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CONTAINED SYSTEMS TO PROVIDE REPRODUCTIVE HABITAT FOR
HERMETIA ILLUCENS

FIELD OF THE INVENTION

5 [001] The invention relates to apparatus and methods for culturing Dipteran
insects, particularly Hermetia illucens (commonly referred to as the black soldier
fly). In particular, the invention includes apparatus and methods for producing
black soldier fly eggs.

BACKGROUND OF THE INVENTION

[002] Larvae of the black soldier fly (BSF; Hermetia illucens; as utilized herein,
15 BSFs means black soldier flies) are well suited to converting organic waste
products, such as fruit and vegetable matter (including coffee pulp), meat and fish,
bread and grains, and manures, into market-valuable products, such as livestock
(terrestrial or aquatic) feed or feed ingredients, pet food, food stuffs for human
consumption, and plant growth supplements. Advantages of BSFs include the
20 following: (i) BSFs are indigenous to the Americas and are now found in many
parts of the world; (i) BSF larvae grow on a wide variety of organic waste
products; (iii) BSF larvae and prepupae are high in protein and fatty acid content
and self-harvesting; (iv) BSF adults do not need food and are therefore are not
known as a disease vector; (v) BSF larvae demonstrate anti-pathogenic qualities
25 (Erickson, et al. 2004; Liu, et al. 2008); and (vi) BSF larvae produce stable
colonies because they deter colonization from other insect species (Bradley and

Sheppard, 1984)and can survive in a variety of environmental conditions.
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[003] 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, and for example, within 12-18 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 seek a drier environment, for example an
environment that is less saturated or less than 100% moisture, to complete the
metamorphosis stage of its life cycle. Accordingly, prepupae will crawl away from
their “juvenile” feeding grounds, i.e., the organic wastes. This dispersal behavior
translates into a “self-harvesting” mechanism which allows for a convenient
collection of prepupae. Self-harvesting is further facilitated by the fact that BSF
larvae are negatively phototactic and thus light can be used to encourage
migration in desired directions upon user demand. The pupae stage generally
lasts 9-20 days, and for example, 7-10 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, and, for example, 7-10 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 timeline for
the aforementioned life cycle is approximate and depends 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 ef al., 1959).

[004] 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, as this
usually indicates a potential food source for BSF offspring. BSF adults require

specific environmental conditions to induce mating behaviors, including specific

2

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/166590

CA 02871196 2014-10-22

PCT/CA2013/000457

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
90%, and 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%.!t 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 cluiches were deposited when
humidity exceeded 60% (Tomberlin and Sheppard, 2002).

Direct sunlight has been reported to encourage mating (but not ovipositing) in BSF
(Tomberlin and Sheppard, 2002). Accordingly, BSF mating is limited by weather
conditions and time of year for non-tropical regions. Several artificial lights have
been tested in lieu of sunlight. A 40W Sylvania Gro Lux® (Orson Sylvania Inc.,
Danvers, MA) and a 430W Pro Ultralight Light System® (Hydrofarm Inc.
Petaluma, CA) were each reported to be unsuccessful in eliciting mating behavior
(Tomberlin and Sheppard, 2002). Similarly, a 450W (measured light intensity of
160 pmol-m™?-s™", 50 cm below the bulb) rare earth light (Engineering University
Infrared Technology Research Institute, Harbin, Heilung-Kiang China) reportedly
failed to stimulate mating (Zhang et al.,, 2010). To date, the only artificial light
source that has been reported to stimulate mating in BSF is a 500W (measured
light intensity of 160 umol-m™?-s™, 50 cm below the bulb) quartz-iodine lamp, which
yielded 61.9% mating success compared to natural sunlight (Zhang et al., 2010).

[005] Additionally, traditional BSF rearing systems consist of cages or
greenhouses that require workers to enter or reach inside the cage with adults to
add new prepupae to a pupation chamber, to collect eggs deposited on cardboard
blocks, and to collect mortalities by sweeping or vacuuming. Requiring human
workers to enter and exit the cage is disruptive because it allows flies to escape,
disrupts mating behavior, potentially stresses flies by stimulating flight reactions
and inadvertently leads to collecting live flies mortalities.

SUMMARY
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[oos] Various embodiments of the invention provide a method of inducing btack
soldier flies (BSFs) to mate is provided. The method involves exposing at least
one male BSF and at least one female BSF to artificial light. The artificial light
includes at least one wavelength in a visible spectrum and at least one
wavelength in an ultraviolet spectrum. The method detailed herein may include an
artificial light that has a visible and UV light intensity that is less than 400
umol-m?Zs™ and less than 100 yW-cm?-s™, respectively. Optionally, the at least
one wavelength in the visible spectrum may be produced using a 300 to 500W
quartz-iodine lamp and the at least one wavelength in the ultraviolet spectrum
may be produced using a 50W halogen ilamp.

[007] Various embodiments of the invention provide an apparatus for inducing
BSFs to mate. The apparatus includes a mating chamber for receiving at least
one male BSF and at least one female BSF. The apparatus further includes at
least one artificial light source, wherein the at least one artificial light source is
configured to illuminate the chamber with at least one wavelength in the visible
spectrum and at least one wavelength in the ultraviolet spectrum. The artificial
light source may be configured to emit light with a visible light intensity that is less
than 400 umol-m?-s™. The at least one wavelength in the visible spectrum may be
produced using a 300 to 500W quartz-iodine lamp. The at least one wavelength
in the ultraviolet spectrum may be produced using a 50W halogen lamp.

[008] Various embodiment of the invention provide an apparatus for collecting
black soldier fly eggs. The apparatus includes a mating chamber defined by at
least one mating chamber wall, wherein the at least one mating chamber wall
further defines a mating chamber opening for admitting BSFs into the mating
chamber. The apparatus further includes at least one artificial light source
configured to illuminate the mating chamber with at least one wavelength in the
visible spectrum and at least one wavelength in the ultraviolet spectrum. The
apparatus may further include an oviposition chamber in communication with the
mating chamber. The oviposition chamber may be positioned within the mating
chamber. The oviposition chamber may be defined by at least one oviposition
chamber wall, wherein the at least one oviposition chamber wall further defines an

oviposition chamber opening for receiving gravid BSFs into the oviposition
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chamber. The oviposition chamber may include an oviposition shade for shading
gravid BSFs from the at least one artificial light source, and a collector for
collecting BSF eggs oviposited by gravid BSFs. The artificial light source may be
configured to provide visible light with a visible light intensity that is less than
about 400 umolsm-2+s-1 and uitraviolet light with an ultraviolet light intensity that is
less than about 100 pWecme-2+s-1. The artificial light source may include a 300 to
500W quartz-iodine lamp for generating the at least one wavelength in the visible
spectrum and a 50W halogen lamp for producing the at least one wavelength in
the ultraviolet spectrum. The collector may include a plurality of substantially
vertical flutes or tubes. The oviposition chamber may further include an attractant
for attracting gravid BSFs. The oviposition may further include an upper drawer
and a lower drawer, wherein each of the upper drawer and the lower drawer is
configured to open to the exterior of the mating chamber, and wherein the
collector is situated on the upper drawer and the attractant is situated on the lower

drawer.

[008] The apparatuses described above may further include a pupation chamber
in communication with the mating chamber via the mating chamber opening. The
pupation chamber may include a pupation chamber shade for shading pupae from
the artificial light source. The pupation chamber may be positioned within the
mating chamber and include an opening for permitting emergent BSFs to exit the
pupation chamber into the mating chamber. Alternatively, communication
between the pupation chamber and the mating chamber may be provided by a
conduit. The apparatuses may further include a blower in communication with
the conduit for blowing BSFs in the conduit toward the mating chamber. The
conduit may include a check valve through which BSFs must pass in order to
access the mating chamber. The check valve may open in response to pressure,
or a force, generated by the blower. The apparatuses may further include a
conduit light source configured to illuminate a portion of the conduit to attract
migration of BSFs from the pupation chamber to the conduit. The conduit may
include a one-way passage or duct, e.g. a funnel, through which BSFs must pass
in order to access the mating chamber, wherein the funnel tapers toward the

mating chamber.
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[0010] Various embodiments of the invention provide kits for constructing the
apparatuses described above.

[0011] Various embodiments of the invention provide a method for converting
organic waste material. The method includes isolating BSF eggs using the
apparatus described above, distributing the BSF eggs in an environment
containing organic waste material, and maintaining the BSF eggs in the
environment until the BSF eggs hatch to become BSF larvae capable of
converting organic waste material. The BSF eggs may be maintained in a

digester containing organic waste material.

[0012] Various embodiments of the invention provide a method of isolating BSF
eggs. The method includes the following steps: a) providing at least one male
BSF and at least one female BSF to a mating chamber; b) illuminating the mating
chamber with artificial light comprising at least one wavelength in a visible
spectrum and at least one wavelength in an ultraviolet spectrum to induce the at
least one male BSF and the at least one female BSF to mate; c) attracting gravid
BSFs to an oviposition chamber in communication with the mating chamber,
wherein the oviposition chamber is configured to receive eggs from the gravid
BSFs; d) shading gravid BSFs in the oviposition chamber to induce the gravid
BSFs to oviposit eggs; and e) collecting eggs oviposited by the gravid BSFs. The
at least one artificial light may include visible light having a visible light intensity
that is less than 400 pmolsm-2+s-1 and ultraviolet light having an ultraviolet light
intensity that is less than 100 pWecme-2+s-1. The at least one artificial light source
may include a 300 to 500W quartz-iodine lamp for generating the at least one
wavelength in the visible spectrum and a 50W halogen lamp for producing the at
least one wavelength in the ultraviolet spectrum.  Step a) may further include
providing at least one male BSF pupa and at least one female BSF pupa into a
pupation chamber in communication with the mating chamber and shading the at
least one male BSF pupa and the at least one female BSF pupa from the artificial
light source. The method may further include removing the at ieast one male
BSF and the at least one female BSF from the mating chamber once the at least
one male BSF and the at least one female BSF are deceased, wherein living

BSFs are not removed from the mating chamber, which may include opening a

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

CA 02871196 2014-10-22

WO 2013/166590 PCT/CA2013/000457

sealable aperture on the mating chamber. Collecting eggs oviposited by the
gravid BSFs may include collecting eggs in a plurality of substantially vertical
flutes or tubes positioned in the oviposition chamber. Attracting gravid BSFs to the
oviposition chamber may include supplying an attractant for attracting the gravid
female BSFs. The attractant may be an approximately saturated 1:1 mixture of
Gainesville diet and BSF castings.

[0013] Various embodiments of the inventions provide a method for converting
organic waste material. The method includes isolating BSF eggs according to the
method described above, distributing the isolated BSF eggs in an environment
containing organic waste material, and maintaining the BSF eggs in the
environment untif the BSF eggs hatch to become BSF larvae capable of
converting organic waste material. The BSF eggs may be maintained in a

digester containing organic waste material.

[0014] Various embodiment of the invention provide a method of isolating BSF
eggs. The method involves inputting at least one male BSF and at least one
female BSF into a mating chamber. The method further involves inducing the at
least one male BSF and the at least one female BSF to mate by iluminating the
interior of the mating chamber with artificial light having at feast one wavelength in
a visible spectrum and at least one wavelength in an ultraviolet spectrum. The
method further involves providing an oviposition chamber that is connected to the
mating chamber. The oviposition chamber is adapted for BSF eggs to be
oviposited by at least one gravid female BSF. The oviposition chamber includes a
passage for the at least one gravid female BSF to travel from the interior of the
mating chamber to the oviposition chamber. The oviposition chamber further
includes a shade positioned to shade ovipositing female BSFs from the artificial
light. The oviposition chamber further includes a collector for receiving the BSF
eggs from the gravid female BSF. The method detailed herein further involves
collecting the BSF eggs.

{00151 The method may include an arfificial light that has a visible and UV light
intensity that is less than 400 pmolm?2s™ and less than 100 pwW-cm?s™
respectively. Optionally, the at least one wavelength in the visible spectrum may
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be produced using a 300 to 500W quartz-iodine lamp and the at least one
wavelength in the ultraviolet spectrum may be produced using a 50W halogen

lamp.

[0016] The method may involve inputting at least one male BSF pupa and at least
one female BSF pupa into a pupation chamber. The pupation chamber may
include a second passage connecting the pupation chamber to the interior of the
mating chamber. The pupation chamber may include an opening for inputting the
at least one male BSF pupa and the at least one female BSF pupa into the
pupation chamber. The pupation chamber may include a second shade for
shading the at least one male BSF pupa and the at least one female BSF pupa
from the artificial light source. Further, the method may involve removing the at
least one male BSF and the at least one female BSF from the mating chamber
once the at least one male BSF and the at least one female BSF are deceased,
wherein living BSFs are not removed from the mating chamber. Further, the
method may involve collecting the BSF eggs by using a sealable aperture on the
mating chamber. Optionally, the collector includes a plurality of substantially
vertical flutes or tubes. Further, and optionally, the oviposition chamber includes

an attractant for attracting gravid female BSFs.

[0017] The method may further include a collector that is situated on an upper
drawer that provides outside access to the interior of the mating chamber.
Optionally, the attractant is situated on a lower drawer that provides outside
access to the interior of the mating chamber. Further, the method may involve
opening the upper drawer and removing the collector. Optionally, the attractant is
approximately a saturated 1.1 mixture of Gainesville diet and BSF castings.

[0o18] Various embodiments of the invention provide an apparatus for isolating
BSF eggs is provided. The apparatus includes a mating chamber having an
opening for inputting at least one BSF and at least one female BSF into the
mating chamber. The apparatus further includes at least one artificial light source
configured to illuminate the inside of the mating chamber with at least one
wavelength in a visible spectrum and at least one wavelength in an ultraviolet
spectrum. The apparatus further includes an oviposition chamber having access
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to the interior of the mating chamber. The apparatus further includes a shade for
shading ovipositing BSFs from the at least one artificial light source. Further, the
apparatus includes a coliector for receiving the BSF eggs from the gravid female
BSFs. The apparatus detailed herein may include an artificial light source that
provides a visible and UV light intensity that is less than 400 ymol-m?:s™ and less
than 100 pW-cm?s™, respectively. Optionally, the at least one wavelength in the
visible spectrum may be produced using a 300 to 500W quartz-iodine lamp and
the at [east one wavelength in the ultraviolet spectrum may be produced using a
50W halogen [amp. The apparatus detailed herein may include a pupation
chamber having an interior that is connected to the opening and a second shade
for shading the BSF pupae in the pupation chamber from the at least one artificial
light source. Further, the apparatus may include means for removing dead BSFs
from the mating chamber. The means for removing dead BSFs from the mating
chamber may include an interior surface of the mating chamber that tapers to a
sealable opening on an underside of the mating chamber. Further, the collector
may include a plurality of substantially vertical flutes or tubes. Further, the
oviposition chamber may include an attractant for attracting gravid female BSFs.
Further, the apparatus may include an upper drawer and a lower drawer, each
providing outside access to the interior of the mating chamber, wherein the
collector is situated on the upper drawer and the attractant is situated on the lower

drawer.

[0019] Various embodiments of the invention provide a method for converting
organic waste material. The method involves isolating BSF eggs according to the
methods detailed herein. The method further involves distributing the BSF eggs in
an environment containing organic waste material. The method further involves
maintaining the BSF eggs in the environment until the BSF eggs hatch to become
BSF larvae capable of converting organic waste material.

[0020] Various embodiments of the invention provide a method for converting
organic waste material. The method involves isolating BSF eggs using the
apparatus detailed herein; distributing the BSF eggs in an environment containing
organic waste material; and maintaining the BSF eggs in the environment until the
BSF eggs hatch to become BSF larvae capable of converting organic waste
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material. The methods detailed herein may involve maintaining the BSF eggs in a

digester that contains organic waste material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a perspective view of an apparatus for producing black soldier

fly eggs according to a first embodiment of the invention..

[0022] Figure 2 is a perspective view of an apparatus for producing black soldier
fly eggs according to a second embodiment of the invention in which the
oviposition chamber is accessible from outside the apparatus using a drawer

system.

[0023] Figure 3A is a perspective view of a pupation chamber utilizing a drawer
system for use with various embodiments of the invention.

[0024] Figure 3B is a perspective view of a pupation chamber utilizing a drawer

system for use with various embodiments of the invention.

[0025] Figure 4A is a perspective view of a pupation chamber utilizing a blower to

blow emergent black soldier flies toward the mating chamber.
[0026] Figure 4B is a top view of the pupation chamber illustrated in Figure 4A.

foo27] Figure 5 is a perspective view of a connection between a pupation
chamber and a mating chamber including a funnel trap for preventing retreat of
black soldier flies from the mating chamber.

[0028] Figure 6 a cross-sectional view of the connection illustrated in Figure 5.

[0029] Figure 7 is a perspective view of a connection between a pupation
chamber and a mating chamber including a tapered slot with offset end edges for

preventing retreat of black soldier flies from the mating chamber.

[0030] Figure 8 a cross-sectional view of the connection illustrated in Figure 7.

10
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[0031] Figure 9 is a cross-sectional top view of an embodiment of the invention in
which the pupation chamber is positioned within the mating chamber and
comprises a drawer system by which pupae and prepupae may be intoducted to

the pupation chamber from the exterior of the mating chamber.
DETAILED DESCRIPTION

[0032] Various embodiments of the invention provide an apparatus and methods
for producing and isolating BSF eggs in a self-contained environment, including
the inducement of mating and the convenient isolation and collection of eggs with
minimal disruption of fly behaviors. The following exemplary embodiments are
provided for illustrative purposes, and are not intended to be limiting.

[0033] Referring to Figure 1, an apparatus for producing and isolating BSF eggs
according to a first embodiment of the invention is shown generally at 90. The
apparatus includes a mating chamber 100, an artificial light source 110, and an
oviposition chamber 120 in communication with the mating chamber. Optional
features include a pupation chamber 130 and a mort chamber 140, both of which
can be placed in communication with mating chamber 100.

[0034] Mating chamber. Mating chamber 100 is defined by a plurality of walls, e.g.

cylindrical upper wall 101 and lower conical wall 105. A person of ordinary skill in
the art will understand, however, that mating chambers according to various
embodiments of the invention may be defined by any number of walls, including a
single wall. Walls 101 and 105 may be constructed from a plastic mesh material
or other appropriate material. For example, walls 101 and 105 may be constructed
of Lumite (Lumite Co., Baldwin, Georgia) because it is durable, heat- and UV-
resistant. Further, light colored materials (e.g., white or yellow) may be used as
they reflect light and may also encourage BSF mating. The mating chamber 100
may be of any reasonable size and shape, for example a square or cylinder.
Preferably, the bottom of the mating chamber is conical or v-shaped. For
example, the mating chamber 100 may be generally cylindrical with a total volume
of approximately 1.3 m*. Further, and for example, the height of the mating

chamber 100 will be limited (for example, to approximately 3 m or less) based on
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light diffusion from above. Alternatively, the generally cylindrical upper wall 101
(e.g., ~1.5 m in height, ~0.9 m in diameter) may be connected at the bottom to
wall 105 which defines a funnel-shaped mort chamber 140.

[0o351 Wall 101 includes a means of accessing the chamber 100 from the exterior,
e.g. zipper 102 (e.g., ~90 cm long) located approximately 15 cm from the top of
the mort chamber 140. However, a variety of sealable openings may be used.
Additional access points may be provided as needed. For example, an
approximate 0.15 m opening in wall 101 may provide an additional access for
pupation chamber 130. The top of wall 101 may include a plurality of loops 103 for
suspending the mating chamber 100 off the floor. Additional loops may be
included on the inside of the mating chamber 100 from which plastic mesh or
other suitable material may be suspended to increase the inner surface area for
adult BSF to rest on (not shown in Figures).

[0036] The mating chamber 100 may be maintained at an air temperature of
approximately 29°C with a relative humidity of approximately 70%. Humidity may
be maintained with, for example, a manual or automated humidifier; for example,
a Sunbeam® humidifier may be employed. While adult BSF do not eat, they may
be kept hydrated using a hydration system. Serving as an example, an Exo Terra®
Monsoon RS4000 High Pressure Rain System may be installed and programmed
to spray distilled water for approximately 12-16 seconds at 1 hour intervals.

[00371 Adult BSF may be added directly to the mating chamber 100 through an
opening, e.g., through the zipper 102. Alternatively, adult BSF may be added
indirectly to the mating chamber 100 by adding pupae or prepupag to pupation
chamber 130 through the pupation chamber portal 131. Pupation chamber 130
may be in communication with mating chamber 130 by means of conduit 134.
Accordingly, newly emergent adult BSF may migrate from the pupation chamber
130 to tubular conduit 134, and toward mating chamber 100.

[0038] Pupation Chamber. The pupation chamber 130 may be constructed from

any appropriate material, for example plastic or metal, according to any
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reasonable dimensions. For example, a plastic tote of approximate dimensions 2 x
1.5 x 1.5 feet may be used. The pupation chamber 130 may be kept at
approximately 60-95% humidity, for example 80-90% humidity. The pupation
chamber 130 may be kept at approximately and 25°C-35°C, for example 28°C-
30°C using a control system and probe (e.g., Zoo Med's Hydrotherm™). For
example, humidity may be introduced with a fogging system (serving as an e.g,,
Zoo Med's Repti Fogger™ Terrarium Humidifier) and heat may be applied with a
standard electric heating cable or ceramic heater or any other suitable heater.

Dehumidification may be applied with a blower system.

[0039] BSF pupae or prepupae may be introduced to the pupation chamber 130
through a pupation chamber portal 131, which for example may be a PVC tubular
conduit with cap located on the upper side of the pupation chamber 130. The top
of the pupation chamber 130 may be covered with a mesh screen 132 that tapers
to a tubular conduit 134 connecting the pupation chamber 130 with the mating
chamber 100 or mort chamber 140. In the illustrated embodiment, conduit 134
connects the pupation chamber 130 with the mort chamber 140, which in turn is in
communication with the mating chamber 100. The conduit 134 may be made of
mesh or any other suitable material. A cover 133 may be placed over the mesh
screen 132 to keep humidity inside and light out. The cover 133 may be made of
plastic or any other suitable material. The opening to the conduit 134 is not
blocked by the cover 133 so that when adult BSF emerge from pupation they are
attracted to light shining from above through a sidewall of the tubular conduit 134,
or light shining through tubular conduit 134 from mating chamber 100. Adult BSF
may fly or walk through tubular conduit 134. The tubular conduit 134 may be
angied at approximately 0 to 45 degrees relative to the base of the pupation
chamber 130 to allow for light to enter, while maintaining an angle that matches

the typical flight angle of BSF adults.

[0040] Referring to Figure 3A, a pupation chamber according to various
embodiments of the invention is shown generally at 330. Pupation chamber 330
includes a system of drawers 354 supported by a hollow frame 351. The system
of drawers 354 allows for temporal (age) organization of the prepupae which enter
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chamber 330. The system further allows for easy removal of empty pupation
exuviae after emergence has completed, and restocking of new prepupae. The
system can provide drawer-specific control of environmental conditions (e.g.,
temperature and humidity). A yet further advantage of the drawer system is that it
allows for expansion through the addition of additional drawer units into the
system. Pupation chamber 330, for example, may be provided with eight (8)
drawers, however a person skilled in the art will understand that only a subset of
the total drawers may be used at any time.

[0041] Referring still to Figure 3A, pupation chamber 330 is connected from
behind to the mating chamber 300 by tubular conduit 334. Tubular conduit 334 is
made of a mesh material, however, a person skilled in the art will understand that
it could be made of other materials, such as a non-mesh tube iltustrated in Figure
3B. Prepupae are loaded into each drawer 354 from the front end of the pupation
chamber 330. A set of emergence holes (not shown) are positioned at the back of
each drawer to provide an exit for the newly emerged adult BSF into conduit 334.

[0042] Adult BSFs are drawn to the exit holes at the back of the drawer due to
illumination of conduit 334 by ambient light shining through the mesh, or the
artificial light source of the mating chamber 300. Aiternatively, an artificial lighting
system external to mating chamber 300 can be employed to attract emerging
adult BSFs from pupation chamber 330 into conduit 334. For example, LED lights
can be provided on the interior of the conduit 334 to attract emerging adult BSFs.
To assist in directing the movement of newly emerged adult BSFs, the pupation
chamber 330 is enclosed within a dark fabric which only allows light to penetrate
through exit holes at the back from conduit 334. Once in conduit 334, BSFs
migrate through the conduit and into mating chamber 300 through opening 335
defined by a wall of the mating chamber.

[0043] Migration of newly emerged BSFs to the mating chamber does not have to
be an entirely passive process as described above. Figure 4 illustrates an
embodiment of the invention in which a blower is used to blow BSFs in the conduit

toward the mating chamber. In the illustrated embodiment, pupation chamber 430
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is connected to mating chamber 400 by T-conduit 434. In the illustrated
embodiment, T-conduit 434 is horizontal such that the entrance to the conduit
from the emergence openings(s) of pupation chamber 430 is at the same height
as mating chamber opening 435. However, a person skilled in the art will
understand that conduit 434 need not be oriented horizontally, and that the
entrance to the conduit and the maturation chamber opening 435 could be
vertically offset from each other. Blower 460 is in communication with conduit
434, and configured to blow BSFs toward opening 435, and thus mating chamber
400. Attracted by light coming from conduit 434, newly emerged BSFs exit
pupation chamber 430 into the conduit and are blown toward, and perhaps into,
mating chamber 400. Blower 460 may be set on a timer to periodically blow, so
as to allow for a plurality of BSFs to accumulate in the conduit 434 before they are
blown toward the mating chamber 400. A check valve may used anywhere along
the path between the blower 460 and the mating chamber 400 to prevent BSFs
from retreating from the mating chamber to the conduit 434 or pupation chamber
430. In the illustrated embodiment, check valve 462 is positioned at opening 435.
Check valve 464 opens due to pressure generated when blower 460 is in
operation. Check valve 462 closes due to the decrease in pressure when blower
460 is off, which ensures that gravid female BSFs cannot retreat from the mating
chamber 400 to oviposit eggs in the connector 434 or pupation chamber 430.
Another check valve 464 may be positioned to seal blower 460 from conduit 434
to prevent flies from settling around or getting stuck in the blower. The conduit 434
may be shaped such that a venturi effect creates suction to aid the movement of
flies from the pupation chamber 430 to the mating chamber 400. Blower 460 may
also help ventilate the pupation chamber 430 and keep prepupae at the desired
humidity and temperature. Alternatively, or in combination with blower 460, an
artificial lighting system external to mating chamber 400 can be employed to
attract emerging adult BSFs from pupation chamber 430 into conduit 434. For
example, LED light 470 can be provided on the interior of the conduit 434 to
attract emerging adult BSFs.

[0044] A person skilled in the art will further understand that alternative structures

can be used, both with passive systems or systems employing blowers, to prevent
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retreat of BSFs from the mating chamber. Figures 5 to 8 illustrate the use of a
one-way passage or duct to inhibit or prevent retreat of BSFs from the mating
chamber 100. One-way passages will generally have a wide entrance and taper
towards a exit of sufficient size and shape to permit passage of a BSF through,
but sufficiently narrow and acute as to inhibit subsequent re-entry of the BSF into
the one-way conduit. In one alternative, the one-way conduit includes a funnel,
which may be generally frustoconical in shape (although other shapes may be
contemplated). Referring to Figures 5 and 6, opening 535 to the mating chamber
700 is defined by funnel 536 which tapers toward the mating chamber 500.
Accordingly, BSFs are funneled into chamber 700, and cannot retreat into conduit
534.

[0045] In another alternative illustrated in Figures 7 and 8, the one-way passage
may be include a tapered slot comprising opposing walls 736 and 737 which
taper toward each other from the entrance to the exit, i.e. slit 735. As seen in
Figure 8, edge portions 738 and 739 of walls 736 and 737, which define slit 735,

are offset.

[0o0o46] The illustrated one-way conduits may serve to prevent BSFs from
retreating into the conduit for several reasons. A BSF may be unable to articulate
its abdomen and thorax to an angle less than that required to make it through the
hole 535 in Figure 6 or slit 735 in Figure 8. BSFs may be unable to fly directly into
the hole 535 or slit 735 where the width of the wingspan approaches or is greater
than the width of the hole or slit. Where the overlapping edge portion of slit 735
extends beyond the underlapping edge portion 738 by less than the length of a
BSF, a BSF may be unable to easily land on the underside of the overlapping
edge 739, and thus be discouraged from landing parallel to the slit 735.

[0047] While one-way conduits have been illustrated in association with the mating
chamber opening, it will be appreciated that the one-way conduits could be
positioned anywhere in the conduit between the pupation chamber and the mating
chamber opening and still achieve a desired effect of preventing retreat of BSFs,
especially gravid BSFs, toward the pupation chamber.
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[0048] Furthermore, while the illustrated embodiments show the use of conduits to
connect mating chambers with external pupation chambers, a person skilled in the
art will understand that it is sufficient that the pupation chamber and the mating
chamber are in communication with each other. Accordingly, in a simplified
embodiment of the invention, the pupation chamber may be positioned directly
within the mating chamber. BSF pupae or prepupae may be introduced to the
pupation chamber outside the mating chamber. Once the BSF pupae or
prepupae are introduced into the pupation chamber, the pupation chamber can be
placed within the mating chamber. Provided that the pupation chamber remains
in communication with the mating chamber, e.g. by way of an emergence hole(s)
in the walls or ceiling that define the pupation chamber, and that light from the
mating chamber can penetrate into the pupation chamber to attract newly
emerged BSFs adult from the pupation chamber to the mating chamber, a further
conduit to connect the pupation chamber and mating chamber is not necessary.
Nevertheless, one way passages or ducts may be used in combination with
emergence holes to prevent BSF adults from re-entering the pupation chamber
from the mating chamber.

[0049] As a further alternative design for a pupation chamber, and referring to
Figure 9, mating chamber opening of mating chamber 900 may be designed to
accommodate drawers 954 of pupation chamber 930, such that the pupation
chamber may be positioned within the mating chamber yet the contents of the
drawers may be accessed from the exterior of the mating chamber. Such design,
which may be similar to that discussed below for the oviposition chamber as
illustrated in Figure 2, facilitates the introduction of the pupae and prepupae to the
system without entering the mating chamber 900 or allowing adult BSF to escape.
The pupation chamber 930 may be sewn into the mating chamber and supported
from the mating chamber frame structure or supported from above by rope, chain

or rods, or other suitable means.

[0050] Referring again to Figure 3, the capacity of prepupae for each drawer 354
of the drawer system is dependent on the desired population size for the mating
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chamber 300. A rotating pupae input system (based on the development time
required for prepupae to mature into adults) can be utilized to sequence the
availability of empty drawers as desired. Further, individual environmental
temperature control devices may be installed into each drawer 354 for controlling
environmental conditions therein.

[0051] Mort Chamber. Referring again to Figure 1, once in the mating chamber
100, adult BSF live approximately 7 to 10 days. On about day 2-4, females mate
with males. On about days 3-5 they lay eggs. Around day 7 to 10, BSF die and
collect in the funnel-shaped mort chamber 140 at the bottom of the mating
chamber 100. At the bottom of the mort chamber 140 is an opening 139 (for e.g.,
0.15 m in diameter) fitted with a manual or automated valve 141, which facilitates
the daily or periodic collection of mortalities. Alternatively, if the mort chamber is v-
shaped such that the mortality chamber is a long trough, a trough cleaning
mechanism may be used to sweep mortalities to one end of the trough for

collection through a gate or valve.

[0052] Artificial Light Source. Referring still to Figure 1, an artificial light source
110 is shown suspended above the mating chamber 100. There may be more

than one artificial light source. For example, the light source 110 may be placed
approximately 0.15 m above the top of the mating chamber 100. For example, a
500W quartz-iodine light source (Model QVF135, Philips Lighting Ltd.) is reported
to provide a spectrum between 350-2500 nm at 135 umol-m?-s™" light intensity.
This light reportedly achieved 61.9% BSF mating success relative to natural
sunlight under conditions of 28-30°C, 60-90% humidity, and access to drinking
water via a spray every 2-3 hours (Zhang et al., 2010). Reproducing these same
conditions in-house achieved 51% mating success (see Example 1, Table 2
herein). As described below, it was discovered that the addition of a halogen light
source (e.g, a 50W Exo Terra® Sunglo Halogen bulb or 50W Halogen
Neodymium Daylight bulb), which produces low intensity UBA and UVB, visible,
and infrared wavelengths to the quartz-iodine light source improved mating
success. The highest degree of mating success was observed when a 300W
quartz-iodine light was used in combination with a 50W halogen light (see:
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Example 1, Table 2 herein). Light fixtures were placed approximately 30 cm from
their center points and angled toward each other at an angle of 15 degrees such
that the wavelengths from the emitted light sources overlap. In another
embodiment, natural sunlight may be used as a supplemental light source and/or
a single light source may be used that emits a broader range of wavelengths than
the combination described above, but is modified with filters to provide
substantially the same intensities and wavelengths as the combination of the
quartz-iodine and halogen light sources. A light and darkness cycle may be used
to emulate day and night. Serving as a non-limiting example, the total light source
(both bulbs) may be turned on for a light period of 9 hours from 0800h to 1700h,
and turned off for a darkness period of 15 hours from 1701h — 0759h.

[0053] Oviposition Chamber. Referring still to Figure 1, the oviposition chamber

120 may be placed inside the mating chamber 100; for example, the oviposition
chamber 120 may be supported by a rack (not shown in Figure 1) affixed to the
walls of the mating chamber 100 or it may be supported from the bottom or top of
the mating chamber 100. Alternatively, the oviposition chamber 120 may be
separate but connected to the mating chamber 100, so long as the mating
chamber and oviposition chamber are in communication. Figure 1 shows an
example of an oviposition chamber 120 constructed of a plastic bucket, with a lid
121. Serving as a non-limiting example, the oviposition chamber lid 121 is
propped open from the lid hinge 122 with a wire stopper. This creates an entrance
and exit to the oviposition chamber 120, and also creates a dark environment
which promotes ovipositing by the female BSF. Egg laying materials are placed on
the inner walls of the bucket. For example, the egg laying materials may be blocks
of corrugated cardboard; female BSF will oviposit eggs into the openings of
individual “flutes” in the cardboard. Serving as a non-limiting example, the
dimensions of flute openings may be approximately 3 mm x 3 mm. Further, and
for example, cardboard blocks may be constructed from stacks of three strips of
approximately 3 x 10 cm cardboard held together with tape, but leaving the flute
openings uncovered. Further, egg laying material may be plastic or metal with
equivalent sized holes ranging in size from 2-4 mm in diameter. The shape of the
hole openings may be circular, elliptical, half circles, square or variations thereof.
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An attractant is placed in the bottom of the bucket to draw gravid (i.e., pregnant)
female BSF to the oviposition chamber 120. An example of an attractant is a
saturated 1:1 mixture of Gainesville diet (Hogsette, 1985) mixed with BSF larvae
leachate and BSF castings. Other attractants can include fermenting grain, such
as corn brewery grain, manure, decomposing food waste, BSF larvae and/or

eggs. Any or all of these in various combinations will attract gravid female BSFs.

[0054] Referring to Figure 2 now, an alternative design for an oviposition chamber
is shown generally at 220. As aliuded to above, wall 201 of mating chamber 200
defines an additional opening for accommodating drawers 222 and 224 of
oviposition chamber 220, such that the oviposition chamber may be positioned
within the mating chamber yet the contents of the drawers may be accessed from
the exterior of the mating chamber. This design facilitates the collection of BSF
eggs without entering the mating chamber 200 or allowing adult BSF to escape.
The oviposition chamber 220 may be sewn into the mating chamber 200 and
supported by a cross piece (not shown in Figure 2) from the mating chamber 200
frame structure or supported from above by rope, chain or rods, or other suitable
means. Serving as a non-limiting example, the oviposition chamber 220 may be
sewn into the mating chamber 200 at a height of approximately 1/3 of the total
mating chamber 200 height from the mort chamber 240. Gravid female BSFs
prefer to oviposit out of direct light; accordingly, a floating roof 221 may be used to
provide shade from the artificial light source 210 and keep egg laying material dry
and away from the mist. The top drawer 222 may contain egg-laying materials 223
consisting of, for example, vertically-oriented plastic or cardboard fiutes or tubes
that are open at both ends (as detailed herein). The bottom section of the top
drawer may be perforated to allow for the scent of attractant to diffuse from the
bottom drawer into the top drawer 224. A sweeper (not shown in Figure 2) may be
fixed to the frame of the oviposition chamber 220 to gently remove any aduits that
may be laying eggs or resting on the egg laying material as the drawer is opened.
The bottom drawer may contain a saturated 1:1 mixture of Gainesville diet mixed
with BSF larvae leachate and BSF castings, or other suitable attractants (as
detailed herein), to draw gravid female BSFs to the egg laying materials 223

above it. A metal sheet (not shown in Figure 2) may be used to slide between the
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top and bottom drawers (222 and 224, respectively) to cover the bottom drawer
224, when the top drawer 222 is removed for egg collection or when the attractant
is being replaced to prevent undesired adults accessing and/or landing in the
attractant. Alternatively, a single drawer may be used whereby the vertically
oriented tubes are held above the attractant with tabs, such that the top of the
tubes are flush, i.e. lay in substantially a common plane, with the top of the
drawer. Drawers 222 and 224 are located tight to the frame to discourage females
from laying eggs in crevices and the frame is enclosed on the sides and bottom to

prevent adults escaping when drawers are opened.

[0055] The egg laying materials 223 containing eggs may be collected within

approximately 0-24 hours after the eggs have been laid.

Example 1: Induction of BSF mating using visible and UV light

[0o56] Methodology for Light Intensity Measurements. Light intensities of visible

light, UVA+B, and UVB where measured with an Apogee instruments Inc.,
Quantum meter, Model MQ-100, a Solartech, Inc. Solarmeter Model 6.7, Total UV
(A+B), and a Solartech, Inc. Solarmeter Model 6.2, UVB, respectively. The
Quartz-iodine bulb and Halogen Neodymium Daylight bulb were approximately 30
cm apart from their center and tilted on an approximate 15 degree angle such that
their respective light beams overlapped, with light readings made at approximately
50 cm below the middle distance between the two bulbs. For individual bulbs, the
reading was made approximately 50 cm directly below the bulb as described by
Zhang et al. (2010).For light measurements, lights were suspended above the
floor by approximately 60 cm; the light meter was secured to a holder such that
the sensor of the meter was approximately 50 cm from the bulb. The holder was
moved along the floor until the peak intensity was measured.

[0057] Methodology for Statistical Analyses. The mating success per treatment

was calculated by dividing the total number of egg clutches laid by half the total
number of flies that entered into the experimental cage on days 0 to 8 (the last two
days of flies added to the cage were not taken into account). This calculation is
based on reports that (i) H. illucens females generally do not oviposit unless they
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have mated and been fertilized (Tomberlin and Sheppard, 2002; Tomberlin ef al.,
2002); (i) the percentage of females found in laboratory BSF colonies is around
55.2% (Tomberlin et al. 2002), and (iii) flies added during the last two days of the
experiment would have laid eggs two days later (i.e., after the treatment was
finished (Tomberlin and Sheppard, 2002; and Tomberlin et al., 2002). Moreover,
Pearson’s correlation coefficient between mating success and mean egg clutches
laid per treatment was 0.9510, which indicates a strong relationship between both

variables.

[0058] Results. Attempts using other type of lights for stimulating mating in the
BSF such as using a 40-Watt Sylvania Gro Lux ® (Tomberlin and Sheppard,
2002), a 430-watt Pro Ultralight Light System (Tomberlin and Sheppard, 2002) or
a 450-watt rare earth light (Engineering University Infrared Technology Research
institute, Harbin, Heilung-kiang, China; Zhang et al., 2010) resuited in no matings.
The only other artificial light source published to successfully stimulate mating so
far is the 500-watt quartz-iodine lamp (Zhang ef al., 2010), but the highest mating
success achieved was 61.9% of that observed in the sunlight treatment. The
results of the experiment reported here do not have a sunlight control, but the
same 500-watt quartz-iodine lamp used by Zhang et al. (2010) resulted in 50.76%
mating success, whereas 69.53% of the females released in replicate one and
88.16% of the females in replicate two of treatment Light 7 mated, and 95.91% of
those released in treatment Light 4 mated (see Table 2 herein). Thus, these
results suggest that the addition of a 50W Halogen Neodymium Daylight lamp to a
300 or 500 quartz-iodine lamp when maintaining a colony of H. illucens does
significantly increase matings. However, the addition of a 100W Halogen
Neodumium Daylight lamp was found to inhibit mating relative to the 500W Quartz
lodine by itself. This suggests that the full range of wavelengths (350-700 nm) is
required for optimal mating and there exists an optimal balance between the
intensity of infrared (700 nm+), visible light (450-700 nm) and ultraviolet light (UVA
— 315-400 nm, UVB — 280-315 nm). For example, a ratio of between 3.5:1 and
4:1, Visible(umol-m?s™): UVA+B (uW-cm?s™) (see: Table 1).Although the 500-
watt quartz-iodine lamp emits the full-spectrum of light, much of the UV light is
filtered by tempered glass used in the flood light fixture. Thus, the addition of the
50W Halogen Neodymium Daylight lamp may compensate for the UV filtering
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effect of the tempered glass. The 50 W Halogen Neodymium Daylight lamp also
emits visible and infrared light which may be contributing to mating behaviour. It is
possible that the 500-Watt Quartz lodine provides optimal visible light, but is
slightly deficient in UV light, whereas the rare earth lamp provides too high an
intensity of UV light and lacks adequate visible light for optimal mating.

[0059] Optimal visible and UV light intensity for BSF adult mating is between 200
and 400 pumol-m?2s™and 50 and 100 uW-cm?s™ UVA+B (peak intensities, 50 cm
below the bulb(s)) (see: Table 1 and Table 2).

Table 1. Maximum light intensities of visible, UVA+B, UVB for various light

combinations.

Visible (450-700 | UVA+B (315-400 | UVB (280-315 | Ratio (Visible -

nm) Intensity | nm) Intensity W | nm) Intensity uW | umolm?s™:
umolm?s cm?s cm?s! UVA+B- uwW cm
2g1)
500 W Quartz 238 58 0 4.1:1
lodine
500 W Quartz 370 100 1 3.7:1

lodine + 50 W
Sunglow Halogen

300 W Quartz 310 80 1 3.8:1
lodine + 50 W
Sunglow Halogen

50 W Sunglow 215 63 1 3.4:1
Halogen
100 W Sunglow 600 240 7 251
Halogen

[0060] There was a significant difference in the mean number of matings and egg
clutches laid per day among treatments (see Table 2). Treatment Light 1 (500W-
quartz + 50W-halogen) rendered the highest number of matings observed, while
in treatment Light 4 (300W-quartz + 50W-Halogen) females oviposited the most.
Mating success was also the highest in Light 4, followed by Light 1. The average
temperature did not differ among treatments (p=0.4095; see Table 3), but there
were significant differences in humidity (p<0.001; see Table 4 for homogeneous
groups). However, in this experiment there was no significant correlation between
humidity and mating observations or egg clutches laid. There were significant
differences in the mean number of matings per observation time across

treatments. Most data were normal except the matings of Light 3 (300W-quartz +
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100W-halogen) and the female mortalities of Control (see Table 5 for Shapiro-
Wilk’s normality tests). In contrast, all matings per observation time behaved
normally (except those of 9:00 a.m. in Light 1, see Table 3).

[0061] Table 2. Mean of each variable measured per treatment.

Mean number | 1 2 Mean number of matings per observation
of morts time
TREATMENT -
= o
5 5 £ by «
g« | 8% | 8 . g g
€9 €2 |8 12 % E= |2 |2 |8 |8 |8 |8
3 36 - [ @ 3R < e
e8| €% H 3 E a £ | ® & e s o o
SE |3 | @ g £ s
@ o < &
O o S - Q
= = © £ =
= 3
=
Control 3.3 5.0 50.76 6.0 4.8 26.90 327 0.6 0.4 07 0.4 0.5 0.7
(500-quartz) +1.4 +3.8 4.9 27 10.99 4.8
Light 1 6.9 8.1 69.53 9.0 8.2 27.45 31.7 0.8 1.3 1.8 1.6 0.8 0.6
Replicate 1 +5.6 5.6 5.3 +3.8 +1.34 +1.0
(500-quartz
+ 50 Halogen)
Light 1 6.1 7.3 88.16 20 1.8 27.37 44 4 0.2 0.6 1.4 1.3 1.1 1.5
Replicate 2. 13.0 16.3 1.3 2.2 +1.59 4.6
(500-quartz
+ 50 Halogen)
Light 2 26 17 14.29 8.8 8.0 27.57 34.1 0.1 04 03 1.0 0.5 0.3
(500-quartz 2.2 1.6 5.3 3.0 +0.75 3.6
+ 100 Halogen)
Light 3 57 6.2 57.94 7.4 6.3 27.08 36.9 0.3 1.0 1.0 1.2 1.0 1.2
(300-quartz 3.0 +3.7 4.5 +3.4 +0.57 3.2
+ 100 Halogen)
Light 4 4.7 8.2 95.91 3.3 4.6 26.72 437 0.1 0.9 0.8 1.3 0.8 0.8
(300-quartz 2.1 5.0 2.0 +1.8 +1.66 4.8
+ 50 Halogen)

*Standard deviation of these variables is reported after the + symbol.

[0062] The apparatus(es) and methods detailed herein can be used in a more
expansive ‘lifecycle” of the BSF. For example, BSF eggs generated using the
apparatus(es) and methods detailed herein can be introduced to a digester that
contains organic waste materials (for example, fruits, vegetables and fish offal).
The BSF life cycle can proceed with the BSF larvae converting organic waste
which is present in the digester. The life cycle can further proceed with BSF larvae
becoming prepupae. Prepupae or larvae can be processed for further purposes
(for e.g., livestock (aquatic or terrestrial), pet feed, or even foodstuffs for human
consumption). Further, prepupae can be introduced into a self-contained hatchery
apparatus (as described herein) for generating BSF eggs. Accordingly, it will be
appreciated that a digester which supports organic waste materials can be used in
association with the apparatus(es) and methods detailed herein.
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We claim:

1. A method of inducing black soldier flies (BSFs) to mate, the method
comprising exposing at least one male BSF and at least one female BSF to
artificial light, wherein the artificial light comprises at least one wavelength in a
visible spectrum and at least one wavelength in an ultraviolet spectrum, wherein
the at least one wavelength in the visible spectrum is produced using a 300 to
500W quartz-iodine lamp and the at least one wavelength in the uitraviolet

spectrum is produced using a 50W halogen lamp.

2. The method of claim 1, wherein the artificial light has a visible light intensity
that is less than 400pumol-m-2-s-1 and a UV intensity that is less than
100uW-cm-2-s-1,

3. An apparatus for inducing black solder flies (BSFs) to mate, the apparatus
comprising:

a mating chamber for receiving at least one male BSF and at least one female
BSF; and

at least one artificial light source configured to illuminate the mating chamber
with at least one wavelength in the visible spectrum and at least one
wavelength in the ultraviolet spectrum, wherein the at least one wavelength in
the visible spectrum is produced using a 300 to 500W quartz-iodine lamp and
the at least one wavelength in the ultraviolet spectrum is produced using a
50W halogen lamp.

4. The apparatus of claim 3, wherein the at least one artificial light source is
configured to emit light with a visible light intensity that is less than
400pmol-m-2-s-1,
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5. The apparatus of claim 3 or 4, further comprising:

at least one mating chamber wall defining the mating chamber and a mating
chamber opening for admitting BSFs into the mating chamber; and,

an oviposition chamber positioned within the mating chamber, wherein the
oviposition chamber is defined by at least one oviposition chamber wall,
wherein the at least one oviposition chamber wall further defines an
oviposition chamber opening for receiving gravid BSFs into the oviposition
chamber, wherein the oviposition chamber includes

a oviposition shade for shading gravid BSFs from the at least one
artificial light source, and

a collector for collecting BSF eggs oviposited by gravid BSFs.

6. The apparatus of claim 5, wherein the collector comprises a plurality of
substantially vertical flutes or tubes.

7. The apparatus of claim 5 or 6, wherein the oviposition chamber further

comprises an attractant for attracting gravid BSFs.

8. The apparatus of claim 7, wherein the oviposition chamber further comprises
an upper drawer and a lower drawer, wherein each of the upper drawer and the
lower drawer is configured to open to the exterior of the mating chamber, and
wherein the collector is situated on the upper drawer and the attractant is situated

on the lower drawer.

9. The apparatus of any one of claims 3 to 8, further comprising a pupation
chamber in communication with the mating chamber.

10. The apparatus of claim 9, further comprising a pupation chamber shade for
shading pupae from the at least one artificial light source.

11. The apparatus of claim 9 or 10, wherein communication between the
pupation chamber and the mating chamber is provided by a conduit connecting
the pupation chamber to the mating chamber via the mating chamber opening,
further comprising a blower in communication with the conduit for blowing BSFs
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in the conduit toward the mating chamber, wherein the conduit further comprises
a check valve through which BSFs must pass in order to access the mating
chamber, wherein the check valve opens in response to a force generated by the
blower, further comprising a conduit light source configured to illuminate a portion
of the conduit to attract migration of BSFs from the pupation chamber to the
conduit.

12. The apparatus of any one of claims 3 to 11, further comprising means for
removing dead BSFs from the mating chamber.

13. The apparatus of claim 12, wherein the means for removing dead BSFs from
the mating chamber includes a sealable opening adjacent the bottom of the
mating chamber.

14. The apparatus of claim 13, wherein the at least one wall defining the mating
chamber tapers toward the sealable opening.

15. A method of inducing black soldier flies (BSFs) to mate, comprising:

providing at least one male BSF and at least one female BSF to a mating
chamber; and,

illuminating the mating chamber with artificial light comprising at least one
wavelength in a visible spectrum and at least one wavelength in an ultraviolet
spectrum to induce the at least one male BSF and the at least one female
BSF to mate, wherein the artificial light is provided by an artificial light source
comprising a 300 to 500W quartz-iodine lamp for generating the at least one
wavelength in the visible spectrum and a 50W halogen lamp for producing the

at least one wavelength in the ultraviolet spectrum.

16. The method of claim 15, wherein: the artificial light comprises visible light
having a visible light intensity that is less than 400 ymol-m-2-s-! and ultraviolet
light having an ultraviolet light intensity that is less than 100 yW-cm=2-s*,

17. The method of claim 15 or 16, further comprising providing a pupation
chamber in communication with the mating chamber.
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18. The method of claim 17, further comprising a pupation chamber shade for

shading pupae from the at least one artificial light source.

19. The method of claim 17 or 18, wherein communication between the pupation
chamber and the mating chamber is provided by a conduit connecting the
pupation chamber to the mating chamber via a mating chamber opening.

20. The method of claim 19, further comprising providing a blower in
communication with the conduit for blowing BSFs in the conduit toward the

mating chamber.

21. The method of claim 20, wherein the conduit further comprises a check valve
through which the BSFs must pass in order to access the mating chamber,
wherein the check valve opens in response to a force generated by the blower.

22. The method of claim 21, further comprising a conduit light source configured
to illuminate a portion of the conduit to attract migration of the BSFs from the

pupation chamber to the conduit.

23. The method of claim 19, wherein the conduit includes a one-way passage

through which BSFs must pass in order to access the mating chamber.

24. The method of claim 23, wherein the one-way passage includes a funnel trap
through which black soldier flies must pass in order to access the mating

chamber, wherein the funnel trap tapers toward the mating chamber.

25. The method of any one of claims 15 to 24, further comprising means for
removing dead BSFs from the mating chamber.

26. The method of claim 25, wherein the means for removing dead BSFs from
the mating chamber includes a sealable opening adjacent a bottom of the mating

chamber.
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27. The method of claim 26, wherein at least one wall defining the mating

chamber tapers toward the sealable opening.

28. The method of any one of claims 15 to 27, further comprising:

attracting gravid BSFs to an oviposition chamber in communication with the
mating chamber, wherein the oviposition chamber is configured to receive eggs
from the gravid BSFs;

shading the gravid BSFs in the oviposition chamber to induce the gravid
BSFs to oviposit eggs; and

collecting eggs oviposited by the gravid BSFs.

29. The method of claim 28, wherein the eggs oviposited by the gravid BSFs are
collected in a collector comprising a plurality of substantially vertical flutes or
tubes.

30. The method of claim 28 or 29, wherein the oviposition chamber further

comprises an attractant for attracting the gravid BSFs.

31. The method of claim 30, wherein the oviposition chamber further comprises
an upper drawer and a lower drawer, wherein each of the upper drawer and the
lower drawer is configured to open to an exterior of the mating chamber, and
wherein the eggs oviposited by the gravid BSFs are collected in a collector is
situated on the upper drawer and the attractant is situated on the lower drawer.
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