AQUACULTURE SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of GB Patent Application No.
1414210.3, filed August 11, 2014, which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure in some aspects relates to apparatus and methods for rearing
aquatic arthropod larvae. In particular aspects, the present disclosure relates to mass rearing of

insect larvae, especially pest insect, for use in biological control.

BACKGROUND OF THE INVENTION

[0003] Insect pests can cause damaging infestations of crops or transmit diseases. The
expanding population of such insect pests may be countered using biological control. One
example of biological control is sterile insect technique (SIT), a species-specific and
environmentally non-polluting system for management of key insect pests of agricultural or
medical importance. The system involves mass rearing millions of insects and sterilizing the
males by exposing them to low doses of radiation. The sterile males are released into the
environment, wherein they compete with the wild males for mates. Females which mate with
sterile males produce no offspring, and the sequential release of large numbers of sterile males,
therefore, leads to a decrease in the population size of the next generation. In this way the size
of the wild population is controlled.

[0004] A transgenic alternative to radiation-sterilization, termed Self-Limiting System, is
also available. In this system, insects are engineered to carry a gene that is self-limiting and, in
the absence of antidote, insects carrying this gene fail to mature to functional adults capable of
mating and flight. The expression of the self-limiting gene may be repressible, for example by
using a Tet-Off system. These insects are released into the wild where progeny, resulting from
mating between wild insects and self-limiting insects that inherit a copy of the self-limiting gene
or construct, will tend to die. The Self-Limiting system may be designed to kill all progeny that
inherit it, or only one sex. It may also be designed to kill the affected insects at a particular stage

in development; this may have significant advantages in some species, e.g., some mosquitoes.



Self-Limiting systems have been constructed in a number of pest species. Further information
on the Self-Limiting system may be found in WO 01/39599.

[0005] Biological control methods require mass rearing of organisms for release into the
wild. In order for biological control to be successful, the continuous production of large

numbers of high quality insects is essential.
SUMMARY

[0006] The summary is not intended to be used to limit the scope of the claimed subject
matter. Other features, details, utilities, and advantages of the claimed subject matter will be
apparent from the detailed description including those aspects disclosed in the accompanying
drawings and in the appended claims.

[0007] In one aspect, disclosed herein is an apparatus for mass rearing aquatic arthropod
larvae, comprising an aquatic reservoir, means to supply water to the reservoir, and means to
drain water from the reservoir, said drainage means being equipped with a porous barrier, such
as a sieve, adapted to prevent said larvae from exiting the reservoir therethrough, while
permitting the passage of water.

[0008] In one embodiment, the means to supply water to the reservoir is arranged to recycle
the water drained from the reservoir.

[0009] In any of the preceding embodiments, the means to supply water to the reservoir can
comprise a filter. In one aspect, the filter is one or more of the following: a mechanical filter, a
biological filter and a chemical filter, or a combination thereof.

[0010] In any of the preceding embodiments, the means to supply water to the reservoir can
comprise a water tank for storing water supplied to the reservoir.

[0011] In any of the preceding embodiments, the apparatus can further comprise a sensor for
measuring a specific property of the water supplied to the reservoir.

[0012] In any of the preceding embodiments, the apparatus can further comprise a means for
automating the apparatus. In one aspect, the means for automating the apparatus is a
microcontroller.

[0013] In any of the preceding embodiments, the means to drain water from the reservoir
can be removable from the reservoir.

[0014] In any of the preceding embodiments, the reservoir can further comprise a levelling

valve arranged to maintain a minimum level of water in the reservoir.



[0015] In any of the preceding embodiments, the aquatic reservoir can comprise an overflow
valve. In one aspect, the overflow valve is positioned 180° on the horizontal plane to the
position where the water enters the aquatic reservoir.

[0016] In another aspect, provided herein is a method of mass rearing aquatic arthropod
larvae, comprising equipping an aquatic reservoir with a porous barrier, said reservoir having
means to supply water thereto and means to drain water therefrom, placing aquatic arthropod
larvae within said reservoir, said barrier being adapted to prevent escape of the larvae while
permitting passage of water and replacing the water in the reservoir on a continual basis while
rearing the larvae.

[0017] In any of the preceding embodiments, the arthropod larvae can be placed within the
reservoir such that the surface area density of larvae within the reservoir is 10 per square
centimeter. In any of the preceding embodiments, replacement of the water can be automated.

[0018] In any of the preceding embodiments, the method can further comprise a step of
adjusting the property of the water to be supplied to optimal conditions for rearing aquatic
arthropod larvae prior to replacement of the water in the reservoir.

[0019] In any of the preceding embodiments, the property of water to be adjusted can be one
or more of the following: concentration of oxygen, temperature, pH, conductivity, ORP and
concentration of a chemical compound.

[0020] In any of the preceding embodiments, the step of adjusting the property of the water
to be supplied can be automated.

[0021] In one aspect, provided herein is an apparatus for rearing aquatic arthropod larvae. In
some embodiments, the apparatus comprises a container comprising a porous barrier which
partitions the container into a first chamber and a second chamber. In one aspect, the second
chamber comprises a drain outlet. In another aspect, the porous barrier is capable of preventing
the larvae from exiting the first chamber into the second chamber while permitting at least the
passage of water between the chambers, when water is supplied to the first chamber and drained
from the container via the drain outlet of the second chamber.

[0022] In some embodiments, the drain outlet comprises a valve and/or a pipe sealed or
affixed on the drain outlet opening. In one aspect, the valve is an overflow valve, and water
passes from the container through the overflow valve after the maximum water level has been

attained in the container.



[0023] In any of the preceding embodiments, the drain outlet can be positioned substantially
180° on a horizontal plane to the position where water enters the container. In any of the
preceding embodiments, the apparatus can further comprise a pipe for supplying water to the
container. In one embodiment, the pipe for supplying water comprises a filter. In another
embodiment, the filter is a mechanical filter, a biological filter, a chemical filter, or a
combination thereof.

[0024] In any of the preceding embodiments, the apparatus can further comprise a water
tank connected, directly or indirectly, to the pipe for supplying water to the container, and the
water tank stores water supplied to the container. In one aspect, the water tank is connected,
directly or indirectly, to the drain outlet of the second chamber, and water drained from the
container is recycled and supplied to the container. In another aspect, the water tank is
connected to the drain outlet via a filtering device capable of filtering water drained from the
container. In yet another aspect, the filtering device comprises a filter and a waste outlet for
removing waste.

[0025] In any of the preceding embodiments, the apparatus can further comprise a sensor for
measuring a property of water supplied to and/or drained from the container. In some aspects,
the property of water is concentration of oxygen, temperature, pH, conductivity, oxidation-
reduction potential (ORP), or concentration of a chemical compound.

[0026] In any of the preceding embodiments, the apparatus can further comprise a levelling
valve arranged to maintain a minimum level of water in the container. In any of the preceding
embodiments, the apparatus can further comprise a microcontroller for automating the
apparatus.

[0027] In any of the preceding embodiments, the porous barrier can be removable from the
container. In any of the preceding embodiments, the porous barrier can have an average
aperture diameter ranging from about 100 pm to about 1,000 um, or from about 123 um to about
152 pm. In any of the preceding embodiments, the porous barrier can comprise mesh holes that
are round, square, rectangular, elliptical, oval, or of any other suitable shape. In any of the
preceding embodiments, the porous barrier can permit the passage of feed, waste, and other
debris, including waste produced by the larvae. In any of the preceding embodiments, the
porous barrier can comprise a mesh, membrane, screen, paper, woven cloth, non-woven cloth,

fabric, fiber, foam, sieve, entangled wires, electrospun polymeric fiber, or a combination thereof.



In some embodiments, the porous barrier can have an average wire diameter ranging from about
I um to about 1,000 um.

[0028] In any of the preceding embodiments, the apparatus can be used for mass rearing of
the aquatic arthropod larvae. In any of the preceding embodiments, the apparatus can be used
for rearing aquatic arthropod larvae at a density ranging from about one larva to about 12 larvae
per cm?2 of the bottom plate of the container, or at a density of about 10 larvae per cm?2 of the
bottom plate of the container. In any of the preceding embodiments, the apparatus can be used
for rearing aquatic arthropod larvae at a density ranging from about 1,500 larvae to about 4,000
larvae per liter of water in the container.

[0029] In any of the preceding embodiments, the apparatus can comprise a plurality of the
containers. In some embodiments, the apparatus comprises about 5, 10, 100, 500, 1,000, 5,000,
or more of the containers. In some embodiments, at least some of the containers are sequentially
connected to each other or stacked on top of one another. Water passes from the first container
in the sequence or stack through intervening container(s) to the last container in the sequence or
stack. The first container is connected to or supplied by (e.g., not physically connected to) a
pipe supplying water and the last container is connected to a pipe draining water, and the drained
water is recycled to the first container. In other embodiments, at least some of the containers are
connected in parallel to the pipe supplying water and/or the pipe draining water, and the drained
water is recycled to the containers.

[0030] In another aspect, disclosed herein is an apparatus for rearing aquatic arthropod
larvae, comprising a first container and a second container constructed substantially similar to
the first container. In some embodiments, the first container comprises a porous barrier which
partitions the first container into a first chamber and a second chamber, and the second chamber
comprises a drain outlet. In one aspect, the porous barrier is capable of preventing the larvae
from exiting the first chamber into the second chamber while permitting at least the passage of
water between the chambers, when water is supplied to the first chamber and drained from the
first container via the drain outlet of the second chamber. In another aspect, water drained from
the first container passes into the first chamber of the second container. In yet another aspect,
the apparatus further comprises a rack on which the first and second containers are disposed.

[0031] In any of the preceding embodiments, the first container can be vertically stacked
above the second container. In any of the preceding embodiments, the drain outlet of the first

and/or container can comprise a valve and/or a pipe sealed or affixed on the drain outlet



opening. In one aspect, the valve is an overflow valve, and water passes from the first container
through the overflow valve after the maximum water level has been attained in the first
container into the second container.

[0032] In any of the preceding embodiments, the drain outlet of each container can be
positioned substantially 180° on a horizontal plane to the position where water enters the
container. In any of the preceding embodiments, the apparatus can further comprise a pipe for
supplying water to the first container. In one aspect, the pipe for supplying water comprises a
filter, for example, a mechanical filter, a biological filter, a chemical filter, or a combination
thereof.

[0033] In any of the preceding embodiments, the apparatus can further comprise a water
tank connected, directly or indirectly, to the pipe for supplying water to the first container, and
the water tank stores water supplied to the containers. In one aspect, the water tank is
connected, directly or indirectly, to the drain outlet of the second container, and water drained
from the second container is recycled and supplied to the first container. In another aspect, the
water tank is connected to the drain outlet via a filtering device capable of filtering water drained
from the second container. In yet another aspect, the filtering device comprises a filter and a
waste outlet for removing waste.

[0034] In any of the preceding embodiments, the apparatus can further comprise a sensor for
measuring a property of water supplied to and/or drained from the containers. In one aspect, the
property of water is concentration of oxygen, temperature, pH, conductivity, oxidation-reduction
potential (ORP), or concentration of a chemical compound.

[0035] In any of the preceding embodiments, each container can comprise a levelling valve
arranged to maintain a minimum level of water in the container. In any of the preceding
embodiments, the apparatus can further comprise a microcontroller for automating the
apparatus.

[0036] In any of the preceding embodiments, the porous barrier can be removable from each
container. In any of the preceding embodiments, the porous barrier in each container can have
an average aperture diameter ranging from about 100 pm to about 1,000 um, or from about 123
um to about 152 um. In any of the preceding embodiments, the porous barrier can permit the
passage of feed, waste, and other debris, including waste produced by the larvae. In any of the
preceding embodiments, the porous barrier in each container can comprise a mesh, membrane,

screen, paper, woven cloth, non-woven cloth, fabric, fiber, foam, sieve, entangled wires,



electrospun polymeric fiber, or a combination thereof. In some aspects, the porous barrier in
each container has an average wire diameter ranging from about 1 pm to about 1,000 um.

[0037] In any of the preceding embodiments, the apparatus can be used for mass rearing of
the aquatic arthropod larvae. In any of the preceding embodiments, the apparatus can be used
for rearing aquatic arthropod larvae at a density ranging from about one larva to about 12 larvae
per cm?2 of the bottom plate of each container, or at a density of about 10 larvae per cm2 of the
bottom plate of the container. In any of the preceding embodiments, the apparatus can be used
for rearing aquatic arthropod larvae at a density ranging from about 1,500 larvae to about 4,000
larvae per liter of water in each container.

[0038] In another aspect, disclosed herein is a method for rearing aquatic arthropod larvae,
comprising: (1) placing larvae or eggs of an aquatic arthropod in a first chamber of a container;
the container comprises a porous barrier that separates the first chamber from a second chamber
of the container; the second chamber comprise a drain outlet, and the porous barrier is capable of
preventing the larvae from exiting the first chamber into the second chamber while permitting at
least the passage of water between the chambers; and (2) supplying water on a continual basis
and other suitable conditions in the container for rearing the larvae or eggs in the first chamber,
and water is drained from the container via the drain outlet of the second chamber. In one
aspect, the drain outlet comprises a valve and/or a pipe sealed or affixed on the drain outlet
opening. In another aspect, the valve is an overflow valve, and water passes from the container
through the overflow valve after the maximum water level has been attained in the container.

[0039] In any of the preceding embodiments, the drain outlet can be positioned substantially
180° on a horizontal plane to the position where water enters the container. In any of the
preceding embodiments, the method can further comprise filtering the water before it is supplied
to the container. In any of the preceding embodiments, water can be supplied to the container by
a pipe connected to a water tank. In one aspect, the water tank is connected, directly or
indirectly, to the drain outlet of the second chamber, and the method further comprises recycling
water drained from the container.

[0040] In any of the preceding embodiments, the method can further comprise filtering
water drained from the container. In any of the preceding embodiments, the method can further
comprise removing waste from water drained from the container. In any of the preceding
embodiments, the method can further comprise measuring a property of water supplied to and/or

drained from the container. In any of the preceding embodiments, the method can further



comprise adjusting a property of the water drained from the container and/or to be supplied to
the container, to optimal conditions for rearing aquatic arthropod larvae. In one aspect, the
property of water is concentration of oxygen, temperature, pH, conductivity, oxidation-reduction
potential (ORP), or concentration of a chemical compound.

[0041] In any of the preceding embodiments, the method can further comprise maintaining a
minimum level of water in the container.

[0042] In any of the preceding embodiments, the porous barrier can be removable from the
container. In any of the preceding embodiments, the porous barrier can have an average
aperture diameter ranging from about 100 pm to about 1,000 um, or from about 123 um to about
152 pm. In any of the preceding embodiments, the porous barrier can permit the passage of
feed, waste, and other debris, including waste produced by the larvae. In any of the preceding
embodiments, the porous barrier can comprise a mesh, membrane, screen, paper, woven cloth,
non-woven cloth, fabric, fiber, foam, sieve, entangled wires, electrospun polymeric fiber, or a
combination thereof. In one aspect, the porous barrier has an average wire diameter ranging
from about 1 um to about 1,000 um.

[0043] In any of the preceding embodiments, the method can be used for mass rearing of the
aquatic arthropod larvae. In any of the preceding embodiments, the method can be used for
rearing aquatic arthropod larvae at a density ranging from about one larva to about 12 larvae per
cm?2 of the bottom plate of the container, or at a density of about 10 larvae per cm2 of the
bottom plate of the container. In any of the preceding embodiments, the method can be used for
rearing aquatic arthropod larvae at a density ranging from about 1,500 larvae to about 4,000
larvae per liter of water in the container.

[0044] In some embodiments, water is supplied to the container at a flow rate of between
about 0.5 L/min and about 5 L/min, or at about 3 L/min. In any of the preceding embodiments,
the flow rate of water draining from the container can be substantially the same as the flow rate
at which water is supplied to the container. In any of the preceding embodiments, the method
can further comprise adjusting the flow rate at which water is supplied to the container. In any
of the preceding embodiments, the method can further comprise adjusting the flow rate of water

draining from the container.



[0045] In any of the preceding embodiments, water can be supplied to the container at a
flow rate that maintains the temperature in the container at about 22+3°C, about 26+2°C, or
between about 25°C and 28°C. A suitable temperature range for rearing an aquatic arthropod is
known to one of skill in the art and/or can be determined.

[0046] In any of the preceding embodiments, the method can use a plurality of the
containers comprising a porous barrier. In one aspect, about 5, 10, 100, 500, 1,000, 5,000, or
more of the containers are used. In some embodiments, at least some of the plurality of
containers are sequentially connected to each other or stacked on top of one another. Water
passes from the first container in the sequence or stack through intervening container(s) to the
last container in the sequence or stack. The first container is connected to or supplied by (e.g.,
not physically connected to) a pipe supplying water and the last container is connected to a pipe
draining water, and the drained water is recycled to the first container. In some embodiments, at
least some of the containers are connected in parallel to the pipe supplying water and/or the pipe
draining water, and the drained water is recycled to the containers.

[0047] In any of the preceding embodiments, water can be supplied to each container at a
flow rate of between about 0.5 L/min and about 5 L/min, or at about 3 L/min. In any of the
preceding embodiments, the flow rate at which water is supplied to each container can be
substantially the same as the flow rate at which water is supplied to the next connected or
stacked container. In any of the preceding embodiments, water can be supplied to the each
container at a flow rate that maintains the temperature in the containers at about 22+3°C, about
26+2°C, or between about 25°C and 28°C.

[0048] In any of the preceding embodiments, at least one of steps can be automated.

[0049] In any of the preceding embodiments, the aquatic arthropod can be a pest. In any of
the preceding embodiments, the aquatic arthropod can be an insect. In one embodiment, the
insect is a mosquito. In some embodiments, the mosquito is from the genera Stegomyia, Aedes,
Anopheles, Culex, or Toxorhynchites. In some embodiments, the mosquito is selected from
Aedes aegypti, Aedes albopictus, Culex pipiens, Culex quinqufaciatis, Anopheles stephensi,

Anopheles albimanus, and Anopheles gambiae.

BRIEF DESCRIPTION OF THE FIGURES

[0050] Figure 1 shows a schematic representation of an apparatus according to an

embodiment of the present disclosure.
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[0051] Figure 2 shows a schematic representation of an alternating drain system for flowing
water across the trays according to an embodiment of the present disclosure.
[0052] Figure 3 shows a schematic representation of a microcontroller and associated

programmable input/output peripherals used in an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0053] Provided herein are apparatus and methods utilizing a cascading system of trays
where water moves between layers on a re-circulating basis and is also retained in layers for
rearing aquatic arthropod larvae. In one aspect, the apparatus disclosed herein comprises a sieve
structure which reduces water flow rate sufficiently to ensure that the constant flow of water at a
flow rate that does not force the vulnerable larvae to be trapped at the drain point and die, or for
the sieve structure to overflow (which also results in death). In some embodiments, provided
herein is an apparatus that prevents scum formation, water spoilage, temperature stratification
and evaporation of water from the shallow trays, for mass rearing aquatic arthropod larvae.

[0054] The larval stage of all mosquitoes is aquatic and requires specific conditions in which
to thrive, particularly under intensive mass production conditions. The larvae are subject to
stress due to over-crowding, poor water quality and abnormal rearing environment to name just
a few. Procedures and techniques for mass rearing of mosquito larvae typically employ the use
of multiple shelves or layers of trays each containing a specified volume of water, a controlled
amount of food and a specified number of larvae in each tray.

[0055] Morlan er al. (1963) detailed their methods for rearing up to 1.3 million Ae. aegypti
larvae per brood, of which 0.5 to 0.8 million adults were produced within 11 days. This was
achieved using 192 trays (183 cm x 26 cm x 5 cm) supported in eight metal racks, each
containing 24 rearing trays. Each tray held 7 liters of water and 7000 larvae resulting in a larval
density of 1 larva per mL and surface area density of 1.4 larvae per cm®. Morlan ef al.
considered greater capacity could be possible with additional rearing equipment and personnel
against the two men originally employed.

[0056] Fay er al. (1963) reported in the same year that they also had reared Ae. aegypti in the
same sized trays as Morlan er al. but with a larger number of insects per tray. This production
was carried out using a system comprising 13 racks containing 12 trays per rack with each tray
containing 8000 larvae in 8 liters of water. This resulted in a maximum production capacity of
approximately 1.25 million pupae when all trays were used at once. Their studies did highlight

that increased capacity might be possible by modifying the larval density within their tray.
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Increasing from 8,000 to 15,000 larvae per tray resulted in no apparent change in survival or
insect quality but this scale up process was not pursued.

[0057] It is also reported that Gerberg er al. (1969) in the Insect Control and Research (ICR)
laboratories, Baltimore, USA were able to rear Culex pipiens in large trays (137.6 cm X 76.2 cm
x 5.08 cm), each containing 10,000 larvae. The resulting surface area density was slightly under
1 larva per cm® and volume density of 2.65 larvae per mL.

[0058] Ansari et al. (1977) reported a production of 250,000 to 400,000 pupae per day using
large trays (60 cm X 63 cm x 9 cm) each containing 30,000 larvae per tray in 22 liters of water
and in stacks of 13 tray units. This represents a change from the more conservative rearing
conditions described earlier to a more intensive surface area density of 7.9 larvae per cm®.
However, Ansari et al. reported issues with scum formation, water spoilage, difficulties with
water level control and problematic food delivery to the multi-tray system. Drainage tubes were
fitted to each tray to enable rapid emptying but no automation or attempts to resolve the
problems were pursued. These rearing methods had also been previously used for the mass
production of Culex pipiens with similar success (Singh et al. 1975, 1977). In this production
system, some control over re-filling trays, agitating trays to prevent scum formation and draining
the system was achieved. However, these controls were not aimed at forming an integrated
system related to controlling the environmental rearing conditions, rather it served to improve
the efficiency of the production process. The rearing method, surface area density and volume
density were as previously described (Ansari et al. 1977).

[0059] More recently, Balestrino ef al. (2012) at the International Atomic Energy Agency
(IAEA) published a stacked tray system for improved mass rearing of mosquito larvae. As part
of a program to develop suitable equipment for use in the SIT control of Anopheles arabiensis, a
tray stacking unit consisting of 50 ABS (acrilonitile butadiene styrene) plastic trays was reported
to be able to support development of up to 175,000 adults or 4,000 larvae per tray of that
species. The dimensions of the trays are 100 cm X 60 cm X 3 cm and are incorporated into a
pouring stack system where all of the trays can be simultaneously tilted and their contents
poured into a retrieval system for post processing. This is a manual process. The production of
Anopheline mosquitoes by Dame et al. (1974) results in their rearing at a shallow water depth
(<2 cm). However, in both of these examples for Anopheline mosquitoes, and in examples for

different mosquito species, although shallow trays or shallow rearing depths are often quoted in
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descriptions, the water depth often results from the choice of container and does not reflect an
active decision as a specific or optimized rearing improvement.

[0060] The publication by Balestrino er al. (2012) also states the system has been used to
demonstrate some larval rearing with Ae. albopictus but not to any significant scale. Further
communications indicate that the system has been used to rear 12,000 Ae. albopictus larvae per
tray in a few of its 50 trays, however, again this is not at full capacity rather it is in order to test
its potential. If it was used at full capacity it is quoted as being about to hold 600,000 larvae in a
footprint of approximately 0.6m x 1.0m and a total height of 2.0m. Even at the scale it has been
tested at, problems were reported with temperature variations within the tray stack levels.
Temperature stability is essential to enable uniform development time of the insects and to
ensure equal size and synchronicity of cohorts in both lab and particularly field applications.
This system also used a defined diet that prevented scum formation that can cause problems with
rearing if left unattended, which partially addresses some of the reasons behind tray spoilage
without investigating or controlling water chemistry directly. Evaporation from large shallow
trays was also noted as being an issue. The trays are able to self-fill from above due to an
internal overflow vent system but this is not part of the rearing system per se.

[0061] Holyoak (U.S. 5,873,327) describes a system and method for cultivating amphibians
(frogs) in captivity. The Holyoak device consists of multiple trays stacked above one another
and a continuous water supply that circulates around the system arriving at a top tray and
draining to a sump tank via a series of trays and standpipes that retain water to a specific height
in each. Frogs are located within trays and are supplied with water on a continuous basis.
Holyoak claims that this enables maximum production but there is no specific number of
animals per tray or unit provided in the text.

[0062] Li(CN201374958Y) also describes a system for rearing three stripped box turtles.
The description is similar to Holyoak above where a series of trays is fed with a continuous
water supply and where the liquid drains through a filtered pipe into a tray beneath. Although
suitability is claimed for rearing mass density of tortoises and other species breed, there is no
stated figure for density or flow rate in the text. In addition, the primary role of the filter on the
drain pipe is apparently to prevent feces in the upper tray from passing into the tray below.

[0063] Holyoak includes a fitted strainer on the standpipe as part of the system. This
strainer is fitted to ensure that frogs do not move between tray layers. Although frogs are able to

move away from the direction of water flow, they are physically able to hide and climb between
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layers. If large numbers (e.g., > 25000) of 1st instar mosquito larvae (typically <1.4 mm long)
are placed into a large rearing tray with a standpipe fitted and that the standpipe is covered with
a filtering membrane that is of sufficient gauge to prevent larvae passing through either at the
top or bottom of tube, then larvae are rapidly drawn to the drain point. Due to the continuous
current created by the recirculating nature of the water system and the fragility of the L1 larvae,
these larvae remain trapped against the mesh filter surface on the standpipe and die. See infra
Example 1. The build-up of material on the sieve surface then increases as more larvae are
drawn to the drain point which eventually leads to an over flow from the tray once the flow
through the drain has been completely blocked. This overflow will also eventually results in
larval death if allowed to occur.

[0064] Thus, there has been little advancement regarding the apparatus used in rearing
mosquito larvae over the last 50 years. The prior devices and methods do not offer a solution to
the mass production of mosquito larvae from egg to pupa.

[0065] As an illustration, a SIT program controlling yellow fever mosquito, Aedes aegypti,
for a population of 10,000 people in an area requiring a practical release rate of 200 per head
would need a production of approaching 2,000,000 male pupae per week.

[0066] As noted above, transgenic alternatives to SIT, such as the Self-Limiting system,
require that the mosquitoes are reared under conditions in which the expression of the dominant
lethal gene is repressed. This may, for example, be through the Tet-Off system in the presence
of the antibiotic tetracycline and/or chemical analogues. In such cases, it is essential to the
successful rearing of the mosquitos that tetracycline and/or chemical analogues are provided at
the correct dose and at the correct stage of development of the mosquitoes.

[0067] In some embodiments, provided herein are apparatus and method utilizing a
cascading system of trays where water moves between layers on a re-circulating basis and is also
retained in layers by the use of simple open standpipes. In one aspect, the apparatus disclosed
herein comprises a large sieve structure which reduces water flow rate sufficiently to ensure that
the constant flow of water at the required flow rate does not force the vulnerable 1st instar larvae
to a point that ultimately causes them to die or for the sieve structure to overflow (which also
results in death). In addition to the large sieve structure, an open free running drain point is
essential that will ensure free movement of water, waste and food between layers. In some
embodiments, mosquito larvae are reared in large volumes of water at high density, and the

apparatus disclosed herein has a specific flow rate and mesh size in order for the mass
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production to be successful. In some embodiments, optimum pupal production from a fixed area
and water volume is provided using flow rate and mesh sizes that ensure success. In other
embodiments, the apparatus comprises a sieve unit that sits in the rearing tray/water containing
all of the larvae in production, and the sieve unit and/or tray is removable. For example, the
sieve unit can be removed from the water in the rearing tray enabling all essential processing
steps to be easily achieved. The sieve and aquaculture system therefore perform both a
biological function in ensuring proper flow rate and optimum rearing conditions as well as a
physical processing role essential to the mass production requirements of the equipment.

[0068] Therefore, in some embodiments, provided herein is an improved apparatus that
prevents scum formation, water spoilage, temperature stratification and evaporation of water
from the shallow trays, for mass rearing aquatic arthropod larvae. In some embodiments,
provided herein is an improved apparatus that allows accurate control over the water level and
food delivery to the trays.

[0069] In some embodiments, provided herein is an improved apparatus for mass rearing of
aquatic arthropod larvae, which allows the distribution of specific chemical compounds, where
required, at the correct dose.

[0070] Furthermore, with the increased need for biological control programs, scaling up of
rearing programs from the laboratory to factory level production is desirable. The management
of such a large operation represents considerable challenges and whilst there is the scalable
option of increasing the number of personnel and equipment, large scale operations demand a
need to improve rearing efficiency particularly when resources and funds are restricted. The
need to reduce cost is closely related to the need to reduce factory space, number of personnel
and process time. In some embodiments, provided herein is an automated apparatus designed to
optimize rearing efficiency.

[0071] In some embodiments, the apparatus provided herein efficiently prevents and/or
overcomes the problems associated with the current technology available for mass rearing
aquatic arthropod larvae, and especially mosquito larvae.

[0072] Surprisingly, the inventor has found that it is possible to replace/recycle the water in
the trays such as to overcome many or all of the problems associated with the current
technology, despite some aquatic arthropod larvae having a preference for static water.

Furthermore, it has also surprisingly now been found that surface area density (larvae per cm?) is
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a limiting factor in survival of the larvae to pupation independently of effective volume densities
(larvae per mL).

[0073] Thus, in one aspect, the present disclosure provides an apparatus for mass rearing
aquatic arthropod larvae comprising an aquatic reservoir, means to supply water to the reservoir,
and means to drain water from the reservoir. The drainage means is equipped with a porous
barrier, such as a sieve, adapted to prevent the larvae from exiting the reservoir therethrough,
while permitting the passage of water.

[0074] The term “aquatic arthropod” as used herein, refers to any arthropod with a life cycle
comprising an aquatic life stage.

[0075] The apparatus of the present disclosure is particularly suited for mass rearing aquatic
arthropod larvae, particularly insect larvae and even more suited for mass rearing mosquito
larvae.

[0076] In some embodiments, the means to supply water to the aquatic reservoir is arranged
to recycle the water drained from the reservoir. The drained water is gathered and re-supplied to
the arthropod larvae in the aquatic reservoirs.

[0077] In some embodiments, the means to supply water to the reservoir further comprises a
filter to remove waste from the drained water before being re-supplied to the reservoir. The
filter may be a mechanical filter, a biological filter or a chemical filter. The filter may also be a
combination of said filters. In some embodiments, where water is recycled, the water is treated,
such as to mechanically remove waste, to remove harmful chemicals, to introduce nutrients
and/or beneficial chemicals, and/or to aerate the water prior to reintroduction to the reservoir.

[0078] The means to supply water to the reservoir may also comprise a water tank for
storage of water prior to supply to the reservoir.

[0079] Optionally, the apparatus may comprise a sensor for measuring a specific property of
the water supplied to the reservoir. Properties of the water that may be monitored include, but
are not limited to, pH, temperature, conductivity, oxidation-reduction potential (ORP) and
concentrations of chemical compounds such as ammonium, tetracycline and/or chemical
analogues, and food for the arthropods. In some embodiments, the sensors are arranged within

the water tank to measure the properties of the water to be supplied to the aquatic reservoir.
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[0080] In some embodiments, the apparatus further comprises a means for automating the
apparatus. The means for automation may be a microcontroller with programmable input and
output peripherals, with input being provided by the sensors and output to optimize the
properties of water for supply to the reservoir.

[0081] The means for draining water from the reservoir, and in particular the porous barrier,
may be removable from the aquatic reservoir. This would allow ease of removal and transport
of the aquatic arthropods to downstream processes in a single step.

[0082] In some embodiments, the aquatic reservoir comprises a levelling valve. The
levelling valve ensures a minimum level of water in the reservoir.

[0083] The aquatic reservoir may, in some embodiments, comprise an overflow valve. In
some embodiments, the overflow valve is positioned, on the horizontal plane, 180° to the
position where the water enters the aquatic reservoir. The valve may be equipped with a filter,
such as a mesh, to prevent escape of larvae in the event of an overflow.

[0084] In a second aspect, the present disclosure provides a method of mass rearing aquatic
arthropod larvae, comprising equipping an aquatic reservoir with a porous barrier, said reservoir
having means to supply water thereto and means to drain water therefrom, placing aquatic
arthropod larvae within said reservoir, said barrier being adapted to prevent escape of the larvae
while permitting passage of water; and replacing the water in the reservoir on a continual basis
while rearing the larvae.

[0085] As used herein, the term “continual” is used to indicate that water is replaced in the
reservoir on more than one occasion, or on an ongoing basis, so that there may be periods
wherein the water is flushed through the reservoir, followed by periods where there is no
replacement, or there may be a slow flow, for example, that is continuous.

[0086] The porous barrier may be formed such as to define a volume, such as a basket, and
so the following, when referring to being in the porous barrier will be understood to include such
embodiments.

[0087] In some embodiments, arthropod larvae are placed in the porous barrier such that the
surface area density of larvae within the drainage means is 10 per cm?.

[0088] In some embodiments, replacement of the water is automated. In some

embodiments, automation is by use of a microcontroller.
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[0089] Optionally, the properties of the water may be adjusted to optimal conditions for
rearing larvae prior to supply to the aquatic reservoir. This may be in response to input from
sensors within the means for supplying water. The adjustment may be of the concentration of
oxygen, temperature, pH, conductivity, oxidation-reduction potential (ORP) or in the
concentration of a chemical compound in the water.

[0090] In some embodiments, when groups of larvae are reared in identical containers
sharing the same water but at different surface area densities, then conditions with greater than
10 larvae per cm” are generally associated with reduced survival to pupation, with greater
overcrowding leading to further reduced survival. In some embodiments, if the same system is
used with an identical number of larvae in each container at the surface area density of 10 larvae
per cm?, but at different effective volume densities (larvae per mL) tested, the survival to
pupation for each treatment is substantially the same (>90%). In other words, surface area
density (larvae per cm®) is a limiting factor in the survival of the larvae to pupation
independently of effective volume densities (larvae per mL).

[0091] When this value of 10 larvae per cm® or greater is applied to static water rearing tray
systems currently available in the art, the resulting survival is significantly affected, with typical
survival rates being less than 50%. Thus surface area density limits the number of larvae that
may be grown in each tray and is the main limiting factor in production capacity of mass rearing
systems currently available in the art.

[0092] There are at least two reasons as to why the currently available apparatus employing
the static water rearing tray systems does not support efficient survival to pupation under
conditions of >10 larvae per cm?. First, the amount of food added to the trays and, second, the
increasing build-up of excretory products generated by the arthropod larvae.

[0093] In a static water rearing tray system, a comparatively large amount of food is
delivered once or twice a day. This results in far greater potential for spoilage organisms to
grow and foul the water whilst it is not being eaten. In addition, the amount of waste produced
by the larvae steadily increases as they grow and this increase results in larval toxicity at key
points during their ongoing development.

[0094] In contrast, the presently disclosed apparatus ensures that larval development is not
affected by the issues relating to the currently available rearing systems, as discussed above, by

providing an apparatus for mass rearing aquatic arthropod larvae which is able to dilute and/or
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ultimately remove waste compounds that are toxic to the larvae by replacing the water in the
rearing trays.

[0095] In some aspects, the apparatus for mass rearing aquatic arthropod larvae of the
present disclosure (also referred to as ‘the apparatus’ herein) comprises an aquatic reservoir, a
means to supply water to the reservoir, and a means to drain water from the reservoir. The
drainage means is equipped with a porous barrier adapted to prevent the larvae from exiting the
reservoir therethrough while permitting the passage of water.

[0096] The aquatic reservoir includes any container capable of containing water, drainage
means and the arthropod larvae. In some embodiments, the aquatic reservoir is a tray. The tray
may typically be up to 1.2 m?, although the size is only limited by the ease of handling. In this
regard, it is particularly preferable that the tray is a shallow tray. The tray may be made of any
suitable material for containing water, drainage means and arthropod larvae, such as plastic or
metal. The tray may further comprise a levelling valve to ensure that there is always a minimum
level of water in the tray. Levelling valves of this type are well known in the art. For ease of
reference, the aquatic reservoir or container is also referred to as a tray herein, although it will be
understood that the aquatic reservoir or container is not limited thereby.

[0097] The drainage means is equipped with a porous barrier for allowing the water to be
drained from the tray whilst, retaining the arthropod larvae. The water may be drained through
an outlet in the tray. In some embodiments, the outlet is a valve, such as an overflow valve.
The outlet may be positioned at any practical position on the tray, for example, the outlet can be
orientated 180° on the horizontal plane to the position where the water is supplied to the tray.
By placing the water entry and exit positions on the opposite ends of the tray, it is possible to
create a horizontal flow of water across a tray.

[0098] The porous barrier can comprise any material capable of retaining the arthropod
larvae whilst allowing water to freely pass therethrough and, as such, any material capable of
functioning as a sieve. In some embodiments, the porous barrier is a sheet of muslin, nylon, or
flexible plastic. In some embodiments, the porous barrier is made of metal, for example a metal
gauze. In some embodiments, the porous barrier comprises a mesh, membrane, screen, paper,
woven cloth, non-woven cloth, fabric, fiber, foam, sieve, entangled wires, electrospun polymeric
fiber, or a combination thereof. In some embodiments, the porous barrier functions as an
ultrafine sieve. For example, the ultrafine sieve may have a gauge of 100 um to 200 um. In

some embodiments, the ultrafine sieve may have a gauge of 130 um to 170 um. The size of the
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gauge of the porous barrier is an important component of the drainage means, as it determines
the particle size of the artificial diet that can be used in order that the food may pass through the
porous barrier to the arthropod larvae retained therein.

[0099] In particular embodiments, the porous barrier has an average wire diameter. For
example, a mesh, woven fabric, or entangled wires can have wires or fibers in the non-aperture
portion of the porous barrier. In some embodiments, the average wire diameter ranges from
about 1 um to about 1.0 mm. In particular embodiments, the average wire diameter of the
porous barrier is about 52 um.

[0100] In particular embodiments, the average diameter of the apertures or pores of the
porous barrier ranges from about 1 um to about 2.0 mm, or from about 100 um to 1.0 mm. In
some embodiments, the average diameter of the apertures or pores of the porous barrier is
between about 1 um and about 10 um, between about 10 um and about 50 um, between about
50 um and about 100 um, between about 100 pm and about 150 um, between about 150 pm and
about 200 um, between about 200 um and about 250 um, between about 250 um and about 300
um, between about 300 um and about 350 pm, between about 350 um and about 400 pm,
between about 400 um and about 450 pm, between about 450 um and about 500 pm, between
about 500 um and about 550 pm, between about 550 um and about 600 um, between about 600
um and about 650 pm, between about 650 pm and about 700 um, between about 700 pm and
about 750 um, between about 750 um and about 800 um, between about 800 um and about 850
um, between about 850 um and about 900 pm, between about 900 um and about 950 pm,
between about 950 um and about 1.0 mm, between about 1.0 mm and about 1.1 mm, between
about 1.1 mm and about 1.2 mm, between about 1.2 mm and about 1.3 mm, between about 1.3
mm and about 1.4 mm, between about 1.4 mm and about 1.5 mm, between about 1.5 mm and
about 1.6 mm, between about 1.6 mm and about 1.7 mm, between about 1.7 mm and about 1.8
mm, between about 1.8 mm and about 1.9 mm, between about 1.9 mm and about 2.0 mm, or
more than about 2.0 mm. In particular embodiments, the average diameter of the apertures or
pores of the porous barrier is between about 100 um and about 500 pm, for example, for
mosquito species, or between about 123 pm and about 152 um, for example, for Aedes species.

[0101] In some embodiments, #145 to #130 meshes (aperture 123 pm and 152 pum,
respectively) are used. The egg sizes of many mosquito species are available in the literature
and readily found by those skilled in the art. Mosquito egg size of multiple mosquito species

across several genera are shown in Table 1. Size range for egg width of each species falls within
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the range of 123 um (mesh #145) to 497 um (mesh # 34). The presently disclosed apparatus and
method can be used for mass production of any of the insect species listed in Table 1. Larvae
sizes of A. aegypti range from about 1.97 to about 7.33 mm (length), with thoracic width at L.2
stage between about 0.57 and about 1.47 mm. The larvae are covered in bristles which add
some resistance to passing through the mesh in the sieve. A porous barrier such as a sieve with
suitable aperture for each insect species can be selected, at least in part, based on the size of the

eggs or larvae.

Table 1: Egg Size of Mosquito Species

Species Length (um) | Width (um) Mesh# Aperture
(cm)
Anopheles fluviatilis 371.5 141 145 0.123
Culex quinquefasciatus b 659.73 155.37 130 0.152
Culex quinquefasciatus d 611 159 130 0.152
Anopheles strodei 457.7 160.6 130 0.152
Anopheles pseudopuncti 555.8 164.3 130 0.152
Culex quinquefasciatus c 619.4 169.5 130 0.152
Aedes aegypti 664 170 130 0.152
Anopheles shannoni 471.8 177.7 130 0.152
Anopheles apicimaculata 556.2 178.6 130 0.152
Aedes rubrithorax 682.3 179.6 130 0.152
Anopheles argyritarsis 528.7 181.4 130 0.152
Anopheles neomaculipal 593.6 182 130 0.152
Anopheles fluminensis 530.8 187.7 130 0.152
Aedes alboannulatus 700.5 187.8 130 0.152
Anopheles punctimaculata 525.3 189.4 130 0.152
Anopheles anomolophyllus 461.7 190.8 130 0.152
Anopheles vestitipennis 570.7 193.6 130 0.152
Culex quinquefasciatus a 590.5 194.5 130 0.152
Anopheles albimanus 487.9 196.6 130 0.152
Toxorhynchites brevipalpie a 476 311 84 0.239
Toxorhynchites brevipalpie ¢ 563 349 84 0.239
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Species Length (um) | Width (um) Mesh# Aperture
(cm)
Toxorhynchites brevipalpie b 604 361 84 0.239
Toxorhynchites splendens 700 400 84 0.239
Toxorhynchites ambionensis 566 444 40 0.410
Toxorhynchites rutilus 783 531 34 0.497
Toxorhynchites moctezuma 777 548 34 0.497

[0102] The porous barrier is designed such that the arthropod larvae are retained by the
porous barrier throughout their development. This may be possible, for example, by folding the
sheet of muslin on itself to retain the larvae between the sheets and ensuring that the loose edges
are secured. Alternatively, the porous barrier may be secured along the side walls of the tray
such that it is arranged to provide a covering over the internal space of the tray. In this
arrangement, the larvae are retained within the compartment formed by the tray and the porous
barrier. Further alternatively, the porous barrier may be formed such as to define a volume, such
as a basket. For example, the sieve-like walls of the compartment may be made of metal gauze
or any other material capable of functioning as a sieve, as described above, such that the larvae
are contained within the compartment. For ease of reference, the porous barrier is also referred
to as a sieve herein, although it will be understood that the porous barrier is not limited thereby.

[0103] In some embodiments, the sieve is arranged to fit closely within the tray to maximize
the surface area density available to the arthropod larvae retained within the sieve. In some
embodiments, the sieve is arranged to be removable from the container. This facilitates easy
transfer of larvae/pupae retained therein to subsequent downstream processes in a single step.

[0104] The trays and associated sieves may be arranged one on top of another to provide a
stack. A stack may typically comprise 1 to 15 trays depending on the requirement for
accessibility to the trays. For example, for a process that requires daily collection and sorting of
larvae from the sieve, the stack can comprise a gap between the trays that is sufficiently large to
allow direct access to the sieve therein. As a result, the number of trays in each stack will be
reduced. In contrast, a process that does not require access to the sieves until a point when the
apparatus is disassembled and all the larvae are harvested together would not require large gaps
between the trays and therefore a single stack may accommodate more trays to increase rearing

capacity. A single apparatus may contain one or more stack(s).
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[0105] Any water system capable of supplying water to the trays can be used to supply water
to the aquatic reservoir. Supplying water to the aquatic reservoir is also referred to as the water
system herein, although it will be understood that the water system is not limited thereby. The
water being supplied to the trays may come directly from the water supply. In some
embodiments, the water being supplied to the trays may come from a water tank forming part of
the water system. Water tanks for storing water are well known in the art. The water in the
water tank may be refilled using water from the water supply. In some aspects, the water system
comprises a pump for moving the water around the apparatus. Suitable pumps are well known
in the art.

[0106] In some embodiments, the water system is arranged as a continuous system to
recycle the water drained from the trays. In some embodiments, a recyclable water system
comprises a filter to process and/or remove waste in the water collected from the trays before it
is re-used. The filter may be a mechanical filter that traps physical waste in the water, for
example, unconsumed food and associated spoilage organisms, arthropod waste, and other
debris. The filter may be a biological filter such as a layer of microorganisms to capture and
biologically degrade process pollutants. For example, a biological filter may convert harmful
ammonia into relatively harmless nitrates by way of the nitrogen cycle. The filter may be a
chemical filter that treats the water, for example, through processes of ion exchange, adsorption,
chemical bonding and molecular destruction. Mechanical, biological and chemicals filters are
well known in the art and as such will not be discussed in detail here. The water system may
comprise a single filter or a combination of filters.

[0107] The water system may optionally comprise non-return valves designed to cut off
water flow to a particular section of the water system. A non-return valve may be used to
convert a continuous, recyclable water system to a non-recyclable water system. In a non-
recyclable water system, the waste water drained from the trays is removed from the water
system and clean water is supplied to the trays from either the water supply or the water tank.

[0108] The term “clean water” as used herein, within a non-recyclable water system, refers
to water that has not previously been exposed to aquatic arthropod larvae. Within a recyclable
water system, “clean water” may refer to water that has not been exposed to aquatic arthropod
larvae, or water that has been exposed to aquatic arthropod larvae but subsequently treated and

processed by filtration.
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[0109] The term “waste water” as used herein, within a non-recyclable water system, refers
to water that has been exposed to aquatic arthropod larvae. Within a recyclable water system,
“waste water” as used herein refers to water that has been exposed to aquatic arthropod larvae
but not yet subsequently treated and processed by filtration.

[0110] The water system may additionally comprise one or more sensors to monitor the
properties of the water in the system. Sensors for converting measurements of a physical
quantity into a signal which can be detected by an observer or by an electronic instrument are
well known in the art. In some aspects, the sensors are located in the water tank to accurately
monitor the properties of the water prior to supply to the trays. In other embodiments, the
sensors may also be arranged at any suitable place along the water system. Any deviation from
an optimal parameter for a specific property of the water in the water tank, or elsewhere in the
water system, may be monitored and corrected such that the water supplied to the trays provides
optimal conditions for development of the aquatic arthropod larvae. Properties of the water that
may be monitored include, but are not limited to, pH, temperature, conductivity, ORP, food for
the arthropods and concentrations of chemical compounds such as ammonium, tetracycline
and/or chemical analogues. The sensors may also detect an upper and a lower optimal water
level as predetermined, within the water tank. Optionally, the water in the water tank may be
removed and the water tank re-filled with water from the water supply, via a drain and flood
process, and the properties of the water restored to optimal conditions prior to supply to the
trays.

[0111] The apparatus may additionally comprise a suitable means for automating the
apparatus, and in particular the water system. In some embodiments, the means for automation
is a microcontroller. A microcontroller is a small computer on a single integrated circuit
containing a processor core, memory and programmable input/output peripherals. Such
microcontrollers are well known in the art and will not be described further here.

[0112] Programmable output peripherals controlled by the microcontroller may provide
automated control over processes for maintaining the water in the water tank at an optimal
condition and at a suitable level. In this regard, the output peripherals may provide
programmable control of the addition of, for example, tetracycline and/or chemical analogues,
and food. Output peripherals may also provide programmable control of the temperature,
conductivity, ORP and pH of the water supply, as well as programmable control of the draining

of the existing water in the water tank and subsequent replenishment with water from the mains.
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Alternatively, if draining of the water in the water tank is not required, the output peripherals
may provide automated control of topping up of the water from the water supply to maintain a
minimum level of water in the water tank. The programmable output peripherals may be
controlled by the microcontroller in response to signals from programmable input peripherals,
such as sensors. Sensors suitable for providing input to the microcontroller are discussed above.

[0113] Each tray and associated sieve within a stack is bathed in a flow of water supplied by
the water system. The water may be supplied to each tray by a cascade of flowing water.
Alternatively, the water system may be arranged to provide a direct, separate supply of water to
each tray. The cascade approach relies on an alternating drain system where water from the tray
above enters the tray below and then drains from an overflow valve that is orientated 180° from
the original drain point. This ensures a movement of water across the tray beneath.
Temperature comparisons within the system have demonstrated steady state when the flow rate
is sufficient.

[0114] The supply of water to each tray may be continuous. Alternatively, the water may be
supplied to the trays at set intervals. The supply of water and, where applicable, the duration of
each interval may be fixed or may be in response to an input, for example, the levelling valve in
the trays. In some embodiments, the flow rate of the water supplied to the trays is controllable.

[0115] In some embodiments, the flow rate of the water supply to the apparatus is between
about 0.5 L/min and about 5 L/min. In particular embodiments, the flow rate is between about
0.5 L/min and about 1.0 L/min, between about 1.0 L/min and about 1.5 L/min, between about
1.5 L/min and about 2.0 L/min, between about 2.0 L/min and about 2.5 L/min, between about
2.5 L/min and about 3.0 L/min, between about 3.0 L/min and about 3.5 L/min, between about
3.5 L/min and about 4.0 L/min, between about 4.0 L/min and about 4.5 L/min, between about
4.5 L/min and about 5.0 L/min, or more than about 5.0 L/min. In particular embodiments, the
flow rate is about 3.0 L/min, which achieves a constant temperature in the trays and refreshes the
water in a try within an acceptable time.

[0116] In some embodiments, water constantly enters the top of the system at a fixed flow
rate. In one aspect, the drain hole size maintains a fixed flow rate to the next layer down. Thus,
in some embodiments, the drain hole size of the trays at different layers can be different in order
to maintain a fixed flow rate at which water is supplied to each layer. In some aspects, the rate
of flow from the standpipe is the same but results in a water level in the tray that may be higher

than the standpipe. In particular embodiments, the flow rate remains constant through the
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cascade. If this is not the case, the tray water level would increase and overflow if the entry
flow is higher than the exit flow. In some embodiments, a constant depth of water in the tray
and a constant flow rate at the correct speed are maintained to ensure proper larval development.
Whilst there are no doubt some system losses (e.g., due to friction) within the tray/sieve
combination, the mesh is sufficiently transparent to not cause any major flow rate variations. In
some aspects, the sieve limits the flow near the drain hole and therefore enables larvae to avoid
being killed at the drain point.

[0117] The method for mass rearing aquatic arthropod larvae using the apparatus described
above, involves the steps of placing the larvae within the sieve, subsequently placing the sieve
containing the larvae in the tray and replacing the water in the trays.

[0118] The number of arthropod larvae placed within the tray and associated sieve may be
such that the surface area density of larvae is between 0.5 and 20 per cm?, or between 1 and 12
per cm®. In some embodiments, the surface area density of larvae is between 5 and 10 per cm?,
or between 9 and 10 per cm®. In some embodiments, the surface area density of larvae is about
5.0, about 5.5, about 6.0, about 6.5, about 7.0, about 7.5, about 8.0, about 8.5, about 9.0, about
9.5, about 10.0, about 10.5, about 11.0, about 11.5, about 12.0, about 12.5, about 13.0, about
13.5, about 14.0, about 14.5, or about 15.0 per cm”. The surface area in the aquaculture system
is a parameter for achieving an optimum pupal recovery (%survival) when rearing at high
densities. In some embodiments, the density of larvae in a tray is about 10 larvae per cm® for
mass rearing purposes to achieve >70% survival. In some embodiments, trays contain sufficient
water, which is dependent on the height of the standpipe, that results in a larvae density of
between about 1,000 and about 5,000 larvae per liter of water, or between about 1,500 and about
4,000 larvae per liter. In some embodiments, the larvae density in a tray is between about 1,500
and about 2,000, between 2,000 and about 2,500, between about 2,500 and about 3,000, between
3,000 and about 3,500, between about 3,500 and about 4,000, or more than about 4,000 larvae
per liter of water. In some aspects, the density in the overall system including reservoir does not
exceed 3,000 larvae per liter.

[0119] In some embodiments, the step of supplying water to the trays and associated sieves
to replace the existing water therein is under automated control. Automation may be through a
microcontroller as previously described.

[0120] Optionally, the properties of the water may be adjusted prior to supply to the trays to

provide optimal conditions for development of the aquatic arthropod larvae. Examples of
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specific properties of the water that may be adjusted have been discussed previously. The
adjustment may be manual or it may be under automated control in response to sensors in the
water system as previously described. The adjustment to the properties of the water may be to
the water in the water tank or water at any other suitable point in the water system.

[0121] Therefore, the present invention provides an apparatus and methods for mass rearing
aquatic arthropod larvae that provides an accurate and constant supply of nutrient and, where
necessary, antibiotics under automated control to ensure that conditions for development of the
larvae is optimum, whilst the water quality is monitored to control for pH, conductivity and
potential spoilage. The water flow through the sieves is arranged such that flow through the
system results in an efficient, staggered flow maintaining a fixed temperature gradient
throughout the trays.

[0122] The use of optimized surface area density of larvae together with the regulation and
control of the specific properties of the water supplied to the larvae permits a high survival to
pupation at intensive larval densities. The additional ability of the water system to automatically
drain and refill under automated control also permits optimal conditions for mass rearing of
aquatic arthropod larvae.

[0123] An embodiment of the present invention will now be described with respect to the
figures.

[0124] The apparatus (130) of the present invention in an embodiment as shown in Figure 1
comprises trays and associated sieves (10) arranged one on top of another to form a stack (20).
The apparatus comprises multiple stacks. The top of each stack is connected by pipes (30) to
the water tank (40) such that clean water may be supplied to each tray and associated sieve (10)
in the stack (20). Each tray and associated sieve is bathed in a flow of water supplied by the
water system. The water may be supplied to each tray and associated sieve (10) by a cascade of
flowing water employing an alternating drain system, as shown in Figure 2, where water from
the tray and sieve (10) above enters the tray and sieve below and then drains from an overflow
valve (140) that is orientated 180° from the original drain point. That is to say, the overflow
valve (140) is positioned at substantially the opposite end of the tray along the horizontal plane,
relative to the point where the water is entering from the tray above. This arrangement ensures
movement of the water (150) across the tray before being drained to the tray beneath.

[0125] In the embodiment as shown in Figure 1, the bottom of each stack is connected by

pipes (30) to a filter (50) and the filter is in turn connected by pipes to the water tank (40). As
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such, Figure 1 shows a continuous water system capable of recycling the water in the apparatus.
The waste water drained from the trays and associated sieves (10) is collected and passed to the
filter (50) for filtration and processing. The treated water may then be returned to the water tank
(40). The filter also has an outlet (60) for removing the waste water from the water system,
where desired, as opposed to being transferred to the water tank (40) to be recycled.

[0126] The water tank (40) is connected via pipes to the filter (50), the water supply (80) and
the stacks (20). The water tank (40) is also provided with an outlet (70) for removing the water
from the water tank (40). As such, water from the apparatus may be removed from the water
system from either the water tank (40) or the filter (50).

[0127] The water system is fitted with non-return valves (110) at various points along the
continuous water system. Figure 1 shows a non-return valve (110) between each of the stacks
(20) and a further non-return valve between the filter (50) and the water tank (40). By closing
the non-return valves (110) positioned between the stacks, it is possible to section off various
modules of the apparatus. Thus, although the apparatus may have the rearing capacity of 3 or
more stacks (20), its use may be limited to the desired number of stacks. Alternatively, by
closing the non-return valve (110) between the filter (50) and the water tank (40), it is possible
to convert the recyclable water system to a non-recyclable water system.

[0128] Both the filter (50) and the water tank (40) are each provided with two sensors (90,
100) for detecting the water level therein. The first sensor (90) detects the lowest optimal water
level and the second sensor (100) detects the highest optimal water level. Supply of water to the
next module in the apparatus (either the water tank or the stacks (20), respectively) or removal
of water may be dependent on input to the microcontroller (120) from the water level sensors.

[0129] The apparatus (130) is provided with a microcontroller (120) for automating the
apparatus (130) and in particular supplying clean water to the trays and associated sieves (10)
and maintaining the properties of the water in the water tank (40) at optimal conditions for
rearing arthropod larvae. To do this, the microcontroller (120) may automate the process of
sensing and regulating the temperature, ORP, conductivity and pH of the water, automate the
process of feeding, collect and display data and/or automate the process of refilling and draining
the water in the water tank.

[0130] A microcontroller (120) as that used in the embodiment of Figure 1 is shown in
detail in Figure 3. The controller unit (160) comprises an input interface (170) and a display

interface (180). The controller unit receives information from programmable input peripherals
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and regulates the properties of the water in the water and its supply to the trays and associated
sieves via control of programmable output peripherals.

[0131] In the embodiment as shown in Figure 3, the programmable input peripherals
comprise sensors from both the water tank and the filter. Sensors in the water tank that detect
and provide input signals to the controller unit include a temperature sensor (190), pH sensor
(200), conductivity/ORP sensor (201) and sensors for detecting the optimal upper and lower
water levels (100, 90 respectively). Sensors (90, 100) in the filter detect and provide input
signals to the controller unit regarding the water level in the filter.

[0132] The controller unit is also connected to a sensor (210), which provides input
regarding flow of water from the water supply to the water tank.

[0133] The programmable output peripherals that are controlled by the controller unit
comprise an effector for adding food to the water (220), effectors for raising or lowering the pH
of the water (230, 240), an effector for adding chemical compounds, for example, tetracycline
and/or chemical analogues (241), and an effector for adding water from the water supply to the
water tank (250). The programmable output peripherals also include effectors that regulate the
flow of water into the trays from the water tank (260) and drain of water from the water tank
(270) for removal from the apparatus. Further effectors regulating the properties of the water in
the water tank include an effector for aeration (280), and an effector to heat the water (290).

[0134] The controller unit has the option to be connected to Wi-Fi, phone, laptop and/or
other forms of network or communication device.

[0135] The claimed subject matter is described in connection with the embodiments in the
detailed description, but is not limited to any particular embodiment. It is to be understood that
the claimed subject matter may be embodied in various forms, and encompasses numerous
alternatives, modifications and equivalents. Therefore, specific details disclosed herein are not
to be interpreted as limiting, but rather as a basis for the claims and as a representative basis for
teaching one skilled in the art to employ the claimed subject matter in virtually any appropriately
detailed system, structure, or manner. It should be understood that the various features and
functionality described in one or more of the individual embodiments are not limited in their
applicability to the particular embodiment with which they are described. They instead can, be
applied, alone or in some combination, to one or more of the other embodiments of the
disclosure, whether or not such embodiments are described, and whether or not such features are

presented as being a part of a described embodiment. For the purpose of clarity, technical
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material that is known in the technical fields related to the claimed subject matter has not been
described in detail so that the claimed subject matter is not unnecessarily obscured.

[0136] All publications, including patent documents, scientific articles and databases,
referred to in this application are incorporated by reference in their entireties for all purposes to
the same extent as if each individual publication were individually incorporated by reference.
Citation of the publications or documents is not intended as an admission that any of them is
pertinent prior art, nor does it constitute any admission as to the contents or date of these
publications or documents.

[0137] Throughout this disclosure, various aspects of the claimed subject matter are
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation on
the scope of the claimed subject matter. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible sub-ranges as well as individual
numerical values within that range. For example, where a range of values is provided, it is
understood that each intervening value, between the upper and lower limit of that range and any
other stated or intervening value in that stated range is encompassed within the claimed subject
matter. The upper and lower limits of these smaller ranges may independently be included in
the smaller ranges, and are also encompassed within the claimed subject matter, subject to any
specifically excluded limit in the stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included limits are also included in the
claimed subject matter. This applies regardless of the breadth of the range. For example,
description of a range such as from 1 to 6 should be considered to have specifically disclosed
sub-ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6
etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6.

€6, %% <<
a

[0138] As used herein, the singular forms an”, and “the” include plural references
unless indicated otherwise. For example, “a” container includes one or more containers.
[0139] It is understood that aspects and embodiments of the disclosure described herein

include “consisting” and/or “consisting essentially of”” aspects and embodiments.
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Example 1

Flow rate and sieve behavior

[0140] In this example, the role of the sieve and flow rate on mosquito rearing potential in a
re-circulating aquaculture rearing system was assessed.
Method:

[0141] Survival of insects during mass production using a standard sieve unit (#145 Mesh,
0.123mm aperture, 0.052mm wire diameter, SS304 grade, woven wire mesh grade). In addition,
a 13 mm LD. pipe was formed with a piece of the same #145 SS mesh welded on to one end.
The other end was left un-covered. This tube was fitted into the drain fitting and was identical
to the pipes routinely used to increase the water depth in the tray system as necessary.

[0142] A digital flow meter capable of measuring flow rates between 0.5-8.0 liters per
minute was installed on the water feed pipe supplying water into the top tray. Consequently, the
flow rate displayed was recorded at the point of entry into the tray. Flow rate was kept constant
during each of the three assessments. Three different flow rates were tested and were achieved
by reducing the flow rate tap at the main pump feed pipe.

[0143] Flow rates tested were 1.0, 2.0 and 2.77 liters/min. 2.77 liters/minute was the
maximum flow rate possible at the water flow outlet due to maximum pump capacity.

[0144] 25,000 larvae were added each to the sieve in the top tray and the next tray down
fitted with the meshed drain tube. The eggs and larvae were placed into the tray at the opposite
end of the tray to the drain plug location. The larvae, eggs and water level were then observed
to see if they were drawn towards the drain point.

[0145] This was repeated for each of the different flow rates. The following was observed.

Results:

Table 2

1.0 15:08 - > 1| No overflow No overflow Larvae not drawn
hour rapidly to sieve tube.
2.0 16:07 — 16:18 11 No overflow Eggs and larvae
drawn to sieve tube.
2.77 15:56 — 16:01 5 No overflow Eggs and larvae
drawn rapidly to
sieve tube.
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[0146] At the maximum flow rate possible, it took 5 minutes for the drain plug to clog
resulting in water overflow from the sieve. Similarly, at a flow rate of 2.0 liters per minute, a
similar overflow occurred albeit after a slightly longer time period. L1 larvae drawn to the point
flow of the filtered drain pipe are unable to swim free resulting in death. Larvae from
overflowed sieves upset the balance between feed and number of larvae present resulting in
spoilage issues and ultimately lead to greatly reduced survival.

[0147] In this example, whilst it is possible to rear larvae in flow rates as low as 1.0 liter per
minute and therefore potentially without the sieve present, the system may require a higher flow
rate to ensure a constant water temperature throughout all points of the system. Temperature
gradients between the farthest points of the system can be significant and as temperature is a
fundamental aspect to synchronous larval mass development, the resulting rearing success is
much reduced if the flow level is not at the required level. Finally, some larvae and eggs are
always drawn to the filter drain point even at the slowest flow rate and so although after 1 hour
the system did not over flow there was nevertheless a build-up of eggs and larvae on the mesh
which potentially could cause overflow at a later time point
Discussion:

[0148] In this example, using the multiple tray system described above, a flow rate of at
least 3.0 liters per minute is required to ensure a complete water mix and a steady temperature
across the system. Therefore, at least 3.0 liters per minute flow rate can be used to ensure
correct system operation and optimum conditions required for mosquito production. At this
flow rate, one would clearly encounter flow issues without the sieve included.

[0149] The density of larvae present in each tray is approximately 3,800 larvae per liter and
it is this high density that makes the aquaculture system attractive as a mosquito mass
production system. As a consequence however, such high densities are highly likely to create
conditions by which live mosquitoes will frequently occur around the drain point due to the
cascading water flow between trays and hence the probability that the insects concerned will be

trapped and ultimately perish.
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Claims

What is claimed is:

1. An apparatus for rearing aquatic arthropod larvae, comprising:

a container comprising a porous barrier which partitions the container into a first
chamber and a second chamber, wherein:

the second chamber comprises a drain outlet; and

the porous barrier is capable of preventing the larvae from exiting the first chamber
into the second chamber while permitting at least the passage of water between the chambers,
when water is supplied to the first chamber and drained from the container via the drain outlet
of the second chamber,

wherein the porous barrier has an average aperture diameter ranging from about 100
um to about 1,000 um, or from about 123 um to about 152 um; and wherein the apparatus is
further configured to mass rear the aquatic arthropod larvae at a density ranging from about
one larva to about 12 larvae per cm? of the bottom plate of the container, or at a density of
about 10 larvae per cm? of the bottom plate of the container, and/or at a density ranging from

about 1,500 larvae to about 4,000 larvae per liter of water in the container.

2. The apparatus of claim 1, wherein the drain outlet comprises a valve and/or a pipe

sealed or affixed on the drain outlet opening,

optionally wherein the valve is an overflow valve, wherein water passes from the
container through the overflow valve after the maximum water level has been attained in the

container.

3. The apparatus of claim 1 or 2, wherein the drain outlet is positioned substantially 180°

on a horizontal plane to the position where water enters the container.

4. The apparatus of any one of claims 1-3, further comprising a pipe for supplying water
to the container, wherein the pipe for supplying water optionally comprises a filter, such as a

mechanical filter, a biological filter, a chemical filter, or a combination thereof.
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5. The apparatus of claim 4, further comprising a water tank connected, directly or
indirectly, to the pipe for supplying water to the container, wherein the water tank stores

water supplied to the container,

optionally wherein the water tank is connected, directly or indirectly, to the drain
outlet of the second chamber, whereby water drained from the container is recycled and
supplied to the container, wherein the water tank is optionally connected to the drain outlet
via a filtering device capable of filtering water drained from the container, and wherein the

filtering device comprises a filter and a waste outlet for removing waste.

6. The apparatus of any one of claims 1-5, further comprising a sensor for measuring a
property of water supplied to and/or drained from the container, such as concentration of
oxygen, temperature, pH, conductivity, oxidation-reduction potential (ORP), or concentration

of a chemical compound.

7. The apparatus of any one of claims 1-6, further comprising a levelling valve arranged
to maintain a minimum level of water in the container, and/or a microcontroller for

automating the apparatus.

8. The apparatus of any one of claims 1-7, wherein the porous barrier is removable from
the container, and/or permits the passage of feed, waste, and other debris, including waste

produced by the larvae.

0. The apparatus of any one of claims 1-8, wherein the porous barrier comprises a mesh,
membrane, screen, paper, woven cloth, non-woven cloth, fabric, fiber, foam, sieve, entangled
wires, electrospun polymeric fiber, or a combination thereof, and optionally wherein the

porous barrier has an average wire diameter ranging from about 1 um to about 1,000 um.

10. The apparatus of any one of claims 1-9, which comprises a plurality of the containers,

such as 5, 10, 100, 500, 1,000, 5,000, or more of the containers.

11. The apparatus of claim 10, wherein at least some of the plurality of containers are
sequentially connected to each other or stacked on top of one another, wherein water passes
from the first container in the sequence or stack through intervening container(s) to the last

container in the sequence or stack, wherein the first container is connected to or supplied by a
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pipe supplying water and the last container is connected to a pipe draining water, and wherein

the drained water is recycled to the first container, and/or

wherein at least some of the plurality of containers are connected in parallel to the
pipe supplying water and/or the pipe draining water, and wherein the drained water is

recycled to the containers.

12.  An apparatus for rearing aquatic arthropod larvae, comprising:

(1) a first container comprising a porous barrier which partitions the first container
into a first chamber and a second chamber, wherein:

the second chamber comprises a drain outlet; and

the porous barrier is capable of preventing the larvae from exiting the first chamber
into the second chamber while permitting at least the passage of water between the chambers,
when water is supplied to the first chamber and drained from the first container via the drain
outlet of the second chamber; and

(2) a second container constructed substantially similar to the first container, wherein
water drained from the first container passes into the first chamber of the second container;

and
optionally (3) a rack on which the first and second containers are disposed.

13. A method for rearing aquatic arthropod larvae, comprising using the apparatus of any

one of claims 1-12.

14. A method for rearing aquatic arthropod larvae, comprising:

(1) placing larvae or eggs of an aquatic arthropod in a first chamber of a container,
wherein the container comprises a porous barrier that separates the first chamber from a
second chamber of the container, wherein the second chamber comprise a drain outlet, and
the porous barrier is capable of preventing the larvae from exiting the first chamber into the
second chamber while permitting at least the passage of water between the chambers; and

(2) supplying water on a continual basis and other suitable conditions in the container
for rearing the larvae or eggs in the first chamber, wherein water is drained from the
container via the drain outlet of the second chamber; and

(3) mass rearing the aquatic arthropod larvae at a density ranging from about one

larva to about 12 larvae per cm? of the bottom plate of the container, or at a density of about
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10 larvae per cm? of the bottom plate of the container, and/or at a density ranging from about

1,500 larvae to about 4,000 larvae per liter of water in the container.

15. The method of claim 14, wherein water is supplied to the container at a flow rate of

between about 0.5 L/min and about 5 L/min, or at about 3 L/min.

16. The method of claim 14 or 15, wherein the flow rate of water draining from the

container is substantially the same as the flow rate at which water is supplied to the container.

17. The method of any one of claims 14-16, further comprising adjusting the flow rate at
which water is supplied to the container, and/or adjusting the flow rate of water draining from

the container.

18. The method of any one of claims 14-17, wherein water is supplied to the container at
a flow rate that maintains the temperature in the container at about 22+3°C, about 26+£2°C, or

between about 25°C and 2&°C.

19. The apparatus or method of any one of claims 1-18, wherein the aquatic arthropod is a
pest.
20. The apparatus or method of any one of claims 1-19, wherein the aquatic arthropod is

an insect, optionally a mosquito, such as from the genera Stegomyia, Aedes, Anopheles,
Culex, or Toxorhynchites, wherein the mosquito is optionally selected from the group
consisting of Aedes aegypti, Aedes albopictus, Culex pipiens, Culex quinqufaciatis,

Anopheles stephensi, Anopheles albimanus and Anopheles gambiae.



