MODEL FARMS? GOING SMALLER
INVERTEBRATE PRODUCTION IN THE EU
A SCHOOL PROJECT TO RAISE AWARENESS ABOUT THE IMPORTANCE
AND DIFFERENT USES OF INVERTEBRATES FOR SUSTAINABILITY
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“With INvertebrateIT, our objective was to push forward the use of marine
and terrestrial invertebrates for more sustainable feeds in European aquaculture,
and to explore their potential to provide other interesting solutions to enhance its
diversification and competitiveness.
We soon discovered that lack of awareness was a primary obstacle, making it difficult
to test promising alternatives at industrial level, but also to engage professionals and
consumers.
This was the reason for this school project, based on a previous one by the European
Commission: Farmed in the EU.
However, in order to make it more attractive and useful for students, and to better
display a range of synergies, we decided to give a wider overview of the diversity of
invertebrates farmed in the EU, as it goes well beyond the field of aquaculture and fish
feeds.
We wish this may help students better understand how nature and industry overlap,
how small things are often the most important, and hopefully to inspire future
professionals and consumers to make production and consumption more sustainable”.
Innogate to Europe SL

INvertebrateIT project has received funding from the European Union
EASME/EMFF/2016/1.2.1.3/02/SI2.751532
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INTRODUCTION

Why do we need invertebrate
farming in the first place?
Examples of farmed invertebrates
for food include prawns, oysters,
snails... Although not a common
dish in most European menus,
insects are consumed by around
2,5 billion people worldwide,
most often as delicacies. Land
and marine invertebrates can
help to fill the growing demand
for animal proteins, because
they are more efficient and have
a lesser environmental footprint
than current alternatives. Many
more invertebrates are farmed for
other uses, such as for silk and
honey, research, bio-remediation
or critical services like pollination
and biological pest control.
Invertebrate farming is therefore
an almost invisible but very
important sector.
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This project aims to let you discover invertebrate farming in the EU, and its
contribution to sustainability. It pays special attention to their potential as
feed for global farming, but provides other leads for students to learn about
the many interesting uses humans make of them.
As with the original Farmed in the EU school project on aquaculture , it has
been designed to raise your students’ awareness of the sector, particularly in
their community, and help them explore issues related to food production, the
environment, innovation and the different business and career opportunities
connected with invertebrate production.
The diverse nature of the sector means there is plenty of scope for student
research and discovery of the different marine and terrestrial invertebrates
which are farmed in the EU, and the different traditional and modern knowledge
and applications involved.
The guidelines detailed in this booklet aim at helping any EU teacher interested
in exploring the issue with their students, connecting with vocational
professionals in their area.

https://ec.europa.eu/fisheries/inseparable/en/farmed-eu#quicktabs-farming_in_the_eu_en=5

Corporation
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Kreca insect farm. Protifarm, The Netherlands

Hermetia illucens

Invertebrates are small animals, but play a giant role, and
yes, they are farmed in the EU, although this is not usually
known. With a growing world population and increasing
environmental challenges, invertebrates are crucial for
agriculture and will become more and more important to
feed other farmed animals such as fish, pork and poultry,
for which they are part of their natural diet.
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Acartia tonsa
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Why a school project on invertebrate farming?
By 2050, the global population will exceed 9 billion people,
mostly urban. We need to ensure more sustainable food
production. This is most challenging for animal protein for food
and feed. The EU is committed to ensure the availability of
healthy and sustainable food for all. This, in turn, relies on more
awareness and support from citizens and future professionals.
Invertebrates can help to meet the UN Sustainable Development Goals,
providing alternative protein sources and environmental services. Their
production can reduce impact on resources, and is complementary to other
sectors linked to nature, waste management or technology.
Invertebrate farming is a very diverse sector, and not limited to food and feed.
Every year, agricultural harvests rely on insect production for pollination and
pest control. Some diseases like malaria are combatted releasing sterile male
mosquitos. Silk continues to be a prime textile...
As we learn more from nature, and as resources grow scarcer, invertebrates
will become more important, and this is influenced by the industrial and social
context. That’s why this school project aims to connect invertebrate producers
to their local communities by bringing them into schools to speak about their
work.
By creating a link between schools and industry students get the chance to
see how their local economy works, to delve into important issues concerning
global sustainability and innovation, and to discover a range of career
opportunities, both in high-tech and rural settings.

Learning objectives
This school project seeks to raise awareness among
students, and by doing so to stimulate critical thinking
and to improve the specific skills listed below:
- Active participation and debating skills
- Formulating opinions with recently acquired
knowledge
- Researching and evaluating information
- Team work
- Working across multiple curriculum areas
- Presentation skills and producing shareable creative
content
- Contacting with industries that are locally important
- Evaluating general and personal consumption
patterns
- Reflecting on career opportunities and vocational
training
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Bombus terrestris
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PROJECT OUTLINE
What are the major species of
invertebrates farmed in the EU?
There is a surprising array of
species bred and commercialised
in the EU. Not including harvesting,
nor ornamental and hobby species,
the following is an illustrative entry
point.
For food: mussels, oysters,
clams, prawns, crayfish, land
snails (including “white caviar”),
and seven species of insects
(grasshoppers, crickets, flies,
mealworms).
For feed: copepods, brine shrimp,
rotifers, polychaetes, amphipods,
and the above insects
For other uses: water fleas, bees
and wasps, moths and butterflies,
ladybirds and beetles, flies and
mosquitos, mites, nematodes,
earthworms and leeches...

UNDERSTANDING THE ISSUE
The goal should be to understand what invertebrate farming is about, what
services and products it provides, and what relations it has with global
production and consumption trends. Students might be able to discover and
identify some of the most interesting benefits from invertebrate production
even if they do not fully understand the issue - invertebrate production
provides with sustainable, top quality and innovative solutions to a wide
array of challenges.
Invertebrate production is also highly diverse, both for marine and
terrestrial species, in controlled environments and outdoors. It therefore
offers a chance to explore understanding of the social, economic and
environmental aspects of farming and sustainability.

PARTICIPATION AND CREATIVE EXPRESSION
This school project is based on participation, seeking to engage students
into participative learning across a range of different subjects.
There is a historical approach to invertebrate production, including the
study of traditional and ancient diets, as well as key products such as
honey or silk. There is also an important cultural dimension behind it, as
well as geographic and environmental.
It may be a good opportunity to talk about climate change or the circular
economy, or to develop and integrate ICT skills, whether by researching
online, or through producing presentations combining written, graphic and

https://ec.europa.eu/fisheries/inseparable/en/farmed-eu#quicktabs-farming_in_the_eu_en=5

multimedia content, which could then be shared on social media, presented
to the class or at an assembly to the whole school.
While students will certainly discover surprising facts about invertebrate
production, it could be particularly interesting to focus on one of the most
important aspects: food and feed. By exploring the whole food production
supply chain, animal and human nutrition, and traditional and novel
gastronomy, your students can find a whole new world of concepts and
ideas, leading to an expanded and more sustainable approach to eating
and buying, which can be shared with family and friends... while having
fun in the meantime!
The key part of the “Model farms: going smaller. Invertebrate production
in the EU” is the visit by the invertebrate farmer. The visit provides students
with the opportunity to talk to someone knowledgeable on the subject, to
help them build on their own research about the sector, and to take part in
an engaging and enriching experience together with a local professional.

A professional insect farmer. Protifarm, The Netherlands

“Model farms? going smaller” school project is about
bringing schools and invertebrate producers together to help
students learn about the sector and its impact on the local
community and beyond.
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Activity
I

Step: 1
Preparing the visit

Tenebrio molitor
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Step 1
How are invertebrates farmed?
Some marine invertebrates are farmed extensively
on ropes, poles or table-like structures. Insects like
bees are also farmed outdoors, often transporting
the hives long distances following specific farmer
needs. Other examples of outdoor, extensive
farming are cochineal (grown on prickly pear cacti)
or freshwater crayfish, a common secondary harvest
in rice paddies.
Most other invertebrates are farmed in more
controlled, indoor conditions. Land snails and silk
worms have been traditionally produced in low-tech
installations, while marine animals like copepods,
brine shrimp or rotifers and freshwater species
like Daphnia are grown most often in vertical
aerated water cylinders, being fed microalgae or
vegetable “soup”. Prawns in Europe are farmed
on land, in closed aquaculture systems. Insects for
food and feed are produced at growingly larger and
automatized factories indoors, carefully controlling
environmental variables. Finally, invertebrates for
pest control, research and other applications are
produced in often high-tech installations including
strict biosecurity, even in outer space!

In order for you to implement the visit from the local professional we
suggest following the steps described below. This lesson should take
place before the invertebrate producer visits, and can take as long as you
decide, based on your available time and teaching objectives.
REFLECTING ON FOOD PRODUCTION AND CONSUMPTION
Farming has changed a lot since ancient times, varying across regions,
as well as modern consumption patterns, but some things remain the
same. Equally, people from different places have a different approach to
farming and eating, but plants, animals and humans all have some basic
environmental and nutritional needs. Here is where invertebrates kick in.
What is good and what is better?
Many people may not have no notion of food production on the scale it
is undertaken in the modern world. Our views on how food is produced
is shaped by a wide range of influences - the images on the packaging
of our food, historical ideas of farming, farmers and farmed animals, the
countryside around us, family stories - and this may or may not tally with
the reality and scale of global food production, including crucial elements
as soils, feeds, pests, pollination or challenges related to sustainability.

FOOD: the past, the present and me:
Let’s start with a warm up activity for you and your class, to discuss
any thoughts they have on food and their lives. Write some or all of
the questions on the board and ask your students to talk in small
groups for a few minutes, then feedback to the whole class. Maybe
they have never thought about the food on their plate and how it got
there... so do you ever think about how the food you eat got on your
plate? How did it get on your grandparents’ table? And how might
that be for your grandchildren?
IDENTITY: what do I eat, where do I buy it, and how do I prepare it?
How would people from other places and ages answer this question?
FOOD PRODUCTION: is what you eat farmed or directly caught
from nature? What do agriculture plants need? How are animals
farmed? What do they eat? What are the impacts and challenges
of mass production on the environment? Do invertebrates play any
role in all this?
FOOD CONSUMPTION: how much does a person need to eat?
What about trout, pork or chicken? What is the population in my
country? And the world population? Are there any differences
between “natural” and “modern” diets? How often do you eat fish or
meat? Can you perceive any trends in food consumption around you?
SUSTAINABILITY: what is sustainability and why is it important?
How does that apply to farming and eating? Do you see any
conflicts between the social, economic and environmental aspects
of sustainability? How could farming and eating become more
sustainable? Can farmers or consumers improve sustainability on
their own? Can labels help people make more sustainable choices?
Is education important?

Insect-based products are now common in supermarkets.
By Essento (Czech Republic) and Coop (Switzerland)
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Mysis spp

Engaging into sustainable change:

Promoting responsible habits:

Write the words “Sustainability” and “Consumption” on the board, and
ask your students to imagine the link between the two, if they think there is
one. Now add the word “Production” and expand the debate.

To lead healthy lives, your students need to develop responsible attitudes
towards healthy eating habits, and think about how they will apply this
new knowledge and ethical concerns to their future lives as adults. This
also applies to what animal species we farm or keep as pets, and how they
are produced and taken care of. They should grasp this in their own way of
speaking, and adapt it to their daily lives.

Although some students may not know much about sustainability, they can
always try to imagine what it means in a wider context. Where does the
responsibility along the supply chain lie when it comes to sustainability:
the producer, the sales point or the consumer? Are there any other people
involved? At what scale does this happen?
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Activity
3

Encourage your students to think about the benefits of sustainable farming,
what connections it may have with natural systems, about how diverse and
complex it is. Especially, explore the ecological functions of invertebrates,
and how these apply in traditional and modern farming (and consumption),
considering the concepts they might have learnt beforehand. How do
consumers influence the “market”? How does marketing influence their
own (or their family and friends’) choices in the market? Are there any links
between sustainable production and overall health and nutrition? Are there
any other “layers” to this (economic, ethical...)?

Talk about what sustainability means, and make a list on the board on
what practices in the wider world they think are sustainable. Continue
the discussion by asking what kind of sustainable practices they know or
think are present in farming. You can focus on particular themes, such as
resources, consumption trends, professional practices, external factors...
Remember to highlight their roles as individuals, and what they can do
alongside other people to engage with sustainability.

Insects are part of the natural diet of trout. Ynsect, France

Everyday tons of food are wasted

This is a preliminary discussion, so you do not need to find any “definitive”
answers. Actually, it may be interesting to talk about that too, as
sustainability is a complex issue and there are no simple solutions: that’s
why individual behaviour and learning from nature are so important!

Activity
4

Preparing the visit with professionals:

Acheta domestica

03
IMPLEMENTING
THE PROJECT
Step 1

Preparing your class for the visit of the invertebrate farmer can be as
in depth or as light as you wish to make it, but we recommend you
undertake certain preparatory steps.
1. BRAINSTORM: talk with your students for a while about the visitor:
what they think he/she might do, how they got to do it, or why. They can
then spend some time on the internet searching for further information,
either based around the results of previous discussion, or from their own
particular areas of interest. If your classroom doesn’t have a computer,
or it is difficult to organise a room, students could perform this task at
home or the library.
2. RESEARCH: investigate more thoroughly your visitor’s background,
the farm they work at, the species they farm if possible, and anything
else your students are interested in. The visit should be as student
driven as possible, so they should have questions or areas of interest
prepared to talk about, however you will find possible discussion points
and questions in the “Background” section if this proves difficult.
3. FOCUS: after the background research has been completed, the
class should choose the focus of the visit - what do they want to find
out from the professional? There is room for more than one direction
of questioning during the visit, so encourage active participation here.
Your students should prepare a set of questions or a questionnaire that
could be completed during the visit if there is time, or for homework if
not.

Tips for teachers
Preparing your visitor:
It is important to stress that the visitor session is the most important aspect
of this project, as it will give your students the chance to directly interact
with someone who works in the industry, and who can hopefully bring the
preparatory session findings to life!
The visitor should be aware of the format of the project, that your students
will do some initial research, then the visit and finally a follow up session,
and that their input will help make the project real for your students.
Also let them know the timings of your session, and that they can talk for
around 10 minutes (for example) before the interactive dialogue begins, if
that is the length of time you have allotted.
The visitor should be encouraged to bring photos or different materials to
share with your students, as “hands-on” experiences will engage them,
spark up conversation and make everybody feel more at ease. They could
for instance bring some live animals (if possible), samples of feeds, nets,
flasks, or even some of the products they make.
At the back of this booklet you will find some data and web links that will
help you stimulate the dialogue with your students and make contact with
professionals across the European Union.

4. PREPARE: this school project takes place during three sessions that
are all interlinked, so with this in mind explain to your students there
will be a follow up activity after the visit involving their creativity! Also,
you can ask a few students to engage in particular tasks to document
the visit, by taking notes, photographing or even videoing the session.
This will help them for the final activity.
Model Farms? Goimg Smaller 9

Step: 2
The visit

Daphnia pulex
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How to run your classroom session? You should define a clear programme for the visit of the invertebrate producer, to
ensure everyone in attendance gains the most from the lesson. The pre-visit work is very important to facilitate the
discussion and debate, and the follow up activity for evaluating what was discussed and your students’ feelings and
opinions on the subject and the visit.

Sections plan: 60 minutes
Introduction 10 minutes

Group dialogue 30 minutes

Pooling ideas and conclusions 10 minutes

• Ask one or two students to explain what they talked
about in the preparatory session, to give the visitor a
little background of existing views.

The dialogue will be completed as a class, because as
there may be only one visitor it will be difficult to organise
smaller group activities. Regardless, participation from
all students should be encouraged, and the activities are
designed to get the whole group talking.

Students and the visitor go back over the discussion, and
talk about what they have discovered from the dialogue.
This is also the ideal time to discuss any issues the
students felt were not raised during the session or in the
preparatory lesson.

• If the students prepared a question and answer sheet,
now would be a good time to share it with your visitor.

Tips for teachers
Don’t forget to visit the useful
resources section in the back of
the guidelines. Here you will find
websites that will provide further
information, and a series of questions
to help the visit run smoothly should
your students run out of ideas!

Discuss preconceptions 10 minutes

Presentation 10 minutes
• Let the visitor present themselves, and give a brief
outline of his/her company/background for a few minutes
(not a “commercial” presentation, it should focus on the
human side of the job/career)
• If they have brought any items to help the students
visualise their work, now is appropriate to “show and
tell” (and maybe even taste if they brought some edible
products with them!)

Black Soldier Fly farm for small scale producers. Sanergy, Kenya

This activity is to be a follow on from your preparation
class and the introduction, where the students will talk
directly with the professional about their preconceptions
of the industry, its methods and any other issues that
arose before the visit. This is a great opportunity to build
rapport between the class and the professional, and for
them to get into the ‘flow’ of open discussion.

Dialogue 20 minutes
This dialogue can be either an open, free flowing
discussion without a plan, or could be guided by the
questions/questionnaire your students made in the
preparatory class, with a detailed plan of the questions
they wish to ask the visitor. This is the chance for both
sides to delve deeper into the subject, and should provide
rich and meaningful answers. Individual students could
take notes of interesting topics they would like to find
out more about, which could then be used in the pooling
and conclusion section, and for further research into the
topic.

The conclusions drawn from the dialogue session
should have raised the student’s awareness of the role
of invertebrates in modern food production, industry,
society and also as a source for future employment. They
should also give them a solid basis to develop the follow
up project, having opened new avenues of discovery and
surprising facts and figures about the industry in both a
local and Europe wide context.
Depending on where your invertebrate farmer comes
from in relation to the school, it would be very interesting
for the students to visit the farm, although we realise this
may be difficult to organise and depends on the budget
of the school. The visit of the farm could be envisaged as
an extra step 4.

Farmed ladybirds used for biological pest control. Biobest, Belgium.

Step: 3
Follow up activities

Chlamys varia
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In order to achieve the best results from the project it is important that all
classes carry out a follow up lesson to reinforce what has been learnt and
discussed before and during the visit. Ideally this session will take place the
day after or close to the visit itself, so the discussion and the conclusions
reached are still fresh in the student’s minds.
In the following sections, you will find four examples of engaging activities to
further work on the topic of invertebrate production from various perspectives,
and designed to help develop different skills.
Throughout all of the follow up activities there are many elements of different
skills that can be used – ICT can be present in all of them, as can elements of
art and design. The presentation aspect is a good opportunity for students to
practise public speaking, and of course, the idea of cooperation and working
as a team are facilitated through the group aspect of the follow up activities.
Many of the resources you or your students will need for these activities can
be found in the ‘Background’ section of this booklet.

General objectives
- Learning about the local and global food production
- Working together in teams, also strengthening independent
research
- Reinforcing the ability to work across multiple curriculum areas
- Developing knowledge into practical applications
- Producing creative content that can be shared with others in the
school setting or disseminated online
- Presentation skills to familiarise the students with public
speaking.

Model Farms? Goimg Smaller 11

Follow up activity

Drosophila melanogaster
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1. Nutrition and husbandry

Objectives for pupils

Around the issues of healthy diets and nutrition, we suggest you design a
sustainable menu using European marine and terrestrial invertebrates, or
investigate ideas of healthy eating to a budget, whether at home/farm level,
or national/global scale.

To gain and apply practical knowledge on the different
nutritional values of food, and to combine them towards
healthy diets for humans and animals.

This could take three main forms:

To review the many varied products European invertebrate
production has to offer

1. Plan a school menu
Start by listing invertebrates that are farmed and consumed in the EU, and then
work on a fun and healthy menu. Make a proposal of two different ones, which
could be limited by the real school food budget to make it more challenging!
The class could then propose this to the school, or ask the school chef to come
in and talk to them about their reasons for choosing what they do. Some ideas
could involve mussels, prawns, land snails, or insect snacks.
2. Design a healthy diet for pets

To analyse the benefits associated with animal proteins
like availability, affordability, quality, nutritional values and
sustainability, especially when considering recommended
intake of proteins and nutrients into consideration
To encourage teenagers into becoming more involved in
responsible consumption and healthy habits, and experiment
with new materials and techniques.

Investigate your pets’ nutritional needs and what they would normally eat
in nature. You can also consider life stages, behavioural and enrichment
aspects, and give them a treat! Other important factors may be cost, origin
and availability. Students could then apply this at home, and report back on the
response from their animal friends.
3. Which protein?
A study into the relative benefits of different forms of protein for animal feeds,
contrasting the price against health benefits. You could apply this to special
scenarios, like weaning baby aquaculture fish, feeding hens to obtain top
quality eggs, or naturally ensuring the pink colour so typical of salmon.This
will be a complicated study that will need ICT research skills to complete,
and would be best done in a larger group to save time and spread the effort
equally.

Model Farms? Goimg Smaller 12
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2. Science and technology

3. Environmental sustainability benefits from invertebrates

Follow up activities

How does invertebrate production compare with other farming practices as
regards environmental footprints? Is it compatible with other types of farming?
What are the benefits of biological pest control and organic soil enhancement?
How could industrial feeds for farmed fish and poultry be produced more
sustainably? Can natural pollinators be replaced, and if so, at what cost?
If you choose this activity, try contrasting benefits both qualitatively and
quantitatively.

Science and technology are deeply embedded in modern invertebrate
production, topping some fascinating traditional knowledge. We suggest you
have students develop posters or presentations covering the main aspects of
the production and application of the invertebrate species/groups they choose.
The groups should then present their findings to the rest of the class.
The posters or presentations can cover, for example, biological and ecological
aspects, production techniques, genetics, pests and disease control, or even
the environmental control and automatization mechanisms of invertebrate
production systems. If you prefer harder science, some interesting lines can be
the effects of scale on perception and mechanics, genetic taxonomy, extreme
environments, or other fields for which invertebrates are an excellent entry
point.
Along these lines we suggest the following examples (1):
1. The processes and equipment of an invertebrate farm
What equipment is used and why? How are the invertebrates sourced and
renewed? How is industrial production achieved? What are the end products
or services and how are they produced and supplied? How are environmental
variables controlled? All are valid topics for this project.

4. Integrated and circular systems
Modern food production tends towards maximising efficiency and towards
artificial control of most relevant variables, either through technology or in
alliance with nature. What are “integrated systems” and how do they serve to
produce multiple end products and services? How can food production chains
become “circular”? If you have a vegetable patch, garden, pond or aquarium
in your school, think of engaging your class in a longer-term activity such as
designing and testing invertebrate-based solutions.

Objectives for pupils
To research the scientific aspects of invertebrate production
and use

2. Life stages and husbandry of farmed invertebrates

To learn more about food production systems and processes

Why are certain insects farmed but not others? What are the life stages of
a marine or terrestrial invertebrates, and how will these affect the farming
of each species (your students could look at crickets, flies, copepods or
mussels)?Do different life stages require different installations? How is
feeding and harvesting? What is “disaster management” and what sort of
accidents can you think of?

To marry different scientific perspectives with multi-layered
understanding
To understand the challenges and opportunities of traditional and
innovative invertebrate production
To scientifically assess environmental sustainability

(1) Note: the above will vary greatly from one invertebrate group/species to another, so make
sure students choose the most appropriate to learn about their own areas of interest!
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3. Economy and business
Follow up activities

Adalia bipunctata
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Invertebrate production is fascinating from a historical perspective, but even
more so when applied to innovation and future challenges. Here we propose
you to have students thinking creatively about professional and entrepreneurial
opportunities.
1. Careers in invertebrate production
As we have seen, invertebrates are involved in a wide array of traditional
and industrial processes, and can contribute even further to sustainable
development goals. Considering the different sectors and applications, make
a list of the different professionals involved both directly and as external input
providers. What jobs and careers are out there? What skills are needed? Are
they suitable for youth in your area?
2. Designing innovative business models
As all business, invertebrate production involves many complementary activities,
like equipment, labour, investment, sourcing, marketing, communication...
Depending on the sort of activity or end products your students are interested
in, have them working in small groups to design a creative business canvas,
and exploring quantitative data, promotional strategies, risk management...
Inspiring real examples today could include urban honey making in roof tops,
bioconversion of agricultural waste into organic fertilisers, producing live feed
for pets and aquariums...
3. Solutions for sustainable rural development
As you may know, the global population is growingly urban, and livelihoods in
rural and remote areas are often abandoned for more promising opportunities
in cities. While discussing the causes and effect of this process in rural
communities, explore whether invertebrate production could help to bring in
new life in rural areas, and what sort of people and institutional alliances you
would need to test them out.
For example, could any economic activities dealing with invertebrate
production drive employment in natural protected areas?

4. Genetics, biotechnology, robotics and space
Some of the most promising opportunities arising from research with
invertebrates deal with new technology. Invertebrates are extremely diverse,
and are the source for new inspiration and solutions in many areas of innovative
industry. Whether for pharma, medicine, biotechnological appliances, ecoengineering, robotics and mechanics, or research for future exploration of
space...
If you explore a little, you will find marine and terrestrial invertebrates in
surprising areas of the economy... can you think of any new applications? How
far do you think commercial solutions are away in time?

Objectives for pupils
- Develop business and entrepreneurial skills
- Develop business and economic models
- Reflect on current and future societal needs
- Think creatively of business and service opportunities
- Test ideas against cultural and economic variables
- Reflect about global trends and sustainability from an
economic and social point of view
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4. Arts and communication
Follow up activities

Bombix mori
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Sustainability, environmental impact, health and nutrition, and consumer
choices are issues that are always in the news. Invertebrate production is
linked to many different areas of the global food production chain, and
therefore a suitable and unexpected opportunity to reflect on how mass media
can empower consumers towards better choices, but also confuse them or
even manipulate them when information is tailored to different interests.
To work around critical evaluation, language and expression skills, we propose
the following:
1. Journalistic review
How much do you know about invertebrate production? How much do you
think others know? Do you think more information is needed? Who and why
publishes such sort of information?
Students should map campaigns, articles and other texts on invertebrate
production and sustainability, and develop the arguments for and against, the
benefits and the risks. The outcome could take the form of an article, a short
essay, a poster or presentation that displays the results.
2. Promotional campaign
A campaign to promote invertebrate production and/or consumption targeted
towards young people, to be presented to the school. Students should research
production, especially that at local level, and produce a positive campaign to
explain its benefits to the rest of the school. The presentation could include a
slide show, a video, or any other creative ICT-based solution.
3. History of invertebrate production
A history of invertebrate production and consumption, either as a whole or
focusing on special groups/species. Your students could prepare a presentation
detailing the history of invertebrate uses, from pre-history to its present state.

This project could involve internet research, using the school or local council
library or even contacting different professionals or scholars to ask further
questions. It could be as a news report or standard presentation.
Food, farming, invertebrate species diversity, smaller and/or aquatic
perspectives, or even the anatomy of insects, crustaceans or annelids are
great topics to explore new artistic skills, materials and techniques. Artistic
creation is a great way to deal with topics that are controversial, through
the use of allegory and interpretation, as well as giving students the chance
to express themselves in a more artistic and subjective way, which can also
complement and enrich materials produced by others.
Along these lines we propose three activities:
1. Representing invertebrates Choose some invertebrate species produced
near you and represent it. Insects and aquatic animals are a good chance to
work on details such as proportions, wet effects or natural backgrounds. This
can lead to anatomic illustration or more artistic and free representations.
2. Invertebrate products for art You can also use or research about
invertebrate-based materials, such as cochineal and purple dies, shellac,
crushed oyster and mussel shell, mother-of-pearl, cephalopod ink, silk, body
parts(1)... With these students can make particularly interesting and rich
works, and get (artistically) closer to nature.

Objectives for pupils
Critical review of marketing and communication campaigns
Debate objective and subjective messaging and data
Design and produce creative new content, including
ICT-based multimedia solutions
Observe and represent natural models (species, anatomy, behaviour,
environments, people...)
Experiment with new materials and techniques, and develop new
artistic skills related to the special qualities of invertebrates (size,
transparencies, metallic shines, water, movement and changing
shapes, life stages...)
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Why is it said that invertebrates are “more sustainable”?
Sustainability is a complex issue and involves many aspects.
From an environmental point of view, invertebrates are generally
much more efficient in transforming what they eat into new
proteins and lipids (food conversion ratio). They also tend to
need less resources such as land, water or energy to supply
with the same amount of end products than other animals, and
produce less emissions. Invertebrate farming can thus be done at
small or industrial scale virtually anywhere. Finally, their natural
ecologic roles mean some of them could help us better deal
with waste, both from agriculture and overall food production
and consumption. All of these properties look promising to help
tackle some of modern and future challenges in food production.

Is it safe to use invertebrates for food and feed?
Have you ever thought about what farmed animals like
poultry, salmon, trout, seabass, sole or pigs would eat in the
wild, especially when young? Or about why do billions of
people regularly eat insects across the world? Did you know
that mussels are the most important aquaculture species by
volume in the EU?
For traditionally consumed species safety and security depend
more on how species are farmed, processed and distributed,
and legislation in the EU is extremely precautious over these
issues, ensuring total safety for consumers. Today, despite the
hundreds of species consumed abroad, only seven species of
insects are allowed to enter the human food chain in the EU,
and this only using a clear set of food and growing conditions.
For marine invertebrates, there are also many controls
which ensure that whatever gets to your plate is safe to eat.
However, as for any other food, you should always check for
potential allergies.

Invertebrate production, whether for marine or terrestrial species, begins with
obtaining suitable individuals from the wild, which are then grown in controlled
conditions. After each generation, the most appropriate adults are selected as
breeders, and if it is possible to close the reproduction cycle generation after
generation, true farming begins.
Invertebrates - why do we need them?
There are three main aspects to this story. As food and feed, invertebrates have
always been part of the natural diet of both humans and our associated farmed
species. More so, they are critical for the well-functioning of agriculture, as we
wouldn’t be able to ensure vegetable crops otherwise. On top of this, invertebrates
have proved fundamental for the understanding of genetics and continuously
supply researchers with models and solutions.
For food security, invertebrates are growingly considered as one of the most
promising sources for alternative animal proteins, necessary to cover an
increasing global gap. As secondary products, they produce high quality lipids,
pharmaceutical products and organic fertiliser. For environmental services, they
are used by their millions to fertilise fruit trees and combat pest both in organic as
in intensive monocultures. As regards research, the fruit fly is probably the most
frequent animal in labs worldwide, and the first animal having its genome fully
sequenced was the nematode Caenorhabditis elegans, in 1998.

Extensive production of marine worms. Delta Farms, The Netherlands

Helix aspersa

What exactly is invertebrate farming?
Farming involves control over the reproduction, growing
conditions and harvesting of otherwise wild species. This
process of domestication is not viable for many species, and
leads to artificial selection and enhancement of the most
desired traits and varieties of species, over generations.
Some invertebrates are particularly well suited for controlled
production, given their small size, fast life cycles are
reduced needs. On the other hand, controlling environmental
variables and ensuring a constant and reliable high quality
production is not easy, especially for large volume industries
such as feed production.
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Chrysoperla carnea
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Invertebrate production, a European story
The farming of invertebrates actually has quite a long
and interesting history in the EU, linked to global trade
routes. Bees (although we could argue whether this was
true farming in the modern meaning) have been kept and
their colonies managed and transported since very ancient
times, for honey and wax. Oysters and other mother-ofpearl producing bivalves were also cultured since Roman
times.
In 552AD two monks brought back eggs of silk moth back from China,
hidden in the shaft of their walking sticks and under great peril, as a
present to Emperor Justinian, introducing silk worm farming in the West.
With time, this led to a booming industry in many places around the
Mediterranean. After exploration of the American continent, Europeans
brought back cochineal, used for the production of carmine dye, and prickly
pears to grow them on. This was the second most valuable import from
Mexico, only after gold. While Oppuntia cacti are now an ubiquitous plant
across the Mediterranean, the cochineal industry lost ground against new
synthetic dyes. More recently, crayfish from Louisiana were introduced
as a high value complement to rice cultivation, and although this proved
successful economically, it resulted in the species invading most European
freshwater environments.
With the onset of the “green revolution”, whereby agricultural production
grew exponentially, so increased the need for environmental services
catered by insects, such as pollination and pest control. This took apiculture
(the farming of bees) to another level, as hives had to be multiplied and
transported according to the needs of different crops. In the same way,
and in parallel to “chemical warfare”, the natural predators and parasites
of pest species started to be produced at industrial scale to prevent
and mitigate the huge costs associated with natural and invasive pests.
Nowadays, a surprising catalogue of flies, wasps, moths, bees, beetles,
mites and nematodes are produced in huge numbers to ensure agricultural

harvests. The same principles have been used to fight human diseases such as
Malaria, which is transmitted through mosquitos. Nowadays, sterilised male
mosquitos are produced in great quantities and released in affected regions
so that wild females lay unfertile eggs, therefore reducing their population.
With the development of aquaculture, it also became critical to produce
suitable aquatic invertebrates to feed the young fish from egg to weaning
(when they start accepting processed feeds). Rotifer, brine shrimp and copepod
production thus became industrialised in hatcheries, and transferred to the
public and hobby aquarium sector.
In a parallel process, a new-born XXth century science called genetics needed
models to work with, and the fruit fly Drosophila became the most intensively
and successfully used species worldwide. The easy keeping, rapid reproduction
and diversity of visible mutations transformed Drosophila from an unwelcome
home companion into a real world star.
Broadly speaking, invertebrate farming falls under the following
categories:
•

•
•
•
•

•

extensive coastal farming of marine bivalves, such as mussels, oysters,
clams or cockles, a technique also used for polychaetes and amphipods;
and production of other marine invertebrates as by-products in Integrated
Multi-trophic Aquaculture (IMTA)
extensive management of bee colonies in the country side (now also in
cities), for pollination, honey and wax
extensive framing of crayfish in rice paddies and other wetlands
semi-intensive farming of land snails (for food) and earthworms (for
composting)
intensive production of zooplankton in land-based, recirculation
aquaculture systems, also used (in different installations) for prawns
intensive farming of insects for food and feed, both at small (kilos per
week) to very large scale (tons per week)
intensive farming of insects for environmental services, which are then
released together with the pest at early or specific cultivation stages
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Some invertebrate species farmed in the EU

Ladybird

Bumble bees

Copepods

Ragworms

Black soldier fly

Ladybirds are showy carnivorous beetles
that feed on aphids, a common pest for
many agricultural plants. As a biological
control agent, their larvae are released
in greenhouses or in the open air, being
a common native species. Both larvae
and adult will eat aphids mitigating or
eliminating the pest.

Many plants rely on insects for pollination.
In controlled greenhouses with no insects,
this had to be done by hand. Bumble bees
are now used to do this job much better and
faster: colonies with a queen and her first
batch of workers are released to visit each
flower efficiently.

Copepods are zooplankton at the base of
the marine food web. They are the diet
of fish larvae and juveniles, and therefore
critical in aquaculture hatcheries. To
produce copepods you need to carefully
control water conditions and also produce
microalgae to feed nauplii and adults.

Polychaetes are a very diverse group
of marine worms. Ragworms are large,
mobile species that live in estuaries and
are commonly used for bait. Due to their
nutritional profile and good food conversion
ratio, ragworms are also produced
intensively to make maturation feeds for
prawns.

Black soldier flies are now cosmopolitan
decomposers which feed on waste,
efficiently returning nutrients back into the
food web. Larvae can recycle agricultural
waste to produce high quality proteins
and oils, as well as organic fertiliser. Black
soldier flies are produced in the order of
thousands of tons per year.

Meal worms

Prawns

Crickets

Fruit fly

Honey bee

Meal worms are beetle larvae, which used
to be considered a pest affecting stored
grain and flour. They are widely used for
food and feeds, being easily found in pet
shops but also supermarkets. They are
produced in vast quantities and processed
into a wide variety of products.

Prawns are decapod crustaceans much
appreciated as seafood, and important
species in tropical aquaculture. Large
market demand has pushed much
production beyond sustainability, often
affecting ecosystems severely. In Europe,
they are mostly produced in closed
recirculating systems on land.

House and field crickets are familiar
species that live on the ground and have
broad diets. They do not undergo full
metamorphosis as beetles or flies do, but
moult through several stages (nymphs)
that feed and grow fast. They are much
appreciated as food and feeds, especially
top-range products.

Vinegar flies are used as feed for small
reptiles and amphibians, but mainly as
ideal laboratory species (“co-creating”
eight Nobel prizes!). With only four pairs
of chromosomes, easy husbandry and
rapid reproduction they have helped us
understand many issues about genetics
and development, and are used globally in
many areas of research.

Bees have been used by mankind since
antiquity, for honey, propolis, royal jelly,
wax and pollination. They live in large
eusocial colonies mostly composed
of female workers, and have complex
behaviour. Bee-keepers often transport
their colonies according to seasons and
farmer demands. As other pollinators, they
are affected by pesticides.
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Question suggestions
Questions directly to the invertebrate farmer
•
Eisenia foetida
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•
•
•
•
•
•

Are farmed animals fed with
invertebrates any better or happier?
Is it safe?
Compare the cost, effectiveness
and impact of biological pest
control against the use of
pesticides.
What are their respective main
advantages and problems?

How did you become involved in invertebrate
production?
Have you always been interested in farming?
Do you enjoy your work?
How did you get to work in a farm like yours?
What exactly do you do? What are your
responsibilities?
What is the thing you like the most about
invertebrate production?
Do you/can we eat anything of what you produce?

About the species and processes
•
•
•
•
•
•
•
•
•
•

What species do you farm? Why that species?
Why not others?
How do you grow it? What do they need?
How do you care for them along their life cycle?
Who do you harvest them?
What do you feed them with?
Where do you get the eggs from?
Can they scape? What would happen if they did?
Do you farm anything other than invertebrates?
Do they respond to stimuli?
Do they communicate in any way?
Do they have diseases or predators?

About farms and farming
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Is your farm sustainable?
How is it sustainable, or what do you do to improve
sustainability?
Is it profitable? What is the biggest cost for running it?
What are the economic risks?
Where do you get their food from?
How many people work there? What are the different
jobs?
What is a day at the farm like?
How long has your farm been active for?
Is it a family business?
How much do you produce?
Is it safe? Are there any risks?
What end products do you sell?
Do you process any products at the farm?
How do you deliver them?
Do you invest in research and development?
Do you collaborate with any other farms or institutions,
like a technology centre or university?
How do you count invertebrates?

Invertebrates and us
•
•
•

How are we connected to what you do?
How could we start a career in invertebrate
production?
Could we run a small project at school growing
invertebrates? What would we need? What are the
most important and risky factors?
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Some links and references
European Commission
http://ec.europa.eu/environment/circular-economy/index_en.htm
http://ec.europa.eu/environment/nature/conservation/species/pollinators/index_en.htm
Aphidius colemani
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https://ec.europa.eu/agriculture/research-innovation_en
https://ec.europa.eu/fisheries/cfp/aquaculture_en
UN-FAO
http://www.fao.org/cgrfa/topics/microorganisms-and-invertebrates/en/
http://www.fao.org/edible-insects/en/
European, national and sectoral associations
http://ipiff.org/
http://www.ibma-global.org/
Other
http://www.esa.int/Education/Space_In_Bytes/Bugs_in_Space
https://www.wur.nl/en/Research-Results/Themes/theme-biobased-economy.htm

Some interesting concepts to work with
your class
Aquaculture
Biological pest control
Biosecurity
Circular economy
Climate change
Environmental footprint
Environmental services
Food security
Food conversion ratio
Global food production chain
Green revolution
Invasive species
Mesocosm
Waste management

https://en.wikipedia.org/wiki/Chang%27e_4
https://has.nl/nl/kenniscentrum/insectlab
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INvertebrateIT project has received funding from the European Union
EASME/EMFF/2016/1.2.1.3/02/SI2.751532
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