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CONTINUOUS PRODUCTION SYSTEM FOR CULTURING DIPTERAN
INSECTS

FIELD OF THE INVENTION

[001] Aspects of the invention relate to systems and conditions adapted to
enclose and continuously culture insects through various stages of an insect life
cycle, particularly flying insects that lay eggs to produce larvae. Mechanized
systems are provided that are adapted for the large scale production of insect
larvae, which may be used in linked bioconversion systems, for example systems

designed to convert organic waste materials into valuable outputs.
BACKGROUND OF THE INVENTION

[002] Some insect larvae, such as the larvae of the black soldier fly (BSF;
Hermetia illucens) are particularly well suited to converting a wide variety of
organic materials into alternative products. The organic material may for example
include commercial or residential waste products, such as fruit and vegetable
matter, coffee pulp, meat, fish, bread, grains, or manures. The value-added
products of BSF bioconversion may for example, include livestock feed or feed
ingredients (for terrestrial or aquatic animals), pet food, food stuffs for human
consumption, or plant growth media. To take advantage of this natural aptitude for
bioconversion, various techniques for utilizing BSFs in bioconversion systems
have been described, see: WO02013166590, WO02012100077 and
W02010002188,

[003] There are a number of characteristics of BSFs that have been considered
advantageous in alternative bioconversion systems. BSF larvae and prepupae are
high in protein and fatty acid content and exhibit natural behaviors that can form
the basis of self-harvesting systems. BSF adults are not generally considered to
be disease vectors. BSF larvae may demonstrate anti-pathogenic qualities
(Erickson, et al. 2004; Liu, et al. 2008). Finally, BSF larvae may be cultured so as

to produce stable colonies, at least in part because they deter colonization from
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other insect species (Bradley and Sheppard, 1984) and can survive in a variety of

environmental conditions.

[004] As a member of the Family Stratiomyidae, the BSF goes through full
metamorphosis during its lifespan. This includes the egg, larval, pupae and adult
life cycle stages. Larvae will hatch from the egg stage after 48-72 hours and go
through five instars (larval stages) before reaching the pupae stage. The first
instar (L1) will molt into the second instar (L2) within 4-5 days and generally reach
the pupae stage within a further 12-30 days, depending on temperature, humidity,
type of feed, quantity of feed, frequency of feeding, mixture of feed ingredients,
moisture of feed, starter diet, finishing diet and consistency of feed. Between the
fifth instar (L5) and the pupae stage is the prepupae stage, where BSF larvae
generally seek a drier environment to complete the metamorphosis stage of its life
cycle. The pupae stage generally lasts 7-20 days, depending on factors such as,
for example, movement, proximity to other moving pupae, level of light,
temperature and humidity, following which the adult fly will emerge. Adult BSFs
mate and gravid female BSFs will lay eggs (i.e., “oviposit”) for the next generation.
The life span of an adult BSF is generally 6-15 days, depending on humidity (e.g.,
50-90%) and/or temperature (e.g., 22-35°C) and stored energy, such as quantities
and profiles of protein and fat. The foregoing timelines associated with the typical
BSF life cycle are necessarily approximations, with variations that generally
depend on environmental conditions and food supply. For example, it has been
reported that limited food supply can extend the larval period to 4 months (Furman
et al., 1959).

[005] Under appropriate conditions, gravid female BSF adults will oviposit eggs
approximately 24-72 hours after mating. Eggs are generally oviposited in tight,
narrow spaces, such as blocks of cardboard with flutes oriented in any direction.
Females are typically attracted to oviposition sites with pungent odours, or other
biochemical signals derived from BSF eggs or gravid BSF females, as this usually
indicates a potential food source for BSF offspring. BSF adults require specific
environmental conditions to induce mating behaviors, including particular ranges
of light, space, temperature and humidity. BSF will survive and mate at
temperatures between 22°C and 35°C and humidity levels between 30% and
2
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90%. For example, BSF will survive and mate at an ambient air temperature of
approximately 25°C-30°C with a relative humidity of approximately 60-80%.It has
been reported that a BSF colony can be maintained at 22°C (Tomberlin and
Sheppard, 2002) and that the upper limit for optimal development of the BSF is
between 30-36 °C (Tomberlin et al., 2009). A study measuring BSF mating and
oviposition reported that 80% percent of egg clutches were deposited when
humidity exceeded 60% (Tomberlin and Sheppard, 2002).

SUMMARY

[006] Aspects of the invention relate to apparatus and methods for culturing
Dipteran insects, particularly Hermetia illucens. In selected aspects, the invention
includes a mating chamber that contains adult insects. The mating chamber may
include adaptations for the scheduled and/or metered introduction of inputs, such
as: empty egg laying substrate, prepupae, bedding, carbohydrate (sugar) and/or
water); and, the scheduled and/or metered collection of outputs, such as: egg
laying substrate containing eggs, exuvia and bedding, and/or dead adults. The
system may also include adaptations to optimize the use of space, including the

use of controlled environmental conditions within a confined space.

[007] In selected embadiments, the invention includes a mating chamber and a
bioconversion unit, which work in concert to facilitate alternating stages of the
insect life cycle. The mating chamber is adapted to house male and female adult
insects that mate to produce insect eggs. The eggs may then be transferred from
the mating chamber to the bioconversion unit for rearing, where insect larvae are
cultured to produce matured larvae. The mature larvae may in turn be transferred
to the mating chamber, to eclose to produce a subsequent generation of egg-

laying adult insects.

[008] In selected embodiments, the mating chamber is an enclosure, such as a
screened enclosure, for containing the adult insects, adapted to permit air
circulation into and out of the enclosure and to admit external illumination into the

enclosure. The enclosure may be provided with an entry port and an exit port for
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oviposition chambers, which may take the form of egg-laying trays stocked with an
egg-laying substrate and suitable oviposition media. Similarly, the enclosure may
also be provided with an separate entry port and an exit port for a prepupae

chamber.

[009] An oviposition chamber support housed within the enclosure may be
adapted to convey an egg laying substrate in the oviposition chamber from the
oviposition chamber entry port to the oviposition chamber exit port. Similarly, a
prepupae chamber support housed within the enclosure, adapted to convey the
prepupae chamber from the prepupae chamber entry port to the prepupae
chamber exit port. A mort collection system may be disposed along the base of
the mating chamber, adapted to convey dead insects out of the mating chamber

through a mort exit port in the enclosure.

[0010]A mechanism may be provided for sequentially passing oviposition
chambers through the enclosure along the oviposition chamber support during a
metered ovipositioning period. Similarly, a mechanism may be provided for
sequentially passing prepupae chambers through the screened enclosure along
the prepupae chamber support during a metered prepupae maturation period. In
general, the prepupae maturation period will be longer than the ovipositioning

period.

[0011] The bioconversion unit may include a plurality of segregated larval
compartments each adapted to house insect larvae and growth media. The
bioconversion unit may further include a mechanism for sequentially feeding

metered growth media to the larvae in a selected larval compartment.

[0012] Eggs produced in the mating chamber on the egg-laying substrate may be
seeded in a neonate larval compartment of the bioconversion unit, for example by
transferring the egg-laying substrate to the neonate larval compartment and
providing a neonate food source in the neonate larval compartment accessible to
neonate insect larvae. An approximated collection of eggs may be seeded in the
neonate compartment, allowed to hatch and to migrate away from the egg-laying
substrate, to mature on the neonate food source to produce matured neonate
larvae, leaving barren egg laying substrates. Barren egg-laying substrates may
4
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then be sequentially separated from matured neonate larvae and neonate larval
compartments, and returned to oviposition chambers in the mating chamber, and
matured neonate larvae are then sequentially fed with metered growth media in
larval compartments of the bioconversion unit, to produce matured larvae.
Metered populations of matured larvae may then be sequentially transferred to the

prepupae chambers in the mating chamber to eclose to produce the adult insects.

[0013] The mating chamber and bioconversion unit may be housed in a climate-
controlled enclosure, such as a greenhouse, that admits sunlight, and the mating
chamber may be positioned within the climate-controlled enclosure so that

sunlight reaches the adult insects within the mating chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is an isometric view of a selected embodiment of a mating
chamber, illustrating a screened enclosure adapted tc house male and female

insects under conditions adapted to facilitate mating to produce harvestable eggs.

[0015] Figure 2 is end elevation view of the mating chamber, illustrating a port for
a prepupae chamber, above a port for an oviposition chamber, which in turn is

above a mort exit port in the enclosure.

[0016] Figure 3 is a top view of the mating chamber, illustrating oviposition
chamber support rails and prepupae chamber support rails, within the framework
at the base of the screened enclosure.

[0017] Figure 4 is an isometric view of a prepupae tray embodiment of a

prepupae chamber.
[0018] Figure § is a top plan view of the prepupae tray embodiment.
[0019] Figure 6 is an side elevation view of the prepupae tray embodiment.

[0020] Figure 7 is an isometric view of an egg tray embodiment of an oviposition

chamber.
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[0021] Figure 8 is a top plan view of the egg tray embodiment.

[0022] Figure 9 is sectional side elevation view of the egg tray embodiment, along

axis A of Figure 8.

DETAILED DESCRIPTION

[0023] Various embodiments of the invention provide apparatus and methods for
producing and isolating BSF eggs in a self-contained environment, including the
inducement of mating and the isolation and collection of eggs with minimal

disruption of adulit fly behavior.

[0024] The Figures illustrate various aspects of a system for producing and
isolating BSF eggs. The apparatus includes mating chamber 10 and artificial light
source(s) 12 a mort (dead fly) collector 14, an oviposition chamber 16 and
oviposition chamber support 18. An attractant for gravid females may be provided
in oviposition chamber 16. Prepupae chambers 20 ride on prepupae chamber
support 22. Feed containers may be provided to convey adult insect food, such as
granulated sugar, along the oviposition chamber support or the prepupae
chamber support, and the feed containers may for example take the form of
prepupae chambers that are stocked with the insect food rather than being

seeded with matured larvae.

[0025] Mating chamber 10 may for example be constructed of a frame 24 and
mesh 26 structure, which may for example stand alone, as illustrated, or hang
from an overhead support. In the illustrated embodiment, the top portion 28 of
mating chamber 10 is rectangular in transverse cross section, with a v-shaped
bottom portion 30. The length, width and height of the cage are variable, and
repeating units may for example be provided that are attachable to form a modular
structure of alternative dimensions. For general context, an example of one
workable dimension would be approximately 60 ft long, 5 ft wide and 10 ft high.
Mating chamber 10 may be placed on casters or rails to facilitate movement of the
chambers for servicing or cleaning. In this way, the system may for example be

6
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adapted to allow mating chambers 10 to be placed side-by-side, thereby reducing
space between adjacent mating chambers 10 and reducing the overall footprint of

the facility.

[0026] Artificial lights (bulbs and fixture) may be placed so as to illuminate the
interior space of mating chambers 10, for example being positioned above the
mating chamber. For example, a combination of LED, quartz iodine, or halogen
neodymium bulbs may be used. A high UV spectrum light (black light) can also be
used, for example to attract flies to certain areas of the cage to increase lekking
behavior or for luring flies to or away from particular areas, for example to

minimize escapees during repair or servicing of the system.

[0027] The bottom portion 30 of mating chamber 10 may be trough shaped, as
illustrated, for example with an angle of less than about 40 degrees. The trough
shape may be adapted to direct dead flies (morts) into the lowest portion of the
trough, which may in turn be fashioned into a tubular mort collection system 14
adapted toc convey morts out of the mating chamber. For example, inside the
bottom portion of trough 30, a rotatable screw conveyor or auger may be
positioned so that when the screw is rotated it directs dead flies to one end of
mating chamber 10, and out through a mort exit port. For dimensional context, the
mort collection system may for example be made from a tubular structure that is
approximatly 2.5” in diameter. In selected embodiments, a vacuum may for
example be attached to the tube at the mort exit port, temporarily or permanently,
to aid in the collection of morts. In a mort collection system such as this, the screw
feeder may for example be turned mechanically, for example with a manual crank
shaft or with an electric motor. The mort collection system may be operated so as
to facilitate frequent and thorough removal of dead flies, so as to prevent the
spread of pathogens, such as mite infestations, and prevent gravid females from

being attracted to decomposing dead flies.

[0028] The mating chamber may be operated as a modular conveyor of prepupae
and oviposition chambers, on a sequential first in, first out, in-line accumulating
conveyor basis. In such a system, the addition of a freshly stocked prepupae

chamber at one end of the mating chamber, through an entry port, may be carried
7



10

15

20

25

30

out so as to cause the oldest prepupae chamber to exit at the other end of the
mating chamber through an exit port. Similarly, the addition of a freshly stocked
oviposition chamber at one end of the mating chamber, through an oviposition
chamber entry port, may be carried out so as to cause the oldest oviposition
chamber to exit at the other end of the mating chamber, through the oviposition

chamber exit port.

[0029] To facilitate operation of the mating chamber as a conveyor of prepupae and
oviposition chambers, the mating chamber may be provided with a prepupae
chamber support 22 and an oviposition chamber support 18, each of which act as
FIFO accumulating conveyors. For example, prepupae chambers 20 may ride on a
support 22 made up of rails, rollers, a belt, or a surface with reduced friction.
Alternatively, prepupae and ovipositioning supports may be formed of a continuous
or sectioned conveyor belt that runs from a port at one end of mating chamber 10
to a corresponding port at the other end of mating chamber 10. Tabs 32 on the
bottom of prepupae chamber 20 may be spaced apart less than the width of the
rails 22 in order to guide prepupue chambers 20 in a straight line. For example, tabs
32 can consist of pegs that are glued or attached to the tray or form part of the tray
mold. As with other aspects of the mating chamber interior, the surface area of the
peg may be minimized to reduce right angles that could act as egg laying areas for
gravid females. Prepupae chambers 20 may for example be pushed manually by
an operator, or fed mechanically, through an entry port at one end of the mating
chamber, which biases against a row of sequential adjoining prepupae chambers
20 riding on support 22, thus displacing the oldest, most distant prepupae chamber
20 out an exit port at the other end of mating enclosure 10. Entry and exit ports 36
are provided for prepupae chambers 20 at the ends of mating chamber 10, as
illustrated in Figure 2. The addition of a new prepupae chamber 20 thereby causes
the removal of a spent prepupae chamber 20 at the other end, in which pupae have
completed their eclosion. The spent prepupae chamber 20 may be removed from
the opposite end of the cage manually or automatically. In a exemplary
embodiment, a single prepupae chamber 20 is introduced to the mating chamber
daily, so that prepupae chambers 20 are moved one position per day as the

sequential chain of prepupae chambers 20

8
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transverses the length of the mating chamber 10. In selected embodiments, the
system may be adapted so that a prepupae chamber 20 is resident in the mating
chamber 10 for approximately 20 to 30 days, and in any event for a metered
prepupae maturation time period that is sufficient for prepupae to metamorphose

and eclose as adults.

[0030] In the illustrated embodiment, ovipositing chamber 16 consists of a
rectangular tray with risers 35 that suspend an ovipositioning substrate (such as a
honeycomb structure) above an odoriferous attractant that resides in the bottom of
the tray. The ovipositioning chamber 16 advantageously consists of smooth and
rounded surfaces, avoiding sharp corners and crevices in order to discourage egg
laying on the tray. Ovipositioning chambers 16 cycle through the mating enclosure
10 in a similar fashion to the prepupae chambers 20. In some embodiments, the
ovipositioning chamber 16 will be lighter than prepupae chambers 20, so that the
ovipositioning chamber support 18 may not require rollers. In the illustrated
embodiment, ovipositioning chamber 16 rides on support bars 18 and is manually
pushed or pulled by the operator into or out of entry and exit ports 34, as shown in
Figure 2. In this way, the addition of a new ovipositioning tray 16 through port 34
allows for the removal of an ovipositioning tray 16 at the other end of mating
chamber 10, through an opposing port. The sequential ovipositioning chambers 16
riding on support 18 may for example be connected with a hook, magnet or other
connector device, and in this way a train of ovipositioning chambers 16 may

alternatively be pulled from one end of mating chamber 10 through port 34.

[0031] Ovipositioning chambers 16 may be provided with an ovipositioning
attractant, for example a saturated 1:1 mixture of Gainesville diet (Hogsette, 1985)
mixed with BSF larvae leachate and BSF castings or a mixture of brewery grains
and/or wheat bran. Other attractants can include fermenting grain, such as corn
brewery grain, manure, decomposing food waste, BSF larvae and/or eggs, fatty
acids such as lauric acid. The ovipositioning attractant is formulated and positioned
so that it will attract gravid female BSFs to lay eggs on an ovipositioning substrate
(such as a honeycomb structure) supported in the ovipositioning chamber 16. In a

selected embodiment, a honeycomb

Date regue / Date received 2021-11-03
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ovipositioning substrate consists of material with multiple tubular openings that are
open at opposing ends, with openings that may be for example 2-3 mm in

diameter and of a variety of shapes.

[0032] In alternative embodiments, ovipositioning attractant, such as honeycomb,
may for example be suspended above the ovipositioning attractant tray on its own
support. In embodiments of this kind, the attractant may for example be provided
in a tray or on a continuous belt with sides. The attractant may be fed in one end
of the mating chamber 10 and out the other end, through ovipositioning attractant
ports. In embodiments of this kind, the ovipositioning substrate may be cycled
through mating chamber 10 during a metered period of time, for example 1-2
weeks, before being removed. In systems of this kind, larvae continuously hatch
into the attractant, which then acts as a neonate starter feed and is collected and
replaced with new feed regularly, for example every 24 hours. In this way, eggs
and hatched eggs act as an attractant for gravid females and similarly aged larvae

are collected in each batch of neonate substrate.

[0033]In selected embodiments, prepupae chambers 20 and ovipositioning
chambers 16 may be separated by spacers (eg. % inch diameter, ¥4 inch high
peg) such that chambers are separated by a gap, such as a gap of ¥ inch or
more, to discourage gravid females from laying eggs in the cracks between
chambers. The spacers may for example be formed as a unitary part of the
chambers 16, 20 or may be provided as detachable spacers. Advantageously,
trays 16, 20 are smooth with rounded surfaces (having no right angles) in order to

discourage egg laying on the tray.

[0034] In selected embodiments, ovipositioning trays 16 and prepupae trays 20
are accessed through ports 34, 36, in an arrangement wherein each port is
provided with two alternative doors. The alternative doors may for example be
constructed to open on opposite sides of the relevant port (top/bottom or left/right).
In this system, a primary door is solid, and fully closes the port opening. A
secondary door defines an inner opening of smaller dimensions than the port

opening, with a deformable inner edge on the inner door opening having

10
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dimensions slightly smaller than the transverse cross-sectional dimensions of the
ovipositioning or prepupae chambers. During servicing of the ovipositioning or
prepupae chambers, the primary door is opened and the secondary door is
closed, the secondary door providing access to the chambers through the smaller
inner opening therein. When mating chamber 10 is not being serviced, the primary
door is closed and the secondary door is open. The inner edges of the secondary
door form a deformable opening on the door, for example consisting of bristles
and or weather stripping material. As ovipositing or prepupae chambers are pulled
or pushed into or out of mating chamber 10, flies are swept off the chambers and
substrate by the material of the deformable inner opening, so that adult insects do
not escape from mating chamber 10. The primary door allows complete closure of
the port opening, while the secondary door allows for flies to be swept off of the
chambers as each chamber exits a mating chamber port 34, 36. A two-door
system also allows the inner side of each door to be cleaned without flies

escaping.

[0035] In alternative embodiments, adult insects in mating chamber 10 may be
watered using a dedicated watering system. In one embodiment, a radiator line
(tube and attached surface area, such as a metal plate) may run the length of the
inside of mating chamber 10. A cold fluid, such as water, runs through the radiator
line with the temperature of the fluid in the line being below the dew point of the
environment (humid air) inside mating chamber 10. In this system, condensation
occurs on the metal plates, and flies can drink from this condensate. The fluid
temperature may be controlled to prevent excessive dripping from the metal plate.
The surface of the metal may be white, to reflect light which attracts flies to the
drinking surface. The surface may also be angled away from horizontal, for
example at up to 45 degrees, to prevent dead flies from gathering on the surface.
In alternative embodiments, low pressure misters may be placed inside or outside
the mating chamber 10, such that water droplets accumulate on the sides of the
mating chamber mesh or screen, which then acts as a drinking surface for adult
flies.

11
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[0036] In selected embodiments, adult insects may be provided with a food
source, such as a solid sugar substrate, for example a granular or powdered form
of solid sugar. It has unexpectedly been discovered that this is effective to
increase egg production and longevity of BSFs. . The same system that is used as
a prepupae chamber system can be adapted for use as an adult insect feed
holding and delivery system, including a feeding chamber that moves through the
mating chamber along the prepupae chamber support. For example, every 5"
prepupae chamber may be designated as a feeding chamber. In select
embodiments, rice or an alternative type of absorbent may be added to the solid
sugar in the feeding chamber to prevent crusting. As the feeding chamber
transverses the length of mating chamber 10, for example over a period of 20-30
days, the sugar is consumed by adult flies. An access point, such as a zippered
opening in a mesh side, may be inserted at one or more locations along the length
of the mating chamber 10, to replenish the feeding chamber with sugar. Although
it is widely suggested that adult BSF flies do not consume solid food, adults have
been observed in accordance with aspects of the present invention consuming
meaningful amounts, for example up to 40 mg, of dry granular sugar over the life
of the adult fly. Dry solid sugar generally does not act as an attractant for egg
laying females, as females prefer to lay eggs near moister substrates. The feeding
chamber may be stocked with additional or alternative sources of nutrition, such

as protein, minerals, vitamins or probiotics.

[0037] Once eggs are provided by the mating chamber systems, the process of
hatching eggs and growing larvae occurs in the bioconversion system. In select
embodiments, this bioconversion system consists of stacked trays, which may be
of similar or different in size and material. For example, trays may consist of a
bottom, 4 sides, and be of at least approximately 5 inches in depth. Trays may be
stocked and used interchangeably for a series of segregated tasks: incubation of

larvae, grow-out of larvae, or grow-out of prepupae.

[0038]In an exemplary bioconversion system, FILO (first in, [ast out) stacks
consist of stacked trays, held by vertical supports with a gap (for example of at

least about 5 inches) between trays, to allow for air exchange. Stacks are
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positioned next to each other with shared supporting posts so that there are no
aisles between stacks. A crane suspended from the ceiling or straddling the FILO
stacks on rails is positionable to position and transport individual trays to a feed
station (where the grow-out trays are fed) or a transfer station in which they are
moved out of the stacked system on rollers onto a work station. Multiple cranes
can be used to service a single bioconversion unit system (for example 1 crane
per row of FILO stacks). A single FILO stack may advantageously remain empty,

so that all trays can be cycled through the feeding station.

[0039] Once trays reach a work station, they can be moved automatically or
manually on rollers to other work stations for servicing (ie. adding/removing egg
laying substrate or incubation feeding | or IlI). An additional crane can be used to
transport the tray to a harvesting station. The harvesting station may include a
hopper located below the crane/tray. The crane may be positionable to empty the
contents by rotating its attachments on the longitudinal axis of the tray, so that the
tray is turned upside down and all contents are removed. Alternatively, the crane
may set the tray in a tipper unit that is physically independent of the crane.
Contents in the hopper can then be transported to a separation station via a belt

conveyor or vacuum system.

[0040] At the separation station, larvae and larvae frass (dried digestate and other
material) can be separated, for example with the use of a zig-zag air separator
and/or sieve/ screener. Larvae and frass may then be processed separately. For
example, frass may be dried and heat treated, larvae may be washed, cooked,

dried, cooled or defatted.

[0041]In order to maximize hatching success, egg laying substrate may be
suspended above a source of neonate feed and incubated in a humid (such as
>90% RH) and warm (30-35C) environment. An example of a food source for
newly hatched larvae (neonates) consists of a saturated mixture of approximately
90% brewery grain and 10% wheat bran. In select embodiments, it has been
discovered that the mixture of brewery grains and wheat bran can increase the

growth rate of larvae by 3-4 times compared to either ingredient on its own. A

13



10

20

30

CA 02955867 2017-01-20

WO 2016/011541 PCT/CA2015/050653

preservative, such as 0.3% sorbic acid or potassium sorbate may be mixed with
the neonate feed to prevent the growth of fungus during the first 4 days of

incubation (Incubation I).

[0042] During a second phase of neonate incubation (Incubation Il), egg laying
substrate is removed from the trays and a second feeding is provided. To
maximize production and consistency of larval growth, specific larval growth
parameters may be adopted in sequential stages of the bioconversion unit, such
as metering the number of larvae per unit space (surface area and volume),
adjusting feeding frequency and maintaining feed quantity. A target number of
larvae per unit space may be optimal in alternative life-cycle stages (L3, L4, L5).
In select embodiments, following a selected incubation period, such as
approximately 8 days, one or multiple batches of larvae (in incubation trays) are
transferred into a mixing device (such as ribbon mixer or drum mixer). As the
device mixes the contents, or immediately after mixing, a subsample of
larvae/feed mix is extracted from the larvae/feed mix. An estimate of the number
of larvae is determined, for example using a minimum of 3 subsamples (# of
larvae = # of larvae in the larvae:feed mix/weight of larvae:feed mix x weight of
totat larvae:feed mix). A grow-out tray is then placed underneath the mixing
device onto a load-cell. New feed is added to the grow-out tray. The appropriate
amount of larvae:feed mix can then be deposited on top of the new feed in the
grow-out tray until the target weight/number of larvae is reached. During larval
grow-out in the bioconversion unit, each tray may be fed daily or on alternating

days.

[0043] In select embodiments, an HVAC system may be deployed around the
stacks of the bioconversion unit. In this system, temperature controlled air is
pushed and pulled through the stacked system to aid in the removal of carbon

dioxide, ammonia, H20 and other metabolic by-producis.

[0044] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in

accordance with the common general knowledge of those skilled in this art. Such
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modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way.
Numeric ranges are inclusive of the numbers defining the range. The word
"comprising” is used herein as an open-ended term, substantially equivalent to the

s phrase ‘"including, but not limited to", and the word "comprises" has a
correspaonding meaning. As used herein, the singular forms "a", "an" and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a thing" includes more than one such thing. Citation of
references herein is not an admission that such references are prior art to the

10 present invention. The invention includes all embodiments and variations
substantially as hereinbefore described and with reference to the examples and
drawings.
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Claims:
1. A continuous system for culturing dipteran insects, comprising:

a mating chamber and a bioconversion unit, wherein the mating chamber is adapted to
house male and female adult insects that mate to produce insect eggs that are transferred from the
mating chamber to the bioconversion unit for rearing, and the bioconversion unit is adapted to
rear insect larvae to produce matured larvae that are transferred to the mating chamber to eclose
to produce adult insects;

the mating chamber comprising:

an enclosure for containing the adult insects, adapted to permit air
circulation into and out of the enclosure and to admit external illumination into
the enclosure, the enclosure having an entry port and an exit port for an
oviposition chamber, and an entry port and an exit port for a prepupae chamber;

an oviposition chamber support housed within the enclosure, adapted to
convey an egg laying substrate in the oviposition chamber from the oviposition
chamber entry port to the oviposition chamber exit port;

a prepupae chamber support housed within the enclosure, adapted to
convey the prepupae chamber from the prepupae chamber entry port to the
prepupae chamber exit port;

a mort collection system disposed along a base of the mating chamber,
adapted to convey dead insects out of the mating chamber through a mort exit port
in the enclosure; and,

a mechanism for sequentially passing oviposition chambers through the
enclosure along the oviposition chamber support during a metered ovipositioning
period;

a mechanism for sequentially passing prepupae chambers through a
screened enclosure along the prepupae chamber support during a metered
prepupae maturation period, wherein the prepupae maturation period is longer
than the ovipositioning period;

the bioconversion unit comprising:

a plurality of segregated larval compartments each adapted to house insect

larvae and growth media; and,
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a mechanism for sequentially feeding metered growth media to the larvae
in a selected larval compartment;

wherein eggs produced in the mating chamber on an egg-laying substrate are seeded in a
neonate larval compartment of the bioconversion unit by transferring the egg-laying substrate to
the neonate larval compartment and providing a neonate food source in the neonate larval
compartment accessible to neonate insect larvae, wherein a collection of eggs or hatched
neonates are seeded in the neonate compartment and allowed to mature on the neonate food
source to produce matured neonate larvae; and,

wherein barren egg-laying substrates are sequentially separated from matured neonate
larvae and neonate larval compartments, and returned to oviposition chambers in the mating
chamber, and matured neonate larvae are then sequentially fed with metered growth media in
larval compartments of the bioconversion unit, to produce matured larvae, and metered
populations of matured larvae are then sequentially transferred to the prepupae chambers in the

mating chamber to eclose to produce the adult insects.

2. The system of claim 1, wherein the mating chamber and bioconversion unit are housed in

a climate-controlled enclosure.

3. The system of claim 2, wherein the climate controlled enclosure admits sunlight and/or
artificial light, and the mating chamber is positioned within the climate-controlled enclosure so

that sunlight reaches the adult insects within the mating chamber.

4. The system of any one of claims 1 to 3, wherein matured larvae are segregated and

harvested from the bioconversion unit to produce a feed.

5. The system of claim 4, wherein the feed comprises separate meal fractions having distinct

protein and lipid components.

6. The system of any one of claims 1 to 5, wherein frass produced by maturing larvae in the

bioconversion unit is segregated and harvested from the bioconversion unit.
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7. The system of any one of claims 1 to 6, wherein the mating chamber comprises a feeding

mechanism for introducing adult fly food into the chamber.

8. The system of claim 7, wherein the feeding mechanism comprises an adult feed container
comprising an adult fly food, adapted to travel along the oviposition chamber support or the

prepupae chamber support.

9. The system of claim 8, wherein the adult fly food comprises solid sugar.

10.  The system of any one of claims 1 to 9, further comprising a light source positioned to
illuminate the enclosure, wherein the prepupae chambers are positioned between the light source
and the ovipositioning chambers in the mating chamber, so that the prepupae chambers shade the

ovipositioning chambers from the light source.

11.  The system of any one of claims 1 to 10, wherein the neonate food source comprises a

combination of brewery grains and wheat bran.

12.  The system of claim 11, wherein the neonate food source comprises from 80% to 95%

brewery grains and from 5% to 20% wheat bran.

13.  The system of any one of claims 1 to 12, wherein the dipteran insects comprise Hermetia
illucens.
14.  The system of any one of claims 1 to 13, wherein the bioconversion unit further

comprises a first in, last out, system of stacked larval compartments.

15.  The system of claim 14, wherein the bioconversion unit further comprises one or more

cranes positionable to position and transport larval compartments.

16. A mating chamber for culturing dipteran insects, comprising:

18

Date regue/date received 2021-10-22



an enclosure for containing adult insects, adapted to permit air circulation into and out of
the enclosure and to admit external illumination into the enclosure, the enclosure having an entry
port and an exit port for an oviposition chamber, and an entry port and an exit port for a prepupae
chamber;

an oviposition chamber support housed within the enclosure, adapted to convey an egg
laying substrate in the oviposition chamber from the oviposition chamber entry port to the
oviposition chamber exit port;

a prepupae chamber support housed within the enclosure, adapted to convey the prepupae
chamber from the prepupae chamber entry port to the prepupae chamber exit port;

a mort collection system disposed along a base of the mating chamber, adapted to convey
dead insects out of the mating chamber through a mort exit port in the enclosure; and,

a mechanism for sequentially passing oviposition chambers through the enclosure along
the oviposition chamber support during a metered ovipositioning period; and,

a mechanism for sequentially passing prepupae chambers through a screened enclosure
along the prepupae chamber support during a metered prepupae maturation period, wherein the

prepupae maturation period is longer than the ovipositioning period.
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