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ABSTRACT
Aims: In 2016, suddenly a pile of dead honey bees, Apis mellifera with unfolded wings had been
noticed adjacent to the Langstroth bee boxes on the daily interval for a consecutive period of 2-3
months. The present study was an attempt to investigate the reason for this abnormal death.
Place and Duration of Study: Department of Agricultural Entomology, Bidhan Chandra Krishi
Viswavidyalaya, Mohanpur, Nadia, West Bengal, India between May 2016 and February 2018.
Methodology: Forty-eight numbers of sick bees with stiff-unfolded wings and 50 healthy bees were
collected and maintained at a temperature of 30 ± 2°C and 70 ± 5% relative humidity. Maggots
developed in the unfolded winged bees and adult flies emerged from pupae were examined.
Duration of larval and pupal emergence was recorded at a fixed atmospheric condition. Relative
mortality and parasitization rate of A. mellifera was also investigated for a period of one year.
Results: Parasitoid larvae emerged from the stiff-unfolded winged dead bees were identified as
_____________________________________________________________________________________________________
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being Megaselia scalaris and further observation revealed that the parasitized bees contained
empty body cavities while; normal honey bees were found to be non-parasitized. Matured phorid
maggots emerged from the dead honey bees on an average 6 days after collection with the range
of 1-14 larvae per honey bee. Maximum 12 pupae per honey bee were found after 18 days of the
nd
collection with the emergence of adults at 22 day. Infestation rate was highest in May and lowest
in January.
Conclusion: From this study, M. scalaris can be considered as one of the facultative endoparasitoids of A. mellifera and further research should be done about the impact of phorids in
Indian commercial beekeeping.

Keywords: Honey bee; India; parasitization; phorid fly; relative abundance.

Recently, it has been known that the handful of
fly species responsible for global infestations
derive
from
mainly
five
families
viz.
Sarcophagidae,
Phoridae,
Conopidae,
Tachinidae, and Calliphoridae [1]. The family
Phorid (Diptera) has diverse larval food
requirements and adaptable feeding behaviours
such as phytophagous, scavenger and
entomophagous [2]. Phorids are small flies (1-6
mm lengths) often called “scuttle fly” due to their
movement in rapid bursts with short pauses [3].
In the tropical belts of America, about eight
different species of the genus Melaloncha
(Diptera: Phoridae) have been found to cause a
significant damage to honey bee populations [4].
This particular genus has been known as
regional parasitoid of meliponid bees [5] but
passed to Apis mellifera thereafter, and until
recently, all the identified species and
Melaloncha ronnai in particular, were considered
as being the only known parasitoids of honey
bees belonging to the Dipteran family Phoridae
[6]. In fact, this devastating infestation of honey
bee by these Phorid flies was named “autumn
disease” due to their regular occurrence [7]. But,
recent detection of Apocephalus borealis Brues,
1924, a phorid fly native to North America,
previously known to parasitize bumble bees and
paper wasps [8,9], on the honey bee is now
considered as one of the causes of the “Colony
Collapse Disorder” [10]. The larvae of A. borealis
have wreaked heavily on honey bee population
by causing disorientation, hive abandonment
during night time followed by early death; leading
thus to the huge destruction of commercial
beekeeping in North America [6].

Megaselia scalaris (Loew) is very much distinct
for its brown spots on humped thorax, dark eyes
and the white eggs presenting upper side
covered by thorns [13]. It is Catholic and
synanthropic [3] with a wider ordination [14]. Due
to the consumption of a broader range of organic
remains from both of plant and animal origin, the
larval stages of M. scalaris have been
recognized as facultative as well as an obligatory
parasite, parasitoid, detritivore etc. [15,12]. But,
the adult stage generally acts on various living
and dead materials as polyphagous [3]. Several
documentation revealed that M. scalaris is able
to feed on several living arthropods including the
members of different orders like Orthoptera [16],
Lepidoptera [17], Coleoptera [18], Hymenoptera
[19], Diptera [20] etc. Rocha et al. [21] reported
about the infestation of well-fed cattle-tick
(Boophilus microplus) females by M. scalaris and
at the same time accentuate the probability of
this Phorid fly to act as a parasitoid in the
colonies of A. mellifera L. (Hymenoptera:
Apidae). Later, M. scalaris has been identified as
a scavenger of A. mellifera in Spain [22].
Although it attacks living cells inside the larvae of
A. mellifera or dead adults, M. preacuta has not
been considered as honey bee parasite but,
behaves like a scavenger in sick colonies [23].
Dutto and Ferrazzi [6] recently demonstrated the
facultative parasitoidism in A. mellifera by M.
rufipes in Italy. In India, two documentations of
M. scalaris viz. intestinal myiasis of a 32 years
old woman in Manipur [24] and infection in oyster
mushroom [25] has been documented till date.
However, from the point of the economic
importance of honey bee in India, both A.
mellifera and A. cerana indica play the pivotal
role in commercial apiculture [26,27].

The genus Megaselia comprises about 1400
species thoroughly distributed in the tropics [3,
11]. Members of the genus Megaselia are mainly
dependent on pollen grains and other organic
matters in nature [12] where, the most common

The Phorid and focus of this paper, M. scalaris
(Loew), has been detected accidentally from stiffunfolded winged honey bees as a potential agent
of facultative parasitoidism of commercial
beehives in India. The seasonal incidence of M.

1. INTRODUCTION
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scalaris on A. mellifera with stiff-unfolded wings
along with its parasitization rate has also been
studied, which may develop a transparent idea
regarding their infestation and survivability
throughout the year.

Department of Agricultural Entomology of Bidhan
Chandra Krishi Viswavidyalaya (BCKV), Nadia,
West Bengal, India [10].

2.3 Relative Abundance and Infestation
Rate of the Parasitoid

2. MATERIALS AND METHODS

Relative abundance of M. scalaris during
different months was also investigated from
March 2017 to February 2018. Stiff-unfolded
winged bees found near the light sources of the
adjacent beehive boxes were collected twice in a
week throughout the year and brought at room
temperature in individual Drosophila rearing
containers. Containers of each of the collected
lot were checked daily for a period of two weeks
and recorded the rate of infestation caused by M.
scalaris. Percent infestation was calculated on
monthly basis. Daily meteorological data of the
experimental location were also collected from
the automated weather station of Department of
Agro-meteorology & Physics, BCKV, Kalyani
throughout the study period in order to conduct
the correlation study.

2.1 Identification of the Parasitoid
During May 2016, Langstroth beehive boxes
near the faculty centre of our University campus
(Nadia, West Bengal, India) at an elevation of
9.75 m above sea level (22.9452° N, 88.5336° E)
were inspected. Forty-eight live worker honey
bees (A. mellifera) with markedly stiff-unfolded
wings were collected during the evening hours
from the concrete floor mostly near a light source
adjacent to the hives. At the same time, forty
living worker honey bees those capable to flight
were also collected from those particular hives
with the help of an electric vacuum cleaner [6].
The specimens were placed within test tubes
properly plugged with absorbent clinical cotton in
order to maintain sufficient air exchange and
transported
to
the
laboratory.
The
stereomicroscopic examination was done and
then each specimen was introduced into a Petri
plate and maintained at a temperature of 30 ± 2
°C and 70 ± 5% relative humidity. The living
honey bees were sustained by a wad of cotton
piece soaked in sucrose solution and monitored
daily. For systematic determination, maggot
developed in the bees with unfolded wings along
with adult flies after emergence from pupae were
examined under a stereo zoom binocular
(Olympus SZ 40, Japan) microscope at 10x
magnification. The taxonomic identification of
adult flies was done based on the key of Disney
[28]. After the death of living honey bees, both
the apparently healthy ones and those with
unfolded wings were dissected in order to take
an observation of their internal organs.
Photographs of the Phorid maggot, pupa and
adult were captured by Kodak Easy-Share Z740
camera mounted
on
Olympus SMZ-2T
microscope.

2.2 Duration of
Emergence
Condition

Larval
under

2.4 Statistical Interpretation
The mean values were subjected to statistical
analysis by ANOVA using SPSS (version 18.0:
Inc., Chicago, IL, USA) software after making
necessary transformations whenever required.
Mean values were separated by Duncan’s
Multiple Range Test (DMRT) as per Gomez and
Gomez [29] at p<0.05for interpretation of the
results.

3. RESULTS
Microscopic results revealed that 3 specimens
(6%) among the stiff-unfolded winged bees had
some eggs adhering to their abdomens at the
point of inter-segmental membranes. Following
the placement of Petri plate, 41 honey bee
specimens (85%) had died and started to release
Dipteran maggots after 48-72 hours. 5
specimens survived 2-3 days more than the
others among the stiff-unfolded winged
population as those were not infested by M.
scalaris. The larval parasitoid those developed
on dead honey bees were classified as belonging
to the family Phoridae (Plate 1). The pupal
metamorphosis took place near about 13 days
(Plate 1) after the hatching of eggs, followed by
9-11 days later adult flies emerged. Identification
of the fly, M. scalaris was confirmed by
examining the adult male and female (Plate 1)

and Pupal
Laboratory

Date of larval emergence for a subset of 212
parasitized bees and duration of pupal instar for
a subset of 80 pupae were examined at the
previously mentioned atmospheric conditions in
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under the light microscope. Microscopic
examination of the dissected abdomen of dead
bees indicated that maggots developed in the
bee body cavity by consuming the internal
organs. Investigation in the parasitized bees
clearly revealed that the thorax and abdomen
had been fully emptied and dismembered. No
other parasitoid was detected from the dead
honey bee specimens.

Adult flies emerged on an average 22 days after
hatching (n = 76, Range = 17-29, SD = 1.6).
Relative abundance of M. scalaris was found
throughout the year but, the rate of infestation to
A. mellifera varied significantly during different
months (Table 1). Highest mean percent
infestation was encountered in May (F11,22=
11.16, P = 0.03) while, lowest per cent infestation
was recorded in the month of January (F11,22 =
15.25, P = 0.01). Summer months registered
relatively more infestation of this phorid fly than
that of winter and monsoon months which is very
much clear from Table 1. Table 2 revealed that
mean per cent parasitization on A. mellifera by
M. scalaris significantly and positively correlated
with maximum and minimum temperature while,
non-significant but positive correlation was
registered by rainfall and minimum relative
humidity respectively. In contrast, maximum
relative humidity showed non-significant and
negative correlation on the relative abundance of
M. scalaris.

Matured phorid larvae emerged from the junction
th
between the bee’s head and thorax and from 8
th
or 9 abdominal segments of ventral side (Plate
1), on an average six days after collection (n =
375, Range = 2-13, SD = 1.52) (Fig. 1) and
moved away from the bee to pupate. All larvae
emerged from worker bees successfully pupated
under laboratory conditions. Production rates
from dead bees ranged from 1 to 14 mature
larvae per infected honeybee (n = 837, Mean =
5.4, SD = 2.8) (Fig. 2). Pupal production with 12
pupae produced by a single bee was also
observed under laboratory condition (Fig. 3).

Plate 1. Megaselia scalaris (Loew). A1: Third instar larvae of M. scalaris. A2: Anterior end of
larval mouthpart. B: Pupa, dorso-lateral habitus. C1: Adult male, lateral habitus. C2: Adult
female, lateral habitus. D1 & D2: Mature M. scalaris larva partially emerging from the thoracic
segment (D1) and abdominal segment (D2) of an Apis mellifera worker
4
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Fig. 1. Length of time after sample collection until phorid larvae emerged from honey bees
(n = 375, Mean = 6.22 days, SD = 1.52)
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Fig. 2. Number of phorid fly larvae per infected bee for samples from main study hive (n = 837,
Mean = 5.4, SD = 2.8)
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Fig. 3. Length of pupal period (n = 70, Mean = 18.2 days, SD = 1.6)
Table 1. Mean per cent infestation of M.
scalaris on A. mellifera during March, 2017 to
February, 2018

4. DISCUSSION

to exploit after deposition of eggs on their
abdomen for ensuring embryonic development.
First instar larvae after hatching penetrated the
inter-segmental membranes and after completion
of the larval stage they had left their host and
emerged outside the host body in search of a
favourable pupation site. Similar behaviour
among many members of the genus Megaselia
has been documented under laboratory condition
against Hemipterans [3], cockroach species [12],
Noctuid
moths
[30],
blowflies
(Diptera:
Calliphoridae) [20]. Parasitoid activity of M.
rufipes was detected only in bees with deformed
wings by Dutto and Ferrazzi [6] and concluded
the phorid fly as a facultative parasitoid of A.
mellifera, fully supports the findings of the
present study. However, an infestation of M.
scalaris was recorded from honey bee in Spain
by Farnendez et al. [22]. Robinson [31] observed
similar behaviours in M. scalaris in both the
laboratory cockroach culture and in the field. On
the other hand, the suggestions of Macieira et al.
[32] and Rocha et al. [21] indicated the possibility
of M. scalaris to be an optional parasitoid of
honey bees.

In case of the infestation of M. scalaris, dead
honey bees served itself as a suitable resource

The life cycle of M. scalaris is very short and
generally completes in about three weeks with

Months
March
April
May
June
July
August
September
October
November
December
January
February
SEM(±)
LSD (0.05)

Mean % infestation
31.13 (33.91)*de
47.14 (43.36)c
74.28 (59.53)a
73.05 (58.73)a
69.51 (56.48)ab
59.33 (50.38)bc
66.70 (54.76)ab
52.81 (46.61)c
39.52 (38.95)d
24.67 (29.78)e
12.32 (20.55)f
15.30 (23.03)f
0.60
2.52
-1

*Data in these parentheses are Sin transformed
values
Mean values followed by different letters are
significantly different (otherwise statistically at par) at
P<0.005 by Duncan’s multiple range test
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strong temperature dependent stadial duration
[33]. Temperature significantly played the most
important role on developmental times of M.
scalaris has been documented by Trumble and
Pienkowski [34] and concluded that the rate of
development
increased
with
increasing
temperature; corroborates the findings of the
present authors. On the other hand, Disney [12]
mentioned the relative abundance of M. scalaris
is higher than that of the lower range of
temperature. Average rainfall does not affect
significantly and had played a very minor role
on the seasonal incidence of the phorid fly.

COMPETING INTERESTS
Authors have
interests exist.

that

no

competing

REFERENCES
1.

2.
3.

Table 2. Correlation coefficients (r) for
meteorological factors affecting per cent
parasitization of A. mellifera by M. scalaris
during March, 2017 to February, 2018
Abiotic factors
Maximum temperature
Minimum temperature
Rainfall
Maximum relative humidity
Minimum relative humidity

declared

Pearson’s r
0.856**
0.703*
0.273
-0.191
0.349

4.

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

5.

5. CONCLUSIONS
M. scalaris can be considered as a facultative
parasitoid of A. mellifera under Indian climatic
condition and its detection from honey bees with
stiff-unfolded wings opens a new pavement in
the role of Phoridae in honey bee colony health
apart from Varroa destructor. All these
information require a thorough investigation of
the role of Phoridae against honeybee. It also
focuses the requirement of further inquiry into the
action of M. scalaris on healthy and infested
bees and its incidence in other commercial
apiaries outside West Bengal.

6.

7.

ACKNOWLEDGEMENTS

8.

Authors are thankful to Dr. (Mrs.) Dhriti Banarjee,
senior scientist, Department of Phoridae,
Zoological Survey of India, New Alipore, Kolkata,
West Bengal for its confirmation of the
determination of Megaselia scalaris and Dr.
Abesh Chakraborty, researcher, Department of
Health and Family Welfare, Salt Lake, Kolkata,
West Bengal for assisting in laboratory
photography. Special thanks to the Principal
Investigator, AICRP on honey bees and
pollinators, BCKV for providing necessary
facilities throughout the research programme.

9.

7

Morse R, Nowogrodzki R. Honey bee
nd
pests, predators and diseases (2 Ed.).
Cornell University Press, Ithaca, New York,
USA; 1990.
Tremblay E. Entomol Applicata. Vol. 3, 2,
Liguori Editore, Napoli, Italy; 1994.
Costa J, Almeida CE, Esperanca GM,
Morales N, Mallet JRS, Goncalves TCM,
Prado AP. First record of Megaselia
scalaris
(Loew)
(Diptera:
Phoridae)
infesting
laboratory
colonies
of
Triatoma brasiliensis Neiva (Hemiptera:
Reduviidae). Neotrop Entomol. 2007;36:
987-989.
Available:http://dx.doi.org/10.1590/S1519566X2007000600026
Ramirez
W.
Biologia
del
genero
Melaloncha
(Phoridae),
mosca
parasitoides de la abeja domestica (Apis
mellifera L.) en Costa Rica. Rev Biol Trop.
1984;32:25-28.
Borgmeier T. Sobre o cyclo evolutivo de
Conocephalus Wandolleck, e um anouv
ae
spece
de
Melaloncha
Bruen,
endoparasitica de abhelas. Arch do Ist de
Bio Veg (Rio de Janeiro). 1935;2:255-265.
Dutto M, Ferrazzi P. Megaselia rufipes
(Diptera: Phoridae): A new cause of
facultative parasitoidism in Apis mellifera. J
Apicul Res. 2014;53:141-145.
Available:https://doi.org/10.3896/IBRA.1.53
.1.15
Knutson LW, Murphy WL. Insects: Diptera
(Flies). In: Honey bee pests, predators and
diseases, 2nd Ed.(Eds.: Morse RA,
Nowogrodzki R.). Cornell University Press,
Ithaca, New York, USA; 1990.
Otterstatter MC, Whidden TL, Owen RE.
Constructing frequencies of parasitism and
host mortality among phorid and conopid
parasitoids of bumble bees. Ecol Entomol.
2002;27:229-237.
Available:http://dx.doi.org/10.1046/j.13652311.2002.00403.x
Brown BV. Taxonomy and preliminary
phylogeny of the parasitic genus
Apocephalus,
subgenus
Mesophora
(Diptera: Phoridae). Syst Entomol. 1993;
18:191-230.
Available:http://dx.doi.org/10.1111/j.13653113.1993.tb00662.x

Debnath and Roy; AJOB, 7(1): 1-9, 2018; Article no.AJOB.46210

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Core A, Runckel C, Ivers J, Quock C,
Siapno T, Denault S, et al. A new threat to
honey bees, the parasitic Phorid fly
Apocephalus borealis. PLoS ONE. 2012;
7:1-9.
Available:https://doi.org/10.1371/journal.po
ne.0029639
Koch NM, Fontanarrosa P, Padro J, Soto
IM. First record of Megaselia scalaris
(Loew) (Diptera: Phoridae) infesting
laboratory
stocks
of
mantids
(Parastagmatoptera tessellate, Saussure).
Arthropods. 2013;2:1-6.
Disney RHL. Natural history of the scuttle
fly, Megaselia scalaris. Annu Rev Entomol.
2008;53:39-60.
Available:https://doi.org/10.1146/annurev.e
nto.53.103106.093415
Brown BV. Review of “scuttle flies: The
Phoridae”. Proc Entomol Soc Washington.
1996;98:166-167.
Brogmeier TA. A catalogue of the Phoridae
of the World (Diptera, Phoridae). Stud
Entomol. 1968;11:1-367.
Koller WW, Andreotti R, Zanon AM,
Gomes A, Barros JC, Mosca JC.
Megaselia scalaris (Loew) (Diptera:
Phoridae), parasita do carrapato bovino
Boophilus microplus Canestrini): Uma
revisao Campo Grande (Embrapa Gado de
Corte. Documentos, 142), Embrapa Gado
de Corte. 2003;34.
Gregorio R, Leonide JC. Un nouveau cas
de phoride parasite d’Orthopteres adultes
(Dipt.). Bull de la Soc Entomol de France.
1980;85:103-105.
Ulloa P, Hernandez M. Biologia y control
natural de Peridroma saucia, plaga de la
flor de la curuba. Rev Colombiana
Entomol. 1981;7:47-53.
Harrison RD, Gardner WA. Parasitism
of the pecan weevil (Coleoptera:
Curculionidae) by Megaselia scalaris
(Diptera: Phoridae). J Entomol Sci. 1991;
26:301-302.
Zanon AM. Efeitos genetic o sna
variabilida de e fertilidade de Megaselia
scalaris
(Diptera,
Phoridae),
e
suainfluenciaem colonias de Apis mellifera.
Ph.D. Thesis, Instituto de Biociencias,
UNESP, Rio Claro, SP, Brazil; 1991.
Batista-Da-Silva JA. Phoretic association
and facultative parasitoidism between
Megaselia scalaris and blowflies, Under
Natural Conditions. OnLine J Biol Sci.
2012;12:34-37.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

8

Rocha UF, Belo M, Morais JR, Sogorb A,
Baruch A. Ecologia de carrapatos. VI.
Influencia da umida de ambiente sobreain
vasao de femeas de Boophilus microplus
(Canestrini) (Acari, Ixodidae) porlarvas de
Megaselia
scalaris
Loew
(Diptera,
Phoridae) e sobre a prolifici da de
dessesar tropodes. Naturalia. 1984;9:93100.
Farnendez GP, Alverez SC, Moraga QE.
Primeracita de Megaselia scalaris (Loew,
1866), (Diptera: Phoridae) en Apis
mellifera iberiensis. ReviewIbero-Latinoam.
Parasitol. 2010;69:72-76.
Sammataro D. Insects: dipteran pests and
predators of honey bees. In: Honey bee
rd
pests, predators and diseases (3 Ed.)
(Eds.: Morse RA, Flottum K.). A I Root
Company, Medina, Ohio, USA; 1997.
Singh NB, Singh TK, Singh YI, Razaque
MA. Intestinal myiasis caused by
Megaselia scalaris (Diptera: Phoridae): A
case report. J Commun Dis. 1988;20:163.
Johal K, Disney RHL. Phoridae (Diptera)
as pests of cultivated oyster mushrooms
(Agaricales: Pleurotaceae) in India. Bull
Entomol Res. 1994;84:247-254.
Available:http://dx.doi.org/10.1017/S00074
85300039754
Reddy PVR, Rashmi T, Verghese A.
Foraging activity of Indian honey bee, Apis
cerana in relation to ambient climate
variables and tropical conditions. J Environ
Biol. 2015;36:577-581.
Makkar GS, Chhuneja PK. Bee diversity
assemble on pegion pea, Cajanus cajan
along habitat gradient. J Environ Biol.
2016;37:1309-1314.
Disney RHL. Scuttle flies: The Phoridae.
Chapman and Hall; London, UK; 1994.
Gomez KA, Gomez AA. Statistical
procedures for agricultural research (2
Ed.). John Wiley and Sons, New York.
1984;680.
Mccabe TL. Dipterous parasitoids from
adults of moths (Lepidoptera). Entomol
News. 1998;109:325-328.
Robinson WH. Handbook of urban insects
and arachnids. Cambridge University
Press, Cambridge, UK; 2005.
Macieria OJD, Chaud Neto J, Zanon AM.
Oviposition rate and relative viability
descendents from couples of Megaselia
scalaris (Diptera: Phoridae) reared in
different experimental conditions. Rev Bras
Biol. 1983;43:223-228.

Debnath and Roy; AJOB, 7(1): 1-9, 2018; Article no.AJOB.46210

33.

Dama G. Wonder model organism for 34. Trumble JT, Pienkowski RL. Development
forensic entomology and genetic studies –
and survival of Megaselia scalaris (Diptera:
Megaselia scalaris–Its life cycle, breeding
Phoridae) at selected temperatures and
methods and wing mutants. Global J Biol
photoperiods.
Proc
Entomol
Soc
Agric Health Sci. 2014;3:74-79.
Washington. 1979;81:207-210.
_________________________________________________________________________________

© 2018 Debnath and Roy; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/46210

9

