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Abstract: Phlebotomine sand flies (Diptera, Psychodidae, Phlebotominae) are small diptera that represent a group of 

approximately 1,000 known species around the world, of which 530 were found in the Americas. The females are 

hematophagous, a characteristic that makes them capable of participating in the transmission of etiological agents that cause 

diseases, such as leishmaniasis, bartonellosis, and arboviral diseases. Classical taxonomy requires knowledge of morphological 

and morphometric patterns for the correct classification and identification of species. In the classification and identification of 

sand flies it is common incomplete species descriptions, erroneous associations between sexes, as the existence of 

morphologically close or indistinguishable species, and polymorphic species make a correct diagnosis difficult. Another 

problem with classical taxonomy in sand flies is the occurrence of anomalies, which are generally observed in paired 

morphological structures. In September 2017 during surveillance for leishmaniasis in Iñapari Town, Peru, sand flies were 

captured using light traps for three consecutive nights. During entomological surveillance, 55 specimens were identified, 

including a female of Bichromomyia olmeca bicolor (Fairchild & Theodor) showing an unusual structure not previously 

reported in sand flies. Within the median region of the scutum, a spine projection was observed, measuring 39.4 µm. The spine 

displayed a discrete surface convexity directed towards the anterior region of the thorax. Bilateral and unilateral anomalies 

have often been described in sand flies, mainly in structures that are under substantial evolutionary pressure, such as 

reproductive organs of males and females. The anomaly observed in Bi. olmeca bicolor is the first reported in the thorax of 

sand flies. An observation of similar anomalies from different species and in different countries shows the need for more 

studies to elucidate the causes for the occurrence of this phenomenon. 
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1. Introduction 

The Psychodidae family has more than 3,000 described 

species worldwide [1]. This family is one of the most 

primitive of the order Diptera, with fossil records dating from 

the end of the Jurassic [2, 3] and the Upper Triassic [4]. 

Among the Psychodidae, sand flies Phlebotominae represent a 

group of approximately 1,000 known species around the 

world, of which 530 were found in the Americas [5]. These 

insects are holometabolic dipterans with cryptozoic habits. In 

these insects, only the females are hematophagous, a 

characteristic that makes them capable of participating in the 

transmission of etiological agents that cause diseases, such as 

leishmaniasis, bartonellosis, and arboviral diseases. To date, 

classical taxonomy, based on morphological and 

morphometric characterization of the external and internal 

structures of adult sand flies, has been the most used method 

in the classification of Phlebotominae. More sophisticated 

taxonomical approaches involving biochemical and molecular 

methods, require a complex infrastructure and sophisticated 

equipment for implementation. A classic taxonomic study, on 

the other hand, requires staff specially trained in the 

recognition of morphological and morphometric patterns for 

correct species classification and identification. This 

dependency on knowledgeable human resources results in 

incomplete species descriptions, erroneous associations 

between sexes, as the existence of morphologically close or 

indistinguishable species, and polymorphic species make a 

correct diagnosis difficult. Another problem with classical 

taxonomy in sand flies is the occurrence of anomalies, which 

are generally observed in paired morphological structures 

(bilateral or unilateral anomalies). The occurrence of 

anomalies in the male genitalia (gonostyles, parameres and 

epandrial lobes), female genitalia (spermathecae) and in the 

cibarium (female) has been reported for different species of 

sand flies [6–16]. 

2. Materials and Methods 

Here we report the record of a morphological anomaly in a 

phlebotomine specimen from Peru. The observation was made in 

September 2017, in the town of Iñapari (10°56′51.64″S, 

69°34′35.04″W), Tahuamanu province, in the region of Madre de 

Dios, Peru, during surveillance for leishmaniasis conducted 

through technical cooperation among the Interdisciplinary 

Entomological Surveillance Laboratory in Diptera and 

Hemiptera (Brazil), National Reference Laboratory for 

Leishmaniasis (Peru), and the Pan American Health Organization 

(PAHO). Iñapari has an area spanning 14,853.66 km
2
 along the 

border between Bolpebra (Bolivia) and Assis Brazil (Brazil). The 

bioclimate is humid lowland tropical forest, with an annual 

rainfall of 1,800 mm, and a dry season between the months of 

May and October with annual temperatures averages of 24.8°C, 

and temperatures average max and min of 35°C/ 22°C 

respectively. According to the Köppen classification, Iñapari is 

classified as Aw [17]. Phlebotomine captures were made with 

Center for Disease Control (CDC) light trap [18] and 

modification on the CDC trap [19, 20] for three consecutive 

nights. Photographs of the specimen were taken with an 

AxioCam ICc1
©
 camera (Carl Zeiss Microscopy) coupled to a 

Primo Star Microscope
©
 (Carl Zeiss Microscopy). 

Morphological measurements were taken with 20X 

magnification using the Zen 2012 software
©
 (Carl Zeiss 

Microscopy). 

3. Results and Discussion 

In total, 55 specimens of 11 sand fly species were identified 

using the identification of American taxa [21]. Among these 

specimens, a female of Bichromomyia olmeca bicolor 

(Fairchild & Theodor) was noted during assembly and 

identification. The specimen presented an unusual structure 

not previously reported for phlebotomines. Within the median 

region of the scutum, a spine projection was observed, 

measuring 39.4 µm with a base 11.5 µm wide. The spine 

displayed a discrete surface convexity directed towards the 

anterior region of the thorax (towards the prescutum) (Table 1; 

Figure 1). 

Table 1. Measurement in µm of morphological characters associated with 

scutum anomalies of a female Bichromomyia olmeca bicolor and a male 

Lutzomyia diabolica. 

Characters 
Bi. olmeca 

bicolor (♀) 

Lu. diabolica 

(♂) 

Length of thorax 513 579.8 

Length of spine 39.4 60.4 

Width of base of spine 11.5 34.6 

Midpoint on the thorax 256.6 289.9 

Distance between the midpoint of the base 

of the spine and the midpoint of the thorax 
- 35.1 

 

Figure 1. Morphological anomaly in the scutum of Bichromomyia olmeca 

bicolor (female) from Peru. A: length of thorax; B: midpoint on the thorax. 

Galati [21] proposed a classification for the subfamily 
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Phlebotominae with a phylogenetic approach. The subfamily 

was divided into the HERTIGIINI (Hertigiina and 

Idiophlebotomina subtribes) and PHLEBOTOMINI tribes. 

PHLEBOTOMINI was divided into the subtribes 

PHLEBOTOMINA, AUSTRALOPHLEBOTOMINA, 

BRUMPTOMYIINA, PSYCHODOPYGINA, 

LUTZOMYIINA and SERGENTOMYIINA where Bi. 

olmeca bicolor belongs to the PSYCHODOPYGINA subtribe. 

Unilateral and bilateral anomalies in paired morphological 

structures of the genitalia (male/ female) and cibarium have 

been reported in multiple studies related to the classical 

taxonomy of Phlebotominae. In the male genitalia (gonostyles, 

parameres and epandrial lobes), additional or differentiated 

spines and or setae may occur in these structures. In 

gonostyles the anomalous spine can be bilateral or unilateral. 

This type of anomaly has been reported in Lutzomyia anduzei 

(=Lu. umbratilis (Nyssomyia umbratilis (Ward & Fraiha)) and 

Lu. rorotaensis (Micropygomyia rorotaensis (Floch & 

Abonnenc)) [6], 34 sand fly specimens belonged to 10 species 

of the Old World; [7], Lu. trinidadensis (Mi. trinidadensis 

(Newstead)) [8], Lu. intermedia (Nyssomyia intermedia (Lutz 

& Neiva)) [9]; Lu. shannoni (Psathyromyia shannoni (Dyar)) 

[10], Phlebotomus papatasi (Scopoli) [11] and, Evandromyia 

evandroi [12]. Bilateral or unilateral anomalous setae in the 

parameres. This type of anomaly has been reported in Lu. 

longipalpis (Lutz & Neiva) [13, 14]. Bilateral or unilateral 

anomalous setae in the epandrial lobes. This type of anomaly 

has been reported in Ph. papatasi [11]. The female with teeth 

in the cibarium anomalies in Mi. trinidadensis, Pa. shannoni, 

Lu. lichyi (Floch & Abonnenc), Lu. gomezi (Nitzulescu) [8] 

and, Lu. evansi (Pintomyia evansi (Nuñez-Tovar)) [15]. In the 

female genitalia the body of the anomalous spermathecae 

additional to the individual ducts in Ph. longicuspis 

Nitzulescu [16]. 

Structures with unilateral anomalies are more easily 

identifiable than bilateral, as structures with bilateral anomaly 

can lead to an error in diagnosis if not observe other specific 

characters. As an example, based on the morphological and 

morphometric analysis of the male holotype, the taxonomic 

status of Ph. breviductus Barretto, was evaluated by Andrade, 

Shimabukuro and Galati [22]. After analysis, the authors 

concluded that the head and wing of the specimen belonged to 

Trichopygomyia sp., but the thorax and abdomen were from 

Ny. umbratilis, with the genitalia presenting an anomalous 

gonostyles with five spines. The holotype was composed of 

parts of specimens representing two different species and, 

therefore, Ph. breviductus was considered an invalid species. 

In 2017, as part of the technical cooperation, sand flies 

assembled on slides from Nicaragua were sent by the PAHO 

representative to confirm the diagnosis. Among the diagnosed 

species, a male of Lutzomyia diabolica was observed 

presenting an anomaly in the scutum, similar to that found in 

Bi. olmeca bicolor in Peru. Unlike Bi. olmeca bicolor, Lu. 

diabolica belongs to LUTZOMYIINA subtribe. Although the 

two subtribes are sibling groups, there is a big difference 

between the two subtribes and, even more, between the two 

species. At a specific level the pigmentation of the thorax 

segments is a character that can assist in the diagnosis. In both 

species, we can observe a distinct pigmentation between the 

scutellum in Bi. olmeca bicolor (Figure 1) and Lu. diabolica 

(Figure 2). Although the pigmentation of the scutellum is 

different in the two species, only this character in the thorax is 

not the only one to distinguish them, since both species have 

other characteristics belonging to their respective genera. In 

this male specimen, unlike in our female Bi. olmeca bicolor 

female, the spine was longer (60.4 µm) and measured 35.1 µm 

in the middle region of the scutum, with the convexity directed 

towards the posterior region of the thorax (towards the 

scutellum) (Table 1; Figure 2). 

 

Figure 2. Morphological anomaly in the scutum of Lutzomyia diabolica (male) 

from Nicaragua. A: length of thorax; B: midpoint on the thorax; C: distance 

between the midpoint of the base of the spine and the midpoint of the thorax. 

4. Conclusion 

The anomaly observed in Bi. olmeca bicolor is the first 

reported in the thorax of sand flies. The observation of 

similar anomalies in different species, countries and with 

different position, length and direction of the spines shows 

that this phenomenon should be better analyzed. Unlike the 

anomalies that occurred in gonostyles, parameres, epandrial 

lobes, cibarium and spermathecae, it does not influence the 

identification of the species because the character of 

taxonomic importance of thorax is its pigmentation. The 

population genetic structure of Bi. olmeca bicolor has not yet 

been studied, clearly showing that it needs to be evaluated. 

This anomaly out of the standard described in the literature 

needs to be investigated in order to know if the environment 

is being altered by climatic issues, anthropic action with 

destruction of the vegetation cover and may be influencing 

the morphological malformations occurring phenotypic 

variations. If there is an implication in the defense 

mechanism of the species or even because of these abiotic 

impact factors there is already a genetic character influencing 

the behavior of the gene. 
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