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Abstract 

Background: The genus Acletoxenus (tribe Gitonini, subfamily Steganinae, family Drosophilidae) is a small wide‑
spread genus, comprising only four species worldwide, namely: Acletoxenus indicus Malloch, 1929, A. quadristriatus 
Duda, 1936, A. meijerei Duda, 1924 in addition to A. formosus (Leow, 1864), the species of the present study. The larvae 
of Acletoxenus spp. are known as predators of whiteflies.

Results: The genus Acletoxenus and its predaceous species A. formosus (Leow, 1864) are recorded in the present 
study for the first time from Egypt. This species was found associated with the immature stages of the glasshouse 
whitefly, Trialeurodes vaporariorum Westwood, 1856 (Hemiptera: Aleyrodidae) feeding on the castor bean plant, Ricinus 
communis L. which has been grown at the Plant Protection Institute, Agricultural Research Center, Giza, Egypt. The 
morphological diagnoses, in situ predatory behavior in the field and ex situ biological remarks in the laboratory were 
discussed.

Conclusion: The predaceous drosophilid fly, Acletoxenus formosus (Leow, 1864), is recorded herein with its genus for 
the first time from Egypt as the second representative of the tribe Gitonini (subfamilies Steganinae, family Drosophili‑
dae) in the country. The recording of this species in Egypt is of a great interest as it will encourage and lead to further 
research on different biological aspects. This drosophilid is a beneficial fly as its larvae are predators of immature 
stages of whiteflies (family Aleyrodidae) and it could be used as a potential biological control agent.
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Background
The family Drosophilidae is a diverse family in the super-
family Ephydroidea (Yassin 2013), encompassing more 
than 4000 species worldwide, classified in 76 genera 
(Pape et  al. 2011) and two subfamilies, Steganinae and 
Drosophilinae (Bächli 2022), of which the Drosophilinae 

is the most diversified subfamily with more than 3200 
species (Gottschalk et al. 2008).

In Egypt, the family Drosophilidae was represented by 
16 species, of which 15 species are classified in the sub-
family Drosophilinae. However, the subfamily Steganinae, 
to which the present species belongs, was represented in 
Egypt by only one species, Cacoxenus perspicax (Knab, 
1914), in tribe Gitonini (El-Hawagry et  al. 2018). The 
present species, Acletoxenus formosus (Leow, 1864), is 
recorded herein with its genus for the first time from 
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Egypt as the second representative of the tribe Gitonini 
in the country.

Acletoxenus is a small widespread genus (Grimaldi 
1988), with only four species worldwide, namely: A. indi-
cus Malloch, 1929, A. quadristriatus Duda, 1936, A. mei-
jerei Duda, 1924 in addition to A. formosus (Leow, 1864), 
the species of the present study (Bächli et al. 2004).

The majority of vinegar flies (family Drosophilidae) are 
primarily consumers of microorganisms like bacteria and 
yeasts which linked with the initial stages of fruit and 
plant rotting material and are considered as serious pri-
mary pests of many of these fruits (Schmitz et al. 2007). 
Contrarily, the Acletoxenus spp. are beneficial as their lar-
vae are predators of whiteflies (family Aleyrodidae, order 
Hemiptera) (Wong et al. 2017) and they could be consid-
ered as potential biological control agents for whiteflies. 
Many studies discussed life history and behavior of the 
Acletoxenus larvae as natural enemies of whitefly imma-
ture stages and the possible use of them in the biological 
control; e.g., Ulusoy and Ülgentürk (2003) and Yu et  al. 
(2012). Larvae of all species of the genus Acletoxenus 
seem to have similar habits (Knab 1914).

The exotic species A. formosus was always found in low 
abundance in man-made habitats, mostly in urban gar-
dens. The larvae of this species are associated with colo-
nies of their whitefly prey in cultivated areas (Rego et al. 
2017).

The aim of the present study is to provide some infor-
mation on the recent invasion of A. formosus in Egypt, 
with some field observations and biological remarks.

Methods
The present drosophilid species was observed for the first 
time associated with the immature stages of glasshouse 
whitefly T. vaporariorum feeding on the castor bean 
plant, Ricinus communis L. grown at Plant Protection 
Research Institute, Giza, Egypt. In situ observation of the 
drosophilid fly behavior was carried out daily for three 
weeks in December 2021 by the first author. The observa-
tions continued weekly until the whitefly dense infesta-
tion ended at the end of February 2022.

Some leaves of castor bean plant R. communis densely 
infested with immature stages of glasshouse whitefly T. 
vaporariorum and encompassing many drosofilid eggs, 
larvae and pupae were later transferred to the laboratory 
to rear the drosophilid fly to the adult stage for identifi-
cation. The whitefly-infested leaves were maintained in 
Petri dishes in an air-conditioned laboratory at 25 °C. The 
leaves were placed in the dishes on a moist piece of tissue 
paper.

The drosophilid fly species was identified using d’Assis 
Fonseca (1965) and Bächli et  al. (2004), and the white-
fly species was identified by the experts in Classification 

Research Department, Plant Protection Research Insti-
tute, Agricultural Research Centre, Ministry of Agricul-
ture, Giza, Egypt.

The following literature was consulted for the mor-
phological diagnosis: original description (Leow 1864; 
Malloch 1929; Bock 1982; Bächli et al. 2004; Wong et al. 
2017). Terminology of the morphological diagnoses fol-
lows Cumming and Wood (2017).

Some studies were consulted to understand the behav-
ior and biology of A. formosus; e.g., Clausen and Berry 
(1932), Yu et al. (2012) and Wong et al. (2017). Colored 
photographs were taken using a Nikon D5300 camera.

Results
Subfamily STEGANINAE

Tribe GITONINI
Genus Acletoxenus Frauenfeld
Acletoxenus formosus (Leow, 1864) (Fig. 1).
Gitona formosus Loew, 1864: 366. Type locality: Europe 

(mainly Germany and Poland).
Acletoxenus syrphoides Frauenfeld, 1868: 152. Type 

locality: Austria and Italy.
Distribution: AU: Australia (Victoria); PA: Algeria, 

Austria, Canary Is., Egypt (first record), England, Ger-
many, Israel, Italy, Poland, Syria, Turkey, Wales.

Egyptian localities: Lower Nile Valley: Dokki, Giza.
Dates of collection: December 2021 and January 2022.
Specimens examined: 1♂, 2♀♀, Giza: Dokki; I. 2022; 

Nada leg. (EFC); 2♂♂, 1♀, the same data (PPDD).

Diagnosis
Small flies (Fig. 1), 1.9–2.2 mm in length. Eyes very large; 
frons narrow, nearly parallel, pale yellowish-brown, with 
ocellar triangle blackish; ocellar setae absent; postocel-
lar setae minute; all orbital setae long, i.e., proclinate 
orbital setae are not noticeably shorter than the anterior 
reclinate setae; face pale yellowish-brown; gena narrow, 
usually inconspicuous; occiput black; scape and pedicel 
whitish, flagellum yellow; arista micropubescent, dark 
brown to black. Mesonotum entirely black with lateral 
margins white to yellowish-white; humeral callus and 
pleura white to pale yellowish-white, with a large blackish 
marking especially on katepisternum, anatergite and sub-
scutellum; scutellum yellowish-white to yellow. Wings 
with costa exceeding the apex of vein  R2+3; cells bm and 
dm confluent. Legs without preapical and apical setae. 
Abdomen pubescent, entirely yellowish with black mark-
ings on tergites; males usually have 1st to 3rd abdominal 
tergites with basal broad black markings, while the 4th 
tergite with a well-defined black triangular to rounded 
marking medially at basal margin and a black marking 
laterally; 3 small ill-defined blackish spots may present on 
5th tergite; markings on other tergites are not consistent 
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and usually in the form of reduced spots; females have 
markings not as extensive as in males and somewhat 
reduced.

Remarks: A. formosus. and A. meijerei, both having the 
proclinate orbital setae, are not noticeably shorter than 
the anterior reclinate setae but they can be differentiated 
by mesonotum which is almost entirely black with white 
to yellowish-white lateral margins in A. formosus, while 
mesonotum in A. meijerei has two broad dark vittae, 
which are more or less confluent behind the suture and 
do not extend to the hind margin (Malloch 1929; Bock 
1982).

Field observations
The predatory behavior of A. formosus larvae was 
observed daily in the field (in situ) for three weeks (start-
ing from December 5, 2021). The larvae of the fly were 
observed predating on the immature stages of glasshouse 
whitefly T. vaporariorum, feeding on the leaves of castor 
bean plant, R. communis (Fig. 2). The leaves of the plant 
were found densely infested with immature stages of the 
whitefly T. vaporariorum (Fig. 2b, c). Infested leaves were 
checked carefully to locate the drosophilid larvae. Weakly 
sclerotized larvae were found active during the day mov-
ing slowly forward or backward through peristaltic con-
tractions of their abdominal segments and raising their 
pseudocephalons and swinging them from one side to the 
other to seek their prey of stationary whitefly immature 
stages. If no prey was found, the mouth hooks were used 

to anchor the pseudocephalons of the larva in the plant 
leaf, and then the abdominal segments of the larva were 
noticed to move forward via contraction. However, it was 
observed that if the larva finds its prey, it stabs the prey 
(a whitefly immature stage) using its mouth hooks and 
imbibe its content. The larva was also observed to secrete 
a mucus material by which it glues the exoskeleton of 
empty whitefly immature stages, whitefly eggs and wax 
to its body. The drosophilid larvae were cream colored 
in early instars; then, they turned to green in final instars 
(Figs.  2d, e, 3a, b). The last larval instar pupated within 
the last larval exoskeleton and the pupa was glued via a 
flattened ventral surface to leaf surfaces (Fig. 3c–e).

Daily observations were stopped after 3  weeks; how-
ever, weekly rapid observations were continued. It was 
found that the dense infestation of castor bean plant with 
glasshouse whitefly and the predacious behavior of the 
drosophilid fly continued until the end of February 2022.

Biological remarks
The whitefly-infested leaves of castor bean plant were 
observed in the laboratory (ex situ observation). The 
leaves were encompassing different stages the droso-
filid fly associated with the whitefly immature stages. 
We tracked some eggs of the fly which thought to be 
laid recently. Eggs (about 0.4 mm in length) were white 
and firmly attached to the leaves’ surfaces. Eggs began 
to hatch after two days and cream-colored larvae 
(about 0.7 mm in length) emerged. The larva grew and 

Fig. 1 Acletoxenus formosus (Leow). a Male habitus. b Female habitus
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turned to greenish in the final  3rd instar (3–4  mm in 
length). The all larval stage lasted for 7–10 days.

The larva was noticed to glue the exoskeleton of 
empty whitefly immature stages, whitefly eggs and wax 
to its body by a mucus material it secretes, then pupa-
tion took place within the last larval exoskeleton, so 
the greenish color remained in the pupa (about 3.5 mm 
in length). The pupal stage lasted for 9–11  days and 
finally adults emerged and lived for about 3 days.

We did not try to continue rearing the fly as our 
main purpose was merely to identify the predacious 
fly.

Discussion
The present species, A. formosus, is recorded herein 
with its genus for the first time from Egypt as the sec-
ond representative of the tribe Gitonini (subfamilies 
Steganinae) in the country. Nevertheless, the number 
of species in this subfamily and in the family Droso-
philidae as a whole is still relatively few in Egypt (17 
species), as no taxonomic studies on this family in 
particular have been carried out in Egypt before and 
the majority of drosophilid species recorded in Egypt 
were listed in one faunal study (Bächli et  al. 1982), so 

Fig. 2 Castor bean plant. a Study area. b, c Leaves infested with whitefly immature stages. d, e Leaves with larvae of A. formosus feeding on 
immature stages of whitefly
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taxonomic studies on the Egyptian Drosophilidae are 
greatly needed (El-Hawagry et al. 2018).

The present observations coincide with many other 
previous studies in other countries in the fact that A. 
formosus is a natural enemy of the immature stages of 
whiteflies (family Aleyrodidae) and there is a possible 
use of them in the biological control. Wong et al. (2017) 
and Bou Hasan and Ibrahim (2018) are two of these 
studies. The whiteflies generally prefer hot climates and 
the majority of species have been described in tropi-
cal and warm areas (Bink-Moenen and Mound 1990). 
Whiteflies are phytophagous pests causing damage to 
many plants by feeding directly on these plants as adults 
and immature stages (sap-suckers) or indirectly by the 
production of honeydew by the immature stages (Beitia 
and Hernández-Suárez 2014). A. formosus was recorded 
from Europe preying upon the whitefly, Siphoninus 
phillyreae  (Haliday) (ash whitefly) on Crataegus plants 
and upon the whitefly, Aleurotuba jelinekii (Frauenfeld) 
on Viburnum plants (Knab 1914). Larvae of A. formosus 
were recorded also from the UK feeding on the white-
fly Siphoninus immaculatus  (Heeger) on Hedera helix 
(common ivy) and on the cabbage whitefly Aleyrodes 
proletella  (Linnaeus) (Halstead 2011). Bou Hasan and 
Ibrahim (2018) also recorded A. formosus from Syria 
as a predator of the cabbage whitefly. Larvae of both A. 
formosus and A. indicus were recorded from the USA 

preying upon the ash whitefly on Pyrus calleryana 
(Bradford pears) (Hackney et al. 1997).

The recording of this species in Egypt is of a great 
interest as it will encourage and lead to further research 
on different biological aspects. This drosophilid is a 
beneficial fly as its larvae are predators of immature 
stages of whiteflies (family Aleyrodidae) and it could 
be used as a potential biological control agent. As it is 
difficult to establish laboratory culture, research is nec-
essary in this aspect in order to achieve successful bio-
logical control.

Conclusions
The predaceous drosophilid fly A. formosus is recorded 
herein with its genus for the first time from Egypt as the 
second representative of the tribe Gitonini (subfamilies 
Steganinae, family Drosophilidae) in the country. This 
drosophilid is a beneficial fly as its larvae are predators of 
immature stages of whiteflies (family Aleyrodidae) and it 
could be used as a potential biological control agent.
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Fig. 3 Acletoxenus formosus (Leow). a Larva. b Larva feeding on whitefly immature stages. c Larva before pupation covered with whitefly wax, eggs 
and exoskeleton of empty immature stages. d Pupa covered with whitefly wax and immature stages. e Green bodied pupa. f Empty puparium
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