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ABSTRACT. Insects and other arthropods are found in decomposing vertebrate corps and carcasses. In forensic 
entomology, the right identification is essential. The purpose of this study was to examine in detail the 
morphological aspects of sensilla on the antennae and maxillary palps of Cochliomyia macellaria (Fabricius, 
1775), Chloroprocta idioidea (Robineau-Desvoidy, 1830) (Diptera: Calliphoridae), Graphomya maculata 
(Scopoli, 1973) and Sarcopromusca pruna (Shannon & Del Point, 1926) (Diptera: Muscidae). Adults of afore 
mentioned species were collected on carcass of Oryctolagus sp. Lilljebord 1873 in Instituto Samambaia de 
Ciências Ambientais e Ecoturismo (ISCAE), Petropolis - Rio de Janeiro State, Brazil. In this investigation, four 
types of sensilla (microtrichia, trichoide, basiconic and chaetic) were distributed throughout the different antennae 
segments. Buccal apparatus (proboscis and labellum) were also observed. This investigation provided new 
diagnostic structures on the distribution of the sensilla on the antennae and buccal apparatus of flies of forensic 
importance using SEM (Scanning Electron Microscopy), since many of them could not be observed just by the 
use of light microscopy. 
 

Keywords: Atlantic Rainforest, Brazil, Diptera, SEM. 
 

RESUMEN. En los insectos y otros artrópodos que se encuentran en cuerpos de vertebrados en descomposición 
y cadavers para la entomología forense, la identificación de estos es esencial. El propósito de este estudio es el 
examinar a detalle las características morfológicas de la sensila de la antena y los palpos maxilares de Cochliomyia 
macellaria (Fabricius, 1775), Chloroprocta idioidea (Robineau-Desvoidy, 1830) (Diptera: Calliphoridae), 
Graphomya maculata (Scopoli, 1973) y Sarcopromusca pruna (Shannon & Del Point, 1926) (Diptera: Muscidae). 
Adultos de las especies previamente mencionadas fueron colectados de los cadáveres de Oryctolagus sp. 
Lilljebord 1873 en el Instituto Samambaia de Ciências Ambientais y Ecoturismo (ISCAE), Petrópolis - Rio de 
Janeiro, Brasil. En esta investigación, cuatro tipos de sensilas (microtriquia, tricoide, basiconica y caética) fueron 
distribuidos a través de todos los diferentes segmentos de la antena. Los aparatos bucales (probóscide y labelo) 
también fueron observados. Esta investigación aporta nuevas estructuras de diagnóstico en la distribución de la 
sensila en la antena y el aparato bucal de las moscas de importancia forense usando MEB (Microscopio electrónico 
de barrido), ya que muchos de ellos no pudieron ser observados bajo la simple luz microscópica. 
 

Palabras clave: Bosque Atlántico, Brasil, Diptera, MEB. 
 

INTRODUCTION 
 

Many insect species and other arthropods occur 
on or around a cadaver, using this ephemeral 
habitat to feed, live and breed (Von Zuben, 2001; 

Amendt et al., 2011). Flies are attracted by the 
odor of carcasses and their immature are 
responsible for the decomposition of carcasses 
(Marchenko, 2001; Martinez et al., 2007). 

Insects that demonstrate a great potential for
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for forensic area belong to the Diptera order 
(Archer, 2003). The composition of the 
representatives of the Diptera order in a body is 
influenced by the body decomposition stage and 
by environmental conditions (Oliveira-Costa, 
2011). 

The Calliphoridae family has great value in 
estimating the postmortem interval, because many 
species begin the colonization of corpses few 
hours. after exposure (Liu and Greenberg, 1989; 
Byrd and Butler, 1996; Lee, 1996). In many 
countries where the practice of forensic 
entomology is applied, many species belonging to 
this family are recorded as the most important in 
the carcasses of degradation process (Nuorteva et 
al., 1967; Greenberg, 1991; Iannacone, 2003; 
Sukontason et al., 2003; Arnaldos et al., 2004). 
Although some Muscidae species feed and 
develop on carcasses, there are only a few species 
which have forensic interest in Brazil (Carvalho 
and Mello-Patiu, 2008). 

Generally, in adult flies, accurate species 
identification is complicated due to anatomical 
and morphological similarities among different 
species belonging to the same group (Pancorbo et 
al., 2006). To solve this problem, the information 
contained in the DNA molecule began to be used, 
facilitating the taxonomic identification at any 
stage of development (Wells and Stevens, 2008), 
and scanning electron microscopy was another 
tool used,  having its use increased as it allows a 
better view of the external morphology of 
immature (Liu and Greenberg, 1989; Peterson and 
Newman, 1991; Greenberg and Singh, 1995; 
Sukontason et al., 2006) as well as of adult flies 
(Carriço et al., 2015). 

Many researchers have studied the ultrastructure 
in adult flies to help increase the anatomical 
database on flies: Zhang et al. (2013a); Zhang et 
al. (2013b); Carriço et al. (2015); Pezzi et al. 
(2016); Carriço et al. (2017); Caetano et al. 
(2018). 

An ultrastructure analysis of the morphological 
aspects of sensilla on the antennae and buccal 
apparatus (proboscis and labellum) of Cochliomyia 
macellaria (Fabricius, 1775), Chloroprocta 
idioidea (Robineau-Desvoidy, 1830) (Diptera: 
Calliphoridae), Graphomya maculata (Scopoli, 
1973) and Sarcopromusca pruna (Shannon and 

Del Point, 1926) (Diptera: Muscidae) have not 
been performed yet. 

Studies like this help to improve forensic 
entomology. For example, if parts of the flies (as 
head) are found in a crime scene, these parts can 
be analyzed using SEM for accurate taxonomic 
identification. Choosing the head for the present 
study is due to the fact that in this part of the body, 
the greater number and greater diversity of 
sensilla among the different species are 
concentrated (Zhang et al., 2013a; Zhang et al., 
2013b; Pezzi et al., 2016;). The purpose of this 
study was to examine in details these sensorial 
organs on the aforementioned species to help 
increase the anatomical database for flies. 

 

MATERIAL AND METHOD 
 

The heads and buccal apparatus were dissected 
from five males and two females of C. macellaria, 
two males of C. idioidea, five males of G. 
maculata and six males and two females of S. 
pruna under dissecting microscope. Then, these 
structures were processed for SEM examination 
by transferring to 2.5% of glutaraldehyde mixture 
in phosphate buffered saline (PBS) for 24 h. 

Afterwards, the specimens were rinsed twice 
with PBS during 10 minute-intervals and 
postfixed with 1% of osmium tetroxide at room 
temperature for 3 days. This postfixation step was 
carried out under a well-ventilated fume hood. 
The flies were then rinsed twice with PBS and 
dehydrated in an increasing graded series of 
ethanol (30, 50, 70, 80 and 90%) for 12 h during 
each step.  

Thereafter, flies were placed in absolute alcohol, 
followed by a treatment in absolute acetone. On 
the next step, the specimens were subjected to 
critical point drying and they were later placed on 
metallic supports, coated with a thin gold layer 
(20-30nm) and examined under JEOL 6390LV 
scanning electron microscope (SEM) (Akishima, 
Tokyo, Japan). 
 

RESULTS AND DISCUSSION 
 

The use of Scanning Electron Microscopy 
(SEM) has been used to increase the general 
knowledge of sensor structures in medical and 
forensic import flies (Carriço et al., 2015; Carriço 
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et al., 2017). Sensory organs are distributed all 
over the body surface of the flies (Sukontason et 
al., 2008; Carriço et al., 2015). All insects as well 
as these calliphorid and muscid are equipped with 
a pair of antennae located on the frontal region of 

the head, between the large compound eyes (Figs. 
1, 2 and 3). The antennal morphology consists in 
three segments: Scape (Sc), Pedicel (Pc) and 
distal Flagellum with a basal funiculus (F) and a 
feathered arista (Ar) (Figs. 1,2 and 3). 

 

 
 

Figure 1. Scanning electron micrographs of features on the head of male and female of Cochliomyia 
macellaria (Diptera: Calliphoridae). A- head of male X 37 B- head of female X 37. Scape (Sc), Pedicel 
(Pc) and Flagellum with Arista (Ar) and Funiculus (F). 

 

   
 

Figure 2. Scanning electron micrographs of features on the head of male and female of Sarcopromusca 
pruna (Diptera: Muscidae). A- head of male X 35 B- head of female X 37. Scape (Sc), Pedicel (Pc) and 
Flagellum with Arista (Ar) and Funiculus (F). 

 

  
 

Figure 3. Scanning electron micrographs of features on the head of Chloroprocta idioidea (Diptera: 
Calliphoridae) and Graphomya maculata (Diptera: Muscidae). A- head of male of C. idioidea X27 B - head 
of female of G. maculate X37. Scape (Sc), Pedicel (Pc) and Flagellum with Arista (Ar) and Funiculus (F). 
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Sensilla in the antennae and others parts of the 
insects have a sensitive structure role (Sukontason 
et al., 2004). These structures are responsible for 
detecting several stimuli as the opposite sex, food 
sources, orientation in shape, and other aspects 
(Zhang et al., 2013 a, b). Sensilla was identified 
on the three antennal segments of C. macellaria, 

Chloroprocta idioidea, G. maculata and S. 
pruna had similar characters of antennae 
described in many other flies species (Setzu et al., 
2011; Sukontason et al., 2004; Sukontason et al., 
2007; Zhang et al., 2013a, b; Carriço et al., 2015; 
Carriço et al., 2017; Caetano et al. 2018). 

The Sc in C. macellaria has two types of sensilla 
in both genders: four chaetic sensilla (Ch) of 
similar length in a single row and densely covered 
by microtrichia (Mc) (Figs. 4 A, B), using the grid 
technique described by Kelling-Johannes (2001).  

The second antenna segment is called Pc and it 
is covered by microtrichia, trichoidea (Tr) and 
three morphological types of chaetic sensilla are 
observed (ChI, ChII and ChIII) in both genders 
(Figs. 5 A, B). The Sc of male S. pruna has two 
chaetic sensilla (Ch) and the female nine chaetic 
sensilla (ChI) of similar length. In both genders, 
the Sc is covered with microtrichia (Mc) (Figs. 6 
A, B).  

The Pc of male of S. pruna has two types of 
chaetic sensilla (ChI and ChII) randomly inserted 
(Fig. 6 A); the female has three types of chaetic 
sensilla (ChI, ChII and ChIII) (Figs. 6 A, B). 

In the species C. idioidea, the Sc of male has 
three chaetic sensilla (Ch) of varying in length in 
a single row and densely covered by microtrichia 
(Mc) (Fig. 7 A), using the grid technique 
described by Kelling-Johannes (2001). On the Pc, 
only ChI and ChII are noticed, but less numerous 
and not varying in length among them (Fig. 7 A).  

In the species G. maculata the Sc of female has 
five chaetic sensilla (Ch) all of them varying in 
length and covered by microtrichia (Mc) (Fig. 7 
B). The Pc has three morphological types of 
chaetic sensilla (ChI, ChII and ChII), and varying 
in length (Fig. 7B). 

The flagellum is the largest segment of the 
antenna and its number of sensory sensilla can 
vary from species to species (Sukontason et al., 
2004, Carriço et al., 2015). In this study, the 

flagellum of all species presented a great number 
of sensilla (Figs. 8-9). 

The segments of Ar of all species are around, 
covered by short microtrichia (Mc), using the grid 
technique described by Kelling-Johannes (2001) 
and divided in three segments (Figs. 8-9). 
Anterior surface of F of all species, three 
morphological types of sensilla are distributed on 
the entire surface: trichoidea sensilla (Tr), 
basiconic sensilla (Ba) and microtrichia (Figs. 8-
9). 

In the flies C. macellaria and S. pruna. sensilla 
microtrichia, trichoidea and basiconic were 
observed in this segment and resembled those 
described in other dipteran species, such as 
Ophyra chalcogaster (Wiedemann, 1824) 
(Sukontason et al., 2007), M. domestica 
(Sukontason et al., 2004), Fannia scalaris 
(Fabricius, 1794) and F. canicularis (Linnaeus, 
1761) (Zhang et al. 2013b), Lispenei mongola 
Tian and Ma 2000 (Zhang et al., 2013a) 
Protophormia terraenovae Robineau-Desvoidy, 
1830 (Setzu et al., 2011), Ophyra albuquerquei 
Lopes, 1985 and Ophyra aenescens (Wiedemann, 
1830) (Carriço et al., 2015). 

In this investigation, four types of sensilla 
(microtrichia, trichoide, basiconic and chaetic) 
were distributed throughout the different antennae 
segments, but only microtrichia and trichoidea 
sensilla were observed in all of them. These 
observations met those of Carriço et al. (2015) in 
their studies with O. albuquerquei and O. 
aenescens. 

The presence of chaetic sensilla was observed 
only on the scape and pedicel of all species. In 
relation to the Sc, chaetic sensilla varied among 
all the studied species.  

In male and female of C. macellaria, four 
chaetic sensilla were observed. In S. pruna male 
only two chaetic sensilla were observed, and nine 
chaotic sensilla in the female. In the Sc of C. 
idioidea male, three chaetic sensilla were 
observed, and in the female specimen of G. 
maculata five chaetic sensilla.  

In Pc, however, it was only possible toobserve 
the different types of chaetic sensilla, the amount 
varying between the same sex, the opposite sex 
and between the different species studied.  
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Figure 4. Scanning electron micrographs of features on the scape of male and female of Cochliomyia 
macellaria (Diptera: Calliphoridae). A- scape of male X350 B- scape of female X650. Chaetic sensilla (Ch I); 
Microtrochia (Mc) and Trichoidea sensilla (Tr). 

 

 

Figure 5. Scanning electron micrographs of features on the pedicel of Cochliomyia macellaria (Diptera: 
Calliphoridae). A- pedicel of male X230 B- pedicel of female X330. Chaetic sensilla (ChI, ChII and ChII); 
Microtrichia (Mc) and Trichoidea sensilla (Tr). 

 

 
 

Figure 6. Scanning electron micrographs of features on the scape and pedicel of male and female of Sarcopromusca 
pruna (Diptera: Muscidae). A- scape and pedicel of male X550 B- scape and pedicel of female X300. Chaetic 
sensilla (ChI, ChII and ChIII); Microtrichia (Mc) and Trichoidea sensilla (Tr). 

 
This distribution pattern was also found in O. 

chalcogaster, (Sukontason et al., 2007), 
Mesembrinella bellardiana Aldrich, 1922; M. 
bicolor (Fabricius, 1805) and M. semihyalina 
Mello, 1967 (Caetano et al., 2018). 

Unlike the antennal characters, regarding the 
presence of sensilla, the proboscis and labellum 
of all the species observed do not show sexual 

dimorphism (Figs. 10-12). These segments 
present different morphological types of sensilla 
distributed on the entire surface like trichoidea 
sensilla (Tr) and chaetic (Ch) (Figs. 10-12).  

Microtrichia (Mc) covers the surface of the 
palps, but not as densely as on the antennae (Figs. 
10-12). It was similar to other dipterans such as 
O. chalcogaster, Fannia hirticeps (Stein, 1982),
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Figure 7. Scanning electron micrographs of features on the scape and pedicel of A- Chloroprocta idioidea 
(Diptera: Calliphoridae) male X550 and B- Graphomya maculata (Diptera: Muscidae) female X300. Chaetic 
sensilla (ChI, ChII and ChIII); Microtrichia (Mc) and Trichoidea sensilla (Tr). 

 

 
 

Figure 8. Scanning electron micrographs of features on the Flagellum of Cochliomyia macellaria 
(Diptera: Calliphoridae). Basal funiculus of female X1900. Basiconic sensilla (Ba); Microtrichia 
(Mc) and Trichoidea sensilla (Tr). 
 

 
 

Figure 9. Scanning electron micrographs of features on the Flagellum of Sarcopromusca pruna (Diptera: 
Muscidae). A- arista of male X 2000 B- arista of female X 2000 C- basal funiculus of male X 4000 D- basal 
funiculus of female X 3000.  Basiconic sensilla (Ba); Microtrichia (Mc) and Trichoidea sensilla (Tr).
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Figure 10. Scanning electron micrographs of the palps of Cochliomyia macellaria (Diptera: Calliphoridae). 
A - palp of male X80 B- palp of male X250 C - palp of female X110 D- palp of female X200. Chaetic 
sensilla (Ch); Microtrichia (Mc) and Trichoidea sensilla (Tr). 

 

 
 

Figure 11. Scanning electron micrographs of the palps of Sarcopromusca pruna (Diptera: Calliphoridae). 
A - palp of male X70 B- palp of male X750 C - palp of female X110D- palp of female X450. Chaetic 
sensilla (Ch) and Trichoidea sensilla (Tr).
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Figure 12. Scanning electron micrographs of the palps Chloroprocta idioidea (Diptera: Calliphoridae) and 
Graphomya maculate (Diptera: Muscidae). A- palp of male of C. idioidea X150 B - palp of female of G. 
maculate X120. Chaetic sensilla (Ch) and Trichoidea sensilla (Tr). 

 
L. mongola and Sarcophaga tibialis Macquart, 
1851 (Sunkontason et al., 2007; Wang et al., 
2012; Zhang et al., 2013a; Pezzi et al., 2016). 

Dipteran trichoide sensilla can be responsible for 
detecting various types of substances. Chaetic 
plays a role of mechanosensitive sensilla whereas 
basiconic sensilla does not have a defined 
function (Shanbhag et al., 1999; Wang et al., 
2012). Buccal apparatus of male/female of C. 
macellaria, male of C. idioidea, female of G. 
maculata and male/fema-le of S. pruna were long 
when stretched and the sensilla observed on 
buccal apparatus are common in another dipteran 
as M. bellardiana; M. bicolor and M. semihyalina 
(Caetano et al., 2018). 

 

CONCLUSION 
 
This investigation provided a description of 

some ultrastructure of sensorial organs using 
SEM, since many of them could not be observed 
just by the use of light microscopy. Moreover, 
these micrographs help increase the anatomical 
database on flies for forensic importance. 
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