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Development of technology for production of predatory fly
“Coenosia sp.” for controlling insect pests of vegetables

and ornamental plants growing in nursery
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Executive summary

Development of technology for production of predatory fly
“Coenosia sp.” for controlling insect pests of vegetables

and ornamental plants growing in nursery

Coenosia sp. (Diptera: Muscidae) is a predatory fly. Both adult and larvae behave as
predators. Coenosia larvae feed on larvae of soil insects while the adults feed on the adults of
small insect pests. The Coenosia fly was first found at Bhuping Palace, Chiang Mai. “Tiger fly”
is the common name of the genus Coenosia.. It has high potential for being used to control
many species of insect pests, including leafminer fly, vinegar fly, aphids, plant and leathoppers.

Farmers who grow vegetables and ornamental plants in the north have mostly used
insecticides to control insect pests. Misuse and overuse of insecticides cause resistance to the
chemicals. When resistance occurred, insecticides were used more frequently and at higher
concentrations. Insecticide residues in agricultural product and contamination of the insecticides
in the soil, water and environment have been reported and production costs also increased.
Research and development leading to alternative control measures were therefore important.
Once farmers understand and adopt this alternative measure, they can reduce production costs,
increase personal safety, produce a safe product for the consumers, and move further towards

sustainable agriculture.

Objectives of the studies were aimed at: 1) identification of species and distribution of
Coenosia flies and their insect prey; 2) Developing techniques for mass rearing of Coenosia fly;
and 3) research and develop techniques needed to use Coenosia fly to control at least two insect

pest species of vegetables and ornamental plants grow in nurseries.
Results:
1. Identification of species and distribution of Coenosia flies and their prey.

1.1  Predatory flies and their prey were collected and sent to taxonomists for
identification. A total of 4 species of Coenosia were found: Coenosia sp. near attenuate;
Coenosia exigua; Coenosia humilis; and Coenosia probably new species. A “Key for

identification of Coenosia found in Thailand” was developed. With the collaboration of Dr



Vi

Patrick Goetea, Royal Belgium Institute of Natural Sciences Brussels Belgium, surveys and
identification of the long legged flies associated with leafminer flies were done. 12 species of

predatory flies were found.

1.2 Study of Coenosia prey found 10 prey species. They were: the fungus
gnats, Bradysia yangi and an unidentified sciarid pest of mushroom (Diptera: Sciaridae); the
green house whitefly, Trialeurodes vaporariorum and tobacco whitefly, Bemisia tabaci
(Homoptera: Aleurodidae); an unidentified mycetophyllid pest of mushroom (Diptera:
Mycetophyllidae); the vinegar fly Drosophila melanogaster, and two unidentified drosophilids
(Diptera: Drosophilidae); an unidentified leathopper (Homoptera: Cicadellidae) and cabbage

aphid, Brevicoryne brassicae (Homoptera: Aphididae).
2. Developing techniques for mass rearing Coenosia.

Prior to developing mass rearing techniques, a basic study on life cycle and feeding
behavior of Coenosia exigua was undertaken. C. exigua was the dominant Coenosia species
found in Thailand during this study. The study on the life cycle of C. exigua concluded that the
eggs were laid in moist soil, with the egg stage ranging from 3-5 days. Larvae were long and
slender narrowing at the head. They fed on soil insect larvae, and the larval duration was 10-12
days. Pupation occurred in soil: the pupal stage ranged from 9-11 days. C. exigua adults were
visually similar to the house fly, Musca domestica, but smaller and paler. They hunt their prey
by perching on a leaf or a stem and wait without moving. When a small flying insect
approaches, they pounce on the prey, catching it with all 6 legs then fly back to the same
location. The flies kill their prey by piecing the body with a sharp mouth hook and injecting a
paralyzing substance into the prey, which also liquefies the prey’s muscle and allows the
Coenosia to feed on the liquid. Total development time from egg to adult ranged from 23-30

days.

In a study on feeding capacity, C.exigua adults were provided with access to vinegar
flies and the number of flies killed in 2 hours was recorded. An average 2.83 flies were killed by
each female C. exigua adult while 1.33 flies were killed by each male adult. C. exigua killed the

prey without feeding when the prey populations were high.
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Bradysia yangi (Diptera: Sciaridae) was the soil insect whose larvae were used as prey
for C. exigua larvae. Adult gnats of B. yangi were small, 3.6-3.8 mm. long, with females being
bigger than the males. After mating, the female gnats laid their eggs in mass on their food. In
nature they lay eggs on organic matter in the moist soil, while in laboratory they laid on the

rearing substrate.

Techniques for laboratory mass rearing of the fungus gnat, B. yangi were developed.
Many kinds of substrates including vermiculite, super peat, and coconut husk were used for
rearing the fungus gnat and C. exigua in laboratory. The mixtures of coconut husk and water
proved to be the most appropriate for laboratory rearing, because of the low cost and the large
number of C. exigua adults produced. We applied rice flakes on top of the mixture of coconut
husk and water, then kept this in plastic containers for 2-3 days or until the fungus grew, and
introduced the containers to the fungus gnat rearing cage. The fungus gnat adults laid their eggs
in the rice flakes, and after hatching the larvae started feeding on the rice flake. In the
laboratory, 1/5 of fungus gnat larvae reared was kept for stock culture and the rest was used for

rearing C. exigua larvae.

Surveys and study of the fungus species found on moist soil were conducted in five
locations where Coenosia flies were collected. Three fungal groups, Aspergillus sp., Penicillium
sp., Mucor sp. at concentrations of 5.6x10",2.3 x10" and 1 x10" cfu, respectively were found in
soil samples collected from Bhubhing palace. Two fungal groups, Trichoderma sp., Penicillium
sp. at concentrations of 8.6 x10’ ,2.0 x10" cfu, respectively were found in samples collected
from Intanone Royal Development Center, Jomthong, Chiangmai. Seven fungal groups, Mucor
sp., Trichoderma sp., Cladosporium sp., Penicillium sp., Aspergillus sp., Botrytis sp.,and one
unidentified fungus, at 2.6 x10°, 8.7 x10°, 3.3 x10 °, 1.0 x10°, 5.0 x10 °, 4.2 x10°, and 8.0 x10’
cfu, respectively were found on soil samples collected from Royal Angkhang Agriculture
Center, Phang, Chiangmai. Three fungal groups, Cladosporium sp., Penicillium sp.,and an
unidentified fungus, at 4.0 x104, 2.0 x104, 1.0 x10° cfu, respectively were found in soil samples
collected from vegetable fields in Muang, Lampang. Six fungal groups, Penicillium sp.,
Rhizopus sp., Aspergillus sp., Mucor sp., Fusarium sp., Cladosporium sp., at concentrations of
1.18 x10°, 6.4 x10*, 6.0 x10", 1.0 x10", 4.0 x10” and 2.0 x10’ cfu, respectively were found from

soil samples collected from Pangtong Palace, Mae Hong Son.
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The study on fungus species found on the rearing substrate was conducted to find the
most suitable species for continued use in the laboratory. Five species of fungus were found on
moist rice flake kept in containers for 3.5 and 7 days. They were Aspergillus sp., Mucor sp.,
Penicillium sp., Rhizopus sp., Trichoderma sp. Another fungus, Cladosporium sp., was found on
substrate kept in containers for three days. Fusarium sp. was also found on substrate kept for
five days. A group of orange fungus was found on substrate kept for seven days. The study of
fungus species concluded that a higher number of fungus gnat larvae were found on substrate

with Mucor sp., than with to Penicillium sp. Fusarium sp. or Trichoderma sp.

Vinegar flies Drosophila melanogaster (Diptera: Drosophilidae) were an insect prey
used for feeding C. exigua adults. They were small flies about 3-4 mm. long, very active and
easy for mass rearing in laboratory. Because of the active behavior the flies, they were very
suitable for rearing Coenosia adults. The life cycle of the vinegar fly was studied and found that
the eggs were laid in ripe banana, the egg stage ranged from 1-2 days, larvae developed and fed
on banana, and the larval stage ranged from 4-5 days. Adults’ longevity ranged from 7-11 days.
The 1-2 day old larvae were used as larval prey for C. exigua but older larvae were not as

suitable for rearing C. exigua larvae because of a thicker cuticle.

3. Research and development techniques for using Coenosia fly to control at least two
pest species were planned, but because of limited time, only one technique was developed for
using C. exigua to control the leafminer fly, Liriomyza huidobrensis (Diptera: Agromyzidae).
The unit cost of producing C. exigua was calculated as being 38 baht/adult. Because several
personnel were required for the time-consuming job of laboratory rearing, C. exigua was a costly
predator to rear in the laboratory. However small-scale field trials using C. exigua to control
leafminer flies were conducted and proved that providing more breeding sites for the predatory
fly resulted in much more economical rearing and yet it was simple enough for farmers to learn

and follow with little training.
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Abstract

Coenosia sp. (Diptera: Muscidae) is a predatory fly. The larvae feed on larvae of soil
insects while the adults feed on the adults of small insect pests. It has high potential for being
used to control many species of insect pests, including leafminer fly, vinegar fly, aphids, plant
hoppers and leafhoppers. Objectives of the studies were aimed at: 1) identification of species
and distribution of Coenosia flies and their insect prey; 2) Developing techniques for mass
rearing of Coenosia fly; and 3) research and develop techniques needed to use Coenosia fly to
control at least two insect pest species of vegetables and ornamental plants grow in nurseries.
Results: on identification of species and distribution of Coenosia flies and their prey concluded
that a total of 4 species of Coenosia were found: Coenosia sp. near attenuate; Coenosia exigua,
Coenosia humilis; and Coenosia probably new species. A “Key for identification of Coenosia
found in Thailand” was developed. Study of Coenosia prey found 10 prey species. They were:
the fungus gnats, Bradysia yangi and an unidentified sciarid pest of mushroom (Diptera:
Sciaridae); the green house whitefly, Trialeurodes vaporariorum and tobacco whitefly, Bemisia
tabaci (Homoptera: Aleurodidae); an unidentified mycetophyllid pest of mushroom (Diptera:
Mycetophyllidae); the vinegar fly Drosophila melanogaster, and two unidentified drosophilids
(Diptera: Drosophilidae); an unidentified leathopper (Homoptera: Cicadellidae) and cabbage
aphid, Brevicoryne brassicae (Homoptera: Aphididae).

Prior to developing mass rearing techniques, a basic study on biology of Coenosia
exigua was undertaken. C. exigua was the dominant Coenosia species found in Thailand during
this study. In a study on feeding capacity, C.exigua adults were provided with access to vinegar
flies and the number of flies killed in 2 hours was recorded. An average 2.83 flies were killed by
each female C. exigua adult while 1.33 flies were killed by each male adult. C. exigua killed the
prey without feeding when the prey populations were high. Bradysia yangi (Diptera: Sciaridae)
was the soil insect whose larvae were used as prey for C. exigua larvae. Techniques for
laboratory mass rearing of the fungus gnat, B. yangi were developed. The mixtures of coconut
husk and water proved to be the most appropriate for laboratory rearing, because of the low cost
and the large number of C. exigua adults produced.

Surveys and study of the fungus species found on moist soil were conducted in five

locations where Coenosia flies were collected. The study on fungus species found on the rearing



substrate was conducted to find the most suitable species for continued use in the laboratory.
The study of fungus species concluded that a higher number of fungus gnat larvae were found on
substrate with Mucor sp., than with to Penicillium sp. Fusarium sp. or Trichoderma sp. Vinegar
flies Drosophila melanogaster (Diptera: Drosophilidae) were an insect prey used for feeding C.

exigua adults.

Research and development techniques for using Coenosia fly to control insect pest
species was developed for using C. exigua to control the leafminer fly, Liriomyza huidobrensis
(Diptera: Agromyzidae). The unit cost of producing C. exigua was calculated as being 38
baht/adult. Because several personnel were required for the time-consuming job of laboratory
rearing, C. exigua was a costly predator to rear in the laboratory. However small-scale field
trials using C. exigua to control leafminer flies were conducted and proved that providing more
breeding sites for the predatory fly resulted in much more economical rearing and yet it was

simple enough for farmers to learn and follow with little training.
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Key to Thailand Coenosia species

1. All femora entirely yellow. Antennal pedicel yellowish ...........cococeervnncncecennncccenrencccennns 2
- All femora black, at most knees yellow. Antennal pedicel black [?attenuata female].................... 3
2. Male only: frons uniformly silvery; antennal flagellomere wholly yellow .........c.ccccovvcccrvrnnencnes
..................................................................................................................... attenuata Stein, male
- Male and female: frontal plate black with some brownish dust, ........c.ccceceerirenrernennereceees
fronto-orbital plates whitish- to yellowish-grey; antennal flagellomere .............cccocecevirreernreccninnenene.
at MOSt YEllow tOWards tiP......ccveeerieririeerieeieereseeseesee e exigua Stein, male & female
3. Tibiae black. Male NOt KNOWI ......ccooveviuiirieieiieieeerie ettt sp. 3, female
= TIDIAC YRIIOW ...ttt ettt et be e e be e sese et se e e ee 4
4. Arista with the length of dorsal and ventral hairs combined ............cccoeeerrrrerinneenreeereenne
less than half as wide as antennal flagellomere, the apical half ............cccoeevinreecenreenenn.
or third of arista bare, the longest individual hairs hardly longer than ............cccccoevvveeenenen.
basal diameter OF ArISTA ......c.eevieuiieieeieeieeeeeeceecteet ettt eeens attenuata Stein, female
- Aurista with the length of dorsal and ventral hairs combined two-thirds ............cccccevveireerecerecinienns
to almost as wide as antennal flagellomere, the apical half of arista ..........c.cccceveeerreceriecereeceenee.
distinctly short-plumose, the longest individual hairs about tWice ..........ccececeveereererieerieeeerieerienens

as long as basal diameter of arista ..........cccceeevveervereerrecesrecesieennen humilis Meigen, male & female
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Dorsal View

Lateral View
Cercal

Plate

Aedeagus

Complex
Surstylus

s

Cercal Plate

AN 2 aNYUE male genitalia YDA Coenosia exigua Stein (Diptera: Muscidae)
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Dorsal View

Cercal Plate

Lateral View Surstylus

Aedeagus Complex

Cercal Plate

NN 3 SNYUL male genitalia YBIWNAIIY Coenosia humilis Meigen (Diptera: Muscidae)
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' A Y & Yy q = = "y
1.1 ngu Mucor sp. (AN 12) anvaziyesiaituduledvnsudum Asudiey

a ' I Y d. 3
WU 5 QUL IMTPE 195152 anbaizateldndesganssenitinisad1a sporangiophore $1U2U
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12 NQu Aspergillus sp. (A1WA 13) Senvaziludesfiaiadulodan Aoud1aY
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iflugn Taig1n0nilateiiu phialide Ysunaifiny 2.40x10° cfu
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=
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[ I 1A v a 1
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d' a a 1 zil d' dy zil d' 9 [ d’d Lﬂy a
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2. Wos1lungu Trichoderma sp. Us11a1 8.50 x10° cfu
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4
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Y
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2.00x10" cfu
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' 2
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4. Rhizopus sp. 7.10x10°
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M13199 9 taawianaz T NUNGUIFD NNV UBIMITIALUFDNUENIINUIINNNNIFD 3
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AAN1INAADN:
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[
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a
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i Y
A A

Y v v
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4 o w
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Penicillium sp. (AR1) 616 1,216 617 2,449 816.33
Fusarium sp. 676 288 1,016 1,980 660.00
Trichoderma sp. (Un 7 —2) 852 1,260 668 2,780 926.67
Mucor sp. (Un 7/1/1) 832 1,712 1,524 4,068 1,356.00
Mucor sp. (Un 7/2/1) 1,356 1,628 1,596 4,580 1,526.67
Mucor sp. (Un 7/3/1) 2,320 740 1,620 4,680 1,560.00
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gilnyal:
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a
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4
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Y
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