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Abstract

Stable flies, Stomoxys calcitrans, are serious pests of livestock, humans, companion animals and wildlife worldwide. During the last 20+ years,
changes in agronomic practices resulted in serious outbreaks of stable flies in several countries. These outbreaks disrupted livestock production
and human recreation resulting in public demands for increasing research and management efforts for this pest. A simple and inexpensive
procedure for rearing stable flies for laboratory studies is presented. The procedure uses locally available diet components, equipment and
supplies. The procedure can be adapted for rearing other muscoid flies including face fly (Musca autumnalis), horn fly (Haematobia irritans), and
house fly (Musca domestica). The procedure produces stable fly puparia averaging 12.5 mg and ~35% egg to adult survival. Approximately 3000
flies are produced in each pan.

Video Link

The video component of this article can be found at https://www.jove.com/video/57341/

Introduction

Stable flies, Stomoxys calcitrans (L.), are hematophagous flies whose painful bites disrupt the grazing behavior of livestock, cause pain and
suffering to companion animals and disrupt human recreational activities worldwide. Immature stable flies develop in fermenting vegetative
matter, often contaminated with animal waste. Changing agronomic practices and crops have produced serious outbreaks of stable flies in crop
residues, vegetables in Australia1, sugar cane in Brazil2, and pineapple in Costa Rica3. Although just 14 stable flies per animal are considered
to be the economic threshold4, observations of more than 2,000 flies per animal have been made during recent outbreaks5. Such infestation
levels reduce host productivity to near zero and can cause mortality6. As a result of agronomically associated outbreaks, stable flies are receiving
renewed interest and demand for laboratory colonies has increased dramatically.

As for all holometamorphic insects, stable flies obtain all of the nutrients required for growth during the immature or larval stage. Therefore,
an important component of a rearing system is the larval diet or substrate. Stable fly larvae have been observed developing in a broad range
of substrates in the field7 and they are dependent upon the microbial community of the substrate8,9. Natural larval substrates are primarily
composed of decomposing or fermenting vegetative materials often contaminated with nitrogenous wastes.

For laboratory rearing, stable fly larval substrates are usually composed of a vegetative material and an added nitrogen source. Numerous
materials have been used for stable fly larval diets. The first larval diets mimicked natural substrates and included fermenting oat straw and
horse or cow manure10,11. Carbohydrate sources include wheat bran12,13,14, alfalfa meal12,13,14 and a commercial formulation developed by
Chemical Specialties Manufacturers Association (CSMA, 33% wheat bran, 27% alfalfa meal, 40% brewer's yeast granules)13,14,15,16. Nitrogen
sources include yeast suspension12, fish meal and ammonium bicarbonate17. Inert bulking materials are often included in diets including oat
hulls12, bagasse13, vermiculite16, wood chips13,18 and pelleted peanut hulls14.

A primary objective of laboratory rearing is to produce a product that is as physiologically similar to "wild type" as possible in order that laboratory
experiments will produce results reflecting those of field populations. This requires that in-breeding and selection be minimized to maintain
genetic diversity and nutritional resources be comparable to those in the field. Secondary objectives are to minimize labor and expenses. A major
component of minimizing expenses is the use of locally available diet components. The stable fly rearing system presented was developed to
meet these objectives.

Protocol

1. Egg Collection (Figure 1)

1. Prepare egging cup, place one end of cloth in ~500 mL beaker filled with warm (~40 °C) water. Overlap the sides of the cup and fix with a
rubber band. Fold the loose end of the cloth back over the top of the cup.

2. Place egging cup in cage of 8–10 day old flies for ~2 h. Gravid female stable flies will oviposit on the cloth.
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3. Remove egging cup from cage and rinse eggs off of the egging cloth into a small pan with squeeze wash bottle.

2. Prepare Larval Rearing Pan

1. Prepare medium (quantities for 1 rearing pan)
1. Combine wheat bran (500 g), wood shavings (200 g) and fish meal (115 g) in 10 L plastic dish pan and mix well.
2. Add ammonium bicarbonate (50 g) to water (~25 °C, 1600 mL) and mix until dissolved.
3. Add water solution to dry ingredients and mix to ensure no unwetted material. Level medium in pan but do not compress.

2. Add stable fly eggs
1. Make a shallow furrow in medium the length of the pan.
2. Deposit 1 mL of stable fly eggs (~8,000 eggs) in furrow with egg pipette (Figure 2).

 

NOTE: Egg pipette made by cutting a plastic graduated pipette at desired point, inserting 100 mesh screen and gluing pipette back
together.

3. Cover eggs with a thin layer of medium to prevent desiccation.
4. Cover pan with pillow case, close with a rubber band and label. Place pans in larval room (23 ± 2 °C, 30–50% RH and 12:12 [L:D] h

photoperiod).
 

NOTE: Larval development takes 10–14 days from the time of oviposition.

3. Pupal Processing, Larvae Move to The Edge of The Medium 7–9 Days After Oviposition
and Pupariate by Days 13 or 14

1. Scoop puparia, primarily located around the edges of the pan under the crust that forms on the surface of the medium, out and placed in a
clean pan.

2. Fill pan, with puparia, ½ to ¾ full of water. Break up clumps of puparia and medium. Wheat bran and protein components of the medium sink
while puparia >1 day old float19.

3. Remove floating materials, puparia and some medium components with a colander and wash through a series of sieves (#5, #7, #12, #20) to
remove remaining medium. The #12 sieve collects the puparia and the #20 keeps solid waste from entering the drain. Wash puparia between
sieves with a sink sprayer.

4. Rinse puparia, in the #12 sieve, into a clean pan. Fill pan to ½ full of water. Pour floating puparia into a colander and allow excess water to
drain.

5. Transfer drained puparia to drying screen with fan and leave until dry (Figure 3).

4. Pupal Shelf, an Alternative Method for Collecting Puparia Is with a Pupal Shelf18

NOTE: The shelf is made from a piece of plastic cut from the end of a 10 L dish pan (10.2 cm tall x 10.2 cm wide x 31.9 cm long).

1. Prepare medium as described in 2.1. Taper medium in pan from ~2.5 cm deep on one end to ~7.5 cm deep on the other.
2. Place shelf on medium in the shallow end of the rearing pan and tape to prevent larvae from crawling alongside the shelf (Figure 4).

1. Saturate sponge (~14.5 x 9.0 x 4.5 cm3, regenerated cellulose) and wrap it in a water soaked cloth (30.5 x 42 cm2, cotton) and place on
the shelf about one half inch from the medium.

3. Add eggs as described in 2.2 and proceed as before.
1. Check pans daily to ensure that the sponge remains moist.

4. Rinse puparia from the shelf, sponge and cloth into a clean dish pan and pour into colander 14 days after oviposition.

5. Quality Control

1. Weigh all of the puparia produced in pan (total wt.).
2. Isolate 100 puparia, weigh and placed in a 9 cm Petri dish.
3. Count and sex adults ~5–8 days later to determine emergence rate and sex ratio. Store Petri dishes with emerged adults in a freezer for

counting at a later date if needed. Flies are sexed by the shape of their eyes and width of the fronto-orbital plate20 or genitalia under low
magnification.

4. Record total weight, weight of 100 puparia, and number of emerged adult males and females.

6. Preparing Blood

1. Collect fresh bovine blood from a local abattoir in 19 L buckets containing 70 g of sodium citrate tribasic dihydrate in 500 mL of water. Stir
blood vigorously for 5–10 min and returned to the laboratory.

2. Strain blood through a colander to remove clots and partitioned into 2 L containers, label with the date of collection and store in a freezer (-20
°C).

3. Remove container from freezer and place in refrigerator 2 days before needed. Blood can be used for ~2 weeks once thawed and stored in
the freezer for up to 1 year.
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7. Adult Maintenance

1. Prepare cages, line cage bottom with butcher paper to facilitate cleaning.
2. Place 50 g of dry stable fly pupae (~3,500) in each cage. Adults eclose a few hours to a couple of days after pupal processing.
3. Place a fresh blood soaked feminine napkin on top of each cage for feeding. Begin feeding within 24 h of adult eclosion and repeat daily until

a day prior to oviposition (9–10 days after emergence).
4. After oviposition (section 1), place cage in freezer for 4–8 h and then clean by removing the paper, rinsing frass from the sides and floor with

hot water and scrubbing all surfaces with laundry detergent and chlorine bleach. Rinse cages with hot water and allow to dry.

Representative Results

Larvae pupariate 10–14 days and adults emerge 14–16 days after oviposition. Generation time, egg to egg, is ~24 days. Rearing data for May
2013 to January 2017 with three different bulking agents and two colonies are presented in Figure 5. Cottonwood gave the best yield, 3867
±1442 (  ± standard deviation) pupae weighing 12.5 ±1.6 mg with 74 ±19% eclosion producing 2,872 ±1294 adult flies for the established
laboratory colony. Sex ratio was slightly biased towards females 0.97:1 (male:female, 77,141 flies sexed from 1,184 pans). Egg to adult survival
is approximately 36%. Unfortunately, cottonwood shavings have become more difficult to obtain forcing us to use pine shavings frequently.
Although production with pine is lower, ~1,700 adults per pan, size is slightly larger, 13 mg.

Using the pupal shelf method, about 85% of the larvae migrate onto the shelf, the puparia are cleaner, and most of the medium collected on the
shelf is easily remove by flotation. This method can also be used to monitor the rate of larval development when comparing rearing methods.
The drawback is that the pans must be monitored daily to assure that sponges remain moist.

The current cost for medium components is $1.17/pan or $0.39/1,000 stable flies produced (Table 1).

Component Quantity Cost/Pan

Wheat bran 500 g $0.35

Wood shavings 200 g $0.06

Fishmeal 115 g $0.27

Water (≈25 °C) 1600 mL

Ammonium Bicarbonate 50 g $0.48

Table 1: Stable fly larval diet. Combine dry ingredients excluding ammonium bicarbonate and mix thoroughly. Add ammonium bicarbonate to
water and mix until dissolved. Add ammonium bicarbonate solution to dry ingredients and mix to ensure no unwetted material. Quantity for one
pan.

 

Figure 1: Materials used for collecting stable fly eggs. Egging cup, squeeze wash bottle and small pan for receiving eggs. Please click here
to view a larger version of this figure.
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Figure 2: Eggs being applied to prepared medium in pan. Please click here to view a larger version of this figure.

 

Figure 3: Apparatus used for drying puparia. Please click here to view a larger version of this figure.
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Figure 4: Larval rearing pan with pupal shelf. Note the accumulation of puparia on top of and around the cloth. Please click here to view a
larger version of this figure.
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Figure 5: Summary of rearing data. Mean number of puparia per pan (A), puparia weight (B), and number of adults per pan (C) for stable fly
rearing from May 2013 to January 2017 using three bulking agents, cottonwood shavings, pine shavings and vermiculite and two colonies. The
Lab colony has been reared continuously in our laboratory for about 10 years. The PL colony was established from wild flies collected at a dairy
in Lancaster Co., NE, USA in the fall of 2014. Error bars represent standard deviations. N represents the number of pans upon which the data
are based. Please click here to view a larger version of this figure.

Discussion

Stable flies can be found developing in a broad variety of substrates in nature and can be reared in many types of media in the laboratory. We
have used wood shavings and vermiculite as bulking agents. Vermiculite worked well, but made separating puparia from rearing medium difficult
and was expensive (~$0.60/pan). Possibly because of the added rigor of separating puparia from the medium, eclosion was also lower with
vermiculite, 57% vs. 75% for wood shavings. Cottonwood shavings were comparable to vermiculite, but at times difficult to procure. The most
important components appear to be vegetative or cellulosic material to ferment and maintain an "open" or well aerated medium and ammoniacal
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nitrogen21,22. Stable fly larvae are not found in pure dung, preferring aged dung mixed with vegetable matter. With these thoughts in mind, the
rearing procedures outlined here can be adapted to locally available materials to develop inexpensive procedures for rearing stable flies.

Flies reared using these methods are comparable in size to field collected flies. Wing length is correlated with stable fly body weight23. Because
the wings of wild flies are frequently frayed, we use the length of the discal-medial cell as an indicator of wing length. Mean length of the discal-
medial cell of 249 flies reared with this method was 2.49 ±0.15 mm (range 1.96–2.81) while that of 3,713 flies collected on sticky traps during the
summers of 2011 and 2012 near Ithaca, NE was 2.52 ±0.21 mm (range 1.80–3.58) (unpubl. data). Weight of puparia reared with this method is
higher than that reported for previous rearing protocols14,24 and survival, egg to adult, is higher than the 5% observed in the field25.

Similar methods can be used for rearing other muscoid flies including face flies, horn flies, and house flies. Face fly and horn fly larvae require a
fresh bovine dung medium. House fly medium is made of 470 g calf feed, 500 g wheat bran, and 1,600 mL water (~25 °C). Like stable flies, horn
fly adults feed on blood. Face fly and house fly adults can be fed a dry mixture of powdered milk and sugar. Face fly and house fly adults also
need a source of water. We use 100 mL plastic bottles with a dental wick passing through the lid.
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