
20. Data Recording and Analysis

Keeping accurate records consistently is essential in maintaining satisfactory 
production and quality. Management must insist on the maintenance of a system 
of record keeping, even when operations are going well and it appears to be 
unnecessary. Examples of forms used in recording quality-control data are 
provided in FAO/IAEA/USDA (2003). Data management is a  vital component 
of mass-rearing operations. Akey et al. (1984) reviewed data processing. Modern 
computer systems have simplified data collection and analysis (Parker 2005). 

20.1. QUALITY CONTROL
The  computer-controlled environmental systems available today make record 
keeping rather easy, but this should not allow managers and operators to 
become complacent that machines will keep things running smoothly. Daily 
checks of the  previous day’s records must be made to ensure that production 
systems are functioning as planned. Environmental systems are amenable to 
automated controllers which monitor environmental conditions according to 
a pre-programmed plan (Parker 2005). 

Preventive equipment maintenance activities must be kept on schedule. 
The  costs in loss of production or in poor insect quality are too high to omit 
preventive work. 

Rogers and Winks (1993) provided examples of control charts with data on 
fecundity, egg hatch and pupal weights over many generations (one point on 
a curve for each generation). In the charts, each parameter is bounded by control 
limits, set at three standard deviations from the mean. Charting these parameters 
shows natural variation within the control limits, non-random drift towards one 
of the limits and when a value has exceeded a control limit. These authors showed 
a table (with mean values ± standard errors of the mean) to enable a comparison 
of parameters among several colonies. 

Control charts (section 16.1) are a routine but very useful tool in monitoring 
the status, and especially the trends over time, of quality parameters. Calkins and 
Parker (2005) provided a  good description and examples (values of fecundity) 
of Shewhart control charts; Leppla and Ashley (1989) showed a chart for pupal 
production. 

Indices of competitiveness and compatibility obtained from field-cage mating 
performance tests are discussed in FAO/IAEA/USDA (2003) and Calkins and 
Parker (2005), providing formulae and graphic representations. 
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20.2. SAMPLING INSECTS FOR QC TESTS
The quality of insects will inevitably vary somewhat due to variations in the rearing 
environment and in the insects themselves. Such variations in insect quality need 
to be accounted for when sampling insects for QC testing so that the data obtained 
in QC tests are an accurate reflection of the overall quality of the insects produced, 
and means can be estimated with a reasonable degree of precision. It is necessary 
to have a statistical basis for deciding on the number of samples needed to achieve 
a predetermined level of precision (Cohen 2004). 

Two approaches are described in FAO/IAEA/USDA (2003) — a  stratified 
sampling scheme and pooling of data. In the case of codling moth mass-rearing, 
where process QC and product QC are separate activities and may be done by 
different persons and where shipment of insects to other projects is not common, 
stratified random sampling would appear to be the appropriate approach. To enable 
the tracing of any quality problems to a particular date of diet production, QC 
samples should be taken from diet and insects produced from that diet prepared 
on one day. (Taking samples from every day’s production may not be necessary 
— once a week may be enough.) However, in a situation where the product from 
several days becomes mixed in the  rearing system, e.g. emerged adults, samples 
will have to be identified by a particular week rather than a particular day. 



21. Health Hazards and Safety in 
a Rearing Facility

Employers are responsible to recognize health hazards and provide maintained 
preventive equipment and training in safe working procedures, and employees 
need to work in a safe manner (Wolf 1984, 1985; Fisher and Leppla 1985; Cohen 
2004; IAEA 2008). This section deals with allergies and safety issues; however, 
some micro-organisms that live in diet or in insects may cause disease in 
humans, e.g. Aspergillus, Pseudomonas, Rhizopus, Serratia and Streptococcus spp. 
(Sikorowski 1984a; Sikorowski and Lawrence 1994a, b). 

21.1. ALLERGIES
Insect mass-rearing can pose a  significant health hazard through inhalant and 
contact allergies, causing respiratory problems, dermatitis, etc. (Wirtz 1984; Wolf 
1984, 1985; Kfir 1994). Besides respiratory allergies to moth scales in the air, allergic 
reactions to dust (from dry diet ingredients or spent diet), mould spores, mites and 
pheromones also occur. Preventing allergic reactions involves recognition and 
documentation of the problem and correction of the problem through appropriate 
air-ventilation and filtering, coupled with protective clothing and filter masks or 
respirators (Owens 1984; Wolf 1984; Ashby et al. 1985; Reed and Tromley 1985; 
Parker 2005). Even the oral aspirator (pooter) used traditionally by entomologists 
to collect small insects should have a filter capable of stopping 99% of particles 
with a diameter of 0.3μ (Wolf 1984, 1985). 

Due to the  risk of producing hazardous dusts, diet ingredients should 
be handled, mixed, ground, sifted, etc. in well-ventilated areas (Brewer and 
Lindig 1984). 

Moth scales floating in the air are a  significant inhalant (respiratory) hazard, 
especially for persons who are prone to allergic reactions. Allergies tend to 
develop over time and get worse rather than better. Therefore, it is essential that 
workers wear face masks at all times when in an area where moth scales are present 
in the air. Also, filtering of incoming air with dry filters to remove moth scales, 
with the final filter being a high-efficiency particulate air (HEPA) filter to remove 
other contaminants, is absolutely essential to minimize the problem (section 22.6). 

Several major improvements in protecting workers from moth scales have 
been made. Toba and Howell (1991) described a  system in which scales were 
removed from the air with filters in an adult collection room, and adult emergence 
containers were made of cheap fibreboard that were discarded after use (instead 
of cleaning and sterilizing metal containers). Scales from the pink bollworm are 
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removed from the  air by passing it through filters and cyclones (Stewart 1984; 
Wolf 1984, 1985). 

At the  OKSIR facility in Canada, the  automated adult-collection system 
operates without the need for personnel to enter the emergence room during moth 
emergence (section 11.1). 

Handling adults, oviposition cages and egg sheets exposes workers to moth 
scales. Therefore, portable equipment that draws in air (capturing nozzle (Wolf 
1984, 1985)), filters and exhausts it, is required.

21.2. CHEMICALS
Material Safety Data Sheets for all chemicals used must be available to all workers.
Special precautions are needed if formaldehyde is used as a  diet ingredient. 
This toxic chemical is a  contact irritant, poison (Reed and Tromley 1985) and 
carcinogen (Shapiro 1984; Ashby et al. 1985). Formaldehyde produces volatile 
fumes so the liquid must be handled inside a fume hood, used glassware must be 
rinsed in the hood, and the chemical added to the diet in a strongly ventilated area 
while using a formaldehyde respirator (Reed and Tromley 1985; Wolf 1984, 1985). 
Protective clothes must be worn when handling — chemical-proof gloves, coveralls 
or lab coats, safety eyewear and chemical-proof aprons. (Protective clothing 
protects workers, but also the diet from contamination that may be introduced 
by personnel.) A chemical spill kit must be kept nearby, and a safety shower and 
an eyewash station must be situated in the  area where hazardous chemicals are 
handled. Formaldehyde evaporates from the  diet over time, so workers should 
not enter rearing rooms unless necessary and only if a formaldehyde respirator is 
being worn. 

The  same kind of precautions should be taken when handling any chemical 
that is toxic, corrosive or volatile, e.g. acids, bases and disinfectants. Hazardous 
chemicals must be properly stored and disposed of after use or after the expiry 
date. Cleaning agents, e.g. NaOCl (bleach) and other disinfectants should be 
handled and stored with care. 

Tests to sample the air for hazardous chemicals, e.g. formaldehyde, are available 
(Wolf 1984). 

Organic solvents, e.g. acetone, ethyl alcohol and diethyl ether should be 
handled only in a fume hood or in specially ventilated areas. These chemicals are 
stored in cool and well-ventilated cabinets. 

Antimicrobial agents, including bactericides and fungicides, should be stored 
where they will not come in contact with workers via skin, inhalation or by 
contamination of foods. Workers handling such chemicals should wear face masks, 
gloves and other protective clothing to protect their skin. 

A  fume hood draws air from the  laboratory and vents the  air outside 
the  building so that fumes cannot enter the  room. In contrast, a  laminar flow 
hood passes pre-filtered air over the work surface in the hood and into the room. 
A  fume hood protects the  worker from toxic fumes, and a  laminar flow hood 
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protects the  materials on the  work surface from microbial contamination, e.g. 
plates of sterile medium (see photos in Cohen (2004)). 

Chemicals used in eating/drinking and in personal make-up and apparel, e.g. 
deodorant and hair spray, should be discouraged in the rearing facility. 

Smoking cigarettes is prohibited in a rearing facility, not only for the health of 
workers but also for the insects; nicotine is an insecticide. 

21.3. SAFETY
Equipment associated with preparing and dispensing diet can harm the operator, 
e.g. beaters, mixers, blenders, stirrers with long shafts and propellers, choppers, 
cutters, grinders, augers, fans, forklift, tractor, etc. The  moving parts of such 
machines must have protective shields, covers or barriers to prevent accidental 
contact with the  operator. To prevent accidents hair should be covered and no 
loose clothing worn. 

Live steam, hot liquids and hot objects, e.g. steam kettle, autoclave, oven and 
hot plate, can cause severe burns. Therefore, workers must wear a face mask and 
protective clothing and footwear and use protective equipment, e.g. gloves, eye 
goggles (possibly full-face shields), as appropriate (Fisher and Leppla 1985). 

Ear plugs, or better still ear-muff type protectors, should be worn when 
working near noisy machines. 

Electrical installations and equipment must be properly connected to a power 
source and grounded to avoid electrical shocks, keeping in mind that washing with 
water is a very frequent activity in a  rearing facility. Wearing rubber boots and 
gloves will afford protection from electrical hazards. 

When using a  UV lamp to identify marked adults (section 11.3), wear 
protective UV eyeglasses. Also, covering the  hands with sunscreen can protect 
them from ‘sunburn’. 



22. Rearing Facility: Design, 
Maintenance and Sanitation

22.1. DESIGN AND MAINTENANCE
Rearing lepidopterans requires a  much more sophisticated and complicated 
facility than that required for dipterans, especially regarding the  environmental 
controls (Bloem and Bloem 2000; IAEA 2008). The  risks of contaminants 
destroying the  diet and viral diseases infecting the  larvae are high. These risks 
must be mitigated by incorporating multi-faceted environmental controls and 
design features into the facility which are expensive to purchase and maintain. This 
situation makes mass-rearing Lepidoptera rather daunting, but enough experience 
has now been accumulated to provide guidelines on the design and operation of 
a facility. 

In the  early stages of the  design of the  OKSIR facility (Figure 7), a  major 
decision was taken to provide separate environmental controls for each rearing 
and emergence room. This was an ‘expensive’ decision, but it permitted clean air 
to be brought into each room separately and air could not move between rooms. 
This concept worked well and enabled the facility to produce the planned number 
of insects on a regular basis. If contamination or infection occurred in one room, 
the other rooms were isolated. 

A related ‘expensive’ decision was to build many small rearing rooms to hold 
only one day’s diet production. If a  room became contaminated or the  insects 
diseased then only one day’s production would be lost. 

A third major design feature was the creation of three areas based on activities 
and the type of environment required:

• Clean area (red area of Figure 30) — Diet dispensing, rearing rooms, showers, 
laundry room, lunch room and washrooms; under positive air pressure and 
restricted entry for designated personnel only;

• Dirty area (blue area of Figure 30) — Emergence rooms, cold rooms, 
oviposition room, egg-sheet handling room, QC room, data storage room, 
spent-diet handling area, tray washer, cart washer (Figure 31), showers, 
laundry room, lunch room and washrooms, rearing manager’s office, 
environmental control centre; under negative air pressure and restricted 
entry for designated personnel only; 

• Open area (green area of Figure 30) — Diet ingredient storage and diet 
preparation rooms, mechanical rooms, washrooms, offices, data handling 
and meeting room, storage rooms, open upper storey for environmental 
equipment and ducting; visitors area and to the outside of the facility. 
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A fourth design feature relates to the movement and flow of materials (Fisher 
1984a; Fisher and Leppla 1985; Nordlund 1999; Phillimore 2002; IAEA 2008; 
Taret et al. 2007):

• Carts with trays of maturing larvae could be moved from the rearing rooms 
(clean area) to the  emergence rooms (dirty area) through a  special pass-
through room (accessible from both sides, but not at the same time);

• Cleaned carts and trays and special carts holding sterilized egg sheets 
(Figure 27, section 12.6) could be stored in a special sterile room accessible 
from both the washing area and the diet dispensing area (but not at the same 
time); 

• Materials, e.g. chemicals, tools, etc., could be transferred from the open area 
into the  clean area using a pass-through between the diet preparation area 
and the diet dispensing area. 

A fifth design feature was the unique system of bringing clean and conditioned 
air into each rearing and emergence room through small holes in the clear plastic 
walls of the rooms (Figure 9 and 32) (Brinton et al. 1969; Oborny 1998). The air 
was exhausted through two ducts in the ceiling. 

Lastly, adults were collected automatically using UV lights, ducts, moving air 
and cyclones (section 11.1). 

FIGURE 30
Floor plan of the OKSIR mass-rearing facility, Osoyoos, Canada

The ‘clean’ area is coloured in red, the ‘dirty’ area in blue, and the ‘open’ area in green.
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A  new codling moth rearing facility (400 m2) was constructed in Argentina 
in 2006 with an investment of USD 115  000 for infrastructure and equipment; 
the  maximum production capacity is 200  000 moths/week (Taret et al. 2007). 
A new insect rearing facility in Brazil will produce codling moths as well as other 
insects (Kovaleski and Mumford 2007; Malavasi et al. 2007).

Information on the design of insect-rearing facilities is available (Kakinohana 
1982; Leppla et al. 1982; Fisher 1984a; Griffin 1984a, b; Harrell and Gantt 1984; 
Owens 1984; Fisher and Leppla 1985; Marroquin 1985; Schwarz et al. 1985; 
Sikorowski and Goodwin 1985; Singh and Ashby 1985; Mumford and Knight 
1996; Leppla and Eden 1999; Wood and Wendel 1999; Fisher 2002; Phillimore 
2002; Wyss 2002; IAEA 2004, 2008; Dowell et al. 2005). 

Goodenough and Parnell (1985) described the  basic engineering design 
requirements for ventilation, heating, cooling and humidification of insect 
rearing facilities. Oborny (1998) reviewed the  HVAC (heating, ventilation, air 

FIGURE 31
Cart washer (also used to wash oviposition cages)  

– OKSIR mass-rearing facility, Osoyoos, Canada
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conditioning) systems in four rearing facilities. Tween (1987), Dowell et al. (2005), 
Parker (2005) and IAEA (2008) discussed the merits of a modular facility. 

The  selection of a  location for a  rearing facility is discussed by Marroquin 
(1985), Leppla and Eden (1999), IAEA (2004, 2008), Dowell et al. (2005), Dyck et 
al. (2005b), Parker (2005) and Taret et al. (2005). 

Maintenance is vital to the reliable operation of equipment and to the reliable 
production of quality insects. Appropriately qualified engineering personnel, 
and adequate stocks of supplies and replacement parts for filters and equipment, 
are essential. A regular programme of maintenance activities must be scheduled 
and adhered to rigorously. It is important that the  equipment and building 
components selected for the  facility are easy to maintain using locally available 
expertise. Computer-controlled and monitored environmental equipment is an 
advantage if trained personnel are available to maintain such equipment. 

22.2. TEMPERATURE
Reliable equipment to maintain the programmed temperature in each room and 
area is critical. The  best system of temperature control is to heat/cool air by 
passing it over heating or cooling coils (using a  refrigeration system) and then 
forcing it with fans into each room and area. Such a system has the capability to 
change the temperature rapidly. 

22.3. MOISTURE CONTENT OF THE AIR
As the  temperature of forced air is being controlled (section 22.2) moisture can 
be added with steam, or removed. Dehumidification tends to be expensive, but 
is sometimes essential for incoming air; it is done by passing the  air over cold 
coils and draining the  water that collects. In the  OKSIR facility, the  RH in 
a rearing room decreases from 75 to 55% during the larval rearing period, and this 
dehumidification must be regulated by the  environmental equipment (Oborny 
1998). 

22.4. LIGHT AND PHOTOPERIOD
The light intensity is not critical, the main concern is to regulate the photoperiod 
to prevent (or induce) diapause in developing larvae (sections 9.1 and 13.1). 
The  light source should illuminate all trays of diet in a  larval rearing room; 
vertically positioned fluorescent tubes are appropriate for vertically stacked trays 
of diet on carts. Since lights produce heat, the tubes can be located within an air 
plenum behind clear plastic barriers (Figures 9 and 32) (section 9.1). 

22.5. AIR PRESSURE AND MOVEMENT
Positive and negative air pressures are created by balancing inlet and outlet fans 
(Sikorowski and Lawrence 1994a; Dowell et al. 2005). Air movement is needed to 
exchange air at a predetermined rate appropriate to each room (Howell and Clift 
1972). A small percentage of inlet air, e.g. 10%, should be fresh air. It is relatively 
expensive to modify fresh air compared with recirculated air (Oborny 1998). 
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As discussed in section 9.1, air speed and the number of air exchanges/hour 
are important to control microbial contaminants (Brinton et al. 1969; Howell 
1971; Oborny 1998), especially when the  diet dries out slowly during larval 
development. Horizontal (laminar) air flow between vertically stacked trays is 
absolutely necessary to control the  rate of drying of the  diet and to suppress 
growth of mould. This horizontal air flow is provided by air entering the room 
from many small holes in the  side walls (which contain an air plenum under 
pressure); each tray receives air from a row of holes just above (Figures 9 and 32). 

22.6. AIR CLEANLINESS
The air-handling system must contain filters to remove microbial contaminants, 
virus particles and moth scales (Gast 1968; Sikorowski 1984a). The  1st and 2nd 
filters should capture larger particles such as scales (Stewart 1984). The  last 
filter must be a HEPA filter for very small particles (300 nm or larger) (sections 
15.3, 17.2.4, 17.2.5, 21.1 and 22.7). However, CpGV particles are approximately 
314 × 31 nm and the granules 314 × 208 nm, thus quite close to the filtering limits 
of these filters (Cossentine et al. 2005). HEPA filters are essential for clean areas 
and rooms and, if CpGV is a  threat, are desirable for other parts of the facility. 
Filters must be changed as needed, and a programme of checking and replacing 
filters is vital. Air cleanliness must be monitored by periodic use of plated media 
(section 17.2.5) (Fisher and Leppla 1985). 

FIGURE 32
Rearing room with vertical fluorescent tubes in the air plenum 

behind clear-plastic walls – OKSIR mass-rearing facility,  
Osoyoos, Canada.
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22.7. SANITATION AND CLEANING EQUIPMENT
Sanitation is the  control of microbial contamination. Proper sanitation reduces 
losses caused by spoilage of an insect diet, increases the  efficiency of plant 
operation, results in easier maintenance of equipment and develops better employee 
relationships. The purpose of sanitation is to suppress microbial contamination to 
desired levels (Brewer and Lindig 1984; Roberson and Wright 1984; Sikorowski 
1984a, b; Stewart 1984; Sikorowski and Goodwin 1985; Sikorowski and Lawrence 
1994a, b; Cohen 2004; Bloem et al. 2007). 

Sanitation is vital for successful rearing of lepidopterans, especially when 
artificial diet is used (sections 15, 17.2.5 and 22.6). The diet-dispensing area and 
rearing rooms (section 22.1) must be very clean. Besides clean air, the  exposed 
surfaces of equipment and the surfaces of the rooms (ceiling, walls and floor) must 
be kept clean (section 17.2.5) (Fisher 1984a; Reed and Tromley 1985). At the end 
of the work day, floors must be washed and cleaned with a disinfectant. Walls and 
floors can be cleaned weekly with household ammonia or detergent (Toba and 
Howell 1991) or with 5% NaOCl and UV lamps (Bathon et al. 1991) (however 
UV light has poor penetrability). Prior to diet being dispensed, utensils and work 
surfaces must be cleaned with disinfectant or autoclaved (Howell and Clift 1972). 
Ovens can be used to sterilize glassware (180ºC for 2 h). 

Toba and Howell (1991) described the following practices:
• After each use, moth collection containers and oviposition cages are cleaned 

in a dishwasher.
• Used diet trays are cleaned and autoclaved at 115.5ºC and 18–20 psi for 1 h. 

Diet tray covers are similarly cleaned and autoclaved for 0.5 h. 
Mani et al. (1978) described the following practices:
• Rearing room floors are washed each week with a  NaOCl solution, and 

formaldehyde is vaporized in the room (1 cm3/m3).
• Every three months each rearing room is emptied and cleaned. After applying 

formaldehyde vapour, the room is heated to 45ºC for three days.
• Diet trays are washed, disinfected in a cleaning solution and dried at 50ºC. 

Before re-use they are immersed for 18 h in a 5% formaldehyde solution. 
• Carts for diet trays are cleaned using steam jets. 
Hamilton and Hathaway (1966), rearing on immature apples, described 

the following practices:
• Rearing rooms are scrubbed with soap and water, and each week sprayed 

with a 0.5% solution of NaOCl.
• Rearing racks, trays and lids are washed with water and steam cleaned, then 

immersed in a 1% solution of NaOCl for 1 h. 
Stewart (1984) described the sanitation measures followed at the pink bollworm 

rearing facility:
• Disinfecting work surfaces, floors, walls and ceilings with sanitizing agents 

such as NaOCl solution, quaternary ammonium compounds, phenolic 
compounds and stabilized chlorine dioxide solutions. Chlorine dioxide is 
advantageous because it is relatively stable and non-corrosive, and it can be 
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rapidly and effectively applied with airless spray guns to almost any surface 
— particularly walls, ceilings and supplies entering the facility.

• Stringent cleaning of equipment, especially that contaminated with moth 
scales

• Positive pressurization of diet preparation and egg disinfection areas
• HEPA-filtered air in clean areas
• Restricted movement of workers to prevent travel from dirty to clean areas
• Personal hygiene of workers and sterile clothing
• All glassware, rinse water and clothing used in egg disinfection are autoclaved 

daily. 
Personnel are a major source of contaminants (Sikorowski 1984a; Sikorowski 

and Goodwin 1985; Sikorowski and Lawrence 1994a; Cohen 2004), and all staff 
must shower before entering a work area and wear clean coveralls or coats, shoe 
covers and head covers (Figure 27) (Cohen 2004) and in clean areas also face 
masks. When handling fresh diet, rubber gloves should be worn or hands washed 
with germicidal soap. Workers must strictly obey rules about restricted access to 
certain areas (Cohen 2004). A foot wash with a disinfectant may also be located at 
the entrance to a clean area.

The  cost of rearing insects can be greatly reduced using an environmental 
sanitation programme. Contamination leads to poor insect quality, high mortality, 
additional workload and loss of confidence in the  work. Staff must appreciate 
the  need for sanitation, and regular sanitary measures must be established and 
maintained. Staff training can reveal the  importance of sanitation (Sikorowski 
1984a, b; Cohen 2004). The  importance of sanitation and personal hygiene 
must be recognized by and begin with management. Managers must know and 
understand contamination control principles, furnish a proper work environment 
and motivate employees to comply with requirements for sanitation and personal 
hygiene (Sikorowski 1984b; Cohen 2004). 

22.8. CLEANING THE REARING FACILITY
At least twice a year, the whole facility should be cleaned and disinfected, i.e. all 
walls, ceilings and floors, and all hidden areas such as the air plenum in rearing and 
emergence rooms. Cleaning with steam may be necessary. 

22.9. PREVENTING ESCAPE OF FERTILE INSECTS
For the SIT the pest insect itself is being reared, and the escape of fertile insects has 
to be prevented by stringent containment measures (Leppla and Eden 1999; Parker 
2005; IAEA 2008). Besides sealing the  building to prevent escape, the  OKSIR 
facility employs four further methods:

• Spent diet is heat treated at 60ºC for 3 days (Cossentine et al. 2005) 
(sections 7.2 and 15.3). 

• Negative air pressure in the emergence area discourages moths from flying 
through an open door against the incoming air flow.
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• Doors opening from the emergence area to other areas of the facility have an 
‘air curtain’ (Oborny 1998, photo provided).

• UV light traps kill any flying adults.



23. Management of a Rearing 
Facility

Few publications have dealt with the  issue of management (Fisher 1984b; 
Schwalbe and Forrester 1984; Singh and Ashby 1985; Leppla and Ashley 1989; 
Bathon et al. 1991; Bloem and Bloem 1995, 2000; Dyck et al. 2005b). IAEA (2008) 
is a very helpful publication regarding the management of a rearing facility. In this 
document, management is referred to in sections 4.8, 4.10, 4.11, 16, 16.1, 17.1, 17.4, 
20., 20.1 and 22.7. 

23.1. LEADERSHIP
Good leadership is essential for the  successful mass-rearing of quality insects. 
A  rearing manager does not have to be an entomologist, although training in 
entomology and the biological sciences is an advantage. The key characteristics 
needed are an appreciation of the  goals and methods of mass-rearing, and an 
ability to motivate the  workers to follow faithfully the  established rearing 
procedures and sanitation practices. The manager also needs to be well organized, 
to systematically plan ahead, and to understand the operation of the equipment 
and the  need for building maintenance (Fisher 1984b; Schwalbe and Forrester 
1984; Dyck et al. 2005b). 

As discussed in sections 16.1 and 17.4, the rearing manager is not the AW-IPM 
programme manager. Issues of quality of the  insects must be dealt with by 
the programme manager in consultation with the rearing manager and not the other 
way around. A QC group should be established that reports to the programme 
manager but works closely with the  rearing manager and production groups 
(Leppla and Ashley 1989). 

The need for timely action is not only true for the biological elements of a rearing 
operation, but managerial actions must also be carried out at the appropriate time. 

23.2. PERSONNEL
The  key personnel are: rearing manager, maintenance engineer, QC biologist, 
secretary, and staff to prepare and dispense diet, seed diet, collect adults, set up 
oviposition cages and collect egg sheets, sterilize egg sheets, dispose of spent 
diet, wash trays and carts and clean the facility. Singh and Ashby (1985) provided 
estimates of the number of persons required to rear the codling moth. 

As stated in section 17.4, the training, skills and attitudes of workers in a mass-
rearing facility are critical to achieving high-quality production. They must be 
trained, highly skilled and motivated individuals.
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Maintaining a  complicated and sophisticated rearing facility, with many 
computer-controlled instruments and different types of machines, requires 
the  full-time input of appropriately qualified and experienced engineering staff 
(Dyck et al. 2005b). 

It is essential that personnel are hired full-time and be well-paid. Job security and 
opportunities for promotion help to maintain job satisfaction. To make workers 
feel comfortable and able to concentrate on their tasks, safe practices in the work 
environment should always be a  priority. Various forms of recognition and 
reward for good performance will encourage employees to improve performance. 
Another incentive for staff is obtaining specialized training. 

Labour-management relations must be kept positive to maintain staff morale. 
If staff motivation is low, negative personal habits, attitudes, values and even 
local customs can create significant problems. Rearing and handling live insects 
is a  24-h/day and 365-days/year job. In ways that do not offend individuals 
and local customs, the  insects must somehow be given the  first priority. Some 
rearing facilities have experienced significant work stoppages due to worker 
dissatisfaction.

If an employee becomes unproductive or disruptive, and appropriate guidance 
and encouragement to improve performance is unsuccessful, a  rearing manager 
must have authority to dismiss that employee (Dyck et al. 2005b). 

As discussed in section 22.7, workers in a  rearing facility must always be 
conscious of overall cleanliness, and must be willing to take the  time and make 
the  effort to make and keep things clean. This involves wearing special clothes 
and a face mask, which may not be very comfortable. The personal characteristics 
of workers must be compatible with being clean and making things clean. People 
who are careless and pay little attention to the guidelines for work procedures are 
not suitable as employees of a rearing facility. 

23.3. OPERATING BUDGET
The initial annual budget for the OKSIR programme (rearing plus field operations) 
was about USD 1.2 million, but it increased to USD 2.5 million by 1998 and to 
USD 3.38 million by 2002 (Bloem and Bloem 1995, 2000; K. Bloem et al. 2005). 
This increase was due to underestimation and miscalculation of costs when 
the budget plan was originally developed, e.g. a public relations programme had 
to be started and the cost of diet ingredients increased. Also, mechanical problems 
developed in the rearing facility, e.g. undersized gear boxes for the diet pumps and 
insufficient cooling capacity (Bloem and Bloem 1995, 2000). 

An operating budget for a codling moth rearing facility has been prepared in 
Syria (Mumford and Knight 1996) and Argentina (Fugger 2006). 

23.4. FINANCES
The usual source of funds to finance a rearing facility is the government. However, 
in addition to funds from the  federal and provincial governments, the  OKSIR 
programme uses operating funds obtained primarily from the local community — 
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taxation of private property (land used to grow apples or pears and other land as 
well) (DeBiasio 1988; Bloem and Bloem 1995, 2000; K. Bloem et al. 2005; Dyck et 
al. 2005b; IAEA 2008). However, this involvement of the community creates an 
opportunity for uninformed people to influence the programme, and so the role 
of public relations becomes very important (Bloem and Bloem 2000; Dyck et al. 
2005c). IAEA (2008) discusses a  financial model that can assist decision-makers 
with the financial issues related to insect mass-rearing programmes. 

23.5. CAPITAL COSTS
The  initial investment to construct a  rearing facility is substantional (Mumford 
and Knight 1996; K. Bloem et al. 2005; Fugger 2006; IAEA 2008) (section 22.1). 
Bloem and Bloem (1995, 2000) cited the cost in 1992–93 of the OKSIR facility at 
about USD 6 million. 

23.6. OPERATING POLICIES
Ordering diet ingredients, supplies and spare parts must be done in good time 
(section 4.8). 

It is essential that rearing staff be trained in and follow safety and sanitation 
procedures (sections 21 and 22.7). 

Each laboratory must develop its own standard operating procedures (SOPs) 
(section 1.1). 

IAEA (2008) discussed issues relating to intellectual property protection. 

23.7. OWNERSHIP AND SUPPORT
Usually insect rearing facilities are owned and operated by a  government, and 
there are advantages to such ownership. However, private operations are becoming 
more common and they can sometimes rear insects at lower costs. Dowell et al. 
(2005), Dyck et al. (2005b) and IAEA (2008) discussed the pros and cons of private 
firms operating a rearing facility. 

Public support is also important (Patton 1984; Bloem and Bloem 1995, 
2000; Dyck et al. 2005b, c). Positive public support for a  rearing operation in 
the community makes workers involved in that operation proud to be there and 
helps them to produce quality work. 

23.8. EVALUATIONS
External evaluations are usually beneficial (Dyck et al. 2005b; Vreysen et al. 2007a). 

23.9. RESEARCH ACTIVITIES
It is important that research, or methods development, continues even if a mass-
rearing programme has begun (Leppla et al. 1982; Dyck et al. 2005b, c; Rendón et 
al. 2005; Vreysen et al. 2007a). Improvements in the rearing technology can and 
should be made, both to increase insect quality and to decrease the cost (Singh and 
Ashby 1985). Research leads to methods development, then the new technology 
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is pilot-tested and when all problems are solved it is implemented (Schwalbe and 
Forrester 1984).



References

Addison, M.F. & Henrico, D. 2005. A  pilot sterile insect release programme to 
suppress codling moth in South African apple and pear orchards, p. 141. In Book of 
Extended Synopses. FAO/IAEA International Conference on Area-Wide Control 

of Insect Pests: Integrating the  Sterile Insect and Related Nuclear and Other 

Techniques, 9–13 May 2005, Vienna, Austria. IAEA, Vienna, Austria.
Akey, D.H., Jones, R.H. & Walton, T.E. 1984. Systems analysis and automated data 

processing in insect rearing. A  system for the  biting gnat Culicoides variipennis 

and mosquitoes, pp. 269–291. In E.G. King and N.C. Leppla, eds. Advances and 

challenges in insect rearing. Agricultural Research Service, United States Department 
of Agriculture, New Orleans, LA, USA.

(AMRQC) IOBC Working Group on Quality Control of Mass-Reared 
Arthropods. 2007 (available at http://users.ugent.be/~padclerc/AMRQC/index.
html).

Anderson, T.E. & Leppla, N.C., eds. 1992.  Advances in insect rearing for research 

and pest management. Westview Press, Boulder, CO, USA. 
Anisimov, A.I. 1993. Study of the mechanism and possibilities of using F1 sterility for 

genetic control of codling moth, pp. 135–155. In Proc. Radiation Induced F1 Sterility 

in Lepidoptera for Area-Wide Control. Final Research Co-ordination Meeting. 
Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, 9–13 
September 1991, Phoenix, AZ, USA. STI/PUB/929. IAEA, Vienna, Austria. 

Ashby, M.D. & Singh, P. 1990. Control of diapause in codling moth larvae. Entomol. 

Exp. Appl. 56: 71–81. 
Ashby, M.D., Singh, P. & Clare, G.K. 1985. Cydia pomonella, pp. 237–248. In P. 

Singh and R.F. Moore, eds. Handbook of insect rearing. Vol. II. Elsevier, Amsterdam, 
The Netherlands. 

Barnes, B., Rosenberg, S., Arnolds, L. & Johnson, J. 2007. Production and quality 
assurance in the SIT Africa Mediterranean fruit fly (Diptera: Tephritidae) rearing 
facility in South Africa. Florida Entomol. 90: 41–52. 

Bartlett, A.C. 1984. Genetic changes during insect domestication, pp. 2–8. In E.G. 
King & N.C. Leppla, eds. Advances and challenges in insect rearing. Agricultural 
Research Service, United States Department of Agriculture, New Orleans, LA, 
USA.

Bartlett, A.C. 1985. Guidelines for genetic diversity in laboratory colony establishment 
and maintenance, pp. 7–17. In P. Singh and R.F. Moore, eds. Handbook of insect 

rearing. Vol. I. Elsevier, Amsterdam, The Netherlands.
Bathon, H. 1981. Zur Zucht des Apfelwicklers, Laspeyresia pomonella (L.) (Lep., 

Tortricidae), auf einem künstlichen Nährmedium. Mitteilungen der Deutschen 



Rearing Codling Moth for the Sterile Insect Technique160

Gesellschaft für Allgemeine und Angewandte Entomologie 2: 136–140. English 
abstract.

Bathon, H. & Gröner, A. 1977. Vergleich vershiedener Methoden zur Desinfektion 
der Eier der Kohleule (Mamestra brassicae [L.]) (Lep.: Noctuidae). Z. Angew. 

Entomol. 84: 305–310. 
Bathon, H., Singh, P. & Clare, G.K. 1991. Rearing methods, pp. 283–293. In L.P.S. 

van der Geest & H.H. Evenhuis, eds. Tortricid pests: their biology, natural enemies 

and control. Vol. 5 of World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, 
The Netherlands. 

Batiste, W.C. & Olson, W.H. 1973. Codling moth: mass production in controlled-
environment rearing units. J. Econ. Entomol. 66: 383–388. 

Batiste, W.C., Olson, W.H. & Berlowitz, A. 1973. Codling moth: influence of 
temperature and daylight intensity on periodicity of daily flight in the field. J. Econ. 

Entomol. 66: 883–892. 
(BCFGA) British Columbia Fruit Growers’ Association. 1972. Growers must take 

over financing of sterilized codling moth problem. British Columbia Orchardist 
12(6): 18–19. 

Beck, S.D. & Chippendale, G.M. 1968. Environmental and behavioural aspects of 
the mass rearing of plant-feeding lepidopterans, pp. 19–30. In Proceedings, Panel: 

Radiation, Radioisotopes and Rearing Methods in the Control of Insect Pests. Joint 
FAO/IAEA Division of Atomic Energy in Food and Agriculture, 17–21 October 
1966, Tel Aviv, Israel. STI/PUB/185. IAEA, Vienna, Austria.

Beeke, H. & Jong, D.J. de. 1991. Identification of larvae and pupae, pp. 65–76. In 
L.P.S. van der Geest and H.H. Evenhuis, eds. Tortricid pests: their biology, natural 

enemies and control. Vol. 5. World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, 
The Netherlands.

Bernon, G.L. & Leppla, N.C. 1994. Nutrition and quality control in mass rearing of 
phytophagous insects, pp. 211–220. In J.P.R. Ochieng’-Odero, ed. Proc. Techniques 

of Insect Rearing for the Development of Integrated Pest and Vector Management 

Strategies, Volume 1. International Group Training Course, 16 March–3 April 1992, 
ICIPE, Nairobi, Kenya. ICIPE Science Press, Nairobi, Kenya.

Bigler, F., ed. 1992. Report [definitions of quality control], pp. 1–4. In Report: 6th 

Workshop of the IOBC Global Working Group “Quality Control of Mass-Reared 

Arthropods”, 9–12 November 1992, Horsholm, Denmark. 
Bigler, F. 1994. Quality control in insect rearing systems, pp. 189–210. In J.P.R. 

Ochieng’-Odero, ed. Proc. Techniques of Insect Rearing for the  Development of 

Integrated Pest and Vector Management Strategies, Volume 1. International Group 
Training Course, 16 March–3 April 1992, ICIPE, Nairobi, Kenya. ICIPE Science 
Press, Nairobi, Kenya.

Bloem, K.A. & Bloem, S. 1995. Codling moth eradication program in British 
Columbia: a  review and update, pp. 101–110. In M.T. Aliniazee & L.E. Long,  
eds. Proc. Biology and control of the  cherry fruit flies: a  worldwide perspective. 
International Cherry Fruit Fly Symposium, 3 March 1995, The Dalles, OR, USA. 



References 161

Bloem, K.A. & Bloem, S. 2000. SIT for codling moth eradication in British Columbia, 
Canada, pp. 207–214. In K.H. Tan, ed. Proc. Area-Wide Control of Fruit Flies and 

Other Insect Pests. International Conference on Area-Wide Control of Insect Pests, 
and the  5th International Symposium on Fruit Flies of Economic Importance, 
28 May–5 June 1998, Penang, Malaysia. Penerbit Universiti Sains Malaysia, Pulau 
Pinang, Malaysia. 

Bloem, K.A., Fielding, L.S. & Bloem, S. 2002. Handling: a forgotten factor in quality 
control, p. 139. In N.C. Leppla, K.A. Bloem & R.F. Luck, eds. Proc. Quality Control 

for Mass-Reared Arthropods, 8th and 9th Workshops of the IOBC Working Group 
on Quality Control of Mass-Reared Arthropods (available at http://biocontrol.
ifas.ufl.edu/amrqc/IOBCproceedings/amrqcbook.htm).

Bloem, K.A., Bloem, S. & Carpenter, J.E. 2005. Impact of moth suppression/
eradication programmes using the  sterile insect technique or inherited sterility, 
pp. 677–700. In V.A. Dyck, J. Hendrichs & A  .S. Robinson, eds. Sterile insect 

technique. Principles and practice in area-wide integrated pest management. 
Springer, Dordrecht, The Netherlands.

Bloem, S., Bloem, K.A. & Fielding, L.S. 1997. Mass-rearing and storing codling moth 
larvae in diapause: a novel approach to increase production for sterile insect release. 
J. Entomol. Soc. British Columb. 94: 75–81. 

Bloem, S., Bloem, K.A. & Knight, A.L. 1998a. Assessing the quality of mass-reared 
codling moths (Lepidoptera: Tortricidae) by using field release-recapture tests. 
J. Econ. Entomol. 91: 1122–1130. 

Bloem, S., Bloem, K.A. & Knight, A.L. 1998b. Oviposition by sterile codling moths, 
Cydia pomonella (Lepidoptera: Tortricidae) and control of wild populations with 
combined releases of sterile moths and egg parasitoids. J. Entomol. Soc. British 

Columb. 95: 99–109. 
Bloem, S., Bloem, K.A. & Calkins, C.O. 1999a. Is it possible to use mass-reared 

or field-collected diapaused codling moth larvae, Cydia pomonella (Lepidoptera: 
Tortricidae), to predict spring biofix? J. Entomol. Soc. British Columb. 96: 111–117. 

Bloem, S., Bloem, K.A., Carpenter, J.E. & Calkins, C.O. 1999b. Inherited sterility in 
codling moth (Lepidoptera: Tortricidae): effect of substerilizing doses of radiation 
on insect fecundity, fertility, and control. Ann. Entomol. Soc. Am. 92: 222–229. 

Bloem, S., Bloem, K.A., Carpenter, J.E. & Calkins, C.O. 1999c. Inherited sterility in 
codling moth (Lepidoptera: Tortricidae): effect of substerilizing doses of radiation 
on field competitiveness. Environ. Entomol. 28: 669–674. 

Bloem, S., Bloem, K.A. & Calkins, C.O. 2000. Incorporation of diapause into codling 
moth mass rearing: production advantages and insect quality issues, pp. 329–335. 
In K.H. Tan, ed. Proc. Area-Wide Control of Fruit Flies and Other Insect Pests. 

International Conference on Area-Wide Control of Insect Pests, the 5th International 
Symposium on Fruit Flies of Economic Importance, 28 May–5 June 1998, Penang, 
Malaysia. Penerbit Universiti Sains Malaysia, Pulau Pinang, Malaysia. 

Bloem, S., Bloem, K.A., Carpenter, J.E. & Calkins, C.O. 2001. Season-long releases 
of partially sterile males for control of codling moth (Lepidoptera: Tortricidae) in 
Washington apples. Environ. Entomol. 30: 763–769. 



Rearing Codling Moth for the Sterile Insect Technique162

Bloem, S., Knight, A.L. & Bloem, K.A. 2002. Evaluating the  quality of released 
sterile codling moths (Cydia pomonella), p. 138 [abstract]. In N.C. Leppla, K.A. 
Bloem and R.F. Luck, eds. Proc. Quality Control for Mass-Reared Arthropods, 
8th and 9th Workshops of the  IOBC Working Group on Quality Control 
of Mass-Reared Arthropods (available at http://biocontrol.ifas.ufl.edu/amrqc/
IOBCproceedings/amrqcbook.htm).

Bloem, S., Carpenter, J.E., Bloem, K.A., Tomlin, L. & Taggart, S. 2004. Effect 
of rearing strategy and gamma radiation on field competitiveness of mass-reared 
codling moths (Lepidoptera: Tortricidae). J. Econ. Entomol. 97: 1891–1898. 

Bloem, S., Dorn, S. & Carpenter, J.E. 2005. An evaluation of potential mobility 
differences between codling moths, Cydia pomonella, mass-reared using standard 
and diapause production protocols, p. 176. In Book of Extended Synopses. FAO/

IAEA International Conference on Area-Wide Control of Insect Pests: Integrating 

the  Sterile Insect and Related Nuclear and Other Techniques, 9–13 May 2005, 
Vienna, Austria. IAEA-CN-131/90P. IAEA, Vienna, Austria.

Bloem, S., Carpenter, J.E. & Dorn, S. 2006. Mobility of mass-reared diapaused and 
nondiapaused Cydia pomonella (Lepidoptera: Tortricidae): effect of mating status 
and treatment with gamma radiation. J. Econ. Entomol. 99: 699–706. 

Bloem, S., McCluskey, A., Fugger, R., Arthur, S., Wood, S. & Carpenter, J. 2007. 
Suppression of the  codling moth Cydia pomonella in British Columbia, Canada 
using an area-wide integrated approach with an SIT component, pp. 591–601. In 
M.J.B. Vreysen, A.S. Robinson & J. Hendrichs, eds. Area-wide control of insect 

pests. From research to field implementation. Springer, Dordrecht, The Netherlands. 
Blomefield, T.L. & Knight, A.L. 2000. Codling moth management: monitoring 

methods, control guidelines and predictive models, p. 644, paper number 2548. In 
Abstract Book II, XXI International Congress of Entomology, 20–26 August 2000, 
Brazil. 

Blomefield, T.L., Bloem, S., Carpenter, J.E., Harrison, C., Woods, S., Knipe, M. 
& Plessis, N. du. 2005. Codling moth trans-hemisferic compatibility studies and 
effect of long-distance airfreighting on adult longevity and mating, p. 177. In 
Book of Extended Synopses. FAO/IAEA International Conference on Area-Wide 

Control of Insect Pests: Integrating the Sterile Insect and Related Nuclear and Other 

Techniques, 9–13 May 2005, Vienna, Austria. IAEA-CN-131/114P. IAEA, Vienna, 
Austria. 

Blomefield, T.L., Bloem, S., Carpenter, J. & Wood, S. 2006. Preparations of a season-
long release of sterile codling moth imported from Canada for the control of codling 
moth in South Africa, pp. 75–86. In Working material. Improvement of codling 

moth SIT to facilitate expansion of field application. Third Research Coordination 
Meeting, 16–20 September 2005, Mendoza, Argentina. IAEA-314-D4-RC876. 
IAEA, Vienna, Austria.

Boller, E.F. 2002. History of quality control in mass-reared insects, pp. 1–5. In N.C. 
Leppla, K.A. Bloem & R.F. Luck, eds. Proc. Quality Control for Mass-Reared 

Arthropods, 8th and 9th Workshops of the  IOBC Working Group on Quality 



References 163

Control of Mass-Reared Arthropods (available at http://biocontrol.ifas.ufl.edu/
amrqc/IOBCproceedings/amrqcbook.htm).

Boller, E.F. & Chambers, D.L., eds. 1977. Quality control: an idea book for fruit fly 
workers. WPRS Bulletin 1977/5. International Organization for Biological Control 
of Noxious Animals and Plants, West Palaearctic Regional Section. 

Boller, E.F., Remund, U., Katsoyannos, B.I. & Berchtold, W. 1977. Quality control 
in European cherry fruit fly: evaluation of mating activity in laboratory and field-
cage tests. J. Appl. Entomol. 83: 183–201. 

Boller, E.F., Katsoyannos, B.I., Remund, U. & Chambers, D.L. 1981. Measuring, 
monitoring and improving the  quality of mass-reared Mediterranean fruit flies, 
Ceratitis capitata Wied. 1. The RAPID quality control system for early warning. 
J. Appl. Entomol. 92: 67–83. 

Botto, E.N. 2006. Use of codling moth SIT to facilitate the implementation of IPM 
strategies in Argentina, pp. 37–44. In Working material. Improvement of codling 

moth SIT to facilitate expansion of field application. Third Research Coordination 
Meeting, 16–20 September 2005, Mendoza, Argentina. IAEA-314-D4-RC876. 
IAEA, Vienna, Austria. 

Bradley, S.J. & Suckling, D.M. 1995. Factors influencing codling moth larval 
response to alpha-farnesene. Entomol. Exp. Appl. 75: 221–227. 

Brassel, J.  1978. Entwicklung von Methoden für die Produktion eines Granulosisvirus-
Präparates zur mikrobiologischen Bekämpfung des Apfelwicklers, Laspeyresia 

pomonella (L.) (Lep., Tortricidae) und Schätzung der Produktionskosten. Mitt.  

Schweiz. Entomol. Ges. 51: 155–211. English summary.
Brewer, F.D. & Lindig, O. 1984. Ingredients for insect diets. Quality assurance, 

sources, and storage and handling, pp. 45–50. In E.G. King and N.C. Leppla, eds. 
Advances and challenges in insect rearing. Agricultural Research Service, United 
States Department of Agriculture, New Orleans, LA, USA.

Brinton, F.E., Proverbs, M.D. & Carty, B.E. 1969. Artificial diet for mass production 
of the  codling moth, Carpocapsa pomonella (Lepidoptera: Olethreutidae). Can. 

Entomol. 101: 577–584. 
Brown, G.C., Berryman, A.A. & Bogyo, T.P. 1979. Density-dependent induction of 

diapause in the codling moth, Laspeyresia pomonella (Lepidoptera: Olethreutidae). 
Can. Entomol. 111: 431–433. 

Brown, J.J. 1985. Influence of methoprene, low temperature, and starvation 
on the  incidence of diapause in the  codling moth (Lepidoptera: Tortricidae: 
Olethreutinae). Ann. Entomol. Soc. Am. 78: 316–321. 

Brown, J.J. 1991. Diapause, pp. 175–185. In L.P.S. van der Geest and H.H. Evenhuis, 
eds. Tortricid pests: their biology, natural enemies and control. Vol. 5. World Crop 

Pests, W. Helle, ed. Elsevier, Amsterdam, The Netherlands.
Brown, J.W. 2006. Scientific names of pest species in Tortricidae (Lepidoptera) 

frequently cited erroneously in the  entomological literature. Am. Entomol. 52: 
182–189. 

Bruzzone, N., Cáceres, C., Andrade, L., Guzman, N., Calderon, J. & Rendon, P. 1993. 
Process control for medfly mass production at San Miguel Petapa, Guatemala: 



Rearing Codling Moth for the Sterile Insect Technique164

a system approach, pp. 289–294. In M. Aluja and P. Liedo, eds. Fruit flies: biology 

and management. Springer, New York, USA. 
Burt, M. 2002. TQM (Total Quality Management): managing quality, not just 

controlling or measuring it, pp. 29–31. In N.C. Leppla, K.A. Bloem and R.F. Luck, 
eds. Proc. Quality Control for Mass-Reared Arthropods, 8th and 9th Workshops of 
the IOBC Working Group on Quality Control of Mass-Reared Arthropods (available 
at http://biocontrol.ifas.ufl.edu/amrqc/IOBCproceedings/amrqcbook.htm).

Burton, R.L. 1969. Mass rearing the corn earworm in the laboratory. ARS (USDA) 
Report 33–134. 

Burton, R.L. & Perkins, W.D. 1984. Containerization for rearing insects, pp. 51–56. 
In E.G. King and N.C. Leppla, eds. Advances and challenges in insect rearing. 
Agricultural Research Service, United States Department of Agriculture, New 
Orleans, LA, USA.

Bush, G.L. 1975. Genetic variation in natural insect populations and its bearing 
on mass-rearing programmes, pp. 9–17. In Proceedings, Panel and Research 

Co-ordination Meeting: Controlling Fruit Flies by the Sterile-Insect Technique. Joint 
FAO/IAEA Division of Atomic Energy in Food and Agriculture, 12–16 November 
1973, Vienna, Austria. STI/PUB/392. IAEA, Vienna, Austria.

Butt, B. 1975. Survey of synthetic diets for codling moths, pp. 565–578. In Proc. 

Sterility Principle for Insect Control. FAO/IAEA Symposium on the  Sterility 
Principle for Insect Control, 22–26 July 1974, Innsbruck, Austria. STI/PUB/377. 
IAEA, Vienna, Austria. 

Butt, B.A. 1991. Sterile insect release, pp. 295–300. In L.P.S. van der Geest and H.H. 
Evenhuis, eds. Tortricid pests: their biology, natural enemies and control. Vol. 5. 
World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, The Netherlands. 

Butt, B.A., Hathaway, D.O., White, L.D. & Howell, J.F. 1970. Field releases 
of codling moths sterilized by tepa or by gamma irradiation, 1964–67. J. Econ. 

Entomol. 63: 912–915. 
Butt, B.A., White, L.D., Moffitt, H.R., Hathaway, D.O. & Schoenleber, L.G. 1973. 

Integration of sanitation, insecticides, and sterile moth releases for suppression 
of populations of codling moths in the  Wenas Valley of Washington. Environ. 

Entomol. 2: 208–212. 
Cáceres, C., McInnis, D., Shelly, T., Jang, E., Robinson, A. & Hendrichs, J. 2007. 

Quality management systems for fruit fly (Diptera: Tephritidae) sterile insect 
technique. Florida Entomol. 90: 1–9. 

Calkins, C.O. & Ashley, T.R. 1989. The  impact of poor quality of mass-reared 
Mediterranean fruit flies on the sterile insect technique used for eradication. J. Appl. 

Entomol. 108: 401–408. 
Calkins, C.O. & Parker, A.G. 2005. Sterile insect quality, pp. 269–296. In V.A . Dyck, 

J. Hendrichs and A .S. Robinson, eds. Sterile insect technique. Principles and practice 

in area-wide integrated pest management. Springer, Dordrecht, The Netherlands. 
Carlyle, S.L., Leppla, N.C. & Mitchell, E.R. 1975. Cabbage looper: a labor reducing 

oviposition cage. J. Georgia Entomol. Soc. 10: 232–234. 



References 165

Carpenter, J.E. & Blomefield, T.L. 2007. Flight ability as a quality control parameter 
for the  codling moth Cydia pomonella. In Working material. Improvement 

of codling moth SIT to facilitate expansion of field application. Final Research 
Coordination Meeting within the FAO/IAEA Coordinated Research Programme, 
19–23 March 2007, Vacaria, Brazil. IAEA-314-D4-876.4. IAEA, Vienna, Austria.

Carpenter, J.E., Bloem, S. & Bloem, K.A. 2004. Progress on extraction of codling 
moth pupae from diet to facilitate handling, shipping and irradiation of insects, 
pp. 119–124. In Working material. Improvement of codling moth SIT to facilitate 

expansion of field application. Second Research Coordination Meeting, 8–12 March 
2004, Stellenbosch, South Africa. IAEA-314-D4-RC876. IAEA, Vienna, Austria.

Cayol, J.P., Vilardi, J., Rial, E. & Vera, M.T. 1999. New indices and method to 
measure the  sexual compatibility and mating performance of Ceratitis capitata 
(Diptera: Tephritidae) laboratory-reared strains under field cage conditions. J. Econ. 

Entomol. 92: 140–145. 
Cayol, J.P., Coronado, P. & Taher, M. 2002. Sexual compatibility in medfly (Diptera: 

Tephritidae) from different origins. Florida Entomol. 85: 51–57. 
Chambers, D.L. 1975. Quality in mass-produced insects, pp. 19–32. In Proceedings, 

Panel and Research Co-ordination Meeting: Controlling Fruit Flies by the Sterile-

Insect Technique. Joint FAO/IAEA Division of Atomic Energy in Food and 
Agriculture, 12–16 November 1973, Vienna, Austria. STI/PUB/392. IAEA, Vienna, 
Austria.

Chambers, D.L. 1977. Quality control in mass rearing. Annu. Rev. Entomol. 22: 
289–308. 

Chambers, D.L. & Ashley, T.R. 1984. Putting the control in quality control in insect 
rearing, pp. 256–260. In E.G. King and N.C. Leppla, eds. Advances and challenges 

in insect rearing. Agricultural Research Service, United States Department of 
Agriculture, New Orleans, LA, USA.

Chambers, D.L., Calkins, C.O., Boller, E.F., Itô, Y. & Cunningham, R.T. 1983. 
Measuring, monitoring and improving the  quality of mass-reared Mediterranean 
fruit flies, Ceratitis capitata (Wied.). 2. Field tests for confirming and extending 
laboratory results. J. Appl. Entomol. 95: 285–303. 

Chaudhury, M.F. & Alvarez, L.A. 1999. A  new starch-grafted gelling agent for 
screwworm (Diptera: Calliphoridae) larval diet. J. Econ. Entomol. 92: 1138–1141. 

Chawla, S.S., Howell, J.F. & Harwood, R.F. 1967. Surface treatment to control fungi 
on wheat germ diets. J. Econ. Entomol. 60: 307–308. 

Chippendale, G.M. & Beck, S.D. 1968. Biochemical requirements for mass rearing 
of plant-feeding lepidopterans, pp. 31–39. In Proc. Panel: Radiation, Radioisotopes 

and Rearing Methods in the Control of Insect Pests. Joint FAO/IAEA Division of 
Atomic Energy in Food and Agriculture, 17–21 October 1966, Tel Aviv, Israel. STI/
PUB/185. IAEA, Vienna, Austria.

Codling Moth Information Support System (CMISS). 2007. http://ipmnet.org/
CodlingMoth/Databases/index.html and http://ipmnet.org/CodlingMoth/biblio/
search.html.



Rearing Codling Moth for the Sterile Insect Technique166

Cohen, A.C. 2001. Formalizing insect rearing and artificial diet technology. Am. 

Entomol. 47: 198–206. 
Cohen, A.C. 2004. Insect diets. Science and technology. CRC Press, Boca Raton, FL, 

USA. 
Collins, A.M. 1984. Artificial selection of desired characteristics in insects, pp. 9–19. 

In E.G. King and N.C. Leppla, eds. Advances and challenges in insect rearing. 

Agricultural Research Service, United States Department of Agriculture, New 
Orleans, LA, USA.

Cossentine, J.E., Jensen, L.B.M. & Eastwell, K.C. 2005. Incidence and transmission 
of a  granulovirus in a  large codling moth [Cydia pomonella L. (Lepidoptera: 
Tortricidae)] rearing facility. J. Invert. Pathol. 90: 187–192.

Coutin, R. 1952. Alimentation des larves de Laspeyresia pomonella L. (Lépidoptère 
Tortricidae) sur milieux artificiels. Comptes Rendus des Seances de la Société de 

Biologie 146: 516–520. 
Dadd, R.H. 1973. Insect nutrition: current developments and metabolic implications. 

Annu. Rev. Entomol. 18: 381–420. 
Dame, D.A. 1989. The relationship of research to total quality control with special 

reference to sterile insect technique. J. Appl. Entomol. 108: 476–482. 
DayGlo Color Corporation (DayGlo). 2007. http://www.dayglo.com.
DeBiasio, D. 1988. Codling moth sterile insect release study. Report prepared for 

the British Columbia Fruit Growers’ Association. Vancouver, Canada. 
Denlinger, D.L. 2003. Diapause, pp. 305–310. In V.H. Resh and R.T. Cardé, eds. 

Encyclopedia of insects. Academic Press, San Diego, USA. 
Dickson, R.C., Barnes, M.M. & Turzan, C.L. 1952. Continuous rearing of the codling 

moth. J. Econ. Entomol. 45: 66–68. 
Dorn, S. & Gu, H. 2004. Optimization of codling moth dispersal characteristics for 

SIT, pp. 37–39. In Working material. Improvement of codling moth SIT to facilitate 

expansion of field application. Second Research Coordination Meeting, 8–12 March 
2004, Stellenbosch, South Africa. IAEA-314-D4-RC876. IAEA, Vienna, Austria.

Dorn, S. & Gu, H. 2006. Codling moth dispersal, demographic parameters and 
mating performance: optimization for SIT, pp. 69–73. In Working material. 

Improvement of codling moth SIT to facilitate expansion of field application. Third 
Research Coordination Meeting, 16–20 September 2005, Mendoza, Argentina. 
IAEA-314-D4-RC876. IAEA, Vienna, Austria.

Dowell, R.V., Worley, J. & Gomes, P.J. 2005. Sterile insect supply, emergence, and 
release, pp. 297–324. In V.A . Dyck, J. Hendrichs and A .S. Robinson, eds. Sterile 

insect technique. Principles and practice in area-wide integrated pest management. 
Springer, Dordrecht, The Netherlands. 

Dyck, V.A. 1999. Assessment of progress towards implementing a control/eradication 

programme for the  codling moth using the SIT in the Sweida area, Syria. End of 
Mission Report; period of mission: 23–29 October 1999. 48 pp. + Appendices A and 
B. Project SYR/5/019, Technical Cooperation Department, IAEA, Vienna, Austria. 



References 167

Dyck, V.A. & Gardiner, M.G.T. 1992. Sterile-insect release program to control 
the  codling moth Cydia pomonella (L.) (Lepidoptera: Olethreutidae) in British 
Columbia, Canada. Acta Phytopathol. Entomol. Hung. 27: 219–222. 

Dyck, V.A., Graham, S.H. & Bloem, K.A. 1993. Implementation of the  sterile 
insect release programme to eradicate the  codling moth, Cydia pomonella (L.) 
(Lepidoptera: Olethreutidae), in British Columbia, Canada, pp. 285–297. In 
Proc. Management of Insect Pests: Nuclear and Related Molecular and Genetic 

Techniques. IAEA/FAO International Symposium, 19–23 October 1992, Vienna, 
Austria. STI/PUB/909. IAEA, Vienna, Austria. 

Dyck, V.A., Hendrichs, J. & Robinson, A.S., eds. 2005a. Sterile insect technique. 

Principles and practice in area-wide integrated pest management. Springer, 
Dordrecht, The Netherlands. 

Dyck, V.A., Reyes Flores. J., Vreysen, M.J.B., Regidor Fernández, E.E., Teruya, T., 
Barnes, B., GómezRiera, P., Lindquist, D. & Loosjes, M. 2005b. Management of 
area-wide integrated pest management programmes that integrate the sterile insect 
technique, pp. 525–545. In V.A. Dyck, J. Hendrichs and A.S. Robinson, eds. Sterile 

insect technique. Principles and practice in area-wide integrated pest management. 

Springer, Dordrecht, The Netherlands. 
Dyck, V.A., Regidor Fernández, E.E., Reyes Flores, J., Teruya, T., Barnes, B., Gómez 

Riera, P., Lindquist, D. & Reuben, R. 2005c. Public relations and political support 
in area-wide integrated pest management programmes that integrate the sterile insect 
technique, pp. 547–559. In V.A. Dyck, J. Hendrichs and A.S. Robinson, eds. Sterile 

insect technique. Principles and practice in area-wide integrated pest management. 
Springer, Dordrecht, The Netherlands.

Edelman, N.M. 1970. Principles of working out nutritive media for the  pests 
of generative organs of fruit crops (the  codling moth taken as an example). 
Zoologicheskij Zhurnal 49: 1240–1246. In Russian, English summary.

Edwards, R.H., Miller, E., Becker, R., Mossman, A.P. & Irving, D.W. 1996. Twin 
screw extrusion processing of diet for mass rearing the pink bollworm. Transactions 

of the ASAE 39: 1789–1797. 
El-Sayed, A., Bengtsson, M., Rauscher, S., Löfqvist, J. & Witzgall, P. 1999. 

Multicomponent sex pheromone in codling moth (Lepidoptera: Tortricidae). 
Environ. Entomol. 28: 775–779. 

Enkerlin, W., ed. 2007. Guidance for packing, shipping, holding and release of 
sterile flies in area-wide fruit fly control programmes. FAO Plant Production and 

Protection Paper 190. FAO, Rome, Italy.
Enkerlin, W.R. & Quinlan, M.M. 2004. Development of an international standard to 

facilitate the transboundary shipment of sterile insects, pp. 203–212. In B.N. Barnes, 
ed. Proc. 6th International Symposium on Fruit Flies of Economic Importance, 6–10 
May 2002, Stellenbosch, South Africa. Isteg Scientific Publications, Irene, South 
Africa. 

FAO. 2007. Glossary of phytosanitary terms. International standards for phytosanitary 

measures, ISPM No. 5, International Plant Protection Convention. FAO, Rome, 
Italy. 



Rearing Codling Moth for the Sterile Insect Technique168

FAO/IAEA. 2006. FAO/IAEA standard operating procedures for mass-rearing tsetse 

flies. Draft Version. IAEA, Vienna, Austria. 
FAO/IAEA/USDA. 2003. Product quality control and shipping procedures for sterile 

mass-reared tephritid fruit flies. Manual, Version 5.0. IAEA, Vienna, Austria. http://
www-naweb.iaea.org/nafa/ipc/public/d4_pbl_5_1.html.

Ferro, D.N. & Akre, R.D. 1975. Reproductive morphology and mechanics of mating 
of the codling moth, Laspeyresia pomonella. Ann. Entomol. Soc. Am. 68: 417–424. 

Ferro, D.N. & Harwood, R.F. 1973. Intraspecific larval competition by the codling 
moth, Laspeyresia pomonella. Environ. Entomol. 2: 783–789. 

Fisher, K. 2002. Multi-insect rearing facilities for the  sterile insect technique 
in Australia, pp. 169–175. In Proc. Screw-Worm Fly Emergency Preparedness 

Conference, 12–15 November 2001, Canberra, Australia. Agriculture, Fisheries and 
Forestry — Australia, Canberra, Australia. 

Fisher, W.R. 1984a. Production of insects for industry. The  Dow Chemical rearing 
program, pp. 234–239. In E.G. King and N.C. Leppla, eds. Advances and challenges 

in insect rearing. Agricultural Research Service, United States Department of 
Agriculture, New Orleans, LA, USA.

Fisher, W.R. 1984b. The  insectary manager, pp. 295–299. In E.G. King and N.C. 
Leppla, eds. Advances and challenges in insect rearing. Agricultural Research 
Service, United States Department of Agriculture, New Orleans, LA, USA.

Fisher, W.R. & Leppla, N.C. 1985. Insectary design and operation, pp. 167–183. 
In P.  Singh and R.F. Moore, eds. Handbook of insect rearing. Vol. I. Elsevier, 
Amsterdam, The Netherlands.

Fossati, A., Stahl, J. & Granges, J. 1971. Effect of gamma irradiation dose on 
the  reproductive performance of the  P and F1 generations in the  codling moth, 
Laspeyresia pomonella L., pp. 41–47. In Proceedings, Panel: Application of Induced 

Sterility for Control of Lepidopterous Populations. Joint FAO/IAEA Division of 
Atomic Energy in Food and Agriculture, 1–5 June 1970, Vienna, Austria. STI/
PUB/281. IAEA, Vienna, Austria.

Franz, G. 2005. Genetic sexing strains in Mediterranean fruit fly, an example for 
other species amenable to large-scale rearing for the  sterile insect technique, 
pp. 427–451. In V.A. Dyck, J. Hendrichs and A.S. Robinson, eds. Sterile insect 

technique. Principles and practice in area-wide integrated pest management. 

Springer, Dordrecht, The Netherlands.
Fugger, R. 2006. Report on sterile insect release technical plan and financial plan 

for codling moth suppression, Mendoza, Argentina. Mission to Argentina on 27 

November–1 December 2006. Report submitted to the IAEA. Vienna, Austria. 
Gast, R.T. 1968. Mass rearing of insects: its concept, methods, and problems, pp. 

59–67. In Proceedings, Panel: Radiation, Radioisotopes and Rearing Methods in 

the Control of Insect Pests. Joint FAO/IAEA Division of Atomic Energy in Food 
and Agriculture, 17–21 October 1966, Tel Aviv, Israel. STI/PUB/185. IAEA, 
Vienna, Austria.

Gast, R.T. & Landin, M. 1966. Adult boll weevils and eggs marked with dye fed in 
larval diet. J. Econ. Entomol. 59: 474–475. 



References 169

Gastier, T.W. 2007. Testing the  Multipher trap for codling moth and the  leafroller 

complex, and refining disease prediction systems for north central Ohio apple 

orchards (available at http://ipm.osu.edu/mini/98m-3.htm).
Giliomee, J.H. & Riedl, H. 1998. A century of codling moth control in South Africa: 

I. Historical perspective. J. S. Afr. Soc. Hortic. Sci. 8: 27–31. 
Giret, M. & Couilloud, R. 1986. Substitution of agar-agar by a carraghenate based 

gel to make nutrient mediums for the rearing of Lepidoptera larvae. Coton et Fibres 

Tropicales 41: 132–133.
Goodenough, J.L. 1984. Materials handling in insect rearing, pp. 77–86. In E.G. 

King and N.C. Leppla, eds. Advances and challenges in insect rearing. Agricultural 
Research Service, United States Department of Agriculture, New Orleans, LA, 
USA.

Goodenough, J.L. & Parnell, C.B. 1985. Basic engineering design requirements for 
ventilation, heating, cooling, and humidification of insect rearing facilities, pp. 137–
155. In P. Singh and R.F. Moore, eds. Handbook of insect rearing. Vol. I. Elsevier, 
Amsterdam, The Netherlands.

Gooding, R.H., Feldmann, U. & Robinson, A.S. 1997. Care and maintenance 
of tsetse colonies, pp. 41–55. In J.M. Crampton, C.B. Beard and C. Louis, eds. 
Molecular biology of insect disease vectors: a  methods manual. Chapman & Hall, 
London, UK. 

Goodwin, R.H. 1984. Recognition and diagnosis of diseases in insectaries and 
the effects of disease agents on insect biology, pp. 96–129. In E.G. King and N.C. 
Leppla, eds. Advances and challenges in insect rearing. Agricultural Research 
Service, United States Department of Agriculture, New Orleans, LA, USA.

Gordh, G. & Headrick, D.H. 2001. A dictionary of entomology. CABI Publishing, 
CAB International, Wallingford, UK. 

Graham, H.M. & Mangum, C.L. 1971. Larval diets containing dyes for tagging pink 
bollworm moths internally. J. Econ. Entomol. 64: 376–379. 

Griffin, J.G. 1984a. General requirements for facilities that mass-rear insects, pp. 
70–73. In E.G. King and N.C. Leppla, eds. Advances and challenges in insect 

rearing. Agricultural Research Service, United States Department of Agriculture, 
New Orleans, LA, USA.

Griffin, J.G. 1984b. Facility and production equipment, pp. 11–52. In Boll weevil 

mass rearing technology. University Press of Mississippi, Jackson, MS, USA. 
Gu, H., Hughes, J.& Dorn, S. 2006. Trade-off between mobility and fitness in Cydia 

pomonella L. (Lepidoptera: Tortricidae). Ecol. Entomol. 31: 68–74. 
Guennelon, G., Audemard, H., Fremond, J.-C. & El Idrissi Ammari, M.A. 1981. 

Progrès réalisés dans l’élevage permanent du Carpocapse (Laspeyresia pomonella L.) 
sur milieu artificiel. Agronomie 1: 59–64. English abstract. Translation to English 
provided by T. Blomefield.

Hagler, J.R. & Jackson, C.G. 2001. Methods for marking insects: current techniques 
and future prospects. Annu. Rev. Entomol. 46: 511–543. 



Rearing Codling Moth for the Sterile Insect Technique170

Hagler, J.R. & Miller, E. 2002. An alternative to conventional insect marking 
procedures: detection of a  protein mark on pink bollworm by ELISA. Entomol. 

Exp. Appl. 103: 1–9. 
Hagley, E.A.C. 1974. Codling moth: emergence, sex ratio, and abundance. Can. 

Entomol. 106: 399–402. 
Hamilton, D.W. & Hathaway, D.O. 1966. Codling moths, pp. 339–354 (ch. 22). In 

C.N. Smith, ed. Insect colonization and mass production. Academic Press, New 
York, USA. 

Hansen, L.D. & Harwood, R.F. 1968. Comparisons of diapause and nondiapause 
larvae of the  codling moth, Carpocapsa pomonella. Ann. Entomol. Soc. Am. 61: 
1611–1617. 

Harrell, E.A. & Gantt, C.W. 1984. Automation in insect rearing, pp. 74–76. In E.G. 
King and N.C. Leppla, eds. Advances and challenges in insect rearing. Agricultural 
Research Service, United States Department of Agriculture, New Orleans, LA, 
USA.

Hathaway, D.O. 1966. Laboratory and field cage studies of the  effects of gamma 
radiation on codling moths. J. Econ. Entomol. 59: 35–37. 

Hathaway, D.O. 1967. Inexpensive cardboard trays for mass rearing codling moth. 
J. Econ. Entomol. 60: 888–889. 

Hathaway, D.O., Clift, A.E. & Butt, B.A. 1971. Development and fecundity of 
codling moths reared on artificial diets or immature apples. J. Econ. Entomol. 64: 
1088–1090. 

Hathaway, D.O., Schoenleber, L.G. & Lydin, L.V. 1972. Codling moths: plastic 
pellets or waxed paper as oviposition substrates. J. Econ. Entomol. 65: 1756–1757. 

Hathaway, D.O., Lydin, L.V., Butt, B.A. & Morton, L.J. 1973. Monitoring mass 
rearing of the codling moth. J. Econ. Entomol. 66: 390–393. 

Hatmosoewarno, S. & Butt, B. 1975. Larval diets for the codling moth (Laspeyresia 

pomonella L., Lepidoptera: Olethreutidae), pp. 579–584. In Proc. Sterility Principle 

for Insect Control 1974. IAEA/FAO Symposium on the  Sterility Principle for 
Insect Control, 22–26 July 1974, Innsbruck, Austria. STI/PUB/377. IAEA, Vienna, 
Austria. 

Hendrichs, J., Vreysen, M.J.B., Enkerlin, W.R. & Cayol, J.P. 2005. Strategic options 
in using sterile insects for area-wide integrated pest management, pp. 563–600. In 
V.A. Dyck, J. Hendrichs and A.S. Robinson, eds. Sterile insect technique. Principles 

and practice in area-wide integrated pest management. Springer, Dordrecht, 
The Netherlands. 

Hendrichs, J., Kenmore, P., Robinson, A.S. & Vreysen, M.J.B. 2007. Area-wide 
integrated pest management (AW-IPM): principles, practice and prospects, pp. 3–33. 
In M.J.B. Vreysen, A.S. Robinson and J. Hendrichs, eds. Area-wide control of insect 

pests. From research to field implementation. Springer, Dordrecht, The Netherlands.
Hendricks, D.E. & Graham, H.M. 1970. Oil-soluble dye in larval diet for tagging 

moths, eggs, and spermatophores of tobacco budworm. J. Econ. Entomol. 63: 
1019–1020. 



References 171

Henneberry, T.J. 1994. Pink bollworm sterile moth releases: suppression of established 
infestations and exclusion from noninfested areas, pp. 181–207. In C.O. Calkins, 
W. Klassen and P. Liedo, eds. Fruit flies and the sterile insect technique. CRC Press, 
Boca Raton, FL, USA. 

Hern, A. & Dorn, S. 2004. A female-specific attractant for the codling moth, Cydia 

pomonella, from apple fruit volatiles. Naturwissenschaften 91: 77–80. 
Higbee, B.S., Calkins, C.O. & Temple, C.A. 2001. Overwintering of codling moth 

(Lepidoptera: Tortricidae) larvae in apple harvest bins and subsequent moth 
emergence. J. Econ. Entomol. 94: 1511–1517. 

Hoffman, J.D., Ignoffo, C.M., Peters, P. & Dickerson, W.A. 1984. Fractional colony 
propagation. A  new insect-rearing system, pp. 232– 233. In E.G. King and N.C. 
Leppla, eds. Advances and challenges in insect rearing. Agricultural Research 
Service, United States Department of Agriculture, New Orleans, LA, USA.

Honda, J., Han, M.W. & Leppla, N.C. 1996. Sodium polyacrylamide polyacrylate, 
a gelling agent in diets for cabbage looper, omnivorous looper and western avocado 
leafroller. Entomol. Exp. Appl. 81: 175–180. 

Hood-Nowotny, R. & Knols, B.G.J. 2007. Stable isotope methods in biological and 
ecological studies of arthropods. Entomol. Exp. Appl. 124: 3–16. 

Horak, M. & Brown, R.L. 1991. Taxonomy and phylogeny, pp. 23–48. In L.P.S. 
van der Geest and H.H. Evenhuis, eds. Tortricid pests: their biology, natural 

enemies and control. Vol. 5. World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, 
The Netherlands.

House, H.L. 1961. Insect nutrition. Annu. Rev. Entomol. 6: 13–26. 
Howell, J.F. 1967. Paraffin films to control dehydration of an artificial rearing medium 

for codling moth. J. Econ. Entomol. 60: 289–290. 
Howell, J.F. 1970. Rearing the  codling moth on an artificial diet. J. Econ. Entomol. 

63: 1148–1150.
Howell, J.F. 1971. Problems involved in rearing the  codling moth on diet in trays. 

J. Econ. Entomol. 64: 631–636. 
Howell, J.F. 1972a. Modifications of the artificial diet for codling moths to improve 

larval acceptance and production of moths. J. Econ. Entomol. 65: 57–59. 
Howell, J.F. 1972b. An improved sex attractant trap for codling moths. J. Econ. 

Entomol. 65: 609–611. 
Howell, J.F. 1972c. Rearing the codling moth on a soya, wheat germ, starch medium. 

J. Econ. Entomol. 65: 636–637. 
Howell, J.F. 1981. Codling moth: the  effect of adult diet on longevity, fecundity, 

fertility, and mating. J. Econ. Entomol. 74: 13–18. 
Howell, J.F. 1988. Spermatophore number in the codling moth Cydia pomonella (L.) 

(Lepidoptera: Olethreutidae). Can. Entomol. 120: 701–710. 
Howell, J.F. 1991. Reproductive biology, pp. 157–174. In L.P.S. van der Geest and 

H.H. Evenhuis, eds. Tortricid pests: their biology, natural enemies and control. Vol. 
5. World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, The Netherlands.

Howell, J.F. & Clift, A.E. 1972. Rearing codling moths on an artificial diet in trays. 
J. Econ. Entomol. 65: 888–890. 



Rearing Codling Moth for the Sterile Insect Technique172

Howell, J.F. & Clift, A.E. 1974. The dispersal of sterilized codling moths released in 
the Wenas Valley, Washington. Environ. Entomol. 3: 75–81. 

Howell, J.F. & Neven, L.G. 2000. Physiological development time and zero 
development temperature of the codling moth (Lepidoptera: Tortricidae). Environ. 

Entomol. 29: 766–772. 
Howell, J.F., Hutt, R.B. & Hill, W.B. 1978. Codling moth: mating behavior in 

the laboratory. Ann. Entomol. Soc. Am. 71: 891–895. 
Huber, J. 1981. Apfelwickler-Granulosevirus: Produktion und Biotests. Mitteilungen 

der Deutschen Gesellschaft für allgemeine und angewandte Entomologie 2: 141–
145. English abstract.

Huber, J., Benz, G. & Schmid, K. 1972. Zuchtmethode und semisynthetische 
Nährmedien für Apfelwickler. Experientia 28: 1260–1261. English summary.

Huettel, M.D. 1976. Monitoring the quality of laboratory-reared insects: a biological 
and behavioral perspective. Environ. Entomol. 5: 807–814. 

Hughes, W.O.H., Gailey, D. & Knapp, J.J. 2003. Host location by adult and larval 
codling moth and the potential for its disruption by the application of kairomones. 
Entomol. Exp. Appl. 106: 147–153. 

Hutt, R.B. 1979. Codling moth (Laspeyresia pomonella (Lepidoptera: Olethreutidae)): 
improving field performance of mass-reared males. Can. Entomol. 111: 661–664. 

Hutt, R.B. & White, L.D. 1975. Codling moth: effects of gamma radiation on mating 
propensity of each sex, and the limitation of mating by females. Environ. Entomol. 
4: 774–776. 

Hutt, R.B., White, L.D., Schoenleber, L.G. & Short, R.E. 1972. Automatic collection 
of mass-reared codling moths by phototaxic response and a  chilled environment. 
J. Econ. Entomol. 65: 1525–1527. 

IAEA. 2004. Generic design, technical guidelines and optimal location of tsetse fly 

mass-rearing facilities. Report and recommendations of a consultants group meeting 
organized by the  Joint FAO/IAEA Division of Nuclear Techniques in Food and 
Agriculture, Vienna, Austria, 11–15 October 2004. IAEA, Vienna, Austria. 

IAEA. 2008. Model business plan for a sterile insect production facility. IAEA, Vienna, 
Austria. 

IAEA/FAO. 2003. Trapping guidelines for area-wide fruit fly programmes. IAEA/
FAO-TG/FFP. IAEA, Vienna, Austria. 

Ignoffo, C.M. 1963. A  successful technique for mass-rearing cabbage loopers on 
a semisynthetic diet. Ann. Entomol. Soc. Am. 56: 178–182. 

Ivaldi-Sender, C. 1974. Techniques simples pour un élevage permanent de la tordeuse 
orientale, Grapholita molesta (Lepidoptera: Tortricidae) sur milieu artificiel. Ann. 

Zool. Écol. Anim. 6: 337–343. 
Jallow, M.F.A. & Judd, G.J.R. 2007. Effect of rearing strategy and handling 

on the  quality of mass-reared codling moths Cydia pomonella (Lepidoptera: 

Tortricidae). Bulletin Global IOBC No. 3: 73–76. Proc. AMRQC Working Group, 
11th Workshop, 28 October–1 November 2007, Montreal, Canada (available also at 
http://users.ugent.be/~padclerc/AMRQC/proceedings.html).



References 173

Jermy, T. 1967. Experiments on the factors governing diapause in the codling moth, 
Cydia pomonella L. (Lepidoptera, Tortricidae). Acta Phytopathologica Academiae 

Scientiarum Hungaricae 2: 49–60. 
Jermy, T. & Nagy, B. 1969. Sterile-male technique studies in Hungary, pp. 91–95. In 

Proceedings, Panel: Sterile-Male Technique for Eradication or Control of Harmful 

Insects. Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture, 
27–31 May 1968, Vienna, Austria. STI/PUB/224. IAEA, Vienna, Austria. 

Jermy, T. & Nagy, B. 1971. Genetic control studies of Carpocapsa pomonella 

(Linnaeus) in Hungary, pp. 65–73. In Proceedings, Panel: Application of Induced 

Sterility for Control of Lepidopterous Populations. Joint FAO/IAEA Division of 
Atomic Energy in Food and Agriculture, 1–5 June 1970, Vienna, Austria. STI/
PUB/281. IAEA, Vienna, Austria.

Joslyn, D.J. 1984. Maintenance of genetic variability in reared insects, pp. 20–29. 
In E.G. King and N.C. Leppla, eds. Advances and challenges in insect rearing. 

Agricultural Research Service, United States Department of Agriculture, New 
Orleans, LA, USA.

Judd, G.J.R. & Gardiner, M.G.T. 2005. Towards eradication of codling moth in 
British Columbia by complimentary actions of mating disruption, tree banding and 
sterile insect technique: five-year study in organic orchards. Crop Protection 24: 
718–733. 

Judd, G.J.R., Gardiner, M.G.T. & Thomson, D.R. 1997. Control of codling moth 
in organically-managed apple orchards by combining pheromone-mediated mating 
disruption, post-harvest fruit removal and tree banding. Entomol. Exp. Appl. 
83: 137–146. 

Judd, G.J.R., Gardiner, M.G.T. & Thistlewood, H.M.A. 2004. Seasonal variation in 
recapture of mass-reared sterile codling moth, Cydia pomonella (L.) (Lepidoptera: 
Tortricidae): implications for control by sterile insect technique in British Columbia. 
J. Entomol. Soc. British Columb. 101: 29–43. 

Judd, G.J.R., Thistlewood, H.M.A., Gardiner, M.G.T. & Lannard, B.L. 2006a. Is 
lack of mating competitiveness in spring linked to mating asynchrony between 
wild and mass-reared codling moths from an operational sterile insect programme? 
Entomol. Exp. Appl. 120: 113–124. 

Judd, G.J.R., Cockburn, S., Eby, C., Gardiner, M.G.T. & Wood, S. 2006b. Diapause 
improves springtime mating competitiveness of male codling moth mass-reared for 
a sterile insect programme. Entomol. Exp. Appl. 120: 161–166. 

Jumean, Z., Lafontaine, J.-P., Wood, C.,  Judd, G.J.R. & Gries, G. 2007. Pheromone-
based trapping of larval codling moth, Cydia pomonella, in apple orchards. Entomol. 

Exp. Appl. 122: 87–91. 
Kakinohana, H. 1982. A  plan to construct the  new mass production facility for 

the melon fly, Dacus cucurbitae Coquillett, in Okinawa, Japan, pp. 477–482. In Proc. 

Symposium on Sterile Insect Technique and Radiation in Insect Control. IAEA/
FAO, 29 June–3 July 1981, Neuherberg, Germany. STI/PUB/595. IAEA, Vienna, 
Austria. 



Rearing Codling Moth for the Sterile Insect Technique174

Keil, S., Gu, H. & Dorn, S. 2001. Response of Cydia pomonella to selection on 
mobility: laboratory evaluation and field verification. Ecol. Entomol. 26: 495–501. 

Kfir, R. 1994. Insect rearing and inhalant allergies, pp. 277–284. In J.P.R. Ochieng’-
Odero, ed. Proc. Techniques of Insect Rearing for the Development of Integrated 

Pest and Vector Management Strategies, Volume 1. International Group Training 
Course, 16 March–3 April 1992, ICIPE, Nairobi, Kenya. ICIPE Science Press, 
Nairobi, Kenya.

King, E.G. & Leppla, N.C., eds. 1984. Advances and challenges in insect rearing. 
Agricultural Research Service, United States Department of Agriculture, New 
Orleans, LA, USA. 

Klassen, W. 2005. Area-wide integrated pest management and the  sterile insect 
technique, pp. 39–68. In V.A. Dyck, J. Hendrichs and A.S. Robinson, eds. Sterile 

insect technique. Principles and practice in area-wide integrated pest management. 
Springer, Dordrecht, The Netherlands.

Knight, A.L. 2000. Monitoring codling moth (Lepidoptera: Tortricidae) with passive 
interception traps in sex pheromone-treated apple orchards. J. Econ. Entomol. 
93: 1744–1751. 

Knipling, E.F. 1966. Introduction, pp. 1–12 (ch. 1). In C.N. Smith, ed. Insect 

colonization and mass production. Academic Press, New York, USA.
Kovaleski, A. 2006. Bionomics and population dynamics of the  codling moth in 

urban areas as a  background for suppression actions employing behavioral and 
genetic control methods in Brazil – a historical approach of the codling moth issue 
in Brazil and evaluation of costs and benefits associated to its eradication, pp. 31–35. 
In Working material. Improvement of codling moth SIT to facilitate expansion of 

field application. Third Research Coordination Meeting, 16–20 September 2005, 
Mendoza, Argentina. IAEA-314-D4-RC876. IAEA, Vienna, Austria.

Kovaleski, A. & Mumford, J. 2007. Pulling out the evil by the root: the codling moth 
Cydia pomonella eradication programme in Brazil, pp. 581–590. In M.J.B. Vreysen, 
A.S. Robinson and J. Hendrichs, eds. Area-wide control of insect pests. From 

research to field implementation. Springer, Dordrecht, The Netherlands.
Landolt, P.J., Hofstetter, R.W. & Chapman, P.S. 1998. Neonate codling moth larvae 

(Lepidoptera: Tortricidae) orient anemotactically to odor of immature apple fruit. 
Pan-Pacific Entomologist 74: 140–149. 

Landolt, P.J., Hofstetter, R.W. & Biddick, L.L. 1999. Plant essential oils as arrestants 
and repellents for neonate larvae of the  codling moth (Lepidoptera: Tortricidae). 
Environ. Entomol. 28: 954–960. 

Landolt, P.J., Brumley, J.A., Smithhisler, C.L., Biddick, L.L. & Hofstetter, 
R.W. 2000. Apple fruit infested with codling moth are more attractive to neonate 
codling moth larvae and possess increased amounts of (E,E)- -farnesene. J. Chem. 

Ecol. 26: 1685–1699. 
Leopold, R.A. 2000. Insect cold storage: using cryopreservation and dormancy as aids 

to mass rearing, pp. 315–324. In K.H. Tan, ed. Proc. Area-Wide Control of Fruit Flies 

and Other Insect Pests. International Conference on Area-Wide Control of Insect 
Pests, and the 5th International Symposium on Fruit Flies of Economic Importance, 



References 175

28 May–5 June 1998, Penang, Malaysia. Penerbit Universiti Sains Malaysia, Pulau 
Pinang, Malaysia.

Leopold, R.A. 2007. Colony maintenance and mass-rearing: using cold storage 
technology for extending the shelf-life of insects, pp. 149–162. In M.J.B. Vreysen, 
A.S. Robinson and J. Hendrichs, eds. Area-wide control of insect pests. From 

research to field implementation. Springer, Dordrecht, The Netherlands. 
Leppla, N.C. 1976. Starch compounds as adjunct gelling agents in larval diet of 

the cabbage looper. J. Georgia Entomol. Soc. 11: 251–254. 
Leppla, N.C. 1993. Principles of quality control in mass-reared arthropods, pp. 

1–11. In G. Nicoli, M. Benuzzi and N.C. Leppla, eds. Proc. 7th Workshop of 

the IOBC Global Working Group “Quality Control of Mass Reared Arthropods”, 
13–16 September 1993, Rimini, Italy (available at http://users.ugent.be/~padclerc/
AMRQC/proceedings.html).

Leppla, N.C. & Ashley, T.R. 1989. Quality control in insect mass production: 
a review and model. Bull. Entomol. Soc. Am. Winter 1989: 33–44. 

Leppla, N.C. & Eden, W.G. 1999. Facilities and procedures to prevent the  escape 
of insects from large-scale rearing operations, pp. 186–190. In R.P. Kahn and S.B. 
Mathur, eds. Containment facilities and safeguards for exotic plant pathogens and 

pests. APS Press, St. Paul, MN, USA. 
Leppla, N.C. & Fisher, W.R. 1989. Total quality control in insect mass production for 

insect pest management. J. Appl. Entomol. 108: 452–461. 
Leppla, N.C. & Guy, R.H. 1980. Survival and dispersal of laboratory-adapted and 

wild-type cabbage looper larvae. Environ. Entomol. 9: 385–388. 
Leppla, N.C., Carlyle, S.L. & Carlysle, T.C. 1974. Effects of surface sterilization and 

automatic collection on cabbage looper eggs. J. Econ. Entomol. 67: 33–36. 
Leppla, N.C., Fisher, W.R., Rye, J.R. & Green, C.W. 1982. Lepidopteran mass 

rearing. An inside view, pp. 123–133. In Proc. Sterile Insect Technique and 

Radiation in Insect Control. IAEA/FAO International Symposium on the  Sterile 
Insect Technique and the  Use of Radiation in Genetic Insect Control, 29 June–3 
July 1981, Neuherberg, Germany. STI/PUB/595. IAEA, Vienna, Austria. 

Liedo, P., Salgado, S., Oropeza, A.& Toledo, J. 2007. Improving mating performance 
of mass-reared sterile Mediterranean fruit flies (Diptera: Tephritidae) through 
changes in adult holding conditions: demography and mating competitiveness. 
Florida Entomol. 90: 33–40. 

Logan, D.M. & Proverbs, M.D. 1975. A  device for marking adult codling moths 
(Lepidoptera: Olethreutidae) with fluorescent powders. Can. Entomol. 107: 879–
881. 

Lux, S. 1991. Diagnosis of behaviour as a  tool for quality control of mass reared 
arthropods, pp. 66–79. In Proc. 5th Workshop of the  IOBC global working group 

“Quality control of mass reared arthropods”, 25–28 March 1991, Wageningen, 
The Netherlands.

Makee, H. & Tafesh, N. 2007. Sex chromatin body as a  cytogenetic marker of W 
chromosome aberrations in Cydia pomonella females, pp. 113–118. In M.J.B. 



Rearing Codling Moth for the Sterile Insect Technique176

Vreysen, A.S. Robinson and J. Hendrichs, eds. Area-wide control of insect pests. 

From research to field implementation. Springer, Dordrecht, The Netherlands.
Maki, D.L. & Gonzalez, I.L. 1993. Quality control of the screwworm fly production 

plant, Chiapa de Corzo, Mexico, pp. 209–211. In G. Nicoli, M. Benuzzi and N.C. 
Leppla, eds. Proc. 7th Workshop of the  IOBC Global Working Group “Quality 

Control of Mass Reared Arthropods”, 13–16 September 1993, Rimini, Italy 
(available at http://users.ugent.be/~padclerc/AMRQC/proceedings.html).

Malavasi, A., Nascimento, A.S., Paranhos, B.J., Costa, M.L.Z. & Walder, 
J.M.M. 2007. Establishment of a  Mediterranean fruit fly Ceratitis capitata, fruit 
fly parasitoids, and codling moth Cydia pomonella rearing facility in north-eastern 
Brazil, pp. 527–534. In M.J.B. Vreysen, A.S. Robinson and J. Hendrichs, eds. 
Area-wide control of insect pests. From research to field implementation. Springer, 
Dordrecht, The Netherlands.

Mangan, R.L. 1992. Evaluating the  role of genetic change in insect colonies 
maintained for pest management, pp. 269–288. In T.E. Anderson and N.C. Leppla, 
eds. Advances in insect rearing for research and pest management. Westview Press, 
Boulder, CO, USA. 

Mani, E., Riggenbach, W. & Mendik, M. 1978. Zucht des Apfelwicklers 
(Laspeyresia pomonella L.) auf künstlichem Nährboden, 1968–78. Mitteilungen 

der Schweizerischen Entomologischen Gesellschaft 51: 315–326. [English summary] 
Mansour, M. 2002. Effects of gamma radiation on codling moth (Cydia pomonella, 

Lepidoptera: Tortricidae) fertility and reproductive behaviour, pp. 61–68. In 
Evaluation of Lepidoptera population suppression by radiation induced sterility. 
IAEA-TECDOC-1283. IAEA, Vienna, Austria. 

Marec, F., Neven, L.G., Robinson, A.S., Vreysen, M., Goldsmith, M.R., Nagaraju, 
J. & Franz, G. 2005. Development of genetic sexing strains in Lepidoptera: from 
traditional to transgenic approaches. J. Econ. Entomol. 98: 248–259. 

Marec, F., Neven, L.G. & Fukova, I. 2007. Developing transgenic sexing strains 
for the  release of non-transgenic sterile male codling moths Cydia pomonella, 
pp. 103–111. In M.J.B. Vreysen, A.S. Robinson and J. Hendrichs, eds. Area-wide 

control of insect pests. From research to field implementation. Springer, Dordrecht, 
The Netherlands.

Marroquin, R. 1985. Mass production of screwworms in Mexico, pp. 31–36. In 
Symposium on eradication of the screwworm from the United States and Mexico. 
Miscellaneous Publication of the Entomological Society of America 62.

Marti, O.G., Styer, E.L., Myers, R.E. & Carpenter, J.E. 2007. Viruses in laboratory-
reared cactus moth, Cactoblastis cactorum (Lepidoptera: Pyralidae). Florida 

Entomol. 90: 274–277. 
Martin, D.F. 1966. Pink bollworms, pp. 355–366 (ch. 23). In C.N. Smith, ed. Insect 

colonization and mass production. Academic Press, New York, USA.
Mastro, V.C. 1993. Gypsy moth F1 sterility programme: current status, pp. 125–129. 

In Proc. Radiation Induced F1 Sterility in Lepidoptera for Area-Wide Control. 

Final Research Co-ordination Meeting. Joint FAO/IAEA Division of Nuclear 



References 177

Techniques in Food and Agriculture, 9–13 September 1991, Phoenix, AZ, USA. 
STI/PUB/929. IAEA, Vienna, Austria.

McBrien, H.L. & Judd, G.J.R. 1996. A  Teflon®-walled mating table for assessing 
pheromone-based mating disruption. J. Entomol. Soc. British Columb. 93: 121–125. 

Mediouni, J. & Dhouibi, M.H. 2007. Mass-rearing and field performance of irradiated 
carob moth Ectomyelois ceratoniae in Tunisia, pp. 265–273. In M.J.B. Vreysen, A.S. 
Robinson and J. Hendrichs, eds. Area-wide control of insect pests. From research to 

field implementation. Springer, Dordrecht, The Netherlands.
Miller, E., Stewart, F., Lowe, A. & Bomberg, J. 1996. New method of processing diet 

for mass rearing pink bollworm, Pectinophora gossypiella Saunders (Lepidoptera: 
Gelichiidae). J. Agric. Entomol. 13: 129–137. 

Moffitt, H.R. & Albano, D.J. 1972a. Vacuum application of fluorescent powders as 
markers for adult codling moths. J. Econ. Entomol. 65: 882–884. 

Moffitt, H.R. & Albano, D.J. 1972b. Codling moths: fluorescent powders as markers. 
Environ. Entomol. 1: 750–753. 

Moffitt, H.R. & Hathaway, D.O. 1973. Effects of three systems of laboratory 
collection on the vigor of adult codling moths. J. Econ. Entomol. 66: 374–376. 

Moffitt, H.R., Schoenleber, L.G., Butt, B.A. & Winterfeld, R.G. 1972. Release 
of unpackaged adult codling moths from rotary or fixed-wing aircraft. J. Econ. 

Entomol. 65: 1321–1324. 
Mohammad, M., Mansour, M. & Ghanem, I. 1997. An artificial diet with local 

ingredients for codling moth (Lepidoptera: Olethreutidae) mass rearing in Syria. 
SAEC Report No. 51. In Arabic.

Moore, R.F. 1985. Artificial diets: development and improvement, pp. 67–83. 
In P.  Singh and R.F. Moore, eds. Handbook of insect rearing. Vol. I. Elsevier, 
Amsterdam, The Netherlands.

Moore, R.F., Odell, T.M. & Calkins, C.O. 1985. Quality assessment in laboratory-
reared insects, pp. 107–135. In P. Singh and R.F. Moore, eds. Handbook of insect 

rearing. Vol. I. Elsevier, Amsterdam, The Netherlands.
Moore, S. 2003. Report on: IAEA sponsored scientific visit to Canada (OKSIR codling 

moth mass-rearing facility, Osoyoos, British Columbia). 4 pp. 
Mumford, J.D. & Knight, J.D. 1996. Economic analysis of alternatives of codling 

moth control. Report to the  International Atomic Energy Agency on mission to 
Syria, 4–18 May 1996. IAEA, Vienna, Austria. 

Mutika, G.N., Opiyo, E. & Robinson, A.S. 2001. Assessing mating performance 
of male Glossina pallidipes (Diptera: Glossinidae) using a walk-in field cage. Bull. 

Entomol. Res. 91: 281–287. 
Nakamori, H. 2002. Field evaluation of quality for the melon fly eradication project 

in Japan, pp. 140–141. In N.C. Leppla, K.A. Bloem and R.F. Luck, eds. Proc.

Quality Control for Mass-Reared Arthropods, 8th and 9th Workshops of the IOBC 
Working Group on Quality Control of Mass-Reared Arthropods. (available at 
http://biocontrol.ifas.ufl.edu/amrqc/IOBCproceedings/amrqcbook.htm).at 

Navon, A. 1968. Progress report on rearing of the  codling moth, pp. 105–106. In 
Proceedings, Panel: Radiation, Radioisotopes and Rearing Methods in the Control of 



Rearing Codling Moth for the Sterile Insect Technique178

Insect Pests. Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture, 
17–21 October 1966, Tel Aviv, Israel. STI/PUB/185. IAEA, Vienna, Austria. 

Navon, A. & Moore, I. 1971. Artificial rearing of the  codling moth (Carpocapsa 

pomonella L.) on calcium alginate gels. Entomophaga 16: 381–387. 
Neven, L.G., Ferguson, H.J. & Knight, A. 2000. Sub-zero cooling synchronizes post-

diapause development of codling moth, Cydia pomonella. CryoLetters 21: 203–214. 
Nordlund, D.A. 1999. Insect mass rearing: an overview. Paper presented at the ASAE 

Annual International Meeting, 18–21 July 1999, Toronto, Canada. 6 pp. 
Nunney, L. 2002. The  population genetics of mass-rearing, pp. 43–49. In N.C. 

Leppla, K.A. Bloem and R.F. Luck, eds. Proc. Quality Control for Mass-Reared 

Arthropods, 8th and 9th Workshops of the  IOBC Working Group on Quality 
Control of Mass-Reared Arthropods (available at http://biocontrol.ifas.ufl.edu/
amrqc/IOBCproceedings/amrqcbook.htm).

Oborny, J. 1998. Design concept of HVAC-system for fruit fly mass rearing facilities 

(includes report on visit to OKSIR codling moth facility in Canada). Report to 
the IAEA. IAEA, Vienna, Austria. 

Ochieng’-Odero, J.P.R. 1991. Pupal and adult indices of quality for Lepidoptera: 
the  case of Cnephasia jactatana (Walker) (Lepidoptera: Tortricidae) and Chilo 

partellus Swinhoe (Lepidoptera: Pyralidae), pp. 161–173. In Proc. 5th Workshop of 

the IOBC global working group “Quality control of mass reared arthropods”, 25–28 
March 1991, Wageningen, The Netherlands.

Ochieng’-Odero, J.P.R., ed. 1994. Techniques of insect rearing for the development 

of integrated pest and vector management strategies. Vol. 1 and 2. ICIPE Science 
Press, Nairobi, Kenya. 

(OKSIR) Okanagan-Kootenay Sterile Insect Release Program. 2007. (available at 
http://www.oksir.org).

Owens, C.D. 1984. Controlled environments for insects and personnel in insect-
rearing facilities, pp. 58–63. In E.G. King and N.C. Leppla, eds. Advances and 

challenges in insect rearing. Agricultural Research Service, United States Department 
of Agriculture, New Orleans, LA, USA.

Pacific Agri-food Research Centre, Summerland, British Columbia, Canada 
(PARC). 2007. Available at http://res2.agr.ca/parc-crapac/summerland/index_e.
htm.

Parker, A.G. 2005. Mass-rearing for sterile insect release, pp. 209–232. In V.A . Dyck, 
J. Hendrichs and A.S. Robinson, eds. Sterile insect technique. Principles and practice 

in area-wide integrated pest management. Springer, Dordrecht, The Netherlands.
Pashley, D.P. & Proverbs, M.D. 1981. Quality control by electrophorectic monitoring 

in a laboratory colony of codling moths. Ann. Entomol. Soc. Am. 74: 20–23. 
Patton, P. 1984. Politics in insect rearing and control. The  medfly program in 

Guatemala and Southern Mexico, pp. 304–306. In E.G. King and N.C. Leppla, eds. 
Advances and challenges in insect rearing. Agricultural Research Service, United 
States Department of Agriculture, New Orleans, LA, USA.

Peterson, D.M. 1965. A quick method for sex determination of codling moth pupae. 
J. Econ. Entomol. 58: 576. 



References 179

Peterson, D.M. & Hamner, W.M. 1968. Photoperiodic control of diapause in 
the codling moth. J. Insect Physiol. 14: 519–528. 

Pherotech International Inc. (Pherotech). 2007. http://pherotech.xplorex.com.
Phillimore, W.S. 2002. The proposed Australian sterile insect technique (SIT) facility, 

pp. 152–162. In Proceedings: Screw-Worm Fly Emergency Preparedness Conference, 
12–15 November 2001, Canberra, Australia. Agriculture, Fisheries and Forestry — 
Australia, Canberra, Australia. 

Poitout, S. & Bues, R. 1970. Élevage de plusieurs espèces de lépidoptères Noctuidae 

sur milieu artificiel riche et sur milieu artificiel simplifié. Ann. Zool. Écol. Anim. 2: 
79–91. English summary. 

Poitout, S. & Bues, R. 1972. Nutrition des insectes. Mise en évidence de besoins 

différents en acide linolénique entre Lépidoptères Noctuidae-Trifinae, appartenant 

à différentes sous-familles, et Lépidoptères Noctuidae-Quadrifinae de la sous-

famille des Plusiinae. Comptes Rendus de l’Academie des Sciences, Paris, t. 274 (5 
Juin 1972), Série D: 3113–3115. 

Pristavko, V.P. & Boreyko, T.A. 1971. Sex ratio and rearing of the  codling moth, 
Laspeyresia pomonella L. (Lepidoptera, Tortricidae). Entomol. Rev. 50: 9–11. 

Pristavko, V.P. & Yanishevskaya, L.V. 1972. Methods in year-round rearing of 
codling moths on a  synthetic nutrient medium. Zakhyst Roslyn 15: 22–26. In 
Ukrainian.

Pristavko, V.P., Cherniy, A.M. & Yanishevskaya, L.V. 1978. Development and 
viability of the  codling moth Laspeyresia pomonella (Lepidoptera, Tortricidae) 
when variously supplied with food and with different densities of caterpillars on 
nutrient media. Entomol. Rev. 57: 215–217. 

Prokopy, R.J., Haniotakis, G.E. & Economopoulos, A.P. 1975. Comparative 
behaviour of lab.-cultured and wild-type Dacus oleae flies in the field, pp. 101–108. 
In Proceedings, Panel and Research Co-ordination Meeting: Controlling Fruit Flies 

by the  Sterile-Insect Technique. Joint FAO/IAEA Division of Atomic Energy in 
Food and Agriculture, 12–16 November 1973, Vienna, Austria. STI/PUB/392. 
IAEA, Vienna, Austria.

Proverbs, M.D. 1971. Orchard assessment of radiation-sterilized moths for control of 
Laspeyresia pomonella (L.) in British Columbia, pp. 117–133. In Proceedings, Panel: 

Application of Induced Sterility for Control of Lepidopterous Populations. Joint 
FAO/IAEA Division of Atomic Energy in Food and Agriculture, 1–5 June 1970, 
Vienna, Austria. STI/PUB/281. IAEA, Vienna, Austria.

Proverbs, M.D. 1972. Procedures and experiments in population suppression of 
the  codling moth, Laspeyresia pomonella (L.), in British Columbia orchards by 
release of radiation sterilized moths. Manitoba Entomol. 4: 46–52. 

Proverbs, M.D. 1974. Codling moth control by the  sterility principle in British 
Columbia: estimated cost and some biological observations related to cost, pp. 
81–88. In Proceedings, Panel: The Sterile-Insect Technique and its Field Applications. 
Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture, 13–17 
November 1972, Vienna, Austria. STI/PUB/364. IAEA, Vienna, Austria.



Rearing Codling Moth for the Sterile Insect Technique180

Proverbs, M.D. 1982. Sterile insect technique in codling moth control, pp. 85–99. In 
Proc. Symposium: Sterile Insect Technique and Radiation in Insect Control. IAEA 
and FAO, 29 June–3 July 1981, Neuherberg, Germany. STI/PUB/595. IAEA, 
Vienna, Austria. 

Proverbs, M.D. & Logan, D.M. 1970. A  rotating oviposition cage for the  codling 
moth, Carpocapsa pomonella. Can. Entomol. 102: 42–49. 

Proverbs, M.D. & Newton, J.R. 1962a. Effect of heat on the fertility of the codling 
moth, Carpocapsa pomonella (L.) (Lepidoptera: Olethreutidae). Can. Entomol. 
94: 225–233. 

Proverbs, M.D. & Newton, J.R. 1962b. Influence of gamma radiation on 
the  development and fertility of the  codling moth, Carpocapsa pomonella (L.) 
(Lepidoptera: Olethreutidae). Can. J. Zool. 40: 401–420. 

Proverbs, M.D. & Newton, J.R. 1962c. Some effects of gamma radiation on 
the  reproductive potential of the  codling moth, Carpocapsa pomonella (L.) 
(Lepidoptera: Olethreutidae). Can. Entomol. 94: 1162–1170. 

Proverbs, M.D. & Newton, J.R. 1975. Codling moth control by sterile insect release: 
importation of fruit and fruit containers as a source of reinfestation. J. Entomol. Soc. 

British Columb. 72: 6–9. 
Proverbs, M.D., Newton, J.R. & Logan, D.M. 1966. Orchard assessment of 

the sterile male technique for control of the codling moth, Carpocapsa pomonella 

(L.) (Lepidoptera: Olethreutidae). Can. Entomol. 98: 90–95. 
Proverbs, M.D., Newton, J.R. & Logan, D.M. 1967. Autocidal control of the codling 

moth by release of males and females sterilized as adults by gamma radiation. 
J. Econ. Entomol. 60: 1302–1306. 

Proverbs, M.D., Newton, J.R. & Logan, D.M. 1969. Codling moth control by 
release of radiation-sterilized moths in a  commercial apple orchard. J. Econ. 

Entomol. 62: 1331–1334. 
Proverbs, M.D., Logan, D.M. & Carty, B.E. 1973. Some biological observations 

related to codling moth control by the sterility principle, pp. 149–163. In Proceedings, 

Panel: Computer Models and Application of the Sterile-Male Technique. Joint FAO/
IAEA Division of Atomic Energy in Food and Agriculture, 13–17 December 1971, 
Vienna, Austria. STI/PUB/340. IAEA, Vienna, Austria. 

Proverbs, M.D., Newton, J.R., Logan, D.M. & Brinton, F.E. 1975. Codling moth 
control by release of radiation-sterilized moths in a  pome fruit orchard and 
observations of other pests. J. Econ. Entomol. 68: 555–560. 

Proverbs, M.D., Newton, J.R. & Logan, D.M. 1978. Suppression of codling moth, 
Laspeyresia pomonella (Lepidoptera: Olethreutidae), by release of sterile and 
partially sterile moths. Can. Entomol. 110: 1095–1102. 

Proverbs, M.D., Newton, J.R. & Campbell, C.J. 1982. Codling moth: a  pilot 
program of control by sterile insect release in British Columbia. Can. Entomol. 114: 
363–376. 

Redfern, R.E. 1963. Concentrate media for rearing red-banded leaf roller. J. Econ. 

Entomol. 56: 240–241. 



References 181

Redfern, R.E. 1964. Concentrate medium for rearing the  codling moth. J. Econ. 

Entomol. 57: 607–608. 
Reed, D.K. & Tromley, N.J. 1985. Cydia pomonella, pp. 249–256. In P. Singh 

and R.F. Moore, eds. Handbook of insect rearing. Vol. II. Elsevier, Amsterdam, 
The Netherlands. 

Reed, H.C. & Landolt, P.J. 2002. Attraction of mated female codling moths 
(Lepidoptera: Tortricidae) to apples and apple odor in a  flight tunnel. Florida 

Entomol. 85: 324–329. 
Reiser, M., Gröner, A. & Sander, E. 1993. Cryptophlebia leucotreta (Lep.: Tortricidae) 

– a promising alternate host for mass production of the Cydia pomonella granulosis 
virus (CpGV) for biological pest control. J. Plant Diseases Prot. 100: 586–598. 

Rendón, P., Pessarozzi, C. & Tween, G. 2005. The largest fruit fly mass-rearing facility 
in the world: lessons learned in management and R&D, p. 36. In Book of Extended 

Synopses. FAO/IAEA International Conference on Area-Wide Control of Insect 

Pests: Integrating the Sterile Insect and Related Nuclear and Other Techniques, 9–13 
May 2005, Vienna, Austria. IAEA-CN-131/150. IAEA, Vienna, Austria.

Reuveny, H. & Cohen, E. 2004. Resistance of the codling moth Cydia pomonella (L.) 
(Lep., Tortricidae) to pesticides in Israel. J. Appl. Entomol. 128: 645–651. 

Riedl, H., Blomefield, T.L. & Giliomee, J.H. 1998. A century of codling moth control 
in South Africa: II. Current and future status of codling moth management. J. South 

Afr. Soci. Hortic. Sci. 8: 32–54. 
Roberson, J.L. & Wright, J.E. 1984. Production of boll weevils, Anthonomus grandis 

grandis, pp. 188–192. In E.G. King and N.C. Leppla, eds. Advances and challenges 

in insect rearing. Agricultural Research Service, United States Department of 
Agriculture, New Orleans, LA, USA.

Robinson, A.S. 1973. Increase in fertility, with repeated mating, of gamma irradiated 
male codling moths, Laspeyresia pomonella (L.) (Lepidoptera: Olethreutidae). Can. 

J. Zool. 51: 427–430. 
Robinson, A.S. 1974. Gamma radiation and insemination in the  codling moth, 

Laspeyresia pomonella (Lepidoptera: Olethreutidae). Entomol. Exp. Appl. 17: 
425–432. 

Robinson, A.S. 1975. Influence of anoxia during gamma irradiation on the  fertility 
and competitiveness of the  adult male codling moth, Laspeyresia pomonella (L.). 
Rad. Res. 61: 526–534. 

Robinson, A.S. & Proverbs, M.D. 1973. Hybridization between geographical races 
of the codling moth (Lepidoptera: Olethreutidae). Can. Entomol. 105: 289–290. 

Robinson, A.S. & Proverbs, M.D. 1975. Field cage competition tests with 
a  nonirradiated wild and an irradiated laboratory strain of the  codling moth. 
Environ. Entomol. 4: 166–168. 

Rock, G.C. 1967. Aseptic rearing of the codling moth on synthetic diets: ascorbic acid 
and fatty acid requirements. J. Econ. Entomol. 60: 1002–1005. 

Rock, G.C. & King, K.W. 1967. Estimation by carcass analysis of the  growth 
requirements for amino acids in the  codling moth, Carpocapsa pomonella 

(Lepidoptera: Olethreutidae). Ann. Entomol. Soc. Am. 60: 1161–1162. 



Rearing Codling Moth for the Sterile Insect Technique182

Rock, G.C., Glass, E.H. & Patton, R.L. 1964. Axenic rearing of the  red-banded 
leaf roller, Argyrotaenia velutinana, on meridic diets. Ann. Entomol. Soc. Am. 57: 
617–621. 

Rogers, D.J. & Winks, C.J. 1993. Quality control in laboratory-reared codling moth 
at Mt Albert Research Centre, Auckland, New Zealand, pp. 13–21. In G. Nicoli, 
M. Benuzzi and N.C. Leppla, eds. Proc. 7th Workshop of the IOBC Global Working 

Group “Quality Control of Mass Reared Arthropods”, 13–16 September 1993, 
Rimini, Italy (available at http://users.ugent.be/~padclerc/AMRQC/proceedings.
html).

Rull, J., Brunel, O. & Mendez, M.E. 2005. Mass rearing history negatively affects 
mating success of male Anastrepha ludens (Diptera: Tephritidae) reared for sterile 
insect technique programs. J. Econ. Entomol. 98: 1510–1516. 

Sanders, C.J. 1986. Evaluation of high-capacity, nonsaturating sex pheromone traps 
for monitoring population densities of spruce budworm (Lepidoptera: Tortricidae). 
Can. Entomol. 118: 611–619.

Schoenleber, L.G., Butt, B.A. & White, L.D. 1970. Equipment and methods for 

sorting insects by sex. ARS, USDA. ARS 42-166. 
Schumacher, P., Weyeneth, A., Weber, D.C. & Dorn, S. 1997. Long flights in Cydia 

pomonella L. (Lepidoptera: Tortricidae) measured by a flight mill: influence of sex, 
mated status and age. Physiol. Entomol. 22: 149–160. 

Schwalbe, C.P. & Forrester, O.T. 1984. Management of insect production, pp. 
300–303. In E.G. King and N.C. Leppla, eds. Advances and challenges in insect 

rearing. Agricultural Research Service, United States Department of Agriculture, 
New Orleans, LA, USA.

Schwarz, A.J., Zambada, A., Orozco, D.H.S., Zavala, J.L. & Calkins, C.O. 1985. 
Mass production of the Mediterranean fruit fly at Metapa, Mexico. Florida Entomol. 
68: 467–477 + 4 plates. 

Sender, C. 1969. Élevage permanent du carpocapse des pommes Carpocapsa 

(=Laspeyresia) pomonella L. sur milieu artificiel simplifié. Ann. Zool. Écol. Anim. 1: 
321–326. English summary.

Sender, C. 1970. Élevage du carpocapse des pommes sur un nouveau milieu artificiel 
non spécifique. Ann. Zool. Écol. Anim. 2: 93–95. English summary.

Shapiro, M. 1984. Micro-organisms as contaminants and pathogens in insect rearing, 
pp. 130–142. In E.G. King and N.C. Leppla, eds. Advances and challenges in insect 

rearing. Agricultural Research Service, United States Department of Agriculture, 
New Orleans, LA, USA.

Shorey, H.H. & Hale, R.L. 1965. Mass-rearing of the larvae of nine noctuid species 
on a simple artificial medium. J. Econ. Entomol. 58: 522–524. 

Shumakov, E.M., Edelman, N.M. Borisova, A.E. & Yakimova, N.L. 1974. Mass 
rearing of the codling moth on artificial nutritive media. Proc. All-Union Research 

Institute for Plant Protection 40: 7–17. [In Russian, English summary]
Sieber, R. & Benz, G. 1980. Termination of the  facultative diapause in the  codling 

moth, Laspeyresia pomonella (Lepidoptera: Tortricidae). Entomol. Exp. Appl. 28: 
204–212. 



References 183

Sikorowski, P.P. 1984a. Microbial contamination in insectaries. Occurrence, 
prevention, and control, pp. 143–153. In E.G. King and N.C. Leppla, eds. Advances 

and challenges in insect rearing. Agricultural Research Service, United States 
Department of Agriculture, New Orleans, LA, USA.

Sikorowski, P.P. 1984b. Pathogens and microbiological contaminants: their occurrence 
and control, pp. 115–169. In Boll weevil mass rearing technology. University Press 
of Mississippi, Jackson, MS, USA. 

Sikorowski, P.P. & Goodwin, R.H. 1985. Contaminant control and disease recognition 
in laboratory colonies, pp. 85–105. In P. Singh and R.F. Moore, eds. Handbook of 

insect rearing. Vol. I. Elsevier, Amsterdam, The Netherlands.
Sikorowski, P.P. & Lawrence, A.M. 1994a. Microbial contamination and insect 

rearing. Am. Entomol. 40: 240–253. 
Sikorowski, P.P. & Lawrence, A.M. 1994b. Microbial contamination in insectaries: 

contamination, prevention and diseases identification, pp. 221–246. In J.P.R. 
Ochieng’-Odero, ed. Proc. Techniques of Insect Rearing for the  Development of 

Integrated Pest and Vector Management Strategies, Vol. 1. International Group 
Training Course, 16 March–3 April 1992, ICIPE, Nairobi, Kenya. ICIPE Science 
Press, Nairobi, Kenya. 

Sikorowski, P.P., Lawrence, A.M. & Inglis, G.D. 2001. Effects of Serratia marcescens 

on rearing of the  tobacco budworm (Lepidoptera: Noctuidae). Am. Entomol. 47: 
51–61. 

Singh, P. 1977. Artificial diets for insects, mites, and spiders. IFI/Plenum, New York, 
USA. 

Singh, P. 1983. A general purpose laboratory diet mixture for rearing insects. Insect 

Sci. Appl. 4: 357–362. 
Singh, P. 1984. Insect diets. Historical developments, recent advances, and future 

prospects, pp. 32–44. In E.G. King and N.C. Leppla, eds. Advances and challenges 

in insect rearing. Agricultural Research Service, United States Department of 
Agriculture, New Orleans, LA, USA.

Singh, P. 1985. Multiple-species rearing diets, pp. 19–44. In P. Singh and R.F. Moore, 
eds. Handbook of insect rearing. Vol. I. Elsevier, Amsterdam, The Netherlands. 

Singh, P. & Ashby, M.D. 1985. Insect rearing management, pp. 185–215. In P. Singh 
and R.F. Moore, eds. Handbook of insect rearing. Vol. I. Elsevier, Amsterdam, 
The Netherlands.

Singh, P. & Ashby, M.D. 1986. Production and storage of diapausing codling moth 
larvae. Entomol. Exp. Appl. 41: 75–78. 

Singh, P. & Moore, R.F., eds. 1985. Handbook of insect rearing. Vol. I and II. Elsevier, 
Amsterdam, The Netherlands. 

Smith, C.N., ed. 1966. Insect colonization and mass production. Academic Press, New 
York, USA.

Smith, R.A. 1999. Mechanization of mass rearing operations. Paper presented at 
the ASAE Annual International Meeting, 18–21 July 1999, Toronto, Canada. 15 pp.



Rearing Codling Moth for the Sterile Insect Technique184

Spear-O’Mara, J. & Allen, D.C. 2007. Monitoring populations of saddled prominent 
(Lepidoptera: Notodontidae) with pheromone-baited traps. J. Econ. Entomol. 100: 
335–342. 

Spencer, N.R., Leppla, N.C. & Presser, G.A. 1976. Sodium alginate as a gelling agent 
in diets for the cabbage looper, Trichoplusia ni. Entomol. Exp. Appl. 20: 39–42. 

Stelljes, K.B. 2001. Fruit perfume lures female codling moths. Agric. Res. (June 2001): 
10–12. 

Stewart, F.D. 1984. Mass rearing the  pink bollworm, Pectinophora gossypiella, 
pp. 176–187. In E.G. King and N.C. Leppla, eds. Advances and challenges in insect 

rearing. Agricultural Research Service, United States Department of Agriculture, 
New Orleans, LA, USA. 

Suckling, D.M., Barrington, A.M., Chhagan, A., Stephens, A.E.A., Burnip, G.M., 
Charles, J.G. & Wee, S.L. 2007. Eradication of the  Australian painted apple 
moth Teia anartoides in New Zealand: trapping, inherited sterility, and male 
competitiveness, pp. 603–615. In M.J.B. Vreysen, A.S. Robinson and J. Hendrichs, 
eds. Area-wide control of insect pests. From research to field implementation. 

Springer, Dordrecht, The Netherlands.
Sunion. 2007. Website showing types of insect traps including Multipher 3 trap, 

http://www.s-union.com.tw/Download/Insect/trap.htm.
Sutherland, O.R.W. 1972. The attraction of newly hatched codling moth (Laspeyresia 

pomonella) larvae to apple. Entomol. Exp. Appl. 15: 481–487. 
Tabashnik, B.E., Patin, A.L., Dennehy, T.J., Liu, Y.B., Miller, E. & Staten, R.T. 1999. 

Dispersal of pink bollworm (Lepidoptera: Gelechiidae) males in transgenic cotton 
that produces a Bacillus thuringiensis toxin. J. Econ. Entomol. 92: 772–780. 

Taret, G., Ruggeri, M. & De Longo, O. 2005. Parameters to consider for the selection 
of a  location for an insect mass-rearing facility, p. 174. In Book of Extended 

Synopses. FAO/IAEA International Conference on Area-Wide Control of Insect 

Pests: Integrating the Sterile Insect and Related Nuclear and Other Techniques, 9–13 
May 2005, Vienna, Austria. IAEA-CN-131/58P. IAEA, Vienna, Austria.

Taret, G., Sevilla, M., Flores, C. & Colombo, A. 2006. Compatibility study of wild 
populations of codling moth of different geographical origin and competitiveness 
tests between wild codling moth and sterile codling moths in field cages, pp. 107–
124. In Working material. Improvement of codling moth SIT to facilitate expansion 

of field application. Third Research Coordination Meeting, 16–20 September 2005, 
Mendoza, Argentina. IAEA-314-D4-RC876. IAEA, Vienna, Austria.

Taret, G., Sevilla, M., Flores, C., van Cauvlaert, A.M., Colombo, A. & Sarda, A. 2007. 
Compatibility study of wild populations and competitiveness tests between wild 
codling moths and sterile codling moths under field conditions. In Working material. 

Improvement of codling moth SIT to facilitate expansion of field application. Final 
Research Coordination Meeting within the  FAO/IAEA Coordinated Research 
Programme, 19–23 March 2007, Vacaria, Brazil. IAEA-314-D4-876.4. IAEA, 
Vienna, Austria. 

Taret, G., Sevilla, M., Wornoayporn, V., Islam, A., Ahmad, S., Cáceres, C., 
Robinson, A.S. & Vreysen, M.J.B.  2010. Mating compatibility among populations 



References 185

of codling moth Cydia pomonella (Linnaeus) (Lepidoptera: Tortricidae) from 
different geographic origins. J. Appl. Entomol. 134: 207–215.

Theron, P.P.A. 1947. Studies on the provision of hosts for the mass-rearing of codling 
moth parasites. Union of South Africa, Department of Agriculture. Fruit Research 

(Technical Series No. 4). Sci. Bull. 262: 1–45. 
Toba, H.H. & Howell, J.F. 1991. An improved system for mass-rearing codling 

moths. J. Entomol. Soc. British Columb. 88: 22–27. 
Trécé Incorporated (Trécé). 2007a. http://www.trece.com/images/SexingSheet.pdf.
Trécé Incorporated (Trécé). 2007b. http://www.trece.com/pherocon.htm.
Tween, G. 1987. A  modular approach to fruit fly production facilities for 

the  Mediterranean fruit fly Central American program, pp. 283–291. In A.P. 
Economopoulos (ed.), Fruit Flies. Proc. Second International Symposium. 16–21 
September 1986, Colymbari, Crete, Greece. G. Tsiveriotis Ltd., Athens, Greece. 

Tween, G. & Rendón, P. 2007. Current advances in the use of cryogenics and aerial 
navigation technologies for sterile insect delivery systems, pp. 229–238. In M.J.B. 
Vreysen, A.S. Robinson and J. Hendrichs, eds. Area-wide control of insect pests. 

From research to field implementation. Springer, Dordrecht, The Netherlands. 
(UC IPM) University of California Integrated Pest Management. 2007. http://

www.ipm.ucdavis.edu/PMG/C/I-LP-CPOM-TR.017.html
Vanderzant, E.S. 1957. Growth and reproduction of the pink bollworm on an amino 

acid medium. J. Econ. Entomol. 50: 219–221. 
Vanderzant, E.S. 1959. Inositol: an indispensable dietary requirement for the  boll 

weevil. J. Econ. Entomol. 52: 1018–1019. 
Vanderzant, E.S. 1966. Defined diets for phytophagous insects, pp. 273–299 (ch. 18). 

In C.N. Smith, ed. Insect colonization and mass production. Academic Press, New 
York, USA.

Vanderzant, E.S. 1969. Physical aspects of artificial diets. Entomol. Exp. Appl. 12: 
642–650. 

Vanderzant, E.S. 1974. Development, significance, and application of artificial diets 
for insects. Annu. Rev. Entomol. 19: 139–160. 

Vanderzant, E.S. & Davich, T.B. 1958. Laboratory rearing of the  boll weevil: 
a satisfactory larval diet and oviposition studies. J. Econ. Entomol. 51: 288–291. 

Vanderzant, E.S., Richardson, C.D. & Fort, S.W. 1962. Rearing of the bollworm on 
artificial diet. J. Econ. Entomol. 55: 140. 

Vincent, C., Mailloux, M. & Hagley, E.A.C. 1986. Nonsticky pheromone-baited 
traps for monitoring the spotted tentiform leafminer (Lepidoptera: Gracillariidae). 
J. Econ. Entomol. 79: 1666–1670. 

Vincent, C., Mailloux, M., Hagley, E.A.C., Reissig, W.H., Coli, W.M. & 
T.A. Hosmer, 1990. Monitoring the codling moth (Lepidoptera: Olethreutidae) and 
the obliquebanded leafroller (Lepidoptera: Tortricidae) with sticky and nonsticky 
traps. J. Econ. Entomol. 83: 434–440. 

Vreysen, M.J.B. 2005. Monitoring sterile and wild insects in area-wide integrated 
pest management programmes, pp. 325–361. In V.A. Dyck, J. Hendrichs and 



Rearing Codling Moth for the Sterile Insect Technique186

A  .S. Robinson, eds. Sterile insect technique. Principles and practice in area-wide 

integrated pest management. Springer, Dordrecht, The Netherlands.
Vreysen, M. & Hendrichs, J. 2005. The  potential of integrating the  sterile insect 

technique as an environmentally friendly method for area-wide management of 
the  codling moth (Cydia pomonella). Integrated Fruit Protection in Fruit Crops, 

IOBC wprs Bulletin 28: 65–71. 
Vreysen, M.J.B., Hendrichs, J. & Enkerlin, W.R. 2006. The sterile insect technique 

as a  component of sustainable area-wide integrated pest management of selected 
horticultural insect pests. J. Fruit and Ornamental Plant Res. 14 (Suppl. 3): 107–131. 

Vreysen, M.J.B., Gerardo-Abaya, J. & Cayol, J.P. 2007a. Lessons from area-wide 
integrated pest management (AW-IPM) programmes with an SIT component: 
an FAO/IAEA perspective, pp. 723–744. In M.J.B. Vreysen, A.S. Robinson 
and J. Hendrichs, eds. Area-wide control of insect pests. From research to field 

implementation. Springer, Dordrecht, The Netherlands.
Vreysen, M.J.B., Robinson, A.S. & Hendrichs, J., eds. 2007b. Area-wide control 

of insect pests. From research to field implementation. Springer, Dordrecht, 
The Netherlands. 

Wajnberg, E. 1991. Quality control of mass-reared arthropods: a  genetical and 
statistical approach, pp. 15–25. In Proc. 5th Workshop of the IOBC global working 

group “Quality control of mass reared arthropods”, 25–28 March 1991, Wageningen, 
The Netherlands. 

Walker, D.W. 1968. Potential for control of the  sugar-cane borer through radio-
induced sterility, pp. 131–140. In Proceedings, Panel: Radiation, Radioisotopes 

and Rearing Methods in the Control of Insect Pests. Joint FAO/IAEA Division of 
Atomic Energy in Food and Agriculture, 17–21 October 1966, Tel Aviv, Israel. STI/
PUB/185. IAEA, Vienna, Austria.

Wearing, C.H., Connor, P.J. & Ambler, K.D. 1973. Olfactory stimulation of 
oviposition and flight activity of the  codling moth Laspeyresia pomonella, using 
apples in an automated olfactometer. N. Zealand J. Sci. 16: 697–710. 

Webb, J.C. 1984. The  closed-loop system of quality control in insect rearing, pp. 
87–89. In E.G. King and N.C. Leppla, eds. Advances and challenges in insect 

rearing. Agricultural Research Service, United States Department of Agriculture, 
New Orleans, LA, USA.

Webb, J.C., Agee, H.R., Leppla, N.C. & Calkins, C.O. 1981. Monitoring insect 

quality. Transactions of the ASAE – 1981: 476–479. 
Weissling, T.J. & Knight, A.L. 1994. Passive trap for monitoring codling moth 

(Lepidoptera: Tortricidae) flight activity. J. Econ. Entomol. 87: 103–107. 
White, L.D. 1975. Codling moth: effects of sterilizing and substerilizing levels of 

gamma irradiation to the  sperm on F1 egg development. J. Econ. Entomol. 68: 
845–846. 

White, L.D. & Hutt, R.B. 1970. Effects of gamma irradiation on longevity and 
oviposition of the codling moth. J. Econ. Entomol. 63: 866–869. 

White, L.D. & Hutt, R.B. 1971. An inexpensive transparent holding cage for insect 
oviposition and longevity studies. J. Econ. Entomol. 64: 551–552. 



References 187

White, L.D. & Hutt, R.B. 1972. Effects of treating adult codling moth with sterilizing 
and substerilizing doses of gamma irradiation in a  low-temperature environment. 
J. Econ. Entomol. 65: 140–143. 

White, L.D. & Hutt, R.B. 1975. Codling moth: catches of irradiated and untreated 
laboratory-reared and native males in synthetic sex attractant traps. J. Econ. 

Entomol. 68: 449–450. 
White, L.D. & Mantey, K.D. 1977. Codling moth: mating of irradiated and 

unirradiated laboratory-reared and native moths in the field. J. Econ. Entomol. 70: 
811–812. 

White, L.D., Hutt, R.B. & Butt, B.A. 1969. Releases of unsexed gamma-irradiated 
codling moths for population suppression. J. Econ. Entomol. 62: 795–798. 

White, L.D., Hutt, R.B. & Onsager, J.A. 1970. Effects of CO2, chilling, and staining 
on codling moths to be used for sterile releases. J. Econ. Entomol. 63: 1775–1777. 

White, L.D., Kamasaki, H., Ralston, D.F., Hutt, R.B. & Petersen, H.D.V. 1972. 
Longevity and reproduction of codling moths irradiated with cobalt-60 or 
cesium-137. J. Econ. Entomol. 65: 692–697. 

White, L.D., Hutt, R.B., Butt, B.A., Richardson, G.V. & Backus, D.A. 1973. 
Sterilized codling moths: effect of releases in a  20-acre apple orchard and 
comparisons of infestation to trap catches. Environ. Entomol. 2: 873–880. 

White, L.D., Proshold, F., Holt, G.G., Mantey, K.D. & Hutt, R.B. 1975. Codling 
moth: mating and sperm transfer in females paired with irradiated and unirradiated 
males. Ann. Entomol. Soc. Am. 68: 859–862. 

White, L.D., Koslinska, M. & Suski, Z.W. 1977. Codling moth: field-cage mating 
competitiveness of radiosterilized males. J. Econ. Entomol. 70: 64–65. 

Wildbolz, T. & Mani, E. 1971. Current work on genetic control of Carpocapsa 

pomonella, pp. 151–155. In Proceedings, Panel: Application of Induced Sterility for 

Control of Lepidopterous Populations. Joint FAO/IAEA Division of Atomic Energy 
in Food and Agriculture, 1–5 June 1970, Vienna, Austria. STI/PUB/281. IAEA, 
Vienna, Austria. 

Wildbolz, T. & Riggenbach, W. 1969. Untersuchung über die Induktion und die 
Beendigung der Diapause bei Apfelwicklern aus der Zentral – und Ostschweiz. 
Mitteilungen der Schweizerischen Entomologischen Gesellschaft 42: 58–78. [English 
summary] 

Wirtz, R.A. 1984. Health and safety in arthropod rearing, pp. 263–268. In E.G. 
King and N.C. Leppla, eds. Advances and challenges in insect rearing. Agricultural 
Research Service, United States Department of Agriculture, New Orleans, LA, 
USA.

Wolf, W.W. 1984. Controlling respiratory hazards in insectaries, pp. 64–69. In E.G. 
King and N.C. Leppla, eds. Advances and challenges in insect rearing. Agricultural 
Research Service, United States Department of Agriculture, New Orleans, LA, 
USA.

Wolf, W.W. 1985. Recognition and prevention of health hazards associated with insect 
rearing, pp. 157–165. In P. Singh and R.F. Moore, eds. Handbook of insect rearing. 
Vol. I. Elsevier, Amsterdam, The Netherlands.



Rearing Codling Moth for the Sterile Insect Technique188

Wolf, W.W. & Stimmann, M.W. 1971. Cyclone separator for transferring live insects, 
and its biological effects on Trichoplusia ni and Voria ruralis. J. Econ. Entomol. 
64: 1544–1547. 

Wong, T.T.Y., Cleveland, M.L., Ralston, D.F. & Davis, D.G. 1971. Time of sexual 
activity of codling moths in the field. J. Econ. Entomol. 64: 553–554. 

Wood, L.A. & Wendel, L.E. 1999. Technology transfer of affordable insect rearing 

systems: meeting the challenge with simple, economical designs. Paper presented at 
the ASAE Annual International Meeting, 18–21 July 1999, Toronto, Canada. 9 pp.

Wood, S. & Arthur, S. 2006. Technical support activities of the Okanagan-Kootenay 
Sterile Insect Release Program for the FAO/IAEA Coordinated Research Project: 
Improvement of codling moth SIT to facilitate expansion of field application, 
pp. 129–132. In Working material. Improvement of codling moth SIT to facilitate 

expansion of field application. Third Research Coordination Meeting, 16–20 
September 2005, Mendoza, Argentina. IAEA-314-D4-RC876. IAEA, Vienna, 
Austria.

Wunderlich, L. 2007. Determining codling moth (Cydia pomonella) sex and mating 

status (available at http://ucce.ucdavis.edu/files/filelibrary/616/15304.pdf).
Wyss, J.H. 2002. Overview of the  sterile insect technique in screw-worm fly 

eradication, pp. 176–181. In Proc. The  Screw-Worm Fly Emergency Preparedness 

Conference, 12–15 November 2001, Canberra, Australia. Agriculture, Fisheries and 
Forestry — Australia, Canberra, Australia. 

Zimmermann, G. & Weiser, J. 1991. Pathogens and diseases, pp. 253–271. In 
L.P.S. van der Geest and H.H. Evenhuis, eds. Tortricid pests: their biology, natural 

enemies and control. Vol. 5. World Crop Pests, W. Helle, ed. Elsevier, Amsterdam, 
The Netherlands.



189

Glossary

antimicrobial agent – chemical that kills any or all microbial contaminants 
(Cohen 2004)

electroantennogram – used to measure the  electric potential of an insect antenna 
stimulated by volatile compounds (Gordh and Headrick 2001)

antioxidant – inhibits oxidation; a  substance that removes potentially damaging 
oxidizing agents in a living organism (Oxford Dictionary)

apyrene sperm – spermatozoa that lack a nucleus, and do not fertilize the egg (Gordh 
and Headrick 2001)

area-wide integrated pest management (AW-IPM) – integrated pest management 
against an entire pest population within a  delimited geographic area, with 
a  minimum size large enough or protected by a  buffer zone so that natural 
dispersal of the population occurs only within this area (Klassen 2005; Enkerlin 
2007); management of the  total pest population within a  delimited area 
(Hendrichs et al. 2007)

artificial diet – food that has been synthesized from one or more ingredients that may 
be completely defined chemically or that may be partially defined or not defined. 
An artificial diet and a synthetic diet are essentially synonymous (Cohen 2004). 
An unfamiliar food which has been formulated, synthesized, processed, and/or 
concocted by man, on which an insect in captivity can develop through all or 
part of its life cycle (Singh 1977)

aseptic rearing – using antimicrobial agents in the  diet and a  sterilized working 
environment free of harmful contaminating microbes

attractant – a chemical or visual stimulus that results in movement of a pest towards 
the source (IAEA/FAO 2003)

bacteriostatic – antimicrobial that reduces or inhibits the  growth of bacteria 
(Sikorowski and Lawrence 1994a)

calling – dispensing sex pheromone by a female adult to attract a male (FAO/IAEA/
USDA 2003)

closed-loop system – provides pertinent information on which to base decisions in 
a quality-control system and regularly provides this information (Webb 1984) 
[see feedback loop]

compatibility (mating) – females of a given strain are able and willing to accept, for 
mating, the  males of another strain; this also includes synchrony and other 
factors that cause reproductive disconformancy (FAO/IAEA/USDA 2003)

competitiveness – ability of an organism to compete with conspecific organisms for 
a limited environmental resource (FAO/IAEA/USDA 2003)

control chart – a  chronological graphical comparison of measured product 
characteristics with limits reflecting the  ability to produce, derived from past 
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experience (Chambers and Ashley 1984); chronological graphical comparison 
of the specifications of all quality assessment and control parameters (Moore et 
al. 1985); to plot a parameter with predetermined limits on a time scale and to 
present this information in an easy-to-interpret graphical form such as on mean- 
or range-charts that have control limit lines (FAO/IAEA/USDA 2003)

critical photoperiod – that which induces 50% incidence [prevalence] of diapause in 
a population (Brown 1991)

data logger – an instrument that records temperature and other environmental 
parameters for a variable length of time (FAO/IAEA/USDA 2003)

defined diet – a diet in which the constituents can be described (ideally consisting of 
only chemically pure constituents) (Vanderzant 1957, 1966)

diapause – a  dynamic state of low metabolic activity, with reduced morphogenesis, 
increased resistance to environmental extremes, and altered or reduced 
behavioural activity (Brown 1991); a syndrome of developmental, physiological, 
biochemical, and behavioural attributes that together serve to enhance survival 
during seasons of environmental adversity (Denlinger 2003) 

diet – the food on which an animal feeds
dispersal – a non-directional movement of insects within or between habitats (Gordh 

and Headrick 2001)
ecdysis – the  process of shedding the  integument during moulting (Gordh and 

Headrick 2001)
eclosion – the act of hatching from the egg shell (Gordh and Headrick 2001)
emergence – the escape of the adult insect from the cuticle of the pupa (FAO/IAEA/

USDA 2003)
emulsifying agent – chemical that forms micelles around each droplet in the dispersed 

phase of an emulsion to reduce interfacial tension and prevent droplets from 
coalescing (Cohen 2004)

epizootic – outbreak of an epizootic disease, where a  large proportion of an animal 
population is affected simultaneously (Gordh and Headrick 2001)

essential nutrient – a  substance that an insect requires for life but can obtain only 
from its diet and does not have the metabolic ability to produce (Singh 1977)

eupyrene sperm – spermatozoa with a nucleus which can fertilize eggs (Gordh and 
Headrick 2001)

facultative diapause – diapause that is induced or terminated by change in photoperiod, 
temperature, or both (Gordh and Headrick 2001)

feedback loop – returning output information to the  beginning of a  process for 
correcting discrepancies between intended and actual performance or for 
the  maintenance of current process standards and procedures (Chambers and 
Ashley 1984; Moore et al. 1985) [see closed-loop system]

filtrate – liquid remaining after solids are filtered out (Cohen 2004)
flash sterilization – diet is subjected to a temperature >121ºC in a heating coil within 

a steam jacket that allows high temperatures to be reached by compression of 
the steam that surrounds the coil. Boiling of the diet is prevented by the closed 
system. The  higher temperatures and pressure cook the  diet quickly, causing 
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minimal damage to the diet but efficient destruction of microbial contaminants 
(Cohen 2004)

flight ability – capability to achieve a  defined flight performance (FAO/IAEA/
USDA 2003)

founder effect – the  founders of a new population carry only a  random fraction of 
the genetic diversity found in the parent population (Gordh and Headrick 2001)

founder population – insects that are collected from a wild population and used to 
initiate a laboratory colony

HEPA filter – high-efficiency particulate air filter
holidic diet – artificial diet constituents with known chemical structure (Vanderzant 

1966; Chippendale and Beck 1968)
humectant – substance that adjusts water activity (Cohen 2004)
lux – unit of illumination equal to one lumen per square meter (the  lumen is about 

1/683 watt) (FAO/IAEA/USDA 2003)
microbial contamination – harbouring of, or having contact with, micro-organisms 

without symbiotic or pathogenic relationships (Sikorowski and Lawrence 1994a)
micro-organism – a protozoan, fungus, bacterium, virus or other microscopic self-

replicating biotic entity (FAO 2007)
multivoltine – having many generations per season or year (Gordh and Headrick 2001)
natural diet – natural food of an animal
neonate larva – newly hatched larva
non-essential nutrient – a substance that an insect requires for life but can be built 

metabolically by an insect from other substances, e.g. glutamic acid
nutrient – any substance that can serve as part of the  metabolism of an organism 

(Cohen 2004)
nutrition – the study of the food requirements of organisms (Singh 1977)
nutritional requirements – specific, chemically defined components that the  insect 

must have to grow, reproduce, and perform as it should (Singh 1984); 
the  chemical factors of ingested food essential for normal metabolism and 
development of the insect (Singh 1977)

olfactometer – device for testing the behavioural response of insects to odours (Gordh 
and Headrick 2001)

parasitoid – an insect that lives on or in another insect (host), and ultimately kills 
the host (Cohen 2004); an insect parasitic only in its immature stages, killing its 
host in the process of its development, and free living as an adult (Enkerlin and 
Quinlan 2004; FAO 2007)

pass-through – a small chamber, with sealable doors on each side, built into the wall 
between a clean room and a potentially dirty room, and constructed to enable 
the passing of materials through the chamber from one room to the other room 
without contaminating the  clean room. Only one door is opened at a  time. 
Positive air pressure in the clean room prevents dirty air from entering it when 
the pass-through is opened

pathogen – micro-organism that is capable of causing a  disease under normal 
conditions of host resistance, and rarely lives in close association with the host 



Rearing Codling Moth for the Sterile Insect Technique192

without causing the disease (Sikorowski and Lawrence 1994a); micro-organism 
causing disease (FAO 2007)

pH – negative log of the hydrogen ion concentration, a measure of the acidic or basic 
nature of a diet or diet ingredient (Cohen 2004)

phagostimulant – substance that elicits a feeding response (Cohen 2004)
pheromone – a chemical produced by one organism that influences the behaviour of 

another organism of the same species (FAO/IAEA/USDA 2003)
photoperiod – combination of photophase and scotophase in one day
photophase – light period during one day
preservative – substance to prevent degradation (Cohen 2004)
process control – measuring how things are done, such as diet preparation, seeding of 

the diet, insect holding and collection, and unfinished product quality such as 
egg hatch and pupal weight, etc. (Bigler 1992; Calkins and Parker 2005); process 
control tells how the manufacturing processes are performing, and it controls 
these processes so that deviations from the product specifications will not occur 
as a result of variation in the processes (Chambers and Ashley 1984; Moore et 
al. 1985)

product control – tells how well the  product is conforming to specifications and 
standards of quality, and it gives feedback so that a product’s departure from 
established specifications can be corrected, or it eliminates substandard products 
(Chambers and Ashley 1984; Moore et al. 1985)

production control – regulates the consistency and reliability of production output, 
the  numbers of items produced, and the  timeliness of their production 
(Chambers and Ashley 1984; Moore et al. 1985)

propensity – an inclination or tendency for an individual insect to carry out an act, or 
for an individual event to occur (FAO/IAEA/USDA 2003)

quality – the degree to which a product meets the requirements of the objective or of 
the expected function (FAO/IAEA/USDA 2003); fitness for use (Chambers and 
Ashley 1984; Moore et al. 1985); the ability of the released insects to perform 
their function, and to perform relative to some standard (Chambers 1975)

quality assessment – measurement of specific or general traits that indicate fitness, 
usually against reference standards and tolerances (measuring quality is not 
the same as controlling quality — feedback is required for the latter) (Moore et 
al. 1985)

quality control – a  systematic process whereby management critically evaluates 
the  elements of production, establishes standards and tolerances, obtains, 
analyses, and interprets data on production and product performance, and 
provides feedback so as to predict and regulate product quality and quantity 
(FAO/IAEA/USDA 2003); quality control is a  management procedure that 
develops, maintains, and improves quality (Chambers and Ashley 1984; Moore 
et al. 1985; Bigler 1994)

required nutrient – nutrient which is required for optimal performance, though not 
necessarily essential (Singh 1977)

scotophase – period of darkness during one day
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SOP – standard operating procedure
sperm transfer – the successful transfer of sperm from a male to a female spermathecae 

during copula (FAO/IAEA/USDA 2003)
standard – a  quality or measure serving as a  basis or principle by which others 

conform or should conform or by the accuracy or quality of others is judged 
(FAO/IAEA/USDA 2003)

sterile insect – an insect that, as a result of a specific treatment, is unable to reproduce 
(FAO 2007)

sterile insect technique (SIT) – method of pest control using area-wide inundative 
release of sterile insects to reduce reproduction in a field population of the same 
species (FAO 2007)

strain – a breed or stock of insects that have been held in isolated colonies for a period 
of time (FAO/IAEA/USDA 2003)

syneresis – separation of liquid from a gel (Navon 1968)
synthetic diet – synonym for an artificial diet, often used to connote a defined diet but 

not limited to that sense (Cohen 2004)
token feeding stimulant – any substance that triggers a feeding response but does not 

play a metabolic role in the target species (Cohen 2004)
total quality control – adoption of tools and procedures to regulate the processes of 

production so that product quality will be insured through control of processes 
(Chambers and Ashley 1984); total quality control encompasses the  entire 
structure and associated mechanisms for developing and improving product 
quality and productivity (Leppla and Fisher 1989)

trap – a baited device used for catching (IAEA/FAO 2003)
triturated ingredients – ingredients ground to a  fine powder using for example 

a mortar and pestle; often used in diets as a means of mixing two or more solids 
such as a vitamin present in a low concentration with a sugar present in a much 
higher concentration

wild insect – an insect that has never been domesticated or held in a rearing colony 
(FAO/IAEA/USDA 2003)



Annex 1 
List of Primary Equipment

Adult collection system
Air compressor
Augers (transporting large quantities of a  diet ingredient, e.g. sawdust, within 

a rearing facility)
Autoclave
Balances
Blender
Boiler (steam)
Cages (oviposition)
Cage-turning equipment
Carts (diet)
Carts (egg sheet)
Carts (hand)
Carts (moth disposal)
Chiller (sexing adults)
Chopper (heavy duty, to cut up paper pulp)
Cold-storage facility (storing some diet ingredients)
Colony counter
Computers and accessories 
Dispenser (paraffin wax)
Dissecting tools 
Dryers (laundry)
Egg-sheet wire-mesh ‘books’
Environmental control equipment for all rooms and areas of facility, including 

filters
Food processor
Forklift
Freezer
Fume hood
Furniture for QC laboratory and lunch rooms
Generator (electricity)
Glassware, Petri dishes, etc.
Graduated cylinders
Hammer mill (paper pulp)
Hood (portable for collecting moth scales)
Hot plate
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Kettle (steam-jacketed) with counter-rotating paddles (or flash sterilizer or 
extruder)

Laminar flow hood
Light meter
Lockers (clothes, etc. for workers)
Magnetic stirrer
Magnifiers (illuminated)
Microscopes (stereo, compound) and accessories
Mixer
Mixer, cooler (vat mixer and cooler) and dispenser (diet)
Mortar and pestle (to pulverize Calco Red dye)
Office equipment and furniture
Oven (drying)
Oven (microwave)
Paper cutter (egg sheets)
pH meter
Pressure cooker (to heat and dispense paraffin wax)
Pumps (diet)
Pumps (water)
Refrigerator
Scarifier (steam) (for diet)
Sensors (temperature, relative humidity, air speed)
Shaker/sifter (sawdust)
Sieves
Tanks (hoppers) (diet)
Tanks (egg sheets)
Tubs (soak trays before scrubbing and washing)
Temperature and relative humidity recorder, e.g. Hobo™ data logger
Thermometer (digital)
Timer
Tools for equipment servicing and repair
Tractor and trailer
Trays (diet)
UV lamps
UV traps
Vacuum cleaner
Vacuum/pressure pump
Washer (carts)
Washers (laundry)
Washer (trays) and tray-scrubbing machine and disinfection rinse
Water distiller
Water softener or demineralizer

In this document, equipment for preparing diets is discussed in section 6.5. 
Butt (1975) provided a list of mixers used to prepare codling moth diets. 
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Griffin (1984b) listed equipment used at a boll weevil production facility. 
Papers in Singh and Moore (1985), e.g. Ashby et al. (1985) and Reed and 

Tromley (1985), listed equipment items used to rear insects in a laboratory. 
Wolf (1985) listed sources of equipment used to protect workers from health 

hazards in an insectary. 
FAO/IAEA/USDA (2003) included a list of known sources of key equipment 

and supplies. 
Cohen (2004) provided a chapter on equipment used for processing insect diets.



Annex 2 
List of Companies that Provide 
Dietary Ingredients

Becton, Dickinson and Company
(DIFCO products)
http://www.bd.com/products/

Bio-Serv
http://www.bio-serv.com/

Nutritional Biochemicals Corporation, Cleveland, Ohio, USA

Southland Products Inc.
http://www.tecinfo.com/~southland/

Ward’s Natural Science
http://www.wardsci.com/

Brewer and Lindig (1984) provided a  list of diet ingredients and some of their 
sources. 
Ashby et al. (1985) and Reed and Tromley (1985) provided lists of diet ingredients 
and some of their sources. 
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The codling moth Cydia pomonella is amongst the most severe 

pests of pome fruit in the temperate regions of the world. 

Broad-spectrum insecticides have mainly been used to control this 

pest resulting in several negative environmental consequences. The 

demand for alternative control techniques is therefore increasing 

worldwide, and includes synthetic growth regulators, mating 

disruption, attract and kill, microbiological control agents, and the 

sterile insect technique (SIT). The integration of sterile insects with 

these control practices within the context of area-wide integrated 

pest management offers great potential. However, efficient and 

effective mass-rearing of the target insect is a fundamental 

component of the SIT but its complexity for Lepidopteran pests is 

very often underestimated. 

There has been an increasing interest to develop codling moth 

SIT for integration with other control tactics over the past years. 

This document compiles and summarizes available information on 

the rearing of the codling moth in relation to the SIT. Aspects such 

as colonization, adult and larval diet, sexing, quality control, 

shipment, disease control, data recording and management are 

described. It is not a text book but is developed so that individual 

sections can be consulted by the reader when necessary. The 

document therefore, does not provide guidelines per se, nor is it a 

compendium of standard operating procedures, as these will need 

to be developed for each rearing facility based upon local needs 

and availability of materials and ingredients. The document is an 

attempt to bring together all existing information on the rearing 

of codling moth. 
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