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13. Fly Colony Establishment, Quality 
Control and Improvement

Frank Stadler, Nikolas P. Johnston, Nathan J. 
Butterworth, and James F. Wallman

This chapter provides guidance on the collection and selection 
of species suitable for maggot therapy. All life stages are suitable 
for collection, except pupae that are generally hidden from view. 
Correct identification of the species that are collected and the 
correct selection of breeding stock is critical. Domestication of 
the newly established fly colony proceeds via adaptation to the 
insectary environment and the producers’ operating procedures. 
Monitoring of fly colony life history and morphological traits 
enables producers to manage the adaptation of flies to the insectary 
environment and to improve performance through selective 
breeding, genetic replenishment, and genetic engineering.

Introduction

The first step in the establishment of a laboratory colony is the 
collection of flies and their subsequent maintenance in the laboratory 
or insectary [e.g. 1, 2, 3]. While in some instances blowfly strains have 
been reared continuously for decades [4], there is concern that relatively 
small population sizes, limited genetic diversity, rapid selection and 
adaptation to the laboratory [5] may require genetic replenishment and 
rejuvenation of lab colonies with newly caught flies on a regular basis to 
ensure productivity and health of the colonies [6]. 

© 2022 Chapter Authors, CC BY-NC 4.0�  https://doi.org/10.11647/OBP.0300.13
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Moreover, maggot therapy treatment conditions vary between 
geographic areas and socio-economic conditions. For example, maggot 
therapy in Sub-Saharan Africa might benefit from the domestication of 
African fly species or strains such as Lucilia sericata or perhaps even the 
tropical African latrine fly Chrysomya putoria, that are already adapted 
to African environmental conditions. It is known that fly development 
is temperature-dependent and speeds up as temperature increases, up 
to a threshold temperature beyond which development is negatively 
impacted and may even lead to death [7]. While the laboratory 
and insectary conditions can be regulated, the wound temperature 
during treatment may be difficult to control. Average chronic wound 
temperature has been reported to be between 32 and 33ºC under mild 
climatic conditions [8–10]. Ambient atmospheric conditions in Sub-
Saharan Africa may lead to a significant increase in the temperature 
medicinal maggots experience on the wound. Therefore, rather than 
importing flies from Europe, it will be beneficial to develop locally 
collected fly strains that are better adapted to higher developmental 
temperatures. However, further research to determine the influence of 
temperature on maggot therapeutic performance in tropical regions is 
required.

Finally, local quarantine laws and regulations may not permit the 
introduction of foreign insect material, which means that local flies 
will need to be collected. If the therapeutic efficacy of the species has 
not already been shown, its suitability for maggot therapy will need 
to be established. However, at times of great need when disaster or 
war is raging, or where there is no access to medical treatment, these 
restrictions may not apply, particularly regarding the use of local fly 
species [11, 12]. 

Chapter 11 is chiefly concerned with the bioprospecting and testing 
of new fly species for maggot therapy [13], while this chapter provides 
guidance on the collection and selection of species deemed suitable for 
maggot therapy. Not all of the species suggested here have been subject 
to robust testing as proposed in Chapter 11 but have a recorded history 
of successful medicinal use and at least one of the discussed species can 
be found in every major zoogeographic region. Because domestication 
is critical to the reliable supply of high-quality medicinal maggots, 
some attention must be given to the monitoring of fly colony life 
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history and morphological traits. This will enable producers to manage 
the adaptation of flies to the insectary environment and to improve 
performance through selective breeding, genetic replenishment, and 
potentially genetic engineering.

Of course, it is not strictly necessary for maggot therapists to use 
maggots that were reared in the laboratory. Under extremely austere 
conditions and with no access to medical aid and purpose-produced 
medicinal maggots, it is possible to collect eggs from the wild or 
permit free-living females to deposit eggs on a wound [11, 12]. Such 
controlled myiasis is not without its risks but anecdotal and published 
case histories of maggot colonisation (myiasis) of necrotic wounds 
from surgery, violence, neglect, or misfortune demonstrate its potential 
benefit [14–16]. 

Medicinal Fly Species

There are many fly species worldwide that could potentially be employed 
to treat wounds. These belong mostly to the family Calliphoridae of 
which over 1,500 species have been described to date [17]. There are 
some prerequisites for species to be suitable for maggot therapy:

•	 In the first instance, any species used for maggot therapy must 
not consume or damage healthy tissue, but only debride dead 
or devitalised tissue.

•	 Ideally, the species used should not only debride dead tissue 
but also control infection and stimulate wound healing.   

•	 The species should be easy to maintain in captivity and 
colonies should retain their vigour over many generations.

•	 The species should lay eggs and not give birth to live maggots. 
This is necessary to efficiently harvest and disinfect eggs and 
rear medicinal maggots prior to treatment.

Although a good number of fly species have been used to treat wounds 
(Table 13.1) the fly species most widely cited and regularly used for 
maggot therapy are the greenbottle blowfly L. sericata and to a lesser 
extent the sheep blowfly Lucilia cuprina [18–20]. However, other species 
are also under active experimental and clinical investigation for use in 
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maggot therapy, including: i) the secondary screwworm Cochliomyia 
macellaria which is found from southern Canada to the South American 
tropics [21, 22], ii) the tropical African latrine fly Ch. putoria that is 
now also found across the Americas [23], and iii) the South American 
Sarconesiopsis magellanica [24]. There are likely to be many more fly 
species globally that could be employed to treat wounds and all except 
the harshest of environments should be home to candidate fly species 
for maggot therapy. 

Table 13.1 Species that have been used in maggot therapy to date and 
associated references. 

Species Reference 
Calliphora vicina [25]
Lucilia caesar [26]
Lucilia illustris [27]
L. sericata [24, 28–30]
L. cuprina [20, 31–33]
Phormia regina [26, 29, 34] 
Protophormia terraenovae [35]

Chrysomya megacephala [36]
Ch. putoria [23]
Co. macellaria [21, 22, 37] 
S. magellanica [24]
Wohlfahrtia nuba [38]
Musca domestica [39]

Collecting Wild Flies

Several options are available to the collector of live flies for the 
establishment of laboratory colonies. Female flies can be encouraged to 
lay eggs on decomposing meat or other suitable bait [40], maggots may 
be hand-collected from wild carcasses and cadavers [7, 41, 42], and adult 
flies can be trapped [6, 43–45]. Common choices of bait include minced 
ovine (sheep), porcine (pork), or bovine (cattle) meat, but a wide range 
of other mammal and bird meats will attract medicinal fly species. It is 
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best to use meat which has not been treated with preservatives. If fresh 
store-bought meat is used, give the meat up to 3 days to become putrid 
(depending on the ambient temperature), at which stage it will begin to 
attract significant numbers of blowflies. If using meat other than mince, 
to aid the process of decomposition and the release of volatile organic 
compounds, it can be beneficial to cut the meat into smaller pieces. The 
attractiveness of the decomposing meat can be further enhanced when it 
is mixed with sodium sulphide (Na2S) [46]. Furthermore, the attractive 
potential of meat bait is also enhanced once blowfly adults and larvae 
begin to arrive, as they release attractive semiochemicals when feeding 
[47]. Occasionally stirring the bait can further aid in the release of 
volatile organic compounds.  

Importantly, the occurrence and distribution of necrophagous 
calliphorids varies greatly depending on the season and habitat [48, 49]. 
While some species are cold-tolerant and will remain active in winter 
in low abundances (e.g. C. vicina) [48], the majority of necrophagous 
calliphorids are only active in the warmer months. As such, fly collection 
should be undertaken in the warmer months in most geographic regions. 

Trapping of Adult Flies

The characteristic behaviour of flies can be used to efficiently trap adults 
without killing them [50]. Flies in search of food and cadavers on which 
to deposit eggs have no difficulty searching out small dark holes and 
crevices as would be found on a cadaver. However, when taking flight, 
blowflies invariably head straight up and towards light. Cone or funnel 
traps make use of this behaviour. There are various versions of this 
trap type, but all work the same. A bait is provided to attract the flies. 
Suspended above the bait station is a cone/funnel (wide at the bottom 
and narrowing to a small opening at the top) which ends in a holding 
compartment made of fabric, a plastic bag or such containment. Flies 
that visit the bait station fly off vertically into the cone and wander 
upward through the small opening into the holding compartment. 
The flies have difficulty finding the small opening again and remain 
trapped [50]. Although cone/funnel traps are easily constructed, there 
are now various types of these traps available online via entomological 
equipment suppliers and popular retail platforms such as eBay and 
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Alibaba (e.g. Figure 13.1). Traps that have been specifically designed 
for entomological investigations will allow easy access and collection 
of trapped flies while the inexpensive traps sold for pest control may be 
permanently closed and make access to the fly compartment difficult. 
This requires modification of the fly trap prior to use, or particular 
retrieval strategies as described in Figure 13.2.     

A variant of this trap mechanism utilises the same inability of flies to 
escape through an inverted, funnel-shaped opening. Inexpensive plastic 
storage containers may be baited with meat or other attractants and 
furnished with inward-pointing cones [44]. Commercial traps exploit 
this approach to capture sheep blowflies that can cause significant stock 
loss and animal suffering [51]. Figure 13.3 explains how an inexpensive 
trap based on the same principle can be constructed from a simple 
plastic bottle. 

Figure 13.1 Inexpensive fly trap available from online retailers. The trap is best set 
up where flies naturally congregate. In an urban setting, this may be domestic or 
commercial garbage bins or near food businesses (A). In the rural environment, 
traps may be set up near livestock (B), but flies will detect attractive bait from afar 
and find the trap even if it is set up away from livestock or food waste. Photos by 

F. Stadler, CC BY-NC.
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Figure 13.2 Retrieval of flies. Flies may be removed from the trap in Figure 13.1 
by exploiting their natural inclination to move upward. Remove the bait tray from 
the trap (A). Unhook the net funnel and pull it out through the wire basket that 
held the bait tray (B). Turn the trap upside down (C). Use a transparent plastic 
container and cut an oval hole into the lid or bottom of it. It has to be wide enough 
to receive the narrow end of the trap’s net funnel but thinner than the diameter of 
the funnel opening (D). When inserted, the metal-enforced funnel opening will 
sit on the inside edge of the hole without slipping out. Let the trap hang from 
the plastic container and make sure the funnel is untwisted to avoid obstruction. 
Flies will climb upward and through the funnel into the collection container (D). 

Illustration by F. Stadler, CC BY-NC.



264� A Complete Guide to Maggot Therapy

Figure 13.3 Instruction for a DIY plastic container cone trap. A standard soft drink 
plastic bottle (A). The tapered neck is cut off and the lid is removed (B). The 
bottle is baited with putrid meat to attract flies (C). A piece of cardboard such as 
a toilet paper roll is placed on top of the bait to provide a perch for flies as they 
may not be able to easily grip the plastic bottle walls after contact with the moist 
bait (D). The tapered neck is inverted and fitted back onto the bottle (without the 
lid) (E) and secured with a few strips of sticky tape (F). The trap is then placed 
in a dish of water to keep ants and other crawling insects out (G). The trap should 
be set up in a spot that is accessible to flies but protected from rain and direct 
sun. Illustration by P. Busana, MedMagLabs and Creating Hope in Conflict: A 

Humanitarian Grand Challenge, CC BY-ND.  

Collecting Eggs 

Female flies are attracted to cadavers to feed on protein-rich food and 
lay their eggs. It is therefore possible to collect eggs by placing meat bait 
in select locations during the day. Flies are not nocturnal and will not 
seek out the bait during the night. However, flies prefer to lay their eggs 
in dark recesses and orifices of cadavers such as the mouth or nostrils. 
Therefore, offering the bait in a dark container mimicking a cadaver 
and covering it while still allowing flies easy access via entry holes will 
make the bait more attractive. The bait must also be protected from 
larger animals and ants that will raid this free food. Birds and rats may 
be excluded with a wire mesh cage of sorts. Ants and other crawling 
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invertebrates can be prevented from accessing the bait by placing the 
meat container into a larger tray/container partially filled with water. 
This creates a moat surrounding the meat that cannot be crossed 
by ants. Rain protection and a dark cover to mimic a cadaver can be 
achieved by placing a dark sheet of plastic material or similar cover onto 
the exclusion cage. The bait station may be set up in the morning and by 
late afternoon the eggs must be collected from the bait or else they are 
prone to dry out if it is hot, or hatch overnight. Unfortunately, it is not 
easy to discern what fly species has laid the eggs. One way to narrow 
down the species is by collecting egg masses from the bait used in a trap 
as described earlier and in Figure 13.1. It will be highly likely that the 
eggs will have been deposited by flies that were subsequently trapped. 
Irrespective of the method, it is best to place individual egg masses laid 
by a single female into separate rearing containers with larval diet. Once 
they have been raised to adult stage, they can be properly identified and 
placed into communal cages along with flies of the same species.

Hand Collecting of Adults, Eggs and Maggots

When hand collecting fly specimens, a bait such as an animal carcass, 
a quantity of putrid meat, or even faeces can be placed in a convenient 
spot to attract flies over a period of a few days. The collector returns 
regularly to the bait to collect adult flies with an entomological sweep 
net. The cadavers may also be examined periodically for egg masses 
and maggots. Various utensils such as spoons, forceps and applicator 
sticks may be used to pick eggs and maggots off the bait. Pathology 
specimen containers, various test tubes, or even empty food jars may be 
used to store and transport collected eggs and maggots to the insectary 
for identification and culture. Containers will not need to be ventilated 
if this transfer happens quickly. It is, however, best to use containers that 
are fitted with lids that permit air exchange. For this purpose, larger 
holes can be drilled into the lid and a sheet of fine-weave fabric can be 
sandwiched between lid and container-mouth prior to closing. This is 
especially necessary if very active, minute maggots are to be collected. 
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Taxonomic Identification and Confirmation of Species 

Great care must be taken in accurate identification and selection of 
the desired fly species to ensure that the flies added to the existing 
laboratory stock are of the same species and that no harmful species 
is inadvertently selected. Morphological characteristics are used for the 
identification of adult flies [52–58], larvae [59–62], and pupae [63]. Even 
non-specialists can use reliable morphological character differences 
between L. sericata and L. cuprina [64]. In recent times a variety of 
molecular genetic techniques have been employed for taxonomic studies 
and identification of species, including L. sericata, and have been found 
to be as reliable as examination of morphological characters [55, 65–68]. 
Because many maggot therapy entrepreneurs will not have access to 
molecular laboratory facilities and may find it difficult to access the 
taxonomic literature, it follows an identification guide that highlights 
the most relevant medicinal fly species for each zoogeographic region 
(Figure 13.4).

Figure 13.4 The six major zoogeographic regions of the world.

Although a range of species have been used in maggot debridement 
therapy (Table 13.1), we have chosen to provide identification guides to 
the following five species because they are well described biologically 
and broadly distributed throughout the world. 

•	 C. vicina

•	 L. sericata

•	 L. cuprina

•	 Co. macellaria

•	 Ch. megacephala
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At least one of these species can be found in every major zoogeographic 
region (Table 13.2). Importantly, the diagnoses provided here are only 
intended to be used as a general guide for identifying flies that are 
associated with and breed in carrion. There will be uncommon and 
non-carrion-breeding blowfly species that cannot be discriminated 
by the simplified diagnoses we provide here. It is therefore crucial 
that specimen identity be confirmed by reference to one of the many 
published resources such as those cited here (Table 13.2), or by sending 
your specimen to an expert entomologist at your closest research 
institution. For a list of recommended institutions refer to Table 13.2. For 
later reference throughout this section, the term ‘bristles’ refers to larger 
hairs (setae) located in a sunken pit in the exoskeleton. The term ‘hairs’ 
refers to smaller hairs (setulae) not located in such a pit. 

Table 13.2 The six major zoogeographic regions of the world, and which 
of the five fly species (C. vicina, L. sericata, L. cuprina, Co. macellaria, Ch. 
megacephala) are found there. Also provided are suggested facilities that 
can provide specimen identification services. The last column lists the 

references to the relevant taxonomic keys for species identification.

Zoogeographic 
Region

Species ID Facility Key

Afrotropical L. sericata

L. cuprina

Ch. megacephala 

KwaZulu-Natal 
Museum, South Africa

[69]

Indomalayan Ch. megacephala

L. cuprina 

Department of 
Parasitology, Faculty of 
Medicine, Chiang Mai 
University, Thailand 

[70–72]

Palearctic C. vicina 

L. sericata

Natural History 
Museum, UK

[58, 73]

Nearctic L. sericata

L. cuprina 

Co. macellaria

Smithsonian National 
Museum of Natural 
History, USA

[74, 75]

Australasian-
Oceanian 

L. sericata

L. cuprina 

Ch. megacephala 

C. vicina 

Australian National 
Insect Collection, 
Australia

[76, 77]
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Zoogeographic 
Region

Species ID Facility Key

Neotropical Co. macellaria

L. cuprina

Ch. megacephala 

Laboratory of 
Integrative Entomology, 
Department of Animal 
Biology, University of 
Campinas,

Brazil

[74, 78]

Calliphorid Fly Morphology Relevant to the  
Identification of Species

In order to facilitate the identification of flies using the information 
and figures provided in this section, it will be helpful to first locate the 
relevant morphological characters on a fly (Table 13.3 and Figure 13.5). 
The blue highlighting is omitted in subsequent species plates in order 
not to obstruct the features. 

Table 13.3 Key to morphological characters used for species 
identification.

Head
Fo.P fronto-orbital plate Figure 13.5a, b
G genae Figure 13.5a, e
Pa.V paravertical Figure 13.5c
Pf parafacials Figure 13.5e
Vi.S vibrissal setulae Figure 13.5e
Pl palpi Figure 13.5e

Thorax 
H.C. humeral calli Figure 13.5a, b
Lo.C lower calypter Figure 13.5a

Wing
St.V stem vein Figure 13.5d
B basicosta Figure 13.5a, b
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Figure 13.5 Morphological characters required for the identification of the five 
medicinal fly species. Head: Fo.P fronto-orbital plate, G genae, Pa.V paravertical, 
Pf parafacials, Vi.S vibrissal setulae, Pl palpi. Thorax: H.C. humeral calli, Lo.C 

lower calypter. Wing: St.V stem vein, B basicosta. CC BY-NC.  

Genus Calliphora

Genus Diagnosis. Flies of the genus Calliphora (Figure 13.6) are 
generally black or brown in colour with a blue-metallic abdomen (rarely 
green), and a powdery coating on their thorax and abdomen. The genus 
Calliphora can be distinguished from Lucilia, Chysomya and Cochliomya 
by the combination of the following characters: lower parafacial area 
without strong bristles (Figure 13.6d), stem vein without bristles on 
dorsal surface (Figure 13.6e), dorsal surface of lower calypter hairy 
(Figure 13.6b). Note that some of these characters may be present in the 
other mentioned genera, but the combination of all three is unique to the 
genus Calliphora.
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Calliphora vicina. C. vicina can be distinguished from other carrion-
breeding members of the genus Calliphora through the combination of 
following characteristics: abdomen metallic blue with a silver powdery 
coating that changes with viewing angle (Figure 13.6c), eyes without 
any hairs (Figure 13.6a, c, d), parafacials and genae orange, with black 
hairs on genae (Figure 13.6a, d), basicosta yellow/orange-brown (can 
appear darker but not black) (Figure 13.6c, e). 

Figure 13.6 Calliphora vicina. Pf: parafacials, Ge: genae, B: basicosta, Lo.C: lower 
calypter. CC BY-NC.  

Genus Lucilia

Genus Diagnosis. Flies of the genus Lucilia can be distinguished from 
Calliphora by the bright metallic green, blue or copper thorax and 
abdomen without any significant powdery coating (Figure 13.7c, 
13.8c). In addition, this genus can be distinguished from Chrysomya 
and Cochliomya by the combination of wing stem vein without hairs on 
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dorsal surface (Figure 13.7e, 13.8e) and lower calypter without hairs on 
dorsal surface (Figure 13.7b, 13.8b).

Lucilia cuprina. This fly has an abdomen and thorax ranging in 
colour from metallic green to copper (Figure 13.7a, b) with a white head 
(fronto-orbital and parafacial regions) (Figure 13.7f). Wings are clear 
(Figure 13.7e), basicosta yellow not fuscous or black (Figure 13.7a–c). 
This species closely resembles L. sericata but can be distinguished from 
this species through the combination of occipital area with one (rarely 
0 or 2) paravertical hairs (Figure 13.7d) and humeral callus (anterior 
lateral region of the thorax) with three strong bristles and very few hairs 
(0–4) (Figure 13.7c). 

Figure 13.7 Lucilia cuprina. B: basicosta, Lo.C: lower calypter, H.C: humeral calli, 
Pa.V: paravertical, St.V: stem vein. CC BY-NC.   

Lucilia sericata. This fly has an abdomen and thorax ranging from 
metallic green to copper in colour with a white head (fronto-orbital 
and parafacial regions) (Figure 13.8a, c, e). Wings are clear (Figure 
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13.8c), basicosta yellow not fuscous or black (Figure 13.8a-c). This 
species closely resembles L. cuprina but can be distinguished from it by 
the combination of central occipital area with many hairs (2–8) (Figure 
13.8d) and humeral callus (anterior lateral region of the thorax) with 
three strong bristles and many fine hairs (>5) (Figure 13.8c). 

Figure 13.8 Lucilia sericata. B: basicosta, Lo.C: lower calypter, H.C: humeral calli, 
Pa.V: paravertical, St.V: stem vein. CC BY-NC.  

Genus Cochliomyia 

Genus Diagnosis. The genus Cochliomyia can be distinguished from 
Calliphora, Chrysomya and Lucilia by the combination of three black 
longitudinal stripes on the thorax (Figure 13.9c), short thread-like palpi 
(Figure 13.9a, f), and at least some yellow hairs on the genae (Figure 
13.9a, f). It is most closely related to Chrysomya and both genera can be 
distinguished from Calliphora and Lucilia through the presence of a row 
of hairs on the dorsal surface of the stem vein (Figure 13.9e).
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Cochliomya macellaria. This species can be distinguished from 
all other species of Cochliomya by the combination of genae with only 
yellow hairs (Figure 13.9a, f), fronto-orbital area with both a row of 
black bristles (Figure 13.9f) and fine pale hairs, particularly in the lower 
half (Figure 13.9a, d, f) (if fine black hairs are present, proceed with 
caution—the specimen could be Co. hominivorax and should NOT be 
used for maggot debridement therapy). The entire abdomen is metallic 
green or blue (with each segment being identical in colour) (Figure 
13.9c). 

Figure 13.9 Cochliomyia macellaria. Fo.P: fronto-orbital plate, Pl: palpi, G: genae, 
St.V: stem vein. CC BY-NC.  

Genus Chrysomya 

Genus Diagnosis. The genus Chrysomya is most closely related to 
Cochliomya and both genera can be distinguished from Calliphora and 
Lucilia by the presence of a row of hairs on the dorsal surface of the stem 



274� A Complete Guide to Maggot Therapy

vein (Figure 13.10e). Chrysomya can be distinguished from Cochliomya 
by the absence of any longitudinal black stripes on the thorax (Figure 
13.10c). 

Chrysomya megacephala. This species can be distinguished from 
other Chrysomya by the combination of entirely clear wings (Figure 
13.10e), a blackish-brown anterior spiracle (Figure 13.10b), lower 
calypter brownish (not white or black) (Figure 13.10b), and many black 
vibrissal setulae on the face and parafacialia (Figure 13.10f). Males of 
this species possess touching eyes (holoptic) with sharply distinguished 
upper and lower facets (Figure 13.10c). In the female, the eyes are 
separated (dichoptic) (Figure 13.10d), and the fronto-orbital plate is 
dark rather than red (Figure 13.10d). 

Figure 13.10 Chrysomya megacephala. B: basicosta, An.S: anterior spiracle, Lo.C: 
lower calypter, St.V: stem vein, Vi.S: vibrissal setulae. CC BY-NC.  
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Colony Replenishment

While some laboratory colonies of fly species that are of interest 
to forensic, agricultural, or medical entomologists have been kept 
successfully for many years without adding wild flies to the colonies 
[4], it may be necessary to periodically restock in order to replenish 
colony genetics and vigour. For consistent performance of production 
colonies, it will be best to always collect replenishment stock from the 
same location as that of the founder colony [79–81]. This will avoid 
introduction of vastly different genetics and resulting life history traits. 
The aim is to maintain uniform fly performance characteristics in the 
laboratory.   

When collecting from the wild, there is always a danger that flies 
have been exposed to toxins, and carry disease or parasites, making 
preliminary quarantine necessary. Careless introduction of these newly 
caught flies into the laboratory environment can harm established 
colonies. Many flies including L. sericata are also prone to pupal parasites 
[82] and various fungi and nematodes that kill insects. These diseases 
must not be introduced into the laboratory and insectary [83, 84]. In 
practical terms this means that newly collected flies should be kept apart 
from the established laboratory colonies for at least one life-cycle until 
their health has been confirmed. 

Domestication of Fly Stock

Domestication is the process of cultivating or rearing plant and 
animal species for human use, pleasure or companionship. During 
domestication, the animal or plant population adjusts to the new 
environmental conditions under human cultivation. This is also the case 
when wild flies are brought into the laboratory. They will need to adjust 
to the laboratory environment, constant temperature and light regimens, 
diets, cages, and higher population densities. Initially, individuals of 
newly collected fly stock will vary in their life history characteristics 
such as development times, number of eggs produced and timing of 
maturation. Over a number of generations and as laboratory processes 
impose selection pressure on the fly population, this variation will 
diminish, performance will become more and more uniform, and fitness 
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may even increase [85], provided the negative effects of inbreeding can 
be managed.  

The objectives regarding colony performance may vary depending 
on the purpose of the colony. For example, if flies are to be reared in 
the laboratory for the purpose of controlled-release field experiments 
or pest control, it will be important to maintain their natural fitness and 
resilience in the field [86]. In contrast, the objectives for medicinal fly 
production are: 

1.	 Optimisation of the therapeutic performance of medicinal fly 
species or strains.

2.	 Reliability of colony performance via homogenous life history 
traits, meaning that the individuals in the colony have very 
similar development times and growth rates, for example.

3.	 Maximisation of the number of eggs produced by females.

Unfortunately, there has not been much published research on optimal 
domestication and management of medicinal fly populations in the 
laboratory and insectary [87]. Much of this information and practical 
knowledge, as far as it exists, is of proprietary nature and held by 
medicinal maggot producers. Chapter 14 provides comprehensive 
guidance on how medicinal flies are best maintained in the insectary 
and how medicinal maggots are prepared for treatment [88]. 

Quality Control

Newly collected flies and established colonies should be carefully 
monitored, and their life history parameters measured on a regular 
basis. Species-specific characteristics such as morphology, life-history, 
physiology, and genetic characteristics can all be used as performance 
indicators. Which sampling regimen and performance indicators are 
chosen will depend on the producer’s resources. For example, it is fairly 
easy to measure how many eggs females produce, how many of these 
hatch, how fast maggots grow and how many survive to adulthood. 
Table 13.4 lists some easily monitored quality control activities that 
may be included in the standard operating procedures. However, 
wing morphology or genetic investigations are more complex and 
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demand sophisticated instrumentation, software, and skilled laboratory 
technicians that may not be available to all producers [89–91]. 

The easiest way for a producer to monitor therapeutic efficacy of 
medicinal maggots over time is to communicate frequently with maggot 
therapy practitioners to receive feedback on clinical performance. This 
must also include an adverse-events reporting system so that any 
potential quality issues that have led to adverse treatment outcomes 
can be addressed quickly. The therapeutic performance with respect 
to debridement can also be tested in the laboratory with a meat-based 
test that simulates debridement in a wound. A protocol for such a 
debridement activity assay is given by Thyssen and Masiero [13] in 
Chapter 11 based on studies published in the literature. 

Table 13.4 Quality control activities.

Life history 
characteristic

Measurement 

Adult fly performance
Sex ratio Ratio of males to females. Determine the sex of 100 

randomly sampled adult flies.
Adult weight Measure the weight of adults directly after emergence 

and before first meal. There should be a strong 
correlation between this weight and that of pupae. 

First oviposition Time (hours) it takes from emergence for females to lay 
their first egg mass (assuming that males are present 
for mating as soon as females are receptive) 

Number of 
oviposition events

Number of times a female lays eggs (oviposition).

Egg mass size Number of eggs per oviposition (per egg batch). 
Fecundity  Total number of eggs laid in a lifetime.
Adult longevity Life span (days) of an adult fly from emergence.
Egg development
Development time Time (hours) from oviposition to emergence of larvae 

at a specific temperature.
Survival rate (in %) Number of emerged larvae divided by the total number 

of eggs incubated and multiplied by 100. 
Larval development
Development time Time (hours) from hatching to post-feeding period 

(when they leave the larval food substrate).
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Life history 
characteristic

Measurement 

Body length at 
post-feeding

Length of maggots (mm) at the beginning of the post-
feeding period. Immerse maggots in boiling water to 
rapidly kill them and then preserve in 70–80% ethanol 
prior to measurement [92]. 

Weight at 
post-feeding

Weight of maggots (mg) at beginning of post-feeding 
period.

Time to pupariation Time (hours) it takes for post-feeding maggots to 
pupariate.

Pupariation rate 
(in %)

Number of pupariated maggots divided by the total 
number of maggots studied, multiplied by 100.

Pupal development
Pupal weight Weight (mg) of pupae just after pupariation (when 

puparia have hardened and darkened to a glossy 
brown colour).

Development time Time (hours) it takes for the fly to emerge after 
pupariation.

Emergence rate (in 
%)

Number of healthy flies divided by the number of 
pupae studied, multiplied by 100.

Strain Improvement

In addition to selecting suitable species with maggots that are benign and 
highly effective in debriding necrotic tissue, clinical performance could 
also be improved, and new therapeutic benefits introduced to maggot 
therapy, if fly strains were to be genetically enhanced. Traditionally, 
such enhancement is done through animal breeding based on selecting 
individuals with favourable characteristics. There have been recent 
attempts to genetically engineer L. sericata so that the flies express 
human growth hormone in larval excretions and secretions. Such 
genetically modified strains could deliver a variety of growth factors and 
anti-microbial substances during maggot therapy and thereby enhance 
wound healing [93]. However, due to the negative perception of genetic 
modification, regulatory approval for genetically modified flies may be 
difficult to obtain even if in vitro and clinical trials demonstrate efficacy. 
Therefore, until regulatory barriers have been overcome, the best 
strategy will be to improve medicinal maggot performance and efficacy 
through conventional animal breeding approaches.   
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Summary

There are potentially many fly species that could be utilised for 
maggot therapy and several species have been successfully applied 
to treat wounds. Nevertheless, it is recommended that producers and 
researchers starting medicinal fly colonies only collect species of known 
efficacy. For the most part this will involve the production of L. sericata 
and L. cuprina thanks to their near-global distribution. Producers and 
therapists interested in developing maggot therapy with other fly 
species will find Chapter 11 on the identification and testing of new 
maggot therapy species essential reading [13]. 

All life stages are suitable for collection, except pupae that are 
generally hidden from view because maggots bury into the ground 
for pupariation. Correct identification of the species that are collected 
and the correct selection of breeding stock is critical. Identification 
guides provided in this chapter and identification keys published in 
the literature should be consulted. In addition, identification services 
offered by natural history museums or molecular barcoding methods 
should be used where accessible to confirm species identity.

Domestication of the newly established fly colony will proceed via 
adaptation to the laboratory/insectary environment and the producer’s 
operating procedures. Producers must implement routine quality-
monitoring protocols during colony establishment and, beyond that, 
track life history characteristics like the ones suggested in Table 13.4. 
There is largely unexplored scope for selective breeding of desirable 
characteristics of medicinal fly species and molecular tools may also 
offer opportunities for genetic enhancement of medicinal flies. However, 
the latter will require considerable research, regulatory approval and 
patient acceptance before transgenic maggots reach the bedside.
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