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EDITORIAL

First and foremost, huge thanks to Peter
Smithers, from whom I have taken over
as editor of issues 1 and 3 each year. Pete
has made his mark not only as an editor
but as a prolific contributor of articles
and reviews and I am pleased to say that
he will continue to delight us in this
way. Thanks also to fellow editor David
George and to editorial assistant Jen
Banfield-Zanin who have guided me
through my first tentative steps in the
role. And, yes, thanks to Lin Field,
Publications Committee Chair, for
getting me into this — I'm already
X enjoying it and it sits neatly alongside
Pf \_/ Wv o N my role as Special Interest Group (SIG)
Coordinator. The SIGs show off cutting
'QV' )u > “ edge entomology and are a potential
rich vein of material for Antenna. The
two roles combined are a marvellous way to keep up to date with entomology and
entomologists in retirement, after spending the whole of my career with the
Rothamsted Insect Survey working on aphids.

For me this issue has been mainly about learning the ropes. You will hence not
spot any immediate change in style or content, but I do have some ideas,
particularly around highlighting progress towards dealing with the “grand
challenges” in entomology identified by the world’s major entomological societies
as: i) public health related to vector-borne diseases, ii) feeding the world in a
sustainable manner and iii) dealing with invasive species. [ will always very much
welcome your ideas and, of course, your articles. It would be great, for example, to
have a few more robust exchanges on topical and controversial issues. The day after
my arm had been twisted I received an email from a potential contributor, greatly
boosting my optimism for the role. This related to grand challenge ii) and was from
Heather Poxon, whose father, Paul Latham, is leading a project in the Democratic
Republic of Congo aimed at encouraging the use of lepidopteran larvae as food.
This has been a strong theme for the Society over the last few years and one with
huge potential for improving food security. Indeed, there are two further articles
on edible insects herein, one on termites and one on the work of the UK’s largest
insect farm which nourishes, in this case, amphibian, reptilian and mammalian pets.
Read also about the extraordinary behaviour of Europe’s longest insect.

There has been a changing of the guard. Professor Chris Thomas has taken over
the Presidency from Professor Mike Hassell and, after 19 years as Registrar and
Chief Executive, Bill Blakemore has handed over those roles to Kirsty Whiteford
and Dr Luke Tilley, respectively. [ am sure that all members would wish to join
me in thanking Mike and Bill and in wishing Chris, Luke and Kirsty successful and
enjoyable tenures.

Richard Harrington

AT ——Tand
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Guidelines
for
submitting
photographs

To maintain a high quality we suggest
that submissions for Antenna be
presented via e-mail or on CD. Files
must be in a PC-compatible format
preferably in MS Word.

Electronic ~ images can be
embedded in the Word document but
we will also require separate
electronic images. These images
should be at least 300dpi at an image
size that is either equal to, or greater
than the expected final published
size.

Please do not submit images that
have been printed from a computer
on a domestic inkjet or laser printer.
Even if the camera is a good one and
photo quality paper is used, the
graininess is very hard to deal with. If
plain paper is used, the prints are
virtually unusable.

Photos taken on film should ideally
be submitted as reasonable sized
prints for us to scan or alternatively
they can be scanned in by authors
provided the scanner is capable of
scanning at up to 1200dpi.

If an image is intended for the
front cover then the photograph
should be in portrait format and at
least 300dpi at final size or a good
quality print.

To give an idea as to what happens
when the image is not of sufficient
size, take a look at these two
photographs. One is 300dpi and the
other is 72dpi.

300dpi

72dpi
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Fig. 1. Cirina forda feeding on Crossopteryx febrifuga at Kasangulu in DR Congo.

An edible caterpillar-rearing
project in the Democratic
Republic of Congo

Editor’s Introduction

Within a few days of agreeing to become an Editor, I received an email from the Salvation Army’s International Development
Officer, Heather Poxon, suggesting that an article from her father, Paul Latham, on edible caterpillars in the Democratic
Republic of Congo, might be of interest. Antenna has published much on edible insects recently and has an Entomophagy
(insects as food) Special Interest Group. Paul, though, was ahead of the game, having first published an article on the subject
in Issue 23(3), July 1999. Clearly this is a long-term interest of his. Paul and Heather are, incidentally, related to Eleanor
Ormerod (1828 to 1901), the well-known entomologist instrumental in the early days of studying pests of farm crops. In
1887 she moved to 47 Holywell Hill, St Albans, where there is a commemorative blue plaque. Eleanor was the granddaughter
of John Latham (who was President of the Royal College of Physicians). John was Paul’s great-grandmother’s uncle, making
Eleanor Paul’s second cousin twice removed (so Paul tells me — I don’t claim to have worked that out for myself!).

Paul Latham

Salvation Army
(paullatham36 @btinternet.com)

Antenna 2018: 42 (3)

Introduction

The larvae of the Saturniid moth,
Cirina forda (Westwood, 1849) (Fig.1),
known as Ngala in the Kikongo
language, are important edible
caterpillars in Kongo Central province,
in the Democratic Republic of Congo.
Elsewhere, like other moth larvae, they
are considered a pest, causing serious
defoliation of the Wild syringa tree,
Burkea africana, which is valuable as
timber. Forty years ago, the larvae were
plentiful within the province but now
they are imported from Bandundu and
elsewhere and sold dried in the
markets. In Kongo Central they used to
be found on the savanna shrub
Crossopteryx  febrifuga and were
available at the beginning of the rain
season in October and November.

The Salvation Army has worked in
the province since 1934 establishing
churches, schools and health centres,
and  operating an  agricultural
development programme. A bee-
keeping programme has enabled
approximately 11,000 farmers to
benefit from the sale of honey. In 2016
a project to reintroduce Cirina forda
was started at Kilueka, approximately
135 km southwest of Kinshasa. This is
not the first time the Salvation Army
has been involved in the rearing of
various Lepidoptera species. A project
to collect, mount and send butterflies
from French Guiana helped many of
the prisoners on Devil’s Island to earn
their passage back to France after
completing their sentence. An earlier
project in Kongo Central, previously
Bas-Congo province, and referred to in
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Fig. 2. Eggs of Cirina forda collected in Bandundu.

Fig. 3. Young Burkea africana trees grown from root cuttings.
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Latham (1999), was aimed at
conservation of various caterpillars then
fairly common in the province. It was
also linked to a bee-keeping and tree-
planting project. Unfortunately, the
project came to an end in 2007 with
very little to show for it, as far as the
caterpillars were concerned.

Since then, due to over-collection
and loss of habitat, the variety and
quantity of edible caterpillars has
decreased steadily. The present project
represents a completely new start in a
different location with different staff.
The current project is entirely focussed
on edible caterpillars.

In charge of the project is Augustin
Konda, a biologist who has, for many
years, worked with Anamed, a health
programme based on the use of plants
with healing properties.

The project so far

The initial aim of the project was to
reintroduce and maintain a sustainable
population of Cirina forda in 30 villages
around Kilueka. In 2016, 43 batches of
eggs (Fig. 2) were collected from
African blackwood, Erythrophleum
africanum, trees in Bandundu, and
transported to Kilueka, a distance of
approximately 400 km. Most of these
were then fastened to twigs of
Crossopteryx febrifuga. Unfortunately,
after hatching the larvae refused to eat
the foliage, even though trees had been
burned beforehand to encourage them
to sprout new leaves. A trial planting of
Erythrophleum africanum had produced
a good crop of seedlings but they grew
very slowly and the majority died off
while they were still small. Sufficient
eggs had been brought, however, to
make trials on other tree species, but
only two trees were accepted, a Bridelia
species and Burkea africana (Fig. 3).
Neither tree is particularly common in
Kongo Central, but it was decided to
find a method of propagating the latter
species. Although the tree flowers and
produces seed elsewhere, it doesn’t
appear to do so in the area around
Kilueka; however, it can be propagated
from root cuttings and, whilst this is
very labour intensive, it has successfully
been used to produce a reasonable
number of new plants.

In Bandundu the rain season runs
from September to May and the Cirina
forda eggs hatch out in August, this
being during the dry season in Kongo
Central. Forcing the food trees to
produce fresh leaves for the young

Antenna 2018: 42 (3)



Fig. 4. Lobobunaea phaedusa.

- —

Fig. 5. Imbrasia epimethea on the trunk
of Ricinodendron heudelotii.

Antenna 2018: 42 (3)

larvae provided a feast for every other
leaf-eating insect in the area. Last year
a larger batch of 87 groups of eggs was
imported from Bandundu and placed
on newly established Burkea africana
trees prepared for the caterpillars as
they hatched out. We wait to see if the
chrysalises produce adults this July. A
total of 115 chrysalises were collected
and, so far, three have hatched out; all
females so no mating has taken place.
Cirina forda only produces one
generation per year so it would be very
helpful if a simple method of breaking
the diapause could be developed.
Alternatively, there are plans to import
eggs from an area with the same
rainfall pattern, such as from northern
Angola.

Other Saturniid and Sphingid species
are, however, present at Kilueka; a total
of 35 different Saturniids and 19
Sphingids were caught at a light trap
during December alone. These were
identified from photos by Dr Thierry
Bouyer in Belgium. Of the Saturniids,
six are known locally as Kaba in
Kikongo. The larvae are large, edible
and are generally found singly in
amongst the foliage where they are
often difficult to locate because of their
colour. People find them by looking for
their droppings on the forest floor and
then searching the branches overhead.

Lobobunaea phaedusa (Fig. 4) and
another, so far unidentified species, are
currently being reared at Kilueka.

Other Saturniids include Imbrasia
epimethea, Bunaea alcinoe and
Nudaurelia petiveri. Imbrasia epimethea
is a valuable, and much appreciated,
species which feeds gregariously. It has
the useful habit of descending the
trunk of the host tree during the day
and returning to the foliage to feed at
night (Fig. 5). When in their final instar,
the caterpillars are easily collected from
the trunk of the tree which is often
marked in some way to show that the
person finding the colony has claimed
it. In December and January last year,
several colonies were found on trees
growing in the villages around Kilueka
and, instead of being collected and
eaten, they were divided into groups of
between 40 and 100 and placed on
other trees where they could be
monitored. These colonies have
produced an abundance of new
colonies this present season and have
again been divided and distributed to
other villages. Traditionally people in
Kongo Central planted the fast growing
Ricinodendron heudelotii near their
homes to attract this species. For this
reason, tree nurseries, to produce food
trees for Imbrasia epimethea and other
species, were started at five schools last
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year and the trees are now being
planted out in the villages to provide
sufficient food for future generations.
There are two major challenges facing
tree planting. One is that it is not
customary for trees to be planted other
than fruit trees, the other is Kinshasa’s
insatiable appetite for charcoal. Over
the past 40 years the countryside has
been almost completely denuded of
tree cover; however, it has been found
this year that because a valuable species
of caterpillar has returned in good
quantities to existing trees and that
Ricinodendron heudelotti is useless for
making charcoal, there has been a big
demand for planting this tree. The only
other problem with Imbrasia epimethea
is that safari ants attack and destroy the

colonies. They are the major pest of
this species.

Although not part of the caterpillar
rearing project, the Army worm,
Achaea catacaloides, known locally as
Minsangula (Kongo) is an important,
though rather irregular edible species.
When it does appear, normally in great
numbers, it is dried, packed in sacks and
transported to Kinshasa for sale in the
markets. Its last appearance occurred in
May 2017.

Conclusion

The caterpillar project is still in its
early stages. There is much to learn and
some difficult problems to solve,
namely for Cirina forda to break the

Further reading

diapause so that the larval stage
coincides with the rain season and, for
Imbrasia epimethea, to find an effective
way of dealing with safari ants. Despite
these challenges, indications are that
the project has the potential to
sustainably meet an important,
nutritional need for a high protein food
in a very needy country. Furthermore,
it promises to be a means of re-
afforestation of a badly denuded
landscape.

I would particularly like to thank
Augustin Konda, who manages the
project, for all the photos and most of
the information, and Daniel Ambiihl
for his expertise and for the
considerable help he has provided to
the project.

A series of videos, available on YouTube, has been produced to illustrate various aspects of the project. These
can be found at: https://www.songanzila.info/linkstovideos.htm
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Soldier caste of the Northern harvester termite, family Hodotermitidae.
Photo courtesy of JMK via Wikimedia Commons

Termites: Global pest
and a tasty treat

Rudi Verspoor
and Katie Powell

Rudi Verspoor and Katie Powell are based
at the University of Liverpool. Their work
aims to understand more about the value
of termites as food in northern Benin,
focussing on the community use of termites
and the study of the nutritional value of
termites. This work is funded by BBSRC
GCREF support (BB/P022545/1).
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Termites: Small but mighty

Reaching towards the skies, earth
cathedrals rise majestically from the
ground, throwing a blind society into a
sheltered darkness.

Take one look at a giant termite
mound, and it is easy to see why they
are considered wonders of the natural
world. A thousand times taller than
their occupants, these towering
creations offer termites protection from
predators of all shapes and sizes.
Protection, however, is not the only
service the mounds offer. Remarkably,
they also maintain stable temperature
and humidity levels and protect against
abiotic extremes of the surrounding
climate, like a self-regulating building.
These constant environments even
allow some species to support their
own agriculture, with workers culturing
fungus farms to feed their vast societies.

“Trees growing on termite mounds
had higher concentrations of all
nutrients except sodium and crude
protein, and were subjected to more
intense feeding by elephants.”

The engineering feats of termites,
however, are not limited to these
towering cathedrals of earth. Widely
distributed and hyper-abundant across
the tropics, termites provide important

biological functions by breaking down
both live and dead plant material.
Distinct groups of termites, breaking
down different types of organic
material, are vital for decomposition in
many tropical, sub-tropical and warm
temperate ecosystems. By mound
building and subterranean tunnelling,
termites also redistribute nutrients,
structure soils and raise soil moisture
levels, earning them the well-deserved
status of ‘ecosystem engineers’.

“Termites are a serious menace to
both plants and structures. They are
the most problematic pest threatening
agriculture and the urban
environment.”?

‘Reviled’ and ‘hated’, however, may be
more common associations for
termites in many parts of the world.
Damage to structural timber can vastly
reduce the life span of buildings where
termites occur. In the US alone,
damage from termites to buildings is
estimated to cost billions of dollars for
house owners every year. Subterranean
tunnelling by termites can also
undermine crop plants and interfere
with agriculture. As pests of agriculture
and construction, termites continue to
be the focus of expensive control
measures in many countries around
the world.
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The chimneys of a Macrotermes mound stretch towards the sky, providing the ideal home for

the termite society inside.

Photo credit Rudi Verspoor and Katie Powell

A fresh batch of winged termites is cooked over the fire until dry. Afterwards, the wings are
blown away, while the tasty bodies are distributed within the community.
Photo credit Rudi Verspoor and Katie Powell
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Termites: A cultural food

“Termite foraging by chimpanzees and
present-day modern humans is a well-
documented phenomenon, making it
a plausible hypothesis that early
hominins were also utilizing this
resource”®

‘Delicious’ may be a more surprising
descriptor of termites, but there is
growing interest in termites as a food
resource. Yet in many parts of the
world, eating insects such as termites is
nothing new, and may have even been
important for the evolution of a larger
brain size in the ancestors of modern
humans. As observed in the behaviour
of chimpanzees, early hominids
potentially used tools, such as bones, to
fish termites out of mounds to eat. To
this day, termites continue to provide a
nutritious food source in many
countries around the world. Some
communities still fish for termites
directly from the mound. However, a
particular phenomenon occurring in
the rainy season means a different caste
of termites is readily available in the
thousands.

“From every chink, every crevice, a
cloud of vapour formed of millions of
wings mounting to the blue, in the
doubtful and nearly always frustrated
search for love™*

In many parts of the world, the wet
season brings relief to lands parched by
the stifling heat of the dry season. New
life begins to thrive in the rehydrated
landscape, and termites are no
exception to this. Long-awaited rains
trigger a mass release of flying termites
- known as alates — from their mounds.
These alates are the members of the
colony selected to mate when they
swarm during their nuptial flight. Once
the lucky ones have found a match,
they shed their wings and mate,
burrowing underground to become the
king and queen of their new colony.
However, only a very small percentage
of the swarm rise to royalty; most fall
prey to a suite of waiting predators
including birds, reptiles, amphibians
and even people.

“Termites are considered to be very
nutritive and they were compared with
the first milk given by a cow after
delivery.”s

Across Africa, winged termites are one
of the most widely consumed insects.
Revered for their good flavour, this
flying insect bonanza forms a part of
the diet in many countries across the
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Left: Termite mounds like this, which can easily host three men, are made by insects smaller than a fingernail. Incidentally, a hollowed out
old mound makes a great shelter from heavy rains while out working in the fields. Right: Storage granaries are often made out of the strong,

compact soil of old termite mounds.

continent. Termites offer quality
nutrition, being rich in protein and
important minerals like iron. Their little
bodies are high in fat, and can provide
equivalent or greater calories per gram
than other forms of meat, such as beef.
Tackling malnutrition and achieving
food security remains a potent challenge
in many parts of Africa. Thanks to their
large quantity, nutritional value and
popularity amongst the locals, termites
and other insects can contribute to
regional food security.

“All, except very small children and
some older relatives who remain to
look after them, leave home in the
evening armed with baskets...”®

We travelled to West Africa to learn
more about eating termites with the
Waama in the Atakora region of
Northern Benin. Here, once the season
arrives, the wild swarms of alates are
seen as free food for all in the villages.
Collected by hand, villagers use lights
(or fire) in their households to attract
them, and trap them in basins of water.
Roasted in a pan the next day, sizzling
in their own body fat, these insects are
shared with both the family and the
neighbours. This contrasts with other
types of meat, which are often reserved
for older members of the household or
special occasions. When there’s a bowl
of termites around, everyone - from the
smallest child to the oldest family
member - grabs a handful.

“The best strategy would be to find
techniques to process and preserve
the termites to make them
continuously available.”®

Do edible termites help to provide vital
nutrition to people living in rural areas?
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The alates do emerge at the beginning
of the rainy season, which is a crucial
and challenging period of the year in
northern Benin, when food is both
expensive and in short supply. Working
with local communities, we are
estimating the quantity of termites
collected each year. Furthermore, we
will determine the nutritional content
of termites to wunderstand their
importance in local diets. However, one
problem with this resource is that it is
only available for a short period of time.
To overcome this, we are trialling
simple preservation and storage
methods, which could allow termites to
be available for longer periods.

Termites: A changing future?

“When harvesting a popular, high-
priced insect from nature, one of the
dangers is overexploitation, which can
endanger future harvests.”®

As is the case with termites, many
edible insects are harvested from the
wild, raising questions about the
sustainability of the food source. The
sheer size of alate swarms and the
number of mounds across the
landscape suggest a large resource. In
addition, opportunistic and low
intensity harvesting has occurred for
generations, suggesting some collecting
is sustainable. Through quantifying the
catch taken by some households, we
hope to estimate the quantity currently
collected by whole communities. From
this baseline information, additional
questions emerge. Is it possible to
collect more termites in a sustainable
way? How does the availability of
termites vary throughout the season
and between years? When answering
these questions, it is important to

Photo credit Rudi Verspoor and Katie Powell

consider the part they play in the food
chain. Alates are food for many other
predators in the wild, so harvesting
them could have wider consequences
in the ecosystem.

“Their staggering diversity and
abundance should not lead us to think
they are indestructible.””

We live in an era of unprecedented
global change, which is driven primarily
by humans. Deserts are expanding,
deforestation is ongoing, and natural
habitats continue to be degraded. How
will this affect termites, and insects
more widely, as a harvested food
resource? In Benin, it has been
suggested that edible termites, of the
genus Macrotermes, may be declining.
Habitat degradation, changing rain
patterns, and pesticide use have all
been speculatively suggested as causes.
Termites are spread vastly across the
grasslands of Africa, representing a
huge biomass and they are intrinsically
linked to the functioning of those
ecosystems. Range expansions or
contractions caused by environmental
change could dramatically affect the
availability of edible termites.

“Nature provides a free lunch, but only
if we control our appetites.”8

The uses of edible insects worldwide
are changing. Some countries are
experiencing a rapid expansion in
edible insects, for example the thriving
insect markets of Thailand. The
nutritional quality and sustainability
benefits of eating insects could further
fuel this expansion. On the other hand,
traditional uses of edible insects may be
declining through cultural erosion and
the homogenisation of food habits. In
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Benin, a number of insect species are

rarely eaten nowadays compared to Although considered pests in many countries where they damage
only fifty years ago. Expanding infrastructure, termites are clearly viewed more positively elsewhere and
urbanisation could also mean the regarded as a delicious food. Studying the quality, quantity and attitude
traditional, rural practice of eating towards edible termites in northern Benin, we hope to find out more about
termites is being lost. These cultural these fascinating insects. It is, however, important to consider the
shifts present challenges for developing sustainability of this resource, in order to guard against environmental
termites, and insects more widely, as damage and the possibility of over-harvesting. The question remains, how
food. While termites remain a popular much can termites contribute to food security in this region of Africa? We
insect to eat in northern Benin today, it certainly look forward to finding out more about these tasty edible insects
remains to be seen if this popularity over the course of the project.

will expand or decline in the future.

Reproductive Termite (Macrotermes mossambicus) after shedding its wings.

Photo credit Bernard DUPONT Creative commons license: https://creativecommons.org/licenses/by-sa/2.0/
Presented as was the original photo
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Life on a bug farm:
Opportunities for developing
insects as food and feed

Introduction to Monkfield Nutrition

Douglas Moore

Research Associate

with Monkfield Nutrition Ltd,
Arthur Rickwood Farm,
Chatteris Road,

Mepal, Ely, CB6 2AZ

and the University of Nottingham
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Amongst the flat wheat and sugar beet
fields on the Cambridgeshire-
Hertfordshire border is the endearingly
named hamlet of Shingay cum Wendy,
and here sits a farm unlike any other in
the UK. From the outside the large
wooden-clad barn, once a potato store,
looks distinctly normal in this
agricultural setting and nothing
suggests anything out of the ordinary.
However, this barn is home to
Monkfield Nutrition, the UK’s largest
insect farm, housing millions upon
millions of mini-livestock: crickets,
locusts, cockroaches and mealworms,
all destined to be dinner for someone’s
pet chameleon, salamander, bearded
dragon, hedgehog or bushbaby.

As you step through the door into
one of the many culture rooms you are
immediately hit by a wall of heat and
humidity, maintained to replicate the
tropical conditions the insects require.
Most rooms are silent aside from the

hum of fans circulating air, nothing
indicates that you are in the midst of an
insect horde. Take a walk between rows
of boxes, stacked floor to ceiling and
you can hear the rustle of legs on
carapaces as the insects shift and
shuffle, going about their lives and
growing fast.

In the cricket breeding rooms,
however, the silence is gone. Even
before entering you can hear the
constant chirruping of the males
stridulating; close your eyes and
you can almost imagine yourself
somewhere tropical... almost. Inside
these rooms the relaxing sound of a
holiday evening is amplified by
thousands of voices and absorbed into
a ceaseless wall of noise, like shifting
pebbles on a beach.

Once you get used to the strangeness
of the animals which you are rearing,
and the occasional cricket crawling up
your leg or down your neck, then
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farming settles down into a calm
rhythm of feeding, watering and
feeding again. This constant cycle of
care nurtures our livestock as they grow
a thousand times in size over a few
short weeks until they are ready for
harvest.

With the growing popularity of
reptilian pets in recent years, Monkfield
Nutrition has also expanded to meet
the demand for their live food. Growth
has been so great that the company has
reached the capacity of its current site
and change is now just around the
corner. Early in 2018 the company
moved to a new, state of the art facility
near Ely, affording it space to expand
and flexibility to develop as new
opportunities arise.

Edible Insects

One opportunity which Monkfield
Nutrition is keen to take advantage of
is the emerging edible insect market:
developing insects as a sustainable
source of protein. While eating insects,
or entomophagy, is a bizarre concept
for many of us, it is normal for
approximately two billion people, from
3,000 ethnic groups in 113 countries,
who regularly consume over 2,000
insect species. Even in the UK we
unknowingly eat around half a kilo of
insects every year as almost all
processed foods contain some insects.
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These are either deliberately added
such as carmine, the red food colouring
E120 made from cochineal bugs, or
accidentally harvested with plants
because insects are so abundant in
nature that it is impossible to remove
them all. These insect fragments make
it into coffee, peanut butter, chocolate
and much more. Now an enterprising
group of entrepreneurs, scientists,
foodies and farmers are working to
bring insect protein to our supermarket
shelves in a big way.

The United Nations Food and
Agriculture Organisation released a
report in 2013 championing insects as
a vital source of protein which will help
to ensure global food security. This
position is founded on a number
of factors including the low
environmental impact of insect farming
and their nutritional profile. Although
the diversity of insect species makes
generalisations difficult, the larvae of
seven insect species have been shown
to have equivalent nutritional value to
meat: the honeybee, domesticated
silkworm, mopane caterpillar, house
cricket, African palm weevil larvae and
yellow mealworm. For example the
house cricket (Acheta domesticus) has
comparable protein content and
digestibility to beef and egg, providing
all nine essential amino acids; it is also
a richer source of polyunsaturated fats

than beef, delivered in the ideal ratio of
3:1 omega-6 to omega-3.

Sustainability of Insect
Farming

Another major benefit of insects as food,
and the main reason that I chose to work
with these foods of the future, is their
sustainability credentials. You will be
well aware of the challenges we face: by
2050 the global population will have
grown to 9.6 billion people and the
demand for high quality animal protein
will have risen by 57%. We will need to
meet these demands in the face of
climatic uncertainty and water shortages,
while preserving our remaining precious
wild spaces and the biodiversity which
they harbour (80% of new farm land
replaces forests). Current livestock
production uses 78% of all agricultural
land (grazing = 68%, cropland for animal
feed = 10%) and global livestock emit
more greenhouse gasses than the global
transport system. In the face of these
facts it must be obvious that improving
production as we have done historically
is no longer a viable option. So why eat
insects? They have a tiny footprint in
many ways which will help address all of
the above challenges: kilo-for-kilo edible
insect protein requires 500 x less water,
12 x less feed and 10 x less land than
beef, while producing 613 x less
greenhouse gases.
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The Yuck Factor: a Major
Challenge to Entomophagy

So how would you like to eat insects?
Given these benefits there must be a
reason why we are not all tucking in.
The biggest challenge entomophagy
faces in the western world is the,
scientifically accurate, “yuck factor”: an
immediate negative reaction, which
you might be feeling now as you read
this, leaning away from the page,
recalling scenes from “I'm A
Celebrity”. This repulsion is a learnt
psychological aversion, which can
easily be overcome by getting people
to taste a delicious, highly nutritious
food, which happens to be made using
crickets. The positive experience
rapidly overwhelms the immediate
knee jerk resistance. Forty years ago the
thought of eating raw fish turned the
stomachs of most westerners, but
today there are packs of sushi in every
garage forecourt and a YO! Sushi on
most high streets. Apart from a few
novelty foods like insect lollipops, the
majority of the effort to use insect
protein focuses on disguising the
‘insect character’ within easily
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recognisable foods, like burger patties
and protein bars. Here the challenge
lies with chefs and food technologists
to develop appealing, tasty dishes, and
with psychologists, advertisers and
marketers to make entomophagy
acceptable to the general public.

With this in mind I am currently
leading a project at Monkfield
Nutrition to prepare the company to
diversify production and enter the
edible insects market. Working with
food technologists, and researchers at
the University of Nottingham, we have
assessed the suitability of different
insect species for use in food, based on
taste, ease of processing and production
cost. Having assessed the various
different processes, from slaughter and
cleaning to washing, drying and milling
the insects, we have chosen a
production system which will allow us
to manufacture high quality insect
powders which can be incorporated
into foods. We are now upscaling these
processes for application at an
industrial scale and will be placing
products on the market in the summer

of 2018.

Insects as Feed

If the idea of eating insects really
doesn’t whet your appetite then how
would you feel about your food eating
them? Insects are a more natural part
of a British chicken’s diet than some of
the ingredients currently used, such as
Chilean fish meal or soybeans grown in
what was once the Amazon rainforest.
Spiraling cost of these protein sources
is driving a demand to develop suitable
alternatives for animal feed in order to
improve protein security in Europe.
Insects offer just such an opportunity.
Species suitable for use for animal feeds
are also very efficient, but are
considered unsuitable for human
consumption for various reasons,
including their general unpalatability. It
is unsurprisingly difficult to persuade
people to eat cockroaches or maggots,
regardless of their benefits!

In May 2017 BSE era laws, which
prevent livestock being fed animal
proteins, were amended to allow the
use of insects in aquaculture. With
further developments anticipated to
follow regarding the use of insects in
other livestock feeds, it appears that the
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market for insects as animal feed is

primed for very rapid expansion. Insects
suitable for use as animal feeds, such as
the house fly and black soldier fly, offer
an efficient way to recapture nitrogen,
phosphorous, potassium, carbon and
energy which would otherwise be lost
from the 1.3 billion tons of food
waste produced annually. This is
approximately one third of global
annual food production, with a value of
US$750 billion. If this waste could be
recycled it would be establishing a
circular rather than linear food
economy which would mirror natural
cycles where almost nothing is wasted.

Developing the Industry

I started working at Monkfield
Nutrition in February 2016, on an
Innovate UK Knowledge Transfer
Partnership with the University of
Nottingham. The University has a
wealth of experience and expertise in
animal breeding, genetics, husbandry,
nutrition and veterinary science, a set
of talents which has allowed massive
improvements in the productivity of
traditional livestock. Under optimal
conditions a broiler chicken in 1985
could reach 1.40kg in 35 days using

110

3.22 kg of feed, but by 2000, broilers
could reach 2.44kg on 3.66 kg of feed
in the same amount of time. By
drawing on the University’s resources,
this project aims to begin replicating
the improvements in production
efficiency seen in traditional agriculture
to the insect farming industry. If we are
successful, and learn from the mistakes
which have led to past ethical and
disease crises, there is great potential
for rapid improvement.

A great proportion of the
improvements made in traditional
livestock, as demonstrated in the
poultry industry, is due to the genetic
improvement of livestock through
selective  breeding  programmes.
Although Monkfield Nutrition has
been rearing insects for more than 25
years, these insects are essentially wild
animals. It is now very exciting to see
researchers and companies working on
selective breeding of improved insect
varieties.

My current research focusses on
nutrition: what can we feed the insects?
Specifically, fresh brassicas made up a
large proportion of our crickets’ and
locusts’ diets: cabbage, kale or savoy
were consumed by the tonne. I began

by exploring cheaper alternatives such
as lettuce, beet, celery and wheat.
Unfortunately these crops had many of
the same inherent issues as brassicas:
seasonal variability in supply and
differing nutrition between varieties
affected insect growth and moisture
introduced by the plants makes
humidity control difficult and can
cause moulds to establish within the
cultures. These
imported new issues: beet and lettuce’s
delicate leaves quickly wilt and degrade
in the high temperatures making a
dense slush which encourages mould,
while wheat provided insufficient
nutrition. It turns out that the brassicas,
with their waxy leaves, are best able to
retain structural integrity in the insect
rearing environment while providing
suitable nutrition. Unable to find viable
alternatives [ turned my focus to
assessing the nutritional composition of
the insects’ diets. After investigating a
number of avenues I have identified
nutrients which can be added to the
dry feed, completely eliminating
vegetables in three of our insect’s diets.
What are they? At the moment I am
unable to tell you, but watch this space.

alternatives also
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Challenges to Insect Farming
My research is yielding significant
insights but despite entomology’s rich
history of research, from pest control to
ecosystem service provision and
conservation, I have encountered the
important fact that mass rearing of
insects is a relatively new and
underdeveloped research area and we
are still establishing first principles.
One example of where this lack of
knowledge is impinging on the
development of insects as food and
feed is in the use of low-quality waste
streams such as byproducts from the
food and drink industry in their feed.
This is an area where integrating insects
into the human food chain has huge
potential benefits. However, research
using crickets to recycle these products
has not yet been able to achieve
consistent results. Given our lack of
basic knowledge on the nutritional
requirements of these insects, is it all
that surprising that poor results were
obtained? Therefore I am currently
working to identify the nutritional
requirements of the insects, laying
down the groundwork to allow better
tailoring of experimental diets to meet
the insects’ needs in future research.
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Rearing any species in captivity has
the potential to cause inbreeding
depression. There is currently no
indication that inbreeding depression is
occurring and this is almost certainly
due to the fact that within a cubic
metre of an insect rearing culture you
can house thousands of adult insects
maintaining a large and diverse
genepool. That's not to say inbreeding
depression will not develop and the
industry as a whole needs to begin
monitoring stocks for this.

High densities of animals provide the
opportunity for diseases to develop.
Unfortunately this has already
happened in Acheta domesticus, a highly
productive cricket species favoured for
human food applications in many parts
of the world. In the 1970s a highly
contagious and lethal densovirus
appeared in commercial stocks causing
periodic catastrophic crashes in the
subsequent decades and which still
makes rearing this species tricky today.
We have a responsibility to both the
animals in our care and wild
populations, which may be susceptible
to these emergent diseases, to develop
a veterinary industry linked to insect
farming.

Conclusion

I know that entomophagy is very much
in vogue at the moment while large
scale acceptance and deployment feels
a long way off. However, I genuinely
believe that industrial insect farming
has the potential to increase future
global food security, I wouldn't be
working here if I didn’t. Although there
is a very long way to go to realise this,
requiring work across a wide range of
disciplines, that is exactly what makes
this such an exciting and invigorating
time: there is so much space to work in!

Combining the wealth of experience
Monkfield Nutrition has gained from
operating an insect farm for over 25
years, with the opportunity for
expansion afforded by the move to a
new, highly efficient facility, means that
the company is poised to take full
advantage of the current interest in
entomophagy. This makes it a very
exciting and stimulating time to be
working on the farm. Furthermore,
with NASA considering insects as
suitable extra-terrestrial livestock for
future missions for the exact same
reasons which make them a
fantastically sustainable food source on
Earth, then the stars really are the limit.
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Saga pedo (Orthoptera,
Tettigoniidae) outpreys
the praying mantis

Peter F. McGrath
Trieste, ltaly
petermcgrath30 @hotmail.com

I moved to Trieste in the north-east
corner of Italy in 2003. In 2006 I
moved out of the city to a small village
on what is called the ‘carso Triestino’,
or Triestine karst — a thin sliver of land
bordered by Slovenia on one side and
the northern shores of the Adriatic Sea
on the other. Little did I know what
entomological wonders were awaiting
me.

Perhaps my biggest delight relates to
an insect that has intrigued me since I
first heard about it. Saga pedo (Pallas,
1771) (Orthoptera, Tettigoniidae) is
unusual in many ways. First, despite
belonging to an order that is
predominantly vegetarian, it is a
predator. It is also considered to be
Europe’s longest insect, measuring
15cm from the tips of its thread-like
antennae to the point of its sword-like
ovipositor (Fig. 1la). All S. pedo
individuals possess an ovipositor. In
other words, it exists only as females
that reproduce parthenogenetically.
Males have been reported, but
definitive evidence of their true

identity is lacking (Van Helsdingen et
al., 1996).

It seems as though S. pedo was
revered by Bronze Age people. A small,
bronze statuette was found on Sardinia
in 1873 (La Greca, 1996) that appears
to represent this remarkable insect.
Unfortunately, the original effigy has
gone missing, but one can get an idea
of what it looked like from La Greca
(1996), or from the banner of the
website of the Forum Entomologi
Italiani (www.entomologiitaliani.net),
which uses an image of the statuette as
its ‘logo’.

Saga pedo has a wide distribution —
from the Iberian peninsula in the west
to Kazakhstan and Kyrgyzstan in the
east, with Sicily as its southernmost
outpost, and reaching as far as Slovakia
and Hungary in the north (Kristin and
Kahuch, 2007). Within that range,
however, it is scarce, classed as

‘vulnerable’ by the IUCN on its
Red List of Threatened Species
(Orthopteroid Specialist Group, 1996).
This is particularly due to changes in

Figure 1. (a) Side view of Saga pedo individual showing full length of around 15c¢m, from tips of antennae to end of ovipositor.
(b) Frontal view showing spines for gripping prey on inside of forelimbs. The plant is Eryngium amethystinum.
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Figure 2. Sequence of the attack: (a) The S. pedo begins moving towards a green male praying mantis; (b) The male mantis flies up, attracted
by a brown female mantis; (c) The S. pedo approaches the amorous mantises to within touching distance of her antennae; (d) The S. pedo

grabs the mantises. At this point the male is still present; (e) The S. pedo begins devouring the female mantis, the male having escaped.
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land use and the diminishing area of its
preferred  habitat,  unimproved
grassland and rough grazing. It is,
however, present on Triestine karst
(Fontana and Cussigh, 1996). Knowing
it is there and finding a specimen,
however, are two different things.

I must have almost stepped on the
first one I came across. I was out
walking and looked back during a
conversation with someone behind me.
She was about to tread on it. It was
there — my first S. pedo - sitting,
unmoving, in a clump of grass, right on
the edge of the path. That must have
been September 2008.

The second one I found, another
adult, was a year or two later. It too was
just sitting, motionless. I took a few
photos, carried on with my walk, but
returned along the same path about 30
minutes later. It was still there,
apparently not having moved a muscle.

This cameo demonstrates perfectly S.
pedo’s predatory tactics. It sits and
waits, somewhat in the style of a
praying mantis. Indeed, it even has
fierce spines along the inner edge of the
tibiae of its forelegs that are used
exactly like those on a praying mantis’
trigger-fast grasping forelimbs (Fig 1b).

Praying mantises, however, have fairly
eclectic tastes in prey, targeting more or
less anything that comes within range.
Saga pedo, in contrast, specialises on
crickets and grasshoppers.

On 11 September 2016, on another
walk along the lanes and fields behind
the house, I got extra lucky. The
Eryngium amethystinum (Fig 1) were
standing proud above the rough sward.
I was checking each plant when I saw
it — or should I say ‘her’? I took my time
firing off a series of photos trying not
to disturb her too much. She remained
stationary. Sitting and waiting. After a
few minutes, I moved on, as I had a
nearby pond to inspect.

On the way back, I cautiously
approached the area where the E.
amethystinum were growing. There she
was, still on the same plant, but having
moved a little. In fact, she was moving
still - slowly, but with apparent
determination — the first time I'd seen
one actually move. I got down on my
knees and elbows, camera at the ready,
and started shooting. Not until I looked
through the viewfinder did I notice her
intended target — a male praying
mantis, Mantis religiosa (Fig 2a). At this
point I hadn’'t noticed the third

protagonist in the theatre that was
unfolding before my eyes. Look again
in the top left corner of Fig 2a and
you'll see a brown female mantis.
Apparently, the male had spotted her
and was making his way towards her.
Seconds later, he fluttered up to grasp
her in a would-be loving embrace (Fig
2b). With the pair of mantises
otherwise occupied, the S. pedo made
her approach. She advanced to within
touching distance with her antennae
(Fig 2¢). and then made a lightening-
quick lunge. She grabbed the female
mantis while the male managed
miraculously to slip free (Fig 2d).

For male praying mantises, as the
story goes, mating is often the last thing
they do: female mantises turn their
heads during the act of copulation and
begin eating the males who sacrifice
their bodies to help nourish the eggs
they are fertilising. This one got lucky
and lived to mate another day. The
female, however, had no such luck as
the S. pedo started tucking in to its meal
— starting with the head (Fig 2e) and
eventually working its way down the

body.

Not only did I witness a very rare
insect in the act of catching its prey, but
the fact that the victim was not the
usual orthopteran prey of S. pedo made
the encounter especially interesting.

I posted a sequence of the attack on
the entomologiitaliani website, where
one of the people posting a comment
mentioned that he had fed M. religiosa
and another, smaller mantis species
(Ameles spallanzania) to S. pedo he had
reared!.

So what happened next? I went back
following day to see if I could find my
S. pedo again. 1 did find one, but
checking closely the photographs and
comparing various markings, I
concluded that this was a different
individual.

A vyear later, [ was back in the field
checking again — but without any luck.
Indeed, during a second check some
time later it was clear that the field had
been sprayed with slurry. Everything
was coated (it hadn’t rained for some
time), and there was not much life
anywhere. This treatment could be
considered disruptive. However, it is
worth bearing in mind that one of the
conservation issues facing the Triestine
karst is ‘rewilding’. Many grassy fields
are being neglected and bushes and
trees are encroaching into open areas.

! http://www.entomologiitaliani.net/public/forum/phpBB3/viewtopic.php?f=122&t=70891

114

The fact that a farmer was planning,
presumably, to take another crop of hay
from this field means that future
mowing will help maintain the sward —
and the habitat for this rare and unique
creature.

The fact that S. pedo eggs, laid in the
ground via that sword-like ovipositor,
can often take three or more years to
hatch, leaves me optimistic that I will
get lucky again and meet more S. pedo
in the coming years.
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