and art
(Table 3.1).

Perhaps reflecting a reaction against our disconnect with nature, an increasing
number of people now keep insects as pets, or as a hobby (including ‘urban beekeep-
ing’). In pre-industrial societies, this was probably very rare—although, for example, it
has been a custom in China since the eighth century to keep crickets as ‘pets’, to enjoy
their singing and especially fighting (Judge and Bonanno 2008). With the arrival of
Internet communication and fast courier services, it has become easy to obtain exotic
insects for hobby purposes, including walking sticks, beetles, cockroaches, praying
mantids, ants and grasshoppers. Interestingly, not only ‘nice’ insects but also ‘inter-
esting’ ones are thus taken into human custody. The Internet also provides background
information on pet insects, including ‘care sheets’ aimed at proper husbandry. Many
zoological gardens now exhibit some insects too, and over the past 30 years, dedicated
live exhibits of butterflies for edutainment (butterfly houses; see Sect. 3.9) have added
significantly to the growing number of insects in human care.
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3.4 Insects in Captivity: A Necessity?

A list of insects held in captivity and their major uses (Table 3.1) may come as a
surprise for many of us because captive insects largely escape our attention.
Table 3.1 gives an overview not only of the numerous uses but also the range of
insects involved and indicates the diversity of their lifestyles.

The rather small number of species regularly held in captivity belongs to about one
third of the 27–30 recognised orders (major groups) of living insects: grasshoppers and
crickets (Orthoptera), stick insects (Phasmatodea), cockroaches (Blattodea), plant lice
and assasin bugs (Hemiptera), lacewings (Neuroptera), beetles (Coleoptera), true flies
(Diptera), butterflies andmoths (Lepidoptera) and ants, bees and wasps (Hymenoptera).
While the number of species bred does not exceed several hundreds, the number of
individuals is in the order of trillions (see Sect. 3.10). The different groups (and usually
individual species) have various and often very different lifestyles and require their
particular requirements to be met fully if they are to be maintained successfully in
confinement (see Sect. 3.8).

For basic research, innumerable species of all kinds have been taken into the
laboratory, mostly for limited periods (although Drosophila species have been bred
for over a century). Because of space limitations, we say nothing further here about
the welfare of insects used in basic research (but see Crook 2013).

Great differences in the numbers of insects held captive are due to who keeps
them, and their purposes: hobbyists just keep a few individuals for a while, or
typically rear a single generation; in contrast, commercial businesses continuously
breed insects en masse as feed for zoo and pet animals, silk, education, pest
management and pollination. The greatest numbers are (or potentially will be)
bred for pest control and obtaining insect protein as food and feed (see Sect. 3.10).
To be able to produce chosen insects on an industrial scale, we presume that during
the initial search for optimally efficient breeding regimes, huge numbers may be
sacrificed (see Sects. 3.9 and 3.11). The number of individual bred insects already
exceeds the number of vertebrates held in captivity.

Not many insects currently kept in captivity could readily be substituted without
impact on our daily lives, or our environment—even if we would not be directly
aware of it. Commercial production of silk from domesticated as well as wild
silkworms to make a minority luxury product can be seen as unnecessary because
alternative materials are available. However, for the sake of our managed ecosystems
and human well-being, breeding certain insects in captivity (and often later releasing
them; see Sect. 3.10) has become a necessity and will become even more important
in the future.

While the use of commercially produced parasitoids, for example, serves the
profit of some farmers (as well as those producing the insects), breeding and
releasing antagonists seems, at first sight a least, far healthier for our societies,
more sustainable for the environment and more ethical (cf. Pimentel et al. 1980)
than application of non-specific insecticides. The only alternative would be largely
to abandon monocultures and return to small-scale farming—likely a fantasy in our
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globalised world, despite possible greater per-hectare productivity, sustainability
and conservation potential of the latter (e.g. Perfecto and Vandermeer 2010).

3.5 Human Attitudes to Insects and Insect Welfare

In parallel with increased captive insect breeding, human views about nature in
general and animals in particular have been changing. Despite concerns about harm,
cruelty and disrespect to animals going back to the philosophers of ancient Greece
and long expressed by some eastern religions, in the modern west the term ‘animal
welfare’ only came into common use over the past 50 years. There is public debate
about ‘humane’ keeping of chicken, cattle and other livestock, and zoos are improv-
ing their ways of keeping exotic animals to provide their specific requirements
(Kohn 1994).

Animal welfare is thus a current issue (see Eadie 2012) receiving more and more
public attention. While ‘insect’ does not appear once in Eadie’s overview, to our
surprise, in Animal Welfare, a journal published by the Universities Federation for
Animal Welfare (UFAW 2017), insects so far seem not to be an issue either.

The conservative philosopher Sir Roger Scruton (1998) has written: ‘. . . it is only
with a certain strain that we can care for the wellbeing of individual insects, even
though we recognise that they suffer pain and fear, and are often hungry and in need
like the other animals’. Although insects belong to the Kingdom Animalia and are
thus undeniably ‘animals’ in a scientific sense, Scruton accurately describes the
disaffection many people feel towards them. Speciesism towards insects is thus
unlikely to be challenged by anyone other than animal rights activists. And this is
enshrined in the laws of many countries which (deliberately) exclude insects (and
indeed most animals other than vertebrates) from legislation concerning cruelty and
welfare. Before the law of most countries insects are literally of no account.

Sekimizu et al. (2012: 226) suggested using the silkworm moth Bombyx for drug
testing in Japan, instead of ‘sacrificing model animals’ such as mice and rats, to
circumvent animal welfare requirements. As they put it, ‘“Animal” addressed in the
Act can be defined as a “vertebrate animal”. If we can make use of invertebrate animals
in testing instead of vertebrate ones, that would be a remarkable solution for the issue
of animal welfare’. Clearly Sekimizu and co-authors considered insects—from legal,
welfare and perhaps moral, ethical and emotional perspectives—to be qualitatively
different from vertebrates.

In contrast and at the same time, slowly and not yet universally, insects are also
coming into consideration (Horvath et al. 2013; Broom 2013). Discussion is so far
largely limited to the most obvious cases of insects that are either liked (e.g. butterflies)
or perceived as ‘good’ in some way. In particular, extensive discussion about bees,
sometimes treated ‘unnaturally’ and ‘disrespectfully’ (Imhoof & Lieckfeld 2015), has
raised awareness about the treatment of insects in human custody and posed moral and
ethical questions. It is a serious issue although parodied by some (e.g. www.
insectrights.org). More significantly, the now widespread focus on bees as pollinators
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to the exclusion of all else runs a real risk of oversimplifying general understanding of
ecosystems, with attendant risks for biodiversity (Smith and Saunders 2016).

The exhibition of live butterflies in windowless rooms as objects of art by Damien
Hirst at Tate Modern has resulted in some public protest (Nikkhah 2012; Cashell
2009: 159). Increased awareness has also made people reflective about other prac-
tices. The traditional way of obtaining silk from silkworm cocoons, involving ‘cruel’
killing of the pupae by boiling, is now also subject to public criticism, and silk is
increasingly questioned by some as an unethical product (Plannthin 2016). The
application of pesticides is mainly discussed in relation to harming environments,
but the ethics of en masse killing of insects in our environments is also a matter of
discussion (e.g. Pimentel et al. 1980; Lockwood 1996; Bentley and O’Neil 1997).

Does the fact that some people condemn the use of silk on grounds of cruelty
indicate a fundamental change in (western) perceptions of insects? While a majority
of people still do not like ‘creepy crawlies’ and care little for their welfare, increasing
concern is being expressed about human responsibilities towards an ever-wider
range of organisms. This has been termed ‘ethical extensionism’ (Engel 2008; see
also Favre 1979; Singer 2011).

Traditionally, Western philosophy generally limited moral concern to living
human beings. Extensionists claim this speciesism was based on false understanding
of ethics and moral theory and that our concerns should be expanded to include
humans yet unborn, arguably all sentient animals and even, according to some, all
living organisms. There are two major variants of extensionism—utilitarian and
deontological.

As Blackburn (2001) has suggested, ‘We are often vaguely uncomfortable when
we think of such things as exploitation of the world’s resources’. Utilitarian
extensionism regards organisms as natural resources which we need to deal with
or treat in an ethical manner. This can be reduced to the claim that any organism
capable of experiencing pain has an interest in avoiding suffering. According to
Singer (1975, 2011), this then requires humans to take account of the interests of all
sentient organisms. In our context the question then becomes: are insects sentient,
and can they experience pain as a result of human activity (see Sect. 3.7)?

In fundamental contrast, the deontological or rights approach, as advocated by
Regan (1983), is based on the notion that all conscious creatures are ‘experiencing
subjects-of-a-life’ (ESLs). Their own welfare and needs are important to them
without regard to other organisms, including humans. In effect this is an extension
of Kant’s respect-for-persons principle (Dillon 2016)—which, if accepted, leads to
the conclusion that we have a duty of respect towards all ESLs because of their
independent agency and own intrinsic value. Consequently, they should never be
treated solely as a means to some (human determined) end (Engel 2008). Or as
Samways (2005: 11) has put it, specifically in our context here, ‘Do we have the right
to assume that insects do not have rights?’

There are further, more nuanced, variants of extensionism, some of which Engel
(2008) explores. For example, Paul Taylor’s (1986) synthesis leads to an egalitarian
biocentric ethic which argues that ‘every living organism deserves equal moral
consideration’ (Engel 2008). By extending such equality to every living being,
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Engel asks if Taylor has thereby taken extensionism ‘to an absurd extreme’. Thus
‘Respect for all living things would require settling conflicts between persons and
non-persons in ways that are fair to both’ (Dillon 2016). This might sound good in
theory, but in practice to decide on conflicts that inevitably arise between the
supposedly equal interests of different organisms in general, one is reduced to
making up more or less ad hoc rules (as Taylor himself tried to propose). Do we
really need a complex rule book to decide upon the morality of smiting that
mosquito? To many people such arcane arguments only seem important to those
of us fortunate to live a life of plenty—are we in danger of inventing a ‘luxury
problem’ in more than one sense of the word? So we are left with irresolvable ethical
dilemmas.

Another variant (not without its own considerable problems: Sander-Staudt 2017)
is ‘care ethics’—which seeks to ground moral treatment of animals ‘not in rights or
utilitarian considerations but in our sympathy for animals and relationships with
them. By grounding moral duties in sympathy and relationships, care ethics avoids
some of the more problematic elements of other animal welfare positions’ (Engster
2006). Donald Broom holds the view that our actions towards others, including other
animals, should be based on obligations (cf. Lockwood 1987), stating recently that
‘all animal life should be respected and studies of the welfare of even the simplest
invertebrate animals should be taken into consideration when we interact with these
animals. Even if we do not protect the animals by law, we should try to avoid cutting
an earthworm in half, mutilating a snail or damaging the wing of an insect’ (Broom
2014: 200). But even if we are willing to accept notions of interests, rights, care
ethics or obligations, in the end the question is not, for example, if we should keep
insects in captivity at all, or how we might justify which ones we keep and for what
purposes, but something far more operational—how and on what basis can we
establish appropriate welfare practices when we ‘interact’ with insects, justifiably
or not?

Human Attitudes to ‘Nature’
Humankind has not just different attitudes to insects but to nature in general. Not
only the beauty or ugliness of different organisms is a matter of individual taste and
influenced by culture but also their behaviour. In nature what many westerners
would call ‘brutal’ is common (hunting and killing), and there is much cheating
which we do not want as standard for us. We do not need to accept rules of nature as
rules for human behaviour, but we do need to acknowledge species-appropriateness.
We are a different species!

If we accept that, does respecting organisms in captivity mean taking care of them
appropriately, on their own terms so-to-speak, even if this, potentially, is not
appropriate for us? Among ourselves we mostly aspire to accept different cultures.
So in parallel, don't we have to accept nature even with its often, in our terms, ugly
and cruel ways? We have to accept the existence of insects, even ‘dangerous’ ones,
and respect their individual lives. Do we therefore accept that our feelings and values
with respect to living conditions and lifestyles are fundamentally different to the
reality of insects in the field and that we cannot apply our (culturally determined)
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views to nature? Or do we want to establish ethical rules superior to ‘rules in nature’
because of our disgust?

We can change nature significantly, we can even modify organisms genetically—but
not the intrinsic rules of life. Nature inevitably entails struggle and competition, and,
except within a few social mammals such as monkeys, elephants and cetaceans, the life
of the individual largely appears ‘unrespected’ (see Sect. 3.7). In thinking about insects
in captivity—which moreover unlike many vertebrates never become companions, or
‘bond’ with their captors—to develop any principled ethical basis, we will have to
decide between human culture-appropriate vs species-appropriate measures. Thus
‘nature’, depending on this decision, may or may not offer us a basis for establishing
principled, ethical guidelines (see Sect. 3.7).

3.6 What Makes Insects Different, What Differences Occur
Among Them, and How Do These Differences Relate
to Welfare in Captivity?

Insects have basically the very same functional organisation as ourselves and other
vertebrates, including nervous, digestive, respiratory, motor and reproductive sys-
tems. But with millions of species and countless trillions of individuals, abounding
in every terrestrial ecosystem from the poles to the tropics, including high moun-
tains, and fresh and brackish waters, they are often considered one of the most
successful groups of organisms on Earth. What can explain this?

Insects are invertebrates, and, although belonging within the major phylum
Arthropoda, they are in many ways incomparable to most other groups of organisms.
They share with all arthropods jointed limbs, and their special cuticle confers numer-
ous advantages (Watson et al. 2017). Other factors that arguably contribute to their
success include small size (imposed by respiratory constraints and their exoskeletal
structure); short generation times (often only days or weeks); high reproductive rate;
sophisticated sensory and locomotor abilities (including powered flight in the adults of
most species); countless, often specific biotic relationships with plants and other
organisms; and metamorphosis (Gullan and Cranston 2010). Mayhew (2007), how-
ever, challenged a number of these ideas as lacking decisive evidence—but still
accepted ‘complete metamorphosis’ as one of the most likely key factors. Metamor-
phosis has many important consequences for insect biology—and thus for thinking
about insect welfare.

Metamorphosis In those taxa exhibiting incomplete metamorphosis (hemimetaboly:
grasshoppers, cockroaches, lice, etc.), the first instar that hatches from the egg is
somewhat like a small adult—but lacks functional wings and genitalia. It then grows
through a series of discrete stages (‘instars’), each separated by moulting. The last
larval moult gives rise to the adult, the final and only stage that can fly and reproduce.

In contrast, in those insects exhibiting complete metamorphosis (holometaboly:
butterflies, moths, flies, wasps, beetles, etc.), all the early stages are completely
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different from the adult. When the final larval instar moults, the adult is not revealed
but, instead, a further distinct stage appears, the pupa, which is immobile and does
not eat. Inside the pupal exoskeleton, the whole organism is transformed into an
adult which, when the process is complete, emerges as a creature radically different
from both the larval and pupal stages—not only in appearance but also in biological
needs and functionality.

Differentiating between early stages and adults makes us aware that, in holome-
tabolous species particularly, a single individual has in effect several lives, looking
and behaving very differently, having different antagonists, often requiring different
resources in its different stages (both abiotic and biotic: consider, e.g. the different
lives of maggots and the flies they become or caterpillars and butterflies). Keeping
insects in captivity therefore poses various welfare and husbandry challenges that are
not only different from vertebrates but more complex in addition.

Individuality and insect life cycles René Descartes famously declared that animals
are simply machines (Hatfield 2018, see also Hatfield 2008). However, few now
consider organisms to be automata—neither are they robots nor, generally, clones.
We thus need to consider the needs of individuals and, especially, individual life
cycles, and not just base discussions of welfare on abstract concepts such as ‘species’
and ‘species-specific differences’. Species can be defined as reproductive commu-
nities. However, within a given species, there are heritable as well as environmen-
tally induced differences between populations, and, within populations, differences
at the level of the individual are universal. Most (although certainly not all) individ-
ual insects are the result of sexual reproduction, and almost all are genetically
polymorphic; as a result, even with respect to genetics alone, we can safely assert
that the great majority of individual insects are unique. This is to be considered in
addition to the ‘individuality’ issue (e.g. Carere and Maestripieri 2013). Insects,
when forming a superorganism, can respect other individuals:Megaponera ants after
fights with termites rescue their injured sisters (Frank et al. 2017).

3.7 Living in the Wild vs Living in Confinement

Here we address the reality that the welfare of insects in captivity potentially
involves a complex mix of issues including stress, loss of individual choice (denial
of their agency), suffering, pain, sentience, even aesthetics—and the subjectivity of
our individual moral views and how we collectively comprehend the ‘nature’ of
nature itself. This opens a huge debate which can only be touched upon here.
Discussion can be intense, emotional and non-objective. As an aid to thought, we
offer a few facts or realities that are not well recognised, if recognised at all, in the
current welfare and ethics literature.

Stress
Living inevitably involves stress, in whatever way the word is defined
(e.g. ‘stimulation beyond the capacity for complete adaptation’: Broom and Johnson
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1993). In the wild, animals experience stress related to abiotic factors, including
light, temperature and moisture, in addition to biotic pressures such as obtaining
food, defence against enemies and the struggle to reproduce (finding a partner and a
suitable host(plant) or substrate)—all usually involving competition. Many of these
unavoidable ‘natural stresses’ are more or less eliminated in well-managed captivity.
Confinement can offer optimal abiotic conditions, abundant food and considerable
protection from enemies, as well as meet many other basic needs—resulting in high
survival rates right through to the adult stage. But such benign conditions are in fact
unnatural. Thus Hoffmann and Ross (2018) comment that ‘Laboratory-adapted lines
tend to be more sensitive to stress, likely reflecting relaxed selection for stress-
related traits’ (see also Garnas 2018).

Survival and Reproduction
In nature, biological fitness (contributing to the gene pool of a population through
individual reproductive success) is only achieved by relatively few individuals. In an
intact ecosystem, all populations are approximately balanced, i.e. they remain quite
stable over time even though they undergo fluctuations. Looking at numbers dem-
onstrates the challenge: of N eggs laid by a given female insect, on long-range
average only two become parents, whether N ¼ 50, 500, 5000 or any other number.
Generally, the same is true for offspring of all animals and plants. This implies that,
in untouched nature, the vast majority of individuals die or get killed long before
they can achieve biological fitness, most serving as food within the ecosystem. In
contrast, in captivity the vast majority of individuals survive to adulthood—but we
often then deny all of them any chance to reproduce. Is this right, ethically? It is
noteworthy that the insects living in human-made monocultures often do, at least for
periods, mass reproduce—just as insects in households; an anthropogenic habitat
reduces stresses they would naturally experience.

Animal Behaviour and Public ‘Taste’
Not everything that animals do (in the wild or captivity) is appealing to us or readily
meets our ‘standards’. Many if not most of us consider certain hunting strategies or
food preferences ‘disgusting’, even though it is species-appropriate. Infanticide
among animals is widespread (Hrdy 1979). Does our tendency to be repulsed by
such behaviours relate to welfare? Not directly, but such reactions almost certainly
affect public opinion or ‘taste’—and ethics, morals and thus welfare may seem as
much ‘emotional’ as simply ‘technical’, ‘scientific’ or ‘principled’ issues.

Insect lifestyles are also more or less likeable/acceptable from a human perspec-
tive. Many fly maggots feed on faeces, dead bodies or rotting plant material; praying
mantids consume their insect prey without prior killing; and pompilid and sphecid
wasps provision their burrows with paralysed spiders or insects, respectively, as food
for their developing larvae—this way, the hosts don’t decay and their blocked
nervous system prevents escape. The grubs of most parasitoid wasps
(e.g. Chalcidoidea, Ichneumonidea) feed inside the still living larvae or pupae of
butterflies, moths and other insects. What appears disgusting to us is, billion-fold, an
everyday reality in nature all around us—many pages could be filled with further
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examples. Such realities have to be accepted as ‘natural’. But do they clash with
measures for the welfare of animals held in captivity?

Suffering and Pain
Some of the more grisly insect examples above provoke the question Does nature
inevitably entail suffering and/or pain? And if so, is this different or not from
vertebrates (Elwood 2011)?

As insect physiologist Sir Vincent Wigglesworth (1980) now famously asked: Do
insects feel pain? Since pain cannot be measured objectively, it is a matter of
continuing debate if, e.g. physical injury, temperature extremes, noise, thirst, hunger,
poisoning and/or irradiation cause pain or suffering in insects (e.g. Eisemann et al.
1984; Lockwood 1988; Smith 1991; Elwood 2011; Broom 2013; Sneddon et al.
2014; Tiffin 2016; Adamo 2016).

Many discussions appear human-centred—about what we do, as agents, to
insects. The debate has rarely if ever touched on ‘natural cruelties’ like those briefly
mentioned above. Is, for example, moulting of a larva which not only affects the
exoskeleton but also internal structures (the fore- and hindgut and entire tracheal
system) or the transformation of larval into adult organs inside a pupa which—like
the moulting larva—definitely has a functioning, complex nervous system associ-
ated with pain and suffering? Should we feel sorry for this struggling, seemingly
almost desperate creature—or is it really oblivious to this process and we
unjustifiably apply human feelings? The new debates on insect consciousness
(e.g. Barron and Klein 2016; Klein and Barron 2016) and emotions (Mendl and
Paul 2016) suggest that the neural capacities of insects, and the affective states they
may experience, could be far richer and more sophisticated than hitherto believed.

The European Food and Safety Authority (EFSA 2005) lists nonsocial insects in
‘Category 2—The scientific evidence clearly indicates, either directly or by analogy
with animals in the same taxonomic groups that animals in those groups are NOT
able to experience pain and distress’. In light of the above, this EFSA edict seems far
from convincing.

Nature Does Not Respect Individuals
Summarising, on an ecosystem level all organisms (including plants) are ‘simply’
individual entities, potentially providing food for others, nothing less but nothing
more. That’s how nature works and implies that nature in general does not respect
individuals; individuals do not have intrinsic rights (even if we perceive them as having
intrinsic value as ‘things-in-themselves’)—in sharp distinction to our ‘intellectualised’
values. We give them ‘rights’—or not—according to our convictions.

3.8 Peculiar Welfare Standards for Insects?

Living conditions In general, one might think for animal keepers it would be in their
own interest to look after their livestock as well as possible—but this is not always
the case, particularly when commercial mass breeding is involved. As we all know
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from the chicken farm debate, animals can be accidentally or even deliberately
mistreated without precluding the goal of keeping them. Chickens may have wounds
and no feathers and never see natural light—but they can still lay nutritious eggs;
farmed mammals may receive inappropriate food but still provide meat.

A general rule seems to be that most vertebrates have a much higher tolerance of
poor, species-inappropriate conditions than insects, at least for significant periods of
time. In other words, there are fewer options for inappropriate keeping of insects
compared to vertebrates; it is thus less likely that insects can be kept alive under
‘inhumane’ (species-inappropriate) conditions. While most vertebrates can sur-
vive—within relatively wide limits—on inadequate food and/or under poor space
and unfavourable light and climatic conditions, with insects their plasticity limits are
much narrower. Being ectotherms, thermoregulation is more difficult—notably in
captivity. Humidity levels can be critical. Many phytophagous species can only eat a
very small range of plant species (comparable in this way to, e.g. the giant panda)
and so on.

Consequently, to keep insects in captivity, it is generally essential to practise
more precise husbandry compared to that needed to maintain vertebrates. Verte-
brates can be neglected for days, sometimes weeks, but insects will often die within
hours or even minutes if conditions are not right. Good artificial diets for insects,
essential for mass breeding (see Sect. 3.10), are notoriously difficult to create
(Morales-Ramos et al. 2014a, b), requiring far more precise formulation than the
pellets and biscuits produced for, e.g. chickens or dogs.

Veterinary practices Vertebrates face a variety of diseases that are similar or
comparable to human illnesses, and a huge discipline (veterinary science) takes
care of this with a great repertoire of prophylactic and curative medicines, surgical
and other procedures. Medicinal means (vaccinations, etc.) are always necessary to
keep vertebrates in captivity for prolonged periods, but for insects such means are
not available.

Insects are also heavily affected by pathogens (viruses, bacteria, fungi; Rolff and
Reynolds 2009; Vega and Kaya 2012; Eilenberg et al. 2015; Maciel-Vergara and Ros
2017). De Goede et al. (2013) conclude that it is ‘practically infeasible to provide
insects in rearing facilities the freedom from diseases’. Although insect pathology is a
growing subject, including the ecology of naturally occurring diseases (e.g. Hajek and
Shapiro-Ilan 2018), effective treatment remains almost impossible—prophylactic
methods, including hygiene and culling, are the main means for control (Eilenberg
et al. 2015). In a valuable review of the threat of viruses to mass-bred insects, Maciel-
Vergara and Ros (2017) suggest the possibility of RNA interference and transgenic
technologies.

Special manipulations and interventions For some purposes highly unnatural treat-
ments of insects, which can and probably do add very unnatural stresses, are
unavoidable to meet the goals of breeding them. To produce infertile individuals
for release to control fruit flies, mosquitoes and screwworm, for example, billions of
individual insects are subject to various manipulations, including sterilisation by
exposure to x-rays (see Sect. 3.10).
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These mass release cases present major issues if we wish to approach insect
welfare from an extensionist position. From a utilitarian interpretation, we are clearly
not taking account of the insects’ interests, at the very least with respect to repro-
duction. From a deontological perspective, we are surely using the insects merely as
a means to an end. However, given that we now have technologies to produce,
e.g. 115 million screwworms and 5� 109 medflies per week (Leppla et al. 2014; see
Sect. 3.10) with the potential to greatly reduce suffering and save the lives of
thousands if not millions of humans and other mammals (many of the latter already
in our care), or make a major contribution to environmental health by reducing the
need for insecticides, is it ethical not to use insects in this way? More generally,
should we or should we not trade-off mistreatment and exploitation of one organism
versus ‘avoidable harm’ to another—with or without considerations of human self-
interest—representing yet another ethical dilemma?

There are other interventions to consider. For example, selective animal breeding
has been practised for many hundreds of years and is generally accepted—but how
and in what way does this differ from the production and release of genetically
modified organisms (GMOs) using modern biotechnologies (Benedict 2014)—often
the subject of heated debate? The existence of GMOs, produced in captivity and then
accidentally or purposefully released into the wild, has unknown environmental
consequences and raises many ethical issues, not least regarding the organisms
themselves (Ormandy et al. 2011; GeneWatch UK 2015) and our relationships
with them (Schicktanz 2006).

Context dependency A further complication concerns context-specific behaviour
and human self-interest. For example, the green bottle fly Lucilia sericata lays its
eggs on open wounds, where the larvae normally develop on the necrotic tissues.
Sheep are a frequent ‘target’, and this can result in ‘sheep strike’—if the available
wound material becomes insufficient to feed all the growing fly larvae, they will
invade the living flesh of the sheep and cause injuries so gruesome they can even
lead to death (Hall et al. 2016).

Prevention of sheep strike by the use of insecticides is obviously an economic
concern as well as a welfare issue for sheep farmers. Further, the same fly species is
being used purposefully to heal humans by controlled ‘maggot debridement therapy
(MDT)’—which is dependent on both the local release of powerful antibiotics by the
larvae and their effective ‘microsurgery’ in cleaning necrotic and infected wounds
(Sherman et al. 2000; Fleischmann and Grassberger 2003; Hall et al. 2016). Thus the
enemy of the sheep and the farmer can be the saviour of an ulcerated senior citizen.
Many people are disgusted by maggots—but in this context they are of great help to
us and are even bred industrially for such medicinal use and disease management
(see Sect. 3.10). All these conflicting human values and interests affect our approach
to the welfare of maggots bred in captivity.

Do the ends ever justify the means? Paradoxically, some ethical questions become
even more acute where we can be confident that the overall environmental conse-
quences are likely to be minimal. In reviewing the great potential for ‘gene drive’
genetically engineered mosquitoes (e.g. Carvalho et al. 2014; Hammond et al. 2016)
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in the ‘war’ against malaria, Eckhoff et al. (2017) call for ‘the development of a
robust governance framework codesigned by all interested parties’. However, it is
not at all clear if the mosquitoes let alone the plasmodia they may carry are to be
included as parties with interests (sensu Singer 2011).

What Standards Can Be Established?
The above suggests that setting general (or principled, ethical) standards for insect
welfare in captivity is an impossible task. Due to the functional diversity of insects,
and the wide range of purposes addressed by keeping them, generalised criteria
cannot be formulated—simply there is no ‘model insect’ with respect to develop-
ment, food, behaviour, ecology, etc. from which general conclusions could be
drawn. More specialised husbandry is nearly always necessary to keep insects
successfully—which means that the possibilities for ‘chronic’ mistreatment of
captive insects are, fortunately and incidentally, reduced (although unintended
killing is all too easy). Keeping insects in captivity depends on replication of the
key conditions, requirements and processes they experience in the wild. To show
proper respect, this means setting aside any idea about applying ‘human standards’
in favour of delivering species-appropriate and species-specific welfare. A rule ‘keep
insects under as natural conditions as possible’, taking species-appropriateness into
account, looks to be about the best guidance that can be offered—even though, as
already discussed, perfectly ‘natural’ stresses are relieved and new stresses
induced—and in some circumstances, ‘mistreatment’ may be justified if the ends
arguably preclude terrible suffering or death for other organisms. This further
underlines the conclusion that personal feelings about what might or might not
seem ‘natural’ or desirable for us, or any feelings of disgust and repulsion, cannot
play a role in setting welfare standards for insects.

The ‘Five Freedoms’: A Way Forward?
The ‘Five Freedoms’ approach to animal welfare developed in the 1960s as a result
of growing concerns over farm animals such as chicken and veal calves being mass
bred in intensive confinement (FAWC 2009). The Five Freedoms (FF) can be
summarised as freedom from thirst, hunger and malnutrition; from thermal and
physical discomfort; from pain, injury and disease; from fear and distress; and
freedom to express normal behaviour (Webster 2016).

De Goede et al. (2013, see also Erens et al. 2012) recently considered extending
the FF framework to the management of mass-bred insects. As they discussed, while
several of these freedoms can be helpful in addressing care-standards for insects,
freedom from contracted diseases, as we have already noted, is unrealistic due to the
lack of veterinary procedures, and freedom to express normal behaviour is very
difficult to implement—not least because so many mass produced insects are first
subject to manipulation (e.g. sterilisation) and then released. Moreover, there is
evidence that just the process of breeding or even simply rearing insects in confine-
ment can alter behaviour (e.g. Jandt et al. 2015). De Goede et al. (2013) also point
out that the Five Freedoms are essentially about ethical standards rather than science-
based prescriptions for actual welfare—although there have been proposals to make
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the FF approach operational, such as the 2004–2009 EU WelfareQuality project
(e.g. Botreau et al. 2007).

Others have called for more positive ‘five domains’ or ‘quality of life’ approaches
to animal welfare (Green and Mellor 2011; Mellor and Webster 2014), or welfare
founded on capacity for change (allostasis), leading to ‘a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity’
(Korte et al. 2007). Thus the concepts of animal welfare are becoming more diverse
and more nuanced (Hagen et al. 2011; Maple and Perdue 2013; Plannthin 2016).
Even so, Webster (2016) reaffirms FF principles as ‘timeless’ and ‘a memorable set
of signposts to right action’. Thus the Five Freedoms, as De Goede et al. (2013) have
suggested, appear to offer the most appropriate framework to advance welfare
principles and practices for the mass breeding of insects (cf. Taponen 2015). We
next look at a specific example where the Five Freedoms could be used for welfare
guidance in the future.

3.9 Butterflies in Captivity: What for and How?

Tropical butterflies are addressed as an example for insect welfare, being well-liked
and the most widely known insects held in captivity. This involves all life stages,
with the adults being used in various ways. Despite our reservations about general-
ity, many of the issues are relevant for other insects—some of which are now mass
produced in billions (see Sect. 3.10).

Although most consider adult butterflies beautiful, their early stages are often
viewed as ugly ‘worms’. But ‘What the caterpillar calls the end, the rest of the world
calls a butterfly’ (Lao Tse). While caterpillars serve few if any human utilitarian
needs (but see Sect. 3.10), the butterflies they become are used in live butterfly
exhibits (butterfly houses, butterfly zoos) for edutainment, outdoor and indoor
release at events, souvenirs and raw materials for artworks. These uses are partly
conflicting with respect to the ‘moral domain’.

Mass Production of Butterfly Pupae
Mass production of butterflies mainly happens in tropical countries. Annual global
production of live butterfly pupae as a cash crop represents a multimillion dollar
industry, with numerous stakeholders (Boppré and Vane-Wright 2012). Producers
vary from single individuals to small- to medium-sized businesses (‘butterfly
farms’). Trading is usually done by dealers who ship pupae internationally.

Factors affecting welfare include food, water, temperature, light, humidity, den-
sity, antagonists and hygiene. Different butterflies require more or less different
conditions and treatment at all life stages (eggs, each of the several larval stages,
pupae, adults). While most butterfly larvae live individually and can become canni-
balistic if crowded, some species have gregarious larvae, thriving and even pupating
in groups. Some 200 (1%) of the 20,000 world butterfly species are bred commer-
cially, although about only 30 account for the majority.
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How the many hundred butterfly farmers handle their cultures is uninvestigated
and unmonitored. Some raise larvae in cages or boxes on cut foodplants; others keep
larvae under ‘sleeves’ on living trees. Several manuals provide information on the
basic biology and keeping conditions of commonly bred species (e.g. Stone and
Midwinter 1975; Venters and Rogers 2001; Harberd 2005; Aisi et al. 2007; Montero
2007), but they do not address welfare. Even so, it is reasonable to assume all early
stages, and those adults needed to found the next generation, are generally well
treated—otherwise the farmers would not get enough healthy pupae to sell (see Sect.
3.6). Butterflies (in contrast to many other insects) do not lay eggs in unsuitable
conditions, in particular without having species-specific hostplants available. Larvae
will fall ill and die if they do not get correct or sufficient food. The same is true if
they are forced to live too densely, suffer inappropriate physical conditions or
are exposed to predators and parasitoids.

However, species-inappropriate treatments almost certainly occur at least occa-
sionally within the butterfly house industry, notably during the ‘self-training’ phase
that most novice breeders go through—but this cannot be chronic; otherwise insuf-
ficient pupae would be produced for sale. Nevertheless, with continuous breeding
diseases often build up, and so rigorous hygiene is essential (Lees 1989). Failure can
lead to 100% mortality—but such events are not reported and escape analysis. If
breeders are happy to get much less than 90% of eggs or larvae through to the pupal
stage, then conditions for welfare are definitely wrong.

If butterfly producers consistently and repeatedly rear from gravid females taken
from the wild instead of breeding from their captive stock, this is not sustainable, and
there is thus environmental concern. However, with respect to the lives of the
individual insects once in captivity, the welfare issues are the same.

Shipping of Butterfly Pupae
Shipping creates potential for mistreatment. However, perhaps even more than at the
breeding stage, it is in the dealers economic interest that pupae reach customers in
good condition. There is now much experience on shipping pupae successfully, and
welfare does not appear to be a significant issue.

Live Butterfly Exhibits
Butterflies are generally seen as beautiful and harmless and thus have greater
potential for creating environmental awareness than other insects. Butterfly houses
have become popular because they delight and entertain people, young and old.
They can then also make visitors aware of the ecological diversity of insects, and
how invertebrates play key roles in the ecosystems on which we depend. In other
words, butterfly houses can offer an entertaining yet revelatory introduction to
ecological literacy and the needs for conservation (Boppré and Vane-Wright 2012).

For this ‘edutainment’ to be realised, butterfly houses need not only to be well
organised with respect to education but also care for their live butterflies properly.
Adult butterflies have quite different requirements to their larvae, with fundamental
consequences for welfare. Several countries have established rules on how a butter-
fly house must be run and which species can be exhibited; however, these focus

3 Welfare Dilemmas Created by Keeping Insects in Captivity 43



solely on ‘security’ (environmental safety) (USDA 2002) and do not address
welfare.

As natural as a butterfly house might look and feel (tropical plants, high temper-
ature and humidity), it is an artificial environment. When you want to entertain,
educate and raise ecological awareness, you need a variety of species (small, large,
colourful, cryptic, etc.), and these are typically derived, as are the plants, not only
from different habitats but even different continents: they don’t occur together in
nature or represent a natural community. This is practically unavoidable: few species
can be bred reliably in large numbers, and many are unsuited for displays since they
do not behave well in confinement (e.g. sitting in corners or flying incessantly
against the glass).

Even so, each butterfly species will have its own requirements. Thus, a live
butterfly exhibit must provide diverse structures with sunny and shady, warmer
and cooler areas, to simulate different natural habitats (forests/open areas). Unavoid-
ably, the light regime (day-length, light quality) is very different for tropical species
brought to temperate latitudes, including artificial lights. Whether this is stressful is
unknown and, as far as we are aware, uninvestigated. Diurnal variations in temper-
ature and humidity are difficult to match with each species’ natural preferences, all
with unknown consequences for stress and longevity.

Food is a critical issue. Of the species usually exhibited, some require nectar,
others rotten fruit. For nectar feeders, suitable flowers (with relatively simple floral
structure that allows butterflies to access the nectar easily, i.e. daisies or verbenas
rather than exotic orchids) cannot be provided to offer sufficient nectar for numerous
butterflies in confinement. The usual solution is ‘artificial feeders’ offering sugar
water. These can supply the butterflies’ basic needs for water and energy. In nature,
nectar feeders use a wide variety of flower species—in contrast to their larvae, which
are much more specific. More important than the particular sugars offered is the
structure of the feeder, because this determines accessibility. Viscosity can be a
major problem. The butterfly proboscis is like a drinking straw—from personal
experience everybody knows that a larger diameter straw is needed for a smoothie
than a soda! Due to evaporation the viscosity of sugar solutions offered in exhibits
can change quickly from being acceptable to lethal—death can ensue if the proboscis
becomes clogged with crystallising sugars as a feeder dries up.

Fruit feeders rarely visit flowers or take artificial nectar, but in butterfly houses
they often do, seemingly in desperation—because fruit is often not provided in an
appropriate state. Fresh bananas look nice, but they do not feed a butterfly—rotten,
fermenting bananas look bad, but they offer just what a fruit-feeding butterfly needs.
Other fruit also has to be overripe and decaying—but citrus is not appropriate even
though it may be visited for lack of anything better.

In summary, although a compromise, the abiotic conditions for butterflies in a
butterfly house can be made ‘as natural as possible’. From an ecological perspective,
the butterflies are, in effect, sacrificed. Keeping them under unnatural light, temper-
ature and humidity regimes and food-supply conditions, almost certainly results in
some kind of stress which they have no opportunity to avoid. Females need specific
host plants for egg-laying which cannot be provided because it is too difficult or
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expensive, or resultant early stages have to be culled to stop them eating too much,
starving, spoiling the plants and producing excrement—this last a potential source of
infection. Is a gravid female unable to lay her eggs stressed, or even in pain? On the
other hand, adult butterflies in well-managed captivity are not usually exposed to
antagonists, and so have the chance to live longer than in nature.

In contrast to breeding, if due to poor welfare adult butterflies in an exhibit do not
live as long as they could, they can easily be replaced by new individuals. Thus for
butterfly exhibitors, there is less pressure than for breeders to exercise good hus-
bandry because the additional cost of replacement is marginal. Indeed, it will often
be more cost-effective to replace than practice good welfare. This can be to the
financial benefit of the breeders and traders too—but not the interests of the insects
themselves. The educational value could also be compromised if visitors see mor-
ibund butterflies.

Event Releases of Butterflies
To ‘bring colour’ to a party or celebration (birthday, wedding, funeral), the release of
living butterflies has become fashionable (Pyle et al. 2010). These are normally
produced by different breeders to those producing pupae for butterfly houses: they
use far fewer species, and the insects are shipped not as pupae but as adults.

At first glance, release of butterflies appears benign. Suppliers even justify it on
the grounds that it will increase local butterfly numbers—what could be nicer than
that? However, much depends on which butterflies are released, when and where.
Will they find food, partners and hostplants? Or do they cause environmental harm if
released beyond their natural range, with the risk of introductions and detrimental
interactions with the local fauna? Even when the same species occurs locally, rarely
will the released butterflies be genetically the same as the native population, also
with potentially negative consequences (Pyle 2010). The educational benefits appear
minimal if non-existent, especially if we conclude that butterflies are simply being
sacrificed for human vanity. Releases of living butterflies within meeting rooms,
auditoriums, clubs and other such spaces are arguably unethical with respect to the
plight of the insects.

Breeding Insects to Supply Adult Deadstock
This affects butterflies, various giant moths (Saturniidae), stick insects, beetles, etc.,
in the context of production for collectors, souvenirs and artwork. The welfare issues
are comparable to those described for butterfly farmers, together with the problems
of euthanasia. The ethical issues relate to extensionism—clearly these are purely
utilitarian activities, lives taken as a means to an end (collecting and decorative arts).
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3.10 Industrial Mass Production of Insects: What for?

Butterflies represent the tip of the iceberg on welfare and husbandry of insects in
captivity. They are an interesting example because they are liked insects, but the vast
majority of insects currently kept in captivity are (to most) unappealing creatures that
the average person never encounters—yet they are produced in billions! This
‘industrial entomology’ can only be sketched here, but it has to be addressed because
of a variety of potential welfare issues and its exceptional magnitude. If insects suffer
from stress, the high density at which they are raised (e.g. crowding effect: Weaver
and McFarlane 1990; Morales-Ramos and Rojas 2015), necessarily exceeding the
highest densities that occur in the wild by far, would definitely be an issue. In
addition there are major ethical conflicts between ‘big business’, benefits for human-
ity and ecosystem health, versus mass generation and use of insects with little or no
regard for their lives, welfare or interests.

Insects for Release to Suppress Pest Populations
The greatest numbers of insects currently mass generated in captivity are produced to
control pest populations affecting agriculture, forestry and farm animals or exotic
species or vectors of human diseases. A large diversity of taxa are targets. More than
200 species of natural enemies are commercially available for biological control (van
Lenteren 2012b) but ‘data ... are very hard to obtain’ (van Lenteren 2012a). To
suppress Mediterranean fruit fly (Ceratitis capitata) populations, to give one exam-
ple only, a single facility produced a maximum of 5,000,000,000 flies per week
(Leppla et al. 2014). Some species are produced by private companies for sale and
others by state agencies for ‘eradication programmes’.

Schneider (2009) provides an overview on principles and procedures for breeding
high-quality insects and discusses, inter alia, insectary design, genetics, abiotic
conditions, nutrition, pathogens and quality control. Further overviews on mass
breeding techniques/technologies (see ‘entotechnology’, Kok 2017) include Leppla
and Ashley (1978), Parker (2005), Cáceres et al. (2012), Carvalho et al. (2014) and
Cortes Ortiz et al. (2016). However, with respect to breeding technologies actually
employed by commercial companies or public institutions, little is publicly known.

Generally, two approaches to pest management are served by mass-bred insects:
Release of bred parasites, predators and parasitoids: These are primarily

targeted against exotic weeds (e.g. Moran et al. 2014) and early instars of mostly
phytophagous insect pest populations affecting horticulture, agriculture and forestry.
Predators commercially bred are, for example, ladybird beetles (Coleoptera)
(Riddick and Chen 2014) or true bugs (Hemiptera: Heteroptera) (De Clercq et al.
2014). Parasitoids affect mostly insect eggs or larvae and belong to various families
of wasps and flies (e.g. Braconidae, Aphelinidae, Trichogrammatidae, Tachinidae)
(e.g. Boivin et al. 2012; Sithanantham et al. 2013; Dindo and Grenier 2014; Wang
et al. 2014). Usually, ‘augmentative biological control’ (van Driesche et al. 2008) is
practised: the beneficial organisms are necessarily released periodically since they do
not usually establish in the field.
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Release of bred sterile males: These are produced (Parker 2005) and released to
reduce female fertility of target species (autocidal control; sterile insect technique;
sterile insect release method, SIRM; Krafsur 1998; Wyss 2000; Dyck et al. 2005).
Target species are numerous but mainly belong to four families of Diptera: fruit flies
(Tephritidae), the maggots of which infest fruit preharvest, mosquitoes (Culicidae)
carrying virulent human diseases such as malaria, and blow flies (Calliphoridae) and
flesh flies (Sarcophagidae) the maggots of which (sometimes fatally) parasitise
livestock, wild mammals and humans (flystrike and myiasis; Hall & Farkas 2000).
In addition to the parasitoids, in the case of fruit fly control, use can also be made of
irradiated hosts for breeding and for release in the field for monitoring purposes
(Cancino et al. 2012).

Both approaches involve the release of tens of thousands to millions of individ-
uals (King et al. 1985; Leppla et al. 2014; Skoda et al. 2018). Industrial production
necessitates the establishment of ‘biofactories’ (Leppla et al. 2014) employing
automated processes with complex engineering and mostly using factitious food or
artificial media (‘diets’) as substitute food (e.g. Singh 1977; Grenier 2009; Riddick
2009; Panizzi and Parra 2012; Parra 2012; Morales-Ramos et al. 2014a, b; Cohen
2015). Nowadays, silkworms are also produced on artificial media (Hamamura
2001). Antibiotics are often added to insect diets to prevent diseases, but many
insects depend, to varying degrees, on symbiotic bacteria (Duron and Hurst 2013),
and artificial diets might have hidden (sublethal) effects for development and/or
vitality (e.g. Thakur et al. 2016). From a welfare perspective, feeding captive insects
on artificial diets saves lives of their natural prey or hosts, with which, however,
mass production would neither be practical nor economic. SIRM typically requires
x-ray irradiation of the living insects—does this involve stress, pain, discomfort
and/or suffering?

A modification of SIRM involves transgenic technologies (Benedict 2014; Li
et al. 2014) to create genetically modified insects, obviating the need for x-ray
sterilisation. The mass-produced insects carry altered genes that will kill offspring
or confer female sterility after mating with wild conspecifics. This has the potential
to suppress target insect populations over the scale of years, but requires continuing
release as dispersal and/or natural selection will overcome the induced extreme
maladaptation (see, e.g. Carvalho et al. 2014; Hammond et al. 2016; Eckhoff et al.
2017). The ethical, welfare and environmental issues of such techniques do not
appear to be addressed at all.

Insects as Food
Insects serve as basic food for innumerable (insectivorous, entomophagous) animals,
from other insects to mammals, and provide supplementary food for people, mainly
in tropical countries. Traditionally worldwide more than 1500 species (Ramos-
Elorduy 2005; cf. Yen and Van Itterbeeck 2016), from caterpillars to grasshoppers,
beetle grubs, wasp maggots and adult termites, are opportunistically harvested in the
wild and used as food (‘anthro(po)entomophagy’) for millions of people, partly also
taken into human custody (farming) and representing a significant food source for
rural people including economic benefits (e.g. Ramos-Elorduy 1996, 2005, 2009;
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Ramos-Elorduy et al. 2011; Thomas 2013; Makhado et al. 2014; Chakravorty 2014;
Baiyegunhi and Oppong 2016; Feng et al. 2018). For most species, traditional
extraction of insects as extra food for a small local community has a quantitative
limit set by the need for sustainability, not overharvesting a target species and thus
risking its local extinction (Yen 2009; see also Secretariat of the Convention on
Biological Diversity 2001 and Münke-Svendsen et al. 2018). However, outbreaks
providing huge numbers of edible insects can occur—e.g. at Lake Victoria tiny
midges (Chaoboridae) appear in clouds stretching many miles and are harvested to
produce ‘kungu cake’ (Capinera 2008: 2384). Unfortunately, such traditional foods
can nowadays be quite unhealthy, such as mopane worms (Lepidoptera:
Saturniidae—Imbrasia belina), recently found to have high concentrations of
heavy metals (Greenfield et al. 2014).

In the West, although the idea of insects as food has long been given serious
consideration (e.g. Bodenheimer 1951; Zumpt and Schimitschek 1968; DeFoliart
1989), it currently enjoys very active promotion by several NGOs—including the
Food and Agriculture Organisation of the United Nations (FAO; van Huis et al.
2013)—as well as the media, and is advocated by an increasing number of authors
(Ramos-Elorduy 1996, 2009; Paoletti 2004; van Huis 2013; van Huis et al. 2013;
Shockley and Dossey 2014; Evans et al. 2015; van Huis et al. 2015; Vantomme
2015; Dossey et al. 2016; Payne et al. 2016; Mishra and Omkar 2017b; van Huis and
Tomberlin 2017). They state that with insect protein, the impending food crisis can
be combated, and since insects produce protein in an environmentally more friendly
and sustainable way than traditional stock (cattle, pigs and chickens), insect protein
would, in addition, help reduce the ever-increasing stress on our environment.

If a move from insects as supplementary food ‘for some’ to insects as basic food ‘for
many’ is seen ethically as an excellent idea, too, we have to ask: which insect species
would be suitable for being mass produced to feed millions of people more or less
regularly/continuously, and how can mass production be done in an eco-friendly way at
affordable prices? Then the question on welfare of insects in such breeding facilities
comes even more sharply into focus, while similar to the mass breeding of wasps and
flies (above), it brings an extra dimension: the tiny wasps and flies mass produced for
pest management are generally considered as ‘un-nice’, while many of those under
discussion as food are much larger and would be considered by many as ‘nice’.

Currently, limited mass production of mealworm beetle larvae (Tenebrio) (Grau
et al. 2017), crickets (Acheta, Brachytrupes, Gryllus) and grasshoppers (Locusta) for
human consumption and non-local trade is practised. They serve to supply restau-
rants specialising in insect cuisine and the production of lollypops with ‘worms’;
‘real crickets and worms, dipped in a chocolate coating’; and insect powder, insect
bars, insect snacks and insect hamburgers (see Internet for products and prices). This
is a new business idea to make money with ‘specialities’, ‘trendy food’ or ‘novelties’
for people who can afford such extras. The current scale of operation is, however, far
too small, and the effort and costs involved far too great to serve food security and/or
reduce dependence on the admittedly unsustainable production of vertebrate pro-
tein—all of which would potentially be an ethical justification for human use of
insects as food (facile arguments about environmental benefits, however, play a big
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role in marketing). Rather, the scale appears similar to breeding insects as food for
pets and zoo animals—there the effort (and consequently the price) is high and only
worthwhile because there is no practical substitute. Whether such breeding is always
‘eco-friendly’ or not is an unanswered question.

To market insects in the West for food as a way to educate people to overcome
disgust towards them distracts from the importance of the subject, simply because
insect protein-containing food can be produced like vegetarian ‘hamburgers’, where
taste and structure can be engineered to simulate beef or other conventional meats.
Then it can no longer strictly be called entomophagy—which in the future will not
and cannot mean consuming ‘entire insects’.

Critical assessments with respect to the practicability of real mass production
(Leppla 2009; Sileshi and Kenis 2010; Maciel-Vergara and Ros 2017; Kok 2017) are
scant although, from an entomological/natural history perspective, it is not surprising
that mass production of insects for food and feed is not (yet?) properly established. In
contrast to the examples of mass production of predators, parasitoids or sterile males
(above), the biology of (most of) the wild species used for human consumption is
generally different. The majority do not develop continuously (that is why
harvesting from the wild is always a seasonal affair). To have sufficient food for
the species to be mass produced, to manage disease risks (Eilenberg et al. 2015) and
to maintain the necessarily complex technology require much effort, and probably
huge investment and operating costs. Mass production should not have an ecological
footprint greater than the savings gained by using insects instead of vertebrates. Also
killing methods (see Sect. 3.11) for currently millions, eventually trillions of insects
require consideration.

In conclusion, only a very limited number of non-saprophagous species are,
perhaps, suited for continuous, eco-friendly industrial mass production of insect
protein. Considering insect lifestyles, and taking into account what was said above
about insect generally low tolerance of non-near-optimal conditions (see Sect. 3.6),
mass production of insects for human food on an industrial scale is, positively
expressed, a great challenge. That no ‘big player’ in the food industry has yet built
or commissioned biofactories for producing and mass marketing insect protein
(cf. Kok 2017: 171) seems to support our scepticism.

Many additional issues, some of which are now being debated, are in need of
much further research. These include and range from food safety and hygiene
(Belluco et al. 2013; EFSA 2015; Grabowski and Klein 2017) to potential health
benefits from insect metabolites (Roos and van Huis 2017; Lee et al. 2017). Effects
of harmful insect metabolites (Blum 1994) seem to gain little attention as do those
related to long-term consumption of particular insect species as a primary food
source. A basic complication, or even an obstacle, is the diversity of adaptations
insects exhibit, which not only manifest in their visible appearance but—even more
so—in hidden characters. There is no ‘model species’ stakeholders of entomophagy
could study to gain reliable, transferable insights.
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Insects as Feed and Decomposers
The supply of live insects as feed for pets or small animals in zoos is a long-
established practice. Numerous zoos and households are supplied with mealworms,
crickets, locusts and other insects for this purpose. There are no data on the
magnitude of the industry, but, as it is possible to buy live insects off-the-shelf in
almost any pet shop, and they are widely available on the Internet, it is clear that
many millions of individual insects are involved annually. Sold by weight and
generally transported in densely packed containers without food, the prices per
gramme are high compared with human foodstuffs. This is economically sustainable
because, to feed many captive insectivorous animals, as already noted, there are no
practical alternatives.

Insects as feed for poultry or aquaculture to some extent parallels the issue of
insects as human food but, although a more advanced practice, there are still
problems (Rumpold and Schlüter 2013; Makkar et al. 2014; Henry et al. 2015;
Lundy and Parrella 2015; Smetana et al. 2016). Despite all the brilliant advantages,
the conclusion of Józefiak et al. (2016) ‘... legislation barriers in the European Union,
as well as relatively high costs and limited quantity of produced insects are restric-
tions in the large-scale use of insect meals in poultry nutrition’ likely holds true not
only for insects as feed but also for insects as food. Even so, the French agro-
industrial company Ynsect produces ‘over one tonne of proteins and derivatives,
lipids and chitin and derivatives per day’ (PROteINSECT 2016) using robotics and
automation to farm mealworm.

The stock example is the black soldier fly larva (BSFL, Hermetia illucens), in
many ways a unique animal (Müller et al. 2017). The larvae are bred on manure or
organic waste and are already successfully used for aquaculture and animal feed
(although there are limitations: Barragán-Fonseca et al. 2017), as well as for
composting (e.g. Riddick 2014). Breeding BSFL for feed is in many ways compa-
rable to what happens in a garden compost heap, just on a larger scale. With respect
to welfare, the saprophagous lifestyle of BSFL makes a huge difference in compar-
ison to insects with more demanding lifestyles. Does the gain from decomposing
organic human waste also add to the ‘ethical dimension’? Ideas for using BSFL go
far beyond feed—‘bioconversion of organic wastes into biodiesel via insect farming’
is a proposal (Surendra et al. 2016; Leong et al. 2016).

If hygiene problems (see EFSA 2015) can be solved, BSFL might also be suited
as food for humans. Several other Diptera with a saprophagous lifestyle (e.g. house
flies,Musca domestica; Hussein et al. 2017) could play a big future role too. Intrinsic
problems with keeping such species are much reduced compared with phytophagous
and carnivorous insects. However, diseases and antagonists can still be a welfare as
well as a practical problem: recently, an established BSFL production in West Africa
was hampered by a pupal parasitoid, which reduced future broodstock by almost
72% (Devic and Maquart 2015). This clearly exemplifies the ever-present risks of
operating large-scale breeding facilities—but such incidents are rarely reported.
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Insects as Pollinators
Pollinators are now mass produced in captivity for targeted release. Originally
bumblebees were bred and traded for pollination of plants in greenhouses (Velthuis
and van Doorn 2006). Commercial bumblebee breeding farms now also produce
insects for release into the wild for pollinator supplementation, and bumblebees have
become subjects for domiciliation and domestication. ‘Bombiculture’ (Kwon 2008)
is a growing issue because, with decline of the honeybee, pollination of crops by
other insects needs to be assured. The emergent industry trades several Bombus
species and subspecies globally, in increasingly large numbers. For example, in 2006
‘approximately one million colonies [of B. terrestris dalmatinus] were transported
across 57 countries . . . 16 of which [were] outside its native range’ (from Ings 2006,
not seen, as reported in Owen et al. 2016). In parallel, ‘raising bumble bees at home’
is also promoted (e.g. Strange 2015). Long before, the solitary alfalfa leafcutting bee
(Megachile rotundata) was mass-produced and released specifically for pollination
of alfalfa (Pitts-Singer and Cane 2011; Peterson and Artz 2014), a leguminous plant
used for feed and fertilisation.

As in the cases of mass-bred insects for pest management, mass-bred pollinators
are also released into the wild, with potential consequences for wild insects and our
responsibilities towards them. The associated problems are multifold (see,
e.g. Winter et al. 2006; Dafni et al. 2010; Goulson 2010; Graystock et al. 2013,
2016; Manley et al. 2015; Cameron et al. 2016; Gisder and Genersch 2017; Pirk et al.
2017; Tehel et al. 2016) and cannot be discussed here in detail, in particular because
of the complexity and numerous gaps in knowledge.

3.11 Welfare and Ethics of Industrial Mass Production
of Insects

Ethical concern for the insects themselves does not in general appear to be a
significant matter in the literature on insect mass production. As Gjerris et al.
(2016) note, in the context of mass producing insects for food and feed, ethical
issues concerning insect welfare are hardly addressed. Not only ‘the keeping’ needs
to be assessed ethically but also all the associated logistics (packing, shipping,
methods of release, killing, etc.). As noted by Plannthin (2016), the stresses associ-
ated with the annual long-distance movements of huge numbers of honeybees across
the USA by truck (Bond et al. 2014) can only be guessed at—but recent research
suggests this may really be one of the factors responsible for honeybee colony failure
(Simone-Finstrom et al. 2016; see also Perry et al. 2015). With respect to the ever-
increasing trade in large numbers of living insects for feeding small animals, stress
and welfare have never been addressed. It is not obvious how the practice could be
improved practically—even though the shipping methods seem far from ideal and
the fate of unsold, unused or uneaten individuals is unknown.
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The welfare, breeding conditions and killing of insects currently produced for
human consumption are not transparent, or the information available is too scant for
serious comment; an example from the homepage of a commercial dealer of insect
food is ‘They [crickets] are fed a healthy diet of mixed grains and vegetables and
raised in clean hygienic conditions. In addition they are also fed on a unique food
blend specially developed for crickets’. Nevertheless one should ask: is mass
production of animals for making novelty snacks marketed on the basis of amuse-
ment really justifiable? It does not show respect towards insects.

However, even details on how insects are kept and mass produced in biofactories
cannot be analysed because, due to competition, suspicions, ‘trade secrets’ and so
forth, methods and outcomes are not shared or published. As Erens et al. (2012)
report, ‘breeders [understandably] prove reluctant in sharing information on their
techniques’. See also Dobermann (2017) for valuable insights into the tension
between research and business in the development of insects for food and feed.

One of the major uses of mass-produced insects is biocontrol. We tend to believe
that the use of supposedly species-specific parasitoids is more benign and ‘better for
the environment’ than chemical control, because of the social and environmental
costs of the latter (Pimentel et al. 1980). However, in a broad-ranging review,
Lockwood (1996) stated ‘With biological control there is the potential for a single,
poorly conceived introduction to forever damage the well-being of an entire ecosys-
tem. Perhaps no other human activity has the potential for a single individual
[human] to undertake such a spatially, temporally, and ecologically devastating
course of action’. Biocontrol thus represents a particularly powerful example of
where we cannot consider the welfare of insects in captivity as an issue that ends at
the biofactory door: our responsibilities if we resort to such powerful technologies
are protean, extending even to the whole biosphere.

Are insects produced for insect restaurants and as expensive ‘special’ food (with
no significant impact on overall human food supply) to be treated, ethically or with
respect to welfare, in a different way to those (eventually) produced en masse to
overcome hunger and/or to provide more eco-friendly protein? Are those to feed
animals (e.g. pets, poultry, fish) to be treated differently from those for human
consumption? Brando and Harfeld (2014) raise similar ethical questions and
dilemmas about zoos and zoo animals: discrepancies between animal-friendly values
for welfare of the animals exhibited versus disregard for welfare issues affecting the
origins of protein (meat and fish) offered at zoo restaurants—and fed to the zoo
animals themselves (including mass produced insects).

It does not need much imagination to realise that industrial mass production of
insects cannot be done ‘as natural as possible’. Do for insects artificial diets taste
different than natural food?—and even if not, do they cause stress during digestion
or modify quality/vitality? Dozens of such questions can be raised but they cannot be
answered. Answers, actually, would not help much for ethical evaluation since there
is no general foundation for insect welfare and, as already discussed, developing
such a baseline is difficult to imagine or even impossible because of insect diversity.

Despite all of these uncertainties, our statement that insects hardly tolerate
mistreatment (see Sect. 3.8) would appear to hold in particular for mass breeding.
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This receives some support from the work of Portilla et al. (2014) who, in life-table
studies of some mass-bred insects, found high reproductive rates on artificial diets,
even including the case of specialised Colorado beetle predator Perillus bioculatus
(Hemiptera: Pentatomidae) when fed on factitious prey. However, in a wide-ranging
review of aphid parasitoids used in biological control, Boivin et al. (2012) comment
on a variety of physiological, nutritional and natural selection problems associated
with meeting the developmental needs of such parasitoids—which inter alia can lead
to a loss of efficiency when released (due to inappropriate selection effects when
bred at very high density). Artificial diets can reduce the quality of the adults
(Grenier and DeClerq 2003), and genetic adaptation to captivity as well as loss of
biological fitness and inbreeding depression can occur (see Gilligan and Frankham
2003; Boivin et al. 2012; Hoffmann and Ross 2018). Nevertheless, one can assume
that when millions of individuals are being bred, the conditions must be species-
appropriate or very close to it. Even so, during the research to find appropriate food
mixtures/artificial diets and/or operational technologies for keeping the insects,
likely mistreatments are unavoidable. Again, we face a lack of data for analysis.
Although these problems do not directly affect issues of welfare in captivity, the
possible effects on wild populations when potentially huge numbers of ‘substandard’
individuals are released are unknown. Again, if we choose to adopt these powerful
technologies, our responsibilities cannot end at the biofactory gates.

Given the human misery caused by malaria, it seems unlikely that many of us
would protest against the successful use of such technology on the grounds of insect
welfare. Thus any exhortation to keep insects under ‘as natural conditions as
possible’ could be set aside if the benefits of breeding in unnatural conditions or
subject to genetic engineering are seen as ethically justifiable in their application—in
other words, ‘the ends do justify the means’. Even so, it is almost certainly the case
that, in accordance with Albert Schweitzer’s ‘reverence for life’ principle of ethics
and the Ahimsa doctrine of Jainism, some people would not agree with such
manipulations, even when the goal is to save human lives. Moreover, in many
such cases, even the ends may be in conflict: releasing millions of insect parasitoids
for biological control can cause ecological harm to nontarget species and whole
ecosystems and thus become a threat to biosecurity and wider human interests.

Euthanasia
Despite their various uses, including ecological roles (e.g. pest control, pollination),
in very many cases, keeping insects eventually means killing them. Emotionally,
taking the life of a beautiful butterfly for many of us (but not all: Knutsson 2016) is
quite a different issue than killing a tiny mosquito or the puparium of a fly. As said
above, whether we like it or not, we inevitably destroy a lot of insects during our
lives (see Sect. 3.2). But a difference remains between unintentional killing of some
and intentional killing of many (notwithstanding that intensions and intentionality
represent major issues in moral philosophy that we cannot address here).

In addition to mechanical killing of individuals, the main mass killing options are
using a gas (e.g. hydrogen cyanide, ether, ethyl acetate; these ‘anaesthetic’ methods
should be followed by, e.g. freezing: AVMA 2013), heat (e.g. boiling water, the
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traditional method for silkworm pupae) or cold (rapid or slow freezing). There is
debate about which is ethically ‘best’. As insects are ectotherms and naturally
become torpid at lower temperatures, freezing might seem more humane than
gassing—but this relates to the question of feeling pain which remains unanswered
(see Sect. 3.7). Freezing after cooling without prior anaesthesia, often advocated, is
considered an unacceptable method for ectothermic vertebrates (AVMA 2013: 78),
and this view has now been extended to invertebrates including insects (Pellett et al.
2013). Simply due to the very high numbers involved, killing insects for food and
feed requires new ways.

However, guessing which is ‘best’ on the basis of human experience, even
something akin to emotional transference, without underlying physiological and
neurological knowledge is in the end inadequate and potentially misleading. As
Cooper (2011) and others have pointed out, more research is needed to help ensure
that, even at the point of death, insects in captivity ‘are handled with the respect due
to any living creature’ (Murray 2012: 44).

3.12 Insect Welfare in Captivity vs in the Wild

While the majority of animals currently considered in the context of welfare are
domesticated races of vertebrates not found in the wild, there are many (e.g. birds
and reptiles kept as pets) that do have natural populations. But all insect species in
human custody (other than the silkworm and honeybee) occur in the wild. Trying to
keep insects in captivity in as ‘humane’, natural or species-appropriate way as
possible has a logical consequence—we also have to pay respect and give attention
to insects living in natural habitats: on the one hand to learn about their life in the
wild and on the other because many wild populations are in effect in human custody
due to our now major and relentless impacts on the biosphere.

Risks of Mass Releases
It follows that the issue of insect welfare cannot be restricted to husbandry in
captivity only, but must include environmental issues too. When insecticides are
sprayed against pest populations of insects, are we primarily concerned with our own
welfare, insect welfare and/or the health of the environment as a whole? When
herbicides are used, are we concerned that food for insects is destroyed? And insects
as food for vertebrates? If we release pollinators, parasitoids and sterile flies—what
about their individual fate and welfare, what if they mate with wild relatives? Thus
from an ethical perspective, we also need to consider ecological harm.

While we are not able to address this additional dimension adequately here, we
wish to make the point that ethical and welfare issues still arise even if we acciden-
tally—let alone purposefully—release insects bred in captivity into the general
environment. Even giving ‘harmless’ insects like butterflies their ‘freedom’ by
opening the butterfly house doors would not be an unquestionably ‘noble’ act.
Quite the opposite in most cases—more akin to the problems of captive mink release
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by animal rights activists (e.g. Macdonald and Burnham 2010). Risks of mass
releases include aspects of biosecurity, nontarget risks, epigenetic effects, inbreeding
depression, etc. GeneWatch UK (2015) published evidence that genetically modified
(GM) insect factories could spread antibiotic-resistant bacteria into the environment,
posing a risk not only to environmental but directly to human health.

3.13 Is There a Need for Legislative Regulations
on the Welfare of Insects in Captivity?

More and more states including the European Union enact regulations in the context
of animal welfare. There are laws prescribing conditions under which meat and eggs
may be produced. How to keep vertebrates in zoos is regulated. How familiar pets
such as dogs, cats and various birds are kept is usually seen as a private matter—but
if cruelty is demonstrated, legal action can be taken. Because of various risks
including the potential for poor husbandry, some countries have considered bans
on keeping reptiles and other exotic pets in private (e.g. UK: CDP 2015).

For insects, there are hardly any regulations regarding their welfare (the recent
Dutch Animal Act is a rare exception: Wet Dieren 2013; De Goede et al. 2013).
Conservation laws restrict collecting certain species in the wild (e.g. the butterfly
Parnassius apollo is legally protected in at least 19 European countries:
Nakonieczny et al. 2007), and this normally includes prohibition of keeping early
stages and adults in captivity. Sooner or later, however, the welfare of captive insects
will come to the attention of legislators in more countries than just the Netherlands.
What general criteria could or should be applied? As outlined above, from a purely
scientific point of view, little general advice can be given. Perhaps legislation
regarding the release of reared or bred insects, however produced, might be easier
to address.

Even if not entirely logical or even enforceable, a law can act as a signal to make
people think and might thereby contribute to awareness of the need to respect nature
in general and individual organisms in particular. But if anything well-considered is
to be done with regard to legislation, it will require an interdisciplinary approach
involving the humanities as well as sciences.

3.14 Some Conclusions and Perspectives

In view of the worldwide general decline of insect species (Sánchez-Bayoa and
Wyckhuys 2019) and numbers due to human destruction of natural habitats, land use
change, water and air pollution, use of herbicides (reducing hostplant availability)
and insecticides (which always kill many nontarget species) and even genetically
engineered insects, when you take into account global climate change as well,
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discussing welfare and husbandry of the relatively few insect species humans keep in
captivity may seem trifling, even irrelevant. Moreover, very large-scale uses of
insects without defensible utilitarian justifications appear to be rare.

There are plenty of research deficits (cf. van Huis 2017), and some of the common
general problems (inbreeding depression, diseases, environmental safety, etc.) of the
mass breeding industries for edutainment, pest management, food, feed and polli-
nation should be tackled cooperatively.

Be that as it may, faced with evaluating welfare of insects in captivity, we find
that their vast diversity, uncertainties regarding susceptibility to stress and pain and
widely divergent attitudes of people force us to conclude that any attempt to lay
down general ‘rules’ is practically impossible. In the foreseeable future, there will be
no consensus on how we should address insect welfare. We have focused here on the
intrinsic peculiarities of insects which affect their keeping in captivity—in part
because, for a critical assessment about how they should be kept, there are few if
any data available for evidence-based analyses. Theoretical discussions can and
should be pursued—but even if we had relevant data, we believe we would still
face ethical dilemmas and have to go into value theory (axiology). As De Goede
et al. (2013: 241) comment ‘. . . the idea that we are required to give insects moral
concern by analogy with “higher animals”may be hard to accept. We therefore argue
that not only scientific evidence, but also consensus on the moral status of insects is
needed’. Such complexity requires holistic approaches capable of including such
issues as integrity (Singer 1975; Regan 1983), consciousness, mind and even
spirituality, as well as systems ecology (e.g. Capra and Luisi 2014). Some of these
and other ethical challenges are well reviewed by Röcklinsberg et al. (2017).

Theoretical discussions aside, the reality is that with the massive and continuing
growth in the ‘human enterprise’—encouraged by global economic expansionism
and many religious traditions alike—we now face a desperately urgent need to
reassess our relationship with ‘nature’. Pragmatism and education (Mather 2011)
are probably now more effective than ethics in discovering or rediscovering that
respect for nature and all life forms is almost certainly the only secure long-term
‘solution’. For example, although Adamo (2016) recently concluded that the evi-
dence that insects experience pain is ‘weak’ (but see also Klein and Barron 2016),
Lockwood (1987, 1988) counselled that we ‘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’. Lockwood went on to quote
Robert L. Rabb (in Perkins 1982): ‘The use of [technological] power is a tremendous
responsibility and must be done without arrogance and with a subtle sensitivity, if
not a reverence, for the value of all life’.

We conclude that our general attitude towards insects as ‘living things’ is crucial,
regardless of whether the insects are in captivity or not. Perhaps an excellent step
would be to create 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 and considering environmental
issues, too. It could, at least, also generate more respect for insects and the ecosystem
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services they provide and would perfectly complement the EU’s Charter of Inver-
tebrates (Council of Europe 1986).
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