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Foreword

It is widely accepted that by 2050 the world will host 9 billion people. To accomodate this
number, current food production will need to almost double. Land is scarce and expanding
the area devoted to farming is rarely a viable or sustainable option. Oceans are overfished
and climate change and related water shortages could have profound implications for
food production. To meet the food and nutrition challenges of today — there are nearly
1 billion chronically hungry people worldwide — and tomorrow, what we eat and how
we produce it needs to be re-evaluated. Inefficiencies need to be rectified and food waste
reduced. We need to find new ways of growing food.

Edible insects have always been a part of human diets, but in some societies there is
a degree of distaste for their consumption. Although the majority of edible insects are
gathered from forest habitats, innovation in mass-rearing systems has begun in many
countries. Insects offer a significant opportunity to merge traditional knowledge and
modern science in both developed and developing countries.

This publication has its beginnings in an effort in FAO’s Forestry Department to
recognize the traditional practices of gathering insects for food and income, and to
document the related ecological impacts on forest habitats. Thereafter, FAO embraced the
opportunity to collaborate with the Laboratory of Entomology at Wageningen University
in the Netherlands — an institution at the forefront of fundamental and applied research
on insects as food and feed. This combined effort has since gained momentum and is
unfolding into a broad-based effort at FAO to examine the multiple dimensions of insect
gathering and rearing as a viable option for alleviating food insecurity.

This book draws on a wide range of scientific research on the contribution that insects
make to ecosystems, diets, food security and livelihoods in both developed and developing
countries. We hope that it will help raise the profile of insects as sources of food and feed
in national and international food agencies. We also hope that it attracts the attention of
farmers, the media, the public at large and decision-makers in governments, multilateral
and bilateral donor agencies, investment firms, research centres, aid agencies and the food
and feed industries. Above all, it is our hope that this publication will raise awareness of
the many valuable roles that insects play in sustaining nature and human life and will
also serve to document the contribution insects already make to diversifying diets and
improving food security.

M=

Eduardo Rojas-Briales Ernst van den Ende
Assistant Director-General Managing Director
FAO Forestry Department Department of Plant Sciences Group

Wageningen University and Research Centre
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Authors’ preface

Insects are often considered a nuisance to human beings and mere pests for crops and
animals. Yet this is far from the truth. Insects provide food at low environmental cost,
contribute positively to livelihoods, and play a fundamental role in nature. However,
these benefits are largely unknown to the public. Contrary to popular belief, insects
are not merely “famine foods” eaten in times of food scarcity or when purchasing and
harvesting “conventional foods” becomes difficult; many people around the world eat
insects out of choice, largely because of the palatability of the insects and their established
place in local food cultures.

In 2008, within the framework of the Wageningen University—FAO partnership, a
few researchers came together and began reviewing an extensive array of published and
unpublished research and information on insect rearing and consumption. Their intention
was to break down the aforementioned misconceptions and contribute positively to the
development of the edible insects sector. The subject of edible insects inherently covers a
wide range of thematic areas, from the conservation of habitats where insects are harvested
to insect ecology, the artificial rearing of insect species, the processing of insects into
food and feed products, and the labelling and marketing of insect-based food and feed
products. This publication, therefore, draws from a wide range of disciplines and areas
of expertise. It is a multidisciplinary effort involving technical experts specializing in
forestry, animal farming, nutrition, the feed industry, legislation and food security policies.

This publication marks the first attempt by FAO to document all aspects of the insect
food and feed value chain, with the aim of enabling a comprehensive assessment of the
contribution of insects to food and feed security. It includes original research from around
the world, such as that carried out at Wageningen University. It also incorporates findings
from the International Expert Consultation on Assessing the Potential of Insects as Food
and Feed in Assuring Food Security, which took place at FAO headquarters in Rome,
Italy, on 23-25 January 2012. This meeting marked the beginning of a dialogue between
agricultural experts from various backgrounds and fostered an exchange of information
on the potential benefits of using insects for food and feed as part of a broader strategy
to achieve global food security. The participants at this meeting provided the authors
with a wealth of supplementary data and valuable insights. These helped to shape the
form and content of this book and its conclusions, which it is hoped can provide a basis
for solutions to alleviate food insecurity.

Insect rearing for food and feed remains a sector in its infancy, and key future challenges
will likely emerge as the field evolves. As such, readers are encouraged to contact the
authors with feedback on this book. Such contributions will undoubtedly assist the future
development of the sector.

Since the science of edible insects is still at a relatively pioneering stage, it boasts only
a few scientists of renown. One of those, Gene R. DeFoliart (1925-2013), died shortly
before this book was published. He spent his long academic career passionately raising
awareness of insects as a global food source, and he continued his work in this area long
after his retirement in July 1991. He was also the founder of The Food Insects Newsletter.
The authors dedicate this book to his memory.
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Executive summary

This book assesses the potential of insects as food and feed and gathers existing information
and research on edible insects. The assessment is based on the most recent and complete
data available from various sources and experts around the world.

Insects as food and feed emerge as an especially relevant issue in the twenty-first
century due to the rising cost of animal protein, food and feed insecurity, environmental
pressures, population growth and increasing demand for protein among the middle classes.
Thus, alternative solutions to conventional livestock and feed sources urgently need to
be found. The consumption of insects, or entomophagy, therefore contributes positively
to the environment and to health and livelihoods.

This publication grew from a small effort in 2003 in the FAO Forestry Department
to document the role of insects in traditional livelihood practices in Central Africa and
to assess the impact of harvesting insects in their natural habitats on the sustainability of
forests. This effort has since unfolded into a broad-based effort to examine the multiple
dimensions of insect gathering and rearing to clarify the potential that insects offer for
improving food security worldwide. The purpose of this book is to bring together for the
first time the many opportunities for, and constraints on, using insects as food and feed.

THE ROLE OF INSECTS

It is estimated that insects form part of the traditional diets of at least 2 billion people. More
than 1 900 species have reportedly been used as food. Insects deliver a host of ecological
services that are fundamental to the survival of humankind. They also play an important role
as pollinators in plant reproduction, in improving soil fertility through waste bioconversion,
and in natural biocontrol for harmful pest species, and they provide a variety of valuable
products for humans such as honey and silk and medical applications such as maggot therapy.
In addition, insects have assumed their place in human cultures as collection items and
ornaments and in movies, visual arts and literature. Globally, the most commonly consumed
insects are beetles (Coleoptera) (31 percent), caterpillars (Lepidoptera) (18 percent) and
bees, wasps and ants (Hymenoptera) (14 percent). Following these are grasshoppers, locusts
and crickets (Orthoptera) (13 percent), cicadas, leathoppers, planthoppers, scale insects and
true bugs (Hemiptera) (10 percent), termites (Isoptera) (3 percent), dragonflies (Odonata)
(3 percent), flies (Diptera) (2 percent) and other orders (5 percent).

CULTURE

Entomophagy is heavily influenced by cultural and religious practices, and insects are
commonly consumed as a food source in many regions of the world. In most Western
countries, however, people view entomophagy with disgust and associate eating insects
with primitive behaviour. This attitude has resulted in the neglect of insects in agricultural
research. Despite historical references to the use of insects for food, the topic of entomophagy
has only very recently started to capture public attention worldwide.

INSECTS AS A NATURAL RESOURCE

Edible insects inhabit a large variety of habitats, from aquatic ecosystems and farmed
land to forests. Until recently, insects were a seemingly inexhaustible resource obtainable
by harvesting from nature. However, some edible insect species are now in peril. A
number of anthropogenic factors, such as overharvesting, pollution, wildfire and habitat
degradation, have contributed to a decline in many edible insect populations. Climate
change will likely affect the distribution and availability of edible insects in ways that are
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still relatively unknown. This publication includes case studies from several regions on
the conservation strategies and semi-cultivation practices of rural people to protect insect
species and their host plants. Such efforts contribute to improved habitat conservation.

ENVIRONMENTAL OPPORTUNITIES

The environmental benefits of rearing insects for food and feed are founded on the high
feed conversion efficiency of insects. Crickets, for example, require only 2 kilograms of
feed for every 1 kilogram of bodyweight gain. In addition, insects can be reared on organic
side-streams (including human and animal waste) and can help reduce environmental
contamination. Insects are reported to emit fewer greenhouse gases and less ammonia
than cattle or pigs, and they require significantly less land and water than cattle rearing.
Compared with mammals and birds, insects may also pose less risk of transmitting zoonotic
infections to humans, livestock and wildlife, although this topic requires further research.

NUTRITION FOR HUMAN CONSUMPTION

Insects are a highly nutritious and healthy food source with high fat, protein, vitamin, fibre
and mineral content. The nutritional value of edible insects is highly variable because of
the wide range of edible insect species. Even within the same group of species, nutritional
value may differ depending on the metamorphic stage of the insect, the habitat in which
it lives, and its diet. For example, the composition of unsaturated omega-3 and six fatty
acids in mealworms is comparable with that in fish (and higher than in cattle and pigs), and
the protein, vitamin and mineral content of mealworms is similar to that in fish and meat.

FARMING SYSTEMS

Most edible insects are harvested in the wild. However, some insect species, such as bees
and silkworms, have a long history of domestication because of the value of their products.
Insects are also reared in large numbers for the purposes of biological control (e.g. as
predators and parasitoids), health (e.g. maggot therapy) and pollination. The concept of
farming insects for food is, however, relatively new; an example of rearing insects for
human consumption in the tropics is cricket farming in the Lao People’s Democratic
Republic, Thailand and Viet Nam.

In temperate zones, insect farming is performed largely by family-run enterprises that
rear insects such as mealworms, crickets and grasshoppers in large quantities, mainly
as pets or for zoos. Some of these firms have only recently been able to commercialize
insects as food and feed, and the part of their production intended for direct human
consumption is still minimal.

A few industrial-scale enterprises are in various stages of start-up for rearing mass
quantities of insects such as black soldier flies. They are mainly for consumption as whole
insects or to be processed into meal for feed. Critical elements for successful rearing include
research on biology, rearing condition control and diet formulas for the farmed insect
species. Current production systems are expensive, with many patents pending. A major
challenge of such industrial-scale rearing is the development of automation processes to
make plants economically competitive with the production of meat (or meat-substitutes
like soy) from traditional livestock or farming sources.

INSECTS AS ANIMAL FEED

Recent high demand and consequent high prices for fishmeal/soy, together with increasing
aquacultural production, is pushing new research into the development of insect protein
for aquaculture and poultry. Insect-based feed products could have a similar market
to fishmeal and soy, which are presently the major components used in feed formulae
for aquaculture and livestock. Available evidence suggests that insect-based feeds are
comparable with fishmeal and soy-based feed formulae. Live and dead insects already
have established niche markets, mainly as feed given to pets and at zoos.
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PROCESSING

Insects are often consumed whole but can also be processed into granular or paste forms.
Extracting proteins, fats, chitin, minerals and vitamins is also possible. At present, such
extraction processes are too costly and will need to be further developed to render them
profitable and applicable for industrial use in the food and feed sectors.

FOOD SAFETY AND PRESERVATION

The processing and storage of insects and their products should follow the same health
and sanitation regulations as for any other traditional food or feed items in order to ensure
food safety. Because of their biological makeup, several issues should be considered,
such as microbial safety, toxicity, palatability and the presence of inorganic compounds.
Specific health implications should also be considered when insects for feed are reared
on waste products such as manure or slaughterhouse waste. Evidence of allergies induced
through the ingestion of insects is scarce, but does exist. Some cases have been reported
of allergic reactions to arthropods.

LIVELIHOOD IMPROVEMENT

Insect gathering and rearing as minilivestock at the household level or industrial scale
can offer important livelihood opportunities for people in both developing and developed
countries. In developing countries, some of the poorest members of society, such as
women and landless dwellers in urban and rural areas, can easily become involved in the
gathering, cultivation, processing and sale of insects. These activities can directly improve
their own diets and provide cash income through the selling of excess production as street
foods. Insects can be directly and easily collected from nature or farmed with minimal
technical or capital expenditure (i.e. for basic harvesting/rearing equipment). Rearing
insects may also require minimal land or market introduction efforts, as insects already
form part of some local food cultures.

Protein and other nutritional deficiencies are typically more widespread in disadvantaged
segments of society and during times of social conflict and natural disaster. Because of
their nutritional composition, accessibility, simple rearing techniques and quick growth
rates, insects can offer a cheap and efficient opportunity to counter nutritional insecurity
by providing emergency food and by improving livelihoods and the quality of traditional
diets among vulnerable people.

ECONOMIC DEVELOPMENT

Gathering and farming insects can offer employment and cash income, either at the
household level or in larger, industrial-scale operations. In developing countries in Southern
and Central Africa and Southeast Asia, where demand for edible insects exists and where
it is relatively easy to bring insects to market, the process of insect gathering, rearing
and processing into street foods or for sale as chicken and fish feed is easily within reach
of small-scale enterprises. With only a few exceptions, international trade in insects for
food is insignificant. The trade that does exist to developed countries is often driven by
demand from immigrant communities or because of the development of niche markets
that sell exotic foods. Border trade in edible insects is significant, mainly in Southeast

Asia and Central Africa.

COMMUNICATION

The polarity of views surrounding the practice of entomophagy necessarily requires
tailormade communication approaches for each of the various stakeholders. In the tropics,
where entomophagy is well established, media communication strategies should promote
edible insects as valuable sources of nutrition to counter the growing westernization of
diets. Western societies require tailored media communication strategies and educational
programmes that address the disgust factor. Influencing the public at large as well as
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policymakers and investors in the food and feed sectors by providing validated information
on the potential of insects as food and feed sources can help to push insects higher on
political, investment and research agendas worldwide.

LEGISLATION

Regulatory frameworks governing food and feed chains have expanded tremendously in
the last 20 years; however, regulations governing insects as food and feed sources are still
largely absent. For developed countries, the absence of clear legislation and norms guiding
the use of insects as food and feed is among the major limiting factors hindering the
industrial development of farming insects to supply the food and feed sectors. In developing
countries, the use of insects for human or animal food is, in practice, more tolerated then
regulated. The feed sector seems to take the lead in pushing for the development of more
insect-encompassing norms, while the “novel food” concept seems to be emerging as a
leading instrument for setting rules and standards for the use of insects in human foods.

THE WAY FORWARD

Any effort to release the huge potential that insects offer for enhancing food security
requires that the following four key bottlenecks and challenges are addressed simultaneously.
First, further documentation is needed on the nutritional values of insects in order to
more efficiently promote insects as healthy food. Second, the environmental impacts of
harvesting and farming insects must be investigated to enable comparison with traditional
farming and livestock rearing practices that may be more environmentally damaging.
Third, clarification and augmentation of the socio-economic benefits that insect gathering
and farming can offer is needed, in particular to enhance the food security of the poorest
of society. Finally, a clear and comprehensive legal framework at (inter)national levels is
needed to pave the way for more investment, leading to the full development (from the
household to the industrial scale) of production and international trade in insect products
as food and feed sources.



1. Introduction

The practice of eating insects (Box 1.1) is known as entomophagy. Many animals,
such as spiders, lizards and birds, are entomophagous, as are many insects. People
throughout the world have been eating insects as a regular part of their diets for millennia.
Although this practice should be specified as human entomophagy, throughout this
book entomophagy refers to human entomophagy. The earliest citing of entomophagy
can be found in biblical literature; nevertheless, eating insects was, and still is, taboo
in many westernized societies. The unconventional nature of entomophagy has meant
that farming insects for food and feed has largely been absent from the great agricultural
innovations in livestock farming that emerged in past centuries — with a few exceptions,
such as bees, silkworms and scale insects (from which a red colorant is derived). Insects
have also failed to feature on the agendas of agricultural research and development
agencies worldwide, including at FAO. Until recently, references to insects for food
and feed have been largely anecdotal. It is therefore unsurprising that insects are still
lacking from the diets of many rich nations and that their sale for human consumption
remains part of a niche food sector of novelty snacks.

Nevertheless, insect consumption is not a new concept in many parts of the world. From
ants to beetle larvae — eaten by tribes in Africa and Australia as part of their subsistence
diets — to the popular, crispy-fried locusts and beetles enjoyed in Thailand, it is estimated
that insect-eating is practised regularly by at least 2 billion people worldwide. More
than 1900 insect species have been documented in literature as edible, most of them
in tropical countries. The most commonly eaten insect groups are beetles, caterpillars,
bees, wasps, ants, grasshoppers, locusts, crickets, cicadas, leaf and planthoppers, scale
insects and true bugs, termites, dragonflies and flies.

BOX 1.1
What are insects?

The word insect derives from the Latin word insectum, meaning “with a notched or
divided body”, literally “cut into sections”, from the fact that insects’ bodies have three
parts. Pliny the Elder created the word, translating the Greek word &€vtopog (entomos) or
insect (as in entomology, which was Aristotle’s term for this class of life), also in reference
to their “notched” bodies. The term was first documented in English in 1601 in Holland's
translation of Pliny (Harpe and McCormack, 2001).

Insects are a class of animals within the arthropod group that have a chitinous
exoskeleton, a three-part body (head, thorax and abdomen), three pairs of jointed legs,
compound eyes and two antennae. They are among the most diverse groups of animals
on the planet: there are more than 1 million described species, which is more than half of
all known living organisms. The total number of species is estimated at 6-10 million, and
the class potentially represents over 90 percent of the differing animal life forms on Earth.
Insects may be found in nearly all environments, although only a small number of species
occur in the oceans, a habitat dominated by another arthropod group, the crustaceans.

Insect facts:
¢ Insects have an exoskeleton to protect them from the environment.

¢ Insects are the only winged invertebrates. )
Continues
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Box 1.1 continued

e Insects are cold-blooded.

¢ Insects undergo metamorphosis to be able to adapt to seasonal variations.

e Insects reproduce quickly and have large populations.

e Insects’ respiratory systems — networks of tracheal tubes — are tolerant of air and
vacuum pressure, high-altitude flight and radiation.

¢ Insects often do not need parental care.

Source: Delong, 1960.

This publication also covers other arthropod species eaten by humans, such as spiders
and scorpions, which, taxonomically speaking, are not insects.

1.1 WHY EAT INSECTS?
Overall, entomophagy can be promoted for three reasons:
e Health:

Insects are healthy, nutritious alternatives to mainstream staples such as chicken,
pork, beef and even fish (from ocean catch).

Many insects are rich in protein and good fats and high in calcium, iron and zinc.
Insects already form a traditional part of many regional and national diets.

¢ Environmental:

Insects promoted as food emit considerably fewer greenhouse gases (GHGs) than
most livestock (methane, for instance, is produced by only a few insect groups,
such as termites and cockroaches).

Insect rearing is not necessarily a land-based activity and does not require
landclearing to expand production. Feed is the major requirement for land.
The ammonia emissions associated with insect rearing are also far lower than
those linked to conventional livestock, such as pigs.

Because they are cold-blooded, insects are very efficient at converting feed into
protein (crickets, for example, need 12 times less feed than cattle, four times less
feed than sheep, and half as much feed as pigs and broiler chickens to produce
the same amount of protein).

- Insects can be fed on organic waste streams.

e Livelihoods (economic and social factors):

Insect harvesting/rearing is a low-tech, low-capital investment option that offers
entry even to the poorest sections of society, such as women and the landless.
Minilivestock offer livelihood opportunities for both urban and rural people.
Insect rearing can be low-tech or very sophisticated, depending on the level
of investment.

1.2 WHY FAO?
Since 2003, FAO has been working on topics pertaining to edible insects in many
countries worldwide. FAO’s contributions cover the following thematic areas:
® generation and sharing of knowledge through publications, expert meetings and
a webportal on edible insects;
e awareness-raising on the role of insects with the general public through media
collaboration (e.g. newspapers, magazines and TV);
* support to member countries through field projects (e.g. the Laos Technical
Cooperation Project);
* networking and multidisciplinary interactions (e.g. stakeholders working with
nutrition, feed and legislation-related issues) with various sectors within and
outside FAO.

Some of the most important milestones are listed below.
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1.2.1 Central African study documenting the role of caterpillars

The Non-Wood Forest Products Programme of the FAO Forestry Department initiated
areview in 2003 to describe the contribution of edible insects to diets in Central Africa.
Four case studies and many other studies were commissioned in Central Africa with
an emphasis on the Congo Basin because of the significant consumption of wild insects
from important forestry resources and wildlife ecosystems. The report Contribution of
Forest Insects to Food Security: the Example of Caterpillars in Central Africa quantified
the role of edible insects as food and, as such, initiated a discussion on entomophagy as
an important practice in food security. The summary and conclusions of the publication
were taken up in the Overseas Development Institute’s Wildlife Policy Briefing, which
helped to further raise awareness among decision-makers in forestry and in bushmeat
crisis discussions of the important role that edible insects play in the food security of
forest-dependent people.

1.2.2 Conference in Chiang Mai, Thailand

In February 2008, the FAO Regional Office for Asia and the Pacific organized an
international workshop in Chiang Mai, Thailand, titled Forest Insects as Food: Humans
Bite Back. The workshop brought together many world experts on entomophagy,
focusing specifically on the science, management, collection, harvesting, processing,
marketing and consumption of edible forest insects, as well as their potential to be reared
commercially by local farmers. The proceedings of the Chiang Mai workshop aimed to
raise awareness of the potential of edible forest insects as a food source, document the
contribution of edible insects to rural livelihoods, and highlight linkages to sustainable
forest management and conservation.

1.2.3 Laos Technical Cooperation Programme, 2010-2013

FAO is implementing a technical cooperation project in the Lao People’s Democratic
Republic in the period 2010-2013, called “Sustainable insect farming and harvesting
for better nutrition, improved food security, and household income generation”. The
project is an immediate response to several interventions identified in the Lao People’s
Democratic Republic National Nutrition Strategy and National Plan of Action for
Nutrition, which was finalized and endorsed in December 2009, namely improving
nutrient intake and addressing underlying causes (through improved access to food and
increasing and diversifying domestic food production).

The project is focusing on strengthening the existing role of insects as complementary
food in local diets, recognizing the role of traditional insect-collecting in the wild, by
enhancing the sustainability, safety and efficiency of insect collection, preparation,
post-harvest processing and consumption, as well as expanding insect farming.

1.2.4 FAO-WUR collaboration

As a follow up to the FAO workshop in Chiang Mai in 2008, the Non-Wood Forest
Products Programme of the FAO Forestry Department and the Wageningen University
and Research Centre (WUR) (Laboratory of Entomology) initiated a collaborative
effort to promote entomophagy. The first step was the creation of a policy note,
Promoting the Contribution of Edible Forest Insects in Assuring Food Security, for
the FAO Forestry Department. This note outlined the long-term strategies for FAO
in making the edible insects programme an integrated, regular FAO programme and
creating awareness among (inter)national organizations/agencies and donors dealing
with food security. In 2010, two researchers and authors of the present publication,
Arnold van Huis and Joost Van Itterbeeck from WUR, worked at FAO for several
months. A bibliography of publications concerning edible insects and a database on
“who is who” in the entomophagy world was developed based on a widely disseminated
questionnaire. Additionally, the writing of the present publication commenced, along
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with preparations for conceptualizing and holding an international expert consultation
in January 2012.

1.2.5 Expert consultation meeting

The Expert Consultation Meeting on Assessing the Potential of Insects as Food and Feed
in Assuring Food Security took place on 23-25 January 2012 at FAO headquarters in
Rome. Jointly organized by FAO and WUR with the financial support of the Government
of the Netherlands, the meeting aimed to open a dialogue and foster an exchange of
information and expertise on the potential benefits of using insects for food and feed
as part of a broader strategy to achieve global food security. Fifty-seven experts from
international agencies, scientific institutions and private-sector stakeholders, together
with staff from relevant FAO disciplines (nutrition, aquaculture, livestock, veterinary
science, food safety, forestry and conservation) attended the meeting. These experts
and entrepreneurs — specialized in various aspects of insect rearing, plant protection
and food engineering — mapped the current state of the art and identified knowledge
gaps in the following thematic areas: insect ecology and biology; farming insects;
insects as livestock and fish feed; nutrition; processing and trade; food and feed safety;
communication strategies; and policies to achieve food security.

1.2.6. Webportal of edible insects

FAO has maintained a webportal on edible insects since 2010. It provides basic information
on the use and potential of edible insects as well as relevant weblinks, such as to the
proceedings of the 2008 Chiang Mai workshop, information on the Expert Consultation
Meeting in Rome in 2012, and other relevant technical information, videos and media
coverage. The address of the webportal is www.fao.org/forestry/edibleinsects.
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2. The role of insects

2.1 BENEFICIAL ROLE OF INSECTS FOR NATURE AND HUMANS

Over the past 400 million years, evolution has produced a wide variety of arthropod
species adapted to their environments. About 1 million of the 1.4 million described
animal species on earth are insects, and millions more are believed to exist. Contrary
to popular belief, of the 1 million described insect species, only 5000 can be considered
harmful to crops, livestock or human beings (Van Lenteren, 2006).

2.1.1 Benefits for nature

Insects deliver a host of ecological services fundamental to the survival of humankind.
For instance, insects play an important role in plant reproduction. An estimated
100000 pollinator species have been identified and almost all of these (98 percent)
are insects (Ingram, Nabhan and Buchmann, 1996). Over 90 percent of the 250 000
flowering plant species depend on pollinators. This is also true for three-quarters
of the 100 crop species that generate most of the world’s food (Ingram, Nabhan and
Buchmann, 1996). Domesticated bees alone pollinate an estimated 15 percent of these
species. The importance of this ecological service for agriculture and nature more
generally is undisputed.

Insects play an equally vital role in waste biodegradation. Beetle larvae, flies, ants
and termites clean up dead plant matter, breaking down organic matter until it is fit
to be consumed by fungi and bacteria. In this way, the minerals and nutrients of dead
organisms become readily available in the soil for uptake by plants. Animal carcasses,
for example, are consumed by fly maggots and beetle larvae. Dung beetles — of which
there are about 4 000 known species — also play a significant role in decomposing manure.
They can colonize a dung heap within 24 hours, preventing flies from developing on
them. If the dung remains on the soil surface, about 80 percent of the nitrogen is lost
to the atmosphere; the presence of dung beetles, however, means carbon and minerals
are recycled back to the soil, where they further decompose as humus for plants. When
cattle were introduced to Australia in 1788, waste biodegradation became an immediate
problem, as endemic dung beetles were simply insufficient to decompose the increased
amounts of manure. Australian dung beetles had adapted to the dung of marsupials (e.g.
kangaroos), which differs from bovine dung in various ways, including in size, texture
and water content (Bornemissza, 1976). The Australian Dung Beetle Project was initiated
to solve the problem, and dung beetles were introduced to the continent from South
Africa, Europe and Hawaii (of 46 introduced species, 23 established).

BOX 2.1
Outbreaks of the brown planthopper

Brown planthoppers (Nilaparvata lugens) cause considerable damage by sucking sap from
rice plants, causing them to wilt and die. They also transmit three viral diseases that stunt
rice plants and prevent grain formation. When using pesticides, beneficial insects that
prey on planthoppers are killed when insecticides are used injudiciously. Beneficial insects
that feed on planthoppers keep pest populations below outbreak levels. However, when
this balance is disrupted, planthopper outbreaks occur.
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Beneficial fauna, including insects, buttress the natural resistance of agro-ecosystems.
Pest insects have a large array of natural enemies, predators and parasitoids, keeping them
under economic threshold levels. However, by using insecticides, vulnerable beneficial
insects can be killed quicker than the targeted pest insect. One reason for this is that
the target pest is often better protected (such as stem borers by the stem and mites
by webs) than beneficial insects, which need to forage. Following the application of a
synthetic pesticide, the population of the pest insect first decreases but then increases
exponentially, because the pest insect can now develop without being constrained
by attacks from beneficial insects. A notorious example of this is the outbreak of the
brown planthopper in rice instigated by the use of pesticides (Box 2.1) (Heinrichs and
Mochida, 1984).

Virtually all agro-ecosytems benefit from insects because they can naturally control
harmful pest species. The number of insects that parasitize or prey on other insects is
vast. Ten percent of all insects are parasitoids (Godfray, 1994). Entire orders of insects —
such as Odonota (dragonflies) and Neuroptera (net-winged insects such as lacewings and
antlions) —are predators. A large percentage of true bugs (Hemiptera), beetles (Coleoptera),
flies (Diptera) and wasps, bees and ants (Hymenoptera) are also predators. The number
of beneficial insect species in the average agro-ecosystem typically far outweighs the
number of harmful insect species. For example, in a study carried out in a single agro-
ecosystem in rice fields in Indonesia, Settle et al. (1996) recorded 500 beneficial insect
species and 130 pest species. Another 150 insect species were deemed “neutral” since they
do no attack rice, although they served a very important role in the survival of predators
when rice was lacking. Beetles have also been used to control water hyacinth invasions.
Snout beetles (Neochetina spp.), imported from Australia, successfully controlled the
water hyacinth in Lake Victoria (Wilson et al., 2007).

BOX 2.2
Common insect products and services

Cochineal (carmine dye): scale insects Royal jelly (beauty products): bees

Honey: bees Silk: silkworms

Shellac (polish): various Hemiptera Termite hills (architectural models): termites

Pollination: various insects Venom (treatment for inflammatory

Propolis (natural medicine): bees diseases): bees

Resilin protein (for artery repair): Beeswax (cosmetics and candles): bees
human flea

2.1.2 Beneficial roles of insects for humans
Besides serving as sources of food, insects provide humans with a variety of other valuable
products (Box 2.2). Honey and silk are the most commonly known insect products.
Bees deliver about 1.2 million tonnes of commercial honey per year (FAO, 2009b), while
silkworms produce more than 90 000 tonnes of silk (Yong-woo, 1999). Carmine, a red
dye produced by scale insects (order Hemiptera), is used to colour foods, textiles and
pharmaceuticals. Resilin, a rubber-like protein that enables insects to jump, has been
used in medicine to repair arteries because of its elastic properties (Elvin er al., 2005).
Other medical applications include maggot therapy and the use of bee products — such
as honey, propolis, royal jelly and venom - in treating traumatic and infected wounds
and burns (van Huis, 2003a).

Insects have also inspired technology and engineering methods. The silk proteins
of arthropods (e.g. spiders) are strong and elastic and have been used as biomaterials
(Lewis, 1992). The unique structure of silk, its biocompatibility with living systems,
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its function as a tool for new materials engineering and its thermal stability are only a
few of the features that make it a promising material for many clinical functions (Vepari
and Kaplan, 2007). For example, researchers inserted a spider’s dragline silk gene into
goat DNA in such a way that the goats would make the silk protein in their milk. This
“silk milk” could then be used to manufacture a weblike material. Chitosan, a material
derived from chitin that makes up the exoskeleton of insects, has also been considered
as a potential intelligent and biodegradable biobased polymer for food packaging. Such
natural packaging using the “skin” of insects can acclimatize the internal environment,
protecting the product from food spoilers and micro-organisms. In particular, chitosan
can store antioxidants and exhibits antimicrobial activity against bacteria, moulds and
yeasts (Cutter, 2006; Portes et al., 2009). However, the chitosan polymer is sensitive
to moisture and could therefore be impractical in its 100 percent natural form (Cutter,
2006). Termite hills and their complicated network of tunnels and ventilation systems
serve as useful models for constructing buildings in which air quality, temperature and
humidity can be regulated efficiently (Turner and Soar, 2008). Drawing on nature — or
rather imitating it — to solve human problems is called biomimicry.

The branch of entomology — or the scientific study of insects — that explores the
influence of insects on culture (e.g. language, literature, art and religion) is known as
cultural entomology (Box 2.3) (Hogue, 1987). Contributions from this field have helped
highlight the distinct role that insects have assumed in literature (in particular children’s
books), movies and visual art, as well as their place as collection items, ornaments and
more generally as inspiration for creative expression.

BOX 2.3
Examples of cultural entomology?

1. Ornamental insects

Insects are fascinating creatures that can easily be prepared and stored for extended
periods. Given that some species and genera, mainly beetles and butterflies, are often
large and extremely colourful, it is unsurprising that insects have become collectors’
items. Species of commercial interest mostly belong to a few butterfly and beetle
families. While the majority of insects are still collected in the wild, a number of butterfly
farms rear and sell the pupae of common butterfly species. The rearing of insects by
hobbyists is a recent trend (a few decades at best). The market for dead specimens and
the number of insect collectors, however, seem to be in decline.

The public sector (e.g. zoological gardens and butterfly parks) is interested mainly
in large and eye-catching butterfly species. These species are farmed or ranched in
butterfly farms in tropical countries and the pupae shipped internationally.? Prices per
pupae are low, ranging from a few cents up to a few United States dollars per pupa.
These farms employ labour and provide income for local people. In Papua New Guinea,
host to the fantastic-looking genus Ornithoptera, commonly known as bird wings, the
government took an active approach in promoting butterfly ranching as a source of
income for local farmers.

Beetles and other insects are not commonly reared in their countries of origin,
but rather by private and professional insect growers around the world. Japan and
Taiwan have strong beetle-farming communities (mainly for Lucanidae, Cetoniidae and
Dynastidae), with the industrial-scale production of rearing materials, several insect shops

2 The ornamental insects part of this box was contributed by Benjamin Harink.
3 For a list of butterfly farms, please refer to the International Association of

Butterfly Exhibitors.
Continues
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Box 2.3 continued

in larger cities, and a number of magazines devoted to the topic of beetle-growing.
There is however, good potential for rearing these insects in their countries of origin, for
example by providing suitable sites for growing them.

The main challenges for the ornamental insect sector are legal. With declining forests
and several species becoming extinct daily, more and more species are banned from
trade. The second problem concerns public relations: insect collectors do not have a good
reputation. They are often criticized for collecting live animals and keeping exotic species
encaged as pets. Furthermore, increasing fears of invasive species complicates the transport
of living animals across borders. In such a political climate, it might be better to support
or create in-country agencies, such as the Insect Farming and Trading Agency of Papua
New Guinea, to regulate the insect trade and ensure certain levels of income for insect
growers and collectors, which would also serve as an incentive to protect natural forests.

Once the conditions have been determined, it is amazing how easily many ornamental
species can be reared. Ornamental insect farmers can provide ideas for good species for
human consumption to add to the existing range, such as the larvae of Dynastidae, which
have the potential to grow up to 200 grams (g) each. Aquatic beetles can be consumed
in both immature and adult stages (Ramos Elorduy, Pino and Martinez, 2008). Some
Cetoniidae species have high reproduction and growth rates and might therefore have
potential as human food, particularly as their larvae contain a lot of protein. This protein
is packed in a soft skin, reducing the quantity of chitin that would need to be disposed
of. The biggest advantage with these ornamental species, however, is that they live off
compost and decomposing plant matter, like that produced by mushroom farms. Compost
material left behind after the mushroom harvest would be an ideal substrate to inoculate
with larvae of beetles for protein production. Moreover, there is no competition for food
resources that could be used by humans. In addition, the excrement produced by the larvae
makes good fertilizer and helps soil retain moisture for plants. Close cooperation between
hobbyist insect growers and those interested in using insects as food is thus desirable, in
the hope that new and more suited species than those currently in use might be discovered.

2. Singing crickets
Keeping crickets and bush crickets as pets is a centuries-old tradition in Asian cultures and
even in some Western societies. Insects were first cited in an epigram dating to 600 BCE
found in Ancient Greece, which referred to a young girl and her dying pet cricket. Many
more poems have been written since, particularly on the sounds or songs of crickets
(Weidner, 1952).

In China, singing crickets became domestic pets over 2 000 years ago. During the Tang
Dynasty (618-906 CE), people kept crickets in cages to listen to their song:

Whenever the autumn arrives, the ladies of the palace catch crickets and keep
them in small golden cages, which are placed near their pillows so as to hear
their songs during the night. This custom was also mirrored by common people.
(Kai Yuan Tian Boa Yi Shi, Affairs of the Period of Tian Bao, 742-759 CE)

3. Cricket fighting

Cricket fighting flourished as a popular sport in China under the Song Dynasty (960—

1278 CE). The practice was forbidden during the Qing Dynasty (1644-1911 CE), and cricket
fighting became clandestine. Today, cricket fighting is again widespread, although mainly
in large cities like Shanghai, Beijing, Tianjin, Guangzhou and Hong Kong, where cricket-
fighting clubs and societies thrive. With the migration of Chinese people to other parts

of the world, cricket fighting can now be found in places like New York and Philadelphia
(Xing-Bao and Kai-Ling, 1994).

Continues
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Box 2.3 continued

However, there is a negative side to cricket fighting, as overcollection has caused
significant problems. In Shanghai alone there are 300 000—-400 000 cricket enthusiasts,
and about 90 percent of them are interested in betting on cricket fights. Crickets
have become less abundant in areas around large cities in China. Collectors have even
reportedly caused damage to suburban vegetable plots while searching for crickets. For
more information see also Ryan (1996) and Costa-Neto (2003).

Source: Jin, 1998.

2.2 ENTOMOPHAGY AROUND THE WORLD

2.2.1 Number of edible insect species identified

Providing definitive figures on the number of edible insect species worldwide is difficult
for several reasons. First, a layperson is unlikely to describe an insect by its Linnaean
nomenclature, making official estimates difficult. Matters are complicated by the use
in many cultures of more than one vernacular name — also called ethnospecies — for
the same insect species. By using only Latin names and correcting for synonyms,
Yde Jongema of WUR conducted a worldwide inventory using the literature, including
from Western countries and temperate regions, and listed 1 900 edible insect species
worldwide as of April 2012. Lower estimates do exist. DeFoliart (1997) counted a “low”
1000 species, while Ramos Elorduy (2005) noted “at least” 1681 species. Regional and
national estimates have also been made: van Huis (2005) identified 250 edible species in
Africa; Ramos Elorduy ez al. (2008) listed 549 species in Mexico (although Cerritos, 2009,
reported a mere 177 species in the country); in China, Chen er al. (2009) documented
170 species; Young-Aree and Viwatpanich (2005) reported 164 species in the Lao People’s
Democratic Republic, Myanmar, Thailand and Viet Nam; and Paoletti and Dufour
(2005) estimated that 428 species were consumed as food in the Amazon (Figure 2.1).

FIGURE 2.1
Recorded number of edible insect species, by country
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Source: Centre for Geo Information, Wageningen University, based on data compiled by Jongema, 2012.
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2.2.2 Major groups of edible insects

Globally, the most common insects consumed* are beetles (Coleoptera) (31 percent)
(see Figure 2.2). This is not surprising given that the group contains about 40 percent
of all known insect species. The consumption of caterpillars (Lepidoptera), especially
popular in sub-Saharan Africa (Box 2.4), is estimated at 18 percent. Bees, wasps and ants
(Hymenoptera) come in third at 14 percent (these insects are especially common in Latin
America). Following these are grasshoppers, locusts and crickets (Orthoptera) (13 percent);
cicadas, leafhoppers, planthoppers, scale insects and true bugs (Hemiptera) (10 percent);
termites (Isoptera) (3 percent); dragonflies (Odonata) (3 percent); flies (Diptera) (2 percent);
and other orders (5 percent). Lepidoptera are consumed almost entirely as caterpillars
and Hymenoptera are consumed mostly in their larval or pupal stages. Both adults and
larvae of the Coleoptera order are eaten, while the Orthoptera, Homoptera, Isoptera
and Hemiptera orders are mostly eaten in the mature stage (Cerritos, 2009).

FIGURE 2.2
Number of insect species, by order, consumed worldwide
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Source: Jongema, 2012.

BOX 2.4
Example of national insect diversity:
species eaten in the Central African Republic

There is considerable variation in the most consumed insect order by continent, country and
community. For example, an estimated 96 insect species are eaten in the Central African
Republic. Orthoptera (locusts and grasshoppers) is the most consumed class (40 percent),
followed by Lepidoptera (caterpillars) (36 percent), Isoptera (termites) (10 percent),
Coleoptera (beetles) (6 percent) and others such as cicadas and crickets (8 percent).

Source: Roulon-Doko, 1998.

*This should not be confused with the frequency at which insects are eaten in a certain group.
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Coleoptera (beetles)

There are many kinds of edible beetles, including aquatic beetles, wood-boring larvae,
and dung beetles (larvae and adults). Ramos Elorduy, Pino and Martinez-Camacho (2009)
listed 78 edible aquatic beetle species, mainly belonging to the Dytiscidae, Gyrinidae
and Hydrophilidae families. Typically, only the larvae of these species are eaten. The
most popular edible beetle in the tropics, by far, is the palm weevil, Rynchophorus, a
significant palm pest distributed throughout Africa, southern Asia and South America.
The palm weevil R. phoenicis is found in tropical and equatorial Africa (see Box 2.5
on the use of sound in harvesting), R. ferrugineus in Asia (Indonesia, Japan, Malaysia,
Papua New Guinea, the Philippines and Thailand) and R. palmarum in the tropical
Americas (Central America and West Indies, Mexico and South America).

In the Netherlands, the larvae of mealworm species from the Tenebrionidae family, such
as the yellow mealworm (Tenebrio molitor), the lesser mealworm (Alphitobius diaperinus)
and the superworm (Zophobas morio), are reared as feed for reptile, fish and avian pets.
They are also considered particularly fit for human consumption and are offered as
human food in specialized shops.

BOX 2.5
Use of sound in harvesting larvae

In Cameroon, women are generally involved in harvesting beetle larvae. They detect

the larvae in palm trees by placing their ears against the tree and listening to the sound
made by nibbling larvae. This method is commonly used to determine the optimal timing
for harvesting the most sought-after instar (the developmental stage of an insect or
larvae) of Rhynchophorus larvae. In the Democratic Republic of the Congo, the same
method is used to harvest edible larvae of weevil, longhorn and scarab beetles, which
occur in standing or rotting Elaeis, Raphia, Chamaerops and Cocos nucifera palm trees
(Ghesquieére, 1947).

Source: van Huis, 2003b.

Lepidoptera (butterflies and motbs)

Buttertlies and moths are typically consumed during their larval stages (i.e. as caterpillars),
but adult butterflies and moths are also eaten. Indigenous Australians have been reported
to eat moths of the cutworm Agrotis infusa (the Bogong moth) (Flood, 1980) and, in
the Lao People’s Democratic Republic, people have been observed eating hawkmoths
(Daphnis spp. and Theretra spp.) after removing the wings and legs (J. Van Itterbeeck,
personal communication, 2012). Nevertheless, the practice is limited.

The mopane caterpillar (Imbrasia belina) is arguably the most popular and
economically important caterpillar consumed. Endemic to the mopane woodlands in
Angola, Botswana, Mozambique, Namibia, South Africa, Zambia and Zimbabwe, the
caterpillar’s habitat extends over about 384000 km? of forest (FAO, 2003). An estimated
9.5 billion mopane caterpillars are harvested annually in southern Africa, a practice
worth US$85 million (Ghazoul, 2006). Other caterpillars are also consumed, but to
a lesser extent. Malaisse (1997) identified 38 different species of caterpillar across the
Democratic Republic of the Congo, Zambia and Zimbabwe. Latham (2003) documented
23 edible species in the Bas-Congo, a western province of the Democratic Republic
of the Congo.

Caterpillar harvesting is not exclusive to Africa. In Asia, the bamboo caterpillar
(Ompbhisa fuscidentalis), also known as the bamboo borer or bamboo worm, is a popular
food that is being promoted by the Thai Department of Forestry of the Ministry of
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Agriculture and Cooperatives as an increasingly viable source of income (Yhoung-Aree
and Viwatpanich, 2005). In the Chiapas region in Mexico, locals are believed to consume
up to 27 caterpillar species (Box 2.6).

BOX 2.6
Maguey worms

Red maguey worms — larvae of the moth Comadia redtenbacheri — and white maguey
worms — larvae of the butterfly Aegiale hesperiaris — are found throughout central
Mexico on the leaves of Agave salmiana. When fully mature, the highly nutritious
caterpillars are considered a delicacy by Mexican farmers. They are generally eaten

deep fried or braised, seasoned with a spicy sauce and served in a tortilla. Along with
the larvae of the agave weevil (Scyphophorus acupunctatus), red maguey worms are
one of the types of gusano (caterpillar) found in bottles of mezcal liquor (a distilled
alcoholic beverage made from the maguey plant, Agave americana) in the Mexican state
of Oaxaca. The gusanos are so popular that mezcal producers send security guards into
agave fields during the rainy season to stop poachers.

Source: Ramos Elorduy et al., 2007.

Hymenoptera (wasps, bees and ants)

Ants are highly sought-after delicacies in many parts of the world (Rastogi, 2011; Del Toro,
Ribbons and Pelini, 2012). They also render important ecological services, including
nutrient cycling, and serve as predators of pests in orchards, although negative effects
are also reported (Del Toro, Ribbons and Pelini, 2012). The weaver ant (Oecophylla spp.)
is used as a biological control agent in various crops, such as mangoes (Van Mele, 2008),
and the larvae and pupae of the reproductive form (queen brood), also called ant eggs,
constitute a popular food in Asia (see section 4.5.1). In Thailand they are sold in cans.
Shen, Liand Ren (2006) reported that the black weaver ant (Polymachis dives) is widely
distributed in subtropical southeast China, Bangladesh, India, Malaysia and Sri Lanka.
It is used as a nutritional ingredient and processed into various tonics or health foods
available on the Chinese market. The State Food and Drug Administration and State
Health Ministry of China have approved more than 30 ant-containing health products
since 1996.

In Japan, the larvae of yellow jacket wasps (Vespula and Dolichovespula spp.), locally
known as hebo, are commonly consumed. During the annual Hebo Festival, food
products made from the larvae of the wasps are popular delicacies (Nonaka, Sivilay
and Boulidam, 2008), so much so that the local supply is insufficient and imports from
Australia and Viet Nam are necessary to keep up with demand (K. Shono, personal
communication, 2012). Box 2.7 provides background information on bees.

An inventory compiled by Ramos Elorduy and Pino (2002) in Chiapas, Mexico,
suggested that most (67) insect species eaten in the state belong to the Hymenoptera order,
and two leafcutter ant species (Atta mexicana and A. cephalotus) are becoming increasingly
commercialized there. Further south, Amerindians have also been documented eating
ants of the Atra genus (Dufour, 1987). Colonies of Atta species can have more than
1 million workers, and some can have up to 7 million. Their effect on vegetation in
the Neotropics is said to be comparable with that of large grazing mammals on the
African savannah. Therefore, a leafcutter colony can be considered competitive with a
cow (Holldobler and Wilson, 2010).
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BOX 2.7
Beekeeping around the world

The contribution of bees to nature and agriculture is well documented (Bradbear, 2009),
but their enormous potential to act as a direct source of food for humans is less
understood (Chen et al., 1998). A limited number of studies have shown that

bee brood (eggs, larvae and pupae) and adults of a number of bee families are edible,
including Bombycidae, Meliponidae and Apidae (Banjo, Lawal and Songonuga, 2006;
Ramos Elorduy, 2006). An extensive nutritional analysis conducted by Finke (2005)
showed that bee brood (presumably of Apis mellifera) is an excellent source of energy,
amino acids, essential minerals and B-vitamins.

Nest-building insects, such as honeybees, lend themselves easily to semi-cultivation:
bees can be attracted to nest at certain spots, and their hives can be relocated nearer to
home, for example. These techniques have been applied widely worldwide over a long
period (DeFoliart, 1995); in Central America, they date back to the Mayan civilizations
(Villanueva, Roubik and Colli-Ucan, 2005). Coletto-Silva (2005) documents an ingenious
method for collecting stingless bee (Melipona spp.) colonies to start meliponaries,
whereby the host tree is not destroyed: the tree is opened up, the colony collected and
the tree closed again with natural resins.

More facts on bees:

¢ Along with wasps, honeybees (Apis mellifera) are the most important food insects in
northern Thailand. Bee brood features commonly in local diets and is in high demand
in markets; therefore, it is often expensive (Chen et al., 1998).

¢ In Malawi, beekeeping is more than three times as profitable as growing maize, a
staple crop (Munthali and Mughogho, 1992).

¢ In Australia, the hive (referred to as honeybag or sugarbag) of native stingless bees
(Trigona spp.) is a popular source of sugar for Aborigines (Cherry, 1991; O'Dea et al., 1991).

Orthoptera (locusts, grasshoppers and crickets)
About 80 grasshopper species are consumed worldwide, and the large majority of
grasshopper species are edible. Locusts may occur in swarms, which makes them
particulary easy to harvest. In Africa, the desert locust, the migratory locust, the red
locust and the brown locust are eaten. However, due to their status as agricultural pests
they may be sprayed with insecticides in governmental control programmes or by farmers.
For example, relatively high concentrations of residues of organophosphorus pesticides
were detected in locusts collected for food in Kuwait (Saeed, Dagga and Saraf, 1993).

Grasshoppers and locusts are generally collected in the morning when the temperature
is cooler (and the insects, being cold-blooded, are relatively immobile). In Madagascar,
there is a common saying: “Comment pourriez-vous attraper les sauterelles pondeuses
et faire la grasse matinée en méme temps?” (“one needs to waken early in the morning
to catch grasshoppers”). In Oaxaca, the harvest of chapulines (edible grasshoppers of
the genus Sphenarium) only takes place very early in the morning (04:00-05:00 hours)
(Cerritos and Cano-Santana, 2008) because chapulines are too active and difficult to
catch during the hotter part of the day (Cohen, Sanchez and Montiel-ishinoet, 2009).

In the West African nation of Niger, it is not uncommon to find grasshoppers for
sale in local markets or sold as snacks on roadsides. Remarkably, researchers found
that grasshoppers collected in millet fields fetched a higher price in local markets than
millet (van Huis, 2003b).

The chapuline is probably the best-known edible grasshopper in Latin America. This
small grasshopper has been a part of local diets for centuries and is still eaten in several
parts of Mexico. The valleys of Oaxaca state are especially famous for the consumption
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of chapulines. Cleaned and toasted in a little oil with garlic, lemon and salt for flavour,
they are a common food ingredient among not only indigenous communities but also the
urban population in Oaxaca city (Cohen ez al., 2009). Chapulines are brachypterous, which
means they have reduced, non-functional wings. Sphenarium purpurascens is a pest of alfalfa
but also one of the most important edible insects in Mexico. Harvesters use conical nets
(about 80 cm in diameter and 90 cm deep) without handles to lightly beat the alfalfa plants,
allowing each local family to obtain about 50-70 kilograms (kg) of grasshoppers weekly
(Cerritos and Cano-Santana, 2008). Chapulines play a significant role in local small-scale
markets as well as in restaurants and export markets. Despite the nutritional and cultural
value of chapulines, recent studies have shown that the grasshoppers can contain high
and sometimes dangerous amounts of lead (Cohen, Sanchez and Montiel-ishinoet, 2009).

In Asia, the crickets Gryllus bimaculatus, Teleogryllus occipitalis and T. mitratus
are harvested in the wild and commonly consumed as food. The house cricket (Acheta
domesticus) is also reared and commonly eaten, particularly in Thailand, and is preferred
over other species because of its soft body. In a study carried out in Thailand in 2002,
53 of 76 provinces had cricket farms (Yhoung-Aree and Viwatpanich, 2005). As of 2012,
there were about 20 000 cricket farmers in Thailand. Additionally, the short-tail cricket
(Brachytrupes portentosus), which has a large body and large head, is also quite popular
for eating. However, this species cannot be farmed and therefore is only collected in
the wild (Y. Hanboonsong, personal communication, 2012).

Despite the extensive practice of farming insects, only two species of edible cricket
(Gryllus bimaculatus and Acheta domesticus) are farmed economically. Others, such
as Tarbinskiellus portentosus, cannot be farmed due to their long life cycles. However,
there are signs of change in the Lao People’s Democratic Republic and Cambodia: sellers
are now saying that consumers prefer farmed crickets over those collected in the wild
because they taste better (P. Durst, personal communication, 2012).

Homoptera (cicadas, leafboppers, planthoppers and scale insects), a suborder of

the Hemiptera

In Malawi, several cicada species (loba, Platypleura and Pycna) are highly esteemed
as food. Cicadas can be found on the trunks of trees and collected using long reeds
(Phragmites mauritianus) or grasses (Pennisetum purpureum) with a glue-like residue
on them, such as latex from the Ficus natalensis tree. The latex adheres to the cicadas’
wings, which are removed before consumption. Some Homoptera yield products
commonly eaten by humans, such as carmine dye (a bright red pigment also called E120)
derived from the cactus cochineal bug (Dactylopius coccus) often used in food products.
Humans also consume lerp, a crystallized, sugary secretion produced by the larvae of
psyllid insects as a protective cover. In South Africa, for example, the psyllid (Arytaina
mopane) that feeds on the phloem sap of the mopane tree (Colophospermum mopane)
is eaten. The largest number of lerp-building psyllids is found on Eucalyptus species
in Australia. Australian Aborigines collect lerp as a sweet food source (Yen, 2005). See
section 2.4.3 for more information on lerp.

Heteroptera (true bugs), suborder of Hemiptera

Pentatomid bugs are eaten widely throughout sub-Saharan Africa, particularly in
southern Africa (see section 2.4.4). In the Republic of Sudan, the pentatomid Agonoscelis
versicolor, a pest of rainfed sorghum that causes considerable damage, is eaten roasted.
Oil is also derived from these insects and is used in preparing foods and for treating
scab disease in camels (van Huis, 2003a).

Most pentatomids consumed as food, however, live in water. The famous Mexican
caviar, ahuahutle, is composed of the eggs of at least seven species® of aquatic Hemiptera
(the Corixidae and Notonectidae families); these insects have formed the backbone of
aquatic farming, or aquaculture, in Mexico for centuries (Box 2.8). The semi-cultivation
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of these species is simple and inexpensive because it can be undertaken using traditional
local practices (Parsons, 2010) (see Chapter 4). The insects fetch high prices, particularly
during the Semana Santa (the week preceding Easter). The semi-cultivation of Hemiptera
is under threat, however, as a result of heavy pollution and dried-up water bodies
(Ramos Elorduy, 2006).

BOX 2.8
Ahuahutle, Mexican caviar

In Historia de las cosas de la Nueva Esparia, Sahugan (1557) stated that at the court of
Emperor Montezuma and the Aztec kings that preceded him prior to the tenth century,
the ahuahutle were prepared especially during ceremonies dedicated to the god
Xiuhtecutli. Native runners brought the ahuahutle into Tenochtitlan from Texcoco so
that the Emperor could have them fresh for breakfast. Sahugan called them aoauhtli or
ahuauhtli and reported that the common name used by the people was aguaucle, which
meant “seeds of the water”. He also reported that they were eggs deposited by flies on
the surface of stagnant waters in infinite numbers and were sold in the marketplace of
Texcoco and other neighbouring villages.

Source: Bachstez and Aragon, 1945.

Isoptera (termites)

The most commonly eaten termite species are the large Macrotermes species. The winged
termites emerge after the first rains fall at the end of the dry season, from holes near
termite nests. van Huis (2003b) observed that, in Africa, locals beat the ground around
termite hills (simulating heavy rain) to provoke the termites to emerge.

Syntermes species are the largest termites eaten in the Amazon. They are gathered
by introducing a palm leaf rib into the galleries of the nest; the soldiers biting it are
then fished out (Paoletti et al., 2003; Paoletti and Dufour, 2005). More information on
termites is provided in section 2.3.3.

2.2.3 Where and when are insects eaten?
The frequency of insect consumption around the world is poorly documented. The few
examples found in literature are from Africa, Asia and Latin America.

Africa

Insects can be found in abundance throughout the African continent and when staples
are scarce they become important sources of food. During the rainy season — when
hunting game or fish can be problematic — insects play an important role in food security.
Caterpillars are especially popular during the rainy season, although their availability
can vary even within the same country depending on climatic conditions (Vantomme,
Gohler and N’Deckere-Ziangba, 2004); Table 2.1 shows the seasonal abundance of
caterpillars in Central Africa.

The seasonal availability and correlated consumption of insects is well documented
by Takeda and Sato (1993). A study carried out in tropical rainforest in the Democratic
Republic of the Congo shows the remarkable resourcefulness of the Ngandu people,
who obtain nourishment from what is seasonally available: cultivated and wild-gathered

5 Corisella mercenaria (Say), C. texcocana (Jacz), Krizousacorixa femorata (Guér), K. azteca (Jacz),
Graprocorixa abdominalis (Say), G. bimaculata (Guér) (Hemiptera-Corixidae) and Notonecta spp.
(Hemiptera-Notonectidae).
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plants, mushrooms, mammals, birds, fish, reptiles and insects. An earlier study carried
out in the same country found that the availability of caterpillars is strongly correlated
with declines of fish and game (Pagezy, 1975) (see Figure 2.3).

FIGURE 2.3
Monthly rainfall (top) and monthly occurrence of meals of fish, caterpillars and game in
15 consecutive months in the Lake Tumba region, Democratic Republic of the Congo
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Source: Pagezy, 1975.

Markets in Kinshasa, the capital of the Democratic Republic of the Congo, boast
an abundant year-round supply of caterpillars, and the average household in Kinshasa
eats approximately 300 g of caterpillars per week. It has been estimated that 96 tonnes
of caterpillars are consumed in the city annually (Kitsa, 1989). Consumption of the
mopane caterpillar by far exceeds that of other caterpillars: 70 percent of Kinshasa’s
8 million inhabitants are estimated to eat the caterpillars, for both their nutritional value
and their taste (Vantomme, Gohler and N’Deckere-Ziangba., 2004).

Caterpillars also provide an important source of protein during the rainy season (July
to October) in the Central African Republic (Bahuchet, 1975; Bahuchet and Garine,
1990), particularly for pygmies. In the rainy season, average consumption is estimated at
42 freshly harvested caterpillars per person per day. Consumption in the remainder of the
year is much lower, although the insects are available year-round, either dried or smoked
(see Figure 2.3). The indigenous Gbaya have been documented to consume 96 different
insect species; this amounts to 15 percent of their protein intake (Roulon-Doko, 1998).

In some places, the consumption of insects is correlated with the availability of staples.
In Madagascar, the consumption of rice declines at the end of the dry season and the
consumption of caterpillars rises (Decary, 1937). Locals harvest caterpillars from forest trees
at the end of the dry season as leaves develop just before the rain. The caterpillars can also
be dried and stored for use in times of food shortage. In southern Africa, emperor moth
caterpillars (Saturniidae) are widely consumed during food-deficient periods of the year.
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TABLE 2.1

Abundance of caterpillars in Central Africa

Country Province Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
CAR
Cameroon
DR Congo East Kasai
West Kasai
Bandundu
Kinshasa

Rep. du Congo Sangha

Likoula

Brazzaville

Pool

Plateaux

Source: Roulon-Doko, 1998.

Asia

Between 150 and 200 species of edible insect are consumed in Southeast Asia. Red palm
weevils (Rhynchophorus ferrugineus) from the Sago palm (Metroxylon sagu) are especially
popular across the continent and are a highly prized delicacy in many regions (Johnson,
2010). Some insects are available year-round, including many aquatic species, while
others are only available on a seasonal basis. Table 2.2 shows the annual availability of

TABLE 2.2

Availability of edible insects, Lao People’s Democratic Republic, by month

Habitat

Common name
(scientific name)

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

Aquatic

Water scorpion
(Laccotrephus sp.) (Nepidae)

Diving beetle (Cybister sp.)
(Dytiscidae)

Water scavenger
(Hydrophilus sp.)
(Hydrophilidae)

Dragonfly larvae

Giant water bug
(Lethocerus indicus)
(Belostomatidae)

Ground

Cricket (Tarbinskiellus
portentosus) (=Brachytrupes
achatinus) (Gryllidae)

Scale insect (Drosicha sp.)
[Monophlebidae =
Margarodidae]

Dung beetles
(Scarabaeinae)

Tree/
Bush/
Shrub

Cicada (Cicadidae)

Weaver ant (Oecophylla
smaragdina) (Formicidae)

Stink bug (Tessaratoma
quadrata) (Pentatomidae)

Scarabid beetle (Holotrichia
sp.) (Scarabaeidae)

Grasshoppers (Orthoptera)

Bamboo caterpillar
(Omphisa fuscidentalis)
(Pyralidae)

Source: Nonaka, 2010.
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selected insect species in the Lao People’s Democratic Republic. There, and in Myanmar,
Thailand and Viet Nam, various insect species are collected throughout the year from
a range of habitats; in this way, people can obtain a steady supply of edible insects
(Yhoung-Aree and Viwatpanich, 2005) (see Table 2.3).

TABLE 2.3

Availability of edible insects in Thailand, by month
Month Insect
January Grasshopper, tortoise beetle, skipper

February Adult red ant, dung beetle, scarab beetle, stink bug

March Cicada, termites, dung beetles

April Dung beetle, grasshopper

May Ground cricket

June Giant water bug, wood-boring beetle, predaceous diving beetle
July Back swimmer, crawling water beetle, damselfly, spider

August Bee hornet, wasp, beetle

September  Rhinoceros beetle, spider

October Cricket

November Long-horned beetle

December Mole cricket, river swimmer, true water beetle, water scavenger beetle, water scorpion beetle

Source: Yhoung-Aree and Viwatpanich, 2005.

Present day entomophagy in many Asian countries is the result of migration patterns.
For example, insects have long been an important part of diets in northeastern Thailand,
but as a result of labour-migration to tourist areas in southern parts of the country,
including Bangkok, the practice is now well established throughout the country (Yen,
2009); it is estimated that as many as 81 insect species are consumed in both rural and
urban areas there. Additionally, over 50 insect species are consumed in South Asia (India,
Pakistan and Sri Lanka), 39 species in Papua New Guinea and the Pacific Islands, and
150-200 species in Southeast Asia (Johnson, 2010).

Latin America

In Mexico, indigenous people possess a deep knowledge of the plant and animal species
that traditionally make up their diets, including the life cycles of insects (Ramos Elorduy,
1997) (Box 2.9). Insects have been “calendarized” by species, meaning that they are believed
to operate in harmony with natural phenomena such as plant life cycles, moon cycles,
rainy seasons and thunder. It is widely known among indigenous people, for instance,
that escamoles (larvae of the ants of the Liometopum genus) are ready to harvest when the
jarilla plant (Senecio salignus) is flowering. In Oaxaca, Mexico, the harvest of chapulines
begins with the onset of the rainy season and continues throughout this season. In the
Amazon, insect gathering is also a seasonal affair. Maku Indians, an indigenous group of
hunter-gatherers living in the tropical forest of northwestern Amazonia in Brazil, gather
insects during the rainy season (from July to September) when hunting fish and game
is difficult (Milton, 1984). In the Colombian Amazon, the Nukak community harvests
larvae of Rhynchophorus species during the rainy season (Politis, 1996).

In the Ecuadorian highlands, the Platycoelia lutescens beetle can be found in Quito’s
markets from late October to early November; they are collected during winter rains.
The beetles are harvested when they emerge from the soil in meadows and grasslands and
are relatively easy to collect. It is believed that vibrations caused by rain and the sound
of thunder trigger their emergence (Smith and Paucar, 2000). Not all insects, however,
are harvested during the rainy season. For example, the larvae of the South American
palm weevil (Rhynchophorus palmarum) and bearded weevil (Rhinostomus barbirostris)
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BOX 2.9
Wild food consumption by the Popoloca people of
Los Reyes Metzontla Puebla, Mexico

Food availability

Wild foods provide important supplements to the diet of the Popoloca people,
particularly when maize and bean reserves are lean (Table 2.4). Wild plants and insect
species are primarily available during the rainy season, from April to October, and before
the harvest of maize and beans. The Popoloca typically gather wild foods as they go to
work in their agricultural plots. In May, for example, several cacti fruits, such as chende
(Polaskia chende), chichipe (Polaskia chichipe), xoconostle (Stenocereus stellatus), pitaya
(Stenocereus pruinosus) and nopal de monte (Opuntia depressa), are harvested, along

Continued next page

TABLE 2.4
Available insect and insect products for the Popoloca people of Los Reyes Metzontla
Puebla, Mexico

Month Insect and insect Approximate amount of consumption
products
Year- Cazahaute worm From % to 2 litre two to three times a year per family
round
Wasp nest (five species) From 1 to 4 nests a year per family
Apis mellifera honey No data available
January Year-round insects -
February = Comadia redtenbacheri Around 1 litre once or twice a year per family
March Mormidea (Mormidea) From 1 to 2 litres once or twice a year per family
Notulata and
Euschistus sp.
Comadia redtenbacheri Around 1 litre once or twice a year per family
Plebeia mexica honey Collected once a year during spring
April Mormidea (mormidea) From 1 to 2 litres once or twice a year per family
Notulata and
Euschistus sp.
Thasus gigas From % to 2 litres one to three times a year per family
Plebeia mexica honey Collected once a year during spring
May Mormidea (mormidea) From 1 to 2 litres once or twice a year per family
Notulata and
Euschistus sp.
Plebeia mexica honey Collected once a year during spring
Aegiale hesperiaris Around 50 larvae each season per family
Atta mexicana From Ya to 1 litre once a year per family
June Aegiale hesperiaris Around 50 larvae each season per family
Pochocuile Around one or two “medidas” (12 larvae) once a year per person
July Aegiale hesperiaris Around 50 larvae each season per family
Pochocuile Around one or two “medidas” (12 larvae) once a year per person
August Paradirphia fumosa From a couple of “medidas” (15 larvae) per person to 3 litres
per family once a year
Gusano del pirul From % to 1 litre two or three times a year per family
September Paradirphia fumosa From a couple of “medidas” (15 larvae) per person to 3 litres
per family once a year
October Year-round insects -
November Year-round insects -
December Year-round insects -

Source: Acufia et al., 2011.
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Box 2.9 continued

FIGURE 2.4

Temporal availability of edible insects, wild plants and subsistence crops for the
Popoloca people of Los Reyes Metzontla Puebla, Mexico
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with insects such as chinches (stink bugs), conduchos (white agave maguey worm
Aegiale hesperiaris) and chicatanas (the leafcutting ant Atta mexicana). Most of these
insects (about 60 percent) are available from February to September, while about

40 percent are consumed year round (e.g. wasp nests).

Frequency and quantity

The frequency and quantity of insect consumption depend on three main factors: the
consistency of climatic conditions, which can affect the quantity of insects harvested;
personal choice; and chance encounters during other subsistence activities (e.g. farming)
for species that are used opportunistically.

Source: Acufia et al., 2011.

are collected by the Joiti people in northeastern Amazonia, Venezuela, from September
to January at the end of the rainy season. Rain, in fact, keeps adult beetles away and
increases the occurrence of fungal attack (Choo, Zent and Simpson, 2009).

2.3 EXAMPLES OF IMPORTANT INSECT SPECIES CONSUMED
This section describes some of the most consumed insect species but is by no means
exhaustive.

2.3.1 Caterpillar

Caterpillars are among the world’s most diverse groups of edible insects. They are not
only valuable sources of protein and other micronutrients, they also make valuable
contributions to livelihoods in many parts of the world. Among the most renowned are
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the witchetty grubs® consumed in Australia (Meyer-Rochow, 2005) and the bamboo
caterpillar (Omphisa fuscidentalis), which is popular in Thailand and the Lao People’s
Democratic Republic (Yhoung-Aree and Viwatpanich, 2005). The consumption of
caterpillars is especially pervasive in sub-Saharan Africa, where 30 percent of all edible
insect species are caterpillars (van Huis, 2003b). Malaisse (1997) listed 38 species of
edible caterpillars on the basis of intensive studies in the region inhabited by the Bemba
(Bantu-speaking people in the northeastern plateau of Zambia and neighbouring areas
of the Democratic Republic of the Congo and Zimbabwe). In the Democratic Republic
of the Congo, caterpillars make up 40 percent of the total animal protein consumed
(Latham, 2003) (Box 2.10). The most popular and profitable caterpillar on the African
continent is undoubtedly the mopane caterpillar, Imbrasia (=Gonimbrasia) belina.

Mopane caterpillar
The mopane woodlands are found in Botswana, Namibia, Zimbabwe and northern
parts of South Africa. It is in this vast habitat that the mopane caterpillar thrives. Local
knowledge of the insect’s ecology and biology in some rural communities is extensive
(Mbata, Chidumayo and Lwatula, 2002). Its distribution is largely correlated to that of
its principal host, the mopane tree (Colophospermum mopane). The mopane caterpillar
is bivoltine in most areas; that is, two generations are produced each year (the first
between November and January, its major outbreak, and the second between March
and May) (Stack et al., 2003; Ghazoul, 2006).

Like many other edible insects, mopane caterpillars are not merely “famine foods”,
consumed in times of food shortage. Although the caterpillars are important sources
of nutrition in lean times, they also form a regular part of the diet (Stack et al., 2003).

BOX 2.10
Yansi sayings, Democratic Republic of the Congo

“Caterpillars and meat play the same role in the human body.”
“As food, caterpillars are regulars in the village but meat is a stranger.”

Source: Muyay, 1981.

Collecting, processing, trading and consuming the mopane caterpillar is an integral
part of local cultures, but it is especially a livelihood strategy among marginalized
groups (Illgner and Nel, 2000; Stack et al., 2003). The caterpillars are collected by
hand - primarily by women and children — and then degutted, boiled in salted water
and sun-dried. Dried mopane caterpillars will last for several months and can be a
valuable source of nutrition in times of stress. Harvesting and trading the caterpillars
also provides important income for many rural families; this is often the prime incentive
for harvesting (Stack er al., 2003), and the income is comparable with and often higher
than that generated by conventional agricultural crops (Munthali and Mughogho, 1992;
Chidumayo and Mbata, 2002). The income generated by the mopane caterpillar harvest
provides many families with funds to purchase household items such as clothing, school
materials and basic utensils (Stack ez al., 2003; N’Gasse, 2004). Vast numbers of people
partake in the mopane harvest: the nutritional and economic incentives are so high
that many are willing to travel hundreds of kilometres across the mopane woodlands
in search of the insects (Kozanayi and Frost, 2002).

¢ A term used in Australia for large, white, wood-eating larvae of the cossid moth (Xyleutes (=Endoxyla)
lencomochla), a traditional Aboriginal delicacy.
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The protein content of the mopane caterpillar is 48—61 percent and fat content is
16-20 percent, of which 40 percent is essential fatty acids. Mopane caterpillars are also
a good source of calcium, zinc and iron (Glew et al., 1999; Headings and Rahnema,
2002). See Chapter 6 for more information on nutrition.

2.3.2 Palm weevil

“Larvae assate in deliciis habentur” [fried larvae are delicious] — Linneus on
Rynchophorous spp. in the 1758 work Systema Naturae.

Larvae of the palm weevil (Rynchophorous spp.) are consumed in Asia (R. ferrugineus),
Africa (R. phoenicis) and Latin America (R. palmarum). Their delicious flavour (Cerda
et al.,2001) is credited by some to their elevated fat content (Fasoranti and Ajiboye, 1993).
In the tropics, the insects occur year-round where hosts are found. Often these hosts are
trees under stress; that is, trees previously damaged by other insects, notably rhinoceros
beetles (Oryctes spp.) or by the local traditional tapping for palm wine (Fasoranti and
Ajiboye, 1993). Fallen palms can serve as breeding sites and support hundreds of larvae;
for this reason, palms are often felled intentionally. Such a practice is common among
Yanomamé (Chagnon, 1983) and Joti Indians (Choo, Zent and Simpson, 2009) of the
Amazon. Van Itterbeeck and van Huis (2012) noted that many indigenous people have
excellent ecological knowledge of the palm weevil and can increase its availability and
predictability through semi-cultivation practices. Experiments in Alto Orinoco villages
have explored ways of making the production of palm weevils more sustainable than
traditional palm cutting to improve the oviposition (egg-laying) of R. palmarum and
other palm weevils (Cerda et al., 2001).

Ecology

Palm weevils attack palm species, the most important of which are the coconut palm
(Cocos nucifera), date palm (Phoenix dactylifera), sago palm (Metroxylon sagu), oil
palm (Elaeis guineensis) and Raphia palm (Raphia spp.). For the African palm weevil,
Fasoranti and Ajiboye (1993) noted that adult females lay a few hundred eggs on the
new leaves of the plant or directly in the palm trunk. The weevil larvae burrow into
the palm heart, causing its death. The total life cycle takes seven to ten weeks. A fully
extended larva measures, on average, 10.5 cm in length and 5.5 cm in width and weighs
6.7 g. Extracting larvae from palms is labour-intensive and is often only carried out by
young men (Fasoranti and Ajiboye, 1993).

BOX 2.11
Red palm weevil

The Red palm weevil, Rhynchophorus ferrugineus, is prevalent in most Asian countries
and in the Middle East. It reached the Mediterranean in the 1980s as an invasive species,
destroying over 13 000 date palms in Sicily by August 2009. The beetle has also spread
along the Mediterranean coast and invaded mainland Italy and is killing trees as far
north as Genoa. In Italy, its destruction is mainly limited to the ornamental plant Phoenix
canariensis. The main control method in the country and throughout the Mediterranean
is the systematic use of insecticides.

Source: Mormino, 2009.
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Detecting the larvae

In the Democratic Republic of the Congo it is customary for women to detect the most
opportune moment to harvest weevil larvae and longhorn and scarab beetles — which
occur in standing or rotting Elaeis, Raphia, Chamaerops and Cocos nucifera palm trees
(Ghesquiere, 1947) — by putting their ears against the trees and listening to the sound made
by the chewing and burrowing beetle larvae. This method is also used in Cameroon to
harvest the palm weevil larvae (Rhynchophorus phoenicis) in its most appropriate instar
(developmental stage) for consumption (van Huis, 2003b). The same practice has been
documented in the Central African Republic (Roulon-Doko, 1998) and the Americas
(Ghesquiere, 1947; Wolcott, 1933). In Italy, forest inspectors have been known to use
electronic listening devices to detect early infestations of the red palm weevil, given
that when symptoms of the damage become apparent the palm tree will die (Box 2.11).

Consumption

Palm weevil larvae are typically collected, washed and fried for consumption (Fasoranti
and Ajiboye, 1993). It is unusual to add oil because the larvae are high in fat and exude
oil during the frying process. Common condiments include onion, pepper and salt.
Barbecuing the larvae is also common practice.

In Nigeria, adults discourage children from eating palm weevil larvae. It is thought
that this is done to prevent children from felling palm trees, which can increase breeding
sites for the available stock of number of larvae to be harvested in the short term but
would cause irrevocable long-term damage to host trees (Fasoranti and Ajiboye, 1993).
Protecting palm trees is considered essential to communities, who depend on them for
other key products, including palm oil, palm kernels and palm wine.

2.3.3 Termites
In the Western world, termites are generally synonymous with pests and are renowned
for their capacity to devour wood. Damage from termites is said to cost over half a billion
dollars per year in the United States of America alone. Yet termites are considered a
delicacy in many parts of the world. They are consumed both as main and side dishes,
or simply eaten as snack foods after they have been de-winged, fried and sun-dried
(Kinyuru, Kenji and Njoroge, 2009).

Although they are often erroneously referred to as ants or white ants, termites occupy
a different order to ants, viz. Isoptera. Edible termites, which typically belong to a family
of macrotermites (Macrotermitinae), generally consist of the winged form that swarm
from termite hills shortly after the first rains begin at the end of the dry season (often
called the nuptial flight). These winged termites are the future queens and kings. They
can be eaten, as can soldier termites. Termites are known to have large and elaborate
nests; some species have nests as tall as 8 m, and a single nest may house as many as
1 million individuals consisting of workers, soldiers, a queen and a king. The global
biomass of termite individuals is believed to exceed that of all human beings combined.

Termites cannot digest cellulose and lignin, so their digestive systems contain symbiotic
protozoa and bacteria that digest the cellulose in wood. Termites live on the byproducts
of this digestion and on the bodies of the symbionts themselves. For example, species
of macrotermites use fungi in their nest, which aid in breaking down cellulose and
lignin into a more nutritious source of food. The fungi are part of an extracorporeal
digestive system that converts undigested woody material in plants into higher-quality
oligosaccharides and more easily digestible complex sugars. In turn, termites “outsource”
cellulose digestion. This digestion is responsible for about 4 percent of global GHG
emissions from methane (Sanderson, 1996).

Queen and soldiers
Queen termites are considered particularly important delicacies, often reserved for



24

Edible insects: future prospects for food and feed security

special occasions (van Huis, 2003b). Their nutritional value is so high that in Uganda and
Zambia they are fed to undernourished children. However, digging queens — which are
capable of laying 2 000 eggs per day and measure up to 10 cm in diameter — is laborious,
and their removal causes the death of entire colonies.

The consumption of soldiers of larger termite species has been documented in the
Central African Republic, the Democratic Republic of the Congo, the Bolivarian Republic
of Venezuela and Zimbabwe (Bequaert, 1921; Bergier, 1941; Owen, 1973; Chavanduka,
1976; Roulon-Doko, 1998; Paoletti et al., 2003). They are often fried or pounded into
cakes. Sometimes, for example in Uganda, only the heads are eaten (van Huis, 2003b).
Termite soldiers can only be collected in small quantities, and generally collection is by
women and children (Roulon-Doko, 1998). Unlike the winged forms, the soldiers can
be gathered at any time of the year.

Collecting termites

Winged termites can be collected in a number of ways. In urban areas, they are trapped
in receptacles with water near light sources, to which they are attracted. In rural areas,
winged termites are typically caught at the termite mound itself. When they emerge —
attracted by the light of a bundle of grass set on fire — they are swept into a hole dug for the
purpose. In parts of the Democratic Republic of the Congo, people place baskets upside
down over the holes so that the termites, which cling to the bottom of the baskets, fall
into the holes when the baskets are shaken (Bergier, 1941). Instead of baskets, structures
made of sticks or elephant grass covered with banana or maranta leaves or a blanket are
also used to cover the holes (Bergier, 1941; Osmaston, 1951; Roulon-Doko, 1998). All
escape routes are fenced off so that the termites are forced to emerge through a single
opening on one side of the structure, to which the flying termites are attracted because of
light from the sun, moon, torch or fire. A receptacle is placed near this opening to collect
the termites (Harris, 1940; Bergier, 1941; Ogutu, 1986). Osmaston (1951) described how,
in Uganda, intricate networks of clay pipes were assembled over the emergence holes,
leading to a receptacle. It has also been reported that continuous beating and drumming
on the ground (resembling rain) around termite hills triggers certain termite species to
emerge (Owen, 1973; Ogutu, 1986; Roulon-Doko, 1998). Recently, Ayieko ez al. (2011)
combined modern technology with a indigenous practice for collecting termites (Box 2.12).

BOX 2.12
Merging traditional knowledge and new technologies for termite harvesting
in Kenya

In Kenya, a study carried out in cooperation with Kenya Industrial Development found
that constructing a simple light trap and receptor would facilitate the mass collection
of Macrotermes subhyalinus, known in the Lake Victoria region as agoro, and lead to
increased food security among those communities practising entomophagy.

The study proposed teaching communities in the region to construct traps using local
and readily available materials in order to maximize collection and stressed the need to
develop local familiarity with the various species of termites. For example, understanding
the emergence pattern of the agoro termite — in short, identifying potential active
mounds — would maximize collection. It would be equally important to take stock of
changing environmental contexts. Merging modern science with indigenous practice
shows promise, but further research is necessary to understand why there is so much
variation in current yields, among other issues.

Source: Ayieko et al., 2011.
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Eating termites and nutritional value

Termites are rich in protein, fatty acids and other micronutrients. Fried or dried termites
contain 32-38 percent proteins (Tihon, 1946; Santos Oliveira et al., 1976; Nkouka, 1987).
Essential fatty acids such as linoleic acid are particularly high in the African above-
ground hill termite species, Macrotermes bellicosus (34 percent) and M. subbyalinus
(43 percent) (Santos Oliveira et al., 1976). In the Bolivarian Republic of Venezuela,
soldiers of Syntermes species (e.g. Syntermes aculeosus) are renowned for their high
nutritional value. The protein content of this species is a remarkable 64 percent; the
genus is also rich in essential amino acids such as tryptophan, iron, calcium and other
micronutrients.

Termites are generally consumed fried, sun-dried or smoked, although they are
steamed in banana leaves in Uganda. To sun-dry or smoke termites they must first be
killed by boiling or roasting for a few minutes (Silow, 1983). Sometimes they are crushed
into powder form with a pestle and mortar and eaten with honey (Ogutu, 1986). The
Azande people and pygmies in the Democratic Republic of the Congo fry meats in the
fat residue of these termites (Bequaert, 1921; Bergier, 1941). The pygmies also use the
oil to treat their body and hair. Termite oil is extracted by pressing dried termites in a
tube (Costermans, 1955). In many East African towns and villages, sun-dried termites
can be bought at local markets (Osmaston, 1951; Owen, 1973). Sun-dried termites
can be ground into powder and mixed with other food ingredients (Pearce, 1997) by
baking, boiling, steaming or processing them into crackers, muffins, sausages or meat
loaves (Kinyuru, Kenji and Njoroge, 2009; Ayieko, Oriamo and Nyambuga, 2010). In
Botswana, San women collect the winged termites Hodotermes mossambicus and roast
them in hot ash and sand (Nonaka, 1996).

Termites as feed for pigs, poultry and fish

The use of termites as feed is documented in several countries. In Burkina Faso, termites
are harvested using small calabashes, which are ingeniously filled with moist old dung,
mango pits and other organic material and placed under the ground (van Huis, 1996).
Three to four weeks later, the calabashes are unearthed and the contents — filled with
termites — are fed to poultry. Such methods are particularly important at the end of the
dry season when food is scarce (Iroko, 1982). Farina, Demey and Hardouin (1991) have
shown how termites are fed to guinea fowls and chickens in villages in Togo using a
technique comparable to that used in Burkina Faso. Swarming alates have been used to
feed jungle fowl chicks in India and also ostriches in farms across Africa (Pearce, 1997).

Mushrooms from termite nests

In addition to termites, mushroom species found growing on termite nests are consumed
regularly in many tropical countries. Wild mushrooms constitute important food
supplements for local populations and also have a role in cultural traditions. In many
parts of Africa, mushrooms are commonly found in markets, and are also stored for
use during the cold dry season (Parent and Thoen, 1977). In Nigeria, Yoruba traditional
doctors use a number of Termitomyces species (Lyophyllaceae) as medicines or charms.
These mushrooms also have a place in mythical folklore (Oso, 1977).

Mushrooms belonging to the Termitomyces genus arise directly from the fungal
combs in termite nests (Zoberi, 1973). The local names for these mushrooms are often
derived from the local names for the termites. In Uganda, for example, the Nyoro
tribe uses the term obunyanaka for mushrooms that grow on mounds of termite
species known as enaka, while obunyantaike mushrooms grow on hills of the termite
species entaike. Species of Termitomyces are large (up to 80 cm in diameter), with the
exception of T. microcarpus, which is 0.5-2 cm in diameter (Parent and Thoen, 1977);
this latter species is found across West Africa and in southern Africa (Skelton and
Matanganyidze, 1981).
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2.3.4 Stink bugs

Throughout Mexico (Ramos Elorduy and Pino, 2003), southern Africa and Southeast
Asia, it is not uncommon to find people eating stink bug (Hemiptera: Pentatomidae)
nymphs and adults (DeFoliart, 2002). In southern Africa, Encosternum (=Natalicola)
delegorguei are considered delicacies. Stink bugs are consumed in Malawi, South Africa
and Zimbabwe (Faure, 1944; van Huis, 2003b; Morris, 2004), while Tessaratoma species,
T. papillosa (litchi stink bug), T. javanica (longan stink bug) and 7. quadrata (“mien
kieng”, a local name in the Lao People’s Democratic Republic) are widely sought-after
in China, the Lao People’s Democratic Republic and Thailand (Nonaka, 2007; Chen,
Feng and Chen, 2009).

Ecology

Encosternum delegorguei, commonly known as the edible stink bug (thongolifha in
the Venda language, xipembele in the Tsonga language and podile in the Northern
Sotho language, southern Africa) are large, herbivorous, pale-green bugs with piercing
and sucking mouthparts that they use to feed on plant juices (Triplehorn and Johnson,
2004). The name stink bug derives from the smell the insects release when they are
disturbed (Aldrich, 1988). Stink bugs are collected from May to August, the period
in which they occur in large numbers (Faure, 1944; Dzerefos, Witkowski and Toms,
2009). In Southeast Asia, aggregations of Tessaratoma species occur in a variety of
trees during the dry season (peaking in March and April) (J. Van Itterbeeck, personal
communication, 2012). Stink bugs also feed on crops and for this reason are considered
agricultural pests (Panizzi, 1997).

Liveliboods

Inflated stink bugs or tessaratomids make an important contribution to rural diets in
many parts of the world. In Zimbabwe, stink bugs are a valuable source of income for
the Norumedzo community and are essential for buying household items and covering
school fees (Makuku, 1993). Stink bugs are exported to neighbouring countries due to
high demand, and collectors are known to travel up to 200 km to areas rich in stink
bugs (Teffo, 2006).

Data on the nutritional value of stink bugs, however, are scarce, although some
accounts do exist. According to Teffo (2006), E. delegorguei has a protein and fat
content of 35.5 g per 100 g and 50.6 g per 100 g of edible weight, and consuming 100 g
of E. delegorguei provides 2 599 kilojoules of energy. This species was also found to
be high in minerals such as iron, potassium and phosphorus. In Southeast Asia, stink
bugs of the Tessaratoma genus are especially esteemed. In the Vientiane Municipality,
the Lao People’s Democratic Republic, they are collected, consumed and sold en masse
(J. Van Itterbeeck, personal communication, 2012).

Stink bugs are collected by hand throughout southern Africa, as well as in Southeast
Asia. Collecting often results in yellow or orange staining from defensive secretions
(Faure, 1944), which is why collectors tend to cover their hands with plastic bags
(J. Van Itterbeeck, personal communication, 2012), and long sticks with nets attached
to one end are also used. The insects are dislodged from trees by throwing small sticks
or by shaking branches (J. Van Itterbeeck, personal communication, 2012). Collectors
take special care to protect their eyes, as they believe secretions cause infections of the
cornea and even blindness (Faure, 1944; Siripanthong ez al., 1991). It is easiest to collect
the bugs when temperatures are cool - in the early morning, at sundown and especially
after rain showers (Faure, 1944).

In both southern Africa and Southeast Asia, stink bugs are eaten both raw and cooked
(Faure, 1944; J. Van Itterbeeck, personal communication, 2012). The heads of live or
dead bugs are removed by squeezing (from back to front), which discards their “poison”
(Faure, 1944; Toms and Thagwana, 2003). In the Lao People’s Democratic Republic, only
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the scutellum (neckpiece) is removed after frying; it is said to be the source of its bitter
taste (J. Van Itterbeeck, personal communication, 2012). Soaking the bugs in water, as
well as immersing them in tepid water, also causes the insects to release their secretions;
they can then be sun-dried for consumption (Toms and Thagwana, 2003). The water
in which Nezara robusta, the green shield stink bug, leaves its secretions is used as a
pesticide to protect houses and gardens from termites (Morris, 2004).

Ecological implications

Stink bugs face similar threats to many other highly sought-after edible insects. Because
they have become a significant source of income and nutrition, over-harvesting and
mismanagement of their habitats are increasing concerns. One reason for this is that many
amateur collectors fell entire trees prior to harvest, with dangerous consequences for the
sustainability of the practice (Faure, 1944; J. Van Itterbeeck, personal communication,
2012). In addition, overharvesting can and eventually will undermine stink bug
populations, threatening subsequent copulation periods (beginning in mid October).
Another issue has consequences for both the environment and food safety — stink
bugs of the Tessaratoma genus are considered agricultural pests and may be subject to
chemical treatment (e.g. the lychee stink bug, Tessaratoma papillosa, which is found on
Litchi chinensis) (Menzel, 2002), which is a public health concern. The harvesting of
stink bugs could protect crops and provide additional income and nutrition; eradication
of the pest would likewise eradicate an important source of livelihoods, which should
be avoided (Cerritos, 2009).

In some parts of the world, the benefits of insect gathering to lives and livelihoods
are incentives for proper management. The Norumedzo community in Zimbabwe, for
example, has designated stink bug habitats as community-protected areas. These forests
are continually monitored and tree-felling is kept to a minimum (Makuku, 1993).

Some agricultural fields where stink bugs occur are subject to mechanical harvesting.
In these cases, stink bugs are collected by hand to preserve the crop and earn income
from the sale of the bugs. This method is becoming increasingly common in cultures
where agricultural pests are also valuable sources of nutrition and income.

2.3.5 The edible grasshopper, Ruspolia differens

Development and collection

The edible grasshopper (Ruspolia differens), formally known as Homorocoryphus nitidulus
vicinus, is a long-horned grasshopper of the Tettigoniidae family. It is a common food
source in many parts of eastern and southern Africa. In the Lake Victoria region of East
Africa, where the grasshoppers are known as nsenene, they form a major part of food
culture (Kinyuru, Kenji and Muhoho, 2010). The Bahaya ethnic group in Tanzania’s
Bukoba district considers grasshoppers a delicacy. In Uganda, nsenene are traditionally
collected by women and children.

Grasshopper eggs — which are laid in batches in the haulms of grasses — do not
develop under dry conditions. Rainfall triggers development, which takes about four
weeks (McCrae, 1982). Larvae and adults feed off grass anthers or grains such as rice,
millet, sorghum and maize. Traditionally, grasshoppers are gathered during the day
from these grasses (Mors, 1958).

“Okulinga ensenene” means that the Bahaya peoples (in Tanzania) step out of their
huts in the early morning to look for nsenene in the fields. When they find them, they
cry loudly to announce to the village where the nsenene have alighted — in banana groves
or open fields, or on the hills. The young and old, especially women and children, go
out to catch them. The grasshoppers may be gathered anywhere they fall, and owners
of banana groves, for example, cannot expel as trespassers those who come to collect
the ensenene. In collection times, the land 1s considered communal.
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Today, expanding access to artificial light sources has made it possible to collect
grasshoppers at night with relative ease. Professional collectors can be seen using potent
artificial light sources to harvest grasshoppers, although women and children also
participate, making use of street illumination (van Huis, 2003b). Some collectors are
even charged by electricity companies (US$170 per month) for the provision of constant
night-time electricity (Agea et al., 2008). A loss of electricity supply can play havoc on
the income earned from harvesting edible grasshoppers (Box 2.13).

BOX 2.13
Power cuts harm Uganda’s edible grasshopper business

Power rationing is a common feature in Uganda, with some Kampala households
experiencing blackouts lasting more than 48 hours. This has made life difficult for many
Ugandan grasshopper catchers and traders.

Julius Kafeero, a grasshopper catcher from the Ugandan capital, Kampala, says electric
light is vital for his business. The unreliability of the power supply has forced him and
several other collectors to rely on alternative sources of power such as fuel generators.

Despite rising prices, fried grasshoppers remain a delicacy in Uganda. Juliet
Nakalyango, a saleswoman at Nakasero market, says customers still buy her grasshoppers,
even though prices have doubled. A spoonful of grasshoppers now costs about €0.40
(US$0.50). Last season, the same amount would have bought a whole plastic cupful.

Source: Gitta, 2012.

Commerce

In Uganda, a market study of Ruspolia nitidula in Kampala and Makaka districts found
that, being a delicacy, 1 kg of grasshoppers fetched prices at local markets that were
40 percent higher than 1 kg of beef (Agea er al., 2008). The study, which interviewed
70 traders and 70 consumers, revealed that retailers bought three-quarters of their supply
from wholesalers, and the remainder was derived directly from collectors. The majority
of the traders, moreover, indicated that the trade in R. nitidula was concentrated along
roadsides and/or in service areas along highways. Although men were dominant actors in
the trade, women also contributed to collecting. The wholesale price of the grasshoppers
was about US$0.56 per kg, while the retail price was about five times higher (US$2.80).
On average, traders generated revenues of more than US$200 per season from the sale
of R. nitidula. One of the issues hindering the sale of R. nitidula, however, is that the
insect is only seasonally available and shelf life is short.

Otbher grasshopper species

InJapan, grasshopper harvestlng (mainly Oxya yezoensis) is connected to the rice harvest.
Collection occurs in the morning, when the grasshoppers are wet from the morning
dew. The grasshoppers are kept alive for one night after they are collected to allow
time for the faeces to be expelled. The next day they are fried or boiled and the legs are
removed, as these are not suitable for eating. After being sun-dried, the grasshoppers
are cooked in soy sauce and sugar. They are eaten in the autumn as a side dish or snack.
Some people store them for up to a year. However, the harvesting and consumption of
grasshoppers in Japan has declined in recent years (Nonaka, 2009).

Rice-field grasshoppers are eaten in most Asian countries. In Korea, they were
commonly eaten as a side dish, as a lunch-box ingredient and as a snack. The use of
rice-field grasshoppers declined during the 1960s and 1970s due to increased insecticide
use. In 1981, the rules mandating insecticide use loosened and farmers started using less,
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which allowed grasshopper populations to increase. The decline in insecticide use and
the desire of some Koreans to eat pesticide-free rice led to the development of organic
rice farming in Chahwang Myun. This was economically viable because the yields of rice
were the same in unsprayed fields as in sprayed fields, and organic rice sold for higher
prices. In 1989, the Chahwang Agricultural Cooperative, which functions primarily to
buy, mill and sell rice, began to buy dried grasshoppers from farmer-collectors. Three
species were present. Oxya velox was the most common species (yellow-green and
27-37 mm in length, found in Japan and China and on the Korean Peninsula and the
island of Taiwan), comprising 84.5 percent of the total, followed by Oxya sinnosa with
14.8 percent and Acrida lata with less than 1 percent. In 1991 and 1992, the Chahwang
Myun Cooperative continued to buy and sell large numbers of grasshoppers and many
people came to buy directly from farmers (Pemberton, 1994).

Forty years ago in Thailand there was an outbreak of the patanga locust (Patanga
succincta) in maize. Aerial spraying of insecticide did not succeed and a campaign to
promote the eating of the patanga locust was initiated between 1978 and 1981. The
grasshoppers were deep-fried, used as a cracker ingredient and fermented to make a
cooking sauce. Today, the grasshopper (deep-fried) is one of the best-known and most
popular edible insects in Thailand, and this species is no longer a major agricultural
pest. Some farmers even grow maize crops to feed the insect, rather than harvesting the
maize for sale (Hanboonsong, 2010).

The commercialization of grasshoppers is highly dependent on the region. In the Lao
People’s Democratic Republic, grasshoppers (Caelifera spp.) consume weaver ants, the
second-best-selling insect on the market (Boulidam, 2010). A number of grasshopper
species are collected for family consumption when clearing fields for paddy planting.
Cooking is simple: the grasshoppers are salted lightly, boiled in a little water and
simmered until dry. Sometimes they are stir-fried, while the bigger ones are deep-fried
until crisp, like fried prawns. They can be roasted as well. Usually grasshoppers are
served as a single dish and not mixed with vegetables or meat (Chung, 2010).

In Mexico, grasshoppers (Sphenarium purpurascens), commonly known as chapulines,
are a popular form of street food. Although generally available at informal street stands
and small-town restaurants, grasshoppers, among other insects, are now also found
on the menus of more expensive restaurants, and dried packaged grasshoppers can be
purchased in up-market shops (Ramos Elorduy, 2009).

2.4 IMPORTANT INSECT PRODUCTS

A wealth of bee products — including honey, propolis and beeswax, among others — are
well known among the public and are documented extensively by Bradbear (2009). The
fact that silk fabric is obtained from silkworms is common knowledge. Yet the general
public is less aware of a host of other insect products, many of which are found in most
kitchen cabinets, medicines and other household products. Carmine, for example, also
called cochineal, is a red dye produced by scale insects, and is typically used to colour
food products and as a dye in textiles and pharmaceuticals. Despite its widespread use
and approval by the United States Food and Drug Administration, carmine has recently
been the subject of controversy, outraging consumers of a popular American coffee chain
company because of its use in its beverages (Box 2.14). Silkworm pupae are considered a
delicacy in Asia (see section 2.4.2). Lerp (see section 2.4.3) and a host of edible oils derived
from pentatomid bugs (see section 2.4.4) are other insect products in common use.

2.4.1 Cochineal

Cochineal (carmine) is a red dye obtained primarily from Dactylopius coccus and is
used in the food, textile and pharmaceutical industries. The insects live on the cactus
Opuntia ficus-indica, which is cultivated for its fruits known as prickly pears. The Canary
Islands, Chile, Ecuador, Peru and the Plurinational State of Bolivia are the largest
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BOX 2.14
Controversial use of cochineal

In early 2012, controversy developed over the Starbucks Coffee Company's strawberry
Frappuccino®, after the popular international coffee conglomerate stated that the pink
colour of the beverage originated from cochineal extract made from dehydrated and
cochineal beetles.

Prior to using cochineal extract, Starbucks had used artificial additives and chose to
switch to a more natural means of colouring (Leung, 2012). When this was brought to
the attention of a group of vegan’ consumers in the United States, the story went viral
through blogs and web forums and was widely reported in North American media.

In a comment to consumers, the President of Starbucks United States noted that in
response to consumer reactions to the use of cochineal extract in some of its products,
the company would now use a tomato-based colouring (Burrows, 2012). Within the
United States and Canada, the use of the conchineal extract is permitted by their
respective food and drug administrations (Health Canada, 2006; USFDA, 2009).

7 The vegan diet excludes the consumption of animal and animal products, including insects.

producers of cochineal. Between 2000 and 2006, world production increased more
than 2.5 times because of increased demand due to growing interest in natural dyes
in the food industry (for such products as Campari and Danone strawberry yogurt).
In 2006, national production in Peru amounted to 2 300 tonnes (85 percent of global
production), with an export value of US$39.6 million. The biggest importers of carmine
are Brazil, Denmark, France, Germany and the United States. Other carmine products
in Peru include carmine lacquer (US $12.9 million), dried cochineal (US$3.65 million)
and carmine acid (US$2.03 million) (Torres, 2008).

In addition to its uses in the food industry, cochineal production has provided a
host of social benefits for Peruvians, not least employment. Moreover, production has
been hailed for its environmental benefits, as the planting of its host plant, Opuntia
ficus-indica, protects open spaces from erosion, develops fertile soil for farming, and
captures a significant amount of atmospheric carbon.

2.4.2 Silkworm products

Silkworm production is an ancient practice in many parts of Asia, as well as in Europe
since its introduction after the crusades. In China, evidence of mulberry production
dates back 5 000 years. The famous trade route known as the Silk Road stretched from
eastern China to the Mediterranean Sea, making trade in silk, among other products, an
international affair as far back as 139 BCE. Silkworm production also has considerable
economic relevance, particularly in China and India, where annual production reaches
115000 and 20 410 tonnes, respectively. More recently, Brazil, Thailand and Uzbekistan
have also produced significant quantities.

Aside from mulberry silkworms, significant silk production is obtained from, in
decreasing relevance, the Chinese (oak) tussah moth (Antheraea pernyi), the camphor
silkworm (Eriogyna pyretorum), the Thai (or eri) silkworm (Philosamia (=Samia) cynthia
ricini) and the Japanese oak silkmoth (Antheraea yamamai). Chinese tussah silkworm
cocoons production yielded 60 000 tonnes in 2005. Male moths are also used to produce
health food products and health wines. In addition, pupae are traditionally eaten and
sold in many markets and by vegetable grocers in northeastern China (Zhang, Tang and
Chen, 2008). Silkworm pupae are commonly eaten in other Asian countries, including
Japan and Thailand and on the Korean Peninsula.
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The Thai silkworm is a traditional product that is now distributed on a global scale.
The worm is considered a commercially viable product, not only because it produces
considerable quantities of silk, but also because its pupae — considered delicacies in
China, Japan, Thailand and Viet Nam — are high in protein, making them extremely
valid sources of nutrition. About 137 000 households raise silkworms in Thailand,
contributing to 80 percent of the country’s total silkworm production and to incomes
in poor rural households throughout the country. About US$50.8 million was generated
from production in 2004 (Sirimungkararat et al., 2010). Pupae of the silkworm are sold
processed, packaged and labelled. As such, Thai silkworm pupae can be considered one
of the first — if not the first — insect product on the global market.

Interest in the possibilities of using silkworms and mulberries for non-textile purposes
by making use of silkworm waste was highlighted at the 22nd Conference of the
International Sericulture Commission (ISC, 2011). The possibility of silkworm and
mulberry production for pharmaceutical and nutritional ends was also explored at
the Conference on Sericulture for Multi Products — New Prospects for Development,
organized by the Black, Caspian Seas and Central Asia Silk Association (BACSA, 2011).
In India, research at the Department of Sericulture at the Tamil Nadul Agricultural
University is exploring the possibility of using the high waste streams of the silkworm
industry as feed in broiler production (ISC, 2011). In the Republic of Korea, silkworm
powder is being produced as a medicine for diabetics because of its blood glucose-
lowering effect (Ryu et al., 2012).

2.4.3 Lerp

Lerp is a crystallized sugary secretion produced by the larvae of psyllid insects (belonging
to the Hemiptera order) as a protective cover. Psyllids excrete an array of substances
because the phloem sap on which they feed is rich in carbohydrates and low in essential
nutrients, such as nitrogen; thus, they must suck large amounts of phloem sap to obtain
sufficient nutrients and the remainder is excreted as honeydew. The cones of psyllids
consist of the insect itself, the secretion and the five exoskeletons the insect sheds when
it moults. The conical structures adhere firmly to leaves. Normally the entire insect
“cone” 1s eaten.

Several hundred species of lerp-producing psyllids are found on Eucalyptus species in
Australia (Yen, 2002). There are also lerp-forming species in Africa and Japan (although
possibly only one species in each of these locations). Lerps may have evolved to reduce
desiccation in arid environments, and they are an important food source for many birds
and mammals. In Australia, for example, the bell miner bird (Manorina melanophrys)
“farms” psyllid nymphs by removing lerps as a food source but leaving the nymphs,
which then construct new lerps (Austin et al., 2004).

The word lerp is derived from the Australian Aboriginal word “larp” for the thick
encrustations that form on the insects, which are traditionally collected for food

BOX 2.15
Using scale insects to enhance honey production

The scale insect Marchalina hellenica has been introduced in some Mediterranean areas,
mainly Greece and Turkey, to increase honey production. The insect sucks the sap of pine
trees such as Pinus brutia, P. halepensis, P. sylvestris, P. nigra and P. pinea. The honeydew
the insect produces is an important source of food for honeybees, which produce pine
honey. Artificial infestation by beekeepers has resulted in a loss of ecological balance
between the insects and their natural predators. As a result, surrounding pine trees are
stressed and dying (Gounari, 2006).
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(Yen, 2005). Manna, a broader term cited in the Bible and Qu’ran as a “gift of God”
that “came from heaven?, is believed to denote the same substance, which was found
on forest floors, trees and shrubs. While manna has also been used to describe sugary
exudations from plants and entire organisms like lichen or fungi (Harrison, 1950), it is
also used to refer to manna of animal origin produced indirectly on host plants, including
excretions from aphids or coccids, which are insects that feed by sucking up plant juices.

One such “manna” product is mopane bread, which is produced by the psyllid Arytaina
mopane. These insects feed on the phloem sap of the mopane tree (Colophospermum
mopane), a common tree species in southern Africa (Sekhwela, 1988). The mopane
caterpillar (Imbrasia belina) can leave large areas of host trees leafless, and as such is
a competitor for lerp production (Hrabar et al., 2009). In nature, animal species often
share and compete for food resources. The mopane caterpillar shares its primary food
source, the mopane tree, with elephants. Elephants often break stems and branches
of mopane trees when feeding and also destroy the plant species preferred by mopane
moths for oviposition. Not surprisingly, this elephant activity has been documented
to have a negative effect on the abundance of mopane caterpillars (Hrabar ez al., 2009).
This demonstrates the interdependency of a vertebrate species — the elephant — and two
invertebrates — the psyllid and the mopane caterpillar.

Mopane bread delivers 250 calories per 100 g. It has a high percentage of monosaccharides
and water-insoluble carbohydrates, low protein content and a high concentration of
potassium and phosphorous (Ernst and Sekhwela, 1987), making it a valuable source
of nutrition. Mopane bread is only available, however, during the dry season, as rain
washes the product from the leaves of trees, although it can be sun-dried and stored.
Mopane bread is said to make a delicious meal when mixed with milk (Sekhwela, 1988).

Lerp was particularly popular among Australian Aborigines (Bourne, 1953). Affected
leaves were collected and soaked to dissolve the sugar, which acted as a dietary supplement.
Yen (2002) described how, in the Australian state of Victoria, lerps were either eaten
raw or as a mixture with gum from Acacia trees. In arid areas, affected Eucalyptus
branches were collected and put in the sun and the dried lerps were shaped into balls
to be eaten at leisure.

2.4.4 Edible oils from the melon bug and the sorghum bug in the Republic

of Sudan

The melon bug (Coridius (=Aspongopus) vidutus) is widely distributed throughout the
Republic of Sudan, mainly in the western areas of Kordofan and Darfur states, where
field watermelons are considered one of the most important crops in traditional rainfed
agriculture. Small farmers in these states consider watermelons a strategic crop because
of their role as a main source of drinking water during summer and the use of their
crop residues as fodder for animals. For this reason, the melon bug is still very much
considered a pest — in fact, it is considered the primary pest of watermelons because of
the damage it inflicts on watermelon crops. Both nymphs and adults of the bug pierce
leaves, stems and young fruits and suck their sap, resulting in wilting, fruit drop and
ultimately the death of the plant.

Although the melon bug is considered a pest, its culinary uses are appreciated
throughout the country. Melon bugs are generally cooked in their last nymph stage,
when they are relatively soft. In Namibia, locals collect the adults and use them as a
relish or spice (in powder form). In the western Kordofan state of the Republic of Sudan,
the oil extracted from the bugs (after soaking in hot water), known locally as um-buga,
is an important source of nutrition. It is also used in cooking in remote areas of the
former Sudan and is particularly important when food is scarce. Melon bug oil is used
in medicine, for example to cure skin lesions (Mariod, Matthius and Eichner, 2004).

Besides the nutritional benefits of melon bugs — specifically their oil — the insects
boast antibacterial properties. Mustafa, Mariod and Matthaus (2008) tested the oil against
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seven bacterial isolates and found high antibacterial activity. They concluded that the
oil could potentially be used as a preservative in meat and meat products to control
gram-positive bacteria (most pathogens in humans are gram-positive). Research has
also shown that only very slight chemical changes take place in melon bug oil preserved
at temperatures below 30 °C for two years. Furthermore, it was demonstrated that the
oxidative stability of sunflower kernel oil was improved by blending it with the highly
stable edible oils of the melon bug (as well as the sorghum bug) (Mariod et al., 2005).

The sorghum bug (Agonoscelis pubescens) is consumed in Sudan and is known locally
as dura (the main pest of sorghum) in both rainfed and irrigated areas. The bugs hibernate
from September to December, when they can be found on trees in clusters or in crevices
between rocks (van Huis, 2003b). People in the Nuba Mountains in Kurdufan can often
be found collecting the insects from these crevices. In western parts of the former Sudan,
sorghum bug adults are collected and eaten after frying, and in some areas oil is extracted
from the bugs and used for cooking and in medicine. In the Botana area of the former
Sudan, nomads use the tar obtained from the bugs after they have been heated to treat
their camels for dermatological infections (Mariod, Matthdus and Eichner, 2004). The
potential use of these bug oils as biodiesel has been explored, opening insect-related
research to an entirely new field (Mariod ez al., 2006).
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3. Culture, religion and the history
of entomophagy

Disgust is one of our most basic emotions — the only one that we have to learn — and
nothing triggers it more reliably than the strange food of others. (Herz, 2012)

3.1 WHY ARE INSECTS NOT EATEN IN WESTERN COUNTRIES?

The Fertile Crescent, a region comprising fertile lands in western Asia and the Nile
Valley and Nile Delta in northeast Africa is believed to be one of the regions in which
agriculture originated. From there, food production (i.e. plant and animal domestication)
spread swiftly throughout Europe (Diamond, 2005). The most valuable wild animal
species to be domesticated were large terrestrial mammalian herbivores and omnivores.
There are 14 such domesticated mammals worldwide, each weighing at least 45 kg.
Remarkably, Eurasia boasted 13 of these animals, and the 14th (the llama) was in the
Americas. These animals not only yielded considerable amounts of meat (making them
the main providers of animal-based foods), but also warmth, milk products, leather,
wool, plough traction and means of transport. It is thought that it was because of the
utility of these animals that the use of insects — besides honeybees, silkworms and
scale insects — failed to gain much traction in the West. Insects simply could not offer
the same benefits. In contrast, the Western Shoshoni of the Central Great Basin in the
United States probably relied more on small game (e.g. rodents, lizards and insects)
because large game was scarce and did not move in herds (Steward, 1938, cited in
Dyson-Hudson and Smith, 1978).

Food production in the Fertile Crescent and Europe led to the domestication of an
increasingly wide variety of plants and animals. In turn, agriculture witnessed incredible
gains in productivity and efficiency. Food could now be stored, food supplies became
more stable, and the hunter-gatherer lifestyle eventually took a back seat to sedentary
ways of life that were dependent on farming. This pivotal change in lifestyle combined
with the uncertain nature of insects as a staple food because of their seasonality, possibly
contributed to the loss of interest in insects as food (DeFoliart, 1999). Although there
are records of locusts being consumed in the Fertile Crescent (e.g. Israel) (Amar, 2003),
they probably were of minor importance due to the unpredictability of outbreaks.

The importance of sedentary agriculture may have also resulted in the perception
of insects as a nuisance and threat to food production. In short, undomesticated food
sources in general became less important (DeFoliart, 1999). In modern agriculture,
agro-ecosystems are greatly simplified: biodiversity is minimal and the potential to
harvest from nature is generally low. Urbanization, which is more extensive in Western
countries, has left people out of touch with nature, contrary to many tropical settings
where people live a more rural life, although this is changing (UN, 2012). Increasing
urbanization will change insect consumption in developing regions of the world if
supply to cities remains small and unreliable and urban areas westernize. For example,
locust consumption in the Fertile Crescent has disappeared in areas characterized by
strong westernization (Amar, 2003).

People in most Western countries view entomophagy with feelings of disgust (Rozin
and Fallon, 1987). It is safe to say that most are reluctant to even consider eating insects
and, moreover, that they perceive the practice to be associated with primitive behaviour
(Vane-Wright, 1991; Ramos Elorduy, 1997; Tommaseo Ponzetta and Paoletti, 1997).
Disgust forms a basis of moral judgement and plays a major role in people’s rejection



36

Edible insects: future prospects for food and feed security

of food (Fessler and Navarette, 2003), although it is an innate reaction (Rozin and
Vollmecke, 1986; Herz, 2012). Feelings of disgust are mostly triggered by questions
such as: What is it? or Where has it been? (Rozin and Vollmecke, 1986). Aside from basic
human emotions, the origins of disgust are rooted in culture (i.e. “taste is culture”),
which undoubtedly has a major effect on food habits. Culture, under the influence of
environment, history, community structure, human endeavour, mobility and politico-
economic systems, defines the rules on what is edible and what is not (Mela, 1999). In
short, the acceptance or rejection of entomophagy is a question of culture (Mignon,
2002) (Box 3.1).

BOX 3.1
Sky prawns and sea crickets

Native Americans, such as those who lived freely in what today is called the state of Utah,
were very accustomed to eating grasshoppers, locusts and crickets. On their first tasting
of shrimp, the Goshute Indians are reported to have named the creatures “sea crickets”
(Lockwood, 2004).

Recently in Australia, Christopher Carr and Edward Joshua of the New South Wales
Department of Primary Industries proposed the renaming of locusts as “sky prawns”, a
more acceptable description in Western countries, and compiled recipes in a cookbook,
Cooking with Sky-prawns (BBC, 2004).

3.1.1 Why are insects consumed in the tropics more than in temperate areas
of the world?

Itis generally assumed that the practice of eating insects takes place exclusively in tropical
countries. This is not entirely true, as insects are also consumed in countries partially
or fully in temperate zones, such as China (Feng and Chen, 2003), Japan (Mitsuhashi,
2005) and Mexico (Ramos Elorduy, 1997). Even between and within countries in the
tropical zone, there can be large differences among ethnic groups on which insects are
considered edible (Meyer-Rochow, 2005). Generally, however, insect consumption
is commonplace in the tropics, while in temperate zones it is often absent. A number
of trends in favour of entomophagy are recognized in the tropics, although some are
admittedly hard to support with literature:

e Insects tend to be larger in the tropics, which facilitates harvesting. Although
a larger insect body size is often observed in the tropics compared with temperate
regions, this trend cannot be generalized (Janzen and Schoener, 1968; Gaston and
Chown, 1999). Body size is related to insect metabolism, but how different body
sizes occur is not completely clear (Gaston and Chown, 1999). However, nearly
all exceptionally large insects are tropical species, and this may be due to some
extent to the way in which insects breathe. Like humans, insects require oxygen
and produce carbon dioxide (CO,) as a waste product. Instead of lungs, however,
insects use a series of tubes called a tracheal system. The gases are mainly exchanged
throughout the body by diffusion, which happens faster at higher temperatures,
allowing for the production of bigger insects in warmer climates (Kirkpatrick,
1957). As fossil evidence shows, insects had much larger body sizes during the
late Palaeozoic period (Shear and Kukalovad-Peck, 1990), some as large as 1 metre,
because of higher atmospheric temperatures.

e In the tropics, insects often congregate in significant numbers, so large quantities
can be collected during a single harvest. Locust swarms settle for the night, making
harvesting very easy in the evening and early morning. Winged termites, which
take their nuptial flights when the first rains fall after the dry season, emerge from
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termite mounds in large numbers. Caterpillars in forests congregate en masse by
nature. Some insects also congregate in temperate regions, such as the Mormon
cricket (Anabrus simplex) and the oak processionary caterpillar (Thaumetopoea
processionea). Native Americans likely ate the Mormon cricket (Madsen and
Kirkman, 1988); however, the oak processionary caterpillar has hairs that can cause
lepidopterism (dermatitis, conjunctivitis and pulmonary affection) (Gottschling
and Meyer, 2006) and should not be eaten.

e A variety of edible insect species can be found year-round in the tropics. In
temperature zones, insects hibernate to survive cold winters. During this period,
no active insect species can be found, and their development comes to a standstill.

e For many insect species in the tropics, harvests are predictable. This may not
be true for locust swarms, for example, but many locals know where and when
to collect a wide range of insect species. Such knowledge has disappeared or is
disappearing in temperate and westernizing regions.

e Location. Palm weevils, for example, are found in palms that have fallen (e.g. often
in typhoons in Asia) or that have been felled deliberately to trigger beetles to lay
eggs (Choo, Zent and Simpson, 2009). Bamboo caterpillars can be found in stems
of bamboo, dung beetles under dung heaps, soldier termites in termite mounds,
and so on. Many insects also have preferred plants or tree species.

e Time of abundance. This may be seasonal (often depending on rains) or a preferred
time of day. For example, grasshoppers are collected early in the morning when it
is too cold for them to fly.

3.2 WHY WERE INSECTS NEVER DOMESTICATED FOR FOOD?

Insects are considered delicacies in many parts of the world, particularly in the tropics.
For example, the 1992 Malawi Cookbook features many insect-based recipes under
the heading “traditional delicacies”. It states that a number of insect species are highly
sought-after, including barbecued palm weevil larvae and roasted termites. Why then
have insect species — with the exception of honeybees, cochineal and silkworms — never
been domesticated?

The domestication of animals and plants took place thousands of years ago, with
different forms springing up independently in different parts of the world at different
times. The Fertile Crescent, China, India, Mesoamerica (central and southern Mexico
and adjacent areas), the Andes of South America and the eastern United States all
boasted food production from a very early time (Diamond, 2005). A notable case is that
of Mesoamerica, where the Aztecs managed to develop a complex society with a high
population density without large domesticable animals. One of their prime sources of
protein is believed to have been insects and insect eggs, the latter semi-cultivated in
marshes and ponds in the Mexican Mesa Central (Parsons, 2010) (see Chapter 4).

Activities surrounding the management of a variety of non-domesticated resources
can be witnessed today in tropical forests (Perez, 1995). Recently domesticated tropical
plant and animal species include macademia nuts (Macademia integrifolia), star fruit
(Averrboa carambola), paca (Agouti paca) and iguanas (Iguana iguana) (Vantomme,
Gazza and Lescuyer, 2010). Other instances of the semi-cultivation of edible insects
exist (Van Itterbeeck and van Huis, 2012), a well-known example being that of the palm
weevil, Rhynchophorus palmarum, in Latin America (Choo, Zent and Simpson, 2009).
Taming and managing species are stepping stones to domestication (Barker, 2009), yet
semi-cultivated and other edible insects — with the exception of honeybees, cochineal
and silkworms — were never domesticated. While a simple explanation is not possible
here, some important factors can be described.

There are 148 species of large terrestrial mammalian herbivores and omnivores
weighing at least 45 kg. The fact that a mere 14 of these have been domesticated is due
neither to human ignorance nor human incapacity but is a direct result of the intrinsic
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biological features of the animals. Diamond (2005) identified six characteristics that a
species must have to allow for domestication:

e adequate diet (herbivores are easiest and most efficient to keep as a source of food);

e high growth rate (it is cheaper and more worthwhile to invest in fast-growing animals);

e capacity to breed in captivity (some animals simply refuse to do so);

* a domesticable disposition (e.g. the domestication of horses succeeded but the
domestication of zebras failed because of their aggressiveness and tendency to
bite relentlessly);

e relatively calm behaviour (animals with tendencies to panic create dangerous
situations);

e aclear hierarchical social structure (allowing human to assume the role of leader).

As with mammals, not all edible insect species render themselves to domestication.

However, because insects are not mammals, the above-mentioned characteristics cannot
be assumed to be foolproof in assessing the potential domestication of insect species.
Gon and Price (1984) compiled a list of favourable characteristics that can be used to
select candidates for insect domestication (these are discussed further in Chapter 7).
The historical contexts in which plant and animal domestication have taken place
should also be taken into account. The domestication of large animals (and plants)
gave Europeans a considerable advantage over other regions, as evidenced by their
worldwide conquests (Diamond, 2005). These conquests enabled Europeans to exert a
major influence on food production, with habits, knowledge, techniques and organisms
exported worldwide. Perhaps the aforementioned negative attitudes to eating insects
formed part of this package, as in more recent times (Box 3.2). It is conceivable that with
more time and without European colonialization and imports, the semi-cultivation of
edible insects (or even domestication) would be more widespread and involve more species.

BOX 3.2
Examples from Mali and the United States®

Western cultures have an embarrassing history of physical, emotional and cultural
suppression of indigenous peoples. In 25-50 percent of Native American tribes, for
example, there existed a long history of insect eating; yet because Western cultures lacked
strong cultural experience with the practice and considered it primitive, they discouraged
and suppressed it among Native American tribes when these two cultural groups began
to interact in the eighteenth and nineteenth centuries. Western cultures inflicted similar
damage on other indigenous groups, including many in sub-Saharan Africa, with the goal
of modernizing or westernizing them. This cultural suppression was still prevalant at the
end of the twentieth century. As a result, entomophagy has almost disappeared from
Canada and the United States and is showing signs of abating in West Africa.

Mali. Traditionally, children in Mali hunt and eat grasshoppers as a snack food. In
the village of Sanambele they can be seen harvesting the insects in cotton fields. Since
2010, however, cotton has been grown as a cash crop closer to villages to maintain a high
cotton yield in the very fields where children harvest grasshoppers. Western advisors
advised farmers to use pesticides to bring more economic stability to the area, an
attitude based on zero tolerance for insects in any crop. The fact that grasshoppers form
part of this agro-ecosystem and are essential for the nutritional health of the children of
Sanambele was not considered. Recent data from Sanambele revealed that 23 percent
of these children were already at risk of or had protein energy malnutrition (a condition
known as kwashiorkor). Grasshoppers, although a seasonal protein source, supply
significant protein to bridge the gap. Mothers in Sanambele, concerned about pesticide

Continues
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Box 3.2 continued

exposure, now warn their children not to collect and eat grasshoppers. Western attitudes
towards entomophagy have thus resulted in practices detrimental to the people and
fragile environments of West Africa.

United States. The Ute, closely related to the eastern Shoshone, are a Native
American tribe that lived in what is today Utah in the United States, especially
surrounding the Great Salt Lake. In the late 1800s, white settlers arrived from the east
in covered wagons, bearing much hope but little or no local or traditional knowledge.
Their crops failed, due to low rainfall and grasshopper attack, and it became clear that
the reserves of stored food would not sustain the families through the harsh winter.
The settlers turned to the Ute to give them food. The Ute prepared their traditional
high-protein nutritious snack, called prairie cakes, made from service berries, local nuts
and other local materials. The white settlers found them tasty and made it through the
winter. Their descendents state that when the settlers later discovered that one of the
main ingredients in the prairie cakes was an insect (katydid) that was abundant on the
shores of the Great Salt Lake, they refused to consume them - evidence of an existing
aversion among Western cultures to food insects 150 years ago. The katydid that saved
the lives of these Mormon settlers is now called the Mormon cricket.

8 This box was contributed by Florence Dunkel.

3.3. NEGATIVE ATTITUDES TOWARDS INSECTS
It is safe to say that, by and large, negative perceptions surrounding insects are fully
entrenched in Western societies (Kellert, 1993). Insect harvesting has been associated
with the hunter-gatherer era and in turn with “primitive” forms of food acquisition.
With the advent of agriculture and the rise of sedentary lifestyles, insects have come to
be seen as mere pests (Pimentel ez al., 1975; Pimentel, 1991). This is in stark contrast to
many tropical regions of the world, where insects have decorative purposes, are used for
entertainment and in medicine and sorcery, and are present in myth, legend and dance
(Meyer-Rochow, 1979; Yen et al., 2013).

In Western societies — where protein is still largely derived from domesticated animals
— insects are virtually synonymous with nuisance: mosquitoes and flies invade homes,
the former leaving behind unwanted bites; termites destroy wood possessions; and some
insects end up in meals (triggering the disgust factor). Certain insects are also transmitters
of disease (Kellert, 1993): a mechanical vector like a housefly, for example, can pick up an
infectious agent on the outside of its body and transmit it to food prior to consumption.
Biological vectors such as mosquitoes, ticks, fleas and lice harbour pathogens in and are
often responsible for serious blood-borne diseases such as malaria, viral encephalitis,
Chagas disease, Lyme disease and African sleeping sickness. Arthropods such as spiders
have been associated with disease and infection, particularly in Europe, since the tenth
century (Davey, 1994). Butterflies and ladybugs are among the few insects that do not
evoke aversion, avoidance, disgust and disdain (Kellert, 1993; Looy and Wood, 2006).
Few people realize that most insects are beneficial and that very few are damaging.

Western attitudes of disgust towards eating insects have arguably also influenced the
preference of people in tropical countries. According to Silow (1983): “It is known that
some missionaries have condemned winged termite eating as a heathen custom” and for
that reason a Christian person told him that “he would never taste such things, valuing
them as highly non-Christian”. In Malawi, research has shown that people living in
urban areas and devout Christians react with disdain to eating insects (Morris, 2004). As
aresult of these Western influences, particularly in Africa, research on the contribution
of edible insects to nutrition and economy, and into insect species’ biology and ecology,
has been sporadic (Kenis et al., 2006). Yet insect use in diets may persist, though this
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may sometimes be admitted only reluctantly by consumers (Tommaseo Ponzetta and
Paoletti, 1997). According to DeFoliart (1999), “Westerners should become aware of the
fact that their bias against insects as food has an adverse impact, resulting in a gradual
reduction in the use of insects without replacement of lost nutrition and other benefits”.

However, Western attitudes are changing, as noted by some researchers: “Insects have
long been a significant dietary factor in the poorer regions of the world, and it is high
time that scientists recognize this fact and begin to build on it, rather than discouraging
or ignoring the practice” (Ramos Elorduy, 1990).

3.4 HISTORY OF ENTOMOPHAGY

3.4.1 Entomophagy and religion

Food practices are influenced by culture(s), which have been influenced historically by
religious beliefs. The practice of eating insects is cited throughout religious literature in the
Christian (Box 3.3), Jewish and Islamic faiths. The Bible speaks of locusts as food in the
book of Leviticus, most probably in reference to the desert locust, Schistocerca gregaria.®

Yet these may ye eat of every flying creeping thing that goeth upon all four, which
have legs above their feet, to leap withal upon the earth (Leviticus XI: 21)

Even these of them ye may eat; the locust after his kind, and the bald locust after his
kind, and the beetle after his kind, and the grasshopper after his kind (Leviticus XI: 22)
BOX 3.3

Entomophagy and modern-day Christianity

In 2012, a Danish priest used entomophagy to demonstrate to his assembly the story of
John the Baptist. The New Testament explicitly describes Saint John's source of protein:

And John was clothed with camel’s hair, and with a girdle of a skin about his
loins; and he did eat locusts and wild honey (Mark I: 6)

This demonstration was not well received by one of the churchgoers, who complained.
According to a Danish bishop, however, the priest had committed no sin because he was
demonstrating the word of the Bible. The complainant left the church due to the priest’s
stunt of eating grasshoppers.

Source: Rohde, 2012.

There are several references in Islamic tradition to insect eating — including locusts,
bees, ants, lice and termites (El-Mallakh and El-Mallakh, 1994). The large majority of
references are to locusts, specifically mentioning permission to consume the creatures:

It is permissible to eat locusts (Sahih Muslim, 21.4801)

Locusts are game of the sea; you may eat them (Sunaan ibn Majah, 4.3222)

Locusts are Allah’s troops, you may eat them (Sunaan ibn Majah, 4.3219, 3220)

? Biblical citations provided by Jorgen Eilenberg.
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Entomophagy is also present in Jewish literature. Amar (2003) suggested that eating
certain species of kosher locusts was largely accepted in ancient times. The practice,
however, declined among a considerable part of the Jewish diaspora due to a lack of
knowledge about the various types of “winged swarming things” mentioned in the
Torah. The tradition was only preserved among Jews of Yemen and in parts of northern
Africa. Amar (2003) argued that westernization caused Jews who previously ate locusts
to reverse their habits.

3.4.2 Entomophagy in ancient times

The history of entomophagy is well documented by Bodenheimer (1951). In the Middle
East, as far back as the eighth century BCE, servants were thought to have carried
locusts arranged on sticks to royal banquets in the palace of Asurbanipal (Ninivé).
The first reference to entomophagy in Europe was in Greece, where eating cicadas was
considered a delicacy. Aristotle (384-322 BCE) wrote in his Historia Animalium: “The
larva of the cicada on attaining full size in the ground becomes a nymph; then it tastes
best, before the husk is broken [i.e. before the last moult]”. He also mentioned that, of
the adults, females taste best after copulation because they are full of eggs.

References to entomophagy continued throughout the region and the centuries
(Box 3.4). In the second century BCE, Diodorus of Sicily called people from Ethiopia
Acridophagi, or “eaters of locusts and grasshoppers” (Acrididae family, Orthoptera
order). In Ancient Rome, author, natural philosopher and naturalist Pliny the Elder —
author of the encyclopedia Historia Naturalis — spoke of cossus, a dish highly coveted
by Romans. According to Bodenheimer (1951), cossus is the larva of the longhorn beetle
Cerambyx cerdo, which lives on oak trees.

Literature from ancient China also cites the practice of entomophagy. Li Shizhen’s
Compendium of Materia Medica, one of the largest and most comprehensive books on
Chinese medicine during the Ming Dynasty in China (1368-1644), displays an impressive
record of all foods, including a large number of insects. The compendium also highlights
the medicinal benefits of the insects.

BOX 3.4
Edible insects through the centuries

Nomads of Arabia and of Libya greet the appearance of locust swarms with joy. They boil
and eat them, dry others in the sun and pound them into flour for future consumption —
Leo Africanus from Morocco in 1550.

German soldiers in Italy repeatedly and with obvious delight eat fried silkworms —
Ulysse Aldovandi in his 1602 treatise, De Animalibus Insectis Libri Septem.

We could perhaps in time overcome our repugnance at eating insects and accept
them as part of our diet, and then realize that there is nothing terrible about them and
that they may perhaps even offer us agreeable sensations. We have grown accustomed
to eating frogs, snakes, lizards, shellfish, oysters, etc. in the various provinces of France.
Perhaps the first urge to eat them was hunger — René Antoine Ferchault de Réaumur in
Meémoires pour server a I’Histoire des Insectes, 1737.

Locusts are eaten by most Africans, some Asiatics and especially the Arabs. On their
market they appear roasted or grilled in great quantities. When salted, they keep for some
time in storage. They are used for supplying ships, when they may be served as dessert
or with coffee. This food is in no way repugnant to look at or by association. It tastes like
prawn, and is perhaps more delicately flavoured, especially the females when filled with
eggs — Foucher d'Obsonville in the 1783 Philosophic essays on the manners of various
foreign animals; with observations on the laws and customs of several eastern nations.
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3.4.3 Modern-day entomophagy

The Italian entomologist and naturalist Ulysse Aldovandi, born in 1522, is considered
the founder of the modern-day study of insects. Aldovandi’s De Animalibus Insectis
Libri Septem, published in 1602, is rich in references and concepts derived from his
studies as well as original observations. Aldovandi, a specialist in cicadas, suggested that
insects were important food items in ancient Far Eastern civilizations, namely China,
as far back as several centuries BCE.

Yet it was not until the nineteenth century, when explorers brought back observations
from tropical countries, that the Western world grew familiar with the practice of
entomophagy. Explorers’ accounts of Africa, such as those of David Livingstone and
Henry Morton Stanley, which featured stories of insect eating, were instrumental in
introducing the practice to the West. In 1857, German explorer Barth Heinrich, for
example, wrote in his book Travels and Discoveries in North and Central Africa that
people who ate insects “enjoy not only the agreeable flavour of the dish, but also take a
pleasant revenge on the ravagers of their fields”, an interesting take on agricultural pests.

In the United States, swarms of Rocky Mountain locusts (Melanoplus spretus)
regularly swept across the western half of the country (as far north as Canada) in the
nineteenth century, devastating farming communities (Lockwood, 2004). One famed
sighting estimated that the locusts spanned 198 000 square miles. This swarm weighed
an estimated 27.5 million tonnes and consisted of some 12.5 trillion insects, which
according to The Guinness Book of Records was the greatest concentration of animals
ever recorded.

Leading American entomologist Charles Valentine Riley, appointed in 1868 as the
first State Entomologist for the state of Missouri, studied the plague of Rocky Mountain
locusts that invaded many western states between 1873 and 1877. He advocated controlling
the locusts by simply eating them (Lockwood, 2004):

Whenever the occasion presented I partook of locusts prepared in different ways,
and one day, ate of no other kind of food, and must have consumed, in one form
and another, the substance of several thousand half-grown locusts. Commencing
the experiments with some misgivings, and fully expecting to have to overcome
disagreeable flavor, I was soon most agreeably surprised to find that the insects were
quite palatable, in whatever way prepared. The flavor of the raw locust is most strong
and disagreeable, but that of the cooked insects is agreeable, and sufficiently mild to
be easily neutralized by anything with which they may be mixed, and to admit of
easy disguise, according to taste or fancy. But the great point I would make in their
favor is that they need no elaborate preparation or seasoning ...

Yet British entomologist V.M. Holt arguably had the most clout in bringing insects to
alarger audience through his small booklet published in 1885 titled Why Not Eat Insects?
The book begged his fellow Englishmen to consider the idea of consuming insects:

One of the constant questions of the day is, How can the farmer most successfully
battle with the insect devourers of his crops? I suggest that these insect devourers
should be collected by the poor as food. Why not? (Holt, 1885: 14-15)

Holts’ arguments were founded on high moral Victorian values, which included feeding
the poor and conserving resources (Friedland, 2007). Holt was greatly puzzled over the
lack of acceptance of insects as food, when the composition of other animals that were
considered delicacies, like lobster, was nearly the same. However, he did differentiate
between insects that he considered unclean and therefore inedible (such as the common
fly and the carrion beetle) and clean insects (like cockshafers and grasshoppers). Holt
also had an awareness of entomophagy in other cultures:
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If I bring forward examples from ancient times, or from among those nations, in
modern times, which are called uncivilized, I foresee that I shall be met with the
argument, “Why should we imitate these uncivilized races?” But upon examination
it will be found that, though uncivilized, most of these peoples are more particular
as to the fitness of their food than we are, and look on us with far greater horror for
using, as food, the unclean pig or the raw oyster, than we do upon them for relishing
a properly cooked dish of clean-feeding locusts or palm-grubs. (Holt, 1885)

Holding such an opinion in 1885, Holt was clearly ahead of his time and entomophagy
was never widely adopted into English food culture.
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4. Edible insects as a natural
resource

4.1 EDIBLE INSECT ECOLOGY

The edible insect resource is primarily a category of non-wood forest products (N'WFPs)
collected from natural resources (Boulidam, 2010). Edible insects inhabit a large variety
of habitats, such as aquatic ecosystems, forests and agricultural fields. On a smaller
scale, edible insects may feed on the foliage of vegetation (e.g. caterpillars) or roots (e.g.
witchetty grubs), live on the branches and trunks of trees (e.g. cicadas) or thrive in soils
(e.g. dung beetles).

Insect ecology can be defined as the interaction of individual insects and insect
communities with the surrounding environment. This involves processes such as
nutrient cycling, pollination and migration, as well as population dynamics and climate
change. Although more than half of all known living organisms are insects, knowledge
of insect ecology is limited. Some species that have long been considered valuable for
their products — such as honeybees, silkworms and cochineal insects — are well known,
while knowledge of many others remains scarce. This chapter points out the need to
study edible insect ecology specifically and shows how this knowledge can be applied.

4.2 Collecting from the wild: potential threats and solutions

4.2.1 Threats

Insects provide essential ecosystem services such as pollination, composting, wildfire
protection and pest control (Losey and Vaughan, 2006) (see Chapter 2). Edible insects,
such as honeybees, dung beetles and weaver ants, eaten extensively in the tropics,
perform many of these ecological services. Until recently, edible insects were a seemingly
inexhaustible resource (Schabel, 2006). Yet like most natural resources, some edible
insect species are in peril. Ramos Elorduy (2006) identified 14 species of edible insect
under threat in Hidalgo state, Mexico, alone, including the red agave worm (Comadia
redtembacheri) (=Xyleutes redtembacheri), which is used in mezcal, the Navajo reservation
ant (Liometopum apiculatum) and the agave weevil (Scyphophorus acupunctatus).

A number of anthropogenic factors impose threats on edible insect populations.
Collection itself can result in direct competition with other predators, undermining
population viability (Choo, 2008). Numerous edible insect species are prey or hosts of
other insect species (such as coccinellids and parasitic wasps, respectively) and many
other organisms, including birds, spiders, mammals, amphibians, reptiles and fish. The
effect of reduced insect populations on their predators is unknown. Many edible insect
species are predators themselves or decomposers. A reduction in their numbers may have
adverse effects on populations of other insect species and affect ecosystem functions.
Overexploitation is another serious challenge to both the current and future practice
of entomophagy (Morris, 2004; Schabel, 2006), particularly if the number of collected
individuals (mature and immature) exceeds regeneration capacity (Cerritos, 2009).
In addition, the stability and regeneration of edible insect populations is threatened
if collection practices become less selective (Latham, 2003; Illgner and Nel, 2000;
Ramos Elorduy, 2006). This happens, for example, when mature insects are collected
before their first mating or before they lay eggs (Cerritos, 2009). Moreover, many areas
are “open-access”, and increased collection efforts could threaten existing populations
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(Akpalu, Muchapondwa and Zikhali, 2009) (Box 4.1). Matters are further complicated by
the fact that indigenous knowledge — which often includes the sustainable use of edible
insects and their habitat —is gradually dissipating (Kenis et a/., 2006), and inexperienced
collectors sometimes resort to unsustainable collection methods (Ramos Elorduy,
2006; Choo, 2008).

BOX 4.1
Lao People’s Democratic Republic

In the village of Dong Makkhai in the Lao People’s Democratic Republic, 21 species of
edible insect are collected and sold at the Sahakone Dan Xang fresh food market. On
average, 23 percent of the combined household income of the village is derived from
the production and sale of edible insects. Most favoured by consumers are ant “eggs”
(larvae and pupae of Oecophylla smaragdina), grasshoppers (various species), crickets
(Tarbinskiellus portentosus, Teleogryllus mitratus and Acheta domesticus), wasps
(Vespa spp.), cicadas (Orientopsaltria spp.) and honeybees (Apis spp.). Today, collectors
claim they need more time to find similar amounts of edible insects compared with ten
years ago, most likely as a result of the increased number of collectors.

Source: Boulidam, 2010.

Finally, like many other natural resources, damage to habitat, such as deforestation,
forest degradation and pollution (e.g. through insecticides), has placed further stress on
edible insect populations (Morris, 2004; Ramos Elorduy, 2006; Schabel, 2006). Host
trees are often cut down to increase and facilitate the collection of insects, such as in
the case of the edible caterpillar that feeds on the leaves of the sapele tree, with obvious
consequences for future harvests (Vantomme, Gohler and N’Deckere-Ziangba, 2004).
Often, habitat damage results from other agricultural activities, such as logging and
grazing (FAO, 2004). Effects on insects” habitat invariably influence their abundance
and distribution (FAO, 2011c¢). For this reason, the ways in which climate change is
likely to affect tropical edible insect populations is still relatively unknown. Increasing
temperatures could cause certain populations to increase, although periods of extreme
heat or drought could also lead to declines (Toms and Thagwana, 2005). The distribution
of species may also be affected.

BOX 4.2
Wild harvesting in Asia and the Pacific: past, present and future

In the past, most wild-harvested insects in Asia and the Pacific were consumed
exclusively at the village level, and the quantities collected were determined by personal
consumption requirements. Today, wild-harvested insects have become an additional
source of income. Where possible, more insects are collected so that a portion of the
harvest can be sold at markets and the rest is reserved for personal consumption. With
fewer insects available for harvest, fewer are consumed at home, and cash incomes are
often used to acquire less-healthy foods. Improved access to insect resources (via new
roads and modern transport methods) has resulted in more collectors, often coming from
afar. Conversely, this has also enabled local villagers to transport their catches to more
distant and larger markets.

Continues



Edible insects as a natural resource 47

Box 4.2 continued

Increased demand has also caused stress on insect populations and their environment.
At present, however, there is a dearth of information on the sustainability of the wild-
harvesting of edible insects and its ecological implications. In addition to the adoption
of sustainable harvesting methods, other forms of producing edible insects have shown
potential for reducing pressure on wild edible insect populations, including habitat
management, small-scale controlled rearing in confined conditions (e.g. cages and
ponds) and industrial production systems (factories). Species suitable for rearing need
to be identified. Making use of the high diversity of invertebrates may help to reduce
vulnerability to unforeseen shocks such as disease outbreaks and climatic variability.

Source: Yen, 2012.

The problems faced by edible insect populations relate directly to their collection
and are deeply rooted in humankind’s unsustainable use of the natural environment.
It is possible that collecting edible insects will prove to be a threat to the provision of
some essential ecosystem services if the practice is commercialized without attention
to their sustainable management (boxes 4.2 and 4.3).

BOX 4.3
Mopane and other African caterpillars

Populations of the mopane caterpillar have dwindled since commercialization got into
full swing in the 1990s. Mopane populations have encountered the same problem

faced by many NWFPs: once a significant market is found, the pressure to overharvest
becomes intense, which generally leads to unsustainable use (Sunderland, Ndoye and
Harrison-Sanchez, 2011). Poverty, food insecurity and environmental calamity compound
the problem.

In the past, restraint was often used in collecting caterpillars (e.g. the first generation
of Cirina forda was traditionally left untouched “for the birds” and only the second
generation was collected; Latham, 2003). Widespread poverty in rural areas coupled with
increasing poverty in urban centres, however, has prompted overharvesting. This has
turned the promise of a new source of income and cheaper protein into a conservation
dilemma. The overharvesting of mopane populations in Zimbabwe, among other countries,
has compromised larval production for years (Roberts, 1998; lligner and Nel, 2000), and
even if environmental conditions were to prove optimal, populations are unlikely to
recover. Environmental calamities, such as poor yields brought on by drought, will likely
trigger a further increase in harvesting this cheap and generally open-access resource.
This has already occurred in many parts of the region (Toms and Thagwana, 2005).

Moreover, when caterpillars cannot be reached, desperate livelihood-seekers will often
fell entire trees, a practice traditionally frowned on, as the loss of host trees is detrimental
to the survival of future populations (Latham, 2003; Morris, 2004; Toms and Thagwana,
2005). Determining sustainable collection levels remains a difficult task, however,
and is a key issue for the future development of the sector, largely because several
variables are involved in determining population levels. The seasonality of the resource
and unpredictability of outbreaks, coupled with a wide range of complex biotic and
environmental factors, among others, make this a contentious issue (Stack et al., 2003;
Ghazoul, 2006). These issues deserve research and must be addressed if the sector is to
develop sustainably and continue to contribute to lives and livelihoods in southern Africa.

Continues
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Box 4.3 continued

Many local communities are well aware of the hazardous practices that can harm the
mopane woodlands and are equally conscious of the importance of sound protection
measures, including adequate fire management, monitoring the caterpillars and their
development, the protection of specific habitats, and adherence to restricted harvesting
periods (Holden, 1991; Mbata, Chidumayo and Lwatula, 2002; Toms and Thagwana,
2005). The question is whether these local initiatives are realistic in their socio-economic
context. The poverty—environment nexus is not new; economic and nutritional incentives
commonly drive local communities to overharvest to meet immediate livelihood needs.
Conservation policies need to take this into account. For example, harvesting at the
beginning of a season would cause the overexploitation of small larvae, which is a
wasteful practice. However, efforts to restrict mopane harvesting periods must provide
local people with other options for their diets and livelihoods. Moreover, in some areas,
local beliefs do not recognize the lifecycle of the mopane, so habitat management
(i.e. restricted harvest) is not understood as a necessity (Toms and Thagwana, 2005).
Management measures need to balance ecological as well as social, cultural and
economic objectives if they are to have any chance at success.

4.3 CONSERVATION AND MANAGEMENT OF EDIBLE INSECT RESOURCES
Among forest managers, there is little knowledge or appreciation of the potential for
managing and harvesting insects sustainably. There is also almost no knowledge or
experience in manipulating forest vegetation or harvesting practices to increase, maximize
or sustain insect populations. Indeed, because many insects cause massive damage
and mortality to valuable commercial trees, many forest managers consider virtually
all insects as potential destructive pests. What knowledge does exist with respect to
managing insects is often held by traditional forest dwellers and forest-dependent people
(Durst and Shono, 2010).

Scientists generally speak about biodiversity on three levels: ecosystem, species
and genetic. On all three levels it is believed that biodiversity can make significant
contributions to food security and improved nutrition (Toledo and Burlingame,
2006). In view of the ecological services insects provide, deemed vital to human life,
the conservation of insects and the habitats they occupy has recently received more
attention (DeFoliart, 2005; Samways, 2007). The promotion of “flagship species” is
used to stimulate public interest in conservation efforts (Simberloff, 1998). In much
the same way, conservation biologists identify “umbrella species” as representative
species whose protection is believed to indirectly benefit a large number of naturally
co-occurring species and their habitats (Roberge and Angelstam, 2004). While these
species tend to be large, emblematic mammals, such as giant pandas and tigers, the
possibility of edible insect species as flagship species and/or umbrella species protecting
other natural resources deserves attention, not least because of the valuable role they
have in the provision of essential ecosystem services (Yen, 2009; DeFoliart, 2005). Yet
for this to occur, taxonomic knowledge of insects — which still lags far behind that
of vertebrates and plants — needs to improve (Winfree, 2010). There is also relatively
little documented knowledge of insect species (compared with vertebrate animal
and plant species) about contemporary threats and conservation and management
requirements (Yen, 2012). Although insects account for the largest proportion of
biodiversity in all forest ecosystems, they continue to be the least studied of forest
organisms (Johnson, 2010).

Samways (2007) offered a rare yet promising contribution to insect conservation
efforts by describing in detail how insect populations and habitats can be managed and
monitored effectively and by identifying the following six principles for maintaining
adequate insect population levels: maintain reserves; maintain as much quality landscape
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heterogeneity as possible; reduce contrast between remnant patches and neighbouring
disturbed patches; set aside land for insects outside reserves; simulate natural conditions
and disturbance; and connect similar patches of quality habitat. Boulidam (2010) added
that efforts in edible insect management ought to focus on edible insect species with the
greatest potential and value. These principles are particularly important for forestry,
ecology and entomology experts. However, insect conservation efforts will remain futile
without adequate support from national and international research and development
organizations and local communities (Schabel, 2006; Cerritos, 2009; Boulidam, 2010).

Current gaps in insect ecology are a major impediment to the development and
sustainability of entomophagy. Issues that require urgent research include identifying
edible insect species, estimating populations, and understanding the ecology and biology
of species and their habitats and the factors that determine their abundance. Increased
knowledge on factors such as peak abundance, population dynamics and life cycles is
essential to counter the depletion of edible insect resources (Ghazoul, 2006; Cerritos,
2009). Tapping into indigenous knowledge is likely to prove particularly useful. In
light of the above, obvious next steps in the field of research on edible insects are to
sustainably increase the production of wild and reared edible insects, through either
expansion or intensification, and to implement ecologically sound forest management
practices to this end (Johnson, 2010).

Foresters and forest industries have long considered caterpillars as pests because
they feed on fresh leaves (tree foliage) and are therefore perceived to be harmful to tree
populations. In reality, however, trees respond to such browsing by producing more
foliage. N’Gasse et al. (2004) observed that leaf consumption by caterpillars had only
a limited impact on trees. In fact, the collection of caterpillars in the forest could be
considered a method of biocontrol, so long as trees are not cut during the caterpillar
harvest (Vantomme, Gohler and N’Deckere-Ziangba, 2004) (see section 4.3 for more
on pest management). In exchange, caterpillar protection could greatly benefit from
host tree conservation and management (Holden, 1991; Munthali and Mughogho, 1992;
Chidumayo and Mbata, 2002; Toms and Thagwana, 2005).

A red list of endangered insects in East Africa. The International Institute for Tropical
Agriculture has established a red list of 34 endangered insect species in Benin. The
principal threats to insects involve the deterioration or, in some areas, the disappearance
of habitats due to pollution, the overextension of agriculture, poor agricultural practices,
uncontrolled burning, the uncontrolled cutting of timber, the disrespect of protected
areas and, in the long term, climate change and the disappearance of pollinators. Given
that most threatened insects live in forest ecosystems, deforestation is one of the primary
concerns (Neuenschwander, Sinsin and Goergen, 2011). The list includes one species
that is certainly eaten in Central Africa: the African Goliath beetle (Goliathus goliathus)
(Bergier, 1941). In Benin, this species is threatened by a reduction in the availability of its
preferred host tree, the rare Holoptelea grandis (Ulmaceae). Because the Goliath beetle
can now be easily reared, hunting for insects has diminished and is no longer considered
a threat to these trees (Neuenschwander, Sinsin and Goergen, 2011).

Biodiversity of micro-organisms and invertebrates for food and agriculture.
FAQO’s Commission on Genetic Resources for Food and Agriculture (CGRFA) and the
Treaty on Plant Genetic Resources for Food and Agriculture recognize the fundamental
role that micro-organisms and invertebrates play in food security and sustainable
agriculture through the services they provide in food production ecosystems and the
natural environment. Among the functional groups distinguished by the CGRFA
are: pollinators; biological control agents (biocontrol); soil ecosystem engineers and
regulators; food providers and providers of non-timber forest goods (e.g. silk, honey, edible
insects); and aquatic invertebrates and their contribution to fisheries and aquaculture
(which could be extended to include the use of invertebrates as feed for conventional
livestock) (FAO, 2009a). FAO has a long tradition of technical work on the importance
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BOX 4.4
Insects and biodiversity in Brazil

Brazil is recognized globally for its status as a biodiversity hotspot (Myers et al., 2000).
The country also hosts a rich cultural diversity, with a remarkable 222 indigenous ethnic
groups as well as several other groups, including artisanal fishermen, Amazon caboclos
(or river-dwellers) and Afro-Brazilians, also known as quilombolas. This combined
diversity is known as biosociodiversity (Costa Neto, 2012).

A total of 135 edible insect species belonging to nine orders (Figure 4.1) and
23 families in 14 of Brazil’s 26 states have been documented in literature. Of these,
95 have been identified to the species level and 18 to the genus level, while others
are known only by their native names. The most consumed species are in the
Hymenoptera (63 percent), Coleoptera (16 percent) and Orthoptera (7 percent)
orders (Costa Neto, 2012). Given Brazil’s vast biosociodiversity, "“it could be stated that
anthropoentomophagy is underestimated, since nutritious edible insects are abundantly
available” (Costa Neto, 2012).

FIGURE 4.1
Distribution of insects, by order, Brazil
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Source: Costa Neto, 2012.

of micro-organisms and invertebrates for food and agriculture. Among these are the
Organization’s programmes and strategies on integrated pest management (IPM).
Through the CGRFA, focus on this “hidden biodiversity” has increased.

FAO also coordinates two global initiatives of the Convention on Biological Diversity,
which have been established in recognition of the essential services provided by micro-
organisms and invertebrates across all production systems: the International Initiative
for the Conservation and Sustainable Use of Pollinators, and the International Initiative
for the Conservation and Sustainable Use of Soil Biodiversity. For an example of national
insect biodiversity, see Box 4.4. Many partner organizations collaborate with FAO on
these important initiatives.
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4.4 SEMI-CULTIVATION OF EDIBLE INSECTS

Better knowledge of a particular insect species” biology and ecology can lead to more
than an understanding of its seasonality, for example, or the development of efficient
tools to collect them. It may also enable the manipulation of an edible insect’s habitat at
a small or large scale, such as the insects’ behaviour and availability throughout the year
(Van Itterbeeck and van Huis, 2012). This is termed semi-cultivation, as it resembles
cultivating — a process that promotes the growth (or quality) of an organism through the
use of labour and skill. Semi-cultivation rarely involves the tending of insects (as opposed
to actual cultivation, or farming, which is the topic of Chapter 7). Semi-cultivated insects
are available in the wild and are generally not grown in captivity (although some may be
captive during part of their development, such as the palm weevil larvae, which is farmed
as larvae in plastic containers in Venezuela; Cerda ez al., 2001). Semi-cultivated insects
are thus not isolated from their wild populations. Palm weevil larvae in the Amazon
Basin, Indonesia, Malaysia, Papua New Guinea, Thailand and tropical Africa, caterpillars
in sub-Saharan Africa, bamboo caterpillars in Thailand, eggs of aquatic Hemiptera in
Mexico and termites in sub-Saharan Africa are all examples of semi-cultivated insects,
the habitats of which are manipulated to a greater or lesser degree. Evidence of landscape
manipulations for food can be found in archaeological records, suggesting that they were
key stepping stones in the development of sedentary food production and domestication
(Barker, 2009). The manipulations intended for producing edible insects are therefore
useful as first steps towards a more controlled production. Semi-cultivation has many
benefits, not least of which is ensuring the availability and predictability of edible
insects. The activities surrounding semi-cultivation have the potential to contribute
to both edible insect habitat conservation and food security. In the tropics, emphasis
should be placed on maximizing the productivity of semi-cultivation practices already
in place. Such activities could be developed for other edible insect species, provided
there is sufficient understanding of their biology and ecology.

4.4.1 Palm weevil larvae

Classic examples of semi-cultivation involve the larvae (grubs) of Rhynchophorus palmarum
(Central and South America), R. phoenicis (Africa) and R. ferruginens (Southeast Asia)
(see also section 2.3.2). The most detailed information is available on R. palmarum. Palm
trees can be considered as controlled variables because they are felled deliberately and at
a chosen location and time. The process is relatively simple: people return to the trunks
one to three months after felling to harvest the larvae (Choo, Zent and Simpson, 2009).
Some Amerindians employ this technique as a strategy in long hunting and fishing trips
that keep them away from their villages for extended periods (Dufour, 1987).

Amerindians in the Bolivarian Republic of Venezuela are known to use their indigenous
knowledge of palm weevils to control the relative quantity of the larvae of two palm
weevil species, the South American palm weevil R. palmarum and the Bearded weevil
Rbhinostomus barbirostris, the females of which oviposit (lay eggs) in the same trunks.
These two weevil species differ in their ovipositing biology: Rbhynchophorus palmarum
adults feed, mate and oviposit on exposed inner palm tissue of felled or naturally fallen
palms, whereas R. barbirostris oviposit on the intact surface of the trunk and can thus
use the entire trunk length to lay eggs. R. palmarum adults arrive at the trunks earlier
than R. barbirostris. Thus, when the former are preferred, softer inner tissue is made
available by producing deep cuts in the trunk, making larvae of R. palmarum more
abundant than those of R. barbirostris.

A similar technique is employed with the sago palm (Merroxylon sagu) in Papua New
Guinea (Mercer, 1994). The mating behaviour of the palm weevil (R. ferrugineus papuanus)
is gregarious, which easily results in 100 grubs or more in a single trunk. As adult weevils
only oviposit in unworked portions of trees that are cut to harvest starch, deliberately
felling trees for harvesting larvae increases their numbers. In Papua New Guinea, palm



52

Edible insects: future prospects for food and feed security

trees that render small quantities of starch are often reserved for the semi-cultivation
of palm larvae (Townsend, 1973).

Cerda et al. (2001) documented simple cottage methods used by Amerindians in
Venezuela to rear the South American palm weevil R. palmarum on other crops. The
weevil is encouraged to grow on the moriche palm (Mauritia flexuosa) because weevils
grown on this palm have a protein content of 40 percent on a dry weight basis, which
is much higher than those reared on other palm species. Amerindian tribes collect the
larvae from the trees after four weeks and continue to rear them for several weeks in
plastic containers near home. They feed the larvae with banana pseudostem, vegetable
refuse and fruits (Cerda et al., 2001). A pineapple—sugarcane diet has also been explored
(Giblin-Davis et al., 1989). Overexploitation was considered to be a potential problem
because palm trees are cut in order to trigger egg-laying by the adult beetle and subsequent
larval growth. Although Cerda er al. (2001) reported that 31 plant species belonging to
12 families can host palm weevils for feeding, careful management of palm trees is still
vital to ensure the sustainability of the practice.

Traditional peoples manage and protect some plant species, including palm trees (Politis,
1996), and intervene in the landscape through, for example, forest clearance, planting and
plant tending (Barker, 2009). In many parts of the world, trees are felled deliberately to
stimulate the production of palm weevil larvae, suggesting that these larvae are a prime
insect food source. When trees have been felled to harvest starch, collect fruit, and/or tap
the tree for its sap to make wine, the larvae grow in unworked portions of the trunk and
have been referred to as byproducts (Dufour, 1987) and second crops (Bodenheimer, 1951).
Although dual production may very well be intended, great care should be taken when
referring to palm weevil larvae as true byproducts (Van Itterbeeck and van Huis, 2012).

4.4.2 Caterpillars

Box 4.5 presents two examples of habitat management that can increase caterpillar
abundance: chitemene shifting cultivation and fire management. As such, these activities
can be considered semi-cultivation. Similarly, host tree planting and refraining from
cutting down host trees increases egg-laying sites for caterpillars (Takeda, 1990; Latham,
1999). Latham (2003) provided an extensive list of edible caterpillar species and their host
plants, and also showed how traditional regulations concerning caterpillar collecting
were being maintained or re-instated. Mbata and Chidumayo (2003) described in detail
systems in the Kopa area in Zambia in which all levels of the local society are involved:
high-density moth egg sites are detected, and the appearance of the first instar and the
final instar (the only instar allowed to be collected among the locals) are monitored.
Based on these observations, the timing of collection is regulated, and, when necessary,
temporal restrictions are imposed on collecting caterpillars. Rituals are also performed
and ceremonies held, thus strongly fixing the caterpillars in local culture. In Bas-Congo
in the Democratic Republic of the Congo, locals reintroduce caterpillars such as Cirina
forda on Acacia trees near their houses and allow the caterpillars to grow until they are
ready to eat. Some of the caterpillars can be left to pupate. These will develop into adult
butterflies, which will lay their eggs in the same area. In this way a caterpillar supply
is ensured for the following season (Latham, 2003).

Given the problems facing wild populations — such as irregular and unpredictable
outbreaks (Hope et al., 2009) — the domestication of caterpillars and host plants in
agroforestry systems is being explored. For example, larvae can be protected from drought,
heat and predation — which contribute to mortality in the wild - by using simple techniques
such as protective shade cloth sleeves covering branches and shade houses. The long-term
viability of such enterprises, however, is unclear. Captive breeding is vulnerable to viral
and bacterial diseases and to parasitoids, a problem that also occurs in wild populations
of mopane. Recent research suggests that mopane farming should be kept small-scale to
reduce the impact of viral diseases. It is better, therefore, for a village to have multiple
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small-scale farms than one large farm, so that failing farms can easily be restocked with
healthy eggs or larvae if information and resources are exchanged readily between farms.
Such arrangements cannot be developed overnight, however, as it implies an established
degree of trust between farmers. Disease management and control in mopane caterpillar
farming deserves serious attention if semi-domestication is to be a serious proposition.
The development of captive breeding does not exclude the continued development and
success of managing wild populations. On the contrary, further research into reducing
mopane mortality from disease would equally benefit wild populations and contribute
to the development of a caterpillar-rearing sector (Ghazoul, 2006).

Considering the economic and nutritional importance of mopane caterpillars in Africa,
more scientific knowledge relating to wild mopane caterpillar ecology and population
biology is necessary. The same is true for a host of other edible caterpillars (Munyuli Bin
Mushambanyi, 2000). This is arguably a result of minimal interest in the issues arising
from a bias in Western science against insects as a viable source of food and income
(Kenis et al., 2006). Filling existing research gaps will provide the knowledge needed for
the sustainable management of wild mopane caterpillar populations. Greater accuracy
in determining outbreaks, for example, and a better understanding of the affects of
diseases and parasitoids on mopane caterpillar populations, would benefit this farming
and, in turn, local communities (Ghazoul, 2006).

In Thailand, the Forest Products Research Division of the Royal Forest Department
conducted research into the bamboo caterpillar, Omphisa fuscidentalis, also known as
bamboo worm. The caterpillars reside in bamboo internodes, where they feed on the soft
inner tissue. Although the bamboo must be cut and opened to harvest the caterpillars,
this does not kill the culm. The bamboo that is inhabited by caterpillars can be identified
by the hole made by the young larvae when they enter, as well as by internode size,
although amateur gatherers have been known to fell bamboo needlessly in search for
caterpillars. Nevertheless, felled bamboo can be used as fuel and garden materials
and in the manufacture of handicrafts. The research, including data on the bamboo
worm’s biology and ecology, was published by the Thai Royal Forest Department in a
manual in 2000. Among other things, this manual encourages locals to plant bamboo
to compensate for the damage caused by harvesting bamboo caterpillars. Methods are
provided for semi-cultivating the bamboo caterpillar: for example, mature larvae can
be introduced to bamboo shoots placed in water and covered in a net sleeve at home.
The resulting adults then mate, and adult females deposit eggs on the bamboo. Current
research is looking into shortening the diapause to allow for year-round production
(Singtripop, Wanichacheewa and Sakurai, 2000).

BOX 4.5
Effect of fire management and shifting cultivation on caterpillar populations

Fire management

Fire is often used as a management tool in forestry. In Kasungu National Park, Malawi,
where the practice is commonplace, fire policies have reportedly been affecting
caterpillar yields (Munthali and Mughogho, 1992). Late burning (from September to
October) is particularly hazardous for caterpillar populations as it coincides with the
egg-laying period of adult moths. In contrast, early burning (June to July) increases
caterpillar yield, probably because it decreases the abundance of predators of moth eggs
and larvae and promotes the growth of the young leaves on which caterpillars feed.

It was initially believed that the highest caterpillar yields could be found at tree heights
of 1-3 m - coincidentally also within the reach of harvesters. If this is true, a rotation

Continues
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Box 4.3 continued

burning scheme promoting growth of stems between 0 m and 4 m might point the way
to a sustainable forest management policy in the woodlands, which would benefit lives
and livelihoods at the same time (Munthali and Mughogho, 1992). However, a later
study suggested that the majority of mopane caterpillars (70 percent) are found above

3 m in host trees (Roberts, 1998). This difference might be explained by differing local
conditions in these habitats. Thus, fire management policies should be determined at the
local level, and above all they should take into account the important forest resources —
such as the mopane caterpillar — that people depend on for food security and livelihoods.

Chitemene shifting cultivation

Chitemene shifting cultivation (i.e. clearing the forest canopy) in fallow lands stimulates
the re-growth of caterpillar host trees and thereby increases the potential abundance of
caterpillars (Chidumayo and Mbata, 2002). To some extent, selective cutting may favour
caterpillars, as it does not appear to negatively affect woodlands. Forest reserves could
provide an ideal setting for such forms of habitat management, also providing a forum
for educating local communities on the importance of habitat conservation. The role

of forest reserves could be reconceptualized to include areas designated for caterpillar
production, which would also serve to counteract logging activities on caterpillar host
trees (N'Gasse, 2004). However, the long-term effects of such management strategies, as
well as the effect on the proportion of tall trees to shorter ones, require further research
(Chidumayo and Mbata, 2002).

4.4.3 Eggs of aquatic Hemiptera

The Aztecs considered the eggs of aquatic true bugs as delicacies and referred to them as
ahuauhtle; to the Spanish conquistadores they were known as Mexican caviar (although
the term is also used for ant larvae) (Bachstez and Aragon, 1945). The ahuauhtle (the
adults of which are called axayacatl) measure about 0.5-1 mm. Among the most popular
are the eggs of Corisella, Corixa and Notonecta species (Bergier, 1941; Bachstez and
Aragon, 1945; Parsons, 2010).

Encouraging the production of ahuauhtle is relatively simply. Female bugs deposit
their eggs on aquatic vegetation in lakes (Bergier, 1941; Bachstez and Aragon, 1945;
Parsons, 2010). The eggs are semi-cultivated, therefore, by providing egg-laying sites for
the female bugs. Bundles of twigs, grasses or reeds (e.g. Carex sedges; Guerin-Meneville,
1857) are bound together with a rope and spaced out on the bottom of the lakes (still
and shallow water works best), using stones to keep them in place (Guerin-Meneville,
1857; Ramos Elorduy, 1993; Parsons, 2010). Long U-shaped grass/reed bundles, placed
at 1 m intervals, have been used more recently. The female Hemiptera lay their eggs
on these bundles and can be harvested easily by removing the bundles and shaking
them. However, harvests have declined in many of these lakes in recent decades due to
pollution (Ramos Elorduy and Pino, 1989).

4.4.4 Termites

Farina, Demey and Hardouin (1991) describe a simple method for semi-cultivating
termites involving the replication of interior mound conditions by providing a mix
of humidified cellulose (e.g. paper, cardboard and dried plant material) and soil in a
cool, dark place. In Togo, local products are used exclusively for the semi-cultivation
of termites — an old canari (a plastered water-storage recipient), dry sorghum stems or
other cereals, water, a piece of an old jute bag, a stone and some moist soil. A simple
wooden construction is made to hold the canari in place over a mound entrance hole;
termites can be harvested in 3—4 weeks. Termite mounds that are under construction
are ideal, but old mounds also fare well (Farina, Demey and Hardouin, 1991).
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4.5. PEST MANAGEMENT

Many edible insects are considered pests and threats to agricultural crops (Box 4.6),
and treatment with chemical control methods such as pesticides and insecticides is
commonplace in many parts of the world. Manual collection of these pests could not
only feed mouths and save crops but also benefit the environment by reducing and
mitigating the need for pesticides.

BOX 4.6
The case of the cockchafer bug: from agricultural pest to delicacy to
conservation controversy

Though hard to believe, the may bug, and in particular the common European cockchafer
bug (Melolontha melolontha), has featured as a food item in Europe as far back as the
eighteeenth century. Erasmus Darwin (1731-1802), a natural philosopher, physiologist,
inventor, poet and grandfather of Charles Darwin, wrote about the may bug as food in
Phytologia in 1800:

| have observed the house sparrow destroy the Maychafer, eating out the
central part of it, and am told that turkeys and rooks do the same; which |
thence conclude might be grateful food, if properly cooked, as the locusts or
termites of the East. And probably the large grub, or larva of it, which the rooks
pick up in following the plough, is as delicious as the grub called Grugru, and a
large caterpillar which feeds on the palm, both of which are roasted and eaten
in the West Indies. [The latter probably refers to Rynchophorus species, the
palm weevil, eaten as a delicacy in virtually all tropical countries.]

Years later (on 13 February 1878) the may bug sparked controversy. In an effort to
counter a law calling for the destruction of agricultural pests (in particular the may bug),
French senator Tesselin published a recipe for the cockchafer in the Journal Officiel:

Catch the may bugs, pound them and put them through a sieve. For making
a thin soup, pour water over them. For making a fat soup, pour bouillon over
them. This gives a delightful dish, esteemed by the gourmets.

Remarkably, the may bug became the main ingredient of a traditional soup made in
a handful of European countries called cockchafer soup. Until the mid-twentieth century,
in fact, this soup — which is comparable with lobster soup — was considered a delicacy
in France, Germany and several other European countries. Despite the dish’s status as a
delicacy, controversy has continued through the years. Today, efforts are being waged
to protect the species and its habitat. The case of the cockchafer can be viewed as an
encouraging example of the development of edible insects as sources of food because it
shows that perceptions can and do change.

Source: Wikipedia, http://de.wikipedia.org/wiki/Maik % C3%A4fersuppe

Cerritos and Cano-Santana (2008) documented the effectiveness of handpicking
the popular edible grasshoppers called chapulines (Sphenarium purpurascens) from
fields of alfalfa to protect the crop and the insect without chemical control (see also
section 2.2 on grasshoppers). With comparable (although slightly lower) crop yields,
mechanical control has the advantage of considerably lower environmental damage as
well as generating an extra source of nutrition and income from the consumption and
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sale of grasshoppers. Pesticide use is frowned on in many Arab regions; handpicking
locusts reduces the impact of the insect on crops and provides an additional source of
food. Saeed, Dagga and Sarraf (1993) demonstrated the occurrence of pesticides toxic to
humans in locusts that were captured during an outbreak, thereby indicating a health
risk to humans consuming these locusts. Cerritos (2009) identified 15 edible insect
species considered pests of global or local importance in agro-ecosystems that could be
controlled through strategies of alternative management, such as mechanical harvesting,
and used widely for human consumption (Table 4.1).

TABLE 4.1

Edible species considered as pests of global or local importance in agro-ecosystems, which
could be controlled through strategies of alternative management and used widely for
human consumption

Order Species and common name Distribution

Orthoptera

Locusta migratoria, migratory locust

Intercontinental

Locustana pardalina, South African migratory locust

Africa

Schistocerca gregaria, desert locust

Intercontinental

Zonocerus variegatus, variegated grasshopper Africa
Sphenarium purpurascens, chapulines Mexico
Coleoptera Rhynchophorus phoenicis, African palm weevil Africa
Rhynchophorus ferrugineus, Indian red date palm weevil Asia
Rhynchophorus palmarum, American palm weevil America
Augosoma centaurus, scarab beetle Africa
Apriona germari, mulberry longhorn stem beetle Asia

Oryctes rhinoceros, coconut rhinoceros beetle Intercontinental

Lepidoptera Agrius convolvuli, sweet potato hawkmoth Zimbabwe, South Africa

Anaphe panda, wild silkmoth Africa

Gynanisa maja, emperor moth Africa

Source: Cerritos, 2009.

A different system of ecologically sound pest management involves weaver ants
of the genus Oecophylla. This generalist and aggressive predator is a highly efficient
biocontrol agent for a variety of commercially important tree species (Peng, Christian
and Gibb, 2004). Offenberg and Wiwatwitaya (2009b) showed that there is strong potential
to use the weaver ant Oecophylla smaragdina both as a food — given the popularity
of the brood in countries like Thailand and the Lao People’s Democratic Republic
(Yhoung-Aree and Viwatpanich, 2005; Sribandit ez al., 2008) — and as a biocontrol
agent in mango plantations.

4.5.1 Case study: Oecophylla spp. weaver ants

The Asian weaver ant, Oecophylla smaragdina, is consumed in China, India, Indonesia,
the Lao People’s Democratic Republic, Myanmar, Papua New Guinea, the Philippines
and Thailand (DeFoliart, 2002; Yhoung-Aree and Viwatpanich, 2005; Sribandit et al.,
2008). Its African sister species, O. longinoda, is consumed in the Democratic Republic
of the Congo (DeFoliart, 2002), and in Cameroon a sauce is made based on the worker
ants (A. Dejean, personal communication, 2012). The range of the Asian weaver ant,
O. smaragdina, extends from India to Australia, while the green tree ant, O. longinoda,
is endemic to tropical Africa. Weaver ants are so-called because they bind (“weave”

the leaves of living trees together with silk, secreted by their larvae, to form nests. One
ant colony consists of numerous nests, often occupying several trees (Lokkers, 1990).
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Typically it is the larvae and pupae (“ant eggs”), particularly the large ones destined
to become virgin queens, that are consumed. Adults (workers, virgin queens and males)
are less favoured but are used as condiments. Worker ants are added to fish soups in
the Lao People’s Democratic Republic because of their sour taste, much like lemon is
used in many Western countries (J. Van Itterbeeck, personal communication, 2012).
Weaver ants also serve as traditional medicine in China and India (Chen and Akre,
1994; Oudhia, 2002) and by Australian Aborigines in northern Australia (Yen, 2005).
In Indonesia, the larvae and pupae are used as feed for songbirds and as fishing bait
(Césard, 2004a). The Asian weaver ant has been used in mango orchards in Australia’s
Northern Territory as a biocontrol agent of the mango leathopper, Idioscopus nitidulus
(Peng and Christian, 2005) (see Figure 4.2).

FIGURE 4.2
Geographic distribution of Oecophylla species

Genus status:
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Source: Guénard et al., 2010.

Weaver ants are highly territorial (Holldobler, 1983) and capture many species of
insect that feed on their host trees, which include cashew, cacao, coconut, mango, tea
and Eucalyptus trees (Peng et al., 2004). As far back as 304 CE they were used in China
to protect citrus trees from insect pests. The quality and yield of fruits treated with
such biocontrol methods have proved greater than those obtained through conventional
insecticide application (Van Mele, 2008). Weaver ants are a perfect example of successful
pest management.

Liveliboods

In Thailand and the Lao People’s Democratic Republic, the collecting season peaks
in February to April and is largely determined by the availability of larvae and pupae
destined to become virgin queens (Sribandit er al., 2008; J. Van Itterbeeck, personal
communication, 2012). The areas in which ant nests are found are considered open
access (Césard, 2004b; J. Offenberg, personal communication, 2010; J. Van Itterbeeck,
personal communication, 2012). Larvae and pupae collection, usually carried out by
women, provides cash income for many rural people. It is also a valuable source of
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nutrition: fresh larvae and pupae provide 7 g of protein and 79.2 kilocalories of energy
per 100 g (Yhoung-Aree, Puwastien and Attig, 1997). Sribandit ez al. (2008) estimated
that the average household in Thailand consumes 49 kg of larvae and pupae per ant-
harvesting season, with the ant harvest constituting some 30 percent of yearly income
(and occupying less than 20 percent of labour engagements). This endeavour is therefore
an important part of many families’ livelihood strategies. Césard (2004b) reported,
however, that there are constraints on commercialization due to limited preservation
techniques and associated declines in price.

Collection practices

Queen larvae and pupae (ant eggs) are popular foods in Thai urban and rural areas
(Yhoung-aree, 2010) and are collected intensively in the latter (Sribandit ez al., 2008).
Collection is done by penetrating the nest with a long bamboo stick with a basket,
bag or net attached to one end to catch the “eggs” inside the nest (Césard, 2004b;
Sribandit et al., 2008; J. Van Itterbeeck, personal communication, 2012). “Eggs” do not
appear to be overharvested, most probably because population regeneration is quick,
for a number of reasons: collectors intentionally refrain from harvesting all larvae and
pupae from one nest; the nests of founding queens are usually not collected (e.g. in the
Lao People’s Democratic Republic, such nests are usually very small and therefore they
are ignored because a small yield of ant eggs is anticipated); traditional practice involves
rotating between different forest patches over the course of the season; and only a very
small fraction of the worker ants are removed (Césard, 2004b; Sribandit et «l., 2008;
Van Itterbeeck, personal communication, 2012). Nevertheless, care must be taken because,
as with most NWFPs, when economic incentives increase (which has already happened
in some areas) so too do the number of collectors and, in turn, so does harvesting
pressure. Thai collectors have already reported a decline in availability, although it is
unsure if this is due to collecting practices, harvesting pressure or forest loss. Moreover,
strong competition between collectors risks endangering the continuation of traditional
rotation systems and could lead to the adoption of more destructive tools and methods
(Sribandit et al., 2008). More positively, it has been observed that when other subsistence
activities are present to complement (daily) income, fewer ant eggs tend to be collected
(J. Van Itterbeeck, personal communication, 2012).

Weaver ants (Oecophylla spp.) can be successful in controlling insect pests, but the
aggressive workers are often considered a nuisance, especially when harvesting produce
such as fruits. Recent research in Thailand suggests that the use of weaver ants as a
biocontrol can be maintained while harvesting the queen larvae and pupae, which are not
vital for colony survival. The number of larvae and pupae of the worker caste produced
in a colony during the peak ant egg collecting season is believed to be small (Offenberg
and Wiwatwitaya, 2009a); these are often not collected in Thailand. Harvested nests
even develop higher worker ant densities in time and thus the biocontrol capacity is
maintained, if not increased. A new agricultural system could be established in which
high fruit yields and quality are achieved and pest insects — that is, weaver ant queen
larvae and pupae — are converted into easily manageable and accessible protein foods
(Offenberg and Wiwatwitaya, 2009b). In a study in Thailand, Offenberg (2011) identified
Asian weaver ants as a very promising insect to farm commercially.
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5. Environmental opportunities for
insect rearing for food and feed

Feeding a growing world population with more demanding consumers will necessarily
require an increase in food production. This will inevitably place heavy pressure
on already limited resources such as land, oceans, fertilizers, water and energy. If
agricultural production remains in its present form, increases in GHG emissions, as well
as deforestation and environmental degradation, are set to continue. These environmental
problems, particularly those associated with raising livestock, need urgent attention.

Livestock and fish are important sources of protein in most countries. According
to FAO (2006), livestock production accounts for 70 percent of all agricultural land
use. With global demand for livestock products expected to more than double between
2000 and 2050 (from 229 million tonnes to 465 million tonnes), meeting this demand
will require innovative solutions. Similarly, fish production and consumption has
increased dramatically in the last five decades. As a consequence, the aquaculture sector
has boomed and now accounts for nearly 50 percent of world fish production. The
sustainable growth of the sector will depend largely on the supply of terrestrial and
aquatic plant-based proteins for feed. The opportunity for insects to help meet rising
demand in meat products and replace fishmeal and fish oil is enormous.

Large-scale livestock and fish production facilities are economically viable because
of their high productivity, at least in the short term. However, these facilities incur
huge environmental costs (Tilman et al., 2002; Fiala, 2008). Manure, for example,
contaminates surface water and groundwater with nutrients, toxins (heavy metals)
and pathogens (Tilman et al., 2002; Thorne, 2007). Storing and spreading manure can
involve the emission of large quantities of ammonia, which has an acidifying effect on
ecosystems. Any increase in animal production will, moreover, require additional feed
and cropland and will likely trigger deforestation. The Amazon is a case in point: pasture
now accounts for 70 percent of previously forested land, with feed crops covering a large
part of the remainder (Steinfeld ez al., 2006).

In 2010, Sachs (2010) argued that agriculture was the leading cause of anthropogenic-
induced climate change and that the world needed new agricultural technologies and
patterns of food consumption based on healthier and more sustainable diets. Feeding
future populations will require the development of alternative sources of protein, such
as cultured meat, seaweed, beans, fungi and insects.

Consuming insects has a number of advantages:

 They have high feed-conversion efficiency (an animal’s capacity to convert feed

mass into increased body mass, represented as kg of feed per kg of weight gain).
® They can be reared on organic side streams, reducing environmental contamination,
while adding value to waste.

* They emit relatively few GHGs and relatively little ammonia.

* They require significantly less water than cattle rearing.

® They have few animal welfare issues, although the extent to which insects experience

pain is largely unknown.

® They pose a low risk of transmitting zoonotic infections.

Despite these benefits, consumer acceptance remains one of the largest barriers to the
adoption of insects as viable sources of protein in many Western countries. Nevertheless,
history has shown that dietary patterns change quickly, particularly in a globalized
world (the rapid acceptance of raw fish in the form of sushi being a good example).
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However, replacing a part of conventional meat with edible insects implies an end
to unlimited harvesting from nature, as this would place enormous pressure on wild
populations. The production of edible insects would need to shift towards rearing either
at the cottage-scale level or in large industrial units.

5.1 FEED CONVERSION

As demand for meat rises, so too does the need for grain and protein feeds. This is
because far more plant protein is needed for an equivalent amount of animal protein.
Pimentel and Pimentel (2003) calculated that for 1 kg of high-quality animal protein,
livestock are fed about 6 kg of plant protein. Feed-to-meat conversion rates (how much
feed is needed to produce a 1 kg increase in weight) vary widely depending on the class
of the animal and the production practices used. Typically, 1 kg of live animal weight in
a typical United States production system requires the following amount of feed: 2.5 kg
for chicken, 5 kg for pork and 10 kg for beef (Smil, 2002). Insects require far less feed.
For example, the production of 1 kg of live animal weight of crickets requires as little
as 1.7 kg of feed (Collavo et al., 2005). When these figures are adjusted for edible weight
(usually the entire animal cannot be eaten), the advantage of eating insects becomes even
greater (van Huis, 2013). Nakagaki and DeFoliart (1991) estimated that up to 80 percent
of a cricket is edible and digestible compared with 55 percent for chicken and pigs and
40 percent for cattle. This means that crickets are twice as efficient in converting feed to
meat as chicken, at least four times more efficient than pigs, and 12 times more efficient
than cattle (see Figure 5.1). This is likely because insects are cold-blooded and do not
require feed to maintain body temperature.

FIGURE 5.1
Efficiencies of production of conventional meat and crickets
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5.2 ORGANIC SIDE STREAMS

A benefit of insects as an alternative animal protein source is that they can be reared
sustainably on organic side streams (e.g. manure, pig slurry and compost). The use of
organic side streams in insects starts by rearing the insects on biowaste. The insects are



Environmental opportunities of insect rearing for food and feed

61

processed and fed to a specific animal (Figure 5.2), the meat of which is then sold to the
consumer (Veldkamp et al., 2012) (see Chapter 8).

Insect species such as the black soldier fly (Hermetica illucens), the common housefly
(Musca domestica) and the yellow mealworm (Tenebrio molitor) are very efficient at
bioconverting organic waste. For this reason, these species are receiving increasing
attention, as they could collectively convert 1.3 billion tonnes of biowaste per year
(Veldkamp er al., 2012). Other insect species, such as crickets, are raised on insect
farms and fed with high-quality feed such as chicken feed. The substitution of such feed
with organic side streams can help to make insect farming more profitable (Offenberg,
2011). However, at present this is not permitted because of food and feed legislation
(see Chapter 14).

FIGURE 5.2
Use of insects in the animal feed chain
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Source: adapted from Veldkamp et al., 2012.

Recycling agricultural and forestry wastes into feed greatly reduces organic pollution.
According to DeFoliart (1989), “Practically every substance of organic origin, including
cellulose, is fed upon by one or more species of insects, so it is only a matter of time
before successful recycling systems will be developed”. The possibility of rearing insects
on organic waste for human consumption is still being explored, given the unknown
risks of pathogens and contaminants (Box 5.1).1°

BOX 5.1
Ecodiptera project

In 2004, a project co-financed by the European programme LIFE titled Ecodiptera was
launched to make better use of the huge volume of pig manure generated across
Europe. The overuse of fertilizer is highly linked to a series of environmental problems
including nitrification, the excessive enrichment of nutrients in soil and water, and
GHGs. Additionally, the use of manure can lead to the spread of pathogens within
the environment as well as between humans and animals. In this project, larval flies
were used to transform manure into fertilizer and protein. In Slovakia, a pilot plant for
the biodegradation of pig slurry was developed with fly larvae by adapting existing
technology for chicken manure. Methods suitable for the maintenance of colonies of
flies and the identification of optimal conditions were developed. The project found that
when flies reach the pupal stage they can be used as protein feed in aquaculture.
The objectives of the project were to:

e demonstrate the technical and economic viability of a new pig manure

management method using Diptera (maggots);
e obtain a balance between environmental and social concerns in order to increase

community acceptance;
Continues

1 For more information on this topic, refer to the 2012 report, Insects as a Sustainable Feed Ingredient in
Pig and Poultry Diets — A Feasibility Study, produced by Wageningen University Livestock Research.
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Box 5.1 continued

e encourage the progressive phasing out of the current practice of directly using pig
manure as an organic fertilizer, which is not recommended due to its high nitrate content;

e prove that the obtained subproducts, such as biodegradable waste remains, pupas
and flies, can be included in other processes (e.g. animal feeding and plant
pollination) with the goal of obtaining a cycle that produces no waste products;

¢ introduce a new local juridical model;

¢ show that fly larvae, previously considered an environmental problem and which
occur in pig manure under natural conditions, offer important degradation potential
using environmentally friendly management techniques. In this