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Flesh fly (Diptera: Sarcophagidae): male terminalia, diversity and expanded
geographical distribution from India
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L4Department of Zoology, University of Calicut, Malappuram, Kerala 673635, India.
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Abstract: Despite its veterinary, medical and forensic importance,
the biodiversity of sarcophagid flies (Diptera: Sarcophagidae) has
remained poorly investigated in India. We have performed a survey
of Sarcophagidae species in connection with a study conducted
on Diptera, which exposed the flesh fly diversity in and around the
campus of the University of Calicut, Kerala, India. The survey was
conducted using traps baited with decomposing fish and chicken liver
and by the sweeping method. Eleven species were collected, including
four species recorded from this state for the first time, one of which is
new to the Indian mainland and the second record after Sundarbans
Biosphere Reserve. Male terminalia of Sinonipponia bengalensis,
Parasarcophaga choudhuryi, Boettcherisca karnyi, and Boettcherisca
nathani are illustrated. This result expands the knowledge on the
geographical distribution and habitat occupancy of sarcophagid
species as well as their forensic relevance and provides a background
for future systematic investigations.

Keywords: Abundance, Boettcherisca karnyi, Boettcherisca
nathani, diversity, forensic importance, morphology, new record,
Parasarcophaga, sarcophagid fly.

Abbreviations: AP—Apical plate of Paramere | LP—Lateral plate

of Paramere | S—Styli of glans | T—Theca | V—Ventralia | UoC—
University of Calicut.

Editor: Anonymity requested.

Sarcophagid  flies  (Diptera:  Sarcophagidae),
commonly known as flesh flies, are abundant in all
zoogeographic regions of the world with approximately
171 genera and 3,094 species (Pape et al. 2011). Out of
these, 504 species in 50 genera have been described
from India (Nandi 2002; Sinha & Nandi 2002a,b). Flesh
flies show a large range of feeding habits, with adult
flies feeding on nectar, fruit juice, and decomposing
animal matters; they carry different types of germs on
their body surface, which may cause diseases in humans
and other animals, and larvae of some species are
parasitic on various invertebrates, breed in vertebrate
and invertebrate carrion, faeces or decaying organic
matter (Pape 1987, 1996; Amoudi et al. 1992; Al-
Misned 2000; Al-Misned et al. 2001; Graczyk et al. 2005;
Pape et al. 2010; Al-Khalifa et al. 2020). This variety
of feeding methods can have a direct impact on their
capacity as pathogenic vectors and the larvae of some
species cause myiasis in humans as well as in different
animals (Dodge 1955; Zumpt 1965; Greenberg 1973,
Crump & Pounds 1985; Guimaraes & Papavero 1999;
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Expanded geographical distribution of flesh fly in India

Hagman et al. 2005; Stevens et al. 2006; Bermudez et
al. 2010; Mello-Patiu & Luna-Dias 2010; Kelehear et al.
2020). Whereas sarcophagid flies are associated with
decomposing carcasses and human bodies (Cherix et
al. 2012; Vasconcelos et al. 2014; Al-Khalifa et al. 2020),
the study of larval and pupal developments found in
carcasses improves their effectiveness as useful insects
in forensic science investigations (Pape 1996; Wells et al.
2001; Sinha & Mahato 2016; Ren et al. 2018; Samerjai
et al. 2020).

Nandi (1990) documented nine species of flesh
flies from different parts of Kerala and reported
Parasarcophaga (Liosarcophaga) dux (Thomson) for
the first time from Kerala. Nandi (2002) documented
20 flesh fly species in Miltogramminae (one species)
and Sarcophaginae (19 species) from Kerala (Table 1).
In the present faunistic survey, we aimed to contribute
to the knowledge of the flesh fly diversity on the
campus of the University of Calicut and the distribution
of Sarcophagidae in Kerala — the most biodiversity-rich
state in southern India.

75“:]!0'E
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MATERIALS AND METHODS
The present survey was carried out at the University
of Calicut Campus, Thenjipalam, Kerala (Figure 1).

Study area

The main campus of the University of Calicut is
located in Tirurangadi Taluk of the Malappuram District,
Kerala, southern India. The main campus is spread over
600 acres on the rural outskirts of Malappuram between
11.1340°N, 75.8952°E, and the last five years have
experienced a mean minimum temperature of 28.9°C
and a mean maximum of 30.5°C. The main habitats
around the campus include gardens, botanical gardens,
rubber plantations, various aquatic habitats such as
ponds, paddy fields, reservoirs, orchards with mango,
jackfruit, zapota, and guava, and terrestrial habitats such
as primary and secondary plant successions. The Calicut
University Botanical Garden (CUBG) is the largest and
most diverse botanical garden of any university garden
in the country, covering 45 acres and home to over 2,500
species of vascular plants. CUBG is considered one of the
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most important ex situ conservation centres for the rare
and endangered flora of the Western Ghats, a UNESCO
World Heritage site. The area receives south-west and
north-east monsoons, the greater portion of the rainfall,
however, is received from the south-west monsoon
between June and September. The average annual
rainfall of the district is 2,741 mm (IMD 2020).

Field methods and identification

As part of the study of dipteran diversity, a field
collection programme for a faunistic survey was
conducted by the team in the university campus and
adjacent areas to establish documentation of flesh
fly species. Collections of specimens in the university
campus were done using traps baited with decomposing
fish and chicken liver combined with entomological hand
nets by standard sweeping. The flies were clustered
around the bait, but the flies were from the Calliphoridae
family and more from Muscidae. The number of flesh
flies was surprisingly low. One observation was that
flies were more in shady areas than in open sunshine.
Flesh flies have also been found throughout the day.
The specimens were identified in the laboratory using
the keys, drawing illustrations of the male terminalia in
Nandi (2002), and by observing chaetotaxy (arrangement
of setae and bristles on the body) and the four species
reported for first time from Kerala were dissected for
confirmation of species identity. Since sarcophagid
flies are not considerably different from each other,
therefore, the characteristics of the genitalia are the
only criteria for identifying them up to species level. this
key was primarily focused on the characteristics of the
genitalia.

Male terminalia were photographed with a Nikon
Coolpix camera by keeping dissected terminalia in a
cavity block under stereoscopic trinocular microscope.

RESULTS

A total of 23 individuals of flesh flies were collected
from the University of Calicut campus and these were
identified as comprising 11 species, of which, Nandi
(2002) had previously reported seven from Kerala (Table
1). Four of the 11 species were newly recorded from
the state of Kerala, i.e., Sinonipponia bengalensis Nandi,
Parasarcophaga (Liosarcophaga) choudhuryi Sinha &
Nandi, Boettcherisca karnyi (Hardy), and Boettcherisca
nathani Lopes. Boettcherisca karnyi (Hardy) was
recorded for the first time from the Indian mainland as
previously recorded from Andaman Island (Nandi 2002).
The characteristic features of the four new distributional
records from Kerala are quite interesting:

Sreejith et al.

Table 1. Species of flesh fly recorded during this study.

Flesh fly species Distribution Source
Protomiltogramma Coast of .
! obscurior (Villeneuve) Malabar Nandi 2002
2 Blaesoxipha nathani Coast of Nandi 2002
Lopes Malabar
3 Boettcherisca peregrina Kerala Nandi 2002
(R-D)
Parasarcophaga Nandi 2002,
4 ruficornis (Fabricius) UoC, Kerala present study
5 Parasarcophaga dux Uo, Kerala Nandi 2002,
(Thomson) present study
6 Para‘sarcqphaga UoC, Kerala Nandi 2002,
brevicornis Ho present study
Parasarcophaga
7 (Curranea) Walayar Forest Nandi 2002
scopariiformis (S-W)
Parasarcophaga
8 (Pandelleisca) Kurumbagram Nandi 2002
bainbriggei (S-W)
9 Parasarcophaga sericea Kerala Nandi 2002
(Walker)
10 | Parasorcophagahirtipes | o, Nandi 2002
(Wiedemann)
Parasarcophaga misera Nandi 2002,
1 (Walker) UoC, Kerala present study
12 Parqsarcophaga albiceps UoC, Kerala Nandi 2002,
(Meigen) present study
Robineauella walayari Karikal, Palghat, .
13 (S-wW) Walayar Forest Nandi 2002
Thyrsocnema
14 (Psegdothyrsocfnema) Kfankal, Palghat, Nandi 2002
longistylata Shinonaga Cinchona
& Lopes
Thyrsocnema Calicut,
(Pseudothyrsocnema) Cinchona, .
= indica Shinonaga & Muttupatty, Nandi 2002
Lopes Munnar
16 Harpagophalla kempi Trivancore Nandi 2002
(sW)
Iranihindia martellata U(?C.’ Kerala, Nandi 2002,
1 (S-w) Willingdon resent stud
island P v
18 | iranihindia futilis (s-w) | Severd! Nandi 2002
localities
Seniorwhitea reciproca Nandi 2002,
B (Walker) UoC, Kerala present study
20 | Leucomyiacinerea Malabar Coast | Nandi 2002
(Fabricius)
Sinonipponia
*
21 bengalensis Nandi UoC, Kerala present study
Parasarcophaga
(Liosarcophaga)
*
22 choudhuryi Sinha & UoC, Kerala Present study
Nandi
**23 Boettcherisca karnyi UoC, Kerala Present study
(Hardy)
*24 Boettcherisca nathani UoC, Kerala Present study
Lopes

*—newly recorded from Kerala | **—newly recorded from Indian mainland.
UoC—University of Calicut.
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(a) (b) (c)
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Image 1. Male genitalia of Parasarcophaga choudhuryi Sinha &

Nandi: a—inner and outer forceps, lateral view | b—fifth sternite. © : e LP
Department of Zoology, Sonamukhi College. ,fr s
AP

(d) (e)
Parasara)phaga (L'osarCOPhaga) ChOUdhury' (Slnha & Image 2. Male genitalia of Sinonipponia bengalensis Nandi: a—

Nandi) inner and outer forceps, lateral view | b—inner and outer forceps,

Parasarcophaga (Liosarcophaga) choudhuryi is a posterior. view | c—fifth sternite | d—penis, Iatera!view | e—penis,
K Lo ventral view. © Department of Zoology, Sonamukhi College.

smaller fly with a slender body. Its ventralia is oval and
wide, with a longer stylus of glans (Image 1). Body length
8-9 mm. Parafrontal and parafacial black with golden
pollen, the former with short scattered hairs; the latter  short hairs terminally on arms. Inner forceps almost
with a row of short black hairs near the eye margin of  straight, slightly curved and with a notch at the end;
which lower 3 are stouter. Frontal bristles 9; acrostichal  outer forceps dumb-bell shaped with hairs on distal end;
bristles 0+1, dorsocentral bristles 4+5, mesopleural apical plate of paraphallus pointed at end with backward
bristles 7-8, hypopleural bristles 6—7. Prostigmatic and  projection; a lateral plate of paraphallus almost pointed,
propleural bristles well developed and accompanied sclerotized and with basal membranous outgrowth; styli
by short hairs. 5" sternite Y-shaped with stout spines  of glans long and crosses the apical part of paraphallus
on inner sides and long hairs terminally on arms; inner  with anterior serrations. Ventralia black, pointed, hook-
forceps slightly curved with the groove at the apex; like and curved anteriorly.
outer forceps almost oval with few hairs terminally.
Apical plate of paraphallus slightly curved backward with ~ Boettcherisca karnyi (Hardy)
the anterior membranous region and elongated apical Boettcherisca karnyi is quite similar in external
process; styli of glans slightly longer than apical plate of  appearance to Boettcherisca nathani and has minute
paraphallus and with serrations at tip; ventralia almost  differences in the male terminalia (Images 3). Body
oval with wide trilobed, posterior lobe with the curved length 8-12 mm. Frontal bristles 11. Outer vertical

chitinous area. bristles absent, inner vertical well developed; acrostichal
bristles 0+1, dorsocentral bristles 5+5, mesopleural
Sinonipponia bengalensis Nandi bristles 5, hypopleural bristles 9. Prostigmatic and

Sinonipponia bengalensis also is rather small in size.  propleural bristles well developed and accompanied by
Its fifth sternite is characterised by the presence of a  short hairs. 5" sternite Y-shaped with short window and
long seta. Terminalia of this species also shows peculiar  two rows of closely set bristles laterally on arms. Apical
features having long and pointed styli of glans, and both  plate of paraphallus curved pointed at the apex and with
an apical and a lateral plate of paraphallus (Image 2). a pair of long pointed lateral processes; a lateral plate
Body length 69 mm. Width of frons about two-fifth that  of paraphallus well developed with a pair of large two
of one eye; frontal vita black, parafrontal and parafacial  pointed unequal lateral plates of which anterior one
black with silvery pollen. Frontal bristles 10; acrostichal ~more developed. Ventralia bilobed, well developed,
bristles 0+1, dorsocentral bristles 5+4, mesopleural spinous, and anterior margin almost rounded.
bristles 6, hypopleural bristles 8-9. 5t sternite Y-shaped
with short spines laterally and one long and several

19834 Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2021 | 13(12): 19831-19836
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(a) (b)

AP

(d) (e)

Image 3. Male genitalia of Boettcherisca karnyi (Hardy): a—inner and
outer forceps, lateral view | b—inner and outer forceps, posterior
view | c—fifth sternite | d—penis, lateral view | e—penis, ventral
view. © Department of Zoology, University of Calicut.

Sreejith et al.

(d) (e)

Image 4. Male genitalia of Boettcherisca nathani Lopes: a—inner and
outer forceps, lateral view | b—inner and outer forceps, posterior
view | c—fifth sternite | d—penis, lateral view | e—penis, ventral
view. © Department of Zoology, Sonamukhi College.

Key to genera and species newly recorded from Kerala:

.2

Ventralia pointed hook-like and curved anterlorly, an aplcal plate of paraphallus W|th a backward prOJectlon styll of glans serrated

1. Ventralia large and almost rounded ..
ANEEITIONTY 1ot s s
2. Styli of glans with or without apical incision .

Styli of glans slightly longer than apical plate of paraphallus and W|th serratlons at tlp

........................................................... Sinonipponia bengalensis Nandi

.3
Parasarcophaga
(Llosarcophaga) choudhury/ (Sinha and Nandi)

3. Apical plate of paraphallus membranous; styli of glans with comb-like process anteriorly .............c..... Boettcherisca nathani Lopes
Apical plate of paraphallus curved pointed at the apex and with two subapical hairs; styli of glans with a median and two lateral

PFOCESSES .

Boettcherisca nathani Lopes

The apical plate of paraphallus and styli of glans
of Boettcherisca nathani are similar in appearance to
Boettcherisca karnyi, but in Boettcherisca nathani only
the ventralia part is with more digit form processes
(Image 4). Body length 10-11 mm. Width of frons about
three-fifth of one eye. Its width at the narrowest point
of frons about more than twice that of each parafrontal;
frontal bristles 12. Post gena black with numerous long
brownish hairs; acrostichal bristles 0+1, dorsocentral
bristles 5+5, mesopleural bristles 6, hypopleural bristles
8. Inner forceps almost triangular with hairs on its broad
distal end; posterior paramere terminally hook-shaped;
apical plate of paraphallus membranous, curved, pointed
at the apex and with a pair of long lateral processes; a
lateral plate of paraphallus sclerotized with two unequal
pointed processes; styli of glans with apical incision and

................................................................... Boettcherisca karnyi (Hardy)

comb-like processes anteriorly. Ventralia large with short
digit form processes and its anterior margin rounded.

CONCLUSIONS

The present study on flesh fly species in the
University of Calicut campus revealed a relatively high
level of diversity of flesh flies showing the presence of
nearly 50% of previously reported species of Kerala,
the University Campus. The species density of pulp flies
is exceptionally high, but there is no evidence of the
threat to these flies in the study area. Parasarcophaga
(Liosarcophaga) choudhuryi Sinha & Nandi was reported
previously only from Indian Sundarbans by Sinha &
Nandi (2002) and its presence in Kerala is surprising.
Boettcherisca karnyi (Hardy) was reported in India only
from Andaman Islands earlier. This trend of species
diversity is very astonishing and more species may be
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discovered if thorough surveys are conducted in the
future. The present paper provides photographs of the
male terminalia of Parasarcophaga (Liosarcophaga)
choudhuryi Sinha & Nandi, Sinonipponia bengalensis
Nandi, Boettcherisca karnyi (Hardy) and Boettcherisca
nathani Lopes for the first time. Moreover, the first
reports of four species of flesh flies from this state
along with one species newly recorded from the Indian
mainland are also very attractive. Efforts should be made
to study the diversity and abundance of these flies in
various parts of Kerala.
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(Begoniaceae: Cucurbitales) for Laos

— Phongphayboun Phonepaseuth, Phetlasy Souladeth, Soulivanh Lanorsavanh, Shuichiro
Tagane, Thyraphon Vongthavone & Keooudone Souvannakhoummane Pp. 19849-19854

Notes

A recent sighting of the Stripe-backed Weasel Mustela strigidorsa (Mammalia: Carnivora:
Mustelidae) in Hkakabo Razi Landscape, Myanmar
— Sai Sein Lin Oo, Tun Tun, Kyaw Myo Naing & Paul Jeremy James Bates, Pp. 19855-19859

Are the uplifted reef beds in North Andaman letting nesting Olive Ridley Sea Turtle
Lepidochelys olivacea stranded?
— Nehru Prabakaran, Anoop Raj Singh & Vedagiri Thirumurugan, Pp. 19860-19863

First record of the orb-weaving spider Araneus tubabdominus Zhu & Zhang, 1993
(Araneae: Araneidae) from India
— Souvik Sen, John T.D. Caleb & Shelley Acharya, Pp. 19864-19866

The genus Catapiestus Perty, 1831 (Coleoptera: Tenebrionidae: Cnodalonini) from
Arunachal Pradesh with one new record to India
—V.D. Hegde & Sarita Yadav, Pp. 19867-19869

Rediscovery and extended distribution of Indigofera santapaui Sanjappa (Leguminosae:
Papilionoideae) from the states of Maharashtra and Gujarat, India

— Kumar Vinod Chhotupuri Gosavi, Sanjay Gajanan Auti, Sharad Suresh Kambale &
Munivenkatappa Sanjappa, Pp. 19870-19873

Additional distribution records of Ceropegia anjanerica, an endemic and ‘Endangered’
lantern flower of the northern Western Ghats, India

— Samir Shrikant Maity, Ajay Natha Gangurde, Sharad Suresh Kambale, Avinash Ramchandra
Gholave, Avinash Asraji Adsul, Ganesh Babaso Pawar & Kumar Vinod Chhotupuri Gosavi,
Pp. 19874-19877

Notes on the extended distribution of Impatiens megamalayana, a recently described
balsam in Western Ghats, India
— Anoop P. Balan & A.J. Robi, Pp. 19878-19883

Book Review

A look over on the scented tree of India (Santalum album)
—S. Suresh Ramanan & A. Arunachalam, Pp. 19884-19886
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